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Background

• Underlying biomechanical abnormalities are thought to be a major contributor to 
development of corneal ectasia – eg, KCN or post-LASIK ectasia

• Current imaging technologies are limited in their ability to evaluate depth-
dependent biomechanical properties of the cornea

• Optical coherence elastography (OCE) 
• Employs swept-source OCT to capture images while applying an axial, 

applanation-like contact with the corneal surface
• Permits characterization of spatial depth-dependent biomechanical properties



Background

• Prior study used OCE in live human subjects of both normal and KC 
eyes

• Demonstrated that patients with KC have a selective weakening of the 
anterior stroma – finding that may serve as valuable marker for 
screening



Purpose
To evaluate depth-resolved changes of corneal 

biomechanical properties in eyes with corneal ectasia 
after CXL using optical coherence elastography (OCE)



Methods

• 4 eyes of 4 subjects with prior diagnosis of corneal ectasia were prospectively 
enrolled

• Data collected prior to CXL and 3 months following CXL in the same eye
• CXL was performed according to Dresden protocol 

• Optical Coherence Elastography used to image cornea with low-speed applanation 
deformation while monitoring applanation force

• Cross-correlation applied to track frame-by-frame 2-dimensional OCT 
displacements

• Slope of force versus local axial displacement during the deformation used to 
create a 2-D array of axial stiffness (k)



Optical Coherence Elastography

• k=f/d, where f is the force generated from progressive contact between the interface and the anterior 
cornea and d is the local cumulative displacement of the cornea derived from the OCT speckle pattern 
tracking

• K = defined as slope of a line fit to force/displacement data

• K values are calculated and compared between defined anterior and posterior regions of cornea (Ka 
= anterior stroma, Kp = posterior stroma)

• These values were expressed as a ratio to assess depth-dependent differences in axial stiffness. A 
ratio (ka /kp ) value of 1 = equivalence between the axial stiffness in the anterior and posterior 
regions



Subject Characteristics



Results

• Graphs generated for each subject to assess the force/displacement 
relationship as it evolves across compression sequence

• Allows for comparison of displacement values between anterior / 
posterior regions for any given point in time or force

• Permit assessment of depth-dependent differences in the loading 
behavior of the cornea





Results

• Results quantitatively support that 
CXL confers a selective stiffening in 
the anterior stroma

• Across all 4 subjects – 34% ↑ from 
baseline the ka/kp value



Conclusions

• Study has limitations – only 4 subjects
• Future, larger-scale studies will be valuable and important for confirming 

the findings post-CXL
• Ex vivo studies have demonstrated these post-CXL changes using destructive 

and non-destructive methods – first report of in vivo data

• Study provides biomechanical evidence of a selective increase in anterior 
stromal stiffness properties following CXL 

• OCE could be useful for evaluating and comparing biomechanical properties 
following refractive surgeries, various CXL protocols and improving the safety 
and predictability of these procedures
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