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Notification o
The information provided via this book is intended for

general information purposes. _ _ _ -
The information provided via this book is published to assist you, but it is
not to be relied upon as authoritative. _ ‘ .
The author accepts no liability whatsoever for any dlre(.:t or -consequentla
loss arising from any use of the information contained in this book.

Tacking the right decision in laser
refractive surgery depends to a great
extent on good reading of corneal
topography  and its  clinical
interpretation. This is very important
for having the aimed results and
avoiding post operative
complications.

Data in this book were obtained and
gathered from the user manual of the
Pentacam, international conferences,
refractive journals, personal contacts
with many refractive professors and
of course self experience.

The strategy in compiling this little
book is combining excellence in
pictorial quality with a concise but
ordered text.

I have aimed the book at all those ,

who need some initial assistance in
reading and clinical interpretation of
corneal topography. There are sure to
be some errors, as the ophthalmology
editor, I take full responsibility for
these and look forward to being
further educated.

Dr. MAZEN SINJAB
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INTRODUCTION

The Refractive Media of the

Human Eye

The eye manifests its refractive power via
several curved surfaces; each is separated
by a media with different indices of
refraction. The most significant refractive
surfaces are the anterior and posterior
surfaces of the cornea and crystalline
lens, the aqueous and the vitreous
humors play the role of passages.

In the emmetropic eye (without any
refractive error), the range of corneal
refracting power is between 39 and 48
diopters, while the refracting power of
the crystalline lens is between 15 and 24
diopters. In the emmetropic eye, the axial
length (from the posterior corneal surface
to the retina) varies from 22 to 26 mm.
The following are the clear ocular media
(through which light passes) and their
respective indices of refraction: tear film
1.33, cornea 1.37, aqueous humor 1.33,
crystalline lens 1.41, and vitreous humor
1.33. The important features which
determine their refractive power are the
radius of curvature, the refractive index
and the distance between

various interfaces.

The Cornea

Maximum refraction in the eye occurs at
the anterior surface of the cornea due to
its high curvature and due to the large
difference between the refractive indices
of media on its two sides (air 1 and
corneal substance 1.37). Refraction
occurring at the posterior surface of the
cornea is not very significant as its

refractive index is quite similar to that of
the aqueous humor (1.37 and 1.33).
Before we discuss the optical properties
of the cornea, itis important to discuss
its shape, which also has a bearing on its
optical properties.
Shape: The cornea comprises the central
sixth of the outer wall of the eye. It is
oval in shape, the average vertical and
horizontal diameter being 11.7 and
12.6 mm respectively.
It is a well-known fact that the cornea is
not spherical in shape. Thus the central
4 mm or so is supposed to be spherical,
and according to this assumption the
keratometer is based. However, even this
area shows a small degree of astigmatism
and therefore it is strictly speaking
toroidal in shape. Itis also known that
the cornea is flatter in the periphery and
becomes progressively flatter as one goes
away from the center. This is one of the
factors that correct the problem of
spherical aberration in the eye, the other
factor being the structure of the lens.
However, the peripheral part of the
cornea is irregular and radially
asymmetric and does not conform to any
specific geometrical shape. It is therefore
usual to divide the cornea into two parts:
the central zone of about 4 mm, also
called the optical or the apical zone, and
the peripheral or basilar zone. The apical
zone is classically defined as all those
areas of the cornea which vary in power
by no more than one diopter in normal
eyes. Curiously, the shape of the cornea
may apparently vary with time, e.g.
the cornea is relatively flatter during
early mornings.
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Geography: The cornea is divided into
four geographical zones:
1.The central zone (4 central millimeters):
it overlies the pupil and is responsible
for the high definition vision. The
central part is almost spherical and is
called the apex.
2.The Para central zone: where the
cornea begins to flatten.
3.The peripheral zone.
4.The limbal zone.
Curvature: The central 4mm, or the
axial zone of the cornea, has a radius of
curvature of 7.8mm. The radius of
curvature of the posterior surface of the
cornea is 6.7mm. Changes in curvature
of the cornea have profound effect on the
refractive status of the eye, e.g. a 1 mm
change in the radius of curvature of the
cornea causes 6 diopters change in
refractive power.
Power: The refractive index of the
cornea is 1.376. By using the radius of
curvature and the refractive index, we
can calculate the power of both surfaces
of the cornea. The refractive power of
normal cornea is 49 diopters at the
anterior surface and -6 diopters at the
posterior surface; because it plays the
role of a concave lens, therefore, the total
refractive power of the cornea is
43 diopters in average.

Other parameters: Thickness of the
cornea is bout 0.52 mm in the axial area
and is about 0.66 mm in the peripheral
part. Therefore, the curvature of the
posterior surface of the cornea is higher
than that of the anterior surface.
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Astigmatism: The seat of astigmatism is
usually in the cornea. A small degree of
curvature astigmatism due to anterior
corneal surface, around 0.25 diopters, is
due to the fact that the vertical meridian
is steeper than the horizontal meridian,
and is known as "with-the-rule
astigmatism". At birth the comnea is
almost spherical; 68% of kids
at4 years and 95% at 7 years have
with-the-rule astigmatism. In old age,
this WTR astigmatism disappears or may
even become inverse astigmatism. This
change with age is considered to bea
result of the pressure of the lids or the
tone of the orbicularis muscle, which
changes with age. Acquired astigmatism
may occur after surgery including
cataract, inflammation, ulceration, trauma
and lid lesions, which may all

alter the shape of the cornea.
Transmittance of light: The cornea
transmits radiation from approximately
310nm in the ultraviolet to 2500nm in the
infrared region. The cornea is extremely
sensitive to UV radiation at 270nm and
corneal absorption of this radiation
results in photokeratitis after exposure to
welding arcs. UV light reflected from the
snow also causes corneal damage in
contrast to the normal UV radiation from
overhead sunlight which is shielded by
the brows and upper lids.

The transparency of the cornea is crucial
to the functioning of the eye and this is
maintained by wvarious factors, among
them the crystalline lattice arrangement
of the collagen fibrils, the avascularity of
the cornea, the demyelanated corneal
nerves and the Na/K pump of the corneal
endothelium.

Nutrition: Corneal nutrition depends
mainly on the aqueous humor, which
provides substrates and removes
metabolites.
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FUNDAMENTALS ON CORNE

TOPOGRAPHY

Main Items in Evaluating the

Corneal Surface:

» Topographical features of the cornea
1. Curvatures
2. Elevations and depressions

» Corneal thickness

e Corneal slope

Topographical Features of the Cornea
1. Curvature Maps (known also as corneal
power maps):
1. Principle:
To calculate the refractive power of any
spherical refractive surface, the following
equation is used:
Power=(n-n))/r
=(1.376 -1) / 7.5mm = 45 diopters
(D) @ all points

Where:

n, is the refractive index of the spherical
refractive surface, supposed to be the
surface of the cornea.

n, is the refractive index of air, in front of
the cornea.

r isthe curvature radius of the refractive
spherical surface, supposed to be the
surface of the cornea, which means that
the refractive power of the cornea is 45D
at all points, but this is not realistic.

What happens if the cornea is spherical? (1)
When light rays pass through a spherical
refractive surface, para-axial rays will be
refracted less than the peripheral rays. This
will form a group of foci, which are
responsible of what is known as "spherical
aberration."

For this reason, the cornea is created ina

pattern that it can overcome this kind of

aberration, known as "aspheric pattern" (2).

This will be discussed later in details.
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Sagittal Curvature (Front)

2. Methods of Measurement:
Since the corneais aspheric, the radius of
curvature (r) is not equal at all points.
Therefore, it was necessary to find a way to
measure the radius of curvature, in order to
measure the refractive power of the cornea
at any given point.
There are two methods of measurement:

- The sagital (the axial method).

- The tangential (the local method).
» The Sagital (axial method):
To measure the refractive power at point "a"
(3), we have to draw a tangent on the
surface of the cornea at that point, then we
take the "normal" of the tangent at that
point, which intersects with a reference axis
at point "b"; taking into consideration that
the reference axis is the anatomical axis of
the cornea, i.e. it passes through its apex.
Namely, segment "ab" is the curvature
radius (r) of the cornea at point "a". The
previous equation is applied to calculate the
refractive power of the cornea at that point,
and in the same way, at other points. The
computer displays this power as a colored
map with the used color scale beside (4).

This is applied on either the front or back
surfaces of the cornea.

Values of the back corneal surface power
are displayed as negative digits, because this
surface functions as a concave surface (5).
This will be discussed later in details.
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e The Tangential (local method):

This method uses circles tangential to the
examined corneal surface at the points to
be measured. The radius of the tangential
circle is considered as the curvature
radius, on which the equation can be
applied. Radii of circles differ according
to surface changes (6).

Geometrically, the specifications of the
tangent circles are more accurate than
those of the tangent lines. Consequently,
this method can highlight any irregularity
in the cornea whatever small it is (7).
Again, the values of the back surface are
displayed as negative digits, since this
surface plays the role of a

concave surface.
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» Reference Axis:

As mentioned before, the sagital or axial

method depends on an axis used as a

reference in measuring the

curvature radii.

What is the reference axis?

There are three important axes

in the cornea:

1. The visual axis (8):
It virtually connects the seen object
with the foveolla.

2. The anatomical axis (9):
It is the symmetric rotational axis,
w5573 passes through the apex of the
cornea, and not necessarily through
the foveolla.

3. The video keratoscope normal
(VK normal) (10):
Some topographic systems use light
rings known as Placido disk to measure
the curvature of the cornea according
to the shape of reflected rings against
the front surface of the cornea. These
systems consider the normal of Placido
disk center as the symmetric rotational
axis of the cornea.

V K normal

Which is the real reference axis?

Of course, the anatomical axis which
passes through the corneal apex is the
real reference axis. But, all topographic
systems adopt the VK normal or it's
similar in principle, considering that the
three axes are identical.

This misconception leads to invalidity of
curvature maps due to misalignment
during taking the capture. This leads, of
course, to wrong diagnosis and wrong
decision of treatment. Misalignment
patterns and their effects will be
discussed later in details.
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3. Patterns of Corneal Curvature:
There are several patterns of corneal
curvature, some can be accepted, others
are considered risky or indicators

of keratoconus.

