
Surface Tension of the Insect Pad Secretion
Andrea E.L. Attipoe, Domna-Maria Kaimaki, David Labonte
Department of Bioengineering, Imperial College London

@AndreaELAttipoe
@EvoBiomech

aea1718@ic.ac.uk
evo-biomech.ic.ac.uk
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3D reconstruction of droplet shape from 2D images

Interference Reflection Microscopy

Carausius morosus, Sinéty 1911, N=5, m=825mg.
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Pad Secretion Substrate

Step 1
Extract radial intensity and height profile 

Step 2
Swipe radial line across droplet 

Images of water droplets
10° 62° 69° 98° Surface Tension is estimated for each surface

pair, using Owens-Wendt theory.

Dewetting of the pad secretion,
D.-M. Kaimaki - SICB 2020.

Owens & Wendt 1969, J. Appl. Polym. Sci., 13:1741-1747. 
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Body Weight per pad
How do insects stick?

Surface tension can be estimated by measuring contact
angles of pad secretion droplets on surfaces with different

wettability, obtained by silanisation.

The volume of the footprints is tiny ( L), making it difficult to
obtain the secretion's surface tension with standard methods.

Interference Reflection Microscopy is a technique which
enables 3D reconstructions of minute droplets through 

constructive and destructive interference of monochromatic light.
The resulting fringes can be mapped to height contour lines.

Many insects can climb on smooth
surfaces using 'wet' footpads.

To learn more about the function of
the footpad secretion, its physical

properties need to be known.

- The insect pad secretion has a low surface tension with negligible polar component
  (6%), and hence forms low contact angles even on low-energy surfaces.

- A simple capillary force model does not account for the observed adhesive
  performance.

- An additional adhesive contribution may arise from viscous effects; the viscosity
  of a liquid with known surface tension can be obtained via dewetting experiments,
  enabling more realistic modelling of 'wet' adhesion.

Step 3
Reconstruct 3D height profile

Step 4
Fit spherical cap and calculate contact angle 


