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Purrose. To compare changes in relative peripheral refraction (RPR) associated with
myopia progression in myopic children wearing Defocus Incorporated Multiple Segments
(DIMS) lenses and single vision (SV) spectacle lenses over 2 years.

MetHoDS. A 2-year double-blind, randomized controlled trial was conducted on 183
myopic children. Subjects were allocated to either wearing DIMS (n = 93) or SV spectacle
lenses (n = 90). Peripheral refraction at 10°, 20°, and 30° of the nasal (10N, 20N, 30N)
and temporal (10T, 20T, 30T) retinal eccentricities, central refraction, and axial length
after cycloplegia were monitored every 6 months.

Resurrs. DIMS group showed symmetrical peripheral myopic shifts between the nasal
and temporal retina (comparing myopic shifts between the nasal and temporal retina,
the difference between the corresponding eccentricities were nonclinically significance).
SV group showed asymmetrical peripheral myopic shifts between the nasal and temporal
retina, with more myopic shifts (all P < 0.001) at 10T (—0.32 + 0.62 diopters [D]), at 20T
(—0.69 £ 0.95 D), and 30T (—0.85 £ 1.52 D). No significant changes in RPR spherical
equivalent (M) were noted in the DIMS group, whereas significant increases (all P <
0.0001) in hyperopic RPR M were observed at 10N (0.27 £ 0.45 D), 20N (0.75 £ 0.72 D),
and 30N (0.98 &+ 0.76 D) in the SV group.

Concrusions. Wearing DIMS lenses resulted in a significantly different peripheral refrac-
tion profile and RPR changes, as well as significant myopia control effects when compared
with SV lenses. Myopia control adopting myopic defocus in the midperiphery influenced
peripheral refraction and slowed central myopia progression, most likely through alter-
ation of overall retinal shape.
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ypically, myopes display hyperopic relative peripheral

refraction (RPR), whereas emmetropes and hyperopes
display myopic RPR.}? Previous studies on the relation-
ship between RPR and myopia onset, and between RPR
and myopia progression remains controversial.>~® Hooger-
heide et al.> measured refraction along 120° of the horizon-
tal visual field in young adults (hyperopes and emmetropes)
who were undertaking pilot training. They found 65% of
emmetropes and hyperopes who developed myopia after-
ward showed hyperopic RPR, however, it was not clear
whether the RPR was measured at the beginning or at
the end of the study’ This was the first longitudinal
study to report the relationship between RPR and myopia
development.

Mutti et al.® found that more hyperopic RPR within 2
to 4 years before myopia onset may be one of the factors
predicting the onset of myopia; however, RPR was stable
from the year of onset to 5 years following myopia onset.
In a later report, Mutti et al.* investigated children from
different ethnicities, including Asians, African-Americans,
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and Caucasians, and reported that RPR showed a weak
consistent influence on the risk of myopia onset and devel-
opment or axial elongation. Sng et al.> monitored changes in
central and peripheral refraction in Singapore Chinese chil-
dren over 1 year and found that peripheral refraction did not
predict myopia onset or influence myopia progression.

It has been well documented among animal studies that
more hyperopic defocus leds to greater myopia progres-
sion,'®!! while inducing myopic defocus retarded myopia
progression.'®1>-14 Findings in infant monkeys'>'® and
chicks!®!* suggested that spatial resolution at the anatomic
level of the optical pathway could modulate overall eye
growth.’> Animal studies using contact lenses with embed-
ded myopic defocus found that myopia progression could
be slowed by 20% to 60%.'0-1°

