
Ways of customized ablations 
and their possible limitations



Ways of customization

• Nomogramm
• Wavefront optimized ablation
• Q-value adjustment
• Topography-guided treatments
• Wavefront-guided treatments



Nomogramm
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Results 
Patient satisfaction



Nomogramm
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Statistical management of experience 
to improve  

the outcomes of refractive surgery

Sphere = A*SPH + B*SPH² + C*CYL +D*CYL² + D*K‘s + F*Age + ..
Cylinder = Ac*SPH + Bc*SPH² + Cc*CYL +Dc*CYL² + Dc*K‘s + Fc*Age + ..



Wavefront optimized ablation
The precompensation of typical optical errors

that are on average induced 
by “classical” ablation profiles
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Each diopter of 
myopic correction 
induces approximately 
0.1 microns of 
spherical aberration



Wavefront optimized ablation
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Pre-compensation of spherical 
aberration by Q-value adjustment

38 D in periphery

43 D in central

The Q-value is a corneal shape factor 
but not an optical parameter



Pre-compensation of spherical 
aberration by Q-value adjustment

Q-value adjusted 
ablations profiles aim 
to achieve an 
postoperative Q-value 
that leads to the 
smallest amount of 
spherical aberration in 
an individual eye.  

Q-value Spherical aberration 
of the total eye



Pre-compensation of spherical 
aberration by Q-value adjustment

Problem:

Q-value adjustement is only possible on 
aspheric eye models (e.g.Navaro). 

Currently we do not have eye-models that 
represent an individual eye with high accuracy



Myopia Hyperopia



Topography-guided treatments

cornea

Reference plane
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Topography-guided treatments

 
 
  The mean shape of the human cornea 
  P.M. KIELY, G. SMITH and L.G. CARNEY 
  OPTICA ACTA, 1982, Vol. 29, No. 8, 1027-1040 

The difficulty in 
topography-guided treatments 
is the selection of the 
best-fit reference asphere
for the individual eye

This is even more difficult in
eyes with extreme irregular 
corneal topographies or 
unknown clinical history



Topography-guided treatments

cornea
Profile 
height

Relative height values

Reference 
asphere

Ray tracing / Wavefront
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Wavefront – guided treatments

“…. the corneal topography information 
specifying corneal shape has very little effect
on the desired ablation depth for an optimal 
refraction. “ 

Stanley Klein, J Opt. Soc. Am A (1999) 



Wavefront – guided treatments

.

“…. the first surface of the cornea and internal optics 
partially compensate for each other's aberrations and 
produce an improved retinal image. “ 

“…it shows the limitation of corneal topography as a 
guide for new refractive procedures and provides a 
strong endorsement of the value of ocular wave-front 
sensing for those applications.”

Pablo Artal,  J. Vis. (2001)



Wavefront – guided treatments

Total wavefront 
aberrations

Corneal 
wavefront 
aberrations

wavefront aberrations of 
the internal structures



Wavefront – guided treatments
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1st - order approximation !
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Optical outcomes
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Wavefront – guided treatments
Pre-OP Post-OP 6 months
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“classical” ablation profile



Wavefront – guided treatments

“… a ray that is less bent when it enters the 
eye is expected to intersect the lens much 
further away form the axis.“

“… the spherical aberration is expected to be 
much higher in the operated eye.”

Fabrice Manns, SPIE Ophthalmic Technologies XI (2001) 



1f
Wavefront – guided treatments



1f 2f ′2f
Wavefront – guided treatments



Wavefront – guided treatments

“… because of individual interactions of the 
aberrations in the ocular components, a 
combination of corneal and total aberration 
measurements is critical to understand the 
individual outcomes, and by extension, to 
designing customized ablation  algorithms.“ 

Susana Marcos, IOVS (2001) 



Overview

-4 -3 -2 -1 0 1 2 3 4
0

20

40

60

80

100

120

140

ab
la

tio
n 

de
pt

h 
[µ

m
]

rad ius [m m ]

“Classical” ablation profiles 

Sphero-cylindrical
higher order aberrations of 
the total eye corneal aberrations

cornea
Profile 
height

Relative 
height values

Reference 
asphere

Topography-
guided ablation

2

4

6

8

10

2 4 6 8 10

ab
la

tio
n 

de
pt

h 
[µ

m
]

ve
rti

ca
l a

xi
s 

[m
m

]

horizontal axis [mm]

0
2.0
4.0
6.0
8.0
10
12
14
16
18
20
22
24
26
28
30
32
34
36

wavefront-
guided ablation

-4 -3 -2 -1 0 1 2 3 4
0

2 0

4 0

6 0

8 0

1 0 0

1 2 0

1 4 0

ab
la

tio
n 

de
pt

h 
[µ

m
]

ra d iu s  [m m ]

Wavefront-optimized 
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How to transfer the planned ablation 
profile onto the corneal surface by using
an ArF excimer laser?



Approximation by laser spots
“spot build program”

Ablation profile Treatment 
zone

Optical zone

Laser pulses



Excimer laser Laser
beam X- axis

scanning mirror

Y- axis
scanning mirror

Y-axis
X-axis

Beam diameter 
0.5 mm to 2.0 mm

Laser pulses

Transfere of data to laser



Desired 
ablation

Small 
laser beam

Pulse Ablation
Profile

Pulse Ablation
Profilelarge

laser beam

Actual ablation Actual ablation

Approximation by laser spots
“spot build program”

Huang et al. and Guriao et. al.



Problem:
Eye movements during treatment



Position 
Control 

Scanner
Device

Laser

Image 
Processin
g

Ablatio
n 

Image 
Transfer

Image
Acquisitio
n

Eye
Tracker

Camer
a



Position 
Control 

Scanner
Device

Laser

Image 
Processin
g

Ablatio
n 

Image 
Transfer

Image 
Acquisitio
n

Eye
Tracker

Camer
a

image



Position 
Control 

Scanner
Device

Laser

Image 
Processin
g

Ablatio
n 

Image 
Transfer

Image 
Acquisitio
n

Eye
Tracker

Camer
a

x/y
image



Position 
Control

Scanner
Device

Laser

Image 
Processin
g

Ablatio
n 

Image 
Transfer

Image 
Acquisitio
n

Eye
Tracker

Camer
a

x/y
image

α/β



Position 
Control 

Scanner
Device

Laser

Image 
Processin
g

Ablatio
n 

Image 
Transfer

Image 
Acquisitio
n

Eye
Tracker

Camer
a

x/y
image

α/β



Eye Motion during Latency => Positioning Error

Latency

Positioning ErrorEye motion
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Problem:
Eye movements during treatment

D = 250 µm
dc = 0.25 µm

D = 1000 µm
dc = 0.25 µm
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Corneal surface
after photoablation





David Huang et al. (2003)



David Huang et al. (2003)



Myopic corrections:
• Central epithelial thickening
• Under corrections
• Increase in spherical aberration (oblate cornea)

Hyperopic corrections:
• Peripherial epthelium thickening
• „Larger“ under corrections
• Increase in spherical aberration (prolate cornea)



Summary
• Transfering a shape onto the cornea is the 

most complexe problem in corneal laser 
surgery.

• Especially, the geometrica, biomechanical 
and laser-tissue interaction mechanicsm 
might vary from eye-to-eye.

• New diagnostic techniques that determine 
these physical factors are required for a 
further improve of the optical outcomes of 
or patients 



Today we are trying to improve the 
visual outcomes of corneal surgery by 
correcting fine details at the cornea 
with a technology not even fully 
understood.


