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Abstract
Introduction: The peripheral refractive error of the human eye has been hypothesized to be a major stimulus for the development of
its central refractive error. Depending on their power profiles, multifocal center-distance soft contact lenses influence the peripheral
refractive error.
Aim: The purpose of this study was to assess refractive profiles across the horizontal visual fields in healthy eyes of young, myopic
adults using Proclear multifocal center-distance soft contact lenses in all commercially available add power values and to analyze
differences in peripheral refraction.
Subjects and Methods: Using an open-field autorefractor, we measured refractive profiles of 40 adult subjects from 30° nasal to
30° temporal without and with multifocal center distance soft contact lenses with 4 different add power values. We then computed
relative refractive errors in power vector notation. We performed statistical analysis to evaluate differences in refractive error profiles
induced by the various lenses. In addition we evaluated the clinical relevance of these changes.
Results: Statistically significant differences in defocus were obtained at 20° and 30° of the temporal retinal field. Clinically meaningful
values were reached using lenses with 2.00 and 2.50 D add power at 20° and 1.50, 2.00, and 2.50 D add power at 30°. Statistically
significant differences in with-the-rule and against-the-rule astigmatism were obtained at 20° and 30° of the temporal retinal field.
Clinically meaningful values were reached using lenses with 2.50 D add power. We found no statistically significant differences for
oblique astigmatism.
Conclusion: Our findings indicate that significant changes in defocus and with-the-rule and against-the-rule astigmatism at 20° and
30° peripheral refraction in adult myopic eyes can be achieved by using Proclear multifocal center-distance soft contact lenses. These
changes are more pronounced for higher add power values, and defocus is affected to a larger extent than with-the-rule and againstthe-rule astigmatism. To achieve a clinically meaningful peripheral defocus, add power values of 1.50, 2.00 or 2.50 D should be
used.
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Introduction
Myopia is an ophthalmic condition in which the refractive power of the eye is too strong relative to its length. In
general, myopia is differentiated into axial and refractive myopia. The more common condition is axial myopia,
which is associated with increased risk of ocular diseases. Worldwide the prevalence rates of myopia are continuously rising. Currently, every 1 out of 3 adults in the United States is myopic. (Vitale, 2009) In some Asian
countries, 38% of schoolchildren are myopic. (He et al., 2004)
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The progression of childhood myopia is thought to be linked to changes in the everyday visual environment and
has become of considerable concern for parents and healthcare providers. Therefore efforts to control myopia
progression are escalating and prevention of myopia has become an international public health priority. (Holden
et al., 2016)
A number of randomized controlled trials, investigating the possibility of myopia progression control, show promising results. Treatment strategies can be broken down into two main categories: optical interventions and
pharmacologic treatments. Among the optical interventions, the most effective methods are orthokeratology and
soft bifocal contact lenses with an annular center distance design. (Huang et al., 2016)
Both of these systems produce characteristic retinal refractive profiles, which involve peripheral myopic defocus. (Charman et al., 2006; Kang et al., 2013) Although some controversy exists in the literature, several studies
indicate that these refractive profiles are associated with controlling myopia progression. (Smith et al., 2009;
Smith, 2011; Mutti et al., 2011; Sankaridurg et al., 2011; Lam et al., 2013)
A robust body of literature exists about retinal refractive profiles as well as axial elongation and the associated
myopia control potential of orthokeratology and multifocal soft contact lenses specifically designed for the purpose
of myopia control. (Walline, 2016)
Little information exists about these characteristics in multifocal soft stock contact lenses. (Aller and Wildsoet,
2008) Compared to contact lenses which are specifically designed for myopia control, their maximum add power
is typically lower, which consequently leads to less peripheral myopic defocus.
Most available literature reports refractive profiles in form of power vector values, which can be retrieved from
sphero-cylindrical measurements by performing astigmatic decomposition. (Thibos et al., 1997b) Besides of giving
the power vector value for defocus, this method converts the sphero-cylindrical data into power vector values for
with-the-rule and against-the-rule astigmatism as well as oblique astigmatism. When evaluating changes in
refractive profiles induced by various types of contact lenses, it is reasonable to analyze all of these power vectors.
It is suggested that CooperVision’s Proclear multifocal center distance soft contact lenses (PMDCL) with 2.00 D
add power may provide an adequate peripheral retinal myopic defocus to potentially decrease in myopic progression. (Walline et al., 2013)
PMDCL were designed to be used by presbyopic patients, and not by young myopic patients. These lenses are
available in four different add power values, ranging from 1.00 to 2.50 D in 0.50 D increments. Each contact lens
incorporates a small central optical zone of 2.3 mm diameter, which holds the distance power, surrounded by an
annulus with gradually increasing add power (Fig. 1).
Compared to presbyopic patients, pupil sizes and pupillary volatility in young patients are substantially different.
It is known that multifocal contact lenses will provide a marked reduction in the optical performance when there
is an out of focus image that changes with pupil size. Lens design, sizes of optical zones, optical power in various
lens zones and lens decentration all affect optical and visual performance of these contact lenses. (Pujol et al.,
2003)
Therefore, when considering PMDCL for myopia control in young patients, the lowest add power value which
provides peripheral myopic defocus might be the most balanced and clinically desirable option.
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Figure 1: Tangential power assessment of a -3.00 D PMDCL with 2.00 D Add power, using a Medmont E-300
topographer. (A) Corneal baseline measurement. (B) In-vivo PMDCL power distribution. (C) PMDCL induced
tangential power change.
The purpose of our study was to assess refractive profiles across the horizontal visual fields in healthy eyes of
young, myopic adults using PMDCL in all commercially available add power values and report the peripheral
refraction differences in form of power vectors.

