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ABSTRACT
Purpose: To test multizone contact lenses in model eyes: Fractal Contact Lenses (FCLs), designed to induce
myopic peripheral refractive error (PRE).
Methods: Zemax ray-tracing software was employed to simulate myopic and accommodation-dependent model
eyes fitted with FCLs. PRE, defined in terms of mean sphere M and 90 –180 astigmatism J180, was computed at
different peripheral positions, ranging from 0 to 35 in steps of 5 , and for different pupil diameters (PDs).
Simulated visual performance and changes in the PRE were also analyzed for contact lens decentration and
model eye accommodation. For comparison purposes, the same simulations were performed with another
commercially available contact lens designed for the same intended use: the Dual Focus (DF).
Results: PRE was greater with FCL than with DF when both designs were tested for a 3.5 mm PD, and with and
without decentration of the lenses. However, PRE depended on PD with both multizone lenses, with a
remarkable reduction of the myopic relative effect for a PD of 5.5 mm. The myopic PRE with contact lenses
decreased as the myopic refractive error increased, but this could be compensated by increasing the power
of treatment zones. A peripheral myopic shift was also induced by the FCLs in the accommodated model eye.
In regard to visual performance, a myopia under-correction with reference to the circle of least confusion
was obtained in all cases for a 5.5 mm PD. The ghost images, generated by treatment zones of FCL, were
dimmer than the ones produced with DF lens of the same power.
Conclusions: FCLs produce a peripheral myopic defocus without compromising central vision in photopic
conditions. FCLs have several design parameters that can be varied to obtain optimum results: lens diameter,
number of zones, addition and asphericity; resulting in a very promising customized lens for the treatment
of myopia progression.
Keywords: Contact lenses, model eyes, myopia, myopia progression, peripheral refraction

INTRODUCTION

a possible factor that could cause the progression
of myopia (see Smith4 for a review). Consequently,
the induction of a myopic peripheral refractive error
(PRE) could be considered as a myopia progression
treatment in humans, taking into consideration that
retina5 is able to identify positive and negative
defocus, and paracentral retina reacts more vigorously
than central retina to optical defocus.6 This finding
may be related to sign-dependent sensitivity to

The treatment of myopia progression deserves
the attention of ophthalmologists and optometrists
mainly because of the high risk of serious ophthalmic
diseases associated with it.1,2 Experimental studies in
animals3,4 found that refractive error in the peripheral
retina can regulate the eye growth, in particular,
relative peripheral hyperopia has been suggested as
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peripheral defocus for myopes,7 which could be
due to specific combinations of eye aberrations at
peripheral retina.8–10
Based on this theory, different optical treatment
strategies have been proposed and tested.11–13 With
regard to soft contact lenses, the effect on peripheral
refraction14,15 and on myopia progression16 of several
designs for presbyopia have also been investigated,
but these lenses showed a negative impact on foveal
vision because of the nature of their designs.17
Consequently, new contact lenses have been proposed
specifically for myopia treatment.18,19 Unfortunately,
little information is available concerning the impact
on peripheral refraction of different variables such as
pupil diameter (PD), refractive error, lens decentration
and therapeutic power. In this sense, we think that
some improvements could be obtained by making
ray-tracing simulations on model eyes with a careful
optimization of several lens design parameters.
Different human model eyes can be used to
perform such simulations. For instance, the Model 1
proposed by Atchison,20 derived from experimental
data, reflects the refraction related changes of the eye.
It has been demonstrated that this model gives good
predictions of the hyperopic peripheral shift in the
mean sphere along the nasal visual field in myopic
eyes,21,22 and it has also been employed to study the
effect on PRE of contact lenses with different degrees
of asphericity.20 Nevertheless, this model does not
predict changes in the eye power with accommodation. The accommodation-dependent model eye proposed by Navarro & Santamaria23 represents an
alternative to Atchison’s model to simulate the relative effect of the accommodation on the PRE of an
emmetropic eye.
In this work, a new contact lens design is presented
as a potential therapeutic method for the treatment
of myopia progression. These lenses have been specifically designed to correct the foveal refractive error
of the eye and simultaneously to generate a myopic
refractive error along the peripheral retina. Our
design, named Fractal Contact Lens (FCL),24 is
inspired on Fractal Zone Plates, which are multifocal
diffractive lenses characterized by a fractal focal
structure (i.e. self-replicating pattern at different
scales) along the optical axis.25 Under white-light
illumination, this property optimizes their performance as image forming devices, because it makes
them with an extended depth of field and a reduced
chromatic aberration.26 Different ophthalmic optical
elements in the form of multifocal intraocular lenses
and multifocal contact lenses have been proposed
based on Fractal zone plates.24 In particular, the FCLs
for myopia treatment27 are multi-zone contact lenses
with a larger central zone than those intended
for presbyopia correction, previously developed.24
The outer zones of the FCLs are designed to obtain
a myopic PRE without producing a secondary image