Every human being has a certain amount
of astigmatism, though minimal. The rule
is that the vertical meridian of the cornea
is slightly steeper than the horizontal.
This is known as with-the-rule
astigmatism. Figure (11) shows the
symmetry between segments "a" and "b".
They are also equal in size. That is the
normal pattern, it is known as
"Symmetric Bowtie (SB)",

see also figure (13).

oval Superior steep(SS) [nferior steep{iS) irregular

6 T 8 9 10
Symmatic SBISRAX Asymmetric aBISS AB/SRAX
bowtie{SB) bowtis{ABYIS

When studying the pattern of corneal
curvature, it is important to study the
single enlarged map choosing the option
of projected circles and the two major
axes of curvature, in order to easily
compare values in the same eye, and with
the fellow eye (12).
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Topographic Shape Patterns which

Characterize Irregularity (13):

e Pattern 1: Round.

e Pattern 2: Oval.

e Pattern 3: Superior Steep (SS).

e Pattern 4: Inferior Steep (IS).

e Pattern 5: Irregular.

e Pattern 6: Symmetric Bowtie (SB).

 Pattern 7: SB / SRAX: Angulation
(skewing) between the axes of segment
"b" and "a". In this case the corneal
astigmatism is called "non-orthogonal

astigmatism", or the "lazy 8" pattern.

Angulation is considered significant
when it exceeds 30°(see also fig.14).

« Pattern 8: Asymmetric Bowtie (AB)/IS:
Curvature of segment "a" is more than
that of segment "b". If the difference is
more than 1.5D on the 4mm circle, it is
considered significant (see also fig.15).

EJL‘—E“HJ—,\I.‘—J_H‘Z.L_JJ :863_,4.'1.
O >—ST (1) iadadll Caa a3 :(AB/IS)
O 13 Taga (5L 3af () Aakaill anad
pla 4 205 5008 e Cuualgs s g I
(15 J8a ) Lyl ksl

ped Lical ol 4sil j& gulall Coratlf Ll_asf

:(13) plhazsys

.(ﬁﬂ‘-ﬂl 1 c.!_,.n.\ °

.(fjl.a.'ag._lﬂ 3 E:\Jaj ®

(IS) ‘;B-m.“ daadl o4 E:’-’d °

plsiall e 15 zdsaie

(SB) 3 _klitall 3iall ihy, 6 Zigale

J3—=24 5355 :(SB/SRAX) :7 g sai e
(1) Zadeill 5 aal 4 puily () Aall
e Laxie (il el & s anny
8 o8 )" o Ciyay Lol e Ll L it
53123 13) Laga 5731 (595 " sna1)
(14 J2l) Y Ll il 45 50 30




r -

e Pattern 9: AB / SS: This pattern is the
reverse of pattern 8. If the difference is
more than 2.5D, precaution should be
taken when taking the decision
(see also fig.16).

e Pattern 10: AB / SRAX: Angulation is
combined with asymmetrical curvature
(see also fig.17).
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o Pattern 11: Smiling Face: This is
certainly risky because it often leads to
post operative ectasia, and might be an
indicator of keratoconus (18).
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o Pattern 12: Junctional: It is a circular
shape, where the two segments are
connected laterally. It is a subject of
suspicion (19).

e Pattern 13: Vortex pattern: It is also
known as the "Nazi Logo" (20). This is
an indicator of corneal instability, and
it may precede keratoconus, (notice the
vortex distribution of the red
and blue lines).

P.S. The most concerning are steep

K-readings, inferior-superior asymmetry

and skewing of the steep axis.

Important figures:

- Previously, it was recommended —when
taking the decision —that any anterior
K reading should not be more than 47D
on the front sagital curvature map.
Recently, with the availability of thin
flap technology, the power 49D became
acceptable. More than 49D is risky
regardless of the patient's
refractive error.

- Corneal astigmatism on either surface
should not be higher than 6D; otherwise
it is a risk factor.

- Against the rule astigmatism is also
considered suspicious.
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4. Clinical Differences between Sagital
and Tangential Curvature Maps:

1. The tangential map is more susceptible
to local curvature changes, because it
depends on circles. Therefore, it is
more capable of revealing corneal
irregularity. This will be clear if we
compare figure (21a) and figure (21Db),
they are two maps of same cornea.

2. Each point on the tangential map is
calculated independently, i.e. there is
no reference axis. Therefore, it is, to
some extent, less affected by
misalignment during taking captures.

3. The tangential map is better for
evaluating corneal periphery.

4. Despite all these advantages of the
tangential map, the sagital map
is widely adopted.

5. Both maps are affected by tear film
disturbance and use of contact lenses
as will be discussed in paragraphs
"tear film disturbance" and "hot spot"
respectively. Systems not using the
Placido disk, like the Pentacam, are
less affected by tear film disturbance
and use of contact lenses.
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12,000 microns |

II. Elevation Maps:

Elevation maps are more accurate than
curvature maps in evaluating both
surfaces of the cornea. They are less
affected by tear film disturbance and use
of contact lenses; this will be described
later in details in paragraphs "tear film
disturbance" and "hot spot"

respectively.

1. Principle:

The surface of the cornea is mostly
similar to the surface of the globe, in
terms of elevations and depressions (22).
These elevations and depressions should
be measured and expressed to have a
realistic topography of the cornea.
The main difference between the globe
and the cornea is that the former has a
reference surface, namely the sea level,
to which all elevations and depressions
are related. Because the cornea has no
similar natural reference surface, it is
imperative to create an artificial one
depending on the mean central radii of
the examined surface.
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2. Reference body:

e Principle:

The computer of the camera proposes a
reference body for each cornea being
captured (23). The reference body of the
front surface may differ from that of the
back surface, although both are of the
same cornea. The computer adjusts the
reference surface with the

measured surface.

The computer considers all points above
the reference surface as elevations, being

displayed as positive values, and considers
all points below the reference surface as
depressions, being displayed as negative
values, all values are in microns. The
coincidence points  between  the
reference surface and the measured
surface are displayed as zeros. i.e. exactly
like the sea level,

(see figures 24a, b and c).
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» Types:
1.Ellipsoid body: It is an aspherical body

which is rotationally symmetric
according to two axes, major and minor.
It has a coronal rounded cross section
(25a). Tt helps highlighting the

real shape of the cornea.

2.Toric Ellipsoid body: It is an aspherical

shape which is rotationally symmetric
according to two axes, major and minor.
B1553t has a coronal elliptical cross
section (25b), i.e. there are two
perpendicular axes, one is steeper than
the other. Its advantage consists in the
very good approach to the real course
of e.g. astigmatic corneal surface.

3. Spherical body: It is better than the

previous bodies in highlighting corneal
irregularities, because the normal
cornea has a toric ellipsoid shape. It is
well known that to recognize
something, we should match it with
other different things. So, if we want
to show the details of an abnormal
cornea, we should relate it to a
spherical reference body. On the other
hand, using this type of reference
bodies, examination can be compared
more easily with the one carried out by
the use of other topographic systems.
P.S. The computer adjusts the radius
of the reference body automatically,
but it can be adjusted and modified
manually, the topography will

differ accordingly.
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4. Float shape: The reference body can be
adjusted with the examined surface of
the cornea in various locations

(26a and b). Accordingly, details of the
central part might appear (or disappear).
If the reference body is adjusted in
contact with the apex of the cornea, it

is called "no float shape" (26a). On the
other hand, when the reference body is
represented to be optimized with
respect to the cornea, it is called "float
shape", i.e. the distance between the
two bodies should be equal in sum and
minimum. The float shape is the most

commonly used as a standard to

compare examinations carried out by

various topographic systems.

Unfortunately, very early stages of
keratoconus are difficult to recognize
on the float shape due to distance
optimized adjustment. That is because
when a reference body is adjusted in
contact with the corneal apex, any
bulge near the apex will be relatively
visible, and vice versa, any small
bulge might be lost among larger
details when the reference body is
adjusted away from the apex.
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* Followings are various elevation maps
of the same cornea:
Figure (27): Float sphere.
Figure (28): Float ellipsoid.
Figure (29): Float toric ellipsoid.

* Astigmatism: Figure (30) shows
with-the-rule astigmatism. Note that
the cornea has two axes one is steeper
than the other. In with-the-rule
astigmatism, the vertical axis
is the steeper. &
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[Etevation (Back) BFS=6.32 Float

P.S. It is recommended to use the float

toric ellipsoid body as a reference body

in case of more than 3D of astigmatism
in order to have a realistic display of
corneal center. The reason is, in severe
astigmatism, the difference between the
two astigmatic axes is usually high in the
center, which leads the computer to
misinterpret it as a cone,

which is not real.

3. Clinical Interpretation:

The most commonly used reference body

is the float sphere.

We look at the values within the central

4mm circle:

1. Normally, any elevation on the front
surface should not exceed +12p, values
between +13p and +15p are suspected,
any value > +15p is considered
a risk factor.

2. Also, any elevation at the back surface
should not exceed +17u, values

between +18p and +20p are suspected,

any value > +20u is considered
a risk factor.

3. The difference between the front and
back surfaces should not exceed +5pn
at the same point. For example: if the
back is +12p and the frontis +4p at
the same point, it is a risk factor
although both values are within the
normal limits.

4. If there is any isolated island on either
front or back surfaces, it would be
suspected, even with values within the
normal limits (3 1: note the isolated
island with +15p at its center).
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4. The Enhanced Spherical

Reference Body:
This shape was devised to diagnose the
very early stage of keratoconus. Figure
(32) shows an illustration
of a keratoconus.
The computer adjusts a spherical body
(the yellow line) in a position that
matches the total values of elevations and
depressions in the examined surface,
depending on the mean central radii as
mentioned before. But, if we ask the
computer to delete an area of 4mm
diameter, where the center of this area is
the center of the cone itself (33), the
computer will adjust another spherical
body (34: the red line).
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Height \/
curvature

or
Elevation

Note the appearance of the cone when
elevations are related to the modified red
body, instead of the yellow one.
Obviously, the cone will be more clearly
displayed. We can approach the same
process manually by choosing the manual
option and input an 8mm radius (35).
P.S. 1: The Pentacam system is useful in
precise specification of the center of the
cornea, whereas Placido system is more
accurate in specifying corneal periphery.

