Surgery lec 8: Wound Healing
Dr Ashraf AbuKaraki

 Note: The doctor discussed headlines in this lecture and we'll need to refer to our textbook in regarads to this topic..

Wound healing is very important in the work we do as dentists… it's important when we do an incision,when we extract a tooth or when we are doing bone grafting..
Causes of tissue damage can be classified into physical and chemical..incisions we do using a blade are an example of physical injury that we induce…
Crushing,overheating or overcooling all will cause tissue damage that will lead to cascade ending with wound healing..
Chemical agents  that cause tissue damage leading to wound healing include: vasoconstrictors, agents affecting osmotic pressure … anything that will change the normal environment of the tissues will cause damage leading to wound healing

First step of wound healing is epithelization, when we interfere with the continuity of the epithelium the normal response would be that the epithelium will try to retrieve it's integrity and this occurs mainly by proliferation  and then migration…proliferation and migration will continue until both edges of the wound contact each other and this is called contact inhibition…
As we know the epithelium has no blood supply if its own, it gets its supply from the subepithelial vascular bed,usually it's from the periosteum ..
 If we don't get contact inhibition we might end up with an oroantral fistula..
Normally after any extraction ,epithelium will proliferate at both edges of the socket and migrate until both edges contact at the bottom of the socket ,then they stop allowing for the growth of connective tissue …

But in the case of an oroantral communication there will be proliferation at both edges but they will not communicate at the depth of the socket…epithelium of the oral cavity will be in touch with that of the maxillary sinus and growth will continue leading to an oroantral communication which will form an oroantral fistula after complete epithelization…

We have three  main stages of wound healing :
1-  the first stage is the inflammatory stage which is normal..in any human being after injury there will be inflammation… but there are limits to this inflammation it turns into a negative outcome if it is exaggerated or if it is less than normal in the case of immune-compromised individuals..so to sum it up inflammation is a normal physiological sequence following an injury, but it should be within normal limits.. 

2-  the second stage is the fibroblastic stage , in this stage the body will start making new tissue whether its bone or connective tissue or epithelium..

3-the last stage is the remodeling stage,any living tissue whether skin,mucosa or bone will normally go through remodeling..
  
The inflammatory stage starts just after injury and normally lasts for 3-5 days in the absence of any factor that would prolong the inflammation, if there is prolongation  due to any factor this will lead to poor wound healing..this stage is called lag stage due to absence of collagen, in this stage the wound is still weak because there is no collagen…the inflammatory stage is divided into vascular and cellular stages..

the vascular stage will start with the inflammation, the vessels will vasoconstrict to stop the  bleeding..later on there will be vasodilatation in the build up stage when the body is reconstructing new tissues and getting rid of inflammatory products…but first we'll have vasoconstriction and blood coagulation ….white blood cells, histamine and prostaglandins arrive at the site of injury and those are inflammatory products that are also chemotactic factors which call upon other cells and lead to remodeling and wound healing…after this vasodilatation will begin which leads to bleeding ..

after any injury, redness and inflammation are noticed….swelling  or edema  also follows injury  and is considered part of the physiological process of wound healing..
next is the cellular stage, which is basically formation of new cells triggered by cellular complement ,tissue trauma,chemotactic factors,neutrophils…
each of those has its own function" the dr suggests reading them from the book"….neutrophils are related to the  contact with bacteria and foreign bodies, moncytes are related to clearance of debris ,both B and T lymphocytes have their own different actions ….

In the case of an immune-compromised  patient" wbc are not functioning well ",all the previous factors would be affected..that's why the wound healing process is related to the systemic condition of the person..

