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This project aimed to revise the “Guideline for the Development of Custom—Made Osteosynthesis
Devices 2010” by incorporating recent advances in Additive Manufacturing (AM), Digital Transformation
(DX), international standards, global regulatory trends, and updated biomechanical evaluation data.
As Japan’ s aging population continues to increase, the demand for patient—specific orthopedic
implants has grown significantly, particularly for complex fractures, deformities, spinal disorders,
and bone tumor reconstruction cases where conventional implants may not provide sufficient anatomical
conformity.

Most currently available orthopedic implants are designed primarily based on Caucasian skeletal
anatomy and may not adequately fit Japanese and other Asian patients. Therefore, there is increasing
clinical demand for custommade osteosynthesis devices tailored to individual anatomical
characteristics. The original 2010 guideline contributed significantly to the commercialization of
patient—specific implants in Japan, including corrective osteotomy systems and maxillofacial plates,
with more than 100 clinical cases already reported. Over the past decade, technologies related to
additive manufacturing, CAD/CAM systems, CT-based image analysis, and DX-based design workflows have
advanced substantially. However, Japan still lacked sufficient standardization and evaluation methods
for AM-based medical devices. In response, this project established a multidisciplinary Working Group
consisting of experts from universities, academic societies, regulatory science, industry, and testing
organizations to revise the guidance based on international trends and technical evidence

The revised guidance incorporates concepts proposed by the International Medical Device Regulators
Forum (IMDRF), including classifications of Custom—made Medical Devices (CMD), Patient—matched Medical
Devices (PMD), and Adaptable Medical Devices (AMD). It was also harmonized with FDA guidance documents
the Buropean Medical Device Regulation (MDR), ASTM standards, and ISO standards. Particular emphasis
was placed on clarifying the “design envelope” concept and defining responsibilities between
physicians and manufacturers.

Technical investigations focused primarily on powder bed fusion technologies, including Selective
Laser Melting (SLM) and Electron Beam Melting (EBM). The guidance systematically summarizes powder
characteristics, manufacturing conditions, build-direction anisotropy, post-processing methods, heat
treatment conditions, and quality control considerations. Mechanical evaluations using additively
manufactured Ti—6A1-4V alloy specimens included tensile testing, fatigue testing, microstructural
analysis, and corrosion resistance testing. Since standardized fatigue data for AM materials had been
limited, this project conducted fatigue testing up to 10 million cycles under various heat treatment
and HIP conditions to establish reference data for AM implants.

The project also organized the workflow from patient imaging acquisition to implant design, physician
approval, manufacturing, final verification, and clinical application. The importance of DX-based
collaborative workflows and web—based approval systems between physicians and manufacturers was
emphasized. Furthermore, future applications of Al-assisted implant design and digital skeletal
databases were discussed as promising technologies for personalized medical device development
Through collaboration with academic societies, manufacturers, and regulatory stakeholders, this
guidance was refined into a practical document applicable to real clinical and manufacturing
environments. The finalized guidance 1is expected to contribute to accelerated medical device
development, improved safety and quality, and strengthened international competitiveness of Japan’ s

medical device industry
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