P.S. 2: In case of corneal opacities, the
slit light of the Pentacam can not
penetrate through, leading to wrong
resumed analysis of these areas as steep
hot spots. This, of course leads to
misdiagnosis and, therefore, wrong
treatment. In such cases, Placido system
is more accurate.

P.S.3: To understand the difference
between the elevation map and the
curvature map, see figure (36a):
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AR, "

Same curvature,
Same height

1 2

Same curvature
Different height

1 2

- Compare shape 1 with shape 2 in figure

(36b), both shapes have same elevation
and same curvature.

- Compare shape 1 with shape 2 in figure
(36¢), both have same curvature, but
different elevations.
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Corneal Thickness Map and

Relative Thickness Map

I- Corneal Thickness Map:

1. Principle:

The computer measures the thickness of

the cornea at all points depending on the

elevation maps, because the difference
between the front and back surface
elevations indicates corneal thickness.

2. Clinical Interpretations:

This map is very necessary for:

e Diagnosing ectatic diseases of the
cornea, such as keratoconus, pellucid
marginal degeneration and iatrogenic
ectasia.

» Confirming the diagnosis of diseases
like Fuchs dystrophy and cornea guttata.

= Observing the progression of the
previous diseases.

e Taking the right decision for refractive
surgery whether by excimer laser,
intracorneal rings or cross-linking.

 Deciding the exact amount of correction
by lasik taking into consideration that
there are certain standards
to be followed:

The first standard: the remaining
stromal bed thickness should not be
less than 55% of the original corneal
thickness at the thinnest location.

The second standard: The ablated
amount should not exceed 18% of the
original corneal thickness at

the thinnest location.

Example 1: A patient with a 600p
thickness at the thinnest location.

The remaining bed thickness should not
be less than 600 x 55 = 330p. This means:
if we make a 100p flap, the amount
allowed to be ablated is 600 — 330 — 100
=170p. But, according to the second
standard, this is not recommended. It
is strongly recommended to ablate no
more than 600 x 18 = 108p.

Example 2: A cornea with a thickness of
490p at the thinnest location and the
patient is myopic -8D. These -8 spherical
diopters need 8 x 14 = 112 to be ablated,
that means we will exceed the allowed
limit, which is about 88p

(490 x 18 = 88.2).

The solution in this case is to reduce the
diameter of the ablation zone from
6.5 mm to 6 mm in order to reduce the
amount of ablation. But, this increases
the possibility of night glare, particularly
in light colored iris eyes, hence is the
importance of the Q-value guided
treatment. Q-value and its application
will be discussed later in details in
paragraph "corneal slope".
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3. Main elements:

The computer displays the thickness map
in two patterns: five main values, the
central value and other four values around
(37a), or distributed values all over the
cornea (37b).

However, those are not the main elements
of the corneal thickness map. The main
elements are three locations that appear
on the main page (37c): the thinnest
location, the corneal apex and

the pupil center.

Also, on the main page appears the
coo 353tes of each location, where the
corneal apex is the origin point (zero
point). The direction of axis X is from
the patient's right to his left, when the
patient is seated opposite to the physician.
The direction of axis Y is from the
bottom up. Example: a point "e" in the
left cornea is located at "+0.3,-0.5"
position, i.e. this point is located
0.3 mm temporal to and 0.5 mm inferior
to corneal apex. The relationship between

-

Pachy: x[mm]_ yfram)]
Pupil Center: ~ + |512pm j-003 |-006
Pachy Apex : |512 pm IT'J.IJU IO.DU
Thinnest Locat: O [435 um |+0.44 [1.31

the coordinates of the three main
elements is of great importance as will be
discussed in the next paragraph.

=37

Pupil Center. ~ + [512pm

Pachy Apex : 1512 pm

Pachy: glmm]  y[mm
|-003 [-0.08
jo.00 0.0
J+044 |1.31
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Clinical Interpretations:

= The relation between the apex of the
cornea and the center of the pupil:
It is important for "decentration" or
"offset pupil". This will be discussed in
paragraph "decentration".

¢ The relation between the apex of the
cornea and the thinnest location:
1. The relationship of thickness: Let us
look at figure (37c). Compare the
thickness at the apex with the thickness
at the thinnest location. Statistically,
72% of normal population has a
difference between the two locations of
0to 5p, 16% has a difference of 6p to
10p, and 12% has a difference of more
than 10p (38).

Therefore, when the difference is
more than 10pu, which is rare in normal
population, it is an indicator of possible
iatrogenic corneal ectasia, or one of the
early  indicators of keratoconus,
especially if this difference is increasing
with follow up at one to two

years intervals.
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b Pachy: omm]  ylrom]
= PupilCenter:  + |541 pm |

i
. Pachy Apex: |542 pm
 ThinnestLocat: © (540 um

Wl S

2. The relationship of coordinates
(39): It is well known that the thinnest
location - in keratoconus - is commonly
displaced inferiorly or infero-temporally
and occasionally infero-nasally. But in
most cases it is more displaced inferiorly
than nasally or temporally. So, we have
to look at the value of Y axis to see the
amount of inferior displacement
(negative value). When the value
exceeds -500p, it is a risk factor,
especially when the difference is
increasing with follow up at one to two
years intervals. When this value
exceeds -1000y, it is an important sign
of an advanced keratoconus

(see figure 37c).

II- Relative Thickness Map:

This map is very new, and its
interpretations are not completely
studied yet.

Principle: The relative thickness map of
a studied cornea is compared with the
relative reference map (40).

o Pachy:
= PupiCenter: ~ + [541 ym
L8

. Pachy Apex : {542 pm

 Thinnest Locat: © 540 pm
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What is the relative reference map? The
relative reference map considers the
thinnest point in the normal cornea as a
reference point (zero thickness) to which
other points of the cornea are related, so
the difference of thickness between the
zero point (thinnest location) and other
points is measured and displayed. For
example: +7 and +9 points, i.e. these two
points are thicker than the zero point by
7 and 9p respectively. A standard value
study was carried out on untreated
corneas to adopt the normal average
values as a standard reference map. So,
when the computer matches the relative
map of an abnormal cornea with the
standard reference map, the abnormal

locations can be immediately noticed,

especially when the cornea
is keratoconic (40).

Corneal Slope —Topometry

It was mentioned in a previous paragraph
that the cornea has an aspherical shape
(see figure 1 and 2) to focus the refracted
rays in almost one point. Otherwise,
spherical aberrations occur. Hence is the
theory of the aspherical cornea.

To properly express the asphericity of the
cornea, Q-value was proposed.

Asphericity:

Basics:

Figure (41a) is an illustration of a
spherical cornea with parallel incident
light rays. Notice that the curvature radii
are equal at all points. As aresult, all
curvature readings are also equal.

The incident light rays on corneal
periphery are more refracted than the
axial and paraxial rays, because the angle
of incidence (and consequently the angle
of refraction) at the periphery is larger
than that around the center. As a result,
the peripheral rays are refracted more
than the axial and para-axial rays, despite
the same refractive power of all points in
the spherical cornea! Consequently, the
refracted rays are unfocused, leading to
what is known as "spherical aberration".
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Figure (41Db) is an illustration of an oblate
cornea. This shape is an ellipse which is
rotationally symmetric around its minor
axis. The radius of curvature becomes
smaller towards the periphery, and
consequently the refractive power

increases. This problem affiliates the

problem of large angle of incidence (and
therefore the refractive angle) at the
periphery to induce stronger

spherical aberrations.

Figure (41¢) shows a prolate cornea. This
shape is an ellipse which is rotationally
symmetric around its major axis. In this
shape, the radius of curvature increases
towards the periphery, so the refractive
power at the periphery is less than that at
the center, which compensates for the
larger angle of refraction at the periphery,
leading the rays to be focused with the
least amount of dispersion, i.e. minimum
tolerable spherical aberration.
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Measurement of Asphericity:
Either of the oblate or prolate shapes is

an aspherical shape, but the expression
"asphericity" should be given a

concept and a value.

If we look at figure (42), we find that

there is a difference between the center.

of curvature of the steepest point of the
cornea "a", and the center of curvature of
the flattest point "b". The straight line
"ab" represents what is known as
"eccentricity" of the cornea.

To measure this eccentricity (43), we
assume that segment (a) is the rotational
radius of the central part of the cornea,
and segment (b) is the rotational radius
of the peripheral part of the cornea.

By applying certain mathematical
equations, the eccentricity value can be
calculated, and therefore the Q value.
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Positive Spherical
Aberration

Nigative Spheri
Aberration

Q values:

See figure (43).

Q=0 when the cornea is spherical,
where b = a.

Q value is negative when the
cornea is prolate, where b>a.

Q value is positive when the cornea is
oblate, where b<a.

Normal cornea is prolate, i.e. it takesa
negative value.

Standard Q-value study was carried out,
the results were as follows:

Q=-2 in advanced keratoconus or
after correction of +5 hyperopia.

Q=-1 in moderate keratoconus or
after correction of +2 hyperopia.

Q=-0.52, no spherical aberration
is found.

Q=-0.26 to -0.35 in most normal
corneas with the least tolerated
spherical aberrations.

Q=0, the cornea is spherical with
spherical aberrations.

Q =+1 after 8 RK cuts or after correcting
-5 myopia.

Q=+2 after making 16 RK cutsor

correcting -12 myopia.

From a clinical point of view, Q-value is
considered normal when it falls between
-0.25 and -1.

Spherical aberrations resulting from
abnormal Q value:

See figures (44 and 45).
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4 mm analysis

When the cornea is extremely prolate
(Q<-1) the peripheral rays will be
focused behind the central rays, leaving an
amount of aberration on the retinal
surface (ab) measured in microns and
named "negative spherical aberration".
When the cornea is oblate, peripheral
rays will be focused in front of the
central rays, leaving an amount of
aberration on the retinal surface (ab)
measured in microns and named
"positive spherical aberration".

Figure (46) illustrates how a patient
suffering from these different spherical
aberrations sees.

