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If you can’t explain it simply, you
don’t understand it well enough.

— Albert Einstein
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Corneal Biomechanical Properties
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Stiffness

The extent to which an object resists deformation in response to an applied
force.
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Elasticity

The ability of a substance to deform reversibly under stress
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Viscosity
Resistance of material to flow or permanent deformation

Viscosity

Viscosity is a measure of a fluid's resistance to flow.

Water Honey
Lower Viscosity Higher Viscosity
1.0 centipoise 12,200.0 centipoise







PPEPERPSSE : g > e A A

10 2026




ORA
Ocular Response Analyzer
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Time Course of Dynamic Bidirectional Application
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Iu 2[]26 Roberts CJ. Concepts and misconceptions in corneal biomechanics. J

Cataract Refract Surg. 2014;40:862-9.
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I I Glass DH. Characterization of the biomechanical properties of the in vivo human cornea. PhD Dissertation, The Ohio State University; 2008.



CorVis ST
neal VVisualization 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

Corneal Deformation

60 mmHg
3.05 mm

4. Ingoing Concavity Phase 7. Outgoing Concavity Phase
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2. Ingoing Daformation 5. Highest Concavity Moment fi. Second Aplanation Moment
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3. First Aplanation Momant 6. Oscillation Period 9. After Second Aplanation
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Exam. Date: 06.02.2023 13:43:45

SJ&ZDCULUS 0.00 ms
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Eye: Left [0S) Exam. Date: 22.07.2013 13:12:02

M S 0,00 s

Exam. Date: 06.02.2023 13:43:45
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Highe=t Concavity

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)
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HC Deflection Area

Deformation amplitude

Whole eye movement Deformation amplitude

)

Deflection amplitude

Highest Concavity

A2 51me)

!@2026



102026




!@2026



102026




DA Ratio
The ratio between the deformation amplitude at the apex
and at 2 mm

: 2mm apex 2mm &
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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)

T N Inverse Concave Radius (1/)

Radius of curvature




SP-A1l

Stiffness

___Force
Displacement

_ AdjAir Pulse - bIOP
' Defl Amplitude




SS Curve and SSI
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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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1t Applanation
Highest Concavity
2™ Applanation

Maximum Deformation
Wing Distance
Maximum Velocity (in)
Maximum Velocity (out)
Curvature Radius Normal
Curvature Radius HC
Cornea Thickness

IOP

DAratio 2 mm

Inverse concave Radius
Integrated Radius
SP-A1

blIOP

CBI
TBI

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)

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)

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)

Measurement (in milimeters) of the maximum cornea deformation during the air puff
Length of the distance between the two peaks of the cornea at this moment (in milimeters)
Maximum velocity during the ingoing phase (in meters per secons [m/s])

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

Radius of curvature of the cormea in its natural state (in milimeters)

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

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

Ratio between vertical displacement at apex and at 2 mm

Inverse of the Radius of curvature during concave phase of the deformation

Area under the inverse concave Radius vs. time curve

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

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




CBI: Corvis Biomechanical Index
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Corvis ST Softer Cornea Vinciguerra Screening Report

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

Deformation Inverse Concave Radius Ambiosio Relational Stifiness
= Deflection+ = 1/Radius of curvalure Thickness horizontal Force
Eye movement Integrated Radlus ___Pachy (thinnest) Displacemeant
Ratio = Aroa under Inverse - Pachy Progession _ AdjAir Puise - bIOP
Apex : 2mm Concave Radius curve - Defi Amplitude

e ealiac

.Ac; Alr Pulse

2 ocuLus SESKYVIEW

undated 20170721

The lower the index value, the stiffer the cornea




OCULUS Coaorvis® ST - Vinciguerra Screening Report
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OCULUS Corvis® ST - Vinciguerra Screening Heport

n

Oy Sergknrw

Dofonmation Arpliode va. lse

[

Duloimation Mrpldode va. LIOP

[

Cared Wodoody

imse)

Lislsl€e

Time: 125120

[rem]

— 1.

[m/s)

- ."J A.’:rrn-;
Al SSI
A
| 1S
ir 3
=
.
; 4
oo Sh.lg
> N |U ¥ awm R X & e

582 Wetzlar
Munchholzhauser Str. 29

Dade of hath

Eye:
Qs.

