INTERNATIONAL CONGRESS OF THE

R EG Y PTIAN

Teosiz . OPHTHALMOLOGICAL SOCIETY

In collaboration with:

Biomechanics

Tarek EI-Naggar, MD, FRCS (Glasg)

Head Of Refractive surgery unit -
Research Institute of Ophthalmology

fessor of Ophthalmology
The Speaker Has No Financial Interest




Do we really need biomechanical evaluation?
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KC

. Pro?{ssive, non-yflammatory condition, which
produces a th%ing and stee}@ing of the cornea.
* Subclinical inflammatory disease.(Incre
IL-6, TNF-a, and MMP-9).

EOSeeazibbing, a proven risk factor for keratoconus.
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KC and Post LVC Ectasia

e Biomechanical Failure!!
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Ocular Response analyzer (ORA)
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Time Course of Dynamic Bidirectional Application

- |R Signal

- Air-Pulse
Pressure

10 20
Time1 . Time2
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Roberts CJ. Concepts and misconceptions in corneal biomechanics. J
Cataract Refract Surg. 2014;40:862-9.
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CorVis ST
neal Visualization Scheimpflug Technology
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DCR #
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(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

Air puff

60 mmHg
3.05 mm

Corneal Deformation

1. Natural 4. Ingoing Concavity Phase 7. Outgoing Concavity Phase

—

2. Ingoing Daformation 5. Highest Concavity Moment fi. Second Aplanation Moment

3. First Aplanation Momaent 9. After Second Aplanation
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Initial State

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




Eve: Left [0S) Exam. Date: 22.07.201913:12.02

&Oouws 000 ms

Exam. Date: 06.02.2023 13:43:45

FOS 2025 X/&Z OCULUS 0,00 ms

EGYPTIAN OPHTHALMOLOGICAL SOCIETY




OCULUS Corvis® ST - Dynamic Corneal Response

0 Uniat KL

Rght 10D}

‘ - " Aophanamon Length Cowrnsal Visbooity (Apes) il S2de
LR

e

Hhwit Comordy

Qculus Optikgerate Gmb 35582 Wetdar Tel (0641) 20 05-( www oculus de
Munchhoizhause ¢ Fax (0641) 20 05-255




HC Deflection Area
Deformation amplitude
-

Deflection apfplitude '\ T

Whole eye movement 70cfomr‘\amwampmudc

Dcflcc ion amplitude

Highest Concawvity
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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.

-
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SS Curve and SSI
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1t Applanation Moment at the first applanation of the cornea during the air puff (in miliseconds). In parenthesis is the
length of the applanation at this moment (in milimeters)

Highest Concavity Moment that the cornea assumes its maximum concavity during the air puff (in miliseconds). In parenthesis
is the length of the distance between the two peaks of the cornea at this moment (in milimeters)

2™ Applanation Moment at the second applanation of the cornea during the air puff (in miliseconds). In parenthesis is the
lenght of the applanation at this moment (in milimeters)

Maximum Deformation Measurement (in milimeters) of the maximum cornea deformation during the air puff

Wing Distance Length of the distance between the two peaks of the cornea at this moment (in milimeters)

Maximum Velocity (in) Maximum velocity during the ingoing phase (in meters per secons [m/s])

Maximum Velocity (out) Maximum velocity during the outgoing phase (in meters per secons [m/s])

Curvature Radius Normal Radius of curvature of the cornea in its natural state (in milimeters)

Curvature Radius HC Radius of curvature of the cornea at the time of maximum concavity during the air puff (in milimeters)
Cornea Thickness Measurement of the corneal thickness (in milimeters)

IOP Measurement of the intraocular pressure (in milimeters of Mercury [mmHg])

DAratio 2 mm Ratio between vertical displacement at apex and at 2 mm

Inverse concave Radius Inverse of the Radius of curvature during concave phase of the deformation
Integrated Radius Area under the inverse concave Radius vs. time curve

SP-A1 Parameter reflecting bending stiffness of the cornea as defined by force/replacement
blOP Biomechanical corrected I10P

