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Wound healing 

• The undamaged skin, the epidermis and 

dermis form a protective barrier against the 

external environment.  

• When the barrier is broken, an orchestrated 

cascade of biochemical events is set into 

motion to repair the damage.  

 

 



• This process is classically divided into 

phases: blood clotting (hemostasis), 

inflammation, tissue growth (proliferation) 

and tissue remodeling (maturation).  

• There is a considerable overlap among 

individual phases.  

• Blood clotting may be considered a part of 

the inflammation stage instead of a separate 

stage. 





1. Hemostasis (blood clotting):  

• Within the first few minutes of injury, 

platelets begin to stick to the injured site. 

• This activates the platelets, causing them 

change into an amorphous shape, more 

suitable for clotting.  

• They release chemical signals to promote 
clotting.  

• This results in the activation of fibrin which 

forms a mesh and acts as "glue" to bind 

platelets to each other. 

 

 



• This makes a clot that serves to plug the 

break in the blood vessel, slowing/preventing 

further bleeding. 



2. Inflammation:  

• During this phase, damaged and dead cells 

are cleared out, along with bacteria and 

other pathogens or debris.  

• This happens through the process of 

phagocytosis, where white blood cells "eat" 

debris by engulfing it.  

• PDGFs are released into the wound that 

cause the migration and division of cells 

during the proliferative phase. 

 



3. 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.  

• In fibroplasia and granulation tissue 

formation, fibroblasts grow to form a new 

provisional ECM by excreting collagen and 

fibronectin.  



• Concurrently, re-epithelialization of the 

epidermis occurs, in which epithelial cells 

proliferate and 'crawl' atop the wound bed, 

providing cover for the new tissue.  

• In wound contraction, myofibroblasts 

decrease the size of the wound by gripping 

the wound edges and contracting using a 

mechanism resembles that used in smooth 

muscle cells. 

• When the cells' roles are close to complete, 

unneeded cells undergo apoptosis. 

 



Key Proliferative 

elements 
 



4. Maturation (remodeling):  

• During maturation and remodeling, collagen 

is re-aligned along tension lines, and cells 

that are no longer needed are removed by 

apoptosis. 

• The wound healing process is not only 

complex but also fragile; it is susceptible to 

interruption or failure leading to the 

formation of non-healing chronic wounds. 



• Factors that contribute to non-healing chronic 

wounds are diabetes, venous or arterial 

disease, infection, and metabolic deficiencies 

of old age. 

• Wound care encourages and speeds wound 

healing via cleaning and protection from re-

injury or infection.   

 



 

Timing and re-epithelialization 

 
• Timing is important for wound healing.  

• Critically, the timing of wound re-

epithelialization can decide the outcome of 

the healing process.  

• If the epithelization of tissue over a wounded 

area is slow, a scar will form over many 

weeks, or months. 

• If the epithelization is fast, the healing will 

result in regeneration. 

 



Granulation tissue 

• Granulation tissue begins to appear in the 

wound during the inflammatory phase, 2-5 

days post wounding, and continues growing 

until the wound bed is covered.  

• Granulation tissue consists of new blood 

vessels, fibroblasts, inflammatory cells, 

endothelial cells, myofibroblasts, and the 

components of a new; provisional ECM.  



• The provisional ECM is different in 

composition from the ECM in normal tissue. 

• Its components include fibronectin, collagen, 

glycosaminoglycans, elastin, glycoproteins 

and proteoglycans. 

• The main components; fibronectin and 

hyaluronan create a very hydrated matrix 

which facilitate cell migration. 

• Later on, this provisional matrix is replaced by 

an ECM closely resembles that found in non-

injured tissue. 
 

 

 



• Growth factors (PDGF, TGF-β) and 

fibronectin encourage proliferation, migration 

to the wound bed, and production of ECM by 

fibroblasts.  

• Fibroblasts secrete growth factors that attract 

epithelial cells to the wound site. 

• Hypoxia will inhibit fibroblast growth and 

deposition of ECM components. 

 



 
Collagen deposition 

 
• One of fibroblasts' most important functions 

is the production of collagen. 

• Collagen deposition is important because it 

increases the strength of the wound. 

• Before it is laid down, the only thing holding 

the wound closed is the fibrin-fibronectin clot, 

which does not provide much resistance to 

traumatic injury.  



