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Abstract

Purpose: To understand and compare the optics of two multiple-segment (MS) spectacle
lenses (Hoya Miyosmart and Essilor Stellest) designed to inhibit myopia progression in
children.

Methods: The optics of the two designs are presented, together with geometrical optics-
based calculations to understand the impact of the lenses on the optics of the eye. Lenses
were evaluated with three techniques: surface images, Twyman-Green interferometry, and
focimetry. The carrier lens powers and the spatial distribution, powers and forms of the
lenslets were measured.

Results: MS lenses as manufactured were found to match most of the design
specifications given by their manufacturers, although some apparent small discrepancies
were found. The focimeter-measured power of the lenslets was approximately +3.50 D for
the Miyosmart and +4.00 D for the highly-aspheric lenslets of the Stellest design. For both
designs of lens, image contrast would be expected to be modestly reduced in the focal
planes of the distance-correcting carrier lenses. Images become much more degraded in
the combined carrier-lenslet focal plane, due to the generation of multiple laterally-
displaced images formed by adjacent lenslets within the effective pupil. The exact effects
observed depend on the effective pupil size and its location with respect to the lenslets,
and the power and arrangement of the lenslets.

Conclusion: Wear of either of these lenses will produce broadly similar effects on retinal

imagery.



Introduction

Over the last few decades, the prevalence of myopia has increased in many parts of the
world. This has led to concerns regarding the consequent cost of treatment, increased risk
of associated pathology, and loss in quality of life.> Recently, a new type of spectacle
lens, the multiple segment (MS) lens, has been introduced.* % In such lenses, multiple
small (ca 1 mm diameter), positively-powered lenslets are embossed across all or part of
the periphery of the anterior surface of a distance correction (the carrier lens). As in
several earlier attempts to produce a myopia-controlling spectacle lens,® 7 the lenses are
designed to act by introducing a myopic defocus in the peripheral retina to achieve myopia

control, as indicated by the results of experiments with animals.-"

The earliest design of this type was the MiyoSmart or DIMS (Defocus Incorporated
Multiple Segment) lens (Hoya, Tokyo, Japan) in which the small lenslets are arranged in a
triangular (honeycomb) pattern, within a hexagonal “annulus”, on the anterior surface of
the carrier lens.® The central region of the carrier lens around its optical centre is left clear
(Figure1a). Normally the visual axis is directed to view through this central clear area. The
optics of the lens are outlined in the original patent’? and by Lam et al.’® and have been
analysed in much more detail by Jaskulski et al.'* and Gantes-Nunez et al.® Essentially,
rays from a distant object point at a field angle such that the rays pass through the lenslet-
covered area of the lens in their passage to the pupil of the eye are nominally brought to
two foci, the first formed by the basic distance correction the other myopic focus being

generated by the combined powers of the distance correction and each embossed lenslet.
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Figure 1. Schematic arrangement of lenslets in (a) MiyoSmart lenses (Hoya) and (b)
Stellest lenses (Essilor). In practice the widths of the clear areas at the centre of both

current lenses are about 9 mm.

The same basic Multiple Segment (MS) concept is extended to lenses (Stellest lenses,
Essilor, Paris, France) in which the lenslets are arranged in a series of concentric circles
surrounding the central clear area, rather than being distributed in a triangular lattice (see
Figure1b).4 1618 Further, rather than being spherical, the surfaces of the lenslets are either
slightly or highly aspheric (SALs or HALs). It is argued that this aspherisation results in the
myopic focus of the lenslets being extended in depth to create a “volume of myopic focus”
rather than a single plane of myopic defocus, the concept being termed HALT (Highly
Aspheric Lenslet Target) technology, by the manufacturers. This extended focus effect is
similar to that produced by aspheric designs of simultaneous-image presbyopic contact
lenses. As with the earlier MiyoSmart lenses,'® 20 short-term tests with children showed
that acuity and contrast sensitivity when looking through the lenslet-covered area of the
lenses were little affected in comparison with the results found with single-vision lenses.*
Both MiyoSmart and Stellest lenses have been shown to produce a significant reduction in
myopia progression after 2 years of MS lens wear in comparison to single vision lens

Wear.4’ 5, 16, 21

These two variants of MS-type lenses are now becoming available for clinical use in
several parts of the world. Other variants may follow. Clinicians and researchers need to

understand the design and optical characteristics of the lenses, not least to enable them to



check the lenses in their labs before dispensing to patients. This paper aims to describe

the optical design and measured characteristics of available MS-type lenses.