After finishing the inflammatory stage, the fibroblastic stage begins…fibrin starts to criss-cross  to increase strength of  the wall…so first we'll have lattice work then fibroblasts will give us tropo-collagen  which will be transformed into collagen…ground substances from the muco- polysaccharides  will cement collagen fibers to each other….fibroblasts will start tropo-collagen formation in the third or fourth day,in that period the wound is still not strong enough…

Next we'll have capillary formation, and fibrin formation by fibroblasts; which will aid in foreign body recognition and chemotaxis …
These steps occur everywhere in the body ,and are not specific to the oral caivity..
Fibroblasts will give us tropocollagen which is transformed to collagen…collagen is produced in large amounts more than needed for the wound, and that doesn't mean increased strength ,in fact it means decreased strength due to poor fiber orientation..
Fibroblastic stage will take 2-3 weeks ,and at the end of it the wound will be stiff due to the increased amount of collagen, but it's strength would be 70-80% that of normal mucosa…

Then comes the remodeling stage which is a never ending process, which continues as long as the person is alive…the body will try to orient the collagen fibers ,but still it won't increase the  strength more than 80-85% of that of normal skin due to the absence of elastin…
After that we'll have wound contraction which will lead to scar formation…normally there is no healing without scaring but if it's excessive that means we have a problem..
A person with good immunity will have good healing this is a systemic factor…also we have local factors that affect wound healing such as wound contamination which will prolong the inflammatory stage, trauma to the tissues will also affect wound healing…
so as a dentist you should consider all these factors before doing an insicion … 

-No healing without scarring. Scars cannot be prevented but we can attempt to reduce its size but it will happen.
-try to make your wound decontaminated (more sterile) & preserve the blood supply until you got a closure (primary closure without tension).


*Factors that impair wound healing (local factors):
Wound healing won't always be normal it might be slow or inflammation might happen or excess scarring or contraction might take place.
1)The presence of foreign materials like bacteria or dirt, so the first thing you have to do is debridement with normal saline wash and wash and wash.. to remove any foregin or necrotic material bcoz it will cause inflammatory rxn.
-if It's bacteria; wash properly &give antibiotics.
-use proper suturing material for each tissue type (skin, mucosa..)
2) Necrotic tissues: they act as a barrier for bacteria and lead to the accumulation of blood preventing it from reaching the areas behind. causing a hematoma which will affect the wound healing.
3) Ischemia: make sure that blood supply is good at that area (when I incise I shall have the two ends of wound with a good blood supply).
4) Tension: when I raise a flap and replace it excess tension should be avoided.

*Types of healing:
1) Primary healing (the best):  if the two end of the wound are adjacent to each other (direct contact to each other). The gap between them is less than 1mm
2) Secondary: if there's gap between the two edges of the wound,,, more time & more scarring than primary healing.
Primary intention is better than secondary since there us no gap thus less scaring and contraction leading to faster healing.
Examples:
Socket of the extracted tooth: secondary intention due to the presence of a gap
Fracture: if the two ends are away from each other then it is secondary & we have to make fixation.
Avulsive injury: if there is loss of tissue during injury leading to a gap it is considered secondary.
3) Tertiary healing: using flaps or grafs,, loss of skin can't be approximate to each other the gap is large so we use a skin graft from thigh or something else.
The doctor showed a picture of a patient who has undergone resection of part of her jaw. A graft was taken from her thigh to replace the missing mucosa.

Healing of the extraction socket:
After the removal of the tooth the first thing that happens is inflammation followed by epithelization. The epithelium will start forming from beneath the blood clot. Fibroplasia and formation of connective tissue, then remodeling will follow.
During the first week the following will occur:
1)Formation of the blood clot which is normal and important to happen.
2) Inflammatory stage
3) WBC'S enter in to the socket and get rid of the bacteria and debris and bone fragment. Irrigation using normal saline aids the function of the WBC casing faster healing.
4) Fibroplasia: fibroblasts and the epithelium is formed from beneath the blood clot. Osteoclasts will accumulate cause bone resorption till bone formation takes place.
During the second week:
Granulation tissue fills the socket followed by the formation of the osteoid (immature bone) that will convert slowly into bone
If the socket is small the epithelium will close within 2 weeks

If the socket is large (molar), the epithelium will close within 4-6 weeks.
After 4-6 months the new bone is formed which can be seen on an x-ray.
Complete mineralization is achieved within 4-6 months.
After 1 year u can see normal bone formation with some scaring at the site of extraction.