• Cells involved in inflammation, angiogenesis, 

and connective tissue construction attach to, 

grow and differentiate on the collagen matrix 

laid down by fibroblasts. 

• Type III collagen and fibronectin generally 

begin to be produced between 10 hours and 

3 days, depending mainly on wound size.  

• Their deposition peaks at 1-3 weeks. 

• They are the predominating tensile 

substances until the later phase of 

maturation, in which they are replaced by the 

stronger type I collagen. 

  

 



• Even as fibroblasts are producing new 

collagen, collagenases and other factors 

degrade it.  

• Shortly after wounding, synthesis exceeds 

degradation so collagen levels in the wound 

rise. 

• Later production and degradation of collagen 

become equal so there is no net collagen 

gain. 

• Granulation ceases gradually and fibroblasts 

decrease in number in the wound once their 

work is done.  
 



• At the end of the granulation tissue phase, 

fibroblasts begin to commit apoptosis. 

• The granulation tissue is converted from an 

environment rich in cells to one that consists 

mainly of collagen. 

 

 



 
Epithelialization 

 
• The formation of granulation tissue into an 

open wound allows the re-epithelialization 

phase to take place. 

• The epithelial cells migrate across the new 

tissue to form a barrier between the wound 

and the environment. 

 



• Mechanism: 

• Basal keratinocytes from the wound edges 

and dermal appendages such as hair follicles, 

sweat glands and sebacious glands are the 

main cells responsible for the epithelialization 

phase of wound healing. 

• Keratinocytes migration begin as early as a 

few hours after wounding without proliferation. 

• Epithelial cells require viable tissue to migrate 

across, so if the wound is deep it must first be 

filled with granulation tissue. 



• The time of onset of migration is variable and 

may occur about one day after wounding. 

• They advance in a sheet across the wound 

site and proliferate at its edges.  

• Cells on the wound margins proliferate on the 

second and third day post-wounding in order 

to provide more cells for migration. 

• If the basement membrane (B.M.) is not 

breached, the epithelial cells are replaced 

within 3 days by division and upward 

migration of cells in the basal cell layer in the 

same fashion that occurs in un-injured skin. 
 

 

 



• If the B.M. is included in the wound, re-

epithelization occur from the wound margins 

and from skin appendages such as hair 

follicles and sweat glands that are lined with 

viable keratinocytes. 

• If the wound is very deep, skin appendages 

may also be damaged and migration can 

only occur from wound edges. 

• Migration of keratinocytes over the wound 

site is stimulated by lack of contact inhibition 

and by chemicals such as nitric oxide.  

 

 

 



• Before they begin to migrate, cells must 

dissolve their desmosomes and 

hemidesmosomes, which normally anchor 

the cells to other cells and to the ECM. 

• Transmembrane receptor glycoproteins 

called integrins, which are normally anchor 

the cell to the B.M., are released from the 

cell's intermediate filaments and relocate to 

actin filaments to serve as attachments to 

the ECM for cells’ pseudopodia during 

migration. 

 



• Thus keratinocytes detach from the B.M. and 

are able to enter the wound bed. 

• Keratinocytes continue migrating across the 

wound bed until cells from either side meet in 

the middle. 

• At this point contact inhibition causes them to 

stop migrating. 

• The keratinocytes secrete proteins that form 

the new B.M. 

• Cells reverse the morphological changes 

they underwent in order to begin migrating. 

 
 



• They re-establish desmosomes and hemi-

desmosomes and become anchored once 

again to the B.M.  

• Basal cells begin to divide and differentiate in 

the same manner as they do in normal skin 

to re-establish the layers found in re-

epithelialized skin. 

• In healing that results in a scar, sweat 

glands, hair follicles and nerves do not form. 

 

 



 
Contraction 

 
• Contraction is a key phase of wound healing 

with repair.  

• If contraction continues for too long, it can 

lead to disfigurement and loss of function. 

• Contraction commences approximately a 

week after wounding, when fibroblasts have 

differentiated into myofibroblasts. 

• In full thickness wounds, contraction peaks at 

5 -15 days post wounding. 



• Contraction last for several weeks and 

continues even after the wound is completely 

re-epithelialized. 

• A large wound can become 40-80% smaller 

after contraction. 

