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Placido disk: qualitative eval

dation

Keratoscopy observation born as a method to
evaluate modifications of the corneal
curvature by the veflection of a known
pattern on the cornea.
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Videokeratoscopes: quantitative evaluatior

(onceptually, we can consider modern
videokeratoscopes  as a  derivative of
keratometers, so much so that the first
method developed in this reqard is based on
the same principles of the keratometer.

A topographic map can be calculated as
many keratometries done with mires of
Various sizes and orientations, centered on
the same axis.




Arc-Step algorithm .

[n vecent generation  reflection—based
topographers, normal to the cornea,
curvatures and elevations are calculated
simultancously by a process called are=
step
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Directly measure the heignt ot the tront
surface and the back cornea.

Usually, the transverse FOV goes from
limbus to limbus and the vertical is such as
to include the entire anterior chamber.

Based the prosection light slits which, scatter
in every divection. Part of the back—ditfused
light is captured by a suitable optics able to
form the image on the (CD.
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The Scheimptlug principle

With a normal camera, if the subject is not
parallel to the image plane, just a little region is

in tocus.
bitp.//en.wikipedia. org/wiki/Scheimptlug_principle




The Scheimpflug P”nCipl

The Scheimptlug principle is a geometric tormula
describing the orientation of the focus plane of
: | an optical system (eg. ((D} it the lens plane is

\ Zaiies not parallel to the image planc.

Focus and illuminance plane

bttp.//en.wikipedia.org/wiki/Scheimptlug_principle




The Scheimptlug principle

|

The Scheimptlug setup corrects defocusing, not distortion/!!




| The Scheimptlug principle: the 3 dimension

Once scanned the first image, the
light  blade and the Scheimptlug
system can be votated in order to
ACfUIFE Images ot a succession of
equidistant anqular  sections  that
allow to completely map the anterior
seqment of the eye.




Hybria devices

seqment

ScheimpFlug images qive accurate corneal elevation data for the whole anterior -II

Placido disk gives better results on the vepresentation of curvature and
retractive powers

Some devices (eg. Sivius) merge Placido disk data with the Scheimptlug system data. The
integeation ot the two technologies allows to obtain the accurate measurement in elevations,
curvature and power terms for the whole cornea
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(rerontoxon (Arcus senilis):

A common finding in the elderly but of no
pathological significance. Lt is formed by

lipid deposition at the peri{herg of the

cornea. This condition is also found in
familial hypercholesterol-anemias.
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Ultimate generation topographers: Optical coherence tomography
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Spectral domain O[T MS33 Spmﬂcatlons -

 Light source: SLED @ 843nm e Placido disk: 22rin25 @ 635m
pW~80nm * Keratoscopy size * L4mm x 10.5mm
o Axial resolution (air/tissue }:

4.8/3.5um
o Transverse resolution: 35pum » Type A according to [S0 13380:2012

e Max.Scan Range (air ) 16x16x10
(mm]




Scan method

(Transwerte x Axial in Air)
(mm!

Acq.Time (ms)

Lmg mode

Wide single section

Sinjlf line

16x 10

(1600 AScars)

£50:5)

Raw
(Averaged )

10mm single section

Single line

10x39

(B00 AScans )

32(x12)

Raw
(Averaged)

(orneal map

Radial scans of
25 sections

16 x 10

(1074 Ascams)
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AS—=0(T vs

B Femtolasik flap: Courtesy of

8 DrFrancesco Carones

s

‘ Rétma{ O(T =+ Corneal Adaptor Module
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10mm smgle section

O1d decp pre—descemetic stromal neovascularization + endothelial decompensation (see stromal thickening and stromal sus=cpithelial opacitics )
Courtesy of Dr.(laudio Macaluso




nterior seqment map
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3D radial scan 16x 875

(25 images) (1024 Ascans) <18 il

Corneal map
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Epithelial thickness

AS-OCT, Keratoconus -
oD

Barihdate 10/05/ 1550

Identficalion code: PTIB5EZI564
Acquisition dste 0102016 1238 14 (W11
Group Kermtocomss:
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 Scheimptlug vs. OCT