D Srghen B [

DA R0 va. L

m

500 —

2806110
Rgmi0C)

TR

Age 131

DA Rateo wa. LOP

m

— 500

36 reniia
[rr=vace Crirweavm Faclue
. Inverrs Concoan fiadee vr bame Inverrn Corcavn Radex ve BKOP
fom 7 R [reem °}
220 na0
N ifem '
- i e R e e e s -
2.0 Al v
J X,
20 - = T S T —— -~ v ——
0 10} ) Am % ) % 2 25nng
DA Hatio Inlegr. Hadius AHIh
% of B ) )50 +150
+2 50 < +2=D 7530
A h ...l -
" SIS 8 -+ ED 130
0P fsh . 330 Wem 5 3
Kfner 1250wy 1SC- D 2
Lo? 133mHy 250 23D 250
S50 150 50
§'3chymetry 3
(% § S ETTH SO 0™ snooM SN 274 SN 158 CRl- 095

Tel {0641) 20 05-0

X e A A S e
-ax (0641) 20 05-255

wWww oculus de

@) untimaind ) posa INVT

\\_
N/

nActiLIe




4 »
s S

e

A g P TP
v A

>

stiff cornea

Biomechanical response
(linear combination of DCR parameters = Beta)
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OCULUS Corvis® ST - Biomechanical/Tomographic Assessment (ARV) OCULUS Corvis® ST - Biomechanical/Tomographic Assessment (ARV)
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TBI: Tomographic Biomechanical Index
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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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CBI and TBI
Repeatability
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OCULUS Corvis® ST - Biomechanical/Tomographic Assessment (ARV)
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Name: Salah, Ghada ID: Thin Comea Good Bio Date of birth: 01.02.1987 Age: 37
Exam. Date: 27.01.2025 Time: 10:52:1% Eye: Right {OD)
Info: Qs: OK
Deformation Amplitude Applanation Length Comeal Velocity (Apex)
[mm] [Im/s]
3.00 0.50 —‘ ‘
2,00 0.00— Ao oA
1.00_ 0.50 ‘
1 1 1 1 1 I
0 10 20 30ms 0 10 20 0ms
DA Ratio (2mm) Inverse Concave Radius (1/r)
1 \[mm 7]
0.00 = —pvs e 5
_ “"-J\ / 400 f = N i S .—;
0.10 ey - AN 0.10
. e 2.00 . S — ) - ’
-0.20 - | =1 R
1 I OOD T T T T DOD il - T T A U
0 10 20 30ms 0 10 20 30 ms 0 10 20 30ms
Length Velocity IOP
Applanation 1 1.65mm 0.16m/s IOPnct {no corr.): 14.5 mmHg
Applanation 2 1.63mm 0.29m/s
Peak Distance Radius Deform. Amplitude Pachymetry
Highest Concavity 5.50 mm 7.14 mm 1.20 mm CCT: 475 um
Applanation 1
Highest Concavity

Applanation 2




Name: Salah, Ghada ID: Thin Comea Good Bio Date of birth: 01.02.1587 Age: 37
Exam. Date: 27.01.2025 Time: 10:52:26 Eye: Right {OD)
Info: Qs: 0K
Deformation Amplitude Applanation Length Comeal Velocity (Apex) Initial State
[mm] [mm] [m/s]
1.50 3.00 0.50 ~| ‘
1.00=- 200 000 VA N
0.50 N -
- 1.00_ 0.50
000 — —— T T 1 1 1 1 1 I
0 10 20 30ms 0 10 20 30 ms 0 10 20 30 ms
A Arc Length DA Ratio (2mm) Inverse Concave Radius (1/r)
[mm] [11 [mm 7]
o 6.00 0.20
0.00 ct i - = )
- 4.00 =
0.10 b D, - A 0.10
- \\ 2.00— } S P _
0.20 - > Y—
1 1 U 090 T : T T T O{}O T - T T - | B3
0 10 20 30 ms 0 10 20 30 ms 0 10 20 30ms
Length Velocity IOP
Applanation 1 1.85mm 0.14m/s IOPnct {no corm.): 15.5 mmHg
Applanation 2 1.41 mm 0.27m/s
Peak Distance Radius Deform. Amplitude Pachymetry
Highest Concavity 5.15mm 7.04 mm 1.10mm CCT: 474 pm
Applanation 1
Highest Concavity
Applanation 2

15.71 ms




Name: Salah, Ghada
Exam. Date: 27.01.2025

Deformation Amplitude

ID: Thin Comea Good Bio
Time: 10:52:19 Eye:

Date of birth: 01.02.1987 Age: 37
Right {OD)

h.] Deformation Amplitude

Deformation Amplitude (Apex)

A Arc Length
| [mm]
000— I hevrip «4\ /l{"“—"w"‘v\_,'\.n'
0.10 \w\ f\f
0.20
0 10 20
» Length
Applanation 1 | 1.65mm
| Applanation 2 1.63mm
_ Peak Distance
Highest Concavity 5.50 mm
Applanation 1
Highest Concavity
Applanation 2

