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1. Development of a robot for evaluation: We started to develop a robot for evaluation from October
16th, Specification was completed on November 30th, and drawing for design was completed at the
end of January. Then, we asked several companies belonging to Medicalnet Okayama to

manufacture the robot, which was completed at the end of March.

2015

2. Evaluation of a robot for evaluation: We performed both phantom and animal experiments in the
first half of 2015. Those experiments revealed various limitations of the robot, including needle
bending during insertion and the usability of the interface. Electromagnetic compatibility was
tested and revealed that the level of electromagnetic wave radiated by the robot fulfilled the class
A of the industrial level.

3. Development of a robot for clinical use: Specification of a robot for clinical use was completed on
January 10th, and drawing for design was completed on February 19th, New functions were added
and various functions were improved in the robot for clinical use. For example, ultrafast needle
insertion function and remote-center of motion function were added. Further, base and hand
parts of the robot became smaller and lighter. Similar to the robot for evaluation, the robot for
clinical use was manufactured by the companies belonging to Medicalnet Okayama and was
completed at the end of March. Interface was also improved from the view point of usability and
risk management

4. Others: We consulted Pharmaceuticals and Medical Devices Agency (PMDA) about the robot on
December 9th, In addition, we consulted Japan Quality Assurance Organization (JQA) about the

electrical safety test on March 11th,

2016

5. Evaluation of a robot for clinical use: Electromagnetic compatibility was tested from July 4th to
7th, Electrical safety was also tested from October 3rd to 28th, Electromagnetic compatibility test
was passed, while electrical safety tests were passed in all but one test. The cause of the failure
has been removed. In addition, a total of 18 nonclinical tests were performed to evaluate the
safety and the performance of the robot. Seventeen tests were passed, whereas the remaining one
was not due to encoders of the robot. After the encoders have been exchanged, the test was passed.
Phantom experiments revealed that robotic needle insertion enabled equivalent needle insertion
accuracy to manual insertion without radiation exposure to the physician. Animal experiments
using swine showed that robotic needle insertion was feasible, safe, and accurate in vivo.

6. Preparation for a clinical study: In order to apply the clinical study to our institutional review
board, we prepared the overview of the study, implementation plan, informed consent form, and

the overview of the robot. Furthermore, a sterile drape and a video for explanation of robotic
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procedure to the patients were prepared. Moreover, risk management was carried out to perform
the study.
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