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We developed femoral implants by additive manufacturing using electron—beam melting technique, and
developed patient—specific surgical guides (PSG) for hip surgery using a rapid prototyping method. The femoral
implant is a taper—-wedge type, that was made of Ti—-6Al-4V alloy, and which proximal surface finish was made by
electron—beam melting technique. The proximal part was bonded to the main part using modified hot isometric
pressing (HIP) treatment. There were two types of PSG; one for femoral neck cutting, and another for pelvis

osteotomy.



In 2014, we had face—to—face advice with PMDA about the femoral implants. According to the consulting
records of PMDA, we tested mechanical safety, biological safety, and physical/chemical property of the femoral
implants. We investigated the mechanical bonding and stability between the proximal surface finish part and the
main part. The proximal surface finish part was produced by the additive manufacturing using electron—beam
melting technique, and the adequate condition of HIP treatment was determined. Mechanical fatigue tests
including 1ISO7206-4 and ISO7206—6, and FEM analysis were performed for the femoral implants. Thus, we
acquired the necessary information of mechanical safety, biological safety, and physical/chemical property for
approval application. There were no problematic issues concerning the femoral implants.

We confirmed the satisfactory molding precision of the femoral implant using contactless three—dimensional
scanner. We performed simulation surgery using fresh cadaveric samples. The femoral implants were implanted in
the femoral canal and the position of the implant was analyzed three—dimensionally using preoperative and
postoperative computed tomography (CT). We confirmed the satisfactory setting precision of the height and the
coronal alignment of the femoral implant in the fresh cadaveric samples comparing between the preoperative
planning and postoperative implantation. After the simulation surgery, we confirmed that the removed femoral
implant had no breakage and no separation of the proximal surface finish part, and that no femora fractured. We
also confirmed the satisfactory setting precision of the height and alignment of the femoral implant that had
anteroposterior thickness in the proximal surface finish part.

We developed PSGs for the femoral neck cutting in total hip arthroplasty (THA) using 3D printer for resin
molding. This PSG was intended for the precise implantation of the femoral implant in THA. There were two types
of femoral neck cutting PSG, for anterolateral THA and for posterolateral THA. We performed simulation surgery
using the femoral neck cutting PSG in fresh cadaveric samples. We confirmed precise setting of PSG on the
femoral surface comparing the preoperative planning and the intraoperative CT. We also confirmed precise
implantation of the femoral implant comparing the preoperative planning and the postoperative CT using PSGs for
anterolateral THA and for posterolateral THA.

We developed PSGs for the pelvic osteotomy using 3D printer for resin molding. This PSG was intended for the
precise osteotomy of the pelvis and rotational movement of the bony fragment. This PSG consisted of an
osteotomy guide part, and a rotation guide part, which had curvature matched with the preoperative planning
osteotomy sphere. We developed two types of PSG for pelvic osteotomy; rotational acetabular osteotomy (RAQO)
and curved periacetabular osteotomy (CPO). We performed simulation surgery using the pelvic osteotomy PSG in
fresh cadaveric samples. We confirmed precise setting of PSG on the pelvic surface comparing the preoperative
planning and the intraoperative CT. We also confirmed precise osteotomy and rotational movement of the bony
fragment comparing the preoperative planning and the postoperative CT using pelvic osteotomy PSGs.

Endurance of the ultra—high molecular weight polyethylene (UHMWPE) component, which is used together with
the hip implant manufactured using additive manufacturing, was investigated for the purpose of improvement of
long—term clinical results of joint arthroplasty. The novel candidate material had better delamination resistance
than any other existing materials. However, its fatigue crack propagation resistance was similar to that of the
material used for the product in which cracking and fracture have been reported in vivo. A novel endurance test
that can evaluate a component was developed. It was confirmed that the test can reproduce cracking in the test
component mimicking the design of the product in which cracking and fracture have been reported in vivo,
irrespective of the material used. No cracking was generated in a specimen made of the candidate material with a
candidate design. It was considered that the fatigue endurance of a UHMWPE component is not affected by the
material used, but mostly by its design. Wear test is one of the fundamental endurance tests for the UHMWPE



components of artificial joints. Effects of bovine serum used as a lubricant on results were investigated. A 100%

difference in wear rates was found when two different bovine serum products were used, even the lubricants were

prepared according to a single international standard. A 1.6 times difference in wear rates was found when the

lubricants were prepared from a single product according to two different international standards.
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