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A spinal fixation device consisting of cages bonding bone, looseness pedicle screws, and
flexible rod, decreasing MRI artifact, has been studied as follows.

1. Establishment of fabrication and processing of low-magnetic Zr alloy (1)

Fabrication of powder from large-scale melting of Zr-1Mo alloy and its evaluation for
selective laser melting (SLM). Evaluation of mechanical property of forged and swaged alloy,
fatigue strength of the alloy, artifact volume by animal test, and corrosion resistance were
performed and the target properties are obtained. Large-scaZr-1Mo alloys showed much smaller
MRI artifact than Ti-6Al-4V alloy.

2. Establishment of fabrication and processing of low-magnetic Zr alloy (2)

Characteristics of Zr-1Mo during cold swaging was revealed. Ductility of the swaged alloy was
improved by heat treatment. Ultimate tensile strength of the swaged and heat-treated alloy satisfied
one of the milestones of this project. We obtained a suitable gas-atomized Zr-1Mo alloy powder for
additive manufacturing process. The dense builds were successfully obtained and showed higher
tensile strength compared to the as-cast alloy.

3. Determination of evaluation index for the surrounding bone quality of implant with spine and
design and trial manufacture for pedicle screw, cage and rod

Four case of porous structure were designed to evaluate the effectiveness for the structure. The
animal test was conducted using cylindrical samples with porous structure. Moreover, the inner or
outer bone quality of cage was evaluated, which was implanted in last year. As the results, the
important principle was obtained with regard to the cage design.

4. Implantation of porous titanium-alloy intervertebral spacers created by 3-dimensional stacked
modeling in sheep lumbar spines and optimal design of intervertebral cages by leading spine
surgeons in Japan
A large in-vivo animal study using sheep lumbar spines was conducted to evaluate the bone

conductivity of 4 different 3-dimensional pore structures inside intervertebral cages in the year 2016.

The results of this study will provide the key knowledge to create a new design of intervertebral cage

with significant bony ingrowth. A start-up meeting of leading spine surgeons in Japan was launched

to gather their expert opinions.

5. Evaluation of MRI compatibility of implants
RF burn injuries in an electromagnetic simulation software were modeled and heating high enough

to cause burn injury was simulated The simulated value of heating depends on the position of the

heated spot strongly in an MRI scanner reflecting the distribution of the RF electric field from a

transmission coil. This knowledge would help simulate maximal heating (worst-case scenario) due to

implants.

6. Pathway optimization of pedicle screw based on analyses of bone microstructure and mechanical
function and design of bone/devise interface of pedicle screw and intervertebral cage 5 .

Bone healthiness in a ready-made intervertebral cage was analyzed from a viewpoint of structural
anisotropy for design optimization of spinal devises. Trial pieces for animal study were fabricated by
an additive manufacturing method, and implanted in sheep lumber intervertebral region. In

particular, for the ready-made cage, autogenous bone graft is needed.
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