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Corneal Biomechanical Properties 



Stiffness 
The extent to which an object resists deformation in response to an applied 

force.

Stiffness = force / displacement



Elasticity 

The ability of a substance to deform reversibly under stress



Viscosity 

Resistance of material to flow or permanent deformation







ORA  

Ocular Response Analyzer 



Roberts CJ. Concepts and misconceptions in corneal biomechanics. J 

Cataract Refract Surg. 2014;40:862–9.



Glass DH. Characterization of the biomechanical properties of the in vivo human cornea. PhD Dissertation, The Ohio State University; 2008.



CorVis ST  

Corneal Visualization Scheimpflug Technology 



DCR



Air puff 

60 mmHg 

3.05 mm

Corneal Deformation

(UHS) Scheimpflug camera  angled at 45° towards the apex of the cornea 

140 cross-sectional images in 30 ms

4,330 frames per second

8 mm horizontal coverage









Scheimpflug images of the corneal deformation response on Corvis ST showing the biomechanical parameters derived at each stage. The fixed air puff causes the cornea to flatten 
(applanation point A1) and then move inwards to reach the point of highest concavity where the deformation amplitude (DA in mm), peak distance (PD in mm), and the radius of 
curvature (RC in mm) are measured. As the cornea begins to assume its normal, convex shape, it passes through the second applanation point (A2) 











DA Ratio 

The ratio between the deformation amplitude at the apex 

and at 2 mm



Integrated Radius (IR)
Max Inverse Radius (1/radius of curvature), Integrated Radius (the integrated 
area under the radius of the inversed curvature during the concave phase)



SP-A1 



SS Curve and SSI







SS Curve and SSI

• SS curves describe the intrinsic elastic properties of the cornea. 
• Shifted to the right if the cornea is softer, and shifted to the left if the 
cornea is stiffer.

• Less dependent on corneal thickness and IOP.







CBI: Corvis Biomechanical Index 











CBI  

Ethnicity 





TBI: Tomographic Biomechanical Index









CBI and TBI 

Repeatability 















Clinical Cases



Diagnosis of KC



10 
Years 
Old F 
referred 
for CXL















Steep Cornea











Steep Cornea















Thin Cornea













Follow Up of KC



Without treatment







Post CXL











Post ICRS









Post ICRS



Diagnosis of Post LVC Ectasia



CBI LVC



Post Elevation Post LVC













Unilateral Post LVC Ectasia?











Post LVC ectasia?









Post LVC ectasia?



Post LASIK





VAE













Inferior steep area















Another inferior steep area















Pentacam OCT



Pentacam® Cornea OCT: Scheimpflug + 
OCT



Simultaneous measurement with Scheimpflug and cornea OCT

▪Pentacam®:  
•	 20 years of proven success in 
surgery 

•Normative data, clinically 
validated many times, safe and 
fast decision making pre-op, 
backwards compatibility 

•	 	 	 	 +	 	 	  
▪High-resolution corneal OCT 
•	 Epithelial map + other sublayers 
and high-	 resolution imaging

The best of two worlds:



Turning the light on: optical biopsy
Tear film

Epithelium

Basement membrane 

Bowman´s layer

Stromal layer

Endothelium

Descement membrane



Knowing the Unkown: Map-dot fingerprint

Impact on Vision: Visual Disturbances (blurred vision, ghost 

images, glare, halos), risk factor for complications after LVC



Salzmann´s nodular degeneration

• SND often associated with chronic inflammation.
• Size and locations of of nodules important when planning 

LVC. 
•



Image comparison with standard OCT



Turning the light on the endothelium: Fuchs´ dystrophy

DSAEK planning, Cataract Surgery planning, IOL 

selection



Bullous keratopathy in Fuchs´ dystrophy



Post-op Control: DSAEK

Visualizing the interface with the transplant



Turning the light on: post-op Complication 
management

Endothelial detachment after DMEK!  Monitoring re-attachment after bubbles!



Post-op Control: lenticule before removal

Roughness of surface?  Complete cut? Remaining 

tissue?



Incomplete flap creation after LASIK

10 minutes

30 minutes

75 minutes

180 minutes

After retreatment with deeper flap!

OU VA 20/20



Device specifications for Epithelium Thickness 

Measurement









 Clinical Keratoconus



Take Home Message

• The more knowledge you get, the better decision you can make  

• Decision quality is directly proportional to the depth of knowledge. 

• The acquisition of reliable knowledge refines judgment and optimizes decision outcomes.

Dunning-Kruger effect



Identity

Personality

Republic Of Ophthalmology



Take home message

• Multimodal Corneal Imaging including Biomechanical assessment and 

epithelial mapping is essential to increase sensitivity and specificity of 

the ectasia diagnosis and avoid post LVC Ectasia



Thank you


