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Abstract

In recent years, the world's population has been ageing and attention has been focused on extending healthy life
expectancy. As people age, tooth loss and periodontal disease drive demand for dental implants, which restore
chewing, speech, and overall well-being, promoting healthy aging. However, in dentistry and oral surgery, increased
use of dental implants has led to reports of fatigue-related fractures and slippage due to poor cell anchorage. To
prevent these accidents, both fatigue strength and biocompatibility of implants are required, but there have been
reports of reduced fatigue strength due to the influence of surface roughness introduced in the process of improving
biocompatibility.

In this study, we successfully enhanced both the fatigue strength and biocompatibility of a medical-grade titanium
alloy, Ti-6Al1-4V ELI, which is used as a fixture in dental implants, embedded in bone tissue and subjected to
significant loads. This was achieved by applying Low-energy Laser Peening (LELP), a technique recently developed
by Sano et al., one of the co-authors of this paper, using a laser pulse energy of less than 10 mJ.

First, the LELP was applied to the surface of a 3mm diameter round bar made of Ti-6Al-4V ELI, and the surface
residual stress was measured using X-ray diffraction. As a result, it was confirmed that LELP introduced high
compressive residual stresses at the surface, reaching the material’s yield point. Additionally, the depth of the
introduced compressive residual stress was very shallow, approximately 100 micrometers, compared to conventional
laser peening (CLP) using a 200 mJ laser pulse energy. This shallow depth of residual stress contributed to
significantly lower balancing tensile residual stress within the material compared to CLP. Fatigue testing of the
specimens demonstrated a substantial improvement in fatigue strength. It is considered that the high compressive
residual stress at the surface extended the crack initiation life, and due to the low internal tensile residual stress,
internal cracking that could induce premature failure did not occur.

Next, to evaluate the biocompatibility of the LELP-treated surface, cell culture tests were conducted using the mouse
osteoblast cell line MC3T3-E1 and cell culture medium a-MEM+FBS (10%). The results confirmed that, compared
to untreated material, the initial cell adhesion was more favorable on the LELP treated surface, which can be
attributed to the fact that the LELP-treated surface possesses an optimal level of roughness, enhancing its
biocompatibility.

This study demonstrates that LELP holds significant promise not only for dental implants but potentially for other
biomedical applications where both high fatigue strength and excellent biocompatibility are crucial. The ability to
achieve these improvements in a single processing step could lead to more durable and reliable medical devices,
improving patient outcomes in an aging population.
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