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Abstract

Purpose—Peripheral retinal defocus has been implicated in myopia progression. The effect of
commercially-available spherical soft contact lenses (SCLs) on peripheral defocus of adult myopic
eyes was investigated.

Methods—Twenty-five young adults with spherical equivalent (SE) refractions between —0.50 D
and —6.00 D were enrolled. Cycloplegic autorefraction (right eye) was measured centrally and
+20°, +30°, and +£40° from the line of sight along the horizontal meridian using an autorefractor.
Four commercially-available spherical SCLs (Biofinity, Acuvue2, PureVision2, and Air Optix
Night & Day Aqua) were evaluated. SE defocus (M) was used to calculate relative peripheral
defocus (RPD) while wearing each SCL and relative peripheral refraction (RPR) of the
uncorrected eye. Spherical aberration (SA) changes due to each SCL were measured along the line
of sight by aberrometry. Peripheral defocus was analyzed using repeated-measures analyses of
variance (RM-ANOVA). The association between changes in axial SA and the change in
peripheral defocus was evaluated using linear mixed models.

Results—The mean age (+SD) and central SE refractive error were 24.0 + 1.3 years and —3.45

+ 1.42 D, respectively. PureVision2 did not change RPD (p=0.33). Significant myopic shifts on the
temporal retina were found with three lenses: Acuvue 2 (-0.29 D at 30°; —0.80 D at 40°; both
p<0.01), Biofinity (-1.21 D at 40°; p=0.02), and Air Optix Night & Day Aqua (-0.23 D at 20°,
-0.48 D at 30°, and —1.50 D at 40°; all p<0.004). All SCLs caused a negative change in SA. SCLs
inducing less negative (more positive) SA changes were associated with a less hyperopic change in
RPD.

Conclusions—Spherical SCL design can influence the peripheral defocus profile experienced
by a myopic eye. Several, but not all, SCLs reduced peripheral hyperopia. Differences in how SCL
types influence peripheral defocus may have implications for myopia progression.
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The prevalence of myopia is increasing in the United States and has reached epidemic levels
in parts of Asia, making myopia a serious health concern.: 2 In the United States, the
prevalence of myopia has increased from 25% in the 1970s to more than 40% today.3 At the
current rate of progression, myopia is estimated to affect approximately 5 billion people by
2050, with almost 1 billion of those being high myopes (more myopic than —5.00 D).*
Myopia is a health concern because as it progresses, there is increased risk for ocular
diseases such as chorioretinal atrophy, choroidal neovascularization, foveal retinoschisis,
open angle glaucoma, and retinal detachment.> 6

Animal studies have shown that ocular growth is dependent on visual feedback, meaning
that the sign of defocus experienced by the retina is critical in determining the axial length
of the eye. Monkeys reared experiencing full-field, lens-induced myopic defocus develop
hyperopia, while full-field hyperopic defocus results in a myopic refractive error.” Further
studies have shown that defocus influences eye growth in localized retinal areas with
different regions of the retina being able to respond independently to local defocus signals.8
Lens-induced defocus experiments in chicks showed that altering peripheral retinal defocus
had a larger influence on axial elongation than central retinal defocus.® Furthermore,
hyperopic defocus on the peripheral retina accelerates axial eye growth in primates, even in
the presence of clear, unrestricted central vision.19 Based on these results in animal models,
peripheral defocus is suspected to be influential in human emmetropization, and peripheral
myopic defocus is hypothesized to slow axial eye growth and myopia progression.

The evidence for the influence of peripheral defocus on eye growth in animal studies has
encouraged researchers to explore novel optical corrections in an attempt to slow the
progression of myopia. When measuring relative peripheral refraction (RPR) of the
uncorrected eye, myopic eyes typically have relative peripheral hyperopic defocus in the
horizontal meridian (a potential grow signal).11: 12 ongitudinal studies have evaluated
whether the amount of hyperopic RPR of the uncorrected eye is associated with either
myopia onset or progression, and these studies have not found a meaningful
association.13-15 It is important to note that RPR (measurements of the uncorrected eye)
does not completely describe what the eye experiences when wearing correction. Single
vision minus-power spectacle lenses typically used to correct myopia increase peripheral
hyperopic defocus.16-19 With animal research showing that myopic defocus is a stronger
“stop” signal for eye growth versus the acceleration of growth associated with hyperopic
defocus,”? it is hypothesized that optical corrections that induce myopic defocus are capable
of slowing myopia progression in humans.