Slope or Topometric Map:

Figure (47) illustrates Q-value in four
sectors of the cornea: nasal, temporal,
upper and lower sectors. It also shows
the average vertical and

horizontal values.
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Figure (48) shows Q-values in the four
sectors of the cornea within circles
centered on the apex of the cornea with
6,7, 8, and 9mm diameters (or in angles
of 20°, 25° 30° and 35° respectively).
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Asphericity (Front) at 6mm
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Clinical interpretations:
1. Treatment  decision: The most

important values are the vertical in
general and the inferior in particular,
as in figure (49). That is because in
case of iatrogenic ectasia or
keratoconus, both components of
ectasia (thinning and displacement)
usually proceed  vertically and
inferiorly in particular. The normal
value is <-0.5 (as an absolute value).
It is border line when it falls between
-0.5 and -0.55. If the value is > -0.55
(293 absolute value), we should
hesitate a lot before conventional

lasik intervention.

The most important sector is the 6 mm
or 20° sector for two reasons:

First, it is the most optically important
sector. Second, in case of hyperopic
correction, laser will be applied at the
6.5 or 7Tmm circles, which means that
Q-values will not be real at these
circles, and the 6 mm circle will be
most credible for comparing the results
and follow up.
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2. Expecting results and reducing
spherical aberrations: When treating
myopia, the central part of the cornea
is flattened. Therefore, there will be a
shift towards oblate shape, i.e. Q-value
will become more positive. This is
important when more than -6D of
myopia should be corrected, or when
Q-value is originally positive, this will
result in positive spherical aberration.
On the other hand, when treating
hyperopia, the central part of the
cornea is steeped, which means that
the cornea will be shifted towards
prolate shape, i.e. Q-value will become
more negative. This is very important
when more than +4D of hyperopia
should be corrected or the Q-value is
originally negative. This leads to post
operative negative spherical aberration.
This effect might be severe enough to
mimic a keratoconus case.

When treating astigmatism, Q-value
should be taken into account in two
cases: first, when astigmatism is more
than 2D, second, when there is a
difference in Q-value between the
vertical and horizontal directions

of more than 0.3.

All what have been mentioned obliges
us to think of treating the patient with
non conventional treatment, we should
use the Q-value guided treatment,

~ where target Q can be adjusted

(preferably -0.35).

3. Treating iatrogenic spherical

aberrations in pretreated patients:
previously, before the importance of
Q-value has been established, high
degrees of refractive errors (>-6D and
>+4D) were treated by the standard
treatment, leading to disturbed
Q-value, and consequently to spherical
aberrations. Re-treatment by the
Q-value guided system can treat such
aberrations by adjusting the target
Q-value to be -0.35.

. Reducing high order aberrations: In

many cases, refractive errors are
accompanied with  high  order
aberrations, such as coma or high
order astigmatic aberrations (also
known as multifoil). Choosing 7mm as
a diameter of the ablation zone and
adjusting the target Q-value will
decrease the mentioned aberrations
and push them to the periphery away
from the visual zone.

. Reducing the amount of ablated tissue:

When using the Q-value guided
treatment, we can adjust the diameter
of the treatment zone by 0.lmm
increments instead of 0.5mm. As an
example, we can reduce the treatment
zone diameter from 6.5mm to 6.3mm
to leave more residual stromal bed
when corneal thickness is not enough
to treat all the decided diopters. In this
case, the treated zone is still more than
6 mm and therefore the quality of
vision is not affected. We should be
careful in lighted color iris, where
the treated zone should be more than
6.5mm in diameter.
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6. Presbyopic treatment: One of the
presbyopic treatment options is what is
known as "monovision". It could be
achieved by this system. There are
several different methods depending
on the kind of excimer laser machine.
This will not be covered in this book.

Other Maps

o Refractive power map:

This map permits an assessment of the
optical performance of the examined
surface. It calculates the refractive power
by using focal distances rather than
curvature values (50). These focal
distances are calculated according to
Snell's law (light-ray tracking) and
spherical aberrations have therefore
already been taken into account (51). In
this map the refractive power values are
greater at the periphery because the focal
distance at the periphery (f2, f3) differs
from that at the center (f1) because of the
considered spherical aberrations.

Clinical interpretations: When this map
is compared with other maps, especially
curvature maps, one can foretell the
severity of spherical aberrations. These
spherical aberrations might be the reason
of low quality of vision, in spite of
fairly good visual acuity. Still the
qualitative and quantitative assessments
of the spherical aberrations are more
accurate with wavefront analysis and
Zernike analysis.
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* True net power map:

True net power map considers the true
optical conditions of the entire cornea.
Topography devices based on the Placido
system usually use a refractive index of
1.376 for the complete cornea to
calculate its refractive power. However,
this only supplies an approximate value
because the real posterior surface is not
taken into account.

The Pentacam measures both surfaces of
the cornea and uses sagital curvature maps
to calculate the true net power map. Each
surface separates between two mediums:
air and the corneal tissue for the front
surface, corneal tissue and the aqueous
humor for the back surface. The refractive
indices of air, cornea and aqueous

“humor are 1,1.376 and 1.336

respectively. After calculating the power
of both surfaces, the refractive
medium law is applied.

This map can not be adopted for
measuring K readings necessary for IOL
calculations, or even to take any decision
for refractive treatment.

* Keratometric Power Deviation map:
This map is calculated by excluding the
effect of the anterior curvature power
map from the true net power map, i.e. it
represents the effect of the back surface
of the cornea on the true net power map
in every corneal point (52).
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The normal value at any point should be
<+0.75. Any value falling between +0.75
and +1.5 is doubtful and borderline, but
it is not considered significant unless
there is a corresponding posterior
elevation. Any value more than +1.5 is
an abnormal value, especially ifit isin
the lower part of the map, or if there is a
corresponding elevation at the back
elevation map.
To understand the meaning of this map,
let us imagine the back surface of a
cornea with its elevations and depressions.
The depressions are protrusions towards
the anterior chamber, and the elevations
are protrusions towards the front surface
of the cornea, i.e. concavities which
appear on this map with values more
~ positive than other areas. So, when we
look at the illustration in figure (53),

we can see the concave marked area,
which holds either the risk of posterior
keratoconus, or the possibility of post
operative out bulging of the posterior
corneal surface. The significance of this
map becomes more obvious when
compared with the posterior tangential
curvature map, which displays the
irregularity more clearly, and with the
posterior elevation map, which displays
the corresponding elevations.

3 b cppually Led) L) dilaial) of a2
Al 555 lad dllas Ny ¢ pa
aa gl 5ol Jlatad f cadlall Zuka y 5l
Toany) ek Aslaall aay g jall il
tn&_)\a'd‘bﬁhb_)ﬁn}h@)ﬁ)d\
all 5 el A gualaal) psatll a8
&J\.'&eﬂ; seb_g‘d&&gel.ginn g o8
SIS 13 e gkt )y chgilall clelis 5Y)
i) sa ila gl ) (gl Sad cllia

0.75+ cya i1 1 oa Adali 43Y A gaal) Laill
1.5+ 5 0.75+ O La 7 sh 353 ) il
’J:-JJYL@_'ISI ‘.!_3.!:-.“ ‘;19 SRSJLQ.;\ELE‘JSQA
i) g gl ) pe (33055 ol La Laga T 554
uit't_cm_)\” :\.l:_)‘_'x Q‘Té ,__f'd;.“ 4_‘.}_,-“ L.f"°
S Al laaf 2y 13 g hauas
13 Aala g A g 8 e (o4 <15+ O
j‘ s:\_J:_)L-'s.“ Cy—a ‘_;ﬁu-“ c.")—_sj‘ ‘;j cals
GAlal A gl o (380 5a gl )l aa 438 i
) el Y Al jla
Jaasal Ao Hlall oda ‘;Ja.ﬁi.'al_.a‘ag.ﬁgé.‘_’
elaliadl ayle 5 Ay jill Al as gl
olaily &l 35 1oh lmliaty) cclelii )y
3500 1t Celiiy¥1 5 ¢galal) il
) =l .Lf‘ ‘L_PJSSJ @.o'u‘!‘ cl:un slaily
:\;I-l\ag“a.ﬁ.):\.h_)m‘ aﬁh‘;)q_r:ﬂ‘;l“ ‘_5&_,
Latie I llyy 3N Ghlidl be el
((53) JSAN (b dan gall 3 guall (M) B




1
N R

= o o
ot 8] otk [T Ty T [

MAIN PAGE AN

After the various maps represented by
this device have been studied, we can
proceed through the main page, asserting
that it should be composed of four maps:
anterior sagital curvature map, anterior
and posterior elevation maps and
thickness map (54).

We shouldn't, by any means, accept a
page of one map (55), especially if it
does not include any information,
because it is useless.
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Let us start defining the abbreviations in
the page and their interpretations:

o Cornea front surface (56)

K1: Horizontal curvature power of the
cornea in the central 3mm circle
expressed in diopters.

K2: Vertical curvature power of the
cornea in the central 3mm expressed in
diopters.

Km: Mean curvature power of the cornea
in the central 3mm expressed in mm.

Rh: Horizontal curvature radius of the
central 3mm expressed in mm.

Rv: vertical curvature radius of the
central 3mm expressed in mm.

Rm: Mean curvature radius of the central
3mm radius expressed in mm.

Qs: "Quality specification”. It specifies
the quality of the topographic capture and
should be displayed "OK". Otherwise,
there is missed information which was
virtually produced by the computer and
the capture should preferably

be repeated.

Q-val: Value of Q in the central 6mm as
shown between two brackets. Any other
central circle can be chosen through the
program settings.

Astig: Amount of corneal astigmatism on
the front cornea surface, i.e. the amount
of differentiation between the two
curvature radii of the central 3mm.

Axis: The axis of corneal astigmatism
in the central 3mm.
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Rmin: Minimum radius of curvature
expressed by mm. It is shown as a
symbol (57). It is not necessarily central,
which is important as follows in the

next paragraph.

Rper: Radius of corneal curvature in the
peripheral 9mm of the cornea

expressed iem.