Optical design: Geometrical Optics considerations
Hoya MiyoSmart spectacle lens

The original key concepts for any MS spectacle lens were, first, that at any part of the lens
traversed by an image-forming pencil of rays from an object point in part or all of the
peripheral field, there must be two focal powers, corrective and defocus, within the area
corresponding to that of the entrance pupil of the eye. The second requirement was that
the ratio of the areas occupied by these two powers within the pupil should remain
reasonably stable as the pupil diameter changes or the eye moves. The MiyoSmart
design of Fig.1a meets these requirements, its optical effects being shown schematically in
Figure 2.

The carrier has a power which corrects the distance refractive error of the wearer. The
lenslet size (1 mm diameter) and the centre-to-centre intervals between nearest
neighbours (1.5 mm) are chosen to assure that, within any fixed circular pupillary diameter
and at any part of lens, a reasonably stable number of lenslets is included within the pupil
area and that the total area of included lenslets takes up approximately half that of the full
pupil. In the MiyoSmart the lenslets occupy about 40% of the entire lenslet-covered area of
the lens, although within any small pupil the proportion varies somewhat with the size and
location of the pupil. Lenslet diameters <1.0 mm are unsuitable, due to the associated

increase in image blur due to diffraction.
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Figure 2. Schematic diagram (not to scale) showing (a) action of MiyoSmart lens and eye

when imaging a distant object point. The continuous rays are the chief rays for each



lenslet, which pass undeviated through the optical centres of the lenslets to converge at
the focus for the carrier lens on the retina. Other rays (shown dashed) passing through
each lenslet are deviated to a myopic focus in front of the retina, the focus for each lenslet
being laterally separated from those for its neighbours. For clarity, only 3 lenslets are
shown. In practice the lenslets are confined to the outer portion of the lens, the central
area being clear (see Figure1a). (b) MiyoSmart (DIMS) images of a distant object point
according to geometrical optics in a reduced eye with a 4 mm diameter pupil. It is assumed
that the lenslets are symmetrically distributed within the pupil, although in practice the
distribution will change dynamically as fixation and the pupil diameter vary. (Left) On the
retina, the base power of the carrier forms a point image (dark blue) and the lenslets
generate a superimposed circular blur patch (pink). (Right) In the myopic plane of focus
produced by the lenslets, each lenslet forms its own point image (red), these being
laterally displaced from one another, and the carrier power creates a blur patch (pale blue)

with a circular boundary.

The optical path according to geometrical optics of a ray pencil from a distant object
through a basic MiyoSmart lens is shown schematically in Fig. 2a. As also discussed by
other authors,’ 1% in the absence of the lenslets, rays passing through the carrier to enter
the eye's entrance pupil would all come to a focus on the retina. In any other transverse
plane a uniform blur circle would be formed, with a diameter dependent on the pupil
diameter and error in focus. However, in the presence of the lenslets, although the chief
rays passing through the optical centres of the lenslets still all converge to the carrier’s
point focus, the other rays passing through each positively-powered lenslet are converged
to a more anterior point focus positioned on the chief ray. Thus, in the myopic image plane
corresponding to the lenslets’ defocus power, the image consists of an array of point foci
which are laterally distributed in the same spatial pattern as that of the lenslets within the
pupil area. These images are superimposed on the blur patch due to the carrier power,
which has a form which is a blur circle with circular dark areas corresponding to the areas
of the lenslets. At the retina the carrier lens continues to create a point focus, but the ray
bundle from each lenslet is now out-of-focus and creates a blur circle with a diameter
which depends upon the diameter and power of the lenslet. Since the chief rays from the
lenslets all converge at the retina, the individual lenslet blur circles are all superimposed
on each other (Figure 2, see also Jaskulski et al.'* and Gantes-Nunez et al."®).