Subjects and methods
In our study, we fitted the right eyes of 40 participants free from any pathology, ages 23 to 28 years, refractive error
range sph -0.50 to -6.00 D, cyl -1.00 to 0.00 D, with spherical equivalent PMDCL of add powers 1.00, 1.50, 2.00
and 2.50 D after determining baseline refractions with a Grand Seiko WAM-5500 open field autorefractor (Fig. 2).
We confirmed the correct fit of each contact lens with a biomicroscope prior to conducting the over-refractions.

In order to obtain refractive data across the horizontal meridian, we presented seven distant visual targets (Maltese
crosses) from 30° nasal to 30° temporal, in 10° increments. (Fig. 3) We asked the subjects to fixate the centers of
these targets one by one while the open-field refractions were measured. To avoid excessive eye movements and
lens decentrations, we asked the subjects to rotate their heads toward to observed targets. We conducted three
measurements per target and recorded them as sphere (S), cylinder (C) and axis (α) in minus cylinder notation.
We then converted those data into power vectors of defocus M , with-the-rule (WTR) and against-the-rule (ATR)

3

Figure 2: Grand Seiko WAM-5500 open field autorefractor in use while measuring the peripheral nasal refraction
under a 30 degree angle

Figure 3: Maltese cross visual targets as seen by the subjects
astigmatism J0 , and oblique astigmatism J45 , as proposed by Thibos et al. (1997a):

M =S+
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The distributions of these power vector values across the horizontal retinal field from 30° nasal to 30° temporal
are visualized by line plots shown in figure 4.

We conducted all statistical analyses using the SAS software for Windows version 9.3 (Cary, North Carolina,
USA). Peripheral refraction differences for the various lens types (L1 thru L4) were calculated by reducing each
power vector value by its corresponding baseline value and subtracting the central power vector value. Following
a Shapiro-Wilk normality test, we compared the differences among the four types of lenses per peripheral retinal
field angle using one-way analysis of variance (ANOVA). All statistical analyses were two-sided. We considered a
p-value <0.05 to be statistically significant. (Tables 1, 2, 3) To specifically identify significant differences between
the various lens groups we conducted a post-hoc Tukey HSD test.