Clinical interpretations:

1. Possibile amount of correction:
Correcting each diopter of myopia
flattens the cornea front surface by 0.75
curvature diopters (D). So, we have to
look at the smallest curvature reading
(the flat axis), usually shown in blue. For
example, a patient has K1 (the flat axis)
=41D and -8D of myopia to be
corrected, we should expect that the flat
axis value will be reduced by

0.75 x 8 = 6D, i.e. it becomes nearly 35D.
P.S. Curvature readings of the flat axis
should not be reduced to less than 34D;
otherwise the quality of vision

will be affected.

On the other hand, correcting each
hyperopic diopter steepens the cornea
front surface by 1.10D. So, we have to
look at the maximum curvature reading
(the steep axis), usually shown in red.
For example, a patient has K2 (the steep
axis) = 45D and +6D of hyperopia to be
corrected, we should expect that the
steep axis will be increased by

1.1 x 6 =6.6D, i.e. it becomes

nearly 51.6D.

57|

Curvalure
Rel

P.S. Curvature readings of the steep axis
should not be increased more than 48D;
otherwise the quality of vision will be
severely disturbed resembling the
distorted vision seen in keratoconus.

Therefore, the patient has to know that
his refractive error can not be corrected
completely; we can correct only +3
hyperopic diopters in the example above.

- :[ = ISogillaI Curvature (Front) j

20°

1 O Aty
12 ;\Q,

025D

Curyature
Rel

A paaill Bl Al ad 5 35 VT g (4 Baa e
3 S 48 oo (anall ) gaall) SV
Al A 45 1) Ao 93 ()5S V] g edpaas
gl A Na b 2 alital o putil) dgaliia g
Jiall - ang Ll Al jaall
gt Ll ) imy pall g of - ol

Magal 3l 2l cal sl

sl A ill et hd Caual Jil ;Rmin
i_isb..\usg_)i.a.am‘;_ihﬂl‘)kﬂldmi
3 e e Gl all 4] ja yy calally
ey Of gl g ey ¢(57) ISl
(g LaS 4 pan 4l 138 5 (G S ja el
Aaalall 3 yaal) P |

o Al —aasll , hadll Caual sRper
plalls die 1 juma ¢ jill plagaall ala 9 )
24 39yl bty

AiSaal) rsaail) 4308 ]

(303 ¢ iy puan B i€ (JS maaial ()
Dhabay A il el 4 gl e )
Bl all phau Ml g (daat3 5.8 (.75
O3S g (plamwall  gaall) JEYI A_paasl)
e Ll S 1A 5,581 sl 43k
4] 456) 89 chauall ga K1 :dlfall Jyp
A9 S iy 8- emaai off 4y €8S
a—iaiia pmhaaall g aall o 28 gt Luls
(A3 il € 6 = 0,75 X 8 yliay Alagh
Do 3258 530S 35 muatu gl

A panill sl 8l (il w Wi Caay ddaadle
Bo—wS 34 e (el 5aall) jrusY!
Ayl Lo gn Al V) 5 cdgpaas
4320 B yauS JS egauial o) Al dga e
L Al ala¥) dnsll ot ) (sa 5t
o Al (st 5 S 1,10 laiey
(Panall )saall) HSYI dgaatll 5.l jall
Lol GlS 138 pea ¥ ¢y llL 4 pla ) 683
4de) B g ccoraall ga K2 :dliall dssw (e
L5 S @ s 6+ Lgal g (dan3 B 5uS 45
Js—aall of 2855 Uld e il A alay
) [ W YR P I K W VSR E |

ol Apasis5086.6=1.1x6

L )5 4300535 308 516 peascatan




P.S. Itis very important to look for the
location of the symbol which refers to the
minimum radius of curvature (Rmin) on
the map (see figure 57). Click the cursor
on the symbol to see the curvature
refractive power of the cornea front
surface in that location, it refers to the
maximum curvature refractive power.

This is very important in the process of
taking the right decision, especially in
cases of hyperopia, because the two
curvature readings, the horizontal and the
vertical. which appear in K1 and K2
squ‘éﬁé express values of the central
3mm only. Example: a patient has +4D,
His horizontal and vertical curvature
readings are 43D and 44D respectively.

But, the curvature reading at Rmin
location is 46D. After treatment, the
curvature reading at the Rmin location
will increase to 50.4D, although K2 will
increase no more than 48.4D, this means
a cone will be formed and located at the
Rmin point. This will strongly affect the
quality of vision. Figure (58) shows a
post operative cone formation because
this point was not noticed

prior to surgery!!
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2. Topographic astigmatism and

clinical astigmatism:
Each surface of the cornea has its own

topographic astigmatism. In order to
calculate the net corneal astigmatism,
algebraic sum is calculated, with great
attention to the axes. If you look at figure
(54), you can see that the front
astigmatism is -2.2D and the back
astigmatism is +0.5D, both of them are
on the horizontal axis, so the net corneal
astigmatism is -1.7D. This result should
be compared with the manifest clinical
refraction, if they are approximately the
same, we should use the clinical
refraction, otherwise refer to paragraph
"incongruence of topographic and clinical
manifest astigmatism". The same applies
if there is a 30 degrees difference
between the clinical and the

topographic axes.

e Cornea back surface

The cornea back surface plays the role of
a concave lens, because it separates
between two refractive media of different
refractive power and the incident light
comes from the higher refractive medium
(the cornea: index 1.376) to the lower
refractive medium (the aqueous humor:
index 1.336). Therefore, the curvature
power is displayed on the back surface as
negative values (see figure 5).

The important things here are: the value
and the axis of astigmatism. The value is
algebraically added to that of the front
surface to calculate the net topographic
astigmatism as mentioned in the

previous paragraph.
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* Coordinates of the corneal
thickness (59)

- Pachy apex: Corneal thickness at the
apex. The computer considers the apex
as the origin of the coordinates, X for
the horizontal and Y for the vertical.
Therefore, zero is displayed in both
squares of pachy apex coordinates. The
direction of axis X is from the patient's
right to his left, when the patient is
seated opposite to the physician. The
direction of axis Y is from the bottom
up. Example: apoint "e¢" in the left
cornea is located at "+0.3,-0.5" position,
i.e. this point is located 0.3 mm
temporal to and 0.5 mm inferior
to corneal apex.

- Pupil center: Corneal thickness in the
pupil center. The X- and Y-coordinates
show the position of the pupil center
from the apex. The two coordinates
differ according to pupil medriasis or
miosis, because the pupil center is
shifted supero-temporaly when dilated.
This is very important in the process of
decentration, or what is known as offset
pupil, it will be discussed
later in details.

- Thinnest location: Thinnest point in
the cornea. Itis the most important in
the decision of the operation. The X-
and Y-coordinates indicate the position
of the thinnest location from the apex
(refer to paragraph "corneal thickness").
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e Miscellaneous (60)

1.

. Chamber volume: Volume less than

Cornea volume: Some studies are
carried out to realize the relationship
between cornea volume and ecstatic
changes, in order to exclude a new
indicator for keratoconus.

100mm?® should alert us to check the
patient for angle closure glaucoma.
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3. A.C. Depth (Int.): Central anterior
chamber depth, measured from the
inner surface of corneal endothelium to
the iris plane, It is important for the
anterior chamber phakic IOLs.

It shouldn't be less than 2.7mm? to keep
the corneal endothelium intact. Entering
the settings, we can choose (Ext.)
instead of (Int.) to have the depth with
corneal thickness added.

4. IOP: Click the icon and input the IOP
to have the real modified IOP according
to corneal thickness. For the same
purpose, the nearby square displays the
amount that should be added
algebraically to IOP to be modified.

S.KPD: The average value of
keratometric power deviation of corneal
points located within a circle of a
diameter between 0.8mm and 1.6mm
and centered on the corneal apex. The
normal value is less than +0.75. When
the value is more than +1.5, it is
abnormal indicating an abnormal
cornea, such as: post lasik, post PRK,
keratoconus or after a corneal graft.

6. Angle: The average value of anterior
chamber angle. An angle less than 25°
should alert us to check the patient for
angle closure glaucoma.

7. Pupil Diameter: It is important to
measure the pupil diameter neither in
high illumination (photopic pupil) nor
in the dark (scotopic pupil) but in
medium illumination (mesopic pupil).

8. Lens thickness: Central thickness of
the lens. If the pupil is not dilated
enough, the light of the camera may not
reach the posterior surface of the lens,
so the computer can not
measure its thickness.
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The main page (61) consists of tables and
diagrams.

1. Diagram of the relation between
corneal thickness and location (62)
This diagram describes the change of

corneal thickness in absolute values.

The horizontal axis represents the
location as circles centered on the
thinnest location. These circles have
diameters of 2, 4, 6, 8, and 10mm.

The vertical axis represents the

corneal thickness.

The computer measures the average
corneal thickness of all points distributed
at each circle. A diagram is then drawn
showing the relation between the corneal
thickness and the location. The computer

gives red color to the curve of the

examined cornea. The black dashed lines
show the result of the Standard Value
Study (the study carried out on normal
untreated corneas to adopt the average
values as standard). The center line
represents the average value of the
corneal thickness of all corneas analyzed.
The upper or lower line represents the
double standard deviation (95%) of the
corneal thickness of all

corneas measured.
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What is important for the red curve is:
First, the red curve should be within the
normal range. Second, the course of the
red curve should be parallel to the normal
range. In certain cases the red curve
deviates after several millimeters (63). If
the red curve deviates at the 6mm
circle or after, it is ok. Otherwise, itis a
risk factor because the quick downward
deviation means that the corneal center is
relatively thinned in relation to the
periphery, which proved to be risky
either with lasik, or to some extent with
PRK, either the patient is

hyperopic or myopic.

2. Diagram of the relation between
thickness increment and location (64)
The horizontal axis represents the
location as circles centered on the
thinnest location. These circles have
diameters of 2, 4, 6, 8, and 10mm.
The wvertical axis represents the
percentage of thickness increment.
Suppose that corneal thickness at the
thinnest location is, for example, 500,
and the average corneal thickness at the
2mm and 4mm circles is 550p and 600p
respectively. It means that the percentage
of thickness increment at the 2mm circle
is 10% and at the 4mm circle is 20%, and
so on for the other circles.
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The computer gives red color to the curve
of the examined cornea. Here also, the
black dashed lines show the result of the
standard value study (the study carried
out on normal untreated corneas to adopt
the average values as standard). The
center line represents the average value

of the corneal thickness of all corneas .

analyzed. The wupper or lower line
represents the double standard deviation
(95%) of the corneal thickness of all
corneas measured.