In our previous clinical trial, using the Defocus Incor-
porated Soft Contact lenses, which incorporated a myopic
defocus of +2.50 diopters (D) for myopic children, signif-
icant retardation of myopia progression of approximately
60% over 2 years was seen for those who wore these lenses
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for more than 7 hours per day.'” In another study using the
MiSight soft contact lenses (Cooper Vision, Inc., Pleasanton,
CA, USA) or single vision (SV) contact lenses in a randomized
clinical trial, there was significantly less myopia progres-
sion by 59% and less axial elongation by 52% in children
who wore MiSight lenses for 3 years compared with chil-
dren who wore SV contact lenses.! This suggested that
myopic defocus could slow myopia progression in myopic
children.'”-1°

When correcting myopia using traditional spectacle
lenses, on-axis light will focus on the fovea, whereas oft-
axis light will lead to peripheral hyperopic defocus?®:?!; this
has been hypothesized to be a possible trigger for myopia
progression. Sankaridurg et al.?? found there were no statis-
tically significant effects in myopia retardation after wear-
ing spectacle lenses with incorporated myopic defocus in
the periphery over 1 year compared with SV lenses.'® This
differed from the results of our recent Defocus Incorpo-
rated Multiple Segments (DIMS) spectacles clinical trial. The
DIMS lens comprises a central correction zone surrounded
by multiple segments of constant myopic defocus (43.50 D)
at the midperiphery, which can simultaneously provide clear
central vision and peripheral myopic defocus.?®> We previ-
ously reported that wearing the DIMS lenses over 2 years
resulted in significant retardation of myopia progression of
up to 59% and slowing of axial elongation by up to 60%
when compared with wearing SV spectacle lenses.”?

The majority of previous studies of investigating myopic
defocus have reported myopia control effects as changes in
ocular refraction and axial length (AL), with few reporting
the changes in retinal shape. Some studies have reported
that retinal shape might be a determinant for the develop-
ment of myopia through biomechanical factors, such as the
thinning of the sclera and localized ectasia of the posterior
sclera during myopia development.?$?5 Significant correla-
tions between peripheral eye length and peripheral refrac-
tion have been found.?°-?® Therefore peripheral refraction
or RPR, which can be easily measured and monitored by
clinicians, have been used to indirectly describe the retinal
shape.!>? To date, few studies have reported changes of
RPR after myopia control using myopic defocus in humans.
In the DIMS project,” the effects of DIMS spectacle lens
wear on RPR was investigated. The changes in RPR and reti-
nal shape between the DIMS and SV groups were reported in
the current article. The data from the DIMS project®® were
used in the current article to investigate the influence of
DIMS and SV spectacle lens wear on RPR.

METHODS

A randomized and double-blind clinical trial was conducted

at the Centre for Myopia Research, School of Optometry, the

Hong Kong Polytechnic University between August 2014 and

July 2017.% The children were randomly assigned to wear

either the DIMS lens (treatment group) or SV spectacle lens

(control group). The recruitment criteria are listed as follows.
Inclusion criteria were:

. Hong Kong Chinese children ages 8-13 years

. Central spherical equivalent (M): —1.00 to —5.00 D

. Astigmatism and anisometropia of 1.50 D or less

. Monocular best-corrected visual acuity of 0.00
logMAR (6/6) or better

5. Acceptance of random group allocation and the

masked study design

NN =

Downloaded from iovs.arvojournals.org on 06/10/2020

IOVS | May 2020 | Vol. 61 | No.5 | Article 53 | 2

Exclusion criteria were:

1. Strabismus and binocular vision abnormalities
2. Ocular and systemic abnormalities
3. Prior experience of myopia control

The study was approved by the Human Subjects Ethics
Subcommittee of The Hong Kong Polytechnic Univer-
sity and adhered to the tenets of the Declaration of
Helsinki. Informed consent was obtained from the parents
or guardians of all participants. The procedure of random-
ization has been described previously.?> The children and
their parents were masked to group allocation. The masking
procedures fulfilled the Consolidated Standards of Reporting
Trials Requirements for a double-blinded trial.

