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G R A T I N G  E Q U A T I O N  :
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M O N O C H R O M A T I C  
L I G H T
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Krueger R - Ophthalmology 2008  
Rainbow glare as an optical side effect of IntraLASIK  
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older FS 
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symptoms of glare, halo, starburst, colors & orientation ? 
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Krueger R - Ophthalmology 2008  
Rainbow glare as an optical side effect of IntraLASIK  
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OF  THE  PERIPHERAL  SPECTRAL  PATTERN !
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Krueger R - Ophthalmology 2008  
Rainbow glare as an optical side effect of IntraLASIK  
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Krueger R - Ophthalmology 2008  
Rainbow glare as an optical side effect of IntraLASIK  

older FS 
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1.3 to 2.6 μJ  
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10/9 μm

L A S I K  I n t r a L a s e  F S  1 5  k H z

3 7 / 1 9 4  p a t i e n t s   

1 9  %
2 / 8 6  p a t i e n t s   

2 . 3  %
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p < 0.001
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Bamba - Journal of Cataract & Refractive Surgery 2009  
Incidence of rainbow glare after LASIK flap creation with a 60 kHz fs laser. 
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F L A P

S P O T  S E P A R A T I O N

L I N E  S E P A R A T I O N

≃  9 . 5  μ m
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②  

A I M S  A N D  Q U E S T I O N S



Can we minimize rainbow glare 
by randomising the FS-impact 

pattern ?
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Ackermann R - Biomedical Optics Express 2012  
Optical side-effects of fs-laser treatment in refractive 
surgery investigated by means of a model eye

REGULAR 10 μm spacing RANDOM©
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Ackermann R - Biomedical Optics Express 2012  
Optical side-effects of fs-laser treatment in refractive 
surgery investigated by means of a model eye



Ackermann R - Biomedical Optics Express 2012  
Optical side-effects of fs-laser treatment in refractive 
surgery investigated by means of a model eye

➭ RG = dominant optical side effect in fs-refractive surgery.  

➭ For corneal treatments, it can be avoided by spot-to-spot 
distances of ~3 μm.  

➭ For fs-laser treatment of the crystalline lens, rainbow 
glare may nearly entirely be suppressed by a random 
distribution of the laser spots within the lens.
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③  

M E T H O D S



C O U R T E S Y  O F  Z .  E S S A I D I



C O U R T E S Y  O F  Z .  E S S A I D I



Femtosecond laser

Repetition rate 10 kHz

Pulse duration 780 fs

Wavelength 1030 nm
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Glass slides & incisions

Glass thickness 1.2 mm

Incision type lamellar

Incision depth 200 μm

Incision shape square 1 cm x 1 cm

Line spacing width 1, 3, 5, 7, 10 and 15 μm

Random / line randomized per line

Random / full fully randomized
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C O U R T E S Y  O F  Z .  E S S A I D I

M A C R O S C O P E  I M A G E S  1  μ m
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M A C R O S C O P E  I M A G E S  5  μ m
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A sin θ = m λ
A = grating constant, depicting the space between 2 spots and between 2 lines  

d = color distance from the light source 

θ = visual angle of a perceived color (sin θ ≃ tan θ = d/L  for small angles) 

m = diffraction order (for the fundamental order, m = 1) 

λ = wavelength for a given color 

Krueger R - Ophthalmology 2008  
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VARIOUS
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2 .  H U M A N  C O R N E A S

H U M A N  D O N O R  
C O R N E A S
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C A M E R A

1  m

🔦

L I G H T  
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f = 1 7 m m
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④  

P R E L I M I N A R Y  R E S U L T S



1 μm 3 μm 5 μm

7 μm 10 μm 15 μm
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3 μm
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⑤  

C O N C L U S I O N S   

&  P E R S P E C T I V E S



① Concentration of diffracted light in periodic 
orders is reduced by randomisation of the FS 
impacts. 

② Spot-to-spot distance of ≃ 3 μm on glass slides ?   

             (Ackermann, BOE 2012)    

Rainbow glare not avoided by line spacing < 10 μ 

③ However, light scattering not assessed here  
➭ possible source of discomfort.
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