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The utilization of medical implants continues to expand. In orthopedic surgery, they are employed for artificial
joints, spinal surgery, and fracture surgery. Implant infections represent the most significant complication,
necessitating a prolonged period of treatment and increasing medical costs. It is estimated that knee prosthesis
infections will affect up to 80,000 patients per year in the United States by 2030, resulting in healthcare costs
exceeding $200 billion. When infection occurs, a biofilm forms on the implant, which is a microbial community
that is difficult to treat medically because antibiotics do not act directly on it. The treatment of orthopedic implant
infection is either implant preservation or replacement. Implant preservation involves the DAIR technique, which
comprises debridement, antibiotics, and implant retention. However, the efficacy of this technique is dependent on
the skill of the surgeon, and biofilms that cannot be observed with the naked eye are challenging to remove
completely from the surgical field, resulting in an infection cure rate of approximately 50%. Although implant
replacement has a low reinfection rate, it is highly invasive and requires two-stage revision and prolonged
hospitalization. Furthermore, one in three to five patients dies five years after surgery, which is directly related to
the decline in life expectancy. This proposal is to develop a medical device that minimally invasively removes
biofilm to preserve implants in patients with orthopedic implant infections. Currently, there are no minimally
invasive treatment methods with low reinfection rates, and new treatment methods are needed in the medical field.
Therefore, we will develop a medical device that employs an electrochemistry-based biofilm removal technology,
developed by co-researcher Dr Okamoto, to safely and efficiently sterilize biofilms. Thiswill enable patients to be
discharged from the hospital earlier, reduce medical costs, and improve quality of life. We conducted experiments
in a rat model of orthopedic implant infection. Titanium screws with adherent Staphylococcus aureus were
implanted into the femur of rats to investigate the short-term therapeutic effect. Biofilms were formed on the
implants by incubation at 37°C for 18-72 hours. Under isoflurane inhal ation anesthesia, an incision was made from
the anterolateral side of the rat thigh and penetrated between the rectus femoris and gluteus medius muscles to
exposethefemur. A holewasdrilled 1-2 cm from the distal femur, and abiofilm implant wasinserted. After inserting
a sponge soaked in saline solution into the incised pocket, the working electrode was connected to the implant, and
the counter and reference electrodes were inserted into the sponge for electrochemical sterilization. A weak voltage
was applied for several hours under isoflurane inhalation anesthesia, and the wound was closed with a stapler after
treatment. The same treatment was repeated several times, and the femur and implant were euthanized at the end of
the treatment and removed to allow for a comparison of the number of residual bacteria. By comparing the number
of bacteriaremaining in each sample, we were ableto evaluate the bactericidal effect of electrochemical disinfection
on the infection. A single 2-hour application of electrical potential to the implants killed the bacteriaon the titanium
screws to the point that colony counts were not possible. No necrosis of bone tissue or new inflammation of normal
tissue was observed because of the application of electrical potential. In this study, the short-term effect was verified
for 1 to 3 days, and we plan to verify the long-term effect and test the effect on large animalsin the future.

In addition, interviews were conducted with orthopedic surgeons of different specialties (knee, hip, emergency
trauma, and spine). It became clear that needs and outcomes differed by disease, even among orthopedic surgeons.
The results of this interview helped to identify areas that should be addressed first. In addition, we were able to
identify requirementsfor usein hospitals, identify risks, and discuss how to avoid them, as knee and hip joints differ
in shape, method of insertion into the bone, and other factors. This project won the Grand Prix at a pitch competition
in Silicon Valley, and we are currently researching the U.S. market, regulations, and insurance reimbursement. We

plan to create a prototype and proceed with verification of the product for large animalsin the future.