at the central fovea in normal photopic vision and
to not interfere with the normal functioning of the
accommodation system in myopic young subjects.
Simulations of the FCLs performance in model eyes
are simulated with Zemax ray tracing software and
compared with those calculated by the use of another
contact lens specifically proposed for the treatment
of myopia progression: The Dual Focus (DF).19 Our
purpose is to show that FCLs can improve the optical
performance of the DF lenses, producing a higher
myopic PRE without compromising the foveal image
quality over a wide range of viewing conditions.

METHODS
Contact Lenses
FCL design for myopia treatment consists of six
refractive zones, (three correction (C) zones and three
treatment (T) zones). The radii of the zones are
distributed from center to periphery according to
the triadic fractal Cantor set25,28 along of the squared
radial coordinate. As illustrated in Figure 1(A), the
diameters of the FCL zones are C1 = 4.50 mm,
T1 = 6.50 mm, C2 = 7.91 mm, T2 = 11.42 mm, C3 =
12.27 mm and T3 = 13.14 mm. The optical power of
the correction zones compensates the refractive error
of the eye, while the treatment zones produce simultaneously a myopic focus on the peripheral retina
without affecting the foveal image, at least under
photopic conditions. In this way, a FCL behaves as a
multi-zone refractive lens, with negligible diffractive
effects because it has a relatively low number of
wide zones.27 The other lens chosen for comparison
(Figure 1B): The DF soft contact lens19,29 has three
correction (C) and two treatment (T) zones. From
center to periphery, the diameter of the zones are

FIGURE 1 Graphical sketch of (A) FCL and (B) DF lens. Front
view with zone sizes in gray for treatment zones and white for
correction zones (left), and a section view with the curvature
along the radial position (right).
Current Eye Research
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C1 = 3.36 mm, T1 = 4.78 mm, C2 = 6.75 mm, T2 = 8.31 mm
and C3 = 11.66 mm (Figure 1B).
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Ray-Tracing
The performance of our designs was tested by raytracing simulations using a commercially available
software package (Zemax 13 SE; Zemax Development
Corporation, Bellevue, WA). Myopic eyes were
simulated with the model eye proposed and tested
by Atchison20 (Model 1) because this model includes
spectacle refraction-related changes of the anterior
corneal radius, vitreous length and retinal shape, and
accurately predicts the hyperopic peripheral shift
in the mean sphere measured in myopic eyes along
the nasal visual field. However, this model eye
does not allow different levels of accommodation.
Therefore, instead of the myopic Model 1, the
Navarro23 model eye was employed to simulate
accommodated eyes. Even though Navarro model
does not contemplate different refractive errors, its
use in this work is justified because it has been found
that the effect of accommodation on PRE (mean
sphere and astigmatism) is not significantly different
between emmetropic and myopic eyes.30–32 Tables 1
and 2 show the Zemax parameters taken from the
spreadsheet program for the Model 1 and Navarro
models, respectively.
As the model eyes are rotationally symmetric, PREs
were computed only across one horizontal semimeridian of the eye in steps of 5 , from 0 to 35 .
To determine the PREs, we followed a similar
procedure as the one described in Ref. [20], i.e. for
each angle of eccentricity, a thin lens (a paraxialXY33
surface in Zemax) was located 0.2 mm in front
of the cornea with a different value of tilt and
decentration depending on the angle subtended by
TABLE 1 Atchison myopic model eye parameters with
spectacle refraction (SR) in D.
Zemax n :
type
1:
2:
3:
4:
5:
6:
7:
8:

Refractive index
Radius Thickness
(Medium) (555 nm) (mm)
(mm)
Asphericity

Standard
1 (air)
Standard
1.376 (cornea ant.)
rc
Standard 1.3374 (cornea post.)
6.4
a
1.3374 (pupil)
Inf.
Standard
Gradient
Grad A (ant. lens)
11.48
Gradient
Grad P (equator)
Inf.
Standard
1.336 (post. lens)
5.90
Biconic
(retina)
rx, ry

0.55
3.15
0
1.44
2.16
vl

0.15
0.275
0
5
0
2
Qx, Qy

rc = 7.77 + 0.022SR.
Grad A = 1.371 + 0.0652778Z  0.0226659 Z2  0.0020399(X2 + Y2).
Grad P = 1.418  0.0100737 Z2  0.0020399(X2 + Y2).
vl = 16.28  0.299SR.
rx = 12.91  0.094SR Qx = 0.27 + 0.026SR.
ry = 12.72 + 0.004SR Qy = 0.25 + 0.017SR.
a
Aperture type: float by stop size.
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the chief ray. The paraxialXY surface acts as an ideal
thin lens with optical power specified in two directions, (Fx) and (Fy).33 Zemax Programming Language
was employed to perform an optimization routine
in attempt to obtain, for each angle, the values of
Fx and Fy that minimize the RMS spot radius with
respect to the centroid. Decentrations and tilts were
made by the Zemax coordinate break surface capability,
applying decentrations before tilts and reversing
the coordinate break surface before ray-tracing to the
cornea. Table 3 shows the decentration and tilt values
applied to paraxialXY surface and the respective
position where the chief ray intersects the cornea.
With the values of the parameters Fx and Fy given
by the routine, the mean sphere M and the 90 –180
astigmatism J180 were obtained from:20
M ¼ ðFx þ FyÞ=2

ð1Þ

J180 ¼ ðFx  FyÞ=2

The same Zemax procedure was performed with
FCL and DF. The contact lenses were located between
the paraxialXY surface and the cornea. The front
surface of the contact lenses was modeled using a
ZEMAX Binary Optic 4 surface, which supports a
TABLE 2 Escudero-Navarro model eye parameters with
accommodation A in D.
Zemax n :
type

Refractive index
(Medium) (555 nm)

Radius Thickness
(mm)
(mm)
Asphericity

1: Standard
1 (air)
2: Standard 1.376 (cornea ant.)
3: Standard 1.3374 (cornea post.)
1.3374 (Pupil)
4:Standarda
5: Gradient
n3 (ant. lens)
6: Standard
1.336 (post. lens)
7: Biconic
(Retina)

7.72
6.5
Inf.
R3
R4
12

0.55
d2
0
d3
16.40398

R3 = 10.2  1.75 ln (A + 1).
R4 = 6.0 + 0.2294 ln (A + 1).
d2 = 3.05  0.05 ln (A + 1).
d3 = 4.00 + 0.1 ln (A + 1).
n3 = 1.42 + 9  105 (10A + A2).
Q3 = 3.1316  0.34 ln (A + 1).
Q4 = 1.0  0.125 ln (A + 1).
a
Aperture type: float by stop size.

TABLE 3 Decenter/tilt values applied to the
paraxialXY surface for each measure along
the visual field.
Visual field
40
35
30
25
20
15
10
5

Dec.X (mm)

Tilt-Y ( )

