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Study Group:

ABSTRACT BODY: 
Purpose: Corneal biomechanics are key for diagnosing corneal pathologies and evaluating
treatments that alter corneal geometry or stiffness. Most methods to measure corneal
biomechanics are destructive, while in-vivo techniques (e.g. air-puff imaging) are biased by
corneal geometry and IOP. We developed a new technique to determine corneal material
parameters, while reducing current prevalent restrictions.

Methods: Sound excitation (100-110 db) together with phase sensitive OCT was used to measure
the profile of the natural frequencies (range 200-1000 Hz) in corneal tissue. The technique was
tested in-vitro on 6 freshly enucleated pig and bovine eyes, using corneal flaps, corneal buttons
and whole eyes. Different conditions were tested (virgin, riboflavin-dextran instillation, cross-
linking CXL) to determine the effect of corneal rigidity and hydration. Changes in corneal
stiffness were determined by the shift of natural frequencies and viscoelastic behavior by the
phase lag between sound wave and corneal oscillation. Finite element (FE) models were built to
simulate the experimental observations.

Results: We found an experimental shift in the first natural frequency of 101.25±67.1 Hz between
the anterior flaps of virgin and CXL corneas; no significant shift was observed for posterior flaps
(-12.5±32.0 Hz). Corneal buttons and globes confirmed a frequency shift after cross-linking. The
phase lag was sensitive to the tested frequency and to corneal fixation (δ(flap)=4.06, δ
(button)=6.19 and δ(globe)= 5.93 at 355Hz). FE-models predicted the first natural frequency to be
strongly correlated with corneal stiffness (ΔE=+1.4MPa, Δf(globe)=+100Hz,
Δf(button)=+250Hz, Δf(flap)=+150Hz). Natural frequencies of higher modes were also sensitive
to IOP, corneal curvature, thickness and density. 

Conclusions: OCT vibrography is a promising non-invasive technique for the estimation of
corneal biomechanical properties, allowing the separation of corneal stiffness from other
parameters.

Shift of the first resonance frequency with increased corneal rigidity.
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