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Bio-Inspired Soft & Wet Materials: From Hydrogels to Bio-Tissues 

Biological soft tissues, containing 50-85% of water, display fascinating mechanical 
properties: sustainability to large deformation, extremely low surface sliding 
friction between cartilages, extraordinarily strong mechanical toughness and 
shock-absorbance of cartilages and tendons, strong bonding between hard bones 
and soft tendons, etc.   From the view point of material science, soft tissues, 
consisting of macromolecular components such as fibrous collagen and 
proteoglycans besides water, are essentially a kind of soft & wet materials. The 
excellent properties of soft tissues should be originated from the soft & wet nature 
of bio-tissues.  
However, up to date, almost all of the artificial organs, such as artificial hearts, 
artificial blood vessels, artificial hips and knees, etc., have been constructed from 
hard & dry materials, such as metals, ceramics, and plastics. These artificial organs, 
to some extend, have been successfully served as substitutes of real organs, but are 
still far from satisfactory. For example, artificial hips and knees made of metals and 
ceramics, which are hard & dry 
materials, are lack in the 
shock-absorbing function and have 
a high frictional resistance against 
sliding motion. Another example is 
the artificial blood vessels. Blood 
blot occurs in artificial blood vessel 
made of polymers materials due to 
the protein adsorption of the blood 
wall surface.  
In order to construct artificial 
organs with an excellent function 
similar to the real biological one, a 
material innovation is urgently 
required: that is, one should find a 
man-made soft & wet material to substitute the bio-tissues. Synthetic hydrogels, 
which consist of three dimensionally cross-linked polymer networks with its 

 
Figure 1 Composite structure of cartilage. 
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interfacial space filled with water, is the only possible candidate. Different from 
bio-tissues, the water content of a hydrogel varies over a wide range, usually 
50%-99.9% of the total weight, depending on the chemical structure. A hydrogel is a 
soft solid on the macroscopic scale: it has definite shape and does not flow. At the 
same time, it behaves like a solution on the molecular scale: small water-soluble 
molecules can diffuse in a hydrogel with various diffusion constants reflecting sizes 
and shapes of the molecules.  
To be qualified for biological applications, a most tough challenge is how to 
substantially improve the mechanical strength and toughness of hydrogels. In the 
physiological condition, many tissues, such as blood vessels, articular cartilages, 
tendons, and ligaments exist in a severe mechanical dynamic environment. For 
example, the articular cartilages sustain a daily 
compression of 10 MPa, while most of hydrogels 
are mechanically too soft and fragile, failure 
under a stress less than sub-MPa. Another 
challenge is how to control the surface 
properties of hydrogel. For example, the 
cartilages show a frictional resistance two 
orders lower than that between solids during 
sliding motion, while the frictional behavior of 
hydrogels is not well-understood.  
Inspired by the composite and hierarchy 
structures of biological tissues as schematically 
shown in Figure 1, we are succeeded in 
developing hydrogels with a double network 
structure, which shows cartilage-like toughness 
and low friction, as shown in Figure 2. These 
gels not only enable the human-being, for the 
first time, to obtain a soft and wet material with tissue-like mechanical functions, 
but also find a hint to understand the secret to the toughness and low friction of 
cartilages.  
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Figure 2  Tough DN gel containing 
90wt% of water [1] 


