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 Tissue engineering has been a rapidly growing field of research for several decades, driven by the 
human urgent need for tissue substitutes and transplantable organs. Considering the advancements, the 
clinical applications in the field of tissue engineering have been limited until now. The major reason 
toward this limitation is the lack of sufficient blood supply for the tissue in the earliest phase after 
implantation. Time-consuming process of angiogenesis leads to inadequate vascularization and finally, 
death of cells and destruction of tissue. During recent years, by implementing a strategy called 
Inosculation, attempts have been made to facilitate tissue vascularization by a preformed vasculature 
network within tissue structure. In the current research considering cellular nature of angiogenesis 
process, relying on a cell-based mathematical model, the effect of inosculation strategy is investigated 
through the dynamics of angiogenesis process with respect to extracellular, cellular and intracellular 
spatio-temporal scales. The results show the advantages of inosculation strategy over angiogenesis 
strategy in vascularization of tissue constructs. The model demonstrates the capability of inosculation 
strategy to improve the anastomosis probability, which provides the crucial requisite for the blood to 
flow through capillary network. Furthermore, the cellular model was developed in such a way that the 
effects of extracellular matrix on morphogenesis through branching phenomenon are illustrated. 
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Fig. 1 A schematic illustration of the two principal vascularization 
strategies in tissue constructs, Angiogenesis and Inosculation [1] 
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Fig. 3 A sample of the initial configuration in Potts model at the 
cellular scale. Tissue construct, matrix fibers, interstitial fluid, tissue 
cells and endothelial cells that are shown by c, m, f, t and e, 
respectively 
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Fig. 4 Schematic results after few time steps. Endothelial cells (ECs) 
number 4 and 5 are growing and ECs number 6 and 7 after reaching 
target volume entered into mitosis cycle and create ECs number 8 and 9 

4   . 
4 5  6 7 

  8 9 
  

  .  
   .

   
  

  
[31,30]  [42,41]   .

   
    

3 -4-   
VEGF 

  . 
  

 .
 ) 1 (

  .   
 VEGF  

VEGF  . 
VEGF  1

a

 .  
 

 .
B 

1 Threshold level 

   .
VEGF )  1 ( 

  

4 -   
1 [31,30]   .

     
  1   

   
   .

 .18  
[30] 

    

  .
]  31[

   .
 

   .
 1   

  
1  

  E  
 .1conc.     

pixel  
   .  

   

5 -   
 ) 8 (  .5

  .
    ) 5 6 ( 

 .
  

   

5 -1-     
 

  .VEGF 
  . 

   .
 

  
  .8  -

5    

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
2.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
10

 ]
 

                             9 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.2.1
https://mme.modares.ac.ir/article-15-398-en.html


    

                 

  

38  1395164  

5   
  . 

  
 .  

5 t=  400  MCS 
   .

 VEGF    
 .  .
   

VEGF  .
   

 

  .
   

  
  

t= 80 MCS t= 0 MCS 

t= 240 MCS t= 160 MCS 

t= 400 MCS t= 320 MCS 
Fig. 5 Results for equation 8 in the homogenous domain. At 400 MCS, 
Three sprouts are inosculated to the preformed network 

5 8  .400 -
  

5 -2-    
   

  .  

 )  5 .(
 

  . 6 
  

  . 
 20 100  [30] .

6  
  .  

  

6 -    
   

 
 .

  
  .  

   
 . 

  
  .  

  

   
 

  .
 

   . 
   

 
  .  -

8 
) 180  .  (

 
 

 

 .
    

[31,30]  [42,41,33,32] 
   

   

 [
 D

O
R

: 2
0.

10
01

.1
.1

02
75

94
0.

13
95

.1
6.

4.
2.

1 
] 

 [
 D

ow
nl

oa
de

d 
fr

om
 m

m
e.

m
od

ar
es

.a
c.

ir
 o

n 
20

24
-0

4-
10

 ]
 

                            10 / 12

https://dorl.net/dor/20.1001.1.10275940.1395.16.4.2.1
https://mme.modares.ac.ir/article-15-398-en.html


    

                 

1395164  39  

 
   

  

  
Fig. 6 After adding tissue cells into domain, the branching effect 
appears. The light gray squares are the tissue cells and the dark gray 
one are the intruding tissue cells 
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Table 1 Values of model’s parameters. 
    

 L1  L 500µm 

  L2 L 175µm 

VEGF D L2/T 1×10-11 µm2/s 

VEGF  T-1 1.8×10-4 s-1 

VEGF  M/cell/T 1.66×10-5 pg/EC/s 

VEGF S M/L 0.035 pg/pixel 

  a M 0.0001pg 

  E 109 

 J   

-  Jee E/L 30 

-  Jem E/L 66 

–  Jet E/L 31 

–  Jmt E/L 30 

-  Jmm E/L 85 

–  Jtt E/L 20 

  e E/L4 0.8 

    

  T E/conc. -1.61 106 

  S E/conc. -1.58 106 

  E/L2 1000 

 kT E 2.5 
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