*Bone healing:
Following fracture of the bone:
1) Inflammation
2) Fibroplasia
3) Remodeling
-In the bone healing there is osteogenic cells (osteoclasts and osteoblasts).
-Periosteum, endosteum and the mesenchymal cells all has a relation especially blood supply comes from periosteum, the osteoclast start getting rid of dead cells,, osteoblast makes a new bone formation.
-ostoid formation then Calus formed; which is a new bone that formed after the ffracture)
At first stage of healing the fractured area got a darker color (callus) which is strong enough to hold the two pieces together but not the normal strength.. it takes 6 months for this callus to disappear.
-if we have a fractured mandible for ex. we do reduction & fixation. By reduction you bring the two ends together, if the space is:
<1mm…. It's Primary intention.
>2mm… It's Secondary intention & needs graft. 

-The doctor showed a picture of a fracture in the mandible. This fracture is a non displaced fracture thus it is primary intention
Another picture of the infraorbital rim where there is loss of bone thus secondary intention.
*Two importanat  factors for bone healing:
1)Immobility:
Once there is mobility between 2 fracture lines healing will never occur because every time new bone is formed with movement and function the body will lose it.
2) Vascularity: enough blood supply is necessary fo healing process.
There are other factors that should be considered like the functional matrix concept and contaminated fractures.
The functional matrix concept: depends on the function to encourage healing, so we go for fixation by plates then after 4 weeks we go for function  to increase the activity around the fracture line so activate the osteoblastic cells to produce more bone & remodeling will be faster.
To accelerate the healing of bone we use semi-rigid fixation plates that allows micro-movement that would allow new bone formation and healing according to the functional matrix concept.

Nerve healing:
Following nerve injury or trauma that might be caused by:
1) Fracture in the mandible
2) Pre-prosthetic surgery in the sulcus where we might hit the mental nerve
3) Orthognathic surgery
4) Jaw resection, if there's tumor.
5) Removal of impacted teeth as lower wisdoms, injury to post alv nerver… or might lingual, mental, inf orbital nerve in upper…etc 
The doctor showed a picture of a patient who ended up with facial palsy at right side due to trauma to the facial nerve.
Another picture showing the inferior alveolar nerve and another one showing the mental nerve (in the premolar region).
*classification of nerve healing:
1) Neuropraxia: if the axons & the epineural sheath are maintained (not cutted)… inflammation then  after a few days to weeks recovery and healing will occur.
2) Axonotmesis: if the axon continuity is distrubted. 2-6 months required for healing if these 2 nerves stay near each others, and sometimes healing might not happen at all… healing happens usually with inf alv n.  bcoz it's inside canal so it will lean the two ends to each other while it's difficult with mental n. bcoz they will go within the soft tissue.
3) Neurotmesis: distrubtion  to the axon and the perineural sheath.recovery is difficult and there's a chance to permanent nerve damage 
Nerve healing composed of 2 stages: Demylinization Then Remylin ization.

-Demineralization has 2 types:
1) Segmental demyelination: it takes segment from nerve
2) Wallerian degeneration: start from one area and stop in different stage.
The dr. said you'll not understand them  unless u read  
During nerve regeneration:
The two end of the nerve will regenerate at an average of 1-1.5 mm per day.
Something abnormal happens if there a connective tissue in the way,
Lets consider  a damage in the lingual nerve,,, wait 1 month if there was no recovery we might intervene to identify the 2 end of the nerve and we approximate them to each other to encourage the regeneration process. So the presence of the canal will facilitate this, some time the canal is crushed so what we do is just open the canal.
Some time with the presence of the connective tissue in the way this nerve will reach an obstructed area and will undergo enlargement until it forms a mass of neural tissue called a neuroma, looks as nodule. if you touch it the patient will feel sharp electric pain.
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