
Characterisation of engineered collagen scaffolds using a 
micromechanical analyser and optical coherence tomography 

Background 
Artificial cornea could replace donor 
tissue in corneal transplants, thus 
eliminating issues of rejection typically 
associated with transplants. The 
mechanical properties of these artificial 
cornea are crucially important as 
during rubbing, the wall stress in the 
eye can exceed 74 kPa (555 mm Hg). 

Results 
Strains of 1% in the samples tested were 
sufficient to mimic expected in vivo wall 
stresses. At these strains, stress-strain 
behaviour was linear (r2 >= 0.99 for the 
majority of samples), although 
permanent stress relaxation was 
observed for a number of samples. When 
strained to failure, the collagen primarily 
exhibited tearing type failure behaviour. 
The stiffness of samples varied depending 
on cross-linking (p = 2e-16). 
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The Auckland Bioengineering Institute 
has designed and constructed a 
micromechanical analyser with the 
capability to measure the 3D geometry 
of small samples (<4 mm x 500 μm x 
500 μm) via Optical Coherence 
Tomography (OCT). We take 
advantage of these capabilities to 
determine the mechanical properties of 
the engineered collagen scaffolds. 

Each sample was cyclically 
loaded to varying degrees of 
strain, at varying strain 
rates, before being strained 
to failure. The samples were 
scanned using a combination 
of OCT and concerted 
translation of both actuators, 
during both the loaded and 
unloaded states. The OCT 
data was used to make 
accurate measurements of 
the cross-sectional area 
throughout the experimental 
protocol. 
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Method 
Engineered collagen scaffolds with varying degrees of cross-linking were cut into 
rectangular strips (~100 μm x 300 μm x 3 mm). These specimens were mounted 
between two glass capillaries using cyanoacrylate, inside a thin glass chamber through 
which distilled water is continuously passed to hydrate the sample (necessary to mimic 
in vivo state).  

“Upstream” of the sample, 
the capillary is attached to a 
miniature linear motor. 
“Downstream” the capillary 
is attached to a steel 
cantilever, which was in turn 
mounted on a second linear 
motor. The bending of the 
cantilever (force) and the 
displacement of upstream 
and downstream motors are 
monitored using a 
heterodyne 
laser interferometer 
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Conclusions 
The stiffness of engineered collagen 
scaffolds is dependant on cross-linking 
methodology.  

The use of OCT allows accurate 
quantification of average cross-sectional 
area. Combining this with a hydrated 
testing chamber and dual actuators 
provides a powerful new apparatus for 
testing biological tissue. 
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