American Academy of Optometry
Section on Cornea and Contact Lenses
Information for Eyecare Practitioners
Position Paper on Orthokeratology with Contact Lenses
April 2008

What are the Contact Lens Corneal Reshaping Procedures?

Orthokeratology (i.e., corneal reshaping, corneal refractive therapy, vision shaping
treatment) is a process which uses specially designed rigid contact lenses to temporarily
reshape the corneal contour. The purpose of corneal reshaping is to reduce or modify
myopia or astigmatism by applying rigid gas permeable (GP) lenses which have a curve that
is flatter than the cornea. As the curvature of the cornea changes in response, myopia is
reduced and uncorrected vision improves. Once the desired effect is achieved, lenses are
often worn as retainers at night to maintain the effect. The usefulness of orthokeratology
for a given patient will depend on both the magnitude of change achieved and how lasting
the effect is. In the past this procedure used a series of lenses to accomplish temporary
improved vision.

In 2002, the U.S. Food and Drug Administration (FDA) approved a procedure called
corneal refractive therapy. This procedure uses special design lenses worn only at night to
temporarily reduce nearsightedness. The goal is to use one set of lenses from beginning to
end, with maximum affect taking place after a couple of weeks. Sometimes one or two lens
design changes may be needed. This has been accompanied by the FDA approval for night-
time wear of several additional orthokeratology designs .

What is the Mechanism of Action?

Many theories exist to explain the mechanism of orthokeratology with the most widely
accepted being that of corneal "sphericalization". (1-3) The non-contact lens wearing cornea
is aspheric with the central corneal having the steepest curvature and becoming progressively
flatter towards the periphery. GP contact lens wear is postulated to cause central corneal
flattening accompanied by paracentral steepening, which results in a corneal shape factor
that approaches zero (i.e., spherical). This process is accelerated by the use of reverse
geometry lens designs which have a secondary curve that is steeper than the base curve to
allow appropriate changes in the midperipheral cornea (i.e., "accelerated orthokeratology").
In other words, when a rigid contact lens applies pressure to the cornea in one area, the
cornea yields to that force and pushes out in another area where there is less force.
Therefore, flattening of the apex of the central cornea is accompanied by midperipheral
steepening, essentially resulting in a redistribution of corneal tissue. (4) This is believed to be
the basis for changes occurring in orthokeratology.

How Successful is Orthokeratology?

Orthokeratology appears to be quite successful for patients with less than two
diopters of myopia. Eatly studies reported only about a one diopter decrease in myopia.



(1,5,6) More recent research with newer lens designs have reported approximately twice as
much myopia reduction and has been found effective for reduction of myopia of as much as
4D. (7-9). In addition, with these designs, almost all of the refractive change occurred within
the first 7 to 14 days (10-12) with a significant effect in both corneal flattening and
improvement in visual acuity occurring within 10 minutes of lens wear. (13) In a three
month study completed by 31 subjects, the mean reduction in the myopic spherical
equivalent refraction was 2.08D in the right eye and 2.16D in the left eye.(7) Seventy-four
petcent of the subjects achieved 20/20 or better unaided visual acuity in their tight and 61%
had unaided visual acuity of 20/20 or better in their left eye.

Can the Amount of Myopia Reduction Be Predicted?

Predicting the amount of myopia reduction for a given orthokeratology candidate
has been difficult. However, recently it has been found that the corneal eccentricity tends to
decrease and approach zero (a sphere) due to the sphericalization effect of orthokeratology;
thus the amount of myopia reduction can be predicted from the amount of baseline corneal
eccentricity. (2) As the average corneal eccentricity is approximately 0.5, the potential
reduction in refractive error to obtain a spherical cornea would be approximately 2.50D.
For high corneal eccentricity, such as 0.6, the potential reduction would be 3.00D, and for
lower eccentricity such as 0.4, it would be 2.00D. However, this theory is controversial as
total corneal sphericalization has not been found to be a common finding and corneal
eccentricity represents an oversimplification of corneal contour. (14)

Who are Good Candidates for Orthokeratology?

