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ABSTRACT
It is a common misunderstanding that theoretical solid-

mechanics and empirically-driven life-sciences are mutually exclu-
sive disciplines. The communities of engineering and biomedical 
sciences can in fact complement one another and bridge the chasm. 
Incorporating exact engineering principles such as thermo-visco-
elasticity and thermodynamics into biological sciences nurtures 
cross-pollination and even facilitates exploration into uncharted re-
gimes. The trans-disciplinary investigations also open new grounds 
for mechanical engineers. This seminar will exemplify Life-Science 
based Solid-Mechanics and Nano-Bio-Mechanics by (i) embryology 
and artificial insemination, (ii) stem cell chondrogenesis and tissue 
engineering, and (iii) ophthalmology and ocular lenses.  A new bio-
MEMS is constructed for Intra-Cytoplasmic Sperm Injection (ICSI), 
a method of artificial insemination for mouse eggs (oocyte). A rig-
orous solid-mechanics model is constructed to extract the materials 
properties of the glycoprotein shell before and after fertilization. We 
published the first time in literature the quantitative measurement of 
elastic modulus and piercing force of mouse oocyte wall, and their 
drastic increase as a consequence of fertilization. The new technique 
is capable of further delving into the mechanical aspects of embry-
ology, developmental biology morphogenesis, and their relation to 
biochemistry. Adhesion of a single cell onto a biological substrate or 
a neighboring cell is the basics of tissue engineering. New mechan-
ics model is constructed to elucidate intercellular adhesion, multi-
cell aggregation, and formation of 2-D and 3-D tissues. Some as-
pects of the theory are in fact empirically verifiable and bear medi-
cal significance. The theoretical framework is further extended to 
drug delivery microcapsules of liposome. The viscoelastic behaviors 
of human ocular lenses as a function of ageing are important engi-
neering parameters to understand the natural accommodation me-
chanics in vision and patho-physiology such as presbyopia and cata-
ract. Static and cyclic loading of porcine and human lenses are car-
ried out in our laboratories. Opto-mechanical models are constructed 
to account for the concerted deformation of the uniformly distrib-
uted nano-scale lens fibers and the encapsulating lens capsule during 
accommodation. Besides natural lenses, the new techniques enhance 
the chemical development of hydrogels and new implant technology 
for cataract lenses.  
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