Optical interventions for myopia control have included under correction, gas permeable
contact lenses, bifocal spectacles, orthokeratology, and bifocal or novel soft contact lenses.
While neither under correction nor gas permeable contact lenses have been shown to slow
myopia progression,2-23 progressive addition lens (PAL) studies have generally found
clinically small reductions in myopia progression.24-28 Aside from PALSs, there is some
evidence that executive bifocals, which have a larger add area than standard bifocal
spectacles, might be more effective at slowing myopia progression.2?

Optom Vis Sci. Author manuscript; available in PMC 2018 March 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Moore et al.

Page 3

Orthokeratology and bifocal soft contact lenses have shown promise for slowing myopia
progression. Both of these optical treatments can induce a peripheral myopic shift in retinal
defocus on multiple areas of the peripheral retina.3% 31 A reduction in axial eye growth
ranging from 36 to 55 percent has been reported with orthokeratology treated eyes over a
period of two years.32-35 The effect of bifocal soft contact lenses for myopia control is more
varied, ranging from 25% to over 70% reduction in myopia progression, with some of these
studies only reporting results over a one-year period.36-38 The more variable results with
soft bifocal contact lenses compared to orthokeratology could be due to differences in lens
design as well as compliance with wearing the contact lenses. For example, Lam et al.
(2014) reported that myopia was slowed by 25% in a two-year randomized study, but noted a
46% reduction in children who wore lenses at least 5 hours per day.

Associations have also been found between peripheral defocus when wearing optical
correction and the rate of myopia progression in children,% 39 reinforcing the potential role
of peripheral defocus in eye growth and myopia progression in humans. Orthokeratology is
known to increase positive spherical aberration.? A study of orthokeratology also found that
eyes in which mid-peripheral corneal steepening after orthokeratology was greater
(presumably causing greater myopic defocus on the peripheral retina) had a greater slowing
of myopia progression.*! These studies support the concept that myopic defocus in the
retinal periphery may act as a signal to slow myopia progression.

While optical interventions such as bifocal contact lenses and orthokeratology show promise
for slowing myopia progression, it is important to understand how commonly prescribed
standard optical corrections impact peripheral defocus in myopic eyes. Based on animal
studies, one would expect standard spectacle corrections, which increase peripheral
hyperopic defocus,1”: 19 to potentially encourage axial elongation and myopia progression.
Soft contact lenses are another commonly utilized correction option that come in a wide
variety of optical profiles and in which lens manufacturers often include various amounts of
spherical aberration by design, which can influence peripheral defocus. The purpose of this
study was to determine the change in peripheral defocus in the horizontal meridian of
myopic eyes when four commonly-prescribed, commercially-available, spherical soft
contact lenses of the same labeled power were placed on the eye.

METHODS

Subjects

Twenty-five myopic young adults with spherical equivalent refractive error at the corneal
plane of between —0.50 D and -6.00 D with less than —1.25 D of astigmatism participated in
this study. This investigation adhered to the tenets of the Declaration of Helsinki and was
approved by the University of Houston Committee for the Protection of Human Subjects.
All subjects provided written informed consent prior to any testing.

An examination that included a standardized manifest refraction (most plus/least minus to
best visual acuity) and biomicroscopy was performed to determine eligibility. Subjects were
not preshyopic, had no history of ocular surgery or trauma, were free from ocular disease,
and did not wear rigid gas permeable contact lenses. All subjects had spherical equivalent
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corrected visual acuity of 20/25 or better to exclude subjects with meaningful amounts of
amblyopia and to ensure that any astigmatism present would not degrade vision to a level
below which a spherical contact lens might be prescribed.

Contact Lenses

The right eye of each subject was fitted with each of the following spherical soft contact
lenses, in random order: Biofinity (comfilcon A; CooperVision); Acuvue 2 (etafilcon A;
Johnson & Johnson Vision Care); PureVision2 (balafilcon A; Bausch + Lomb); and Air
Optix Night & Day Aqua (lotrafilcon A; Alcon) (Table 1). The contact lens power chosen
for each subject was based on the spherical equivalent of the manifest refraction after
vertexing to the corneal plane. Each lens was fitted and allowed to settle for approximately
five minutes prior to evaluating the lens fit. Lateral decentration of each lens was measured
after lens settling using a reticule in one of the slit lamp oculars. Nasal and temporal lens
overlap beyond the cornea was measured to determine horizontal lens decentration. The
same contact lens power was used for each brand of contact lens fitted on a subject; no over-
refraction was performed for each contact lens because subjects were already cyclopleged to
allow for more accurate peripheral autorefraction measurements, described below.