Here also, it is important for the red
curve to be within the normal range and
the course of the red curve to be
parallel to the normal range. In certain
cases the red curve deviates after
several millimeters (65). If the red curve
deviates at the 6mm circle or after, itis
ok. Otherwise, it is a risk factor because
the quick downward deviation means
that the corneal center is relatively
thinned in relation to the periphery,
which proved to be risky either with lasik,
or to some extent with PRK, whether the
patient is hyperopic or myopic.
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P.S. The shape of the two previous curves

depends on important things:

e Gradual change of thickness between
the thinnest location and other points as
mentioned before.

» The position of the thinnest location
from the apex: figure (66) is a diagram
of a marginal pellucid degeneration
case. Notice the displaced position of
the thinnest location from the apex
(within the red circle). It is -3.07mm
which made the curve deviates
upwards in reverse!!
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» Central thickness: it is well known that
the center of the normal cornea is
thinner than the periphery, but there are
some cases where the center is
thickened. Some of these cases are
pathogenic, such as cornea guttata and
Fuch's dystrophy, and some are
iatrogenic, such as post cataract surgery
corneal edema and post RK. The curves
in these cases are plane (67).

3. Table

Figure (68) shows values of corneal
thickness on the concentric rings as
absolute value or as progression index
with the respective standard deviation.
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Coineal Thickness

4. Progression Index
The progression index for the change in
the corneal thickness of the standard
values amounts to 1.0. The progression
index of the examined eye is put in
relation to the standard values and is
expressed as follows (69):
Avg: average value (red).
Min: smallest change in corneal
thickness (green).
Mazx: biggest change in corneal
thickness (blue).
The axis position represents the
orie 553on of the meridians with the
smallest or biggest change in corneal
thickness. Figure (70) shows the
two meridians.

This index is an important indicator of
the stability of the cornea. When the
progression of corneal thickness is
consistent and homogenous in all corneal
sectors, the cornea is of high stability and
tissue consistency. Some of the factors
that weaken the consistency of corneal
tissue are: making a cut within the cornea
(lasik flap) and collagen fibers
degeneration (keratoconus).

As mentioned before, the standard
average is 1. So, when the number shown
in red is 1, progression is standard and
the cornea is of normal stability. When
the number is <1, progression is less than
the standard, but still accepted. When the
number is >1, it is suspicious because the
cornea is somehow inconsistent,

P.S. In some normal cases, the number
could be >1 and not risky, as in cases of
astigmatism of more than 3D.

e E

:HJY“WJATQ_GJ_L&AHBAH
AlaS 7 3 058y Ledie A il 4y ) il
ileUnd JS o Cuilate s Lansia 4y jall
Al Al il e Jay 4ald A il
st 2 Sl goll (oot LSl
o okl el pa) Al e sl Gl
ey ¢ 3l A gT) s a0 A543
b LaS) Lgd A pall caldy)

(Bada g il 4 8l

le.g_, 1 g oboy gml_ﬁll.bujidl uI LS
¢1 (sl saa¥l 0 llL el a8, IS )
(S K Y S 1 T | 1| PP W O |
¢1 o JEF QB M S (ol 5 Ay pan A )l sl
Lyl Jgsia 138 5 ¢l il (pa J81 2y 38
o (e 136 €1 o ST gl 3301 IS ¢ Wl
A Al et Al Capany 63 ) plad Ayl ellin
Oany i 1 e S8l 058y o8 -4kl
LS ti_)_,ja'aa.i‘y_)g@‘f} Ay gl YA
B A padl g s SV

s 3 e

Prog.-Index Axis
Min: |0.7 7¢

Avg: |1.0
Max: |1.5

[270°

LI el 4

a3 ol al) o) 3l jedie Lad &l

Gl A ulal) ‘a_-!il‘ im‘_).) Qf 1.0 (3,33)3]1

?-'!S'u dag paall Cppall B 2 331 A sl

1(69) ol A5 Aty Lighaay y Al il

coea ¥ ool sedasy cap 33 Jaus sie : Avg

iyl A Sl g a3 :Min
aaY) ol edas

P2 W | P Lfal:r}ﬂ a yill :Max
RCBS) (ST | FYgVS-vp

‘é')i..\ay‘ )_l_iﬂ‘ hLA_Sl _)Jl—a.an L'J._-_l._ﬁ

8 seall e Ay Ell dalad 8 alae Y

LOlad¥ cpda (70) Jsal & Al




H
=

2 = e
Bweuten [T e [ |

AConmit [19=  Apidafitiee
_ T e e
s

PR LLITT g_iﬂ sesds |

5. Indices of Corneal Irregularity
There are 8 indices representing corneal
irregularity within the central 8mm of the
cornea. They are displayed within squares.
White squares indicate normal values,
yellow squares indicate border line values,
and red squares indicate abnormal values.
In case of keratoconus, many red squares
can be seen (71).

6. Keratoconus level
Keratoconus level (stage) is displayed
(71). The computer depends on Amsler
classification (table 1) in classifying the
stage of the disease.
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VA with | VA with|Comea IndictE ceentri- | AMIn | Retinoscopy Comea a4 gl it ":"...H ) D - e s
glasses |Clens | ISV Kl |cityin 30° (imlo) 18V K
Pre- | 20720 | 20720 1.04 |All 4 7.8 |No clear light Comea clear, unobtiusive. Horzontal, oval iblaadt Gyl gab ULy it NG B ) e b (A0 A1 g uatals spi ¥ | 9 g sl 0S| 305 | 104 | 2010 | 2020 '-}:5
stage| to to | <30 | to |values to |or shadow move: |or tound shades central or slightly Lgson dyia ol ‘*‘mﬁ*ﬁrﬁ “’u’f'u“j.‘df.ﬁ'f :-‘; 1“:4:.' 1“;}7 :1‘1‘.:‘15 :5'::5 )
(early| 20715 | 2015 1.07 |ate B.7 [ment. Hint of decentered, when observed under direct ’ ' $
signs) normal scissors effect. | ophthalmoscopy. » T L Ep—( | 1 ) =
20725 30 [ 1.07 [Someti- | 7.5 |Distored retinosco- |Clear comea. Fleischer's ring at apex base. aaiothy dogyhall solly Ll Banid dlo gl Al A1) 308 Lol yhit gtale | 75 | auSUl | 39 | 107 | 2020 | 208 | 1ese
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1 | 20115 55 [ 1.15 [valueis | B.5 |effect. direct ophthalmoscopy. Decrease in apex ' ’ *
abnormal : thickness is not visible, but can be measured.
| 20760 | 20730°| 85 | 1.70 |Often one| 6.9 |Clear scissors Often camea is still clear, apex has become £l ok 08 201 Al i) AL Rl | bl ekl Al oLt | ge | 110 | 2080 | 20060 |2use
Level| to to to | to |valueis | to |effect, retinoscopy |slightly thinner and will eventually decenter. S b 20 g At iyl Al g i1 b iangua Sl "*m ;‘; ‘::'.'.‘:: ol | ol o)
2 | 20/20 | 20/20 | 90 | 1.25 |abnommal | 5.3 |is difficult to Partial ot circular Fleischer's ring. ot e hyley cihsh g : W | L8| G | AN
perform. Vogt-Stiae (parallel striae) may be visible, )
20/125 | 20/40°| 90| 1.15 |Atleast | 66 |Distinct scissors | Apex has become thinner, decentered, and is ol gy 5 G Aal ey A Al gl | o Bpar gl e | 6 oSO e | 90 | LIS | 3040 | 20128 |3use
Level| to to to | o |one to |effect, retinoscopy | often slightly cloudy. Clear and mostly circular b gh gl g3 3983 Lo Qb g Ay 0 A slop) Lyl gpadaaal) | ) alydad| | ) ol ol
3 | 20730 | 20720 | 150 | 1.45 |valueis | 4.8 |isnealyimpos-  |Fleischer's fing, Vogt-Stiae are clearly Al B fala dadle i3 By ppead MR | g9 | Nowab| 150 | 145 2020 | 2020
L | [ [sbnomel | |sblelopedom |vibie. Eventusly Munsorraion wil appear. SN, S N B | S - e ke
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abnormal |sured Keratoconus,
Remarks: @llaaa

o Pre-stage (early signs): The diagnosis of the pre-stage of Keratoconus is always based on clinical criteria such as
a change in power and the axis of the astigmatism, fluctuating refraction values, conspicuous changes in retinoscopy
and comeal shadows during observation with the direct ophthalmoskeope. Videoketatometiy provides supplemenitary
information, but & diagnosis can not be based solely on the results. Comeal tear film iregularities and
fization problems can yield similar images, without the presence of a tue Keratoconus,

o This classification was adapted from the classical Amsler- and Muckenhim standards. It is a topography based
graduation and not a clinical one, E

o |5V = Index of surface variance
Eccentricity in 30° refers to the fowr measuring values nasal, temporal, superior and inferior,

o |f visual acuily of 20/25 to 20/20 is achieved with a spectacle conection, contact lenses ate not necessarily indicated,

e Munson-sign: The comea bulges forward. The conical shape is easily recognized in profile, particularly by the acute
bulge observed at the lower lid when the patient looks down.

KI = Keratocorus index  Rmin = minimum value of the curvature of the comea
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This helps also in other diagnosis, like
pellucid marginal degeneration
(see figure 66), post surgery cornea (72)
or an abnormal cornea (73).

7. Corneal Volume

The computer calculates the cornea
volume at a diameter of 10mm around the
apex. As mentioned before, there are
studies being carried out about the
relationship between the cornea volume
and keratoconus in a similar way to the
relationship between the thickness and
location. But these studies are not
finished yet.
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ZERNIKE ANALYSIS

Zernike analysis is normally used to
describe wavefronts and the distortions
of light passing through the refractive
media. These distortions are called
"aberrations".