A standardized eye examination was performed every
6 months over the 2-year trial period. Corneal power was
measured by Shin-Nippon NVision-K 5001 (Ajinomoto Trad-
ing Inc., Tokyo, Japan) autorefractor without cycloplegia.
One drop of proparacaine 0.4% followed by 1 to 2 drops
of cyclopentolate HCL 1% were used to induce cyclople-
gia. Central and peripheral refraction across the horizontal
retinal eccentricities were measured five times by using a
Shin-Nippon NVision-K 5001 autorefractor with the Maltese
cross-target placed at the straight-ahead position (center)
and 10°, 20°, and 30° at nasal (10N, 20N, 30N) and temporal
(10T, 20T, 30T) retinal eccentricity. Subjects were asked to
keep their head stationary and turn their eyes to fixate on
the different targets.® Peripheral refraction was measured
in the right eye because the ocular biometry between the
two eyes was highly correlated.??3! In this group of chil-
dren, the correlation coefficient between right and left eye
was 0.91 for the central M, 0.97 for AL, 0.94 for the steep
corneal curvature, and 0.97 for flat corneal curvature.?> AL
was measured five times by using the IOL Master (Carl Zeiss,
Oberkochen, Germany) and then averaged. Spherocylindri-
cal refraction measurements regarding spherical power (S),
cylindrical power (C), and axis (f) were converted into a
power vector by a conventional formula for analysis.>

M=5+C/2
Jo = —(C/2)cos(20)
Jis = —(C/2)sin(20)

Positive J, represents with-the-rule astigmatism, whereas
negative results represent against-the-rule astigmatism. The
J4s stands for oblique astigmatism. RPR is calculated as
central refraction subtracted from peripheral refraction. A
positive RPR is considered hyperopic RPR, whereas nega-
tive RPR is considered myopic RPR. Our previous article
reported that there were no statistically significant differ-
ences in age, sex proportion, central M, or AL between the
DIMS and SV groups (P > 0.05) at baseline.??

Data Analyses

All statistical analyses were performed using IBM SPSS
v.16.0 (IBM Corporation, Armonk, NY, USA). The right eye
was used for data analyses, and all data were normally
distributed. Repeated measures ANOVA was used to assess
the impact of DIMS and SV lenses wear on the changes of
peripheral refraction and RPR over time. Independent #-tests
were used to compare differences in RPR between the two
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TasLe 1. Mean (SD) of Peripheral Refraction M in the DIMS and SV Group Over 2 Years

Group 10T 20T 30T 10N 20N 30N
Baseline

DIMS —3.00 (1.02) —2.71 (1.23) —1.60 (1.58) —2.81 (0.99) —2.10 (1.22) —1.07 (1.33)

SV —2.78 (0.98) —2.68 (1.23) —2.09 (1.74) —2.62(0.93) —1.99 (1.06) —0.93 (1.28)

pf 0.16 0.86 0.14 0.21 0.55 0.49
6-Month

DIMS —3.16 (0.99) —2.81 (1.15) —1.91 (1.24) —2.94 (1.26) —2.21 (1.29) —1.30 (1.41)

SV —3.16 (1.01) —2.99 (1.16) —2.16 (1.56) —2.95 (1.01) —1.87 (1.19) —0.79 (1.38)

bl 0.98 0.32 0.40 0.96 0.08 0.02
12-Month

DIMS —3.19 (0.98) —2.98 (1.05) —1.81 (1.15) —3.09 (1.15) —2.29 (1.38) —1.28 (1.50)

SV —3.37 (1.07) —3.10 (1.09) —2.11 (1.66) —3.03 (1.12) -1.97 (1.27) —0.76 (1.39)

i 0.26 0.85 0.32 0.74 0.12 0.003*
18-Month

DIMS —3.28 (1.02) —3.15 (1.12) —2.27 (1.16) —3.20 (1.13) —2.40 (1.24) —1.47 (1.54)

