
Three microstructural models for 
the cytoskeleton 
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The cytoskeleton as a homogeneous, 
isotropic, elastic material. 

Figure removed due to copyright restrictions.
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Cellular Solids Model�
(Gibson & Ashby, 
1988, Satcher & 
Dewey, 1997) 
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Or, in the limit of ε--> 0,

Gn ~ P/3 

where P is the pre-stress in 
the tensile elements per 
unit total cross-sectional 
area (P=πσca

2/L2).

E = σ cΦ
3

1+ 4ε
1+ 12ε

Where σc is the 
prestress in the 
individual tensile 

and ε is the  
in in each.

See Stamenovic 
for a full 
derivation.
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For a single segment of polymer 
between cross-links (Isambert 
and Maggs, 1997, Maggs, 1999, 
Storm, et al., 2005) 

 

 l
F = p

 l 4

 

Kbδ

δεn =
l

filamentsσ n ∼ F ⋅
area 

F
~

ξ 2

σ
En = n

εn

l
~ pKb

l 3a2 Φ

σ
En = n

εn

~
lpKb

a5 Φ5 /2

Biopolymer 
Models�

lp =  persistence length 
 
l = distance between entanglements or   
cross-links 
 
ξ = filament spacing Low cross-link  density εn  = network strain 
 Maximum 
En = network elastic modulus cross-link 
 density (l~ξ) δ = change in distance between 
entanglements/cross-links 
 
Φ  = solid fraction 
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Tensegrity 
Predicts a linear dependence on prestress (alone!) 

Athermal 

No ability to change ��
		-link density 

No role for cross-link mechanics 

Viscoelasticity? 

Not valid in the limit of zero prestress 

Cellular Solids 
Filament bending stiffness dominates 
Maximal cross-link density 
Athermal 
No role for cross-link mechanics 
Viscoelasticity? 

Biopolymer 

G′ ~σ n

G′ ~ E f Φ2

Thermal (WLC at high extensions) 
Viscoelastic.  Captures ¾ power law at high 
frequency 
Cross-link density and mechanics? G′ ~ K 2

b Φ1 → K 2
b Φ5 /2

 

Scaling behaviors for the three models 
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