The diagram shown in figure (74)

explains wavefront  principle. The
incident light rays coming from infinity
are parallel. Every light ray consists of a
sinusoidal oscillation. Locations of equal
phase within the total array of sinusoidal
oscillations form planar wavefronts
which are parallel and perpendicular to
the direction of the incident light rays.
When the parallel light rays pass
through a perfect refractive surface, they
(and the wavefronts) meet precisely at
a point known as the focal point F. But
the ideal «case is virtually never
encountered in practice because real
wavefronts show deviations from a
perfect spherical wave after passing
through the refractive surface leading
to the aberrations (75).

The smaller the deviation or aberration
is, the higher the quality of the refractive
system, be ita telescope, a microscope,
the cornea or the entirety of refractive
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media comprised by the human eye.

The Dutch physician and Nobel Prize
winner Fritz Zernike (1888-1966)
succeeded in mathematically representing
the deviations of a real wavefront from
an ideal one expressed as symbols in the
radial and angular directions depending
on the analysis of the scientist Fourier.
Following are the most common and
significant aberrations:

Spherical aberrations (76).
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Coma (77a and b).
Astigmatic high order aberrations

(multifoil aberrations) (78a and b).

Speaking about aberrations needs a
separate book, but we can say briefly:
both spherical and coma aberrations
affect central vision, while the astigmatic
high order aberrations affect peripheral
vision. For this reason, it is mewly
recommended that we should ablate
wider zone (7mm) to push the coma to
the periphery when it exists.
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The principle of Pentacam depends on
taking side images of light slices (79).

A rotational blue slit light of fixating
center is directed towards the cornea. The
camera is laterally located and captures
all the media the slit light can penetrate
and reach. This concept outdoes many
other topographic systems in that it
overcomes the problem of depth of focus.

Figure (80) shows the followings:

a: The examined eye in which the
camera-/intersection position of the
selected picture was taken. This can be
changed manually.

b: Control of —zoom and +zoom.
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c: Control of contrast: This is necessary
to show details (21a and b). Reducing
confrast enhances superficial corneal
opacities, although it is the same green
density diagram in both figures.

d: Measurement functions:

- Anterior chamber angle.
- Anterior chamber depth.

e: Corneal density.

f: Lens density:

By clicking anywhere on the lens, the

display will show the densitometry in a

green bar on the right hand side of the

image. The height of the graph (green)
expresses the opacity of the lens. The
corresponding section plan — marked by
the  dashed lines —is  evaluated
numerically by means of moving the
mouse and the left mouse button
depressed, the system is able to evaluate
the densitometry at any point of the lens.
The same applies on the cornea.

Densitometry is essential in taking the

right decision in some cases such as:

e The depth of PTK to treat a superficial
corneal opacity.

 The reason of clinical manifest
astigmatism and topographic corneal
astigmatism incongruence, such as
opacities in the cornea or the lens (82).
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CASE STUDY

Keratoconus

Let us first explain

I-S Rabinovich law (83):

First, the flat axis is identified on the
sagital curvature map. Then the curvature
power is measured in five points above
the flat axis, they are 3mm far from
corneal center and 30’apart. The average
of the measured points is calculated. The
same process is repeated below the flat
axis __The superior average is then
subt.Sa@ed from the inferior average (I-S).
The normal value is positive and less
than +2, i.e. the cornea is normally
slightly steeper inferiorly than superiorly.
It is abnormal when the difference

is more than +2.

Keratoconus Topographic Indices
according to Rowsey's rule of 2's:
Beware of occult keratoconus

when you see:

= Cornea over 2 diopters steeper than
45 (= 47)

« Cornea over 2 diopters steeper
than fellow.

» Cornea over 2 diopters I-S (Rabinovich):
inferior-superior disparity
6mm optical zone.

*« SRAX Law: It is the abbreviation of
Skewed Steepest Radial Axis Index. It
is an index of the angulation between
the lower and the upper segments, if it
is more than 22, itis arisk factor. It is
calculated as follows: The disparity
between the axes of the two segments
is measured. Suppose that the axis of
the upper part is 45, and the axis of the
lower part is 265, the disparity is
265-45=220. Subtract 180" from the
result, and you will have 40, which is
more than 22
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e Peripheral thickness >20p greater than
the central thickness.

Other Important Criteria of

Keratoconus:

e Look at the 4mm central circle and
compare the two opposite vertical
values in all maps. In case
of keratoconus:

1- Thickness of the lower point is 30mm
more than the upper point. _

2- Curvature power of the lower point is
1.5D more than the upper point.

e Compare the thickness in the thinnest
location between the examined cornea
and its fellow, the difference is
more than 30 microns.

e The average of central curvature
readings increases more than one
diopter every 1-2 years.

Topographic Differential Diagnosis of
Keratoconus:

Beware of false positive cases:

- Use of contact lenses, particularly hard.
- Pellucid marginal degeneration.

- Keratoglobus.

- Post corneal surgery.

- Trauma.

- Peripheral ulcerative disease.

- Salzmann's nodular degeneration.

- Tear film disturbance.

Case Study:
Let us apply the all mentioned criteria on
a keratoconus case (84):
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1.Anterior sagital curvature map (85):

- Curvature power is 1.5D more inferiorly
than superiorly.

- Angulation is more than 30 degrees.

- Curvature readings are more than 47D.

2.Posterior sagital curvature map (86): -

power of concavity (negative values) in
the lower part is more than that
in the upper part.

3.Posterior tangential curvature map (87)

is similar to the posterior sagital
curvature map.

4. Anterior tangential curvature map (82)

is noisier than the anterior sagital
curvature map, as the cone and
irregularity are more detailed and
clearer. This indicates an anterior
keratoconus, because of the similarity
between the sagital and tangential maps
of the back surface of the cornea.
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5.There is more than 30u difference
between the lower and upper points at
the 4mm circle (89).

Figure (90) shows:

6.Anterior curvature readings are more
than 47D.

7.The thinnest location is less than 470p.

8.The difference between the thinnest
location and cornea apex thickness is
more than 10p.

9.The thinnest location is -500p
(inferiorly displaced) from the apex.
10.Q-value is <-1.
11.KPD index is > +1.5.
12.Keratoconus diagram shows deviation
before the 6mm circle (91a and b).
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13.Look at the inferior and the vertical
average Q-values, keratoconus level
and the aberration indices (92).

P.S.1: This is a typical case of a

keratoconus. It is unusual to have all

these abnormalities in one case.
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P.S. 2: In some cases of keratoconus, the
central curvature readings appear within
normal limits when the cone is displaced
out of the central 3mm, which misleads
the non topographic systems (Javal and
auto-kerato-refractometer). Figure (93) is
a topography of such case, notice that:
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. The anterior topographic astigmatism
is -0.1D (within the central 3mm).

. The posterior topographic astigmatism
is +0.1D (within the central 3mm).

. Pure topographic astigmatismis 0 D
(within the central 3mm).

. Hot spot at the anterior sagital curvature
map out of the central 3mm.

5

6.

. High elevations on both elevation
maps (94).

The diagnosis which the computer
displays is keratoconus possible (95).
In some cases the computer does not
give any diagnosis, so it is not reliable
and we should study all the indicators
and indices carefully.
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MISCELLANEOUS

Decentration / Offset Pupil

As previously mentioned

(see figure 59), the computer considers
the cornea apex as the origin of corneal
coordinates to which the pupil center is
measured. When taking captures and
when doing the surgery, the pupil should
not be dilated, because the location of the
physiological pupil center is different
from that of the dilated pupil.

Angle Kappa:

It is the angle between the visual axis and
the axis which passes through the pupil
center (96). Systems depending on
Placido disc measure angle kappa but
other systems (like Pentacam) do not.
This raises the need to find a way to
estimate the angle in such systems. It was
found that the visual axis passes
somewhere in between the pupil center
and the apex of the cornea, and might be
half the distance.

Anyhow, angle kappa is considered
significant when it exceeds 0.1lmm
(100p). This is important for

two reasons:

* When angle kappa is > 0.1mm (100p),
the capture should be repeated to be
sure that the patient was fixing well
during the capture. That is because the
angle increases (or decreases) due to
misalignment. If the angle is still the
same, it is real and valid. Misalignment
during captures causes many mistakes
that will be mentioned in the paragraph
"the effect of misalignment on corneal
topography".

° When a patient naturally has wide angle
kappa, his topography may display
unreal changes, resembling the case of
misalignment. This will be mentioned
in the paragraph "the effect of
misalignment on corneal topography".
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« When treating refractive errors
(particularly hyperopia and
astigmatism), optimal results can be
achieved when the center of ablation
coincides with the optical axis. This
can be achieved by taking angle kappa
into account and can be done
in two ways:

The first one depends on the
coordinates of the pupil. Half the
values are manually input into the
excimer computer with full attention
to the algebraic sign provided that any
value input should not exceed 200p.

For example, if X =0.2mm (200p) and

Y =0.lmm (100p), we input X = 100pn

and Y=50p. But, if X=0.5mm and

Y = 0.3mm, we input X = 200p

and Y = 150p.

The second one is the topography

guided treatment. Captures  are

managed and installed into the excimer
computer with no need to any manual
adjustment of centration. In both
methods, great care should be taken to
the location of the flap, because the
decentration  holds the risk of
applying part of the laser beam out of the
flap bed leading to irregular treatment
and hence aberrations (mainly coma). So,
the flap should also be decentered to
compensate for the decentration.

Decentration is mostly important when
correcting hyperopia and astigmatism.
-Hyperopia:

Depending on corneal biomechanics,
ablating corneal periphery causes central
steepening. But the question is: where
will be the apex of the steepening? Is it
at the corneal apex or at pupil center?
Does it coincide with the optical axis?
The answer is: by decentration, we are as
near as possible to the optical axis, and,
by the way, reducing the possibility of
iatrogenic aberrations.

-Astigmatism:

When astigmatism is >2D, it will be
useful to apply what has been mentioned
in hyperopia to have optimal results.