If the minor effects of the vertex distance of the spectacle lens are neglected, it is
straightforward to calculate the approximate angular scale of these point images. Using a
reduced eye model of dioptric length K” dioptres, with a single refracting surface, if a
circular pupil of diameter D is placed at this surface, the diameter of the retinal blur circle,
d, for a simple spherical error of focus AF is:

d=AFD/K’

Taking a conventional reduced eye model with K” = 60 dioptres?? if AF is in dioptres and D
in mm, this corresponds to an angular diameter

@ =3.44 AF.D min arc

Considering now the image on the retina, the carrier lens (base power) gives a sharp focus
but the images produced by the 1 mm diameter lenslets are each 3.5 D out-of-focus (Fig
2b, left). All their superimposed circular blur patches therefore have a diameter of about 12
min arc. This defocused light primarily acts to reduce the contrast of the combined image:
this modest reduction in image contrast would be expected to have little effect on high-
contrast letter acuity.?? In the focal plane corresponding to the focus for the lenslets, the
circular boundary of the blur patch due to the carrier for an eye-pupil diameter of 4 mm is
about 48 min arc. Each lenslet forms a sharp point focus, the individual point foci being
separated laterally by about 18 min arc (Figure2b, right). This separation is easily
resolvable at the fovea of the eye, so that the image of an extended object appears to be
blurred and of reduced contrast. The number of lenslets contributing to the image will
increase with any dilation of the ocular entrance pupil, and the exact spatial distribution of
lenslets sampled will vary with changes in the direction of the visual axis and the field
angle on the retina. In some cases, only part of a lenslet may fall within the pupil boundary,
so that at the myopic focus not all of the component lenslet images are of equal retinal
illuminance. The modulation transfer function will therefore vary with both time and

orientation.

In practice these simple geometrical predictions are, of course, modified by such factors as
the vertex distance of the MS lens, the changes in shape of the lenslet pattern and
entrance pupil of the eye when viewed obliquely, diffraction, and the oblique astigmatism
and other aberrations of the carrier lens and eye.

The effects of diffraction associated with the small diameter of the lenslets are particularly
important. The 1.0 mm diameter of each lenslet acts in a similar way to that of the pinhole
in the pinhole test: It increases diffractive blur and the depth-of-focus. In the absence of



any aberration and with monochromatic light of wavelength 555 nm, the in-focus point
image (the Airy disc) has a diameter of about 4.6 min arc and the modulation transfer
function falls to zero at a spatial frequency of about 31 c/deg. Thus, at best, the in-focus
point-image formed by each lenslet is of relatively low optical quality. In practice, the
images will be further degraded by additional aberrations. The small diameter of the lenses
will also affect the out-of-focus characteristics of the lenslet images, and the associated
depth-of-focus. If we apply the Rayleigh quarter-wavelength criterion of defocus, a defocus
of about 1.1 D from the optimal focus is required before any additional image blur
becomes detectable: experimental studies using various methods give similar values.??
The poor sensitivity to focus change would be expected to make images formed by

individual lenslets poor accommodation stimuli.?*

The oblique astigmatism of the eye also has major impact on the blur patterns on the
peripheral retina when the visual axis is directed through the lens centre. The typical
oblique astigmatism of the eye rises from about 1 D at a field angle of 20 degrees to
around 2.5 D at 40 degrees,?® introducing corresponding additional spherical and
cylindrical blur. Nevertheless, Figure2b would be expected to give a reasonable prediction
of the general features of the images. We have confirmed this by ray-tracing with a
Navarro model eye.?® Examples of modulation transfer functions for various pupil

