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Abstract

Purpose: Spectacle lenses containing multiple small peripheral elements have 

been developed for myopia control in children. It is important that their effect on 

vision be quantified by (i) fixation through the peripheral portion, thereby using 

foveal vision and (ii) by fixation through the central portion and presentation of 

peripheral targets.

Methods: The above approaches were used in five studies to evaluate two novel 

spectacle lens designs: spectacle lenses with Highly Aspherical Lenslets (HAL) and 

Slightly Aspherical Lenslets (SAL). A single vision lens served as a control. Visually 

normal adults participated in each study. The first two studies had subjects fixate 

through the periphery of the lenses. High and low (10%) contrast visual acuity was 

measured with the Freiburg Vision Test and reading speed for high and low con-

trast words measured with a sentence generator. The other three studies assessed 

peripheral vision while subjects fixated through the central portion of the lens. 

Peripheral contrast sensitivity was measured using two cycles per degree drifting 

Gabor stimuli. Peripheral motion perception was further evaluated using random 

dot stimuli. Finally, attention was measured using an established test of useful field 

of view with three levels of complexity.

Results: The periphery of the HAL lens significantly reduced low contrast visual 

acuity, but not high contrast visual acuity, while the effect of the SAL lens was not 

significant for either. Neither test lens affected reading speed for high contrast 

words, but the HAL lens significantly affected performance for low contrast words. 

Neither test lens affected peripheral motion perception or useful field of view.

Conclusions: Low contrast visual acuity and reading was slightly reduced while 

high contrast visual acuity was unaffected when fixating through the periphery of 

the novel lens designs. None of the peripheral measures of vision was affected by 

the novel lens designs.
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INTRO DUC TIO N

The 21st century has seen our perception of myopia tran-
sition from a benign refractive condition to a disease that 
represents an important public health issue. The American 
Academy of Ophthalmology's Board of Trustees, for ex-
ample, believes that “myopia is a high- priority cause of 
visual impairment, warranting a timely evaluation and 
synthesis of the scientific literature and formulation of an 
action plan to address the issue from different perspec-
tives.”1 Increasing levels of myopia are strongly associated 
with an increased risk of a number of eye diseases includ-
ing myopic maculopathy, open angle glaucoma, posterior 
subcapsular cataract and retinal detachment.2– 4 Likewise, 
each additional dioptre of myopia is associated with a 30% 
increased risk of visual impairment.4

The heighted awareness of the consequences of myopia 
has led to a proliferation of drugs and devices to slow its 
progression.2 Overnight orthokeratology and dual- focus 
soft contact lenses both slow progression by clinically 
meaningful amounts.5,6 Atropine at high concentrations 
is probably the most effective of modalities,3,7 but post- 
treatment acceleration remains a concern,8 and the ac-
companying mydriasis and cycloplegia require optical 
management. Lower concentrations of atropine, princi-
pally 0.01% have been widely embraced,9 but recent clin-
ical trials suggest that its one- year efficacy is less than 
0.25 D or 0.1 mm,10– 13 making it inferior to contemporary 
optical therapies.

Attempts at spectacle- based myopia control date back 
to the middle of the last century.14 Progressive addition 
lenses (PALs) have limited efficacy, slowing progression by 
less than 0.25 D over two to three years15,16 even in patients 
selected on the basis of near esophoria and accommoda-
tive lag.17 A 3- year clinical trial found a 0.75 D and 0.25 mm 
slowing of progression with executive bifocals.18 It should 
be noted, however, that a previous, similar study found no 
effect.19

Newer spectacle lens designs have had similar mixed 
results. Concentric PALs designed to reduce peripheral 
hyperopic defocus have little or no benefit.20,21 Greater 
success has been reported with lenses containing multi-
ple small peripheral elements with positive power. Among 
children completing a 2- year study, a lens with defocus 
incorporated multiple segments (DIMS) slowed myopic 
progression by around 0.4 D and axial elongation around 
0.3 mm.22 One- year results from a large randomised clin-
ical trial demonstrated 0.53 D and 0.33 D slowing of my-
opia progression, and 0.23 mm and 0.11 mm slowing of 
axial elongation with spectacle lenses containing Highly 
Aspherical Lenslets (HAL) and Slightly Aspherical Lenslets 
(SAL), respectively.23 Both lenses consist of the same config-
uration of 11 concentric rings of aspherical lenslets centred 
on a 9 mm- diameter clear central zone. Detailed descrip-
tion of the two lenses have been provided elsewhere (see 
Figure 1 in Bao et al.23). After 2 years, the HAL and SAL lenses 

slowed myopia progression by 0.80 and 0.42 D, and axial 
elongation by 0.35 and 0.18 mm, respectively.24