8§ Pseudophakic (orneal edema:
B <M5=33 OCT is helptul in confirming absence/presence of a (orneal scar, hence the decision of performing PP o Endothelial kevatoplasty is made easier™
8 Courtesy of Dr.Alaa Eldanasoury
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Perfect corneal thickhess even in

Holmium laser thermal keratoplasy: Courtesy of br.Stanislao Kizzo
— i

critical eyes
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Spectral Domain vs. Swept Source

{ Swept Source } {Spectmll)omam}

-
Faster (Hijhfr
A=scan rate}

Better SNK Asial resolution

“AS=S5=0(T: ot filly
matire fm&m/gy’

Tmage Depth




850nm vs. 1300nm
{ B50nm } { 1300 }

Epithelium
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Spectral pomain (850nm ) vs. awept Source (1300nm }




Corneal topography:
Maps
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ittal (Axial) curvature mayp

Measures, in mm or in D, the
radius of circles in each point
of each meridian tangential to
the cornea with their center
bound to the keratoscopic axis.
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Tangential (Local or Lstantaneous) curvature map

Measures, in mm or in D, the
radius of curvature in each
point of each meridian of local
best approximating circles.
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Tanﬁential vs Sagittal

tal anterior Tangential anterior




mm <==>)

» Tangential and Sagittal (urvature maps measure radii and not dioptric power

» In paraxial conditions Rey=(n; = ng}/Re e can be used as an approximation of corneal dioptric
pOwer.

For anterior surface we can use (depending on n, )
Repy = 1070y = Ny MR = 10°(LI3 = 11 Ry = 3315/R, 1)
Repy = 1080y = Ny MRy = 10801316 = 13/ R iy = 367K, 1)

For posterior surtace:
R[p] = 103(nmm = P )/R[mm] = 10°(1.336 - 1.376 )/R{mm] = "40/R[mm]




( orneal thickness

v & U
T e A Wam

W E-SUN o
S0 e 694 o

B measuﬁemen&m um of the distance between the front and back surface in.thedirection normal to
i thea /gﬁrlor corneal surtace.

At o' 8,
o t0 assess the evolutlon ot KPkatoconus P

—— "

o to decide if a patient may underqo refractive surgery and what can be the maximum amount
of the bearable correction of the cornea.




o Max(Sagittal elevation) = 3.83 mm (3832 pm)

o Just few um of deformation are optically relevant
e

Locaﬂ*ﬂinirﬁ‘l‘h@\tures (um} are a thousand times,smaller than the
corneal average radius of corvature (mm TG see clinTCally Feleddht
features, corneal mean curvature must first be removed. This is done by
measuring elevation relative to some close—titting reterence surtace.







Elevations: measured samples and fitting curves

R[mm] =7.8 p =0.79
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Anterior elevation




Aspherical reference

T . =2 fs
g9 oo,

Anterior elevation




Aspherotoric reference
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RayTracingz Snell>s law

Lncident light reflected light

medium o: h,
b & medium 7: n,

Ferrfndfular e refracted liﬂht
9' _ 92 L0 surtace

NoSIN( &) = NySin( )




Ramicing

nesin(®,) = N,sin(e,)
n,5in(6,) = n,sin(e,)
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Wave Front: ideal condition
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Wave Front Ervor - ..Opticaath Distance
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Corneal topography:
indices
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[ndices e
Summary indices . Summary indices Summary indices e

K=readings anterior (Sim—£, K=readings anterior (Sim—#, K=readings anterior (Sim=#;
Meridians, Hemi—=meridians, Meridians, Hemi=meridians, Meridians, Hemi—=meridians,
Feripheral degrees) Ferpheral degrees) Feripheral degrees)

Shape indices K=veadings posterior (/eridians,  K—veadings posterior (/eridians,
o Hemi=meridians, Ferpheral Hemi=meridians, Feripheral

Keratoretractive indices p

byrees) degrees)

Keratoconus screening Shape indices | _ Epithelial thickness

—

Refractive analysis Shape indices

Keratoconus screening Retractive analysis

Keratoconus screening



« The measurement of limbus s not an accurate measurement by definition, as there is no
sharp transition between cornea and sclera.