N/

ol i S pal Al 3) s La S
_GJAJ‘J call

syl 2a -

058 gns all Alla 3 LS (o iy yaall g
S e b i Slaaf dal ge (b
iy gall el il e “talaiel @y jll
s kall Jigul) oK1 A il A Sl
oS 08 Saaasll Aad o6& S ol oY)
i ianl) 3€ pal of g il il dilae
Al sl pally 85 pmall ) s—aall 488 5a
L3y J g8 u‘ @J:‘.'mu c_)SJ.A'.'\M ale) el by
¢y —adll ) saall (o GLSLY) a8 iy il
Tandl il 5 W (pe lldy cpllia

LOSeY) sy

el s -

On geinay (Ot S (o goall 395y Laxie
Jgmall aall Jla i <A La Gyl el

64
4

u.'s_:').n." Lgﬂ_)\_mﬂi‘ﬂ‘ ‘J—“"EDL“' e e
Ao Juall (8 - g yally aall dialss -
e bS8 58 ya (Gkaiy Lea e 58
OSay 138 5 cAallaal) Gpall (g jaddl ) yoall
(00 yha (gaaly 45gEas
S e gilan) pastud ) s o x 35!
) Oiasil) Ciai JIa o5 Gy (dBanll
o 6By Sy e 3SY g ula
a5 YT oyl oy puall 5 L3 alyinYyd
0350 200 oe Uine da
200) ale 0.2 =X 48 K13 2
100) Lo 0.1 =Y Loy (O50S—e
¢S 100=X Jaxs Lild ¢(gyS—e
< A8 3 1S Gy S 2050=Y 5
Jaai L aild cala 0.3 =Y 5 ¢ple 0.5 =X
L Se 150 =Y 5 090502 200 =X
apall oL Sl aaiad Y S a ;AN
Js—all L allae o3 Cua (Ll ) salally
e cuuala U lelsead S A8) e sulal)
S atl (5 sy daant gl 050 g XY
(Y Al LYY gy ¢y Hlall LIS
Uapaa bty 5l 3o S padile) o
Lel ’JSJAI sale ) tﬁi ob)_yaall dlnl CaSaa
25—l B3 a e 85 aip Y L
28 Laa ¢dy gllaall E)\"'“MEJBM‘
calitia ye Gaki oo dadl e ) Gasd
ol 55 sLa Laadll cal e 551 aal
Al 3 e sale) caad @l cdlalil)
ol el 38 e sale) wa CaISHN Lyl




The Effect of Misalignment on

Corneal Topography

One of the main reasons to postpond the
operation is the risky indicators in
topography, such as hot spot (97).

The hot spot is an island of high
K-readings on the anterior sagital
curvature map.

One of the reasons of hot spot is
misalignment, which makes the computer
give misleading data which appear like a
hot spot. This problem happened
frequently with old topographic systems
whe 553he anterior sagital curvature map
was the only map to display, there were
neither posterior curvature map nor
elevation maps or thickness map or any
other indispensable maps.

There are two kinds of misalignment:

1. Patient's error misalignment: This
happens when the patient fixes on a
point away from the original fixation
point of the camera. This error is
called: misalignment by rotation. Of
course, this appears clearly to the
examiner, but instead of asking the
patient to re-concentrate and align
properly, the examiner wrongly tries to
overcome this problem by realigning
the camera on the displaced pupil!!

2. Examiner's error misalignment: the

patient here aligns properly on the
fixation point, but the examiner doesn't
adjust the camera properly on patient's
pupil. This error is called:
misalignment by translation.
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Reference
body

Good fixation

Reference
body

False cone
misalignment

» Misalignment by rotation:
In this kind, the corneal apex is displaced

towards the new wrong fixation point.

Suppose that the patient fixes under the
original fixation point (98),

regular astigmatism

the apex will move downwards. This
appears in the anterior elevation map as a
cone in relation to the reference body.
The anterior curvature map will interpret
this as a hot spot, and it might appear as
an asymmetric bow-tie, or even a
pseudokeratoconus. Figure (99) is an
illustration of an anterior sagital
curvature map of regular with-the-rule
astigmatism.
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Inferior fixation dy <0 regular alstigmatism

Nasal fixation dx > 0 regular astigmatism
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Regular Astigmatism

vertical horizontal

Nasal inferior fixation regular astigmatism

dx >0 dy <0
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| Notice the symmetric pattern when

‘ fixation is good and central and angle

kappa is within normal limits. Notice also
how the pattern changes according to
misalignment or to abnormal angle kappa
(1002 b ¢ and d).
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Quantitatively, a study was carried out on
one of the topographic systems (other
than the Pentacam), the results were:
most values were affected like Sim Kmin
and Sim Kmax. The I-S value increases
by downward fixation and decreases by
upward fixation. Q-value changes in the
positive direction (the cornea becomes
more oblate). Yet, there is no similar
study on the Pentacam. In fact, regardless
of the changes in values, the pattern of
the anterior curvature map differs leading
to wrong interpretation and consequently
wrong decision.

= Misalignment by translation:

According to the previous study, this
error does not generally lead to
significant changes. I-S wvalue is not
affected. Q-value changes half the
changes caused by misalignment

by rotation.

Hot Spot

Etiology:

1.Misalignment: It has been
mentioned before.

2.Tear film disturbance: It will be
discussed later.

3.Pre-stage keratoconus (Form Froste
keratoconus): Of course, the diagnosis
is settled according to the full picture.

.~

4.Use of contact lenses (101): Contact
lenses (soft or hard) should be stopped
for at least two weeks before
examination and topography. Contact
lenses have rest points against corneal
surface, which is believed to cause
epithelial hypertrophy and appears as a
hot spot. To distinguish this hot spot
from that resulting from ecstatic
corneal disorders like keratoconus, we
should look at corneal thickness in the
center of this spot, and compare it with
the surrounding points. If it is epithelial
hypertrophy, the spot will be thicker
than the surroundings and vice versa if
it is ectatic. Some references say that
long use of contact lenses causes
corneal thinning.

P SR T

Gang 2(101) Aiad ciliasall alasial 4
el ol 2%l e i B gl "Las
O e gad e J85 Y 5380 daia
il wanl) ClS] 20 gy saaill g anill
of ey 8 sl y gy e of A uld
sl LS5 ) i3 Aadl) Luaaall
Lot (i yay 138 of 28iayy A yall
dafy J S8y 5 ¢l gl elall maaill
Al e 55Lal dadl 38 juadly 55a
e At jall b Aaaaill Y e dastil
Aalal ) b A g paall g 6l
oo Ll g (Aaiall ol 38 ya A Ay il
“Ladiizat ol IS 1318 3 gL sl Jalaal)
Ora A3 0y g8 uad g g lall manill i
QS o) eaaa (puSall g lg—) ) slaa
AL S o pad gall piany SN Aa0ad
il e (8 gy Aieall iluaaall gaall

Lit‘.\:_).ai 2ad c:l_:\.nsn YAl :i._._\;l.'i o L
r—apaill 33 gal gaal e il y
(b O3y - oL SUR (5 gus - A 2 polal
Cle SIS ol alama AL %1l L Al Ll
(I-S) 4asd a5 (5 pS1l g (5 yiall Apprasll
(LY | B P T ¢Jawl C'_l_.;._.fiﬂ! dic
o gall slafVWL Q Aaf Jo 3 LS ¢ LoD
¥ oV a g o(ladadis 3T A )il mpad)
&b Sl Slea o ABlas Dl j3 20 g8
LSy i) o e plaill iy digal)
e Caliay ala¥) dpagadl Al Al IS o
(s (Bl pa a8l (sa%) lae Syl ¢ gu
bl ) 8 o5

il il 6 g o

5y—all 85 Shall dual yall le alaie YL
o Aaga a5 & gll 138 gy Y ALl
Lol 8 5t ol Y LS Lo gac ol
Jalad Q Ao A YA apy 4381 ((1-8)
¥ £ sl Lgdand AN c¥asll Ciuas
il o gan (g

B jlad) dadyl)

sl

.4:1:- (:LI_.JA.“ o .ﬁ_, :@M.“ L:Ig._ﬁﬂ‘ ?Qﬂ _1

‘;I*{T_MJ saadl) ol8 <l ylaaal 2
JlaaY aie dyasll

oA A gh ol ey Al A 53l Ay 3
lia 4S5 aahallyy Ayha g jdall Cag 58
ol LSy 5 il a2 5230




© . N\

cornea

«~—— Tear meniscus — el Plgd

5. Salzmann's nodular degeneration: It is
one of the surface degeneration of the
cornea. Because the lesion is
translucent, it allows the slit light to

P.S. Pentacam system is the least affected
by lack of tear film contrary to the
Placido disk systems.

2. Lacrimation: both kinds of lacrimation |
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penetrate, so the computer of the

(epiphora and hyper secretion) increase
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camera will identify it as a cone apex. the tear strip on the lower lid margin. dagy il € ) S8 da iy ‘C‘J'“ Ayt e
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1. Lack oftears: This can be diagnosed
by tear film tests such as: tear film
break up time and Schermer test. The
former is more accurate in this case
because it evaluates the quality, while
the latter measures the quantity.
Quality of course is more important in
this field than quantity. Tear film
disturbance should be treated and the
patient recaptured to find that the hot
spot had disappeared if it was caused
by lack of tears (see the difference
between a and b in figure 102).
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which is the corneal center. This would
be interpreted by the computer as a hot
spot (104a). When we see the marked
sign in figure (104a), the patient is asked
to dry his eyes to be recaptured. See how
the picture will differ (104b).

Incongruence of Topographic and
Clinical Manifest Astigmatism
Sometimes, the clinical manifest
refraction may reveal astigmatism which
differs from the topographic astigmatism
(which appears on both corneal faces).
The incongruence may be in

values and/or axes.

Etiology:

1. Misalignment: we can discover
misalignment when we recapture the
patient and find that both the picture
and angle kappa have changed.

2. Corneal irregularity: it is more obvious
on the tangential curvature map.

3. Hot spot.

4. Tear film disturbance.

5. Corneal opacities, particularly central.

Saghial Curvatue [Front)
I .

®

0 N?fo-n.@l'
=) rrrTrTTTTIToTroIrT)
2.8 4 0 4 8 12

Hot spot

6. Lenticular astigmatism: corneal
astigmatism may be accompanied by
lenticular astigmatism, and in some
cases, all of the clinical astigmatism
may be lenticular. One of the causes
of the lenticular astigmatism is lens
subluxation or dialysis. But the most
important thing is when there is subtle
cataract, it may begin with astigmatism
before it becomes visible on the slit
lamp, hence the importance of
Scheimpflug images and
lens densitometry.
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