                            Tissue repair & Healing
Tissue repair is a dynamic compensatory cell proliferation and tissue regeneration response stimulated in order to overcome acute toxicity and recover organ/tissuestructure and function.
        Proliferation (growth of new tissue): In this phase, angiogenesis, collagen deposition, granulation tissue formation, epithelialization, and wound contraction occur. In angiogenesis, vascular endothelial cells form new blood vessels.
        Wound healing is an intricate process where the skin (or another organ-tissue) repairs itself after injury. In normal skin, the epidermis (outermost layer) and dermis (inner or deeper layer) exist in a steady-state equilibrium, forming a protective barrier against the external environment.
        Wound contraction is the movement of the edges of a wound towards the center to close it. This process precedes the maturation stage of healing, and generally occurs between five and 15 days after the original injury is sustained.
       Wound healing is divided into four overlapping states: 1) homeostasis, 2) inflammatory, 3) proliferative, and 4) remodeling.
Wound Healing 
Wound healing is the process by which the skin, or any injured organ, repairs itself after injury. The main aim of wound healing is to prevent or limit further damage, to clean and seal the wound against infection, to restore tissue strength, and, if possible, tissue function. 
Wounds in the skin can either be classed as epidermal (shallow, in which the dermis remains intact) or deep (in which the dermis is damaged; this is sometimes referred to as a full thickness wound).
Phases of the Wound Healing Process
The wound healing process can be characterized by four overlapping phases:
· An initial response to maintain homoeostasis.
· An inflammatory response to prevent infection.
· A proliferative phase to reconstitute the wound site.
· A remodelling phase where tissue strength and function are restored.



Homoeostasis
Upon wounding, the first phase of the wound response is concerned with maintaining homoeostasis within the body. Most wounds, even superficial shallow wounds, result in damage to the circulatory system. To prevent blood loss and reduce the chance of infection spreading throughout the body, circulation platelets within the blood begin to form a fibrin clot, which seals the wound site. 
      Additionally, vasoconstriction initially occurs around the wound site as a means of isolating the wound site. However, this is soon followed by vasodilation so the required cells are able to be recruited to the wound site. Factors are released from damaged cells, and those around the wound site initiate the inflammatory response. This phase is very quick. 
Inflammatory
Immune cells, such as neutrophils and macrophages, are attracted by factors released from the wound site and begin to accumulate, travelling through the circulatory system. These cells are responsible for the removal of debris and killing of bacteria that easily colonize the wound site, and prepare the wound for the proliferative/remodelling phase.
Proliferative
The proliferative phase can itself be divided into four phases; in the case of shallow wounds the first two steps may not occur:
· Re-vascularisation: New blood vessels are formed around the wound site in order to supply the cells and nutrients required to remodel the wound.
· Granulation: Fibroblasts attracted to the wound site quickly lay down a temporary extra cellular matrix, comprised of collagen and fibronectin, upon which the epidermis can be reconstituted.
· Re-epithelialization: The exact mechanism of re-epithelialization is poorly understood. It is thought that surviving epithelial cells around the wound edge become more motile and stretch to cover the wound site. Once a continuous epidermis is formed they lose this motility and begin to divide.
· Contraction: Re-epithelization is thought to occur simultaneously with contraction, where myo-fibroblasts recruited around the wound site pull against each other to contract the size of the wound.
Remodeling/Maturation
Following closure of the wound, remodeling can occur. The epidermis proliferates and returns to its normal character; fibroblasts and immune cells which were recruited to the site are degraded; and the temporary extra cellular matrix that was laid down is remodelled into a stronger, more permanent structure.
       When the levels of collagen production and degradation equalize, the maturation phase of tissue repair is said to have begin. During maturation, type III collagen, which is prevalent during proliferation, is replaced by type I collagen. Originally disorganized collagen fibers are rearranged, cross-linked, and aligned along tension lines. The onset of the maturation phase may vary extensively, depending on the size of the wound and whether it was initially closed or left open, ranging from approximately 3 days to 3 weeks. The maturation phase can last for a year or longer, similarly depending on wound type. 
As the phase progresses, the tensile strength of the wound increases. Collagen will reach approximately 20% of its tensile strength after 3 weeks, increasing to 80% by 12th week. The maximum scar strength is 80% of that of unwounded skin. Since activity at the wound site is reduced, the scar loses its red appearance as blood vessels that are no longer needed are removed by apoptosis. 
The phases of wound healing normally progress in a predictable, timely manner; if they do not, healing may progress inappropriately to either a chronic wound  such as a venous ulcer or pathological scarring such as a keloid scar(formation of a type of scar )
Issues with Wound Healing
The above mechanism describes a best-case scenario that results in the restoration of a fully functional dermis and epidermis. However, as the main aim of the wound healing process in the initial stage is to prevent further damage or infection, the intial stages can lead to a less than optimum result, as evidenced by the formation of scars. The larger and more severe the wound the more likely this is to occur.
The response to wounding is also susceptible to disruptions that can lead to the formation of chronic, non-resolving wounds such as ulcers; or the development of fibrosis if the proliferative phase does not resolve.