If large numbers of children are to be prescribed these 
and other myopia control devices, it is important that vi-
sion with them be quantified. High contrast visual acuity is 
unaffected by dual- focus soft contact lenses or overnight 
orthokeratology,5,25,26 but low contrast visual acuity mea-
sured with dilated pupils or at low luminance to promote 
larger pupils reveals small but potentially meaningful 
deficits.25,26

While soft lenses move with changes in gaze, spectacle 
lenses do not, so the patient samples different areas of the 
lens— a desirable feature for bifocals and PALs. The influ-
ence of novel lens designs with peripheral elements on vi-
sion can thus be evaluated in two ways:

1. Having subjects fixate through the peripheral portion 
of the lens, thereby using their foveal vision.

2. Having subjects fixate through the central portion of 
the lens and present peripheral targets, thereby using 
their peripheral vision.

Key Points

• This study comprehensively assessed the impact 
on various visual functions of two novel designs 
of myopia control spectacle lenses with aspheri-
cal lenslets.

• High contrast visual acuity and all the peripheral 
measures were unaffected by the novel lens de-
signs while low contrast visual acuity through 
the periphery was slightly reduced.

• The two novel lens designs showed no clinically 
significant impact on tested central and periph-
eral visual functions; thus are safe to use for my-
opia control

F I G U R E  1  Test lenses that have been edged with the clear 
zone decentred and masked for assessing foveal vision through the 
peripheral area 
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The first approach gives a measure of the limits placed 
on resolution due to the lens design and the visual acuity 
achieved should a patient turn their eyes to fixate a target 
through the peripheral portion of the lens. The second 
method assesses the impact of the lens design on periph-
eral vision. By measuring sensitivity to stimuli that are low 
contrast, moving or both, the effect of the lens design on 
hazard detection in peripheral vision may be evaluated. 
Both approaches have been used in a series of five stud-
ies described below to evaluate two novel spectacle lens 
designs.

M ETH O DS

Lenses evaluated

Two novel lens designs, each containing peripheral lens-
lets, were evaluated in each study:

• HAL: Spectacle Lenses with Highly Aspherical 
Lenslets;

• SAL: Spectacle Lenses with Slightly Aspherical 
Lenslets.

Both lenses consist of the same configuration of 11 
concentric rings of aspherical lenslets centred on a 9 mm- 
diameter clear central zone. Detailed description of the 
two lenses have been provided elsewhere.23 A conven-
tional single vision lens was used as a control. All lenses 
were polycarbonate. When foveal vision through the lens 
periphery was evaluated, the central zone was patched 
with tape in order to force the subjects to look through the 
zones containing the micro- lenses (Figure 1). The single vi-
sion lens (SVL) was also patched in the same way.

Subjects

Essilor International Institutional Review Board approval 
was obtained for all studies and written informed con-
sent obtained from all participants. Eight to 10 visually 
normal adults from a pool of 28 individuals participated 
in each study. Their age ranged from 19 to 47 years 
(mean = 28.9 ± 8.6 years) and their refractive error from 
−8.50 to +1.75 D spherical equivalent. Half of these in-
dividuals participated in more than one study, with one 
participating in all five. Myopes accounted for between 
50 and 80% of participants in each study. All subjects 
were free from ocular disease, had visual acuity better 
than 0.1 logMAR (6/7.5) at the time of testing, and wore 
their habitual correction. The subject's dominant eye was 
tested with the other eye patched. Subjects were masked 
to lens type for all tests although sometimes subjects 
noticed that the lenses with lenslets looked different 
or caused subjective changes in vision when looking 
through the lenslets.

Statistical analysis

Parametric methods were used to determine means and 
standard deviations. To evaluate differences in vision 
among the lenses, a repeated- measures factorial analysis 
of variance (RMF- ANOVA) was used, either with a single 
factor (lens) or with a second (e.g., contrast). When ap-
propriate, post- hoc Fisher's Protected Least Significant 
Difference (PLSD) tests were used to compare differences 
between pairs of lenses.