3
2.3
1.95
1.6
1.25
0.9
0.6
0.3

40
35
30
25
20
15
10
5

0.26
0
0
Q3
Q3
Q4
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variable number of concentric radial zones of different
powers with independent: radial size, conic and
polynomial aspheric deformation. Although it has
not been used in our simulations, all zones may
also have a diffractive phase profile with independent
coefficients.33
Despite the fact that FCLs can be fabricated in both
soft and rigid gas permeable materials, in this work,
we restricted the analysis to soft contact lenses
in order to obtain results that could be compared
with those obtained with DF. Considering soft contact
lens flexure, the back surface radii (rb) of contact
lenses were considered the same of the cornea.
The front radii (r) of the zones were calculated in
terms of the back vertex power (BVP) as:
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r¼

rb ðnl  1Þ
tc
 þ tc
nl  1 þ ðrb BVPÞ nl

ð2Þ

where tc = 0.1 mm is the thickness at the center of the
contact lenses and nl = 1.403 is the refractive index for
the wavelength of 555 nm. We assumed that the
asphericity of the contact lens surfaces matched
the corresponding values of the model cornea (see
Tables 1 and 2) since, as we mentioned above, soft
contact lenses conform exactly to the front corneal
surface. This fact has been demonstrated in experimental studies,34–36 and justified in previous theoretical calculations.37 It is also important to note that
model eyes do not consider changes to the curvature
beyond the cornea (scleral curvature), therefore if
back surface of the contact lens is considered with
the same asphericity of the cornea, a perfect alignment will be obtained when rb is similar to the cornea
radius. The refractive index at the back surface of the
contact lenses was set n = 1 (air) and a thin tear
film (n = 1.336) was placed between the cornea and
the contact lenses with the same curvature as both
surfaces.
With the Zernike coefficients provided by Zemax,
foveal images were simulated numerically using the
standard Fourier techniques following the procedure
detailed in Ref. Legras et al.38, i.e. by computing the
optical transfer function (OTF) of the model eye
wearing each type of lenses under different conditions. The image of the object was finally obtained by
multiplying the computed OTF with the Fourier
spectrum of the object (a set of optotypes) and doing
an inverse Fourier transform.
Finally, PRE was computed with and without FCL
using the accommodated and unaccommodated
Navarro model eye. We decided to use a PD of
3.5 mm for this analysis considering that near work
is normally performed under photopic illumination.
The same procedure that described previously with
the myopic model was performed with two little
variations. First, the soft contact lens parameters
were fitted in accordance to the cornea parameters

of the Navarro model. Second, the object was placed
at infinity for distance vision and at 33.3 cm in front
the cornea (3.00 D for near vision).

RESULTS
The FLC performance was first evaluated for a
treatment zone power (TP) of +2.00 D in order to
obtain results that could be compared with those
obtained with the DF lens, which has been designed
with the same TP. Figure 2 shows the PRE computed
for myopic eyes along the horizontal meridian, up to
35 of visual field angle. Results for two myopic eyes
are represented in Figure 2: 2.00 D (panels A and B),
and 8.00 D (panels C and D) for two PDs, 3.5 mm
and 5.5 mm. These correspond approximately to PDs
of a 10-year-old child under photopic and mesopic
levels of illumination, respectively.39 Regarding the
mean sphere M, two common features of both lenses
can be observed in Figure 2(A) and in Figure 2(C):
On the one hand, the relative peripheral myopic
shift was lower for 8.00 D than for 2.00 D. We
found that other values of myopia ranging between
2.00 D and 8.00 D (not shown) produced intermediate results. On the other hand, a central undercorrection was obtained in all cases, except for the
FCL with a PD of 3.5 mm. As can be seen, the amount
of this under-correction was also dependent on
the degree of myopia. This effect could be explained
by the spherical aberration of the eye and by the
relative influence of the treatment zones on central
vision as PD increases. Note that, in spite of the
fact that the PRE produced by both lenses was
dependent on PD, the increase rate of the myopic
shift with the eccentricity for a PD of 3.5 mm (circles
in Figure 2) was greater with the FCL than with the
DF lens.
Figures 2(B and D) illustrate the results obtained
for 90 –180 astigmatism J180. As happened with mean
sphere, the peripheral astigmatism produced by both
lenses was dependent on the PD but to a lower degree
than M. Note that the peripheral astigmatism at 35
was higher for FCL than for DF.
Figure 3 shows the effect of lens misalignment on
PRE mean sphere. The values obtained for a FCL
(Figure 3A) and DF (Figure 3B) centered on the eye’s
pupil were compared with those obtained when the
lenses were decentered 0.5 mm downward and
0.5 mm to the temporal side. It can be seen that for a
PD of 3.5 mm (circles), the influence of decentration
was of less importance for FCL than for DF. In fact,
higher values of PRE were obtained with FCL design.
Related to the previous result, Figure 4 shows the
foveal images computed numerically. As can be seen,
although both lenses have similar performance for a
PD of 5.5 mm, the ghost images produced by the
near focus are clearly more evident in the images
Current Eye Research
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FIGURE 2 Mean sphere M (left) and astigmatism J180 (right) as a function of the visual field for 2.00 D (top) and 8.00 D (bottom)
in the myopic Atchison model eye compensated with FCLs and DF lenses for pupil diameters of 3.5 and 5.5 mm.