Autorefraction

Cycloplegic autorefraction of the right eye was performed 30 minutes after instilling the first
of two drops of 1% tropicamide, separated by 5 minutes. Autorefraction was performed
using a modified, open-field Grand Seiko WAM-5500 autorefractor (Grand Seiko Co.;
Hiroshima, Japan) with each lens on the eye and with no lens on the eye. Measurements
were made centrally (on-axis) and at £20°, £30°, and +40° from the line of sight in the
horizontal meridian of the eye. The side on which measurements began (nasal or temporal)
and the order in which lenses were fit were randomized. The Biofinity, Acuvue2, and
PureVision2 contact lenses were evaluated in random order on one visit over a period of
approximately 90 minutes. Air Optix Night and Day Aqua was evaluated at a second visit.
The testing protocol was the same at both visits. The autorefractor was centered within the
entrance pupil for all measurements.#2 Subjects turned their head (not the eye) to view a red
LED target projected on a wall for all peripheral measurements to avoid contact lens
decentration due to eye rotation. The examiner monitored the subject upon each new target
position to ensure an appropriate head movement was made.

The first five autorefraction measurements collected at each retinal location that were within
+1.00 D of the mode for the sphere and cylinder powers of the measurements were
transposed to vector form using previously reported methods and averaged to obtain the
mean M, Jo, and J45 vector components.*3 RPR at each retinal location was calculated by
subtracting the central spherical equivalent (M) of the unaided eye from the peripheral M
component of the unaided eye. Relative peripheral defocus (RPD) was calculated in the
same way using measurements made when the subject wore each contact lens.

Aberrometry Measurements

A Discovery System aberrometer (Innovative Visual Systems; EImhurst, IL) was used to
collect on-axis cycloplegic aberrometry measurements with each contact lens on the eye and
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with no lens on the eye. Five measurements each were made while the subject fixated the
instrument’s internal target. The aberration analysis diameter was limited by the smallest
pupil across all subjects. Zernike coefficients were calculated over a 7-mm pupil and
averaged.** The measured spherical aberration of the eye alone (C4,0) was subtracted from
the spherical aberration measured while wearing each contact lens to determine the change
in spherical aberration induced by each contact lens.

When designing this study, sample size was determined using reported standard deviations
of repeated measurements using the Grand Seiko autorefractor. Applying the standard
deviation of £0.24 D from previously reported cycloplegic repeatability of the Grand
Seiko,*> assuming a 2-sided alpha of 0.05 and power of 80%, a sample size of seven subjects
was necessary to detect a 0.25 D difference in defocus. Applying the worst reported
repeatability of the Grand Seiko available (standard deviation of £0.44 D) under non-
cycloplegic conditions,*6 assuming a 2-sided alpha of 0.05 and power of 80%, a sample size
of 24 subjects was adequate to detect a 0.25 D difference in defocus. A total of 25 subjects
were enrolled in this study.

Data Analyses

RESULTS

Data analyses were conducted with STATA 13.1 (StataCorp; College Station, TX) and SAS
9.4 (SAS Institute Inc.; Cary, NC). Repeated-measures analyses of variance (RM-ANOVA)
were used to evaluate whether differences existed in RPD, relative peripheral Jg and Js5
while wearing each of the contact lenses versus the uncorrected eye (i.e., evaluating whether
the optics of each contact lens caused a change in peripheral defocus and astigmatism).
Retinal location and testing condition (each contact lens brand or uncorrected eye) were
included as factors in the RM-ANOVA. Labeled contact lens spherical power was also
included as a covariate to determine whether the magnitude of minus power in the lens
influenced changes in RPD caused by the lens. RM-ANOVA including contact lens power as
a covariate was also used to determine whether changes in spherical aberration depended on
contact lens power. Benjamini-Hochberg corrected post-hoc t-tests were performed when
appropriate to test for differences in defocus, Jy, and J45 between the contact lens-corrected
eye and the uncorrected eye and also to determine if lens decentration was significantly
different than zero. A linear mixed effects regression model was used to determine whether
the association between the on-axis change in spherical aberration caused by each contact
lens and the change in peripheral defocus induced by the contact lens was modified by
retinal eccentricity, while adjusting for the power of the contact lens. All tests were
conducted using an alpha level of 0.05. We verified that the assumptions were met for all
parametric testing performed.