Factors affecting wound healing:
Many factors controlling the efficacy, speed, and manner of wound healing fall under two types: local and Systemic factors. 
Local factors
· Moisture; keeping a wound moist rather than dry makes wound healing more rapid and with less pain and less scarring
· Mechanical factors
· Edema
· Ischemia and Necrosis
· Foreign bodies: Sharp, small foreign bodies can penetrate the skin leaving little surface wound but causing internal injury and internal bleeding. For a glass foreign body, "frequently, an innocent skin wound disguises the extensive nature of the injuries beneath".  
· Low oxygen tension
· Perfusion
Systemic factors
· Inflammation
· Diabetes – Individuals with diabetes demonstrate reduced capability in the healing of acute wounds. Additionally, diabetic individuals are susceptible to developing chronic diabetic foot ulcers, a serious complication of diabetes which affects 15% of people with diabetes and accounts for 84% of all diabetes-related lower leg amputations. 
· Nutrients – Malnutrition or nutritional deficiencies have a recognizable impact on wound healing post trauma or surgical intervention. Nutrients including proteins, carbohydrates, arginine, glutamine, polyunsaturated fatty acids, vitamin A, vitamin C, vitamin E, magnesium, copper, zinc and iron all play significant roles in wound healing. 
·  Metabolic diseases
· Immunosuppression
· Connective tissue disorders
· Smoking : Smoking causes a delay in the speed of wound repair notably in the proliferative and inflammatory phases. It also increases the likelihood of certain complications such as wound rupture, wound and flap necrosis, decrease in wound tensile strength and infection. 
· Age – Increased age (over 60 years) is a risk factor for impaired wound healing. It is recognized that, in older adults of otherwise overall good health, the effects of aging causes a temporal delay in healing, but no major impairment with regard to the quality of healing.[68] Delayed wound healing in patients of increasing age is associated with altered inflammatory response; for example delayed T-cell infiltration of the wound with alterations in the production of chemokines, and reduced macrophage phagocytic capacity. 
· Alcohol – Alcohol consumption impairs wound healing and also increases the chances of infection. Alcohol affects the proliferative phase of healing. A single unit of alcoholcauses a negative effect on re-epithelialization, wound closure, collagen production and angiogenesis
Tissue repair types
Regeneration or Replacement

Regeneration
New cells are the same as those that were destroyed, and normal function is restored

Replacement
New type of tissue develops in place of old tissue, evenutally causing scarring and loss of some tissue functions

Steps of tissue repair
· Clot formation
· Inflammation
· Formation of granulation tissues
· Regeneration or replacement of tissues

Step 1: Clot formation
Fresh wounds cuts through the skin (epidermis), and the underlying connective tissue (dermis), and a CLOT FORMS

Step 2: inflammation
About 1 week after injury, scab is present and epithelium (new skin) is growing into the wound, fight infectious agents in the wound.New skin at the edge of wound undergoes regeneration and migrates under scab while the inflammatory reponse proceeds.
 
Step 2: Graulation tissue
About 2 weeks after injury, the epithelium (new skin) has grwon completely into the wounds, and the fibroblasts have formed the granulation tissue(G.T).large amounts of g.t. persists a scar, @ 1st is bright red bz of vasculization of tissue
scar turns red to white as collagen accumulates the and blood vessels decrease in number

Step 3: regeneration or replacement of tissues
About 1 month after injury, the wound has completely closed. The scab has been sloughed and the granlation tissue is being replaced by connective tissue wound contrature: result of contraction of fibroblasts in the granulation tissue, pulls the edges of the wound closer together.