Individuals with low myopia who are motivated for a reversible, non-surgical means
of reducing nearsightedness are good candidates for orthokeratology. Many individuals are
motivated by an occupational or recreational need or requirement. Airline employees,
military personnel, police officers and firemen are among the individuals who may request
orthokeratology as a means of meeting an unaided visual acuity requirement. It is important
to determine whether orthokeratology is feasible with the patient's refractive error and
unaided visual acuity requirements while also emphasizing the importance of retainer contact
lens wear. Prospective candidates should be aware that orthokeratology is not permanent
and that their resulting vision may be variable. Also, the importance of monitoring acuity
and complying with lens care and wearing time instructions should be emphasized. The
patient should consult with the (potential) employer regarding their vision requirements
prior to undertaking orthokeratology. Prospective candidates must be given a realistic
overview of the expectations in terms of how much myopia may be reduced, the cost, and
the time-frame along with the patient's availability for visits. Although the cost and the
number of visits are often reduced as a result of the more rapid changes occurring with
reverse geometry lens designs, patients need to be advised of the fees and that as many as
10-12 visits may be necessary for monitoring and design changes over a six month or greater
period. Likewise, the patient’s goals should be taken into consideration. Whereas 20/20
unaided visual acuity is often desirable, it may not be the required endpoint of therapy for a
highly myopic individual who desires an improvement in unaided vision.



Young patients are good candidates although as the axial length of the eye continues
to grow, promises of emmetropia may not be realistic for individuals with higher amounts of
myopia or astigmatism. In a recent study 23 of 29 subjects (79.3%), age 8 — 11, completed 6
months of overnight orthokeratology.(15) The initial spherical equivalent refractive error
ranged from -0.75D to -5.00D but after 6 months was equal to an average of -0.16D.

Highly astigmatic individuals are not good candidates nor are against-the-rule
astigmatic patients. (16) Finally, individuals who are current rigid lens wearers most likely
have already experienced some sphericalization of the cornea; therefore, orthokeratology
may have little further impact.

What about Retainer Lens Wear?

When no further refractive change has been elicited or the corneal topography shows
a uniform, appropriate contour, the orthokeratology patient enters a retainer lens wear
regimen. Typically, this consists of continuing overnight wear of the prescribed overnight
orthokeratology lens design. This has the benefits of eliminating the effects of dust and wind
occurring with daily wear, the patient experiences little to no discomfort, and the speed of
refractive change can be enhanced via the closed lid effect at night. (17) Patients with a very
low baseline myopic prescription (often less than 2D) may achieve successful unaided vision
during the day after wearing their lenses every other night, every third night or sometimes
even less. (18) The patient typically gradually reduces their wearing time until they first
experience a decrease in unaided visual acuity. The lower the amount of presenting myopia,
the less amount of time necessary for retainer wear. A well informed patient should be able
to monitor and modify their schedule accordingly.

What are Possible Complications Resulting from Orthokeratology?

Common problems resulting from orthokeratology are variability and decreased
quality of vision. As a result of corneal changes - particulatly after lens removal - patients
can report variable and/or decreased vision. (1,0) Likewise, as the amount of refractive
change reduction is rather unpredictable, some patients may not obtain satisfactory unaided
visual acuity. (5,18) The need for a retainer lens after completion of the orthokeratology
process and the individual variation in the number of hours of lens wear necessary to
maintain the refractive endpoint can contribute to these symptoms.

Several reports of an increase in with-the-rule corneal astigmatism have also been
documented. (1,6) Often this is the result of a lens that exhibits superior decentration
inducing adverse changes in corneal topography. In some cases because of the effect of a
flat fitting lens on the cornea, peripheral corneal distortion can occur. (4,19) Often this can
result from an excessively aggressive approach (i.e., base curve radius is too flat).

Corneal staining can be a problem over time, especially if the lens is either fitting too
flat resulting in a mechanical abrasion of the central epithelium or as a result of a tight fitting
lens resulting in adherence. (20) In addition, trapped debris and adherent deposits due to a
tight-fitting lens can result in this problem over time. Some minor corneal pigmentation as
been observed with overnight use of these designs. (21)

There have been recent reports of microbial keratitis among orthokeratology patients
which have raised concerns worldwide abut the safety of corneal reshaping, especially in
children. (22,23) In one report, 50 cases of microbial keratitis have been reported worldwide
in orthokeratology; 80% of these cases occurred in East Asia.(24). It is imperative that all



orthokeratology patients — but especially young wearers — are compliant with lens care
instructions to minimize the risk of infection. Because of the fact that these lenses are worn
overnight, the current FDA approved designs are manufactured in very oxygen permeable
lens materials.