o (S0’s tormer measurements of HVID were (in average ) 0.35 mm longer than the
measurements done with Orbscan

« The measurement of limbus is widely and (wrongly J used for LCL sizing in formulas
 Traditional L(L sizing formulas were adusted using Orbscan data

» In order to allow doctors to use traditional LCL sizing formulas, aduusted HVLD is
provided too

« Lt can be chosen from the window Options=> Miscellancous

T A - -~



k-Readinﬂs

* Based on front sagittal curvature map
e Sim—K
e Meridians (front) 3mm, Smm or 7mm
o Hemimeridians (front) 3mm, Smm or 7mm

« Based on posterior sagittal curvature map
o Meridians (back) 3mm, 5mm or 7mm
o Hemimeridians (back) 3mm, 5mm or 7mm




Sim-K (Simulated keratometry,

Simulates the measurement of a keratometer, returning the orthogonal rair of meridians
with maximum cylinder in ving shaped zone (internal radius 1 mm, external vadius 2 mm.

ki =4211D @ 116°
k2 = 45,19 D @ 86°
Avg = 43,63 D
(yl==3,020 @ 176°




Meridians

Orthogonal pair  of meridians  with
maximum cylinder, in the central 3mm,
Smm or ‘Tmm of front (and eventually
rear } sagittal curvature map.

Jmm

k1= 42,150 @ 13°
k2 = 45,27) @ §3°
Avg = 43,65D
(yl==3,12D @ 173°

Smm

ki=42,13D @ 114°
k2 = 45,11 @ §4°
Avg = 43,60 D

(yl ==3,04D @ 174°

Tmm

ki=4198D @ 113°
k2 = 44,94 ) @ 83°
Avg = 43,41
(yl==2,96D @ 173°




Hemi—meridians

Non—orthogonal double=pair of meridians
(one flat and one steepl, in the central
Jmm, Smm or Tmm of of front (and
eventually rear } sagittal curvature map.

Jmm

ki =41,96D @ 163°
k2 = 4531D @ 19°
ki =42,19D) @ 0°
k2 = 45,27D @ 267°

Smm

ki=41,90D @ 16%°
k2 = 45,33 D @ 19°
k1 =42,24) 0 0°
k? = 45,12 ) @ 267°

Tmm

ki = 41,65) @ 166°
k2 = 44,99D @ T°
ki=42,21D 0 0°
k2 = 44,93 ) @ 269°




Lonics

Parabola, p=0

ircle, p=1

/Oblate allipse, p>1

\ Prolate ellipse, O<p<1




Lonics

p (p=tactor )
O (conic coetticient )

e (eccentricity)

S (Shape Factor )




Shape indices

« Parameters v, rs, rtAx of the best—tit asphero—toric
surface for anterior and posterior surface,

« KMS and KMS/A give the ditference between measured
data and best=fit surface.

Shape indices

@=45mm -
Anterior

=845 mm Ax 178",
rs=791mm

A
|___0.03ym/mmI=

Posterior
=743 mmAx2".
15 =666 mm

RMS/A:

|_0.07 ymjmm =

[B!Eﬂm v}
Anterior

#=843mmAx 179",
Is =789 mm

d=728mmAx4"
rs=665mm
RMS/A

[ 009 pmimmi=




Retractive analysis

« Summarizes corneal refractive/optical behavior
» Pupil—dependent —
» Takes in account the corneal (anterior and posterior surface) potsom |

Cyl=-060DAx= 108"

contribution to the vision: ‘F'“" il &
» Based on Ray=Tracing




Retractive analysis

» The Mean Pupil Power is the equivalent corneal power (inverse of the focal length due to the
cornea ) expressed in b

» (ylis the corneal cylinder expressed in D
« LSAis the corneal Longitudinal Spherical Aberration expressed in D

» The previous indices are available for diameters of the entrance pupil ranging from 2.5 to
mm

« (yl and LSA are available also in Corneal Abervometry Summary




Keratoconus sreening

The detection of keratoconus is a maJor concern in the screenin? of refractive surpical
patients, since it is known that its presence weakens the corneal stroma and can lead to
iatmﬁenic ectasia.