The subjects had a mean age + SD of 24.0 + 1.3 years and an average spherical equivalent
refractive error of —3.45 £ 1.42 D (range: —1.00 to —5.75 D). Of the 25 subjects, 18 (72%)
were female.
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Refractive Changes Caused by Contact Lenses

The mean RPR with no lens on the eye and the mean RPD with each of the four spherical
soft lenses on the eye are shown in Figure 1. Differences in peripheral defocus at each
location measured depended on the testing condition (testing condition by location
interaction; p < 0.001). RPD while wearing a contact lenses was significantly different than
RPR (no lens) for: Biofinity (p = 0.003); Acuvue2 (p = 0.001); and Air Optix Night & Day
Agua (p < 0.0001). RPD with PureVision2 was not different than RPR of the uncorrected
eye (p = 0.33), meaning that PureVision2 did not change peripheral defocus.

Compared to RPR, a statistically significant myopic shift was found with contact lenses at
the following retinal locations: Biofinity at temporal 40° (-1.21 D), Acuvue2 at temporal
30° (-0.29 D) and temporal 40° (-0.80 D), and Air Optix Night & Day Aqua at temporal
20° (-0.23 D), temporal 30° (-0.48 D), and temporal 40° (=1.50 D) (all p < 0.05). RPD with
contact lenses was not statistically different than RPR (uncorrected eye) along the nasal
retina for any retinal location.

Jo astigmatism is plotted in Figure 2. Relative peripheral Jg astigmatism at each location
depended on the testing condition (testing condition by location interaction; p<0.001). Jp
astigmatism was found to significantly increase compared to that of the uncorrected eye at
the 40° temporal retinal location with all contact lenses tested (all p < 0.03), except for
PureVision2 (p = 0.97). There was also a significant difference between the Jg astigmatism
of Air Optix Night & Day Aqua and that of the uncorrected eye at 40 degrees nasal retina (p
= 0.03) and 30 degrees temporal retina (p < 0.001).

Jas astigmatism is plotted in Figure 3. Relative peripheral J45 astigmatism by location
depended on the testing condition (testing condition by location interaction; p = 0.007). At
the 40 degree temporal retinal location, relative peripheral J45 astigmatism with Air Optix
Night & Day Aqua was significantly different than the uncorrected eye (p = 0.004). There
were no other statistically significant differences in J45 astigmatism for any of the lenses
compared to the uncorrected eye (all p = 0.21).

The average amount of lateral lens decentration for each lens type was not significantly
different than zero (mean decentration for each lens brand = 0.1 mm, all p>0.18). That being
said, the direction of decentration differed among lens types (p=0.01). Biofinity, Acuvue2,
and PureVision2 on average decentered 0.1 mm temporal on the cornea while Air Optix
Night & Day Aqua decentered 0.1 mm nasal on the cornea (overall difference of 0.2 mm;
p<0.05; Tukey’s HSD).

Influence of Contact Lens Power

The change in RPD at each location due to the contact lens optics depended on the power of
the contact lens (lens power by location interaction; p = 0.002). The change in RPD due to
the power of the contact lens did not depend on the lens type (lens type by lens power by
location interaction; p=0.58); therefore, defocus values at each location were averaged
across lens types. In Figure 4, the defocus profile averaged across the four contact lenses are
shown based on a split (more minus versus less minus power) to demonstrate the effect that
contact lens power had on the change in peripheral defocus caused by the contact lenses.
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More negative SCL powers caused a more myopic change in RPD than less negative SCL
powers at 40° nasal (-0.57 D), 20° temporal (-0.40 D), 30° temporal (-0.79 D), and 40°
temporal (-1.38 D) on the retina (all p < 0.02).