• Wounds can contract at a speed of up to 

0.75 mm per day, depending on how loose 

the tissue in the wounded area is. 

• Contraction does not occur symmetrically. 

• Most wounds have an 'axis of contraction' 

which allows for greater organization and 

alignment of cells with collagen. 
 

 

 

 



• At first, contraction occurs without 

myofibroblast involvement. 

• Later, fibroblasts, stimulated by growth 

factors, differentiate into myofibroblasts. 

• Myofibroblasts, which are similar to smooth 

muscle cells, are responsible for contraction. 

• Myofibroblasts contain the same kind of actin 

found in smooth muscle cells. 
 

 

 



• Mechanism: 

• Myofibroblasts are attracted by fibronectin 

and growth factors. 

• They move along the fibronectin and fibrin in 

the provisional ECM in order to reach the 

wound edges. 

• They form connections to the ECM at the 

wound edges.  

• They attach to each other and to the wound 

edges by desmosomes.  



• As the actin in myofibroblasts contracts, the 

wound edges are pulled together.  

• Fibroblasts lay down collagen which re-

inforce the wound as myofibroblasts contract. 

• The contraction ends as myofibroblasts stop 

contracting and commit apoptosis. 

• The breakdown of the provisional matrix 
leads to a ↓ in hyaluronic acid and an ↑ in 

chondroitin sulfate, which gradually triggers 

fibroblasts to stop migrating and proliferating. 

• These events signal the onset of maturation 

stage of wound healing. 
 

 

 



 
Maturation and Remodeling 

 
• When the levels of collagen production and 

degradation equalize, the maturation phase 

of tissue repair have begun. 

• 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 maturation phase 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, depending on the wound type. 

• As the phase progresses, the tensile strength 

of the wound increased. 

 

 



• Collagen will reach approximately 20% of its 
tensile strength after 3 weeks, ↑ 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 as 

in venous ulcer or pathological scarring as 

keloid scar. 

 



Principal events 

of remodelling 
 



Cutaneous wound healing 

• This process involves both epithelial 

regeneration and formation of connective 

tissue scar.  

• Based on its nature, the healing of cutaneous 

wounds can occur by: 

 First intension. or 

 Second intension. 





Phases of 

cutaneous 

wound 

healing 



Healing by first intention (primary union) 

• This is defined as healing of a wound which 

have the following characteristics: 

1. Clean and uninfected. 

2. Surgically incised. 

3. Without much loss of cells and tissues. 

4. Edges of the wound are approximated by 

surgical sutures. 

   



• The sequence of events in primary union: 

• Initial hemorrhage: 

• Immediately after injury, the spaces between 

the approximated surfaces of incised wound 

is filled with blood, which then clots and seals 

the wound against dehydration and infection. 

 

 



• Within 24 hours: 

• Neutrophils are seen at the incision margin, 

migrating toward the fibrin clot. 

• Basal cells at the cut edges of the epidermis 
begin to show ↑ mitotic activity. 



• Within 24-48 hours: 

• Epithelial cells from both edges have begun 

to migrate and proliferate along the dermis, 

depositing B.M. components.  

• The cells meet in the midline as a thin but 

continuous epithelial layer separating the 

underlying viable dermis from the overlying 

scab. 

 

 



• By day 3: 

• Neutrophils are largely replaced by 

macrophages. 

• Granulation tissue progressively invades the 

incision space. 

• Epithelial cell proliferation continues as a 

thickened epidermal covering.  

 

 



• Morphology of granulation tissue: 

• Grossly:  

• Granulation tissue appears granular soft, 

moist, pink, and bleeds on touch.  

• It is insensitive and resistant to bacterial 

infection.  



• Microscopy:  

• Characterized by proliferation of fibroblasts 

and new thin walled, delicate capillaries 

(angiogenesis), in a loose ECM. 

• Collagen fibers start to appear at the incision 

margins. 

• They are vertically oriented and do not 

bridge the incision.  

 



• By day 5: 

• Neovascularization reaches its peak as 

granulation tissue fills the incisional space. 

• Collagen fibrils become more abundant and 

begin to bridge the incision. 

• The epidermis recovers its normal thickness 

as differentiation of surface cells producing a 

mature epidermal architecture with surface 

keratinization. 

