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Aiming to  

Understanding biomechanical properties  and definitions  

Biomechanics of human cornea

Methods  used for corneal biomechanics assessment

Clinical application of biomechanics 



• The  response of a biological tissue to a force. 

• Depends  on the biochemical and physical nature of 
the components present and their relative amounts.

BIOMECHANICAL DEFINITIONS 

https://www.corneal-biomechanics.com/en/biomechanics/#:~:text=Biomechanical%20properties%20are%20defined%20as,viscous%20and%20elastic%20biomechanical%20behaviour.&text=Before%20corneal%20curvature%20or%20thickness,and%20elasticity%20is%20already%20altered.
https://www.corneal-biomechanics.com/en/biomechanics/#:~:text=Biomechanical%20properties%20are%20defined%20as,viscous%20and%20elastic%20biomechanical%20behaviour.&text=Before%20corneal%20curvature%20or%20thickness,and%20elasticity%20is%20already%20altered.














The cornea is considered to be

 viscoelastic 

Stiff but , still flexible 



FACTORS DETERMINING CORNEAL BIOMECHANICAL 
PROPERTIES

• Extracellular matrix components

glycoproteins, collagen and enzymes, providing biochemical and structural 
support to the surrounding cells

Collagen and elastin are responsible for the strength and elasticity of a tissue, 
while the ground substance is responsible for the viscoelastic properties

• Hydration

• Environmental factors

• Hormonal fluctuations

• others  







 AVAILABLE 
INVESTIGATIONS 

 FOR 
CORNEA 





METHODS USED FOR CORNEAL 
BIOMECHANICS ASSESSMENT







ORA
Corneal hysteresis 

        is the difference between the P1 and P2 values

corneal resistance factor 

calculated according to the formula: 

        a [P1–0.7P2] + d

 where a and d are calibration and regression constants to maximize correlation with central 

corneal thickness











EVEN THOUGH STUDIES HAVE REPORTED
 CH AND CRF TO BE LOWER IN KC
 COMPARED TO HEALTHY CORNEAS
 
----------------------------------------------------------------
-
A CONSIDERABLE OVERLAP IN THE 
DISTRIBUTIONS OF BOTH PARAMETERS 
WAS OBSERVED
 ===================================
 THE SENSITIVITY AND SPECIFICITY FOR 
KC DIAGNOSIS ARE RELATIVELY WEAK 



SO , WE NEED 
MORE 

PARAMETERS









• Figure 1. Schematic diagram of air puff loading of the cornea with red arrows 
indicating direction of movement. The initial phase is Baseline Convex prior to 
deformation. The Loading Phase includes deformation through Inward 
Applanation (flattening) and into Concave phase in the Inward direction. The 
Unloading Phase includes initiation of recovery from Concave phase in the 
Outward direction through Outward Applanation to the Convex shape 
Recovered.





CORVIS ST - parameter 

• Dynamic corneal Response Parameters
- Deformation Amplitude

- DA ratio 2mm

- Integrated Radius

• Stiffness Parameter

• Stress-strain measurements 

• Corvis Biomechanical Index (CBI)

• Tomographic Biomechanical Index (TBI)

• CBI_LVC: Corneal stability after laser vision correction



CORVIS ST – DCR - DA   





CORVIS ST – DCR – DA ratio 2 mm    



CORVIS ST – DCR - IR   

The  central Radius of curvature is calculated. The inverse Radius (1 / R) is calculated 

and the area under this inverse Radius vs. time curve is determined. This area is 

called integrated Radius and is a very good parameter to quantify the effect of corneal 

cross-linking. If this parameter gets smaller it indicates a stiffening of the cornea.



CORVIS ST – stiffness parameter (SP)   



CORVIS ST – stress strain curve SST 

  





CORVIS ST – CBI   





CORVIS ST – TBI   



CORVIS ST – CBI-LVC   



Clinical application



DIAGNOSIS
 & 

DETECTION 



The current concept is that the 
pathophysiology of ectatic diseases is 

associated with 

 Primary biomechanical abnormality





UNDERSTANDING THE 
CORNEA’S BIOMECHANICAL BEHAVIOR 
IS RELEVANT FOR THE DETECTION OF 

SUBCLINICAL KC AS WELL AS FOR 
DETECTION OF ECTASIA 

PROGRESSION, WHILE CHANGES IN 
TOPOGRAPHY ARE STILL INSUFFICIENT 
TO PROVIDE CONCLUSIVE EVIDENCE 







DIFFERENT    

SCENARIOS  

 CASE 1  

















DIFFERENT    

SCENARIOS  

 CASE 2   



Composite with the TBI display (Corvis ST + Pentacam) and the Placido disk-based 
topography Advanced corneal tomographic and biomechanical analysis also revealed 

abnormal findings



DIFFERENT    

SCENARIOS  

 CASE 3   





DIFFERENT    

SCENARIOS  

 CASE 4  





DIFFERENT    

SCENARIOS  

 CASE 5  





DIFFERENT    

SCENARIOS  

 CASE 6  





DIFFERENT    

SCENARIOS  

 CASE 7  







VAE-NT  



The Ambrósio, Roberts & Vinciguerra (ARV) Display from the VAE-E 



The Biomechanical and Tomographic Display showing the Corvis Biomechanical Index 

(CBI), tomographic biomechanical index (TBI) from the VAE-NT case with uncorrected 

distance visual acuity of 20/20. 







Biomechanical comparison displayed from the right eye in 2017 (Exam A) and 2019 (Exam B). 

Note that the cornea becomes softer and thinner, considering the first and second consultations, 

as noted comparing the variables DA ratio, integrated radius, SP A1, and ART h.





FOLLOW UP 



Comparative Corvis ST display before (A in red) and after CXL (B in blue), including the overlap image at 

higher deformation, the SSI (Stress-Stain Index), and the stress-strain curves, along with comparative 

DA ratio, integrated radius, and the Stiffness Parameter at first Applanation (SPA1) indicating stiffer 

behavior after the procedure. 







HOME MESSAGES 
• Biomechanics  would be useful in several clinical applications, including 

management of, ectasia risk-profiling, and the degree , depth of CXL  and 
precise intraocular pressure measurements based on biomechanically 
corrected intraocular pressure (bIOP) readings.

• The integration of tomographic and biomechanical data has demonstrated 
potential to improve the accuracy of detection of ectatic disease and 
identify susceptibility to develop this complication after laser vision 
correction .

• Further integration with other data, such as ocular wavefront, axial length, 
segmental layered (epithelium) and microlayer (Bowman) tomography is 
also promising. 
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