SV —3.62 (1.11) —3.46 (1.16) —2.47 (1.63) —3.18 (1.16) —2.00 (1.28) —0.70 (1.53)

bl 0.05 0.08 0.45 0.94 0.05 0.003*
24-Month

DIMS —3.34 (1.10) —3.14 (1.20) —2.19 (1.35) —3.32 (1.26) —2.57 (1.41) —1.73 (1.68)

SV —3.69 (1.20) —3.50 (1.16) —2.74 (1.56) —3.21 (1.37) —2.08 (1.43) —0.79 (1.60)

pf 0.06 0.06 0.03 0.59 0.03 <0.0001*

TThe P value was considered as significant if <0.008 after Bonferroni adjustment.
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Ficure 1. (A) Peripheral refraction changes across the horizontal retina over 2 years in the DIMS group. (B) Peripheral refraction changes
across the horizontal retina over 2 years in the SV group. Error bars denote the SEM. The significance of the P value was considered as
<0.008 after Bonferroni adjustment. *P <0.008 indicates the significant difference between baseline and 24 months within the group (paired
t-test).

groups. The difference in refractive error between the nasal REsuLrs
retina and temporal retina was compared by a paired #-test.
With changes in central M and changes in AL as the depen-
dent variable, linear regressions were performed to analyze
the relationship between (1) baseline RPR M and myopic
shifts, (2) baseline RPR M and axial elongation, (3) changes
in RPR M and myopic shifts, and (4) changes in RPR M and
axial elongation, adjusting for sex and age in the SV group.
A P value of <0.05 was considered statistically significant;
Bonferroni adjustment was applied when applicable. The
adjusted significance level was set to 0.008 as refraction was
measured at six retinal eccentricities in the right eye of each

Peripheral Refraction (M, Jo, J45)

Table 1 and Figure 1 show the results of peripheral M in the
DIMS and SV groups at 6-month intervals. There were no
significant differences in peripheral refraction M across the
horizontal retina between the two groups at the baseline
(independent #-test, P > 0.05). After 2 years, both groups
have shown a steady increase in myopic shift centrally and
peripherally, but the patterns of the shift were different.

All the horizontal retinal eccentricities in the DIMS
' showed myopic shifts in peripheral M with a range from
subject. —0.34 to —0.60 D (paired #-test, P < 0.0001), and presenting

Investigative Ophthalmology & Visual Science

Downloaded from iovs.arvojournals.org on 06/10/2020



Investigative Ophthalmology & Visual Science

DIMS Lenses Changed RPR

IOVS | May 2020 | Vol.61 | No.5 | Article 53 | 4

TaBLE 2. Mean (SD) of RPR M in the DIMS and SV Group Over 2 Years

Group 10T 20T 30T 10N 20N 30N
Baseline

DIMS —0.03 (0.47) 0.26 (0.91) 1.39 (1.49) 0.16 (0.41) 0.88 (0.89) 1.89 (1.20)

SV —0.01 (0.35) 0.09 (0.93) 0.66 (1.64) 0.15 (0.38) 0.78 (0.72) 1.84 (1.15)

P 0.77 0.25 0.02 0.84 0.46 0.80
6-Month

DIMS —0.05 (0.41) 0.29 (0.75) 1.15 (0.97) 0.16 (0.82) 0.89 (0.94) 1.80 (1.07)

SV —0.04 (0.34) 0.13 (0.72) 0.97 (1.40) 0.18 (0.44) 1.25 (0.86) 2.33 (1.19)

P 0.77 0.17 0.46 0.90 0.01 0.003*
12-Month

DIMS —0.01 (0.42) 0.19 (0.70) 1.21 (1.05) 0.08 (0.46) 0.88 (0.87) 1.90 (1.18)

SV —0.06 (0.34) 0.21 (0.67) 1.15 (1.45) 0.28 (0.60) 1.35 (0.92) 2.55 (1.26)

pf 0.44 0.86 0.81 0.02 0.001* 0.001*
18-Month

DIMS 0.00 (0.45) 0.14 (0.80) 1.05 (0.99) 0.09 (0.78) 0.88 (1.00) 1.84 (1.35)

