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TISSUE REPAIR:
• Inflammation may cause injury and 

repair is critical after eliminating the 
enemy

• Repair can be achieved by:
– 1. Regeneration
– 2. Scar & fibrosis
Both require mediators and cellular 
proliferation. And interactions with ECM

ypart of inflammatory response& comes At last (Rs)
needMediators

(GFs)

to repairwhat was damaged depending on degree
of
damag2

&

uswhen mild injurytissuehas regeneration
Ability.

~when regeneration Not possible
or injury is very severe.

growth



TISSUE REGENERATION:
• Regeneration requires growth factors 

and interactions between cells and matrix 
(ECM)

• Tissue types
Labile tissue Continuous regeneration : 

epithelia of mucosal surfaces
Stable tissue Normally in G0, but can be 

stimulated to regenerate 
when injured (liver, Kidney, 
pancreas)

Permanent tissue Terminally differentiated, 
non proliferative (neurons
and cardiac muscle, skeletal 
muscle)

&

-depending on tissue type - regeneration occur.

Es
Based on

-> always go
their Ability proliferation
to regenerate.

->more
↳enter Go Butget out to complete differentialed
cycle when stimulated with growth
factors.

->Cant
regenerate

↳enter Go&don't leave it. orprolitrate
if there is loss ofit

-> there is No regeneration
usually replaced by scar

tissue when damaged.



superficiaa Skin
-

inf
cells

1 +issue lost

small injury ,superficial sever injury- Moredamage
to Membrane& Basmat

↳ rapid,Quick membrane(cells.

regeneration ↳Need More time

↳ usuallytissuegoes to heal
Back toNormal pre

injury state ↳regeneration isn't

↳Healing occursy enoughtrepain
Activation of reparative called repair by first

20 intention
occursygranulation

mediators & tissuewill ->
intention &Alsohappens if

↑ repair tissueformation
be replaced by regenerating there surgical
epi cells to fill the gaps.

wounds after surgery. intention repair

↳will form scar

tissue that might
scar interferewith tissue

function.



LIVER 
REGENERATION:

• Liver can regenerate in 2 ways:
– 1. Hepatocytes proliferation, post 

partial hepatectomy
– 2. Progenitor cells gets activated 

and proliferate and differentiate
Both need growth factors & cytokines 
and cell matrix interactions

ets

-

Stimulated & complete cell cycle
stem

to hepatocytes





REPAIR BY SCARRING:
• Large amount of tissue damage
• “Patching”, wound healing and Scarring
• Healing by first and second intention.
• Steps:

– Hemostatic plug (platelets)…minutes
– Inflammation (Macs, M1 and M2)…6-48 

hours
– Cell proliferation (granulation tissue)…10 

days
– Remodeling…. 2-3 weeks

2

if during intial phase of injury

epith cells orparynchema won'tbe

2-

Able to Quickly replace damaged Cells to

3 .

repair occursthise
ya

By scarformation

process of
to stop Bleeding (fibrosis)

repair
By ↳·Quick exsurgicaaswensurgicusthekinaprosue more tissue day,ason

· repithilization · Slower Quick Butif patient

2
· small tissue damage &Mild injury

· need extensive ganulation tissue formation &
-taking Antiplatlet drug

Steps of 1.Hemostasis-eq-NoBleeding
"min scar tissuewon't allec tissue function

Angiogenesis toprepareground forscar formation will take longer time.

·more scar tissue formed/Affect function
initial factors Stimulate

wound

healing by 2.

↳closinjury to prevent furtherfris plattet aggregation. Quick

scaring and > platelets +fibrin

fibrosis starts F E -
= Clot

3 .

↳ this includes AngiogenesisNew BV formation(Angiogenesis) "formation

+ fibroblast migration & prolif...
4. & then the extra tissue will be

Process starts
my romovedcleared out Before strong

scar tissue replacing the damaged Parenchyma.



large amount oftissue lost Platelet plug-Eschar-collagen scar
- -

transform transform
to

to

pinitially Blood will leak into the areaNeed to have good Blood supply forproper repairaled on theeplatelets willgetaggreg -Acellular
surface to prevent further Bleeding 30] hard dryClott

A
I>

which covers the

lost tissue.

Plug" aggregateor
a ↑Hard fibrin plog

mostly Acellular

toprevent further

Bleeding... will form Scarletraction
attheendot repractive
Process

↳grade

-

↳granulation tissue from

- Angiogenesis before will bereplaced
by scar

-

theun leBranchesof NomBV2derlying BV , fibroblast ↳multip ↳ then thegranulation tissue

ofMatrixwill Also Bein touch 7 capillaries will stand-to croll over
will be replaced in thefinal

with that injury. ↳6F stimulating EpithCells
Stageofrepair(Remodeling)S↳thencytollines&GF will be Proliferation to cover the lost SA .