                                                         Necrosis 
Necrosis is caused by factors external to the cell or tissue, such as infection, toxins, or trauma that result in the unregulated digestion of cell components. In contrast, apoptosis is a naturally occurring programmed and targeted cause of cellular death.
Necrosis may occur due to external or internal factors. External factors may involve mechanical trauma (physical damage to the body that causes cellular breakdown), damage to blood vessels (which may disrupt blood supply to associated tissue), and ischemia.
Types of necrosis 
There are six types of necrosis:
· Coagulative necrosis.
· Liquefactive necrosis.
· Caseous necrosis.
· Fat necrosis.
· Fibroid necrosis.
· Gangrenous necrosis.

· Coagulative necrosis is a type of accidental cell death typically caused by ischemia or infarction. In coagulative necrosis the architecture of dead tissue is preserved for at least a couple of days.
· Liquefactive necrosis (or colliquative necrosis) is a type of necrosis which results in a transformation of the tissue into a liquid viscous mass. Often it is associated with focal bacterial or fungal infections.
· Caseous necrosis is a form of cell death in which the tissue maintains a cheese-like appearance. The dead tissue appears as a soft and white proteinaceous dead cell mass.
· Fat Necrosis is a pseudo-mass which may develop within the breast, often presenting as a lump which a woman discovers herself, or it might only show up on a screening mammogram. Fat necrosis almost always occurs as an after-effect of surgery in the breast.
· Fibrinoid necrosis is a form of necrosis, or tissue death, in which there is accumulation of amorphous, basic, proteinaceous material in the tissue matrix with a staining pattern reminiscent of fibrin. It is associated with conditions such as immune vasculitis (e.g. polyarteritis nodosa), malignant hypertension, preeclampsia, or hyperacute transplant rejection
· Gangrene (or gangrenous necrosis) is a type of necrosis caused by a critically insufficient blood supply. This potentially life-threatening condition may occur after an injury or infection, or in people suffering from any chronic health problem affecting blood circulation. architecture of dead tissue is preserved for at least a couple of days.
                         








                            Gangrene 

Gangrene (or gangrenous necrosis) is a type of necrosis caused by a critically insufficient blood supply. This potentially life-threatening condition may occur after an injury or infection, or in people suffering from any chronic health problem affecting blood circulation

Causes Of gangrene:

Any condition that affects blood flow increases your risk of gangrene, including:
· Diabetes.
· Atherosclerosis.
· Peripheral arterial disease.
· Smoking.
· Trauma or serious injury.
· Obesity.
· Reynaud’s phenomenon (a condition in which the blood vessels that supply the skin become intermittently narrowed)
Wet gangrene:

Wet gangrene is the type that is most commonly thought of when the term gangrene is used. Wet gangrene often produces an oozing fluid or pus, hence the term "wet." Dry gangrene, if it does not become infected and progress to wet gangrene, usually does not cause sepsis or cause the patient to die

Gangrene (or gangrenous necrosis) is a type of necrosis caused by a critically insufficient blood supply. This potentially life-threatening condition may occur after an injury or infection, or in people suffering from any chronic health problem affecting blood circulation.
Gangrene Types
There are two main types of gangrene:
Dry gangrene: More common in people with blood vessel disease,  diabetes, and autoimmune diseases, dry gangrene usually affects the hands and feet. It develops when blood flow to the affected area is impaired, usually as a result of poor circulation. In this type, the tissue dries up and may be brown to purplish-blue to black in color and often falls off. Unlike other types of gangrene, infection is typically not present in dry gangrene. However, dry gangrene can lead to wet gangrene if it becomes infected.
Wet gangrene: Unlike dry gangrene, wet gangrene almost always involves an infection. Injury from burns or trauma where a body part is crushed or squeezed can rapidly cut off blood supply to the affected area, causing tissue death and increased risk of infection. The tissue swells and blistersand is called "wet" because of pus. Infection from wet gangrene can spread quickly throughout the body, making wet gangrene a very serious and potentially life-threatening condition if not treated quickly.