FOVE AL VISUAL ACUIT Y TH ROUG H 
THE LE NS PE R IPHE RY

Stimuli

Visual acuity was evaluated using the Freiburg Vision Test 
(FrACT)27,28 (micha elbach.de/fract.html). To estimate the 
acuity threshold, a best PEST (best Parameter Estimation 
by Sequential Testing) procedure is used in which a psy-
chometric function having a constant slope on a logarith-
mic acuity scale is assumed. Measurement terminates after 
a fixed number of trials. The advantage of this test is that it 
is computerised and automated, and therefore limits exam-
iner bias. A single letter allows fixation at one point, instead 
of fixating from top to bottom as required when using a 
regular visual acuity chart. The stimuli were presented on 
a gamma- calibrated 22- inch HP P1230 high- resolution CRT 
monitor (HP, hp.com). Visual acuity was measured for high 
(100%) and low (10%) contrast (Weber). Screen luminance 
was 120 cd/m2.

Procedure

Viewing distance was 3 m and room illumination was 
10 lux. Ten participants attended two sessions on two 
separate days: one day for 100% optotype contrast and an-
other for 10% optotype contrast. Two practice trials were 
implemented to minimise the effect of familiarity. In each 
session, subjects were tested with the three lenses in ran-
dom order. Each condition was measured three times. The 
total duration of each session was around 45 min. Subjects 
indicated the orientation of the Landolt C using a keypad. 
Auditory feedback informed subjects whether their re-
sponse was correct or incorrect. At the end of each trial, 
subjects' responses were converted into logMAR.

Results

Mean visual acuity through the periphery of each lens is 
shown in Figure 2. The asterisks signify a significant differ-
ence between pairs of lenses. High contrast visual acuity 
was not significantly affected by lens design (F2,27 = 1.83, 
p = 0.18), but low contrast visual acuity was affected 

http://michaelbach.de/fract.html
http://hp.com
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(F2,27 = 4.31, p = 0.02). Post- hoc testing showed that low 
contrast visual acuity with HAL was poorer than with the 
single vision lens. For the HAL design, high contrast visual 
acuity was reduced by 0.07 ± 0.029 logMAR (a little over 
half a line) and low contrast visual acuity was reduced by 
0.14 ± 0.053 logMAR (around 1.5 lines). For the SAL design, 
high contrast visual acuity was reduced by 0.07 ± 0.047 log-
MAR (a little over half a line) and low contrast visual acuity 
was reduced by 0.10 ± 0.062 logMAR (one line). There was 
no significant difference in either high or low contrast acu-
ity between HAL and SAL.

FOVE AL R E AD ING SPE E D TH ROUG H 
THE LE NS PE R IPHE RY

Stimuli

The reading task used an automatic sentence generator 
that measures maximum reading speed in adults,29 which 
was based and improved upon the generator described by 
Crossland et al.30 This in- house sentence generator gives 
reading speeds that agree well (7% slower) with those ob-
tained with the MNREAD test in adult readers.31 The genera-
tor can produce a large number of English sentences, which 
vary the length of four to seven words per sentence. The 
words are made up of nouns and verbs, with a variable length 
of one to 12 letters. An advantage of the sentence generator 
is that it eliminates the complex comprehension process that 
might alter the reading pattern depending on the difficulty.32 
Sentences were displayed on a gamma- calibrated digital 

5- inch screen (Blackmagic Video Assist, Blackmagic Design, 
blackmagicdesign.com) with a resolution of 1920 × 1080. The 
displaying software was written in Python 2.7.6 (Python, py-
thon.org) with the module Pygame 1.9.1 (Pygame, Pygame.
org). English words were displayed on a white background, 
with a Weber contrast of 100% or 10%.

Procedure

Viewing distance was 40 cm and room illumination was 
10 lux. The font size was 52 pixels, which, at this viewing 
distance, corresponds to approximately 0.5 logMAR. Two 
modalities are possible: either the subject had to recite the 
whole sentence (oral recitation), or indicate whether the 
content was true or false (comprehension). In this study, 
reading speed was evaluated through oral recitation only in 
10 participants. Each participant was given a demonstration 
of the task, followed by a familiarisation phase (with three 
repetitions). For a single trial, one sentence was displayed on 
the screen. The sentence disappeared and was replaced by 
a mask (Figure 3). The subject would recite all the requested 
words orally. The time available to recite the sentence was 
unlimited. The investigator recorded whether the response 
was correct or not on the keyboard. The subject, when 
ready, pressed a key to display the next sentence. Reading 
speed was specified in display duration per word (in milli-
seconds). Therefore, if there were five words in the sentence 
and the display duration was 1 second, the display duration 
per word was 200 ms. A staircase method was used with 
the minimum display duration per word, which allowed 

