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The Strategy, Part 1

Geckos are renowned for the sticky feet that enable them to climb a variety of surfaces.
Their toe pads are covered in millions of small hair-like projections called setae, which are each
about 100 um long and 5 um in diameter. The setae branch further into hundreds of nano-scale
structures that end in tiny discs called spatulae. This multi-scale branching gives gecko feet a
very high surface area. Spatulae stick to surfaces via the van der Waals forces that occur
between all molecules. Although these forces are individually weak, the high surface area of all
the spatulae combined means the forces add up and enable geckos to perform their famous feats.

The Strategy, Part 2

If this system enables gecko feet to cling to surfaces, why don’t they also cling to dust and
other particles? Geckos appear to keep their sticky feet clean and functional through dynamic
self-cleaning.

For the tokay gecko (Gekko gecko), when its foot detaches from a surface the animal is
walking on, its toes have the ability to hyperextend: the toes peel off the surface starting at the
tip, and curl up away from the surface (human fingers, for comparison, cannot voluntarily
hyperextend, and are much more functional in flexion). When the setae at the tip of the toe are
first pulled, they stretch a little and store elastic energy as the spatulae are still attached to the
surface. As the toe continues to curl up, the setae suddenly detach from the substrate. Their
stretchy nature and ability to spread out as the toe curls up and back results in a flinging motion
that can dislodge particles caught on and between the spatulae. This action proceeds
sequentially from the tip to the base of the toe, until the entire foot is free. When gecko toes
hyperextend and produce this flinging motion (what researchers call “setal jump-oft”), they shed
contaminating particles twice as fast as they would if the toes didn’t hyperextend. After four
steps, the feet can regain almost 80% of their adhesive force.

This dynamic mechanism appears to work in concert with other passive mechanisms for
self-cleaning, like particle removal that results when contaminants are more attracted to the
substrate than the gecko foot. As a result, contaminating particles are both flung off the setae
and deposited on the substrate during walking.
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“More rapid self-cleaning and the observation that gecko toes remain clean and functional
for long periods of time in non-dust-free environments suggest a dynamic self-cleaning
mechanism that efficiently removes dirt particles during animal locomotion. Because of the
nature of the adhesion force, asymmetric geometry and animal triggered distal-to-proximal
peeling via DH, the rotating setae suddenly release from the attached substrate, generating
acceleration high enough to dislodge dirt particles from the toe pads. While some dirt can be
removed statically, the dynamic self-cleaning adds another dimension to remove the particles
that more strongly adhere to the setae.” (Hu et al. 2012: 2789)
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