 

  



• During the second week: 

• There is fibroblast proliferation and continued 

collagen accumulation. 

• The leucocytic infiltrate, edema, and 

vascularity diminished. 



• By the end of the first month:  

• The scar is composed of vascular connective 

tissue devoid of inflammatory cells and 

covered by a normal epidermis. 

• The dermal appendages destroyed in the line 

of the incision are permanently lost. 

• The tensile strength of the wound ↑ with time.  

 



Healing by primary intention 



Healing by second intention (secondary 

union) 

• Healing of a wound having a following 

characteristics: 

1. Large infected or open wounds not 

approximated by surgical sutures e.g., 

large wound, abscess or ulceration. 

2. Extensive loss of cells and tissues. 

 



• The basic events are similar to primary union 

but differ in:  

• Having larger tissue defect which has to be 

bridged.  

• Hence, healing takes place from the base 

upwards as well as from the margins inwards. 

• The inflammatory reaction is more intense. 

• There is abundant development of granulation 

tissue. 



• The wound contacts within 6 weeks.  

• It may be reduced to 5-10% of its original 

size, due to presence of myofibroblasts.    

• This may be followed by accumulation of 

ECM and formation of a large scar. 



Healing by secondary intention 



Differences between primary and secondary 

union of wounds 

Feature Primary union Secondary union 

 Cleanliness of wound Clean Unclean 

Infection Generally uninfected May be infected 

Inflammation Mild  More intense  

Granulation tissue Scanty  Much larger amount  

Wound contraction  Not present Present  

Outcome  Neat linear scar Contracted irregular wound 

Complications  Infrequent, epidermal 

inclusion cyst.  

More frequent; the most 

important is suppuration.  



Wound strength   

• Carefully sutured wounds have approximately 

70-80% of the strength of normal skin. 

• When sutures are removed, usually at one 

week, wound strength is approximately 10% 
of that of normal skin, but this ↑ rapidly over 

the next 4 weeks. 



• The recovery of tensile strength results 

because:  

 The collagen synthesis exceeds 

degradation during the first 2 months, and  

Structural modifications of collagen (e.g., 
cross linking and ↑ fiber size). 

• Wound strength reaches approximately 70-

80% of normal by 3 months but usually does 

not improve beyond that point.       

 



Representation of regained tissue strength  



Factors affecting wound healing 

1. Age: Repair is more rapid and adequate in 

young age. 

2. Infection: It is the most important cause of 

delayed wound healing. 

3. Foreign body: Such as fragments of steel, 

glass or even bone impair wound healing. 

4. Poor perfusion Poor blood supply and 

ischemia due to arteriosclerosis, diabetes, or 

obstructed venous drainage results in 

impaired healing. 

 

 



5. Nutrition: It has profound effects on wound 
healing:  

a. Protein deficiency: Specially of sulphur 
containing amino acids delay repair. 

b. Zinc deficiency: Zinc is necessary for 
collagen synthesis. 

c. Vitamin deficiency:  

• Vitamin C deficiency causes defective 
formation of collagen and osteoid tissue.  

• Vitamin D deficiency causes failure of 
calcification of osteoid tissue. 

 

 



6. Glucocorticoids (steroids): They have an 

anti-inflammatory effects, and their 

administration may result in poor wound 

strength due to diminished fibrosis.  

• However, in corneal infections 

glucocorticoids are sometimes prescribed 

(along with antibiotics) to reduce the 

likelihood of opacity that may result from 

collagen deposition. 

7. Cytotoxic drugs: Delay repair. 

8. Diabetes mellitus: Increases susceptibility 

to infection, so delays repair. 



9. The type and severity of tissue injured: 

Complete restoration can occur only in 

tissues composed of labile and stable cells. 

• Injury of tissues composed of permanent 

cells inevitably result in scar e.g., myocardial 

infarct. 

 

 



10. The site of injury: Inflammation arising in 

some spaces (pleural, peritoneal, synovial 

cavities) develops extensive exudate.  

• Repair occur by digestion of the exudate, 

initiated by proteolytic enzymes of 

leucocytes and resorption of liquefied 

exudate.      

• This is called resolution in which normal 

tissue architecture is restored.  

• However, in large accumulations, the 

exudate undergoes organization.   