Types of wet gangrene include:
Internal gangrene: If gangrene occurs inside the body due to blocked blood flow to an internal organ, then it is referred to as internal gangrene. This is usually related to an infected organ such as the appendix or colon.
Gas gangrene: Gas gangrene is rare but dangerous. It occurs when infection develops deep inside the body, such as inside muscles or organs, usually as a result of trauma. The bacteria that causes gas gangrene, called clostridia, release dangerous toxins or poisons that wreak havoc throughout the body, along with gas which can be trapped within body tissue. As the condition progresses, the skin may become pale and gray, and make a crackling sound when pressed, due to the gas within the tissue. Gas gangrene warrants immediate medical treatment. Without treatment, death can occur within 48 hours.
Fournier's gangrene: Also a rare condition, Fournier's gangrene is caused by an infection in the genital area. Men are affected more often than women. If the infection gets into the bloodstream, a condition called sepsis, it can be life-threatening.


[image: gangrene on the foot of a diabetic]

 
Gangrene Symptoms
You may notice the following symptoms at the site of the dry gangrene:
· Dry and shriveled skin that changes color from blue to black and eventually sloughs off
· Cold and numb skin
· Pain may or may not be present
Symptoms of wet gangrene may include:
· Swelling and pain at the site of infection
· Change in skin color from red to brown to black
· Blisters or sores that produce a bad-smelling discharge (pus)
· Fever and feeling unwell
· A crackling noise that comes from the affected area when pressed
Internal gangrene usually is painful in the area of the gangrene. For example, a person with gangrene of the appendix or colon would be expected to have severe abdominal pain in the vicinity of the gangrene.
Gangrene Warning
If infection from gangrene gets into the blood, you may develop sepsis and go into septic shock. This can be life-threatening if not treated immediately. Symptoms of sepsis may include:
· Low blood pressure
· Rapid heartbeat
· Shortness of breath
· Change in body temperature
· Light-headedness
· Body pain and rash
· Confusion
· Cold, clammy, and pale skin
If you think you or a loved one may have sepsis, go to the emergency room immediatel:
· Gangrene Treatments:
Treatment for gangrene involves removing the dead tissue, treating and preventing the spread of infection, and treating the condition that caused gangrene to develop. The sooner you receive treatment, the better your chance of recovery. Depending on the type of gangrene, treatment may include:
· Surgery: 
Also called debridement, the dead tissue is surgically removed to prevent the spread of infection. In some situations, amputation (removal of the affected limb, finger or toe) may be required.
· Maggot therapy:
 Believe it or not, maggots still play a role in modern medicine. Maggots provide a non-surgical way to remove dead tissue. When used to treat gangrene, maggots from fly larvae (specially bred in a laboratory so they are sterile) are placed on the wound, where they consume the dead and infected tissue without harming healthy tissue. They also help fight infection and speed up healing by releasing substances that kill bacteria.
· Antibiotics: 
Antibiotics are used to treat and prevent infections. These are usually given by intravenous injection into a vein.
· Oxygen therapy:
Hyperbaric oxygen therapy may be used in some cases of wet gangrene or ulcers related to diabetes or peripheral artery disease. During treatment, the patient is put in a specially designed chamber filled with oxygen at a higher pressure than oxygen found in the outside air. The theory is that this high level of oxygen saturates the blood and encourages healing of the dying tissue. Oxygen therapy may also reduce the growth of bacteria that cannot thrive in an oxygen-rich environment.
              In order to prevent gangrene from occurring again, the cause of any blood supply blockage must be determined so that the underlying condition can be treated. Often vascular surgery, such as bypass surgery or angioplasty, is needed to restore blood flow. Medication to prevent blood clots may be used in some cases.
            Gangrene is a serious medical condition that requires immediate medical treatment. While most people with dry gangrene recover fully with treatment, gangrene that involves an infection can be life-threatening. The sooner you get treatment, the better your chances of recovery. If you have ongoing and unexplained pain in any area in your body, fever, a wound that is slow to heal, or you notice a change in skin color, make an appointment to see your doctor right away or go to the emergency room.
Prevention:
· Watch out for complications due to nerve damage in diabetes, especially in the feet - look for cuts, sores, redness, swelling, or discharge on the feet and hands every day, and have a medical check of foot health once a year
· Control body weight - to prevent diabetes, arterial disease, and poor wound healing
· Stop smoking
· Prevent infection - by washing wounds with a mild soap and water and keeping them clean and dry
· Look out for signs of frostbite if exposed to prolonged cold - seek urgent medical attention if the skin becomes pale, hard, cold, and numb, or if you notice any color changes
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