By Scar tissue which predomin.

↳ theangiogenesis processe the interactionreleased2 Angiogenesis Bu the 67 released from IVcompethe
Acellular Strong Collagen.

starts Atthebase interactionBw BU , theinjuredarea&ECM will startgrowinggranulation tissue
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ANGIOGENESIS:
• Central role in healing
• Requires multiple steps; signaling 

pathways, growth factors, cell-matrix 
interactions and enzymes of remodeling
– GF: VEGF-A, FGFs mainly FGF-2, TGF-ẞ
– Notch signaling: sprouting
– ECM proteins
– Enzymes for final remodeling

↳ formation of New BVs

vascularepithilial GF Fibroblast GF family Transforming GF-13

6fsinvolved a
- ->in Angiogenesis - ↳one of the most potent

(major players scar forming/fibrogenic mediator.

ButNot only =>
~ initial step in Angiogenesis

interactwith GFs .

cut extra Collagen&
extra proteins to Clean

up area after the reprative process



Normal first Step alter Angiogenic
BU vascular epithelial factor stimulation is Notching&

,Of
whereas

·
L

1 . pericytes will be

stimulationby sprouting opened up stimulated

by By Angiopoietin factor

notching
·I 2.EndothelialCells will be

(sprouting) lopen up)
ProliferatingIstimulated

ActiveCellsoutaround stimulated
to Makesprout By

BU by+

factor I sprouting process where

EndothelialCellsare very
Collagen /V +laminin Active& extends itself-out

By Matrix Metalloprokinases stimulatedbyS
- 3.Basement membrane

will continue growing &proliferating &pericycles GFS "It digest collagenVlaminin
will be destroyedby

will be recruited

theniftherewasadjacenta Matrix metalloproteinases

be interaction BW GFs released with
that degrade BM

Proliferation of Endothelial Matrix proteins leading to elongation before notching process

cells of the vascular stalk. starts.
>

stalk Stalk

7
then the process will continue

pericytomacher
New BU alot of Remodeling &cleaning process

this process takes occurby enzymes that remove extra things.

Shorter time in ppI with ↳Multiply thisby

Normal Blood supply thousands of Bu

likeit will beformed

than person with

Esthemic disease

o r Atherosclerosis



ACTIVATION OF FIBROBLASTS 
AND DEPOSITION OF MATRIX:

• 2 STEPS:
– Migrations and proliferation of fibroblasts
– Deposition of ECM proteins by these cells

• Need cytokines and GFs: PDGF, FGF-2, 
TGF-ẞ

• Fibroblasts and myofibroblasts help lay 
down collagen to close the gap

• TGF-ẞ is the most important

last
Step in ~

comes After

granulation tissue

Repair formation &Angio..

① ⑳
in the area of tissue

injury- stimulated by
-- =

- certain GFs .

By the Activated
Fibroblasts

Platlet derived GF Fibroblast GF

Transforming GF.

us major fibrogenic mediator

fibroblastslightdifferentiatedtowarstay
down collagen in scars.

· Collagen is the major protein
deposited in scar formation At the

end of Repare by granulation tissue

formation.

↳The most potent scar forming/fibrogenic agent
in repair.



REMODELING OF CONNECTIVE 
TISSUE:

• It is needed to make the scar strong and 
contract it

• Cross linking of collagen
• Switching type III to type I collagen
• Degradation of collagen by Matrix 

Metalloproteinases (MMPs) and 
balanced by their inhibitors (TIMPs)

After FB migrate &prolif .

- CdepositCollagen
,
this process

happens to
A make scar strong

Ccontract
Need 6fs.

~ tensile strength of thescar

cu2 the initial scar is composed of youngFb & collagen so it's Not strong
enough & additional injury orfrauma will destroy healing process.

by disulfide Bonds

stronger

↳enzymes degrade
extra

collagen Ctransfor CO13 to

=>

tissue inhibitorsof

Metalloproteinases
to prevent destroying
All Collagen structure.