Influence of Spherical Aberration

The mean on-axis change (+ SD) in spherical aberration (C4,0) caused by each contact lens
type over a 7-mm pupil was negative: Biofinity: —0.34 + 0.12 um; PureVision2: -0.33 £ 0.11
pum; Acuvue2: —0.21 + 0.12 pm; and Air Optix Night & Day Aqua: —0.11 + —0.09 pm.
Across all lens designs, more negative contact lens powers were associated with more
negative amounts of spherical aberration (p < 0.001). Because there were no significant
differences between slope estimates for the association between the change in spherical
aberration due to the lens and the change in peripheral defocus across the three nasal retinal
locations, we simplified the model to include one combined slope for the nasal retinal
locations. Overall, retinal location significantly modified the effect of the change in on-axis
spherical aberration due to the contact lens on the change in peripheral defocus (p < 0.001),
becoming more negative with increasing temporal retinal eccentricity. The slope estimates
(= SE) shown in Figure 5 represent the effect of a one-micron change in spherical aberration
caused by the contact lens (measured on axis) on the dioptric change in peripheral defocus at
the nasal and three temporal retinal locations. The change in peripheral defocus associated
with the mean on-axis change in spherical aberration caused by each contact lens brand is
shown in Table 2 based on the slope estimate at the 40° temporal retinal location of —3.15
D/um change in spherical aberration. Overall, contact lenses that induced less negative
(more positive) changes in spherical aberration were associated with a less hyperopic change
in RPD.

DISCUSSION

Depending on the retinal location measured, the four contact lenses evaluated in this study
either induced a myopic shift in peripheral defocus or caused no significant change in the
peripheral defocus experienced by the eye. None of the contact lenses caused a hyperopic
shift. PureVision2 was the only contact lens that induced no change in peripheral defocus at
any measurement location. Biofinity, Acuvue2, and Air Optix Night & Day Aqua caused a
myopic shift on the temporal retina at greater eccentricities.

Previous studies evaluating the peripheral defocus profile induced by commercially-
available soft contact lenses have found variable results. Peripheral myopic shifts have been
reported with Acuvue 1-Day Moist, Acuvue2, and Air Optix Night & Day Aqua contact
lenses.16: 47-49 A hyperopic shift in peripheral defocus has been reported with Proclear and
Acuvue? contact lenses.49: 50 Although a previous study of Biofinity reported no significant
differences in peripheral defocus caused by the lens at most retinal locations, a sudden
myopic shift in peripheral defocus at 40 degrees temporal on the retina was reported similar
to the profile found in this study.3? The sudden myopic shift is hypothesized to be due to the
edge of the optic zone of the contact lens, as described later below.

Of the lenses we tested, Acuvue? is the only lens where our findings conflict with a previous
report of the lens peripheral defocus profile. A study by de la Jara et al. reported a relative
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peripheral hyperopic shift in defocus produced by Acuvue2.49 In both our study and another
study by Shen et al., a myopic shift in peripheral defocus was found with Acuvue2.48
Possible reasons for the discrepancy between our studies could include methodology (e.g.,
measurements made with versus without cycloplegia) and differences in lens fit and
centration on the eye of study subjects.

At the 40 degree temporal retinal location, Biofinity, Acuvue2, and Air Optix Night & Day
Agua had a myopic shift with a corresponding increase in Jy astigmatism. The relative
peripheral changes in J45 astigmatism were minimal. The increase in Jy astigmatism is
hypothesized to be due to the size of the optic zone. The optic zones are reported by the
manufacturer for only two of our study lenses: PureVision2 with a 9.0 mm optic zone and
Air Optix Night & Day Agua with an 8.0 mm optic zone.?® In evaluating schematic
diagrams of the eye with a contact lens and utilizing the Grand Seiko measurement beam
diameter of 2.3 mm,52 the autorefractor’s measurement beam at the 40 degree temporal
retinal location is partially outside of the smaller optic zone of the Air Optix Night & Day
Agua. Because of its larger optic zone, PureVision2 does not result in measurements made
outside of the optic zone when measuring at 40 degrees temporally on the retina, even after
accounting for the contact lens centering over the optic axis of the eye rather than the visual
axis upon which measurement eccentricity is based. The increase in astigmatism for three of
the lenses tested is likely due to the instrument measuring partially through the junction of
the optic zone and peripheral curve of the contact lens. The sudden increase in Jg
astigmatism at the 40-degree temporal retinal location can account for a significant amount
of the myopic shift in defocus at this peripheral location. This increase in astigmatism
suggests that the optic zone size is an important factor to consider when determining the
desired peripheral defocus profile to be induced by a contact lens.

