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Conclusions

About 14% of the population has elevated higher order aberrations
(HOA) which result in some loss of visual quality [1]. About 1% 
suffers from keratoconus, pellucid marginal degeneration, corneal 
transplant, post-op ectasia or other condition that significantly 
degrades their vision [2]. Typically, these individuals are not eligible 
for LASIK and existing modalities (GP lenses, etc.) may not 
sufficiently restore normal vision.  Thus, a measurement driven 
custom wavefront correction is needed[3].  Many of these patients are 
fitted with scleral contact lenses.  However, these lenses often do 
not restore vision to normal levels due to incomplete index matching, 
corneal back surface and lens.

Previous studies have demonstrated the correction of wavefront 
error with scleral lenses and have shown the effectiveness of this 
treatment[4,5]. In some cases, these corrections have been limited by 
the accuracy and resolution of the aberrometer, or the instrument is 
no longer commercially available.

This paper shows a demonstration of the correction of aberrations 
for keratoconus and other conditions using a new commercially 
available aberrometer (WaveDyn Visual Analyzer) that was 
specifically designed to have increased dynamic range and accuracy 
for this purpose [7].

NORMATIVE RANGE

Everyone has some level of natural aberrations.  The normal 
range of aberrations was studied by Applegate et al and is a 
function of age and natural pupil size[6].  Table 1 is a summary of 
these parameters from this paper.

Thus the “normal range” can be found by looking up the HOARMS 
values in Table 1 for any given patient.

Table 1 – Normal higher order aberration range as a function of age and pupil size
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• While scleral lenses reduced aberrations in all eyes tested, in 
many cases there was still significant residual RMS wavefront 
remaining.  

• By adding the HOA correction, all patients benefited from lower 
wavefront error and improved visual acuity.  In most cases, these 
results were achieved with a single iteration without making a 
special predicate lens.
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DYNAMIC ABERROMETER

A high resolution, dynamic wavefront aberrometer system was developed 
to provide accurate measurements of highly aberrated eyes [7].  In a 
feasibility clinical study, this instrument was used to guide the treatment 
of patients with aberrated corneas.  The instrument was used to evaluate 
the aberrations, provide parameters for the design of the scleral lens, 
evaluate the fit of the lens, and then a second lens was designed to 
correct the wavefront aberrations based on measurements through the 
first lens.  For those patients that already were fit with a scleral lens, their 
existing lens was used as the predicate.

Specifications

• Dynamic wavefront aberrometry

• Dynamic iris image

• Contact lens fit

• Refraction 

• Dynamic corneal topography

• Dynamic keratometry

• Pupil dynamics

• Accommodation range

• 24 mm horizontal  field of view

• Measurable range (7mm pupil): Seq: -22 to +16 
D, Cyl: 14 D

• Max wavefront diameter 8.5 mm

• Spatial resolution 116 µm 

• Subjective refinement with integrated eyechart

• Live wavefront and refractive displays

Clinical study

The study included 15 eyes of 9 subjects, 54% male, 46% female ages 
23-44.  These subjects were all classified as having mild to severe 
keratoconus.  The severity ratio for each eye is calculated by dividing the 
Sph/Cyl corrected HORMS value by the age/pupil normal higher order 
RMS for that eye.  

𝑆𝑅 = , where WFEBC is the HOA for a standard scleral lens and 

WFENorm is from Table 1.

Fifteen eyes of nine patients were fit with EyeFit scleral lenses using 
the EyePrint process[8].  These lenses are very stable and predictable 
for both translation and rotation on the eye.  On average scleral lenses 
reduced the bare eye higher order aberrations (6 mm pupil) from 
1.03±0.38 mm RMS to 0.49±0.27 mm RMS (reduction of 52%±19%).  
The wavefront correction reduced the aberrations to 0.23±0.12 mm 
RMS (85%±7% reduction).  This resulted in a 64%±15% improvement 
over the basic scleral lens.  All patients preferred the wavefront guided 
lens.

A multi-function system capable of measuring:

Figure 1. Multi-function aberrometer/topographer

These scleral lenses are extremely stable on the eye, so the correction 
works very well in nearly all cases.  For mild/moderate cases, it was 
possible to measure the eye without correction, but for some severe 
cases the cornea was so irregular that a scleral lens was needed to get 
an accurate measurement.  Nevertheless. the WFG correction brought 
the subject to normal aberration levels.

The WFG refraction also improved the refraction compared to the 
standard scleral lens since the low orders are included in the WFG 
correction. 

Correction to normal range

Of the 15 eyes in the study, the aberrations in 13 eyes were reduced to 
the normal range. The most severe eyes did not make it to the normal 
range although they did improve significantly, and the patients preferred 
the WFG lens.
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Figure 3 Correction of aberrations with the WFG scleral lens for two 
subjects (a) bare eye, (b) Sphere/Cyl correction only, (c) aberrations 

corrected through 6th order. Same plot scale and pupil size for all maps.
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Figure 5. Higher Order RMS WFE by subject.  For each subject the bare eye, 
sph/cyl scleral and WFG scleral RMS values are presented.  (a) Higher order 

aberrations, (b) All order aberrations

Figure 2.  Data acquisition, analysis and display screens for the multi-function 
aberrometer/topographer

Lens Percent improvement

Sph/Cyl scleral lens compared to bare 
eye

53±19%

WFG lens compared to bare eye 85±7%

WFG lens compared to  sph/cyl scleral 64±15%

Results and Discussions C

Process
1. Measure subject with bare eye and habitual refraction (if possible)

2. Fit scleral lens.  Assess for stability. Adjust fit as necessary

3. Measure through lens and determine aberration content, 
alignment, lens tilt

4. Design wavefront correction and add to lens lathe file

5. Manufacture lens (DAC lathe)

6. Test on patient

Note:  If patient has already been fit with scleral lens and the lens data 
is known, then step 2 can be skipped.

Table 2 – The RMS comparison of bare eyes, Sph/Cyl lenses and WFG lenses

Figure 4. Severity Ratio for the study patients. 
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