F I G U R E  2  Visual acuity (VA) through three lenses at 100% (left) and 10% (right) contrast. Error bars represent standard errors. Asterisks signify 
significant difference between lenses. SVL, Single vision lens, SAL, Spectacle lens with slightly aspherical lenslets, HAL, Spectacle lens with highly 
aspherical lenslets

F I G U R E  3  Sentence displayed on the screen (left), followed by a mask (right)

http://python.org
http://python.org
http://Pygame.org
http://Pygame.org
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the subject to read the whole sentence, determined as the 
mean of the last six reversals of the staircase, correctly.

Subjects were tested with the three lenses and two 
contrasts (100% vs. 10%) in random order. Subjects were 
masked to the type of lens. Each condition was measured 
three times and averaged. The total duration of the single 
session was around one hour.

Results

Mean threshold duration per word through the periphery 
of each lens is shown in Figure 4. At 100% contrast, lens type 
had no significant effect on threshold duration per word 
(F2,27 = 0.07, p = 0.93). At 10% contrast, thresholds were 
higher, but lens type had a significant effect on threshold 
duration per word (F2,27 = 3.7, p = 0.04). Post- hoc testing 
showed that duration per word was shorter for the single 
vision lens than for the HAL lens. Not surprisingly, given 
the different findings at high and low contrast, a repeated 
measures two- way ANOVA (three lenses and two contrasts) 
indicated that the interaction between lens and contrast 
approached statistical significance (F2,54 = 2.7, p = 0.08).

PE R IPH E R AL MOTIO N DETEC TIO N — 
GABO R PATCH ES

Stimuli

The stimulus was a phase- shifting Gabor patch— a drifting 
grating within a fixed 2- dimensional spatial Gaussian window. 
The grating had a spatial frequency of 2 cycles per degree and 
a speed of 4 degrees per second. The Gaussian mask had a di-
ameter of 4 degrees and a sigma of 3 cycles. It is shown at one 
of four locations— left, right, up and down— at 26 degrees of 
eccentricity in the visual field (Figure 5). At the four locations, 
the orientation of the grating was vertical for left and right, 
and horizontal for up and down. The presentation duration 
was 600 ms, and the inter- trial interval was 500 ms. During 
stimulus onset and offset, the contrast of the stimulus gradu-
ally increased to the peak and decreased to zero following a 
sine and cosine temporal window, respectively, over 100 ms.

A cross as a fixation target was presented at the centre 
of the screen at all times. The task was to fixate the cross 
while attending to the periphery and to identify the lo-
cation of the stimulus. The stimuli were presented on a 
gamma- calibrated 43- inch screen (model UA43MU6100K, 
Samsung, Samsu ng.com) with a refresh rate of 60 Hz. The 
mean screen luminance was 37.5 cd/m2. The stimuli and 
experiment procedures were generated using MATLAB 
R2018a (MathWorks, mathw orks.com) with Psychophysics 
Toolbox Version 3 (Psychtoolbox, psych toolb ox.org).33– 35

Procedure

Viewing distance was 42 cm and room illumination was 
10 lux. A 4- alternative forced choice paradigm was em-
ployed with subjects indicating the identified location of 
the peripheral target on a keypad. An independent 1- up 
2- down staircase was conducted concurrently for each lo-
cation. Contrast of the Gabor stimulus varied within each 
staircase, starting at 100%. Each staircase was terminated 
when the number of trials reached 70 or the number of re-
versals reached 10. Threshold was calculated as the mean 
contrast level of the last six reversals for each staircase. One 
practice run was conducted prior to data collection. Eight 
subjects, masked to the lens type, were tested with the 
three lenses in random order. Each condition was measured 
twice. The total duration of the session was around 1 h.