Similar to previously published peripheral defocus profiles with soft contact lenses on the
eye, 8. 50 there is a nasal-temporal asymmetry in our defocus profiles. The nasal retina
remains unchanged from the uncorrected eye while the temporal retina shows a myopic shift
with three of the four soft contact lenses. One frequently cited cause for this asymmetry is
that lenses center on the cornea and thus sit over the optical axis of the eye as opposed to the
visual axis (the difference being angle alpha). One might also wonder whether contact lens
decentration was a potential contributing factor to asymmetry in this study. If a contact lens
consistently decentered in a particular direction, this could influence the peripheral defocus
profile caused by the lens. While the average lens decentration did not differ significantly
from zero, the Air Optix Night & Day Aqua contact lens decentered nasally on average
while the other three lenses decentered temporally on average (difference of 0.2 mm).
Though these contact lenses decentered in opposite directions, there was little difference in
the defocus profiles, which is likely because of the small differences in centration between
lenses measured in this study. The measured increase in Jy astigmatism that corresponds to
the myopic shift in defocus at the 40 degree temporal location provides convincing evidence
that measurements are occurring outside of the controlled optics (i.e., optic zone) of the
contact lens and are responsible for the most peripheral asymmetric myopic shifts measured
in this study.
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The strengths of the current study versus previously published studies that evaluated
spherical contact lenses on eye include our sample size, use of cycloplegia to avoid
accommodation differences between lenses, the extent of the measurements into the
periphery (40°), and the evaluation of multiple lenses on the same eye. Several previous
studies had smaller sample sizes of between 10 to 11 subjects,6: 47: 48 only evaluated one
soft contact lens design,16:47: 48,50 or did not measure as far into the periphery with
maximum measurement locations of 20 degrees,*” 30 degrees, 16 48 and 35 degrees® from
the line of sight. While most studies have used open-field autorefraction to measure defocus,
Shen at al. used aberrometry,*8 which can make direct comparisons between studies more
difficult. A previous study by de la Jara et al. (2014) evaluated four different lens types using
a contralateral eye design out to 40 degrees under non-cycloplegic conditions;4° advantages
of the present study include the use of cycloplegia and evaluating additional lenses up to
higher myopic values (=5.75 D in our study versus —4.25 D). Additionally, our work
demonstrated that although most contact lenses caused a myopic change in peripheral
defocus to some extent, design decisions by the manufacturer can result in no change in
peripheral defocus (PureVision 2).

The power of the contact lens had a significant effect on the change in peripheral defocus
caused by the contact lens. On average, across all four contact lenses, a higher power (more
minus) contact lens was associated with a greater myopic shift in the periphery. This finding
of more negative contact lens powers causing a greater myopic shift in peripheral defocus
has been reported before with the Biofinity lens.3? Our findings demonstrate that in addition
to variations in contact lens designs between manufacturers, the power of the contact lens
can have a significant influence on the change in peripheral defocus caused by a contact lens
of any brand. It is also important to note that while more minus power contact lenses in this
study increased peripheral myopic defocus, more minus power spectacle lenses have been
previously reported to increase peripheral hyperopic defocus.l” Based on these results, it
seems that spherical soft contact lenses may provide a more favorable peripheral defocus
profile than spectacle lenses from a myopia progression standpoint.

Though multiple contact lens manufacturers report that their lenses include aspheric optics,
it is not always clear what goal the manufacturer is trying to achieve. Because spherical
aberration is rotationally symmetric, it can be manipulated when designing a spherical
contact lens. On average, the general population has positive spherical aberration,> so one
might infer that manufacturers designing aspheric soft contact lenses are either attempting to
control induced spherical aberration in the contact lens or have the goal of eliminating the
eye’s inherent spherical aberration in an attempt to improve visual quality. The average
change in spherical aberration caused by the contact lenses measured in this study was
negative, which would contribute to a more hyperopic shift in the periphery. Despite finding
that the lenses in this study contained negative spherical aberration, we observed myopic
changes in peripheral defocus in three of the lenses. That being said, a closer evaluation of
the influence of spherical aberration suggests that any hyperopic shift was outweighed by
the large impact of contact lens power on peripheral defocus. For example, when
considering Air Optix Night & Day Aqua, our model results show that at the 40 degree
temporal retina, the average spherical aberration induced by this particular lens brand
accounts for approximately a 0.35 D hyperopic shift in peripheral defocus. When looking at
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the effect of prescribed contact lens power on peripheral defocus (Figure 4), higher powered
(more minus) lenses are approximately 1.5 D more myopic at 40 degrees temporal retina
than lower powered contact lenses. This shows that although negative spherical aberration in
this study contributed to a hyperopic shift in the defocus profile, the myopic shifts associated
with increasingly negative contact lens power were greater and produced an overall net
myopic shift on the temporal retina for three of the four contact lenses.