Complications of wound healing 

1. Infection of wound. 

2. Implantation (epidermal) cyst: Epithelial 

cells trapped in the wound during healing 

may proliferate and form an epidermoid cyst. 

3. Deficient scar formation:  

• Inadequate formation of granulation tissue 

may lead to wound splitting, incisional 

hernia, or ulceration. 



4. Exurberante granulation tissue:  

• Excessive granulation tissue that protrudes 

above the level of the surrounding skin and 

hinders re-epithelialization. 

5. Chronic ulcer: Persistent loss of continuity 

of the surface epithelium of the skin or 

mucous membrane, caused by excess 

collagen deposition at the edges of the 
wound ↓ the blood supply to the 

regenerating epithelium. 

 

 



6. Keloid (excessive scar formation):  

• Mass formed of excessive collagen that 

tends to progress beyond the site of initial 

injury.  

• Keloid is due to overdone repair.  

• It is covered by stretched epidermis.  

• Keloid may occur in healing of burns and 

wounds. 

• it may be a foreign body reaction caused by 

introduction of hair, keratin, debris or cotton 

into the wound. 

 



• It may have hereditary tendency. 

• Some families and dark races are more 

susceptible.  

• It recurs after excision, but shrinks by 
radiation. 

 



7. Sinus: A blind ended tract between the 
depth of a wound or abscess cavity and the 
skin surface .  

• It is caused by damage to the granulation 
tissue by the presence of a foreign body or 
by persistent infection. 

• The tract is lined by infected granulation 
tissue.  

8. Fistula: A tract between the abscess cavity 
and a hollow organ or between two hollow 
organs.  

• The cause is similar to that of the sinus. 



9. Excessive contraction:  

• Exaggeration of wound contraction is termed 

contracure or cicatrization.  

• It results in severe deformity of the wound 

and surrounding tissue. 

• A scar on a flexure may interfere with 

movement. 

• Contractures may complicate healing of 

severe burns and may compromise the 

movements of joints.  

 

 



10. Pigmentation: healed wounds may have 

rust-like color due to presence of 

hemosiderin.              

11. Malignant change: scar may be the site for 

development of carcinoma later, e.g., 

squamous cell carcinoma in Marjolin’s 

ulcer.   

 



Repair of bone fracture 

• For bony union to occur adequate 

immobilization is needed.  

• Generally bone fracture treatment consists of 

reducing displaced bones back into place, 

stabilizing their position to aid union, and then 

waiting for the bone's natural healing process 

to occur. 

 

 

https://en.wikipedia.org/wiki/Bone_fracture


• There are three major phases of fracture 

healing, two of which can be further sub-

divided to make a total of 3 phases: 

• 1. Reactive phase  

i.  Fracture and inflammatory phase 

ii. Granulation tissue formation 

• 2. Reparative phase  

iii. Cartilage callus formation (Soft Callus) 

iv. Lamellar bone deposition (Hard Callus) 

• 3. Remodeling phase  

v.  Remodeling to original bone contour 

 



• Reactive phase: 

• After fracture, the first change seen is the 

presence of blood cells within the tissues 

adjacent to the injury site.  

• Soon after fracture, the blood vessels 

constrict, stopping any further bleeding. 

• Within a few hours after fracture, the 

extravascular blood cells form a blood clot, 

(hematoma). 

• These cells release cytokines and ↑ capillary 

permeability.  

  

 



• Cells within the blood clot degenerate and die. 

• Some cells outside of the blood clot, but 

adjacent to the injury site, also degenerate 

and die. 

• Within this same area, the fibroblasts survive 

and replicate.  

• They form loose aggregate of cells, 

interspersed with granulation tissue.  

• This tissue reduces strain across fracture site. 

• Osteoclasts move in to reabsorb dead bone 

ends and other necrotic tissue are removed. 

  

 



 

Principles of Fracture Healing 
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• Reparative phase: 

• Days after fracture, the cells of the 

periosteum replicate.  

• The periosteal cells proximal (closest) to the 

fracture gap develop into chondroblasts 

which form hyaline cartilage.  

• The periosteal cells distal to the fracture gap 

develop into osteoblasts which form woven 

bone.  

• The fibroblasts within the granulation tissue 

develop into chondroblasts which also form 

hyaline cartilage. 

https://en.wikipedia.org/wiki/Periosteum


• These two new tissues grow in size until they 

unite with their counterparts from other parts 

of the fracture.  

