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Patterned (localized) cross-linking

(1) myopic
correction

central irradiation
pattern

A
455

Ref: Kanellopoulos, A. J. (2014). Novel myopic refractive

correction with transepithelial very high-fluence collagen cross-
linking applied in a customized pattern: early clinical results of a
feasibility study. Clinical ophthalmology (Auckland, NZ), 8, 697 .
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for photorefractive corrections:

(2 astigmatic
correction

Ref: Seven, Ibrahim, Abhijit Sinha Roy, and William J.
Dupps Jr. "Patterned corneal collagen crosslinking for
astigmatism: computational modeling study." Journal of
Cataract & Refractive Surgery 40.6 (2014): 943-953.
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Devices for in vivo corneal biomechanical assessment
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Novel approach

v OCT-based

v’ non-contact

v homogenously applied load

v close to physiological stress stimuli

v direct assessment of tissue strain

v spatially highly-resolved biomechanical assessment

Computer Vision Laboratory Computar-assisted - ' '
Department of Information Technology and Electrical Engineering mi 3":'.:";’::;' [ ‘ Sabine Kling, PAD |  23.02.2018 | 4



invasive non-invasive
IOP ambient pressure
modulation modulation

Pallikaris et al., IOVS 2005
Kling et al., IOVS 2010
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Atmospheric pressure change
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Stu dy des ig 1] * Ref: Hammer, Arthur, et al.

"Establishing corneal cross-linking with
riboflavin and UV-A in the mouse cornea
in vivo: biomechanical

Sam ples: analysis." Investigative ophthalmology &

o freshly enucleated rat eyes visual science 56.11 (2015): 6581-6590.

virgin == 1st OCE measurement

» de-epithelialization
* 0.5%-riboflavin instillation* (30min)

riboflavin | == 2nd OCE measurement

« patterned UV irradiation (9mW/cm2, 10min)

CXL == 3rd OCE measurement
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Single OCE measurement

eye placed within chamber

complex cross-correlation
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complex vector summation
approach
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complex cross-correlation
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complex vector summation
approach

—> angle = strain

CAV
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Strain analysis

(1) Phase-sensitive displacement analysis:

Ciop(Z,x,0) = 237, Y2y |AGE + X + K)iop| - [AZ + + P, x + k) iopsal - €xp (—i 2(Aiop" (@ + j,x + k) - Ajgpypiop(z +j + 0. x + k))) for—3<p<3

j=—wy

AZsp =P [arg max{lclOP (Z: X)l}]
(1) displacement

(2 Phase-gradient computation by complex vector approach:

() strain

Y Cop(Zx) * Crop (z+ 1+ j,x + k)

[=—Wyy

— . M — . Wzr
&,(2,x) =T Py =T sz=—wz,

> depth

= Permits strain retrieval as long as 6.7% strain between
two subsequent pixels is not exceeded.
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Cross-sectional view
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Strain profile from anterior to posterior cornea

virgin vs riboflavin riboflavin vs CXL
0.007 0.007
virgin cxl
0.005 | === ribo 0.005 | === ribo
0.003 0.003
e e
.,—| .g
S 0.001 S 0.001
) P
n n
T -0.001 W -0.001 | -
.,—| .,—|
X %
© ©
-0.003 -0.003
-0.005 -0.005
-0.007 -0.007
0 0.2 0.4 0.6 0.8 1 0 0.2 0.4 0.6 0.8 1
normalized corneal thickness normalized corneal thickness

Computer Vision Laboratory iom.x:ut::---uuna ) . '
Department of Information Technology and Electrical Engineering S BEefiatng Sabine Kling, PhD |  23.02.2018



Enface view

virgin
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Enface view

Patterned
CXL
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Irradiated vs non-irradiated regions
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Irradiated vs non-irradiated regions
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Auxetic material properties

« Positive strain in response to IOP increase = negative Poisson’s ratio

“(+ <pi

~J — —
conventional material; auxetic material;
Poisson’s ratio = positive Poisson’s ratio = negative
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Conclusions

« Small-amplitude ambient pressure modulation is a promising technique to induce strain
in corneal tissue without contact.

« OCT systems permit to record strain maps with high lateral resolution.

- Patterned CXL did induce a shift towards positive strains in the mid stroma of irradiated
regions compared to non-irradiated regions.

« Auxetic material properties may stabilize corneal shape upon IOP fluctuations.
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