Other groups have reported that the labeled contact lens power provided by the manufacturer
may not always match the power measured by lensometry. Factors that can cause differences
between labeled and measured power include the power profile across the optic zone, the
diameter of the lens stop chosen to measure the lens, and differences in osmolarity between
the manufacturer’s lens packaging solution and other solutions in which the lens is
immersed.49: 54 55 One might wonder whether the results would be different had we used
measured contact lens power rather than the labeled power that most practitioners use in
practice. Although lensometry was not performed on our lenses, we objectively determined
contact lens power by calculating the change in central autorefraction between the bare eye
and when each contact lens was on the eye. As sensitivity analyses, linear mixed regression
analyses were performed using these objective contact lens powers, and the results were
consistent in revealing the significant relationship between peripheral defocus and contact
lens power and the significant relationship between peripheral defocus and spherical
aberration when controlling for lens power.

A limitation of this study is that the profiles shown are specific to the four soft contact lenses
evaluated. The profiles measured differed among the lenses tested demonstrating that design
decisions made by manufacturers can yield differences in how the lens changes peripheral
defocus when worn on the eye. As shown in this study, based on the manufacturer’s lens
design, some lenses may result in no change in peripheral defocus (PureVision2) while
others might cause a myopic change at multiple locations. It is also important for the
clinician to note that these profiles represent the average change in defocus caused by the
four minus powered lenses measured in this study. Because of variability in ocular shape, the
final type of defocus experienced by the retina can be different between two eyes. Measuring
peripheral defocus is the only way to definitively know the type and amount of defocus
experienced by the peripheral retina of a particular eye. It is also still unclear how much of a
myopic change in peripheral defocus is needed to cause a clinically meaningful change in
the rate of myopia progression. Longitudinal studies are needed to answer this question.

CONCLUSIONS

Overall, there were differences in the change in peripheral defocus caused by each spherical
soft contact lens. The differences in the defocus profiles seen between different brands of
contact lenses are likely due to differences in contact lens optical design (including aspheric
optics and optic zone diameter) and the influence of prescribed contact lens power. If
peripheral defocus influences myopia progression, the influence of these lens design
parameters should be kept in mind when designing contact lenses. Additionally, eye care
providers should be aware of the potential differences in peripheral defocus caused by
different contact lenses.
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Figure 1.
Relative peripheral defocus (M) while wearing each of the four soft contact lenses and

relative peripheral refraction with no lens on the eye. Positive values represent hyperopic
defocus and negative values represent myopic defocus. Error bars represent the SEM.
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Figure 2.
Relative peripheral Jg astigmatism with the four soft contact lenses and with no lens on the

eye. Error bars represent the SEM.
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Figure 3.
Relative peripheral J45 astigmatism with the four soft contact lenses and with no lens on the

eye. Error bars represent the SEM.
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Figure 4.

Change in relative peripheral defocus averaged across the four soft contact lenses split by
contact lens power. Positive defocus represents a hyperopic image shift and negative defocus
represents a myopic image shift. The asterisks denote eccentricities at which the two groups
are significantly different from one another. Error bars represent the SEM.
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Figure 5.

Slope estimates from linear mixed model showing the influence of eccentricity on the
dioptric change in defocus per 1 micron (um) change in on-axis spherical aberration (SA)

due to the contact lens. Error bars represent the SEM.
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Table 1

Manufacturer-reported contact lens parameters (mm) of the lenses fitted

Biofinity Acuvue 2 PureVision2  Air Optix Night & Day Aqua

Material comfilcon A etafilcon A balafilcon A lotrafilcon A
Base Curve 8.6 8.3 8.6 8.4
Overall Diameter 14.0 14.0 14.0 13.8
Center Thickness (-3.00D) 0.08 0.08 0.07 0.08
Optic Zone * * 9.0 8.0

*
Not reported by the manufacturer
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Table 2

Dioptric change in defocus at 40° temporal retina per average change in on-axis spherical aberration (7 mm
pupil) for each contact lens.

Lens Type Mean A SA (microns) 40T Dioptric A/Avg A SA
Biofinity -0.34 1.07D
PureVision2 -0.33 1.04D
Acuvue2 -0.21 0.66 D
Air Optix Night & Day Aqua -0.11 0.35D
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