F I G U R E  4  Threshold exposure duration for the three lenses for 100% (left) and 10% contrast (right), respectively. Error bars represent standard 
errors. *p < 0.05. SVL, Single vision lens, SAL, Spectacle lens with slightly aspherical lenslets, HAL, Spectacle lens with highly aspherical lenslets

F I G U R E  5  The phase- shifting Gabor stimulus and its up location. 
An enlarged version of the stimulus is shown on the right for illustrative 
purposes 

http://Samsung.com
http://mathworks.com
http://psychtoolbox.org
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Results

Contrast thresholds for each lens and each peripheral loca-
tion are plotted in Figure 6. There was no significant effect 
of lens at any location (F2,27 ≤ 0.71, p ≥ 0.50). In other words, 
the test lenses do not affect peripheral motion detection. 
Two- way ANOVA showed a significant effect of location 
(F3,108 = 27.49, p < 0.0001).

PE R IPH E R AL MOTIO N DETEC TIO N — 
C AR D INAL MOTIO N

Stimuli

Coherent thresholds for global motion stimuli of four 
directions— expanding, contracting, clockwise and 
counter- clockwise— were measured (Figure 7). The stimuli 
comprised 360 randomly positioned dots that moved at 
4 degrees per second with varying coherence. The motion 

is most easily defined as the frame- wise increment in the 
polar coordinates of each randomly positioned dot, of 
which half were black and half were white. Dots were 6 min 
of arc in diameter and 100% contrast (Weber Contrast), 
displayed within a 40- degree grey screen square with a 
mean luminance of 50 cd/m2 (Figure 8). The central 18 de-
grees diameter of the display was masked, except for the 
central fixation. The motion had a ‘limited lifetime’ of two 
frames. After each dot moved, it was extinguished to be 
shown in a new random position. The frame- rate of the 
motion display was 20 Hz (50 ms per position).

A white fixation circle at the centre of the screen was 
provided as a fixation target at all times. The task was to 
fixate the circle while attending to the periphery and iden-
tify the direction of the motion. Stimuli were presented 
on a gamma- calibrated 43- inch Samsung UA43MU6100K 
screen with a refresh rate of 60 Hz. The stimuli and experi-
mental procedures were generated using MATLAB R2018a 
with Psychtoolbox 3.33– 35 Viewing distance was 42 cm and 
room illumination was 10 lux.

F I G U R E  6  Contrast thresholds for peripheral motion at four peripheral locations through the three lenses. SVL, Single vision lens, SAL, Spectacle 
lens with slightly aspherical lenslets, HAL, Spectacle lens with highly aspherical lenslets

F I G U R E  7  Cardinal motion directions tested. From left, expanding, contracting, clockwise and counter- clockwise
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Procedure

Subjects were required to discriminate the direction 
of motion— expanding, contracting, clockwise and 
counter- clockwise— in a one- interval presentation 
(Figure 7). There were 30 trials for each direction ran-
domly displayed within a total of 120 trials for each 
lens. Percentage coherence motion thresholds were 
calculated— the lower the value, the higher the sensi-
tivity. For each experiment, subjects looked through 
the middle of the clear zone of each lens. One practice 

run was conducted prior to data collection. Ten subjects 
were tested with two lenses in random order (SVL and 
HAL). To reduce subject burden, the SAL lens was not 
evaluated. Each condition was measured once. The total 
duration of the session was around 30 min.

Results

Coherence thresholds for each lens and direction are plot-
ted in Figure 9. There was no significant effect of lens on co-
herence threshold (F1,72 = 0.07, p = 0.80). In addition, there 
was no interaction between lens and the direction of mo-
tion (F3,72 = 0.41, p = 0.74).

USE FUL FIE LD O F VIEW

Stimuli

The useful field of view is the visual area over which infor-
mation can be extracted at a brief glance without eye or 
head movements.36,37 It assesses visual attention and other 
aspects of visual processing. The useful field of view test 
consists of three subtests with increasing complexity:

1. Processing Speed: Determines a person's threshold for 
discriminating stimuli presented in central vision.

2. Divided Attention: Same as Subtest 1 but with the addi-
tion of a concurrent peripheral target location task.

3. Selective Attention: Same as Subtest 2 but with the addi-
tion of distracters.

F I G U R E  8  Example of the display with moving stimuli. The grey 
patch covered the central 18 degree diameter of the display while the 
central fixation cross remained visible

F I G U R E  9  Coherence threshold for each lens and direction (error bars represent standard deviation). SVL, Single vision lens, HAL, Spectacle lens 
with highly aspherical lenslets
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The variable for all three is stimulus duration.
Subtest 1
The stimulus was a car or truck in the centre of the 

screen (Figure 10a). The participant was required to identify 
the target presented.

