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Supplementary Video S1. Video file taken during needle insertion and retraction
from pork muscles for all needles evaluated in this study. Arrows indicate signs of
needles sticking to pork muscle in bare, Ti-coated and TiN-coated needles, but not in
TFMG-coated needle.

Pt protective layer

Supplementary Figure S1. Typical cross-sectional transmission electron micrograph
of TFMG/SS304 sample. The Pt protective layer was deposited during the sample
preparation using a focused ion beam system. The TFMG layer presents a typical
amorphous structure with no granular contrast. Adhesion between the film and

substrate is good.
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Supplementary Figure S2. Illustration of experiment setup used in force
measurement associated with the insertion and retraction of needles into PU rubber.

Supplementary Figure S3.
Illustration of force measurements associated with insertion and retraction of needles

into PU rubber in numerical model.
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