diameters are available in literature.’ 1518

As manufactured, the MiyoSmart's lenslets are distributed across an approximately
annular area of the carrier lens, with inner and outer diameters of 9.4 and 33 mm (in fact
the boundaries are hexagonal). This region is centred on the optical centre of the carrier
lens. This means that, with a properly-fitted lens and a vertex distance of 13 mm the
angular radii of boundaries of the lenslet-covered area are about 16 and 45 degrees
respectively when the spectacle lens axis and visual axis coincide. Under such
circumstances, the lens acts as a single-vision distance correction with no loss of contrast
for foveal vision, while the peripheral retina receives point images of the type illustrated in
Figure 2. Changes in fixation direction with respect to the lens axis obviously change this
situation, but, given that eye movements rarely exceed 20 degrees,?’ for most of the time
the task of interest will be fixated through the clear area of the lens. Thus, accommodation
is also usually governed by vision through this single-vision, distance-corrected area. If
the visual axis is directed through the lenslet-covered areas of the lens, accommodation is

still governed by the distance-corrected carrier image, since the multiple displaced images



formed by the lenslets at the myopic defocus form a confused, low-contrast image of any

near stimulus.

The distortions and visual field with any MS lens are the same as with an equivalent
single-vision lens without defocus lenslets. It is important for a child to form his/her space
perception properly in the period when the visual system is still under development.
Except for MS lenses, all spectacle-lens treatments (progressive, aspheric, bifocal)

produce some undesirable distortion or field jump.

Essilor Stellest Lens

The broad features of this lens follow those illustrated schematically in Figure1b. There are
11 circular rings of lenslets, all concentric to the optical centre of the carrier lens, these
cover all the lens blank except its central area, although when glazed in a spectacle frame
some of the outer rings of lenslets may be wholly or partially missing. The clear area over
the circular central part of the lens is about 9 mm in diameter, so that if gaze is directed
through the centre of the area, all the lenslets lie at field angles greater than about 16
degrees. According to the manufacturers, each lenslet has a diameter of 1.12 mm and an
aspherical rather than a spherical air-polycarbonate surface, with the design aim of
replacing the single plane of myopic focus, as found in the MiyoSmart lenses, by an axially
distributed focus (as in aspheric presbyopic contact lenses). This is achieved through the
negative spherical aberration created by the aspheric surface. Two levels of aspherisation
have so far been used — slightly aspheric lenses (SALs) and highly aspheric lenses (HALSs)
— although commercial lenses are now HALs. According to Li et al.'® the SALs have a
range of myopic foci lying 1.0 to 1.3mm anterior to the retina and the HALs between 1.1
and 1.9mm. Approximate calculations suggest that, under these conditions, the range of
myopic errors of focus for each SAL is about +2.8 to + 3.7 D and that for each HAL is
about +3.1 to +5.6 D. As yet, however, no details have been published of the exact radial
power gradients of the aspheric lenslets.'® The limited information currently available
suggests that the relative positions of the lenslet foci with respect to the retina are
maintained across the retina, implying that the powers of consecutive circles of lenslets
are systematically varied with the radius of the lenslet ring to allow for the effect of the
peripheral refraction of the eye. Bao et al.'® state “The calculations for the lenslets were
based on the modified Atchison eye model?¢ using a retinal shape modified to match the
peripheral refraction data of Chinese children.?%-3"” Note that allowance for the effects of

the typically hyperopic relative peripheral refractive error (RPRE) will only be effective if



the child looks through the centre of the carrier lens and has the “average” RPRE.
Presumably only the mean spherical component, M, of the RPRE is allowed for, the
cylindrical vector components J1so and J453? remaining uncorrected. Similarly, known
differences between the RPRE in different meridians of the eye and variations with the

magnitude of the myopia33 must be ignored.