Subtest 2
Two stimuli (one at the centre and one in the periphery) 

were presented on the screen at the same time (Figure 10b). 
The participant was required to identify the target ob-
ject in the centre and the location of target display in the 
periphery.

Subtest 3
This task was identical to Subtest 2, except that the tar-

get displayed in the periphery was embedded in distrac-
tors (Figure 10c).

The stimuli were presented on a gamma- calibrated 
24- inch calibrated Dell LCD screen (Dell, dell.com).

Procedure

Useful field of view assessment was performed using com-
mercially available software (Useful Field of View (UFOV) 
Assessment, BrainHQ, Posit Science, brain hq.com). Viewing 
distance was 40 cm and room illumination was <5 lux. 
The screen background luminance was dark (<1 cd/m2). At 
40 cm, the eccentricity of the peripheral targets was 17 de-
grees. Eight participants attended a single session. In the 
beginning of the session, one practice run was conducted 
prior to data collection. Subjects were tested with the 
three lenses in random order. Each condition was meas-
ured twice. The total duration of each session was around 
45 min.

Subjects reported their responses through mouse 
clicks identifying the object in the centre, the location of 
the peripheral stimulus or both. A two- step size staircase 
algorithm was used to estimate thresholds, where “step” 
refers to display time. The algorithm started at 500 ms 
with a 50- ms step size and reduced to 17 ms after the first 
incorrect response. The assessment ended early if there 
were three consecutive trials at the shortest (17 ms) or the 
longest (500 ms) presentation time.

Results

Threshold presentation time for each lens and each 
subtest are plotted for the 40 cm viewing distance 
in Figure 11. As expected, thresholds were lowest for 
Subtest 1 and highest for Subtest 3. For Subtest 1, all 
subjects could perform the task at the shortest duration 
of 17 ms, so no analysis is presented. There was no sig-
nificant effect of lens for either of the other two subtests 
(Subtest 2: F2,21 = 0.76, p = 0.48; Subtest 3: F3,28 = 1.31, 
p = 0.29).

D ISCUSSIO N

The comprehensive studies described above quantify the 
effect of two experimental lens designs on visual func-
tions. The Essilor® Stellest™ lens (Essilor, essil or.com) is 
based on the same optical design as the HAL prototype, 
while the SAL design has not been commercialised to date. 
Therefore, the results for the SAL lens are discussed in less 
detail.

F I G U R E  1 0  (a) Car stimulus presented on the screen during Subtest 1. (b) Two stimuli presented on the screen during Subtest 2. (c) Two stimuli 
with distractors presented on the screen during Subtest 3

F I G U R E  11  Threshold duration at 40 cm for three subtests and 
three lenses (error bars represent one standard deviation). SVL, Single 
vision lens, SAL, Spectacle lens with slightly aspherical lenslets, HAL, 
Spectacle lens with highly aspherical lenslets

http://dell.com
http://brainhq.com
http://essilor.com
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The first two studies examined vision when the subject 
fixated through the periphery of the lens containing the 
multiple lenslets. The HAL lens reduced high contrast visual 
acuity by 0.07 logMAR— just over half a line on a logMAR 
chart. The same lens reduced low contrast (10%) visual acu-
ity by 0.14 logMAR (around 1.5 lines). In a separate study, 
high contrast visual acuity was measured in 50 myopic chil-
dren using the same methodology and lenses.38 The HAL 
lens reduced visual acuity by 0.07 logMAR. In other words, 
the effect of the lens designs on visual acuity is the same in 
children and adults.

The HAL lens had no influence on reading performance 
for high contrast words, but significantly impacted perfor-
mance for low contrast words. This finding is directly attrib-
utable to the size of the words relative to threshold visual 
acuity. It is well established that the reading rate increases 
as size is increased above threshold, and reaches maximum 
levels at sizes two to three times threshold. The words 
were equivalent to around 0.50 logMAR, which is about 
three times the size for threshold visual acuity (~100.5) for 
both lenses (Figure 2), and thus the reading rates would 
be expected to be similar. Conversely, at 10% contrast, vi-
sual acuity was 0.32 and 0.46 logMAR for the single vision 
and HAL lenses, respectively (Figure 2). These are much 
closer to the size used for the reading task and thus mean 
threshold duration per word is dramatically increased for 
all lenses (Figure 4). For the HAL lens, the size of the words 
in the reading task (0.50 logMAR) is barely above threshold 
(0.46 logMAR) and hence performance is more dramati-
cally affected (Figure 4).

