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Spider-silk inspired electrode offers new possibili�es for the next genera�on of biomedical devices 

 

Making the contractile material: The mixture is poured and dried to form a film. Then, the film is 
stretched repeatedly. Credit: NTU Singapore.  

An interna�onal team of scien�sts has developed a flexible electrode that wraps around muscles, 
nerves and hearts to deliver electrical s�mula�on to �ssues or record electrical ac�vity. Inspired by 
spider silk, the electrode contracts to conform to biological �ssues, is non-toxic and performs beter 
than conven�onal stretchable electrodes. 

The innova�on could open the door to biomedical devices for monitoring irregular heartbeat, nerve 
repair, wound closure and scar reduc�on. 

The study was published in Nature in December and led by Prof. Chen Xiaodong of NTU's School of 
Materials Science and Engineering; Prof. Gao Huajian of NTU's School of Mechanical and Aerospace 
Engineering; Prof. Liu Zhiyuan from the Chinese Academy of Sciences; and Prof. Hu Benhui from 
Nanjing Medical University. 

Learning how to contract from nature 

The electrode is made from a flexible material that contracts when wet to fit securely around �ssues 
and organs. 

Drawing inspira�on from the structure of spider silk that enables it to contract when wet, the 
scien�sts created the material by mixing a compound called semicrystalline poly(ethylene oxide) 
(PEO) with another compound poly(ethylene glycol)-α-cyclodextrin inclusion complex (IC). IC 
connects the PEO semicrystalline structures and holds them together. 

The material was then repeatedly stretched to form a thin film. The stretching causes the 
semicrystalline PEO to create bridges and pores. At the same �me, the semicrystalline PEO re-forms 
into crystals, stabilizing the material in a stretched state when the film is dry. 

https://entuedu-my.sharepoint.com/personal/daphneng_staff_main_ntu_edu_sg/Documents/Research%20Hub/Flexible%20electrode%20for%20muscles/Media%20coverage/The%20innovation%20could%20open%20the%20door%20to%20biomedical%20devices%20for%20monitoring%20irregular%20heartbeat,%20nerve%20repair,%20wound%20closure%20and%20scar%20reduction.


 

A demonstration of how the film contracts rapidly when in contact with water to wrap around tissue. 
Credit: NTU Singapore 

When the dry film comes into contact with water, the water breaks and dissolves the PEO structures, 
causing it to instantly contract to fit around �ssues and organs seamlessly, like shrink wrap. 

Experiments using cell cultures showed that the material was not toxic to cells. 

Demonstra�ng the capabili�es of the electrode 

To create the flexible electrode, the researchers deposited gold, which is electrically conduc�ve, onto 
the dry and s�ff film before it was weted. 

In rat experiments, the team demonstrated that the electrode created using the film could deliver 
electrical impulses effec�vely to nerves. The electrode can also record electrical signals from 
muscles, nerves and the heart, with higher sensi�vity than conven�onal stretchable gold electrodes, 
thanks to the seal between the electrode and the �ssue. 

 

The PEO crystalline structures in the material break on contact with water, causing the film to 
become soft and contract. Credit: NTU Singapore. 

The scien�sts also showed that the electrode could detect electrical ac�vity from the s�mula�on of a 
muscle gra� by a nerve—a procedure commonly used to control prosthe�c limbs or treat phantom 
pain a�er limb amputa�on. 

"Our water-responsive material may play an important role in shaping the next genera�on of 
biomedical applica�ons at the interface between electronics and the human body," said Dr. Yi Junqi, 
research fellow from NTU's School of Materials Science and Engineering and NTU's Ins�tute for 
Digital Molecular Analy�cs and Science, and the first author of the study. 

The scien�sts demonstrated that the electrode could be wrapped around the rat heart to detect 
electrical signals resul�ng from abnormal heart rhythms without customizing its size or shape. 

To install the electrode around the heart, it is first delivered into the chest via a small incision guided 
by a camera. The electrode then unfolds to surround the heart for easy installa�on. When the 
electrode comes into contact with water in the chest cavity, it contracts to wrap around the heart. 
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