® 0.00ms




Name: Salah, Ghada ID: Thin Comea Good Bio Date of birth: 01.02.1587 Age: 37
Exam. Date: 27.01.2025 Time: 10:52:26 Eye: Right {OD)
Info: {d Deformation Amplitude X 0K
Deformation Amplitude Appla
[mm] - .
3.00 Deformation Amplitude (Apex)
= [mm]
2.00
100— 1.50
0
DA| 125
11
& | 6.00
0.00— : ~ == =
= 1 90 », 4.00 A 1.00
'010 '-\.\ I("l../ = 1{
- v/ 200 _ !
020 ! =
T 1 1 CDD — =
0 10 20 30ms 0 0.75
' Length Velo
Applanation 1 1.85 mm 0.14 050
| Applanation 2 141 mm 0.27
Peak Distance Radius
Highest Concavity 5.15mm
Applanation 1
Highest Concavity
Applanation 2

nim o I 6.93ms
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Clinical Cases
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Diagnosis of KC
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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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Steep Cornea
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OCULUS - PENTACAM Topometric/KC-Staging
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Minimum Corneal Diameter and Anterior g
Steep Axis Curvature Share the Same
Meridian: A Novel Finding

i$

MATHEYY ERANCIS, FHMANSHU MATALLIS ANSU ANN JOSIN, IYOTI MATALLY NANDINI CEINNAFPPALALL
PRARTHANA BHANDARY, ROHIT SHETTY. RUDY MAMA NUITS AND ABHIT SINHA ROY

Increased curvature
due to lower CD

Curvature

{ Eye in Figure 4 B I 3 Eye in Figure 4 B
i Eye in Figure 4 A _ Eye in Figure 4 A
< P ¥ o)
> e 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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OCULUS Corvis® ST - Biomechanical/Tomographic Assessment (ARV)
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Pentacam OCT
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20 years of proven success in
surgery

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

- +

« Epithelial map + other sublayers
and high-  resolution imaging
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Turning the light on: optical biopsy
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Knowing the Unkown: Map-dot fingerprint




Salzmann’s nodular degeneration
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Image comparison with standard OCT




Turning the light on the endothelium: Fuchs” dystrophy

DSAEK planning, Cataract Surgery planning, IOL

selection
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Bullous keratopathy in Fuchs™ dystrophy




Post-op Control: DSAEK
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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

After retreatment with deeper flap!
OU VA 20/20

180 minutes



Device specifications for Epithelium Thickness
Measurement

Solix (Optovue) CSO MS-39 Pentacam OCT
Wavelength (nm) 840 850 800
Bandwidth (nm) - 80 200

Axial resolution (um) in tissue 5 3.5 1.9

Imaging depth (mm) 3 10 3.
No. of B-Scans (Radial) 16 12 x 5 (averaged) 25
No. of A-Scans 1700 600

Acquisition _
Time (sec.)
Rate (A-Scan/sec) 120,000

scan length (mm) 10

Pachymetry map size (mm) 10




CASE 1: ’ NEED EXAMPLES: NORMAL CORNEA
HEALTHY | CONVENTIONAL r\_n:\w

Raw Thickness

Raw data shows
variability of
epithelium thickness

Conventional maps

smoothen the thickness

maps introducing a fitting
error of 1.31 micron

NEED THICKNESS MAP DEVELOPED BY IBMS,
NNF

Smoothened Data With A Reduced Fitting Error Of
1 Micron (A 30% Improvement Over Conventional

Maps)

RMSE:1.0003um




T NEED EXAMPLES: MODERATE KERATOCONUS CORNEA
KERATOCONUS

Raw Thickness

Raw Data Shows
Variability Of Epithelium
Thickness

Conventional Maps Smoothen
The Thickness Maps
_— : Introducing A Fitting Error Of
T L v 2.26 Micron

2.5 Do

Fitting Error Increased Relative

To Normal Cornea

NEED THICKNESS MAP DEVELOPED BY IBMS,

Smoothened Data With A Reduced Fitting Error Of 1 Micron (A 2-fold
Improvement Over Conventional Maps)

A More Accurate Or Patient-specific Visualization Is Evident

AMSE l'.'"UU‘.urw‘- A Game Changer For Development Of Ai/MI| Diagnostics

2.0 25 0.0 2.5




CASE 3. NEED EXAMPLES: ADVANCED KERATOCONUS CORNEA

KERATOCONUS Raw Thickness CONVENTIONAL MAP

Raw data shows variability of
epithelium thickness

D O & N

& W
(&

Conventional maps smoothen the
thickness maps introducing a fitting

| R S TR

~NowWw oS

error of 3.67 micron

& N

Fitting error increased relative to

normal cornea (300% increase)

Regional variations removed

NEED THICKNESS MAP DEVELOPED BY IBMS, NNF

Smoothened data with a reduced fitting error of 1 micron (a 3-fold
improvement over conventional maps)

A more accurate or patient-specific visualization is evident

RMSE:1 . 0002um dgth moderate and advanced KC map had the same fitting error of 1
¥ % micron
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Clinical Keratoconus
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Take Home Message
Dunning-Kruger effect

An expert is rarely as

Confident as an Ignorant
Person
Cultured

Ignorant

« The more knowledge you get, the better decision you can make
 Decision quality is directly proportional to the depth of knowledge.
Iﬂ 2[]26 « The acquisition of reliable knowledge refines judgment and optimizes decision outcomes.
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Take home message

e 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
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Thank you
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