SV —0.13 (0.35) 0.03 (0.70) 0.96 (1.23) 0.31 (0.55) 1.48 (0.90) 2.70 (1.31)

pPf 0.04 0.34 0.67 0.04 <0.0001* <0.0001*
24-Month

DIMS 0.01 (0.47) 0.21 (0.78) 1.15 (1.31D) 0.03 (0.56) 0.80 (0.89) 1.63 (1.42)

SV 0.01 (0.68) 0.20 (0.80) 1.00 (1.39) 0.49 (0.86) 1.62 (1.10) 2.88 (1.42)

pf 0.98 0.97 0.52 <0.0001* <0.0001* <0.0001*

T The P value was considered as significant if <0.008 after Bonferroni adjustment.

a symmetrical pattern of myopic shifts between the nasal and
temporal retina (Fig. 1). When comparing between the nasal
and temporal retina, the difference between the correspond-
ing eccentricities were all clinically not significant, with the
mean difference at 10° was 0.17 £ 0.49 D (P = 0.003), at 20°
was 0.04 & 0.71 D (P = 0.65), and at 30° was 0.23 + 1.71 D
P =0.37).

The SV group showed significant myopic shifts at certain
eccentricities, with a larger range from —0.59 to —0.91 D
(P < 0.0001) over 2 years, and presenting an asymmetri-
cal pattern of myopic shifts between the nasal and temporal
retina (Fig. 1). There were more myopic shifts at the tempo-
ral retina compared with the nasal retina over 2 years; mean
difference at 10° was —0.32 £+ 0.62 D (P < 0.0001), at 20°
was —0.69 £ 0.95 D (P < 0.0001), and at 30° was —0.85 =+
1.52 D (P = 0.001).

In fact, the DIMS group showed a more uniform myopic
shift at all eccentricities, whereas the SV group presented an
asymmetrical myopic shift. Comparison of the two groups
revealed that the DIMS group had significantly more myopic
shifts in peripheral M at 30N (mean difference —0.70 £ 0.18
D, P < 0.0001) and 20N (mean difference —0.38 + 0.14 D,
P = 0.000) but significantly less myopic shifts at 10T (mean
difference 0.57 £ 0.12 D, P < 0.0001) compared with the SV
group over the 2-year observation period.

There were no statistically significant differences in
peripheral J, and J;s between the two groups at baseline
(at all eccentricities, P > 0.05). After 2 years, peripheral J,
showed significant positive shifts at 10T and 20T, with the
changes of 0.25 + 0.33 D (P < 0.0001) and 0.25 £ 0.47
D (P < 0.0001), respectively, in the DIMS group. In the
SV group, significant positive shifts were observed at 10T
(mean difference: 0.29 + 0.28 D, P < 0.0001), 20T (mean
difference: 0.54 £+ 0.50 D, P < 0.0001), 20N (mean differ-
ence: 0.17 = 0.38, P < 0.0001), and 30N (mean difference:
0.16 £+ 0.47, P = 0.004). There were no changes in periph-
eral J;s within the DIMS or SV groups (at all eccentricities,
P > 0.05). There was no significant difference of periph-
eral J, between two groups after 2 years nor in periph-
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eral J;5 over 2 years after Bonferroni correction (P > 0.008;
Fig. 2).

Relative Peripheral Refraction M

Table 2 and Figure 3 describe the RPR M in the DIMS and
SV groups over 2 years. There was no significant difference
in RPR M between the DIMS and SV groups at baseline after
Bonferroni correction (at all eccentricities, all P > 0.008).