• These processes culminate in a new mass of 

heterogeneous tissue which is known as the 

fracture callus (soft callus). 

• Eventually, the fracture gap is bridged by the 

hyaline cartilage and woven bone, restoring 

some of its original strength. 

 



• The next phase is the replacement of hyaline 

cartilage and woven bone with lamellar bone 

(hard callus).  

• The replacement process is known as 

endochondral ossification.  

• Substitution of the woven bone with lamellar 

bone precedes the substitution of the hyaline 

cartilage with lamellar bone. 

• The lamellar bone begins forming soon after 

the collagen matrix of either tissue becomes 

mineralized.  

  

 



• At this point, the mineralized matrix is 

penetrated by channels, each containing a 

microvessel and numerous osteoblasts.  

• The osteoblasts form new lamellar bone 

upon the recently exposed surface of the 

mineralized matrix.  

• This new lamellar bone is in the form of 

trabecular bone.  

 



• Eventually, all of the woven bone and 

cartilage of the original fracture callus is 

replaced by trabecular bone, restoring most 

of the bone's original strength. 

 



Principles of Fracture Healing 
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• Remodelling phase: 

• The remodeling process substitutes the 

trabecular bone with compact bone.  

• The trabecular bone is first resorbed by 

osteoclasts, creating a shallow resorption pit 

known as a "Howship's lacuna".  

• Then osteoblasts deposit compact bone 

within the resorption pit. 

• Eventually, the fracture callus is remodelled 

into a new shape which closely duplicates 

the bone's original shape and strength.   



• The remodeling phase takes 3 to 5 years 

depending on factors such as age or general 

condition. 

 



4 Bone remodeling 

Healing fracture 
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• To summarize stages of healing could be 

divided into: 

1. Hematoma formation 1-2 days 

2. Inflammation 2-7 days 

3. Soft callus formation 1-3 weeks 

4. Hard callus formation 3-6 weeks 

5. Remodelling phase >8 weeks 



• Failure of bony union: 

1.Poor blood supply leads to the death of the 

osteocytes.  

• Bone cell death is also dependent on the 

degree of fracture and disruption to the 

Haversian system. 

2.Condition of the soft tissues: Soft tissue in 

between bone ends restrict healing. 

3.Nutrition and drug therapy: Poor general 

health reduces healing rate.  

• Drugs that impair the inflammatory response 

impede healing also. 



4. Infection: Diverts the inflammatory response 

away from healing towards fighting of the 

infection. 

5. Age: Young bone unites more rapidly than 

adult bone. 

6. Pre-existing bone malignancy retards repair. 

7. Fracture healing is determined by 

mechanical factors and obstructions to 

healing include the bone not aligned and too 

much or little movement.  

 



• Excess mobility can disrupt the bridging 

callus interfering with union.  

• Slight biomechanical motion is also seen to 

improve callus formation. 

 



• Complications of fracture healing include: 

1. Infection:  

• This is the most common complication of 

fractures and predominantly occurs in open 

fractures.  

• Post-traumatic wound infection is the most 

common cause of chronic osteomyelitis in 

patients.  

• Osteomyelitis can also occur following 

surgical fixation of a fracture. 



2. Non-union: No progression of healing within 

six months of fracture occurring.  

• The fracture pieces remain separated; may 

be caused by infection and/or ischemia.  

• There are two types of non-union, atrophic 

and hypertrophic.  

• Hypertrophic involves the formation of 

excess callus leading to bone ends 

appearing sclerotic causing a radiological 

"Elephants Foot" appearance.  

• Atrophic non-union results in re-absorption 

and rounding of bone ends. 

 



3. Mal-union: Healing occurs but the healed 

bone has 'angular deformity, translation, or 

rotational alignment that requires surgical 

correction'.  

• This is most common in long bones such as 

the femur. 

 



4. Delayed union: Healing times vary 

depending on the location of a fracture and 

the age of a patient.  

• Delayed union is characterized by 

'persistence of the fracture line and a 

scarcity or absence of callus formation' on 

X-ray.  

• Healing is still occurring but at a much 

slower rate than normal. 
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Neuroregeneration 

 
• The nervous system is divided into two 

parts:  

1.The central nervous system (CNS), which 

consists of the brain and spinal cord.  