Finally, regression of the myopic change toward the pre-fit level can occur once
retainer lens wear has been initiated and even more so if contact lens wear is discontinued.
Altogether, the refractive error tends to regress toward the baseline values. (5,6)

What is the Fitting and Management Process for Orthokeratology and Corneal
Refractive Therapy?

To ensure the absence of corneal edema, the selection of a highly oxygen permeable
lens material is recommended. This is especially important due to the minimal lens
movement recommended and if overnight orthokeratology is being considered.

Reverse geometry or return zone (as they are called with corneal refractive therapy)
lens designs are in common use today. These lenses have demonstrated faster and more
regular topographic changes than conventional lens designs. These lens designs often utilize
a large overall diameter (e.g., 10.0 — 11.0mm) with a small optical zone (e.g., often
approximately 6.0mm). The reverse or return curvature is typically anywhere from two to
eight diopters steeper than the base curve or a sigmoidal curve that returns the lens to the
cornea for proper sagittal depth. The base curve is fitted flatter than “K” in an effort to
achieve an area of central bearing surrounded by a band of mid-peripheral tear pooling and
approximately 1mm of lens movement with the blink. (3)

The patient is typically evaluated the morning after initiating overnight lens wear. If
the treatment does not appear to be complete, the patient can be evaluated after three nights
of lens wear; otherwise, evaluations at one week, 2 — 4 weeks and three months followed by
every six months is recommended. During the treatment phase, it is common procedure
today to provide disposable soft lenses of gradually reducing power, to be worn until
refractive stabilization is complete.

With current lens designs, the fluorescein pattern (touch centrally, midperipheral tear
pooling, corneal alignment, and slight edge lift, with good lens centration) is achieved with
only one pair of lenses. Some design changes may be needed for undercorrection or lens
decentration.

The use of videokeratography for corneal topography evaluation is quite valuable in
managing these patients and is highly recommended. These instruments may provide
corneal eccentricity values which can assist in predicting the amount of change as well as
how much change is occurring from visit to visit. The color map itself can both rule out
poor candidates (i.e., corneal distortion, preclinical keratoconus) and provide beneficial
information on the corneal topography in general. In addition, the use of difference maps
can show how much change has occurred from visit to visit.

What is the Future for Orthokeratology?

Orthokeratology lens designs are being investigated for treatment of hyperopic and
presbyopic refractive errors.(25) In addition, there appears to be the possibility that these
designs can retard, halt or reverse eye growth through a precise and predetermined optical
system at or near the corneal plane. This optical system would be designed to manipulate
the peripheral optics such that the peripheral field image is positioned in front of the



peripheral retina while the central field image is positioned at the fovea.(26,27) In other
words, myopia control could occur via an optimum orthokeratology lens design.

Another potential management option which would add to the permanency of
orthokeratology, corneaplasty, is currently under investigation. Corneal intrastromal
injection of an enzyme combined with orthokeratology lenses could enable longer
maintenance of the modified corneal contour after orthokeratology, minimizing the need for
retainer lens wear.

The American Academy of Optometry’s Position on Orthokeratology

Orthokeratology is recommended as an alternative to refractive surgery for
motivated individuals with low myopic refractive error. The introduction of highly oxygen
permeable rigid lenses, in combination with reverse geometry lens designs and sophisticated
corneal topography systems, has allowed practitioners to accelerate the myopia reduction
process while being able to carefully monitor corneal changes. However, caution must be
used when promoting orthokeratology, especially as it pertains to the amount of myopia
reduction possible for a given patient. The risks, as well as benefits, of these corneal
reshaping procedures should be explained to the prospective patient and these individuals
should be carefully monitored, both through the initial wear phase as well as the retainer
wear phase. In addition, patients need to be counseled to be compliant with lens care and
wearing schedule instructions. These procedures have promise but further research is
necessary to evaluate such factors as the predictability of refractive error reduction, refractive
error stability over time, and overnight lens wear.
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