GRANULATIONS TISSUE  VS        MATURE SCAR
↳Not strongenough to withstart

further damage so should be

transformed in late phases

aYoung
to

very strong nature scar. strong (difficult to separate) mature-

&
H &E Gin Angiogenesis 4

I . less BUs

Trichrome stain

stain to see scar(in blue)
1. o of BUs more of Coll-1

2. 11 / mature scar is very
Minimal /col-III

2. more scar tissue (10) -
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FACTORS THAT IMPAIR TISSUE 
REPAIR (IMPORTANT):

1. Infections
2. Diabetes mellitus
3. Nutritional status
4. Steroids
5. Mechanical factors
6. Poor perfusion
7. Foreign body
8. Type and extent of tissue injury
9. Site of injury

imp
9 morethanone

can be presea

&

enemy
of the surgins or some one undergo surgery> if one get infectedAll reparativeprocess

will be interupted & proper healing process will be delayed I proper healing won't occurre there will be

more complications, improper scar formation that's why in severe Acule injury sometimes patient is covered with Antibiotics

specially in high risk intraAbdomenal surgery where risk of infypostoperative infx is high so patient is covered with Ab Before surgery

to prevent infections
Patients with DM will have delayed reprative process &More time for healing -why ? CuzDM affect liver, BV & every single cell

-thegyolationinBloodstreaminosityimpatdegrActivation
Mediators.... specially impatienta

if patient has Malnutrition -
woul have proper healing - u need to have prope to have proper healing

-> so sometimes if whave depleted , Malnutried patient &have to do surgery
forhim for certain reason- first yougive him

Parenteral nutritiongiving
him aCalorie,Iprotein in BV to Build up his immunity Before surgery .

Strong Antinfl drugs ad immunity (immunocompromized) me Patients who take them will have delayed repair

↳ that's why they have chance for infections

-i presence of Foreign body will delay healing Imake it in proper so you
have to remove them

· orhave patient who is very
obese &he is Chronic smoker with COPD, continuously couphing

Blood supply
I want to do to himAbdominal surgeryIn

have to take care of his Abdominal wound one of

the increased intra Abdominal pressure when couphing, this'll-rely impact healing & sometimes wound will

separate making what's called wound dihiscence.&
Poor BS due to severe ischemia,hypertension , hypelipidemia, Atherosclerosis theyNeed

N timefor

->u have to remove healing , need to take

care of their not&
them,But sometimes removing them is more damaging sou can keep them for a while

coverthem with Ab.
or keep it forever if its for ex small

Needle in soft tissue of the foot cur removing it cause

more damage So body will heal it by scar it self .

↳facial injury heal Quickly for childisyo
·

if 75%0 with ASC Smoker C Vascular Disas will taket time to heal cur his injury will be ↑ severe.

↳ Abdomenal wounds heal slower than facial
· peripheral lowerlimb injury take& time than

Abdomen.



ABNORMAL HEALING
•Deficient scar 
formation

•Excessive repair
•Contractures

D

I.

2 .

more scar formation

3 .

Fibromatosis syndroms
(superficial & Deep Fibromatosis)

↳ has stypes ↳occurs in Abdomen& thigh
1. dupuytren contracture called (Dismoid tumors

in the palm of the hand.

2 . peyronic disease in penis

3. Solar fibromatosis



DEFICIENT HEALING:
• Venous leg ulcers
• Arterial ulcers
• Pressure sores
• Diabetic ulcers
• *** Wound dehiscence

↳Most of the time
I . Produce ulcers.

=>

due to↑ venous pressure

2 .

when there is diffeciency in artial BS/perfusion
3. ulcers (No Angiogenesis

(Decubitus ulcers
4.

Diabetic foo
5 .

due to Mechanical factors

mainly Abdominal surgery



Wound dehiscence:
due to↑ intraAbdominal pressure



dusky/Brownish lowerback

darkish color dueto

Chronic deposition of iron
· locationofpressurea
- in

duetop Blood pressure
deep (immobile

-

due diabetic

to footabetic
Chronic
Ischemia Patientain

have Chronic

- will cause

venous .

Since
is

Artrical (Bloody
periphral

- Not deep Neuropathy Pressure
soithey had trauma touker

· discoloratinon uerrangerous foot they won't feel it-> sore
therewill be Bleeding Cinfx

↓
& they don't feel leading
ulcerClassic location at venous ulcers to formation of Non-healing

is Medialaspectat Lower limb
Clower 1 of Lower limb)

discontinuation
of skin Ulcer

Angiogenesis+granulation tissue formation



EXCESSIVE 
SCARRING:

• Hypertrophic scar
• Keloid
• Exuberant granulation tissue (proud 

flesh)
• Aggressive fibromatosis (desmoid 

tumor)
• Contractures

A
Abnormal healing

1 .

2

3.

4 .

5 .



Classic scar
of

Thyroid surgery

Bark
hypertrophic Keloid skin Backof

scar scars Shoulder
from shuf >more common

neck
gun in Dark skin

PPI



FIBROSIS OF ORGANS:
• Scar and fibrosis: excessive deposition of 

collagen and ECM.
• Continuous infections and immunologic 

injuries cause organ fibrosis and loss of 
function

• TGF-ẞ is the most common cytokine of 
fibrosis

• Examples: liver cirrhosis, Idiopathic lung 
fibrosis, ESKD

&
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