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Development of Bioabsorbable Medical Devices Using Advanced Magnesium Alloys
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1. Purpose

Bio-degradable medical device which will be absorbed in the human body after a certain period is highly desirable these
days. The polylactic and Mg alloy which have mutual biocompatibility and bio absorbability are receiving high attention as
biomaterials. However, the poor strength of those materials is a critical problem for applications of these materials. In such
condition, the phenomenal mechanical performance of the KUMADAI RS P/M Mg alloys, which were developed in
Kumamoto University in Japan, are attracting a high level of interest in Japan as well as overseas. Therefore, as a result of
our research over the years, we have developed KUMADAI RS P/M Mg alloy stent for cardiovascular and for cerebral
aneurysms. We have also attempted to enable the practical use by aiming for successful “preclinical test” of the bio-degradable
stent using KUMADAI RS P/M Mg alloys. The main contents of the research include: 1) materials development, 2)
development of material working technologies, 3) histocompatibility, tissue disorder ability evaluation, stent prototype

fabrication, and 4) experiments on animals.

2. Research Results
1) Materials development

The influence of alloy composition and process conditions (extrusion temperature, ram speed and heat treatment) on the
mechanical properties and the corrosion resistance (in simulated body fluid) of the KUMADAI Mg alloys have been
investigated. The alloy compositions and processing factors significantly changed the characteristics of alloys by altering the
LPSO phase volume. KUMADAI RS P/M Mg alloys having yield strength of 450 MPa can be obtained by optimizing alloy
composition and processing conditions. Their yield strength and the corrosion resistance (in simulated body fluid) were
superior to those of WE43 alloy (Biotronik). Also, it has been clearly demonstrated that KUMADAI RS P/M Mg alloys exhibit
high-strain-rate superplasticity at high temperature. It was discovered that the alloy can be deformed to 800 % in elongation

and at higher strain rates without the generation of cavities at 673 K.

2) Development of material working technologies

KUMADAI RS P/M Mg alloys narrow tubes with 2.6 ~ 4 % thickness deviation ratio, 3 mm in outside diameter and 300
mm in length were successfully produced by optimizing manufacturing parameters such as extrusion temperature, extrusion
speed and extrusion ratio. In addition, KUMADAI RS P/M Mg alloys narrow wires with 30 um in diameter were successfully
fabricated by optimizing key processing parameters of working ratio (cross-section reduction ratio), temperature, speed, heat-

treatment temperature and time.

3) Histocompatibility, tissue disorder ability evaluation

Tissue affinity has been evaluated by implanting KUMADAI RS P/M Mg alloys and other commercially available
magnesium alloys subcutaneously in mice. Our results, comparing with Biotronik's WE43 alloy and other alloys, showed that
KUMADAI Mg alloys transplanted tissue confirmed less reactive granulation tissue and inflammatory cell infiltration. The
results clearly showed that the KUMADAI RS P/M Mg alloys specimens had a higher tissue affinity and a lower cytotoxicity.
Moreover, during the investigation of the cytotoxicity using the three-dimensional culture system, it was confirmed that the

blood vessel construction ability was not inhibited by co-culture with the KUMADAI RS P/M Mg alloys.



4) Experiments on animals

We have evaluated the vascular responsiveness and bioreactivity after the implantation of prototype “stents” made by
KUMADAI RS P/M Mg alloys in the lower limb artery of miniature swine. In the tissue evaluation, we confirmed two key
points as a milestone of the current experiments on animals: 1) Macroscopically, there were no redness, swelling or heat
sensation in the tissue sites around the stent implanted vessels; 2) Microscopically, there were very slight infiltration of
inflammatory cells. Our results showed that the guidance, implantation, and development of the prototype stent system into
the target sites of the vessels were successful. There were no intravascular thrombus formation and artery dissection on the
angiography after stent implantation. Moreover, no ill effects were observed during the follow-up course after the stent
deployment. In the angiographic evaluation at 3 months post stent implantation, the patency was good and no in-stent stenosis

were found.

3. Industry-academia-government collaboration

In our research and development, we have successfully established the “Consortium for Manufacturing”. It is consisted of
various industries, including material production, laser reticulate processing, electro polishing, wire processing, narrow tube
processing, and wire spinning as well as weaving process with industry-academia-government collaboration for development
of the bio-degradable stent using KUMADAI RS P/M Mg alloys.

4. Future development
We will continue to promote and enhance the research and development and plan to carry out clinical tests in the near future.
Mainly, we plan to conduct study with stents for cardiovascular, cerebral aneurysms, and implant using the “Consortium for

Manufacturing” for each industry to improve. Moreover, they most important task will be the scale-up development.

5. Conclusion

With the research and development, we have some good prospects of the fundamental technological development for
manufacturing the KUMADAI RS P/M Mg alloy stent. In addition to animal experiments, it has been reported that the post-
surgery abnormal effects were absent in vascular restenosis, obstructive thrombus, inflammatory cell infiltrate, reactive
granulation tissue, blood vessel injury, perivascular flare reaction, perivascular edema, and burning sensation in perivascular.
The research demonstrated that it is highly likely for us to manufacture a KUMADAI RS P/M Mg alloy stent. Furthermore,
we have established the “Consortium for Manufacturing” with integrated industry-academia-government collaboration. We
aim to conduct “clinical tests” and promote these research and development endeavors continuously to accelerate the actual

transition.
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