FIGURE 3 Impact of lens decentration on mean sphere (M) as a function of the visual field for a myopic model eye of 2.00 D
compensated with FCL (left) and DF (right). Closed symbols correspond to a centered lens. Open symbols correspond to a lens
decentered 0.5 mm downward and 0.5 mm to the temporal side.

corresponding to the DF lens. As we mentioned, FCL
design admits different powers of treatment zone. The
influence of this parameter on the PRE is represented
in Figure 5 for a 2.00 D myopic eye with a 3.5 mm
!
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PD. As can be observed, the effect of TP variation
was more noticeable for the mean sphere, than
for 90 –180 astigmatism. As TP increased, the PRE
also increased in all cases, with a maximum increase
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for M at 35 of around 75% of the TP added, and
nearly one half of this added value at 30 .
The performance of the FCL in near vision was
simulated with the Navarro model eye for a PD of
3.5 mm. The results are shown in Figure 6. As can be

seen, when the accommodation was relaxed, the
model eye without contact lens correction (naked
eye [NE] curves in the figure) predicted that mean
sphere PRE becomes more hyperopic as the peripheral angle increased. Then, a myopic shift was
produced in the PRE in all cases for the accommodated eye (open symbols in the figure). Note that
FCL produced a relative myopic shift, which reached
its highest value at 35  for M and J180 in both cases,
with accommodated and unaccommodated eye.
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DISCUSSION
FIGURE 4 Simulated optical images at fovea of a 2.00 D
myopic model eye compensated with FCL (left) and DF (right).
A 20/50 set of letters was used as object. Values in brackets
represent a centered lens (0.0) and a decentered lens relative to
the pupil (0.5 mm downward, 0.5 mm temporal). Images
correspond to two pupil diameters, 3.5 and 5.5 mm.

Peripheral Refractive Error
We found that the PRE obtained with FCL was higher
than the one produced by DF for refractive errors
in the range of 2.00 D to 8.00 D. However, our

FIGURE 5 Mean sphere M (left) and astigmatism J180 (right) as a function of the visual field for a myopic model eye of 2.00 D
compensated with FCLs having different amount of treatment power (TP).

