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Evaluation of effectiveness of oriented groove structure based on mechanical
bone functions around artificial hip prostheses.

Yoshihiro NOYAMA, PhD.,, Takashi SAKAIL MD.,, Hidetsugu FUKUDA PhD,
Hideki YOSHIKAWA, MD., Takayoshi NAKANO, PhD.,, Yoshioc NAKASHIMA

Abstract

The main cause of revision total hip arthroplasty is mechanical failure between the bone and
implant. To minimize failure rates, a surface morphology control technology that maximizes the
mechanical function of the bones around the implant is essential. The local mechanical environment
of the bone-implant interface is closely involved in anisotropy of the bone microstructure during
remodeling, and artificially controls the in vivo stress on the bone, thus facilitating bone regeneration
and healthy functioning. As a result, we can expect a stable long-term condition from the early
post-operative stage. Here, we propose the use of a structurally oriented groove modification of
the bones swrrounding the implant, and evaluated bone formation in the grooves over time in
animal experiments.

Artificial prostheses were prepared by electron beam melting, while oriented grooves were
installed on the implant surface parallel to the direction of the principal stress arising in the
proximal femoral region. After the implants had been placed in beagle fermurs for 4 or 12 W, they
were extracted to evaluate their fixation with bone. Furthermore, 10 examine the hone tissue
formed inside the grooves, a quantitative evaluation of bone formation in the grooves using u#CT
and an orientation analysis of bone using microbeam X-ray diffraction were conduced.

The tensile strength of the implant had increased more significantly at 12 than at 4 W. Fur-
thermore, the amount of bone tissue had increased inside the groove in the proximal region of
the implant over time, and the orientation was distributed along the direction of the groove
depth. When the oriented grooves of the medial and lateral sides were compared, marked bone
formation was noted on the lateral side ; however, in relation to the bone orientation, high-quality
bone tissue was noted at 4 W, whereas little improvement was seen at 12 W.

Key words : bone quality, oriented groove, maximum principal stress, artificial hip prostheses, electron beamn
melting. : ‘
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