2.The peripheral nervous system (PNS), which 

consists of cranial and spinal nerves along 

with their associated ganglia.  

 



• Neuroregeneration refers to re-growth or 

repair of nervous tissues, cells or cell 

products.  

• Neuroregeneration differs between PNS and 

CNS by the functional mechanisms especially 

the extent and speed. 

• While PNS has an intrinsic ability for repair 

and regeneration, the CNS is, for the most 

part, incapable of self-repair and 

regeneration. 

  

 



 

Peripheral nervous system regeneration 

 
• Neuroregeneration in the PNS occurs to a 

significant degree. 

• Injury to the PNS immediately elicits the 

migration of phagocytes, Schwann cells, and 

macrophages to the lesion site in order to 

clear away debris such as damaged tissue.  

• When a nerve axon is severed, the end still 

attached to the cell body is labeled the 

proximal segment, while the other end is 

called the distal segment.  



• Two types of degeneration affect both 

segments of the injured nerve: 

A.Wallerian degeneration:  

• Occurs within hours of the injury.  

• Affects all the distal fragment and the 
proximal fragment up to the level of the first 
node of Ranvier . 

• The axis cylinder fragments; degenerate.  

• The myelin sheath breaks into droplets of 
myelin which are removed by macrophages, 
but the endoneurium remains. 

 



• Schwann cells on both sides proliferate in 
ordered columns along the endoneurial tube.  

• The myelin and the axis cylinder grow from 
the proximal segment at a rate of about 
1m.m/day in the endoneurial tube.  

• Also, macrophages and Schwann cells 

release neurotrophic factors that enhance re-

growth. 

 

 



• In the later stages of re-generation the 

remaining endoneurial tube directs axon 

growth back to the correct targets. 

• If the ends of the cut nerve are not opposite 

each other, the growing nerve fibers and 

Schwann cells mix together forming a painful 

mass called traumatic neuroma (Stump 

neuroma).  

 

 



B.  Axonal degeneration:  

• Affects the nerve cell. 

• After injury, the proximal end swells and 

experiences some retrograde degeneration.  

• The nerve cell swells and the Nissel granules 

disintegrate and disappear.  

• The nucleus becomes eccentric 

(chromatolysis). 

• The proximal segment either die by 

apoptosis or undergo chromatolytic reaction, 

which is an attempt at repair. 



• Once the debris is cleared, the nerve cell 

begins to sprout axons. 

• Axonal sprouts at the proximal stump grow 

until they enter the distal stump.  

• Growth of sprouts is helped by chemotactic 

factors secreted from Schwann cells.  

• The proximal axons are able to re-grow as 

long as the cell body is intact, and they have 

made contact with Schwann cells in the 

endoneurial channel or tube.  



• Human axon growth rates can reach 

1 mm/day in small nerves and 5 mm/day in 

large nerves. 

• Three weeks later the cell recovers.  

 



Degeneration in PNS 



 

Repair in Central nervous system  

 
• Unlike PNS injury, regeneration does not 

occur in the brain and spinal cord; CNS. 

• The dead cells are removed by microglia then 

replaced by neuroglial cells; a process known 

as gliosis. 

• The proximal segment attempts to 

regenerate after injury, but regeneration is 

limited by the inhibitory influences of the 

extracellular environment. 

 



• The environment within the CNS, especially 

following trauma, counteracts the repair of 

myelin and neurons.  

• The hostile environment is, in part, created 

by migration of myelin-associated inhibitors, 

astrocytes, oligodendrocytes, and microglia. 

• Growth factors are not expressed; for 

instance, the extracellular matrix is lacking 

laminins.  

• Glial scars rapidly form, and the glia produce 

factors that inhibit re-myelination and axon 

repair. 

 



• The axons themselves also lose the potential 
for growth with age, due to a ↓ in GAP-43 

expression. 

• Slower degeneration of the distal segment 

also contributes to the inhibitory environment.  

• These factors contribute to the formation of a 

glial scar, which axons cannot grow across. 

• CNS axons have been proven to re-grow in 

permissive environments.  

• Therefore, the primary problem in CNS 

axonal regeneration is crossing or eliminating 

the inhibitory environment. 

•   



Thank you 