FIGURE 6 Mean sphere M (left) and astigmatism J180 (right) as a function of the visual field for an emmetropic unaccommodated
(distance) and accommodated 3.00 D (near) Navarro model eye. Results for naked eye (NE), and fitted with a FCL with zero power
at the correction zone and a therapeutic power of +2.00 D.
Current Eye Research
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results seem to suggest that the effectiveness of both
types of lenses with a fixed treatment power might
depend on the degree of myopia, since a lesser
effect was obtained for higher values of myopia.
These results are explained by the increase of the
hyperopic PRE with the refractive error22 that was
properly modeled by Atchison.20 Therefore, as the
model eye is more hyperopic in the periphery with
the increase of the refractive error, the total peripheral myopic shift obtained with the contact lens was
lower. In our case, we have demonstrated that this
limitation could be partially solved by increasing
the value of the treatment power, since this is a free
parameter in FCL design that affects the PRE without
compromise central vision, at least for PDs lower
than 4.0 mm.
Even though the impact on PRE produced by
decentration of DF has not been previously reported,
Sankaridurg et al.18 found asymmetries in the PRE
with another therapeutic contact lens designed to
reduce relative peripheral hyperopia. The authors
attributed this to the fact that contact lenses were
decentered from the visual axis, centering, as contact
lenses actually do, on the geometric center of the
cornea. In our case, we also simulated the typical
decentration of the lenses. As a result, we found that
the PRE and the optical quality at the fovea were less
sensitive to decentrations with FCL than with DF.
We also found that PD had a great impact in M at
the periphery for both contact lens designs; therefore,
we consider that therapeutic contact lenses should
be designed to work optimally under photopic conditions. As far as the position of the first treatment
zone is concerned, Anstice & Phillips19 measured PDs
in eyes wearing DF in three different lighting conditions. They suggested as an advantage of their design
that the inner treatment zone fall inside the limits
of the pupil even if miosis by accommodation is
induced. Our simulations seem to contradict this
assumption because we found a higher myopic shift
with FCL, in which the inner zone fall outside the
pupil under photopic conditions. Our results have a
good agreement with those obtained with the orthokeratology technique (OK), on which the optic zone
diameter of the OK lenses performs a change in
the cornea curvature generally outside the pupil at
photopic conditions.40
With respect to the influence of the number and
extension of zones, our design has more zones that
DF in order to obtain a larger therapeutic area
affecting peripheral vision, since it has been hypothesized that effectiveness in myopia progression
might be dependent on the extension of visual field
that is manipulated.41 In fact, Sankaridurg et al.42
compared myopia progression with different designs
of spectacle lenses. They found that the slowest
progression resulted with the spectacle lenses with
the most extended treatment area.
!

2014 Informa Healthcare USA, Inc.

7

Regarding to the values obtained for peripheral
astigmatism, which has also been suggested as a
variable involved in myopia progression,43,44 we
found that FCL and DF lenses produced a similar
effect: the values of J180 decreased with the eccentricity and, contrary to what happened for the mean
sphere, it was nearly independent of the refractive
error and less sensitive to the PD. Furthermore, our
results (Figures 1, 5 and 6) allow to estimate the
relative positions of the peripheral sagittal and
tangential foci. In fact, from the variations of the
mean sphere (M) and the astigmatic component J180
with the eccentricity, two features can be deduced.
First, at least under photopic conditions, FCL causes
that the entirety of the interval of Sturm lies in front
of the peripheral retina, while the central image is
positioned at the fovea. Second, the sagittal focus is
more sensitive to the eccentricity than the tangential
focus, because it moves away from the retina faster as
the angle of incidence increases. However, our results
for the mean astigmatism J180 should be interpreted
with caution and they need to be confirmed in the
future with the outcome of clinical research, since
the Atchison eye Model 1 overestimates this parameter
by about 50%.20

Visual Performance
As we have shown, visual performance could be
influenced by multizone contact lenses. DF and FCL
produced an under-correction for the myopia refractive error, which was dependent on the PD. As we
mentioned, this effect could be attributed to the
spherical aberration and the impact on foveal vision
of the treatment zones with increasing PD. In fact,
this under-correction was negligible with FCLs for
PDs up to around 4 mm. Kollbaum et al.17 pointed
out that patients wearing DF lenses may experience
some decrease in visual performance similar to that
obtained with contact lenses for presbyopia; but in
their work, it was not mentioned if lens centering
and PD had been controlled. Although undercorrection has been reported as a myopiogenic
stimulus,45 according to the very good clinical results
reported with DF lenses19 and other multifocal
contact lenses,16 it seems that this effect would be
of little importance. Smith41 explained this fact
considering that foveal myopic defocus around
0.50–0.75 D does not create a myopic peripheral
defocus under certain conditions. For instance, for
fixation distances inside 1 m, it is likely that the
foveal image will be in good focus and the eye
will also experience peripheral hyperopia. However,
in this situation, multifocal contact lenses also create
a peripheral myopic defocus.46 This may explain
the positive results in slowing myopia progression
with multifocal contact lenses in contrast to those
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obtained with monofocal contact lenses producing
an under-correction of the refractive error.
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Effect of the Accommodation
Although the Navarro model eye was not designed
to predict the PRE, it has been used for the analysis
of the relative change of the PRE due to the
accommodation.47 Our results predicted that the
peripheral hyperopic defocus generated by the NE
decreased as the accommodation increased. From an
optical design stand point, the change in peripheral
refraction could be attributed to an increase in the
curvature of field and to an increase in the amount
of peripheral astigmatism of the eye on
accommodation.48
FCLs have been designed to not interfere with the
normal functioning of accommodation; i.e. to avoid
any additional blur at near vision under photopic
lighting conditions. Therefore, the central zone of FCL
covers the whole pupil area in this condition as
opposed to DF on which the central zone is smaller.19
According to our results, the FCL fitted to the
Navarro23 model eye produced a beneficial relative
myopic shift, both with and without accommodation;
i.e. the FCLs produced a relatively more myopic PRE
at distance focus, which is maintained when the eye
focused on a near object. Although we performed
simulations with an emmetropic model eye, in our
opinion these results might be extended to myopic
eyes because, as we already mentioned, experimental
evidence shows that the PRE profiles does not
differ between emmetropes and myopes during
accommodation.30–32