After 2 years, the myopic shifts in all the peripheral refrac-
tions increased proportionally with the central refraction,
and therefore maintained a rather constant RPR M in the
DIMS group. Despite a significant decrease of hyperopic RPR
M at 10N (mean difference —0.13 + 0.43 D, P < 0.0001) in
the DIMS group, all the changes were regarded to be clini-
cally negligible.

In the SV group, significant hyperopic shifts in RPR were
seen at the nasal retina, with mean changes of 0.27 £ 0.45
D, 0.75 £ 0.72 D, and 0.98 + 0.76 D at 10N, 20N, and 30N
(P < 0.0001) but no significant changes were shown in the
temporal retina. The RPR presented a skewed pattern.

Comparison of the two groups revealed that the SV group
had significantly greater hyperopic RPR M at 10N (mean
difference 0.46 + 0.11 D, P < 0.0001), 20N (mean differ-
ence 0.82 £ 0.16 D, P < 0.0001), and 30N (mean difference
1.25 £ 0.23 D, P < 0.0001) but not in the temporal retina
when compared with the DIMS group.

Correlation of RPR M and Other Factors

In the SV group, there was no significant association
between either baseline RPR M and myopic progression
nor baseline RPR M and axial elongation at all eccentrici-
ties (linear regression, P > 0.05). However, the changes in
RPR M at 10N showed a significant association with myopia
progression (standardized coefficient: 0.84, P = 0.003), and
axial elongation (standardized coefficient: —0.79, P = 0.004)
after adjusting for sex and age.
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(A) Peripheral Jy changes across the horizontal retina over 2 years in the DIMS group. (B) Peripheral Jy changes across the

horizontal retina over 2 years in the SV group. (C) Peripheral J45 changes across the horizontal retina over 2 years in the DIMS group.
(D) Peripheral J45 changes across the horizontal retina over 2 years in the SV group. Error bars denote SEM.

DiscussION

The current study aimed to provide insight into the change
of the retinal shape following the use of myopic defocus
for myopia control. We measured the peripheral refraction
and RPR changes between children wearing SV and DIMS
spectacles in a randomized controlled trial over 2 years.
Over the 2 years, subjects in the SV group were found to
have greater changes in peripheral M in the temporal retina
(nasal visual field) compared with the nasal retina (temporal
visual field), presenting as an asymmetric change, and this
asymmetry increased during myopia progression, which is
consistent with previous reports.®>> Some studies suggested
that this asymmetry can be explained by a combination of
a few factors, including the difference in angle between the
optical axis and visual axis (angle alpha)3*3> asymmetries

Downloaded from iovs.arvojournals.org on 06/10/2020

in vitreous chamber depth,*® and corneal curvature’” The
increased asymmetric peripheral profile has been suggested
to be caused by the different rates of ocular expansion along
the axial and equatorial region during myopia progression,
and particularly in eyes with faster myopia progression.® In
contrast, after the myopia treatment of DIMS lenses, chil-
dren showed significant changes in peripheral M at all reti-
nal eccentricities, which indicated a uniform myopic shift
along the horizontal retina. It could be speculated that chil-
dren in the DIMS group experienced a relatively slower
and uniform eye growth, whereas in the SV group, there
was a relatively faster axial expansion than the equatorial
region.

RPR changes were also different between the two groups.
In the SV group, a significant increase in hyperopic RPR M at
the nasal retina (ranging from approximately 0.27-0.98 D)
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Ficure 3. (A) RPR changes across horizontal retina over 2 years in the DIMS group. (B) RPR changes across horizontal retina over 2 years
in the SV group. Error bars denote SEM. The significance of the P value was considered as <0.008 after Bonferroni adjustment. *P <0.008
indicates the significant difference between baseline and 24 months within the group (paired -test).

was found over 2 years, whereas PRP M showed a slightly
statistical change in the DIMS group, but it was not clinically
significant. To the best of our knowledge, this is the first
human study to report this result. Among animal studies,
contradictory findings have been reported from a guinea pig
study?®; there was a significant increase in hyperopic RPR M
after superimposing myopic defocus in the periphery. It is
supposed that there may be an area of retina that can decode
signs of defocus and result in local retinal area changes.>’
Such an ability to decode depends on the area or threshold
of the defocus, which may be different in humans compared
with other animals.’®

