
         
 

 

“Creep-Compression” of intervertebral disc (rat tail): 

Apply step in stress (C11) and measure displacement (strain) vs time 

C11 

Apply C11 

Release C11 

*hours* 

(MacLean+, J Biomechanics, 2007)
 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: MacLean, Jeffrey J., et al. "Role of Endplates in Contributing to Compression Behaviors of
Motion Segments and Intervertebral Discs." Journal of Biomechanics 40, no. 1 (2007): 55-63.
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Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Desprat, Nicolas, et al. "Creep Function of a Single Living Cell." Biophysical Journal 88, no. 3 (2005): 2224-33.
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Maxwell Model Voigt Model 
E 

1 

“Spring-Dashpot” models: first used by 
polymer physicists to model time-dependent 
viscoelastic behavior of rubber and synthetic 
solid polymer networks……more recently 
applied to biomechanics of tissues/cells 
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Matrix Biology, March 2012, 31:141-9
 

• Although extensive studies of viscoelastic properties have been 
pursued at the macroscopic (fiber/tissue) level, fewer 
investigations have been performed at the smaller scales, 
including collagen molecules and fibrils. 

• Here, using atomistic modeling, we perform “in silico” creep tests 
of a collagen-like peptide….. 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Gautieri, Alfonso, et al. "Viscoelastic Properties of Model Segments of
Collagen Molecules." Matrix Biology 31, no. 2 (2012): 141-9.
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“In silico” creep test of a segment of a collagen molecule 

[(GPO)21]3 

~20 nm 

' = (r/E) ~ 0.5 ns 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Gautieri, Alfonso, et al. "Viscoelastic Properties of Model Segments of
Collagen Molecules." Matrix Biology 31, no. 2 (2012): 141-9.
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Hypothesis: 

' = (r/E) ~ 0.5 ns 
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© CIC Edizioni Internazionali. 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: Vesentini, Simone, et al. "Nanomechanics of Collagen Microfibrils." Muscles, Ligaments
and Tendons Journal 3, no. 1 (2013): 23.

http://ocw.mit.edu/help/faq-fair-use/
http://dx.doi.org/10.11138/mltj/2013.3.1.023


'' = (r/E) can be 
minutes at 

Tissue Level 

• ......the viscous behavior of fibrils and fibers involves additional 
mechanisms, such as molecular sliding between collagen molecules 
within the fibril……and collagen fiber uncramping….. 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Gautieri, Alfonso, et al. "Viscoelastic Properties of Model Segments of
Collagen Molecules." Matrix Biology 31, no. 2 (2012): 141-9.
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Apply constant strain (£11) and measure stress vs time 

“Stress Relaxation”
 

Mouse tendon fascicle
 

Robinson+, J Biomech Eng, 2005
 

B 
~6 min 

decorin k/o 
Modulus � 

Biglycan k/o 
Modulus � 

© ASME. 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: Robinson, Paul S. et al. "Influence of Decorin and Biglycan on Mechanical
Properties of Multiple Tendons in Knockout Mice." Journal of Biomechanical
Engineering 127, no. 1 (2005): 181-5.
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Voigt ModelMaxwell Model 

Strain 

Stress 

eo 

Time 

' = (r/E) 

(Applied step) 

(Measure) 
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Apply constant strain (£11) and measure stress vs time 

“Stress Relaxation”
 

Mouse tendon fascicle
 

Robinson+, J Biomech Eng, 2005
 

B 
~6 min 

decorin k/o 
Modulus 

Biglycan k/o 
Modulus � 

© ASME. 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: Robinson, Paul S. et al. "Influence of Decorin and Biglycan on Mechanical
Properties of Multiple Tendons in Knockout Mice." Journal of Biomechanical
Engineering 127, no. 1 (2005): 181-5.
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Question: 

How to "fix" Voigt and Maxwell models...
 

•	 Tissues stress-relax to a finite strain 

•	 Tissue-creep involves an initial elastic like 
jump in stress 
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Maxwell Model Voigt Model 
E 

1 
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“Creep-Compression” of intervertebral disc (rat tail): 

Apply step in stress (C11) and measure displacement (strain) vs time 

C11 

Apply C11 

Release C11 

*hours* 

(MacLean+, J Biomechanics, 2007)
 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: MacLean, Jeffrey J., et al. "Role of Endplates in Contributing to Compression Behaviors of
Motion Segments and Intervertebral Discs." Journal of Biomechanics 40, no. 1 (2007): 55-63.
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PSet 4:   P2 (text prob 7.9 parts a,b)
 
(a) 

(Darling+, 2006, OA&C)
 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Darling, E. M. et al. "Viscoelastic Properties of Zonal Articular Chondrocytes Measured
by Atomic Force Microscopy." Osteoarthritis and Cartilage 14, no. 6 (2006): 571-9.
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Physics in Med and Biol, 2010 

Tissues containing 
elastin and collagen 
fibers….. 

Human arteries affected by atherosclerosis are characterized by altered wall 
viscoelastic properties. The possibility of noninvasively assessing arterial 
viscoelasticity in vivo would significantly contribute to the early diagnosis 
and prevention of this disease. 
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©  Institute of Physics and Engineering in Medicine. 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: Balocco, Simone, et al. "Estimation of the Viscoelastic Properties of Vessel Walls using a Computational
Model and Doppler Ultrasound." Physics in Medicine and Biology 55, no. 12 (2010): 3557.

http://dx.doi.org/10.1088/0031-9155/55/12/019
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PSet 4:   P2 (text prob 7.9 parts c)
 
(a) 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Darling, E. M. et al. "Viscoelastic Properties of Zonal Articular Chondrocytes Measured
by Atomic Force Microscopy." Osteoarthritis and Cartilage 14, no. 6 (2006): 571-9.
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J Biomech Eng, 2008 

© ASME. 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: Zhang, W., et al. "A Generalized Maxwell Model for Creep Behavior of Artery
Opening Angle." Journal of Biomechanical Engineering 130, no. 5 (2008): 054502.
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Tendon Hierarchy 

Tissue 

Molecule Fibril 

(Y.C. Fung) 
© Taylor & Francis Group. 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: Kastelic, J., A. Galeski, and E. Baer. "The Multicomposite Structure of Tendon."
Connective Tissue Research 6, no. 1 (1978): 11-23.
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' = (r/E) = 0.5 ns 

' = minutes 

• ......the viscous behavior of fibrils and fibers involves additional 
mechanisms, such as molecular sliding between collagen molecules 
within the fibril….and uncramping of collagen fiber 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Gautieri, Alfonso, et al. "Viscoelastic Properties of Model Segments of
Collagen Molecules." Matrix Biology 31, no. 2 (2012): 141-9.
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Type I Collagen Molecule � Fibril � ����� � ��ssu�
 

Courtesy of Elsevier, Inc., http://www.sciencedirect.com. Used with permission.
Source: Gautieri, Alfonso, et al. "Viscoelastic Properties of Model Segments of
Collagen Molecules." Matrix Biology 31, no. 2 (2012): 141-9.
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PSet 4:  P3 (text P7.9 part d)
 

E’ 
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T(w) 
Sinusoidal loading versus Frequency 
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© source unknown. All rights reserved. This content is excluded from our Creative
Commons license. For more information, see http://ocw.mit.edu/help/faq-fair-use/.
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