Limitations of the Ray Tracing Simulations
Some limitations of this study are related to the
model eyes employed. In spite of being the best
option that we found for this purpose, these are far
from being perfect models. In fact, as we mentioned
above, Atchison Model 1 does not predict correctly
the PRE along the vertical meridian and temporal
visual field. Actually, clinical evidences of the PRE
asymmetries in the visual field,20 and the impact
of accommodation on the PRE in myopes47 are not
fully predictable with any current model eye.
In addition, we are aware of new accommodated
model eyes that have been appeared,49 but they
were not considered in this study because they
require special surfaces not supported by the Zemax
SE version. Therefore, future improvements may be
developed with the progress of the models and
higher versions of Zemax.
In our simulations, we also assumed that soft
contact lenses perfectly match the corneal surface.

Although this assumption could be questioned,
images obtained recently with ultra-high resolution
OCT do support it50 and are in agreement with
findings of earlier studies obtained with a high
illumination keratometer34 and a Shack–Hartmann
aberrometer.51 We have to recognize that we cannot
directly extrapolate the results from our simulations
to real efficacy of the lenses in clinic because of the
above limitations. In addition, as like any other soft
contact lens several variables will also influence the
actual shape and performance of the contact lens on
the eye: manufacturing technology,52 lens materials,53
tear film,54 movement and flexure,55 etc. With regard
to DF lens, we want to point out that our simulated
design could not correspond exactly with the commercial lenses, since we retrieved its shape from the
literature and we have not characterized the real
contact lens.

CONCLUSIONS
In our opinion, ray tracing routines in model eyes
can be considered as a versatile and fast procedure
that could be very useful for predicting the outcomes of different lenses designed to slow the
progression of myopia. Thus, the performance of a
new design of soft contact lens for treatment of
myopia progression (FCL) has been analyzed by
ray tracing with Zemax 13 SE on the Atchison
and Navarro model eyes. Results were compared
with those provided by other soft contact lens
designed for the same purpose (DF). According to
our results, FCL performance was in general better
than DF in terms of PRE and visual performance
when contact lenses were evaluated under photopic
conditions.
In spite of the previously discussed limitations,
we believe that simulations performed in this work
demonstrate the potentiality of the FCLs to produce a
myopic relative peripheral error, which has been
proposed as an optical treatment for myopia progression. In addition, we showed that the results are
dependent on the PD; therefore changes in the design
could be required depending on the patient. For this
purpose, several design parameters can be adjusted in
FCL to obtain the desired peripheral shift, such as
diameter, number of zones, power of the treatment
zone and asphericity. It is expected that clinical
research will confirm our predictions about the
PRE induced by FCLs. Finally, it is worth noting
that FCL construction requires the same lathe technology employed in the fabrication of other commercial multizone contact lenses. Therefore, there are
no special needs for its production. In fact, we are
currently manufacturing the first prototypes of our
designs intended to perform a long-term clinical
study.
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