Although the changes in RPR M at 10N showed a signifi-
cant association with central myopic shift and axial elonga-
tion over 2 years in the SV group, the baseline RPR M could
not predict myopia progression or axial elongation, which
is consistent with previous studies.’”” Mutti et al.* observed
the changes in peripheral refraction at 30° nasal visual field
and found peripheral refraction exerted a weak influence on
predicting myopia onset or progression. Hyperopic RPR was
more likely to be a consequence of axial elongation rather
than a cause of the myopia progression.*® This is because
the AL increased to a larger extent than the equatorial diam-
eter when eyeball elongation, resulting in a relatively more
prolate ocular shape,’* which can be seen as less myopia
in the peripheral retina than the central fovea.

It has been suggested that RPR could be used to indi-
rectly describe the retinal shape.'>?* A higher hyperopic
RPR suggested a less curved image shell compared with
the retinal shape,*’ and when corneal curvature and AL are
constant, a higher hyperopic RPR indicated a steeper retinal
shape.? This suggested the image shell with a reduced curve
compared with the retinal shape of the SV group indicated
a steeper retinal shape, whereas there was a flatter retinal
shape in the DIMS group.

Regarding the asymmetrical profile in the SV group, the
mechanism of the inhibited peripheral expansion in the
SV group remained unclear, and various potential mecha-
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nisms have been discussed in a previous study by Mutti
et al® The authors indicated that insufficient lens material
might prevent the eye from stretching equatorially as the
eye grows.!'

We proposed that the uniform pattern of eye growth that
stimulated more peripheral eye growth might be a mecha-
nism of normal eye growth or emmetropization process. In
this study, retardation of myopia progression and axial elon-
gation in the DIMS group may be interpreted as switching
back to a coordinated eye growth. In the SV group, the axial
elongation increased faster than the equatorial region and
may indicate a noncoordinated eye growth. A suggestion of
equatorial restriction of the growing eye has the potential to
accentuate axial elongation.*?

Recently, Pan®® reported that the signaling of ON-OFF
retinal ganglion cells (RGCs) in the mouse retina could
be changed by a defocused image, and showed different
responses to varied powers of defocus image.** We assumed
the signaling of RGCs might be altered by the defocus power
in the DIMS lens and resulting in a uniform and symmetri-
cal pattern change in the peripheral refraction. Nevertheless,
further animal studies will be needed.

One of the limitations of this study was that the periph-
eral eye length was not measured; measuring peripheral eye
length could enable determination of the actual peripheral
eye growth situation. It is worth noting that the wide range
of the standard deviations relative to the mean RPR values
could indicate that the actual retinal shape may be vari-
able.>15

Few studies have investigated the changes of periph-
eral refraction or RPR during myopia control, and to our
knowlegde this is the first study that demonstrated myopia
control using myopic defocus with simultaneous clear
vision results in changes in the midperipheral refraction
and RPR compared with SV lenses. Our current description
of retinal shape in two groups may only be part of the wider
picture; further study on investigating the retinal or eye
shape need to be conducted by using imaging examination,
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such as magnetic resonance imaging or B-ultrasonography.
More work on the understanding of the mechanism on the
pattern of peripheral refraction changes in myopia control
utilizing myopic defocus are required.

CONCLUSIONS

To our knowledge, this is the first study to demonstrate
myopia control using myopic defocus with simultaneous
clear vision results in changes in the peripheral refraction.
Myopia control using myopic defocus in the midperiph-
ery influenced changes in peripheral refraction and slowed
central myopia progression, most likely through alteration of
overall retinal shape. Further studies to elucidate the mech-
anism of this intervention are warranted.
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