Point images in various planes can be derived in principle, as for the MiyoSmart lenses.
The aspheric form of the lenslets would be expected to reduce the image quality at their
optimal focus but to extend the focal range over which reasonable image quality is
achieved. As in the MiyoSmart case (see Figure2), the spatial distribution of the lenslet
images in any plane of focus away from the carrier focus will correspond with that of the
lenslets in relation to the pupil area. Since the lenslets are arranged in concentric rings, for
any constant pupillary area the pattern of lenslets within the pupil will change according to
the pupil geometry and the area of the lens traversed by the imaging pencil of rays.
Representative modulation transfer functions for the lenses, which vary with pupil diameter
and position and grating orientation, have been presented by Li et al'®and Gantes-Nunez

et al.1®

Objective evaluation of the optical properties

Methods

It is important to establish that it is possible to verify whether any MS lens as manufactured
match the design specification. Three techniques were used: surface images, Twyman-
Green interferometry and focimetry. Tests were applied to 2-4 lenses of different base
powers for each lens type.

Surface images: Under normal ambient indoor or outdoor conditions, it is very difficult to
detect the lenslets on either the MiyoSmart or Stellest lens surface. However, the surface
relief can be revealed by using suitable directional oblique illumination and recorded with a
macro camera. A scale was photographed under the same conditions to allow dimensional

information to be obtained.

Twyman-Green Interferometry: A modified custom built two-beam Twyman-Green

interferometer?® 3* was used to check the curvature and asphericity of the surface of the



carrier and its lenslets, the lens being placed in one beam, with air in the other. Points lying
on neighboring black fringes of the resultant interferograms differ by a half-wavelength of
optical path. An expanded beam from a HeNe laser (wavelength 633 nm) was used for
illumination and digital interferometer images were recorded through various regions of the

MS lenses.

Since the optical path difference with respect to air is (n-1)f, where n is the refractive index
of the lens and t is the physical distance through the lens, it is possible to estimate the
centre thickness and surface form of the lenslets. Unfortunately, the (cos)? intensity
variation of the broad two-beam fringes of the Twyman Green interferometer (6 being the
angular phase difference between the beams) limits the accuracy with which the diameters
of the annular bright or dark fringes corresponding to the lenslets can be estimated.
However, approximate values can be obtained. These can then be compared with those
expected on the assumption that the lenslet has a single spherical surface.

Strictly speaking, the lenslets are of meniscus form since their rear surfaces are effectively
in contact with the convex anterior surface of the carrier lens. The calculations, however,
are carried out more simply if the assumption is made that the lenslets are of the same
power but have a plano-spherical form, since this involves a bending of the lens which

does not alter the spatial variation in optical thickness across the lens.

With these limitations, a contour map for optical path difference (OPD) variations across
the lens can be constructed. If a dark fringe (or spot) is located at the centre of a lenslet,
the surrounding annular bright fringe represents a contour corresponding to a difference in
OPD with respect to the lens centre of a quarter-wavelength, the next dark fringe to an
OPD difference of a half-wavelength with respect to the centre, and so on. Hence if the
diameters of each annular ring are measured, a contour map or section of the lenslet in
terms of its OPDs can be generated. This, in turn allows the form of the lens surface to be
determined for comparison with that expected for the specified lenslet form and power.
This is done in terms of the sag across the convex surface as a function of zonal radius.

Focimetry: Conventional focimetry (Topcon LM-8C, Topcon, Topcon Healthcare - Seeing Eye

Health Differently) was used to measure the carrier lens power and combined carrier-lenslet

power, using a 7 mm diameter stop. Since the spatial distribution of the lenslets and their

powers may vary across a Stellest lens,'® a projection focimeter (Nikon PL-22, Nikon,


https://topconhealthcare.com/
https://topconhealthcare.com/

Nikon) with its stop diameter reduced to 1.5 mm was used to explore these aspects in

more detail. Lenses were traversed across the focimeter stop in a direction perpendicular
to the focimeter axis so that powers could be measured at 0.5 mm intervals along a lens
diameter. When the lens was traversed across the 1.5 mm diameter stop, the focimeter
beam often sampled both the lenslet and base power areas of the lens, in which case the
power derived from the brighter of the two images was recorded. Although the lenslets had
aspherical surfaces, no difficulty was found in locating the corresponding optimal focimeter
images. Three measurements were made at each lens position and the measurements
were repeated with the traverse direction reversed. All results were averaged. Since the
back surface of the Stellest lenses had a radius of curvature of about 81.5 mm, the back
vertex distance varied as the lens was traversed over the focimeter stop. All powers were

therefore corrected to a vertex distance of zero.

