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HIGHER ORDER ABERRATION CORRECTION

WITH SCLERAL LENSES

G R E G  G E M O U L E S ,  O . D .





CELEBRATING 18 YEARS
WITH DIGITAL IMAGE-GUIDED SCLERAL LENSES SINCE 2007.

CELEBRATING 14 YEARS 
WITH WAVEFRONT GUIDED-OPTICS IN SCLERAL LENSES 
SINCE 2011.



WORLDWIDE REPRESENTATION



HISTORY OF HUMAN WAVEFRONT SENSING



Gemoules demonstrated a 
linear correlation between 
pupil area and spherical 
aberration in post-LASIK 
patients.



Further analysis of 6 eyes of post-LASIK patients 
demonstrated effects of corneal changes 
induced by the reverse geometry lenses in 
temporarily reducing higher order aberrations 
post-wear.



Analysis of 20 eyes of 10 symptomatic post-
LASIK patients with elevated HOA achieved 
normal levels of HOA during semi-scleral lens 
wear.



Lens requirements for HOA correction

• Rotational and translational stability

• Optical zone centration

• Excellent optical properties

• Ability to make fine adjustments

• Scleral lenses = ideal vehicle for WFG



Scleral shape measurements

• IMAGE BASED TOMOGRAMS

1. OCT (Laserfit)

2. Scheimpflug camera (Pentacam)

• Scleral Topography (ESP)

• Impression molds (Eyeprint)



Anterior Eye Capture - OCT





3-D Image Stitching Algorithm



RAY-TRACING ABERROMETRY (iTrace)



Lens design using state-of-the-art software from our partners
Inceptra and Dassault Systemes using best engineering practices.

Integrating scans and optical files into software



LASERFIT WFG and Keratoconus
Consecutive Series From 2021 Compared To 2018 Rome Poster 
Demonstrating Process Improvements Achieved.

SCLERAL TYPE
TOTAL HORMS µ

2018 (N=31)
(SCARS INCLUDED) 

TOTAL HORMS µ

2021 (N=34)
(SCARS INCLUDED)

TOTAL HORMS µ

2021
(SCARS ONLY)

TOTAL HORMS µ

2021
(SCARS NOT 

INCLUDED)

Conventional 0.755 0.605 0.729 0.579

WFG 0.407 0.250 0.447 0.208

Change -46% -59% -39% -64%
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Percent reduction in HOA

FREQUENCY HISTOGRAM
WFG LENS PERCENT HOA IMPROVEMENT COMPARED TO STD SCLERAL LENS 
IN KERATOCONUS PATIENTS



PUPIL-CENTERED OR CORNEAL APEX?

• SURGEONS PREFER LINE OF SIGHT OR CORNEAL APEX

• WE PREFER USING THE PUPIL CENTER

Centering the wavefront optics on the corneal vertex may not be the better 
option for several reasons:

1. For one, the cornea has been surgically altered and the light reflex may not properly 
indicate the intersection of the line of sight with the cornea.

2. A wavefront surface can also shift the location of the apical reflection.

3. Also, centering the treatment at a point that is decentered from the pupil may have the 
undesired consequence of under-correcting the spherical aberration or coma.

4. For patients suffering from very large scotopic pupils, one should always strive to 
achieve the maximum area of aberration-free vision.



“One And Done” or ITERATIVE?

For highly aberrated eyes, Sabesan used a large-stroke deformable mirror 
in a closed-loop system to reduce the higher-order aberrations after 30-40 
iterations to produce an almost perfect image quality using phase plates. 
(Sabesan, Ahmed, and Yoon, 2007, pp. 947-952).





HABITUAL VS WFG (iTRACE)

HABITUAL OD = VA 20/60

WFG OD = 20/30

Upper image = TOTAL

Lower image = HO only

HABITUAL OS = VA 20/40-

WFG OS = 20/30

Upper image = TOTAL

Lower image = HOA

HABITUAL WFG



RMS = 0.845µ

TOPOGRAPHY

Series of 6 lens wavefront iterations 
of the right lens of one patient 
demonstrating iterative reductions in 
the HOA until the patient was happy.

1. NO LENS HOA = 0.845µ
2. PATIENT’S OLD LENS HOA = 0.482µ
3. FINAL WFG LENS = 0.151µ



RMS = 0.845µ
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