In summary, the effect of the peripheral portion of 
the HAL lens on foveal vision was quantified and pro-
duced results that are consistent across the two studies. 
The lens produced a small reduction in high contrast 
visual acuity that does not affect reading performance 
for high contrast words. Low contrast visual acuity is af-
fected to a slightly greater degree. Thus, reading perfor-
mance for low contrast text is reduced because the text 
size used was very close to the threshold acuity under 
low contrast.

The results are generally better than recent reports 
of another spectacle lens with small peripheral seg-
ments.39 Near high contrast visual acuity through four pe-
ripheral areas containing the segments was significantly 
reduced by between 0.07 and 0.15 logMAR in adults; more 
severe than the non- significant reduction in high contrast 
visual acuity loss of 0.07 logMAR in HAL and SAL. This result 
is consistent with that of another separate study in which 
better high contrast visual acuity in children was also 
found for HAL and SAL than the DIMS lens.38 Another re-
cent investigation combined high sampling density optical 
metrology with pupil-  and image- plane numerical analy-
ses to evaluate the same lens.40 Both visual inspection and 
wavefront metrology revealed that the lenslets gave a cov-
erage factor of approximately 40%. In other words, there 
are multiple areas with single vision correction between 
the lenslets. Because of this, point spread functions were 

small, with sufficient image quality to view a 0.00 logMAR 
(6/6) letter.40

A further three experiments quantified the effect of the 
various lens designs on peripheral vision. Peripheral visual 
acuity was not measured, but the results can be predicted. 
Visual acuity is best at the fovea and decreases monotoni-
cally and rapidly as retinal eccentricity increases. The rate of 
decline is highly dependent on the stimulus used. For ex-
ample, at 10 degrees, visual acuity for crowded letters, like 
those used in the first study, is 0.85 logMAR (6/42 or 4.2 cy-
cles per degree) but 0.60 logMAR (6/24 or 7.5 cycles per de-
gree) for single letters.41,42 For grating stimuli, visual acuity 
improves further, but still only around 0.50 logMAR (6/19 or 
9.5 cycles per degree).43 In other words, there is a difference 
in visual acuity of more than 0.30 logMAR between crowded 
letters and grating stimuli at 10 degrees. At 20 degrees, vi-
sual acuity for gratings (high frequency cut- off) falls to 6 
cycles per degree (6/30 or 0.70 logMAR)44 and to 1.00 log-
MAR (6/60 or 3 cycles per degree) for single letters.42 Thus, 
for crowded letters, visual acuity at 20 degrees eccentricity 
would be worse than 6/60 and the HAL lens would likely 
have no effect.

Lens design had no effect on peripheral motion percep-
tion (Figure 6). Peripheral contrast sensitivity was measured 
using 2 cycles per degree stimuli, drifting at 4 degrees per 
second— equivalent to a temporal frequency of 8 Hz. At 
20 degrees, peak contrast sensitivity is between 1 and 2 cycles 
per degree.44 Thus, the stimuli were close to the peak of the 
contrast sensitivity function. Contrast sensitivity at 10 degrees 
is similar for stationary and drifting gratings up to 10 Hz at 2 
cycles per degree and higher.43 In other words, the results for 
moving stimuli may be extrapolated to contrast sensitivity for 
stationary targets. Like previous studies, contrast sensitivity 
was poorer in the vertical meridian than the horizontal merid-
ian, particularly superiorly.44 Other researchers have demon-
strated that contrast sensitivity is higher in the temporal field 
than the nasal field,45 consistent with the above results.

Peripheral motion perception was further evaluated 
using random dot stimuli (Figure 9). Consistent with previ-
ous studies, sensitivity to expanding (centrifugal) motion 
was higher than that for contracting (centripetal) motion.46 
Again, lens design had no significant effect on thresholds. 
Since there are no current plans to commercialise the SAL 
lens, it was excluded from the random dot study, but it 
would have no significant effect on peripheral motion de-
tection because its lenslets are less aspherical than those 
on the HAL lens. Finally, a series of useful field of view 
experiments were conducted. As expected, thresholds 
increased with task complexity, but thresholds were not 
influenced by lens design (Figure 11).