Results

MiyoSmart lenses

A typical surface image is shown in Figure 3. Measurements of various lenses at different
magnification levels confirmed the expected regular triangular spatial arrangement of the
lenslets. Their diameters and centre-to-centre separations were measured as 1.00 + 0.04

and 1.51 £0.03 mm respectively, close to the nominal values of 1.0 and 1.5 mm.



https://www.nikon.com/

Figure 3. Anterior surface of a MiyoSmart lens, showing the triangular array of lenslets,
together with part of the central clear area of the carrier lens. The lenslet spacing is 1.5

mm.

Figure 4 shows a typical MiyoSmart Interferogram. The optical centre of the afocal carrier
lens is above the recorded area. Note that fringes from the individual circular lenslets can
be seen against a broad ring pattern due to the carrier lens. There are about 1.5 fringes

between the centre and edge of each lenslet and, as in Figure 3 there are no obvious

irregularities in either their shape or spacing.
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Figure 4. (a) An example of the Twyman-Green interferometer images of an afocal
MiyoSmart lens. Inter-lenslet distances are all 1.5 mm. The optical centre of the lens is
above the illustrated area. (b) Sag of the anterior surface of a lenslet in equivalent plano-
convex form as a function of the radial distance from its centre. The continuous curve is
derived from the assumption that the lens has power 3.5 D and refractive index 1.586,
giving a radius of curvature for the air-polycarbonate surface of 167 mm. The red and
green data points are estimates from the interferograms. across lenslet diameters oriented
in directions which are tangential or radial with respect to the optical centre of the carrier

lens. Standard deviations are based on measurements of 10 lenslets.

We can now check whether the lenslets have a form appropriate to their powers. As noted
earlier, although the lenslets are in fact meniscus in form, with their back surface curvature
matching that of the carrier lens, we can treat their optical thickness as varying in the same
way across the lens as in a plano-convex lens of the same power. Calculation shows that
a plano -convex lenslet with a power of +3.5 D and diameter 1.0 mm fabricated in
polycarbonate of refractive index 1.586 should have an anterior radius of curvature of 167
mm and a centre thickness of about 0.75 microns. The expected difference in optical path
between light which traverses this thickness of polycarbonate and the corresponding
distance in air is 0.44 microns, equivalent to about 1.4 complete fringes at the 633 nm

laser wavelength. For example, if the interferogram for a lenslet had a black fringe at the



centre, it should be surrounded by one bright and one dark circular fringe with a slightly
brighter fringe round the perimeter. Figure 4b shows the results of such an analysis, based
on 10 lenslets from different areas of the lens. There is reasonable agreement between the
predicted and observed results. The outermost data point, which lies outside the nominal
radius of the lenslet, is unreliable due to the deformation of the interference fringes at the
surface discontinuity. Analysis of the broad background fringes due to the carrier lens
suggests a power of 0.05 D for the nominally afocal carrier. The non-zero measured power
is attributed to the curved form of the afocal carrier lens and to small tilts in its orientation

during the measurement process.

