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Molecular, Cellular and Tissue 
Biomechanics 
Instructors: Typically two; one from “traditional” 
mechanics, and one with a molecular perspective 

Pre-req: Differential equations, Molecular and Cell 
Biology, Statistical Thermodynamics (in major) 

Instrumentation lab follows this (AFM, optical traps, 
microrheology) 

Text: Various chapters from textbooks, readings from 
the literature, chapters of the text-in-progress: 
Molecular, Cellular and Tissue Biomechanics 
(Grodzinsky, Hwang, Barocas, Kamm, in progress). 



Evolution of MCT Biomechanics 
•  First taught in 1995 as an advanced UG course 

•  By 1999, enrollment had grown from 12 to 50+ and the course 
was divided into separate graduate and undergraduate versions 

•  Graduate version was specified as a required core subject for 
Biological Engineering students (Bioengineering track) 

•  UG version required in the UG major started in 2005 

•  UG version now offered each Spring with an enrollment of ~70 
students; grad version, ~35 students 

•  Students drawn from BE, ME, DMSE, Biol, Chem, Phy, Chem E, 
CEE  



Biomolecules and intermolecular forces 
Single molecule biopolymer mechanics 
Formation and dissolution of bonds 
under force 
Motion at the molecular/macromolecular 
level 

MOLECULAR MECHANICS 

Structure/function/properties of the cell 
Biomembranes 
The cytoskeleton 
Cell adhesion and aggregation 
Cell migration 
Mechanotransduction 

CELLULAR MECHANICS 

TISSUE MECHANICS 
Molecular structure --> physical properties 
Continuum, elastic models (stress, strain, 
constitutive laws) 
Viscoelasticity 
Poroelasticity 
Electrochemical effects on tissue properties 

Full syllabus and 
course materials 
can be found on 
OpenCourseWare: 



Guiding Principles 

•  Build from the fundamentals in molecular and 
cellular biology 

•  Selection of topics driven by the important 
biological issues 

•  Develop an understanding that bridges from 
molecules, to cells to tissues 

•  Allow the course to evolve with the field 



Some Learning Objectives 

•  To understand the fundamental concepts of mechanics 
and be able to apply them to simple problems in the 
deformation of continuous media 

•  To understand the underlying basis for the mechanical 
properties of molecules, cells and tissues 

•  To be able to model biological materials using methods 
appropriate over diverse length scales 

•  To be familiar with the wide spectrum of measurement 
techniques that are currently used to determine 
mechanical properties of biological materials 

•  To appreciate the close interconnections between 
mechanics and biology/chemistry of living systems 



Some of the Challenges 

•  Diverse backgrounds (students from many different 
majors, including non-engineering) 

•  No single textbook that adequately covers molecular, cell 
and tissue mechanics 

•  Keeping the material up-to-date (rapidly evolving field) 
•  Mathematics is always a problem 
•  Difficult concepts (stat mech, scaling analysis, tensorial 

quantities, poroelasticity) 
•  The need for compromises (depth vs. breadth, keeping in 

the biology) 



Spec sheets term projects: Collagen 



Bacterial Flagellum 



Kinesin 



What works and what doesn’t 

•  Topics capture the interest of the students, 
especially the molecular and cell mechanics 

•  Now that we require stat thermo, molecular 
mechanics is a breeze 

•  Term papers (e.g., a “spec sheets” for biology) 
•  Traditional concepts in mechanics too 

compressed 



How can we offer students an 
opportunity to continue to explore 
biomechanics after an introductory 

course? 



Biomechanics Teaching Consortium 
•  Motivation: 

–  A need for more advanced, graduate electives 
–  Wide availability of distance learning facilities 

•  The Plan (one scenario): 
–  Four consortium members, each of whom “host” one subject 
–  Subject taught by “the leading expert” in the field 
–  A course each institution currently offers 
–  Each course taught every other year and broadcast to other 

consortium members 
–  Courses selected and periodically assessed by an independent 

body 
–  Students receive full credit from their own institution 
–  Local faculty liaison plus TA/grader at each remote site 



Biomechanics Teaching Consortium 

•  The Benefit: 

–  Four courses, one per term, cycled over 2 years, in 
exchange for one course taught yearly 

–  Start-up costs can be recouped in 10 years 

•  Future enhancements 

–  Web-based labs 

–  Expand consortium to include non-hosting (fee 
paying?) members 

–  Make videotapes of lectures available – next phase of 
OCW? 