Curvature based indices

SLand SL are aefined as the ditterence of the
average tangential curvature expressed in D of two
circular zones centered on the vertical axis in the
inferior and superior hemi—spheres
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tlevation vs Normality

Anterior and posterior elevation respect to a best=Fit reference asphero=toric surface with an
asphericity equal to the average value, in the  mm zone, in normal eyes.

4o | . ' |
» No contribution of astigmatism and corneal mean curvature
« Emphasis of irveqularities




B[V]c and B(Vb

« In keratoconus ectasia statistically develops in a preferential dicection (infero—temporal)

» Mainly it manifests in coma ((#4), trefoil ((#7), spherical avervation (£,7 ) components
o Zernike’s decomposition of elevations

« B(V; and B(V, are combination of the values of coma, trefoil and spherical aberration
weighed by a function which fades it if the direction is not the statistically expected,

The axis of the index is defined as the value (74,




e BCV is the vectorial sum of B(V: and B(V..

» [n an eye with ectasia anterior and posterior corneal surfaces
are morghologicallg similar and the directions of both the
vectors B(V: and BCV: are corvelated.

» (oincidence of the axes of B(Vi and B(V. preserves BV
modulus.

~ The diversity of the axes of B(V¢ and BCV: (in abnormal non—
keratoconic eyes J produces & decrease of the modulus of BCV.




Pachymetry vs Normality ap -
;

}

bitference of corneal pachjmetry and 25° percentile of the

healthy population.




ThkMin: statistic

]

ﬁ_{}_il—hmﬂ ||M|}-mﬂ,,, _

_adillll,

I NICKNESS (0 = ¥.UU mm)

ThkMin = 418

E )

® (x=077mm.y=-063mm)

FO.01 = ~L618

-\

3609

POSO = —
BN SE = |'.--:.-'fl|i

| p0.99 = BLOT2

*(hart is been shitted of 540 pm to center normal grovp
statistic in 0




Notable points

€ /nterior Apex* is defined as the steepest point on tangential anterior curvature map.

@ Fosterior Apes* is defined as the steepest point on tangential posterior curvature map.

4| Anterior Verte:# is detined as the highest point of the ditference between anterior corneal shape
and the best—fit veterence asphero—toric surface (¢levation vs. normality anterior map).

® Posterior Verte: is defined as the highest point of elevation vs. normality posterior map.

<+> Thinnest point of cornea defined in Pachymetry map.

*According to Manal/ £, (hiang (5, K lein SA. Location of the masior corneal reference points” ptom Vi Sor 1335 T2: T~ T64




Suspect kéiducoﬁus
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Results

R
Abnormal—=Treated (644 ) 3617

Keratoconus (655} 0.67 8.7 0.07 3N/

Normal (376) 0.87 0.0 NS4 L

Suspect keratoconus (2101 L4/ 337 137 N4Z




Keratoconus sreening

Keratoconus screeninl indices provide an indication based on

& calculated topozrap i information, but is not exhaustive for

evaluating neither the calibration state nor the patient’s

clinical situation. Therefore, the mentioned indices mijit assist

the user in formulating a diagnosis, but are not to be

considered on their own as a diagnostic interpretation of
keratoconus.

We recommend the user to use and evaluate the values ﬁresented
carefully and correlate presented values with other
examinations and the patient”s complete clinical dossier.










A conventional pupillometer:
» measures pupil size in different light conditions

» cant link the measurement to a coordinate system (do ot gives information on pupil decentering}
* [s otten monocular

(SO pupillographers:

* uses visible light for the stimulus and LR for mtrturing

*  measures pupil size in ditferent light conditions:

*Scotopic light condition (0.04 lux}

«Mesopic light condition (4 fux)

«Photopic light condition(50 lux )

*Dynamic (starting from 200 lux and switching off the Placido illuminance )
o links the measurement to the map

« uses binocular photo stimulus (both the eyes perceive the same il luminance )

4 K= nrl . - ; -