For further interpretation, we considered changes of ±0.25 D in any of the power vectors clinically meaningful.
These values represent the power tolerances for finished soft contact lenses, outlined by ANSI Z80.20.
The project followed the Declaration of Helsinki, was approved by WesternU’s Institutional Review Board, and
informed consent was obtained from all study participants.

Results
A total of 40 patients were included in the final analysis.
The mean values of relative defocus M across the horizontal retinal field from 30° nasal to 30° temporal are
displayed in figure 4A. The change from each power group using baseline as the reference group was calculated
and compared among these four groups.

Table 1 presents the ANOVA results. There was a significant difference among the four groups (L1-L4) for 20°
temporal (p < 0.0001) and 30° temporal (p < 0.0001). Clinically meaningful mean values (> 0.25 D) were reached
at 20° temporal by L3 and L4, and at 30° temporal by L2, L3 and L4, whereby an increase in add power value
corresponded to an increase in relative defocus.

Analyzing differences between lens groups, the relative defocus for 20° temporal was statistically different between
L1 and L3 (p = 0.0042), L1 and L4 (p < 0.0001), L2 and L4 (p < 0.0001), and L3 and L4 (p = 0.0021). The
relative defocus for 30° temporal was statistically different between L1 and L3 (p = 0.0024), L1 and L4 (p <
0.0001), L2 and L4 (p < 0.0001), and L3 and L4 (p = 0.0006).
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Figure 4: Relative refractive profiles across the horizontal retinal field from 30° nasal to 30° temporal. Displayed
are the data for Baseline (BL), and PMDCL with add power values of 1.00 (L1), 1.50 (L2), 2.00 (L3), and 2.50
(L4) diopters. Individual graphs show means and their standard errors for: (A) Relative defocus M, (B) WTR/ATR
astigmatism J0 , and (C) Oblique astigmatism J45 .
The mean values of WTR/ATR astigmatism J0 across the horizontal retinal field from 30° nasal to 30° temporal
are shown in figure 4B. The change of J0 from each power group using baseline as the reference group was
calculated and compared among these four groups.
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Table 1: Change of average relative defocus M from baseline
L1−Baseline L2−Baseline L3−Baseline L4−Baseline
30◦
20◦
10◦
10◦
20◦
30◦

nasal
nasal
nasal
temporal
temporal
temporal

0.18 ± 0.55
0.02 ± 0.76
-0.09 ± 0.65
0.03 ± 0.53
-0.02 ± 0.45
-0.08 ± 0.96

0.29 ± 0.64
0.06 ± 0.67
0.03 ± 0.54
0.03 ± 0.80
-0.21 ± 0.63
-0.38 ± 0.83

0.13 ± 0.87
0.12 ± 0.77
0.11 ± 0.58
-0.14 ± 0.58
-0.44 ± 0.64
-0.68 ± 0.73

0.03 ± 0.90
0.02 ± 0.94
-0.01 ± 0.73
-0.29 ± 0.57
-0.89 ± 0.81
-1.36 ± 0.91

P-value
0.4982
0.9332
0.5321
0.0725
<0.0001
<0.0001

Table 2: Change of average WTR/ATR astigmatism J0 from baseline
30◦
20◦
10◦
10◦
20◦
30◦

nasal
nasal
nasal
temporal
temporal
temporal

L1−Baseline

L2−Baseline

L3−Baseline

L4−Baseline

P-value

±
±
±
±
±
±

0.17 ± 0.30
0.20 ± 0.49
0.10 ± 0.30
-0.06 ± 0.39
-0.08 ± 0.31
0.04 ± 0.45

0.06 ± 0.48
0.25 ± 0.48
0.10 ± 0.34
-0.16 ± 0.32
-0.07 ± 0.30
-0.05 ± 0.36

0.16 ± 0.49
0.34 ± 0.51
0.25 ± 0.45
-0.18 ± 0.34
-0.19 ± 0.40
-0.25 ± 0.37

0.2140
0.5340
0.1973
0.0399
<0.0001
<0.0001

0.26
0.22
0.14
0.02
0.18
0.22

0.35
0.45
0.28
0.37
0.34
0.34

Table 2 presents the ANOVA results. There was a significant difference among the four groups (L1-L4) for 10°
temporal (p = 0.0399), 20° temporal (p < 0.0001) and 30° temporal (p < 0.0001). A clinically meaningful mean
value (> 0.25 D) was only reached at 30° temporal by L4.

