
DEVELOPMENT OF IMPLANTED 
BIO-MATERIALS  

AND APPLICATION TO FES 
ELECTRODES AS THE INTERFACE 

 BETWEEN STIMULATOR AND 
NERVE 

Yasutaka Iguchi*, Chiaki Ouchi**, Takayuki 
Narushima**, Masatoshi Watanabe**,  

Tsunetoshi Kinami**, Takahiro Nishikawa** 
Nozomu Hoshimiya *** and Yasunobu Handa 

**** 
*New Industry Creation Hatchery Center, Tohoku 

University 
(Department of Metallurgy, Graduate School of 

Engineering), 
Aoba, Aramaki, Aoba-ku, Sendai, Japan 

E-mail:iguchi@material.tohoku.ac.jp 
**Department of Metallurgy, Graduate School 

of Engineering, Tohoku University,  
***Department of Electronic Engineering, 
Graduate School of Engineering, Tohoku 

University, 
****New Industry Creation Hatchery Center, 

Tohoku University (Department of 
Restorative Neuromuscular Surgery and 

Rehabilitation, Graduate School of Medicine) 
 

 
 

Abstract   Development of implanted bio-materials and 
application to FES electrodes have been carried out from the 
view points of toxicity and high reliability. Metallic materials 
might be more appropriate than ceramics and polymer. 
Because metallic materials have an advantage such as more 
reliable mechanical properties and less dispersion of very fine 
particles due to human movements. So, our group is focusing 
to develop a new material with properties such as less or no 
elusion of nickel, higher corrosion resistance, less  
magnetizing under high magnetic field such as NMR, and  
higher mechanical properties. The newly developed alloy has 
been applied and tested to the totally implanted FES system. 

 
Keywords: FES, Electrode, Bio-Material, New Alloy, 
Implant 

 

 
1. Introduction 

 
   Recent development of functional electrical 
stimulation(FES) has provided restoration of motor function 
in the paralyzed extremities induced by central motor neuron 
disorders. Clinical utilization has been carrying out. For this 
type of research, the interdisciplinary cooperation such as 
medical electronics and materials, and the close 
communication with industries are necessary. After the 
fundamental researches between medical and electronic 
groups, adding materials group, in 1986, cooperative 
researches and technology transfer started between 
universities and industries. 
   In FES, an electrode acts an important role as an interface  
 
 
conducting programmed electrical signals to the 
neuromu scular system. The electrode for FES has been 
developed in other country[1],[2]. At the first stage of this 
study the percutaneous electrode was selected in order to 
stimulate selectively and certainly an appropriate muscle. 
 
   For development of the electrode, several considerations 
have been solved from the metallurgical and medical view 
points. These are mechanical properties such as strength, 
fatigue and flexibility, and chemical properties like resistance 
to corrosion, tissue reaction and electrochemical stability 
during stimulation, In addition, movement of the electrode is 
one of the most important problem after implantation. In our 
previous study 1[2], the electrode was developed for FES. The 
electrode insulated by Teflon, was made from a helically 
coiled rope which was wound from 19 strand hard drawn 
wires of SUS 316L stainless steel. The diameter of the wire is 
25 ｵ m and the outermost diameter of the electrode is 0.48 
mm. Figure 1 shows the configuration of the developed 
electrode. The electrode have been implanted in extremities 
and the other organs for EMG(electromyogram) measurement, 
FES and TES(therapeutic electrical stimulation). 

2. Further Development: Implantable FES System 
 

   Because of the percutaneous intramuscular electrodes 
penetrating skin, the system using these electrodes has some 
unavoidable problems. For example, daily maintenance after 
taking a bath is quite burden on patients and their families, the 
regions where electrodes go through skin are not cosmetically 
favorable and infection could occur. 
 
   A better system, that is, a totally implantable FES system 
has been developed[4]. Sendai FES Research Project is 
working to realize implantable FES systems having maximum 
thirty-two stimulus output channels in order to restore the 
motor functions of paralyzed limbs for activities of daily 
living [5],[6],[7]. By means of using the phenomenon of the 
electromagnetic induction, an implanted stimulator could be 
externally controlled. Its driving power and stimulus data 
could be sent from a transmitter to the receiver in the 
stimulator by inductive coils. For this development, further 



fundamental and application researches should be carried out 
at both of academic and industrial sectors. 
 
   Regarding the electrode, development of more reliable 
electrode is necessary, because better workability and 
reliability are expected at least for ten years after implantation. 
So, it is important to investigate changes of mechanical 
properties of the electrode in the human body and also the 
tissue reactions for a long period after implantation. And 
development of new materials for totally implanted FES 
Electrodes is necessary. Daido Special Steel Co., Ltd. and 
Nippon Seisen Co., Ltd. have developed the new alloy for 
application to human body. This new alloy(The code name is  
NAS106N.) has been designed to expect higher mechanical 
properties, higher corrosion resistance and less elution of 
nickel and iron than SUS316L stainless steel and 
NAS604PH(Cobalt-Nickel Alloy). Table 1 shows the 
chemical compositions of these three kinds of bio-metallic 
materials.  

 
 

3. Mechanical and Corrosion Properties 
 
   With regards the new alloy NAS106N as well as 
SUS316L, sound ingot with a few small inclusions and a little 
impurities was produced after twice Electro-Slag-Reme lting 
by Daido Special Steel Co., Ltd.  
Relationship between the degree and tensile strength of 
NAS106N is higher than that of SUS316L. Two alloys have 
the similar drawability and elongation. From the results of 
anode polarization test, the new alloy showed much more 
corrosion resistance than other two alloys. 
 
  After forging, an ultrafine wire was drawn from 5 to 10 ｵ
m at the minimum size by Nippon Seisen Co., Ltd.. And the 
electrode with the same configuration as the percutaneous 
electrode mentioned above has been made of this new alloy.  
 
 
4. Magnetic Property 
 
   Recently, patients are exposed with many kinds of high 
magnetic field. And utilization of high magnetic field such as 
NMR are popular to investigate the patients. Figure 2 shows 
magnetic property of three alloys. From this results, the new 
alloy has appropriate magnetic property like as NAS604PH.   
5. Properties of Electrode made of  New Alloy  

 
   The important properties of the electrode are life and 
elusion of elements of the material in the human body after 
implanting for a long time. Therefore, rotating-bending 
fatigue test ,and  nickel elusion test during fatigue test have 
been carried out in comparison with the electrodes made of 
the three kinds of alloys. Figure 3 shows the experimental 
apparatus for the rotating-bending fatigue test. By using the 
guide, bending diameter, that is, bending stress can be 
controlled precisely for such very thin samples. 
  
  Figure 4 shows the results of the rotating-bending fatigue 
test. From these results, it is clear that the electrode made of 

NAS106N has predominant life in air. However, in saline 
solution, NAS106N shows lower bending stress at higher 
cycle of failure. This reason is now under consideration. 
  
  The results of nickel elusion test in saline solution are 
shown in Figure 5. Less elusion is recognized under both of 
the static condition and the dynamic condition(during 
rotating-bending test). 

 
   The application test of the newly developed electrode to 
the  totally  implanted FES system has been carried out. 

  
                

6. Conclusion 
 

   The new alloy has been developed as an implanted 
bio-material. The mechanical and corrosion properties were 
investigated. And the electrode with the same configuration as 
the percutaneous has been made of this new alloy. Fatigue and 
elusion tests were carried out in air and saline solution. 
Further investigations have been carrying out and also 
application to the implantable FES system has been starting. 
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