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(3% §&) Biofunctionalization of Metallic Biomaterials -A vital point of supporting long

healthy life in musculoskeletal medicine-
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To achieve early-stage commercialization of spinal devices by consolidating limited fund and
source, we have determined that a spinal intervertebral cage is the first target of commercialization
during this project period because the spinal intervertebral cage shows high marketability. During 2019
budget year, we could obtain data on excellent bone tissue compatibility of a cage inducing high bone
orientation by animal tests using a sheep model. In particular, new bone formation with highly oriented
trabecular structure was confirmed in the designed anisotropic pores. A significant positive relationship
between pull-out load and bone anisotropy by a mechanical test was also confirmed. From those results,
the present intervertebral cage is expected to be clinically epoch-making medical device for spinal
reconstruction surgery. On the other hand, in intervertebral cages packed with autogenous bone graft
under conventional surgical procedures, biological maturation of the grafted bone needs considerable
time, and its high mechanical function is not always obtained. However, based on a request from clinical
core-advisers, surface was designed and fabricated on the surface of the cage to increase initial bonding
strength between bone tissue and spinal cage.

By the mechanical safety test of the new cage morphologically improved, it is appeared that
unexpected risk of fracture was confirmed by the fatigue strength test. To solve this fracture risk,
“materials development for improvement of mechanical property additive manufacturing” and

“Improvement of design of final good” are additionally conducted. In addition, evaluation test of surgery
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devices using durational bodies at Dokkyo Medical University for pharmaceutical approval application
and c that is planned by the end of 2019 budget year was postponed by COVID-19 situation. The above
unexpected changes of two situations make postpone the pharmaceutical approval application to about
three months.

From the viewpoint of manufacturing and selling of medical devices, to perform in-house
production of spinal cages, a laser additive manufacturing machine is equipped in the factory of Teijin
Nakashima Medical Co. Ltd. Delivery of the machine from a foreign country was postponed half month.
Optimal parameter to precisely fabricate multi-porous body inducing bone orientation is investigated
after the delivery of the machine. In addition, removal method of residual powder was investigated and
basic of manufacturing validation of products based on quality assurance was established. We are now
accumulating data for approval application to PMDA until October 2020.

On the other hand, in the case of a zirconium alloy for new medical material, evaluation of
mechanical and chemical properties and biological safety were performed to accumulate non-clinical
data. Consulting before development in PMDA was performed. PMDA judged that clinical trial is not
always necessary. At present, fatigue test and galvanic corrosion test are conducting until December
2020. Thereafter, we may decide approval application to PMDA.

Large-scale melting, hot forging cold swaging, and evaluation of mechanical property of
zirconium alloy are performed and these techniques are advised to Teijin-Nakashima Medical Co. Ltd.
Effect of HIP treatment on the magnetic susceptibility and mechanical properties of zirconium alloy
fabricated by laser additive manufacturing was investigated. As a result, effects of HIP treatment
temperature on residual inside pores, mechanical property, and magnetic susceptibility of the building
bodies were experimentally appeared. Additive manufacturing techniques are steadily improved and

developed.
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