In summary, a series of experiments have quantified the 
modest reduction in foveal vision when a subject looks 
through the peripheral portion of the various lenses. When 
the subject looks through the central conventional portion 
of the lens, peripheral vision is unaffected. These studies 
represent the most comprehensive evaluation of the visual 
ramifications of myopia management technology. We are 
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unaware of any similar measures made in subjects wearing 
dual- focus soft contact lenses approved by the US Food 
and Drug Administration (FDA) for myopia control.5

It is interesting to analyse the possible interaction be-
tween myopia control lenses and normal visual devel-
opment. Children who develop myopia are usually well 
beyond their critical period. Daw summarised that there 
are three periods in the development of visual acuity,47 
with evidence primarily from studies of humans:

1. During the first 3 to 5 years of life, visual acuity develops 
from less than 6/60 to 6/6. During these years, acuity 
can be reduced by the various forms of deprivation 
leading to amblyopia.

2. Amblyopia is not confined to the first 3 to 5 years of life 
but can result from strabismus or anisometropia at any 
age, from several months to 7 years of age.

3. Recovery of acuity lost to amblyopia can occur in even 
older individuals. Eye care professionals have obtained 
positive results after sustained treatment of teenagers, 
and in a few cases adults who are affected by amblyopia.

In summary, given that the experimental lens designs 
evaluated had no measurable influence on peripheral vi-
sual function and that most myopia develops after the crit-
ical period of visual development,48 the lenses are highly 
unlikely to influence visual information processing or its 
development.

Comparisons with multifocals

It is important to contrast the properties of these experi-
mental lenses with conventional multifocal spectacle 
lenses. Considering first a progressive addition lens (PAL), 
there is an area of increased positive power in the lower 
field that will reduce distance visual acuity. If a patient looks 
through this region, their distance vision will be reduced to 
a greater extent than the above experimental lens designs. 
Likewise, but often forgotten, there is unwanted oblique 
astigmatism in the horizontal meridian of all PALs that in-
creases with greater distance from the vertex line.49 This 
astigmatism is a necessary consequence of the power pro-
gression and the maximum level of astigmatism will be 
similar in magnitude to the add power.49,50 Thus, a patient 
wearing a PAL with a +2 D reading addition, who looks to 
the left or right will experience around 2 D of oblique astig-
matic defocus. Again, their vision through the lens periph-
ery would be expected to be reduced more than through 
the above experimental lens designs.51

Bifocal lenses have two distinct areas of different power. 
Thus, distance vision is consistent above and either side 
of the lens centre. Below the lens centre, the positive 
lens power will reduce distance visual acuity in a man-
ner similar to a PAL. A further feature of a bifocal is that 
the abrupt change in power leads to a prismatic effect 
or “jump” at the top of the near segment. This can cause 

an apparent displacement of fixed objects. A 1- year pro-
spective study of 156 older adults (mean age 76.5 years) 
of whom 87 were multifocal wearers (76 of them bifocals) 
found that the multifocal wearers were more than twice as 
likely to fall than single vision wearers (odds ratio = 2.29, 
95% CI = 1.06– 4.92).52 Multifocal wearers were also more 
likely to fall because of a trip, when outside their home, and 
when walking up or down stairs. There is some evidence 
that providing patients with single vision distance specta-
cles and recommending they wear them for walking and 
outdoor activities can reduce falls.53

The experimental lens designs evaluated here contain 
no pronounced prismatic effects due to the small aperture 
of the lenslets and the repetitive design. Thus, problems 
with stairs are unlikely to occur. Furthermore, the lenses 
are intended to be worn by children who are at less risk 
of bone fractures when falling than older adults.54 This 
younger population have yet to reach driving age and 
thus there are no other obvious safety concerns. In sum-
mary, there should be less risk of adverse events with 
these new lens designs compared to traditional multifo-
cal lenses, some of which are advocated for myopia con-
trol in children.16,18

Summary

When fixating through the peripheral portion of the HAL 
and SAL lenses, high contrast visual acuity was not affected 
in adults; low contrast visual acuity was reduced only by 
the HAL lens. Reading speed was reduced by HAL only at 
low contrast, due to the size used being very close to low 
contrast visual acuity. None of the peripheral measures of 
vision including peripheral contrast detection, peripheral 
global motion processing and useful field of view, were af-
fected by HAL or SAL. The series of measures in the current 
study presented a comprehensive evaluation of visual per-
formance through the lenslets in both foveal and periph-
eral vision and indicated its safety in visual development 
for applying in the paediatric population for myopia con-
trol purposes.
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