Analyzing differences between lens groups, J0 for 10° temporal was statistically different between L1 and L3 (p
= 0.0232) and L1 and L4 (p = 0.0107), J0 for 20° temporal was statistically different between L1 and L2 (p
= 0.001), L1 and L3 (p = 0.0012), and L1 and L4 (p < 0.0001). J0 for 30° temporal was statistically different
between L1 and L2 (p = 0.0463), L1 and L3 (p = 0.0024), and L1 and L4 (p < 0.0001), L2 and L4 (p = 0.0009),
and L3 and L4 (p = 0.0217).
The mean values of oblique astigmatism J45 across the horizontal retinal field from 30° nasal to 30° temporal
are shown in figure 4C. The change of J45 from each power group using baseline as the reference group was
calculated and compared among these four groups.
Table 3 presents the ANOVA results. There was no significant difference among the four groups (L1-L4) any of
these six outcomes (all p-values > 0.05)
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Table 3: Change of average oblique astigmatism J45 from baseline
L1−Baseline L2−Baseline L3−Baseline L4−Baseline P-value
30◦
20◦
10◦
10◦
20◦
30◦

nasal
nasal
nasal
temporal
temporal
temporal

0.13 ± 0.33
0.02 ± 0.45
-0.06 ± 0.32
-0.13 ± 0.40
-0.08 ± 0.33
0.01 ± 0.30

0.29
0.13
0.06
0.02
0.03
0.03

±
±
±
±
±
±

0.28
0.38
0.25
0.42
0.30
0.41

0.25 ± 0.31
0.10 ± 0.43
0.04 ± 0.24
-0.09 ± 0.38
-0.01 ± 0.39
0.11 ± 0.35

0.33 ± 0.45
0.12 ± 0.66
0.02 ± 0.38
-0.05 ± 0.65
0.05 ± 0.50
0.09 ± 0.51

0.0578
0.7436
0.3387
0.5850
0.4307
0.6558

Discussion
A peripheral retinal myopic defocus is a suggested treatment option for slowing myopia progression. Multifocal
contact lenses, incorporating a center distance design, can establish such a retinal defocus.
Soft multifocal stock lenses, designed for the characteristics of presbyopic eyes, might have a potential role in
myopia control. One such option is CooperVision’s Proclear multifocal center distance soft contact lens (PMDCL),
which is available add power values of 1.00, 1.50, 2.00 and 2.50 D.
In our study, we assessed refractive profiles across the horizontal retinas in healthy eyes of young, myopic adults
using PMDCL in all commercially available add power values. We measured from 30 degrees nasal to 30 degrees
temporal retina in 10-degree increments.
We found that PMDCL with add powers of 1.50, 2.00 and 2.50 D can induce statistically significant and clinically
meaningful myopic defocus values at 20° and 30° temporal retinal periphery. The amounts of induced defocus
were more pronounced the higher the add power values and more peripheral the measurements were. We found
the largest change in defocus with an add power of 2.50 D at 30°.
We also found statistically significant changes in with-the-rule and against-the-rule astigmatism at 20° and 30°,
however, compared to defocus, these changes were much lower. A clinically meaningful value was only reached
with the 2.50 D add power.
None of the lenses used in this study showed a significant change in oblique astigmatism.
The lenses tested in our study showed a remarkable asymmetry in creating nasal and temporal peripheral retinal
refractive profiles. At this time it is not clear whether a more balanced distribution of peripheral retinal defocus
and a particular amount of myopic defocus would influence the management of myopia progression.
Future research studies can help to answer these questions.
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The authors report no conflicts of interest in this work.
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