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(Nature, 2005)
 

diffusion eqn:
 
“D” = “E•k”
 

(Text:  P 7.13) 
Courtesy of Macmillan Publishers Limited. Used with permission.
Source: Charras, Guillaume T., et al. "Non-equilibration of Hydrostatic
Pressure in Blebbing Cells." Nature 435, no. 7040 (2005): 365-9.
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Current models of the cytoplasm cannot account for spatio
temporal variations in hydrostatic pressure. We propose a new 
description of the cytoplasm based on poroelasticity. We 
consider cytoplasm to be composed of a porous, actively 
contractile, elastic network (cytoskeletal filaments, organelles, 
ribosomes), infiltrated with an interstitial fluid (…water, ions, soluble 
proteins), similar to a fluid-filled sponge. Contraction of the 
acto-myosin cortex creates a compressive stress on the 
cytoskeletal network, leading to localized increase in hydrostatic 
pressure & … cytosol flow out of the network..… 
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Courtesy of Macmillan Publishers Limited. Used with permission.
Source: Charras, Guillaume T., et al. " Non-equilibration of Hydrostatic
Pressure in Blebbing Cells ." Nature 435, no. 7040 (2005): 365-9.
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Biophysical J, 2008 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Rosenbluth, Michael J., et al. "Slow Stress Propagation in Adherent Cells."
Biophysical Journal 95, no. 12 (2008): 6052-059.

ABSTRACT: Mechanical cues influence...motility, differentiation, 
tumorigenesis.… study of how mechanical perturbations propagate across 
the cell is necessary to understand spatial coordination of cellular processes. 

• Here we quantify magnitude & timing of intracellular stress propagation, 
using AFM and particle tracking by defocused fluorescence microscopy. 

• The apical cell surface is locally perturbed by AFM cantilever indentation, 
and distal displacements are measured in 3 dimensions by tracking 
integrin-bound fluorescent particles. 
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http://dx.doi.org/10.1529/biophysj.108.139139
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We observe an immediate response and slower 
equilibration, occurring over relaxation times that 
increase with distance from perturbation. 
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Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Rosenbluth, Michael J., et al. "Slow Stress Propagation in Adherent Cells."
Biophysical Journal 95, no. 12 (2008): 6052-059.

•Our experimental results are not explained by 
traditional viscoelastic models of cell mechanics, 
but they are consistent with predictions from 
poroelastic models that include both cytoskeletal 
deformation and flow of the cytoplasm…. 
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Musculoskeletal Tissues
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Courtesy of Blausen.com staff. License: CC BY.
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https://en.wikipedia.org/wiki/Knee#/media/File:Blausen_0597_KneeAnatomy_Side.png


Image of knee anatomy removed due to copyright restrictions.
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(Med Eng & Physics, 2005)
 

Viscoelastic in Tension 
(many springs/dashpots) 

Poroelastic in 
Compression 

(compression-induced 
pressure & fluid flow) 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Li, L. P., et al. "The Role of Viscoelasticity of Collagen Fibers in Articular
Cartilage: Axial Tension Versus Compression." Medical Engineering & Physics 27,
no. 1 (2005): 51-57.

Abstract: …..For axial tension, collagen viscoelasticity was found to 
account for most of the stress relaxation, while the effects of fluid 
pressurization on the tensile stress were negligible. In contrast, for axial 
compression, the dominant mechanism for stress relaxation arose from 
fluid pressurization and fluid flow……. 
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(J Chem Phys, 1979) 

Gel displacement u satisfies 

a poroelastic 


diffusion equation!
 

“Dgel” = “H” • “k” 
H = (2G + A) gel elasticity 
k = gel hydraulic permeability 

(see Section 7.5 of text, page 260-261)
 

Swelling of a 
single gel bead 

vs. time 

Swelling time 
vs square of   
bead 
radius 

© American Institute of Physics. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
Source: Tanaka, Toyoichi, and David J. Fillmore. "Kinetics of Swelling of Gels." The Journal of
Chemical Physics 70, no. 3 (1979): 1214-8.
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Problem 7.10 removed due to copyright restrictions. See the problem in the textbook.
Source: Grodzinsky, Alan. Field, Forces and Flows in Biological Systems. Garland Science, 2011.

Human Cornea 

Human 
intervertebral 
disc 

Cartilage 
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Problem 7.10 removed due to copyright restrictions. See the problem in the textbook.
Source: Grodzinsky, Alan. Field, Forces and Flows in Biological Systems. Garland Science, 2011.
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p = 0 

p = 0 

p is “high” 

Dgel = H·k  

PSet 5 
Prob 7.10 

X1 

L 

0 

u1(x1,t) 

U1(x1,t) 
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J Applied Physics, 1954 

Maurice 
Biot 

© American Institute of Physics. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
Source: Biot, M. Av. "Theory of Elasticity and Consolidation for a Porous Anisotropic Solid."
Journal of Applied Physics 26, no. 2 (1955): 182-5.
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Problem 7.3 and Figure 7.25 removed due to copyright restrictions. See the problem in the textbook.
Source: Grodzinsky, Alan. Field, Forces and Flows in Biological Systems. Garland Science, 2011.
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Photograph of a bust of Henry Darcy removed
due to copyright restrictions.

In the Jardin Darcy, 

Dijon, France
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p = 0 

p = 0 

p is “high” 

Dgel = H·k  
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Text 

Eq. 


(7.55)
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