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Anatomy of human eye

Sclera o Choroid

Eye:

* Fibrous layer: cornea and sclera

* Vascular layer: choroid, ciliary
body, iris (pupil)

* Nervous layer: retina

Ciliary body
http: //www.skybrary.aero/index.php/Vision_(OGHFA_BN)

. Lens:

. * The lens is held in place by

: e 3 zonular fibres

a;,,/' 7 R  Zonular fibres are attached to
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What is presbyopia

 Sometime after the
A0 birthday, it is
more difficult to
read

* With age, the lens
gradually hardens
and does not change
shape

* Reading glasses with
plus-power gives the

. eye the power it

http://riversideoptometry.vision/ : - needs tO see Clearly
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Accommodation
e f s o

Zonules —e=—T0R01

Centre zonules
become tight

All zonules
relax and curl

Central part of

Tension in
) lens becomes
lens causes it 2
thicker and
to become
more steeply
rounder
curved
ti Front and back
Ul 3 zonules relax
' ,/\ and curl
,4—\\\
Unaccommodated Accommodated lens Accommodated lens
lens Helmholtz theory [1] Schachar theory [2]

@© Copyright. 2012. University of Waikato. All Rights Reserved.
[1] Helmholtz, H. Uber die Akkommodation des Auges. A. v. Graefe’s Arch. Klin. Ophthalmol 1, 1-74 (1855)
[2] Schachar, R.A. Zonular function:a new hypothesis with clinical implications. Ann.Ophthalmol. 26, 36—38(1994)
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Why should we care about presbyopia

* 1.04 billion people globally with presbyopia in 2005

* 517 million had no spectacles or inadequate spectacles
(of these, 410 million were prevented from performing
near tasks in the way they required)

* Vision impairment from uncorrected presbyopia
predominantly exists (94%) in the developing world

Holden BA, Fricke TR, Ho SM, et al. Global Vision Impairment Due to Uncorrected Presbyopia. Arch
Ophthalmol. 2008;126(12):1731-1739. doi:10.1001/archopht.126.12.1731

* An estimated 23 million Britons suffer from presbyopia, or
age-related long-sightedness

https://www.telegraph.co.uk/news/health/news/8754607/The-4000-eye-implant-to-replace-reading-glasses.html
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Wrgy_ should we care about presbyopia
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What can we do about it
FE Analysis: unique tool to analyse the response of eye lens

Single vision Lense Bifocal Lense

distance

OR
near

Conductive Keratoplasty

Trifocal Lense Progressive Lense

Corneal inlays (tiny
lenses surgically placed

in cornea)

Reading glasses

1

F
B

lens
Refractive lens exchange (RLE): invasive procedure that

involves replacing the natural lens of the eye with an
Contact lenses artificial IntraOcular Lens (I0L)
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Distance across the lens (mm)

Refractive Index Profile Optical Image Solid Model

v' Lens geometry (outer shape & internal cortical layers)
can be obtained from optical measurements

v" Both 3-D and axisymmetric Finite Element (FE) models
can be developed

v' Present work: axisymmetric / 16yo & 35yo lenses
[1] Bahrami M. et al, Exp Eye Res, 124:93-99, 2014.
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FE models of eye lens
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Burd HJ, Judge SJ, Cross JA. Numerical
modelling of the accommodating lens. Vision
Research. 2002;42:2235-2251.
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Belaidi, A. and Pierscioneck B.K.Journal of
Vision (2007) 7(11):1, 1-12
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Modelllng
zonular
fibres

16-year-old lens:

(a) geometry

(b) FE model with
anchorage regions of
zonular fibres on lens
capsule

35-year-old lens:

(c) geometry

(d) FE model with
anchorage regions of
zonular fibres on lens

capsule
Wang K. et al, Sci Rep, 7, 2017.
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odelling zonular fibres

Anterior
S
i 1\ Equatorial
: Posterior
Bounded zonular fibres Split zonular fibres

v' Material properties of lens nucleus and cortex: linear
elastic, isotropic and homogenous.

v Poisson’s ratio: 0.49 (nearly incompressible material)
v Nonlinear geometric simulations were performed.

Wang K. et al, Sci Rep, 6, 2016.
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Exhaustive search scheme
h | : [ [
N Generate three zonular v Angles fils Bead angles file and input
angles (64, 6., 6)) file to generate lens model
Read nodal coordinates and _ * _
calculate t, 7, ;,, and « Simulation
central optical power
Y
Y Output lens geometries at 6
Linear regression between Mode}"results deformed and an
T4 Tp @nd accommodative © undeformed states
amplitude
v
Slope comparisons with in
vivo data using statistical t- > Results
test analysis and calculate gaé[['fi):’ '112:]]
two p-values e; e[2 4°: 447
2° increment each cycle
1815 tested triplets of zonular angles
Yes No
End
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Optical response of the model

_ _ _ 2
Central Optical Power: COP =272 M1~ _(~Ta)” ) —q 49 p =1 336

Jones et al., Vision Res. 45,
2352-2366 (2005).

——

e
-—

///0.24N

0.40N L =" 0.48N

t: thickness r,. RoC of anterior surface r,: RoC of posterior surface
n,: refractive index of aqueous humour n,: refractive index of lens

A
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Optical response of the model

16-year-old Sa-yEar-ak! Discontinuous

|- | stress field:
J::::: = v'Not a problem

.2216-03

}u- . -
when examining
|.3168-03 AL T

- the displacement
field

v The displacement
field is continuous

v The deformed
: shape can be
considered as
Wang K. et al, Sci Rep, 6, 2016. acceptable

Single

Multi-layer J ;
one

1.3096-03
|+355E-03

«401E-03

.447€-03

W i o I _— :
2 NOTTINGHAM® Kingston Numerical investigation of the contribution of zonules in the

Sﬁl‘\’/eerr]stltrg TRENT UNIVERSITY t’gr:égas'ty accommodation of the human lens using FEM

14/18



Stratford-U -A UK
K SIMBIO-M ratford:Upon-Aven (0

Fitting to in-vivo data

« compared to a 29-year-old lens measured In vivo

University

18 - Numerical results
j (anterior surface)
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x . / mea.suremen S
& y = 0.461x +8.7596 (anterior surface)
2 8 7 - =
® y = -0.437x + 8.4749
o - ;

| y =-0.137x + 6.2268 A
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0 1 2 3 4 5 6
Accommodative Amplitude (dioptre)
Dubbelman M. et al, Vis Res, 2005.
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Conclusions

v Equatorial zonule: less significant role on lens shape
change than anterior & posterior zonular fibres

v’ Zonular angle triplets: those providing results more closely
aligned to in-vivo data give lower accommodative

amplitudes — zonular angles change with age and may
account for the accommodative loss

v’ Capsular thickness should be taken into account in
modelling (it affects optical performance of lens)

v Alinear distribution of the modulus of elasticity could

describe more accurately the stiffness tensor throughout the
eye lens
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Il Thank you for your attention !!
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