CBI Corvis Biomechanical Index: overall biomechanical index for kc detection
TBI Tomographic Biomechanical Index: combines tomographic and biomechanical data for enhanced ectasia
detection
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CBI
Corvis Biomechanical Index
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Corvis ST

Softer Cornea Vinciguerra Screening Report

DA Ratio Integr. Radius ARTh SP-A1
‘M;Alrpuloo

” -
g — SR -,
-

Deformation Inverse Concave Radius Ambiosio Relational Stifiness
= Deflection+ = 1/Radius of curvalure Thickness horizontal Force
Eye movement Integrated Radlus » —achy (thinnest) - Displacemeant
Ratio = Area under Inverse Pachy Progession _ AdjAirPuise - bIOP
Ap.x : 2mm Concave Radius curve = Defi Amplltude

R.": : .Ac;Ah Pulse

- ] 7 SN m T e SR

2mm from Apex ' \

' ) ' ‘ : 'moa \
The lower the index value, the stiffer the cornea The higher the index value, the stiffer the cornea
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stiff cornea Biomechanical response soft cornea

(linear combination of DCR parameters = Beta)




TBI
Tomographic Biomechanical Index
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TBI calculation

Single Decision Tree Random Forest

FOS 202
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OCULUS Corvis® ST - Biomechanical/Tomographic Assessment (ARV)
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OCULUS Corvis® ST - Biomechanical/Tomographic Assessment (ARV)
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Biomechanical/Tomographic Assessment (ARV) OCULUS Corvis® ST - Biomechanicall/Tomographic Assessment (ARV)
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KC 7 Ectasia Susceptibility
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Biomechanics Evaluation
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Biomechanics Evaluation

« Refractive Surgery:
e Avoid Post LVC Ectasia.
e Exclude Ectasia Susceptibility.

e Diagnosis of Post LVC Ectasia.

RSB
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Diagnosis of KC
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OCULUS - PENTACAM Holladay Report
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OCULUS - PENTACAM Topometric/KC-Staging
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OCULUS Coaorvis® ST - Biomechanical/Tomographic Assessment (ARV)
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OCULUS Corvis® ST - Biomechanical/Tomographic Assessment (ARV)
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OCULUS Corvis® ST - Biomechanical/Tomographic Assessment (ARV)
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Minimum Corneal Diameter and Anterior L]
Steep Axis Curvature Share the Same
Meridian: A Novel Finding

MATHEWY ERANCIS, FIMANSHLU MATALLS ANSU ANN JOFIN, IYOTI MATALLY NANDINI CHINNAFPPALALL
PRARTHANA BHANDARY, ROHIT SHETTY. RUDY MAMA NUITS AND ABHIT SINHA ROY

Increased curvature
due to lower CD

A Curvature *

Eye in Figure 4 B | Eye in Figure 4 B
<% > | 4>
| Eye in Figure 4 A ; Eye in Figure 4 A *
* > = - B B —
> Difference in minimum CD >« —»—«  Difference in maximum CD ~>—+

Hypothesis: When corneal diameter decreases, elevation and curvature increases.

FIGURE 5. Schematic diagram showing how lower cornea diameter (CD) was causing warping of the cornea, especially along the
minimum corneal diameter (minCD) meridian resulting in higher elevation and curvature along the same meridian.
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e Brillouin Optical Scanner System (BOSS)

e Based on a Brillouin microscopy technique
that measures minute changes in the
wavelength of back-scattered light
produced by light directed and focused
into the cornea

« The measured frequency shift, which is
correlated to the material stiffness, will be
used to determine cornea stiffness
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Optical coherence elastography (OCE)

e Dynamic OCE is a clinically promising non-contact imaging technique
that can provide measurements of corneal tissue stiffness directly in
VIVO.
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Take Home Message

Dunning-Kruger effect

An expert is rarely as
Confident as an Ignorant
Person

Cultured

Ignorant &

FOS 2025

EGYPTIAN OPHTHALMOLOGICAL SOCIETY



Thank you

FOS 2025

EGYPTIAN OPHTHALMOLOGICAL SOCIETY