Figure 5 shows the focimeter images obtained from a region of a MiyoSmart lens with a
nominal carrier power of -1.75D and lenslets of power +3.5D. No problems were
encountered in obtaining mire images, the standard deviation of power settings typically
being about 0.05 D and 0.08 D for the carrier lens and lenslets respectively. The focimeter
image at a focus corresponding to the carrier power is seen in Figure 5a. The image from
the lenslets is shown in Figure 6b. As expected, in Figure 5a the mire image
corresponding at -1.75 D is sharp but some out-of-focus blur from the lenslets is visible. In
contrast, in Figure 5b, a focimeter setting of + 1.75 D. corresponding to the power of each
segment in combination with the carrier lens again gives an in-focus image of the circle of
dots forming the focimeter mire, but the centres of the mire images corresponding to the
different lenslets falling within the 7 mm focimeter aperture are displaced to form a
triangular array due to the spatial arrangement of the lenslets. The mire circles overlap to
produce brighter dots at their intersection points. There is weak out-of-focus background
blur from the carrier lens. Evidently, the characteristics of the mire images are in general
agreement with the predictions of Figure 2. Overall, the optical characteristics of this and

other, MiyoSmart lenses appear to match their specification.
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Figure 5. Images of the focimeter mire with a MiyoSmart lens and focus settings for (a) the
carrier lens and (b) the lenslets . The focimeter stop diameter was 7.0 mm, sufficient to
include several lenslets. Note that the magnification of the illustrated carrier image is 1.6 X
larger than that for the lenslet images. In practice, the size of the image formed by each

lenslet is the same as that formed by the carrier lens.

Stellest lenses

The same assessment methods were applied to current commercial Stellest lenses, which

appear to be of the HAL design.

Surface imagery suggested that the basic configuration of the lenslets was in accord with
published information (Figure 6) Note the close centre-to-centre spacing of the lenses
along the perimeter of each ring (about 1.21+0.02 mm) and the much wider spacing
between neighbouring rings (2.51+£0.05 mm). These orientation-dependent spacings cause

the pattern of lenslets across the eye's pupil to vary substantially with the gaze direction.



Figure 6. Surface reflection image of central region of a Stellest spectacle lens, with its

concentric circles of lenslets. Successive lenslet rings differ by 2.5 mm in radius.

Twyman-Green two-beam interferometry again shows the concentric circles of lenslets
superimposed on the smooth carrier lens (Figure7a). Analysis of the fringe patterns for
individual lenslets suggests that the close spacing of the lenslets around each ring results
in the effective diameter of each lenslet being smaller in the tangential direction around the
ring than in the radial direction towards the ring centre, i.e. the rotationally-symmetric
lenslets are slightly truncated. Further, there is evidence that, as stated by the
manufacturers, the lenses are markedly aspheric, with the surface curvature reducing
towards the lens periphery (Figure 7b). The overall radius of the lenslets in the meridian
oriented towards the optical centre of the carrier appears to be larger (at about 0.7 mm,

see, Figure 7b) than the value of 0.56 mm quoted by the manufacturers.



(@)

2 © Tangential sag
1.8 D Radial sag /
1.6 eew Sag for 4.75D ¢

__ 14 ’
1.2 S/
1 ’ i
0.8 s’ —em-
0.6 P
0.4 o
0.2

0 0--‘-.’1‘
0 0.2 0.4 0.6 0.8
Radial distance from lenslet centre (mm)

Sag (microns
Y
®

(b)

Figure 7. (a) Twyman-Green interferogram of afocal Stellest lens, showing the 7 central
rings of lenslets. (b) Radial variation in the sag across the la diameter of a lenslet surface.
The smooth curve corresponds to the sag expected for a +4.5 D lenslet with a spherical
surface and the red and green symbols show data along Stellest lenslet radii oriented

tangentially and radially with respect to the centre of the carrier lens.



With the Topcon focimeter, clear mire images were obtained in the expected 2 focal
planes, with the spatial structure of the lenslet mire image being related to the distribution
of lenslets within the focimeter aperture (Figure 8). Local measurements at suitable points
across lenses of different base powers with the Topcon instrument confirmed that the base
powers were correct. Repeated measurements of the powers of individual lenslets in the
periphery (radial distance from the centre 12 mm), using the Nikon instrument with a 1.5

mm stop, gave a value of 4.14 + 0.48 D.

(b)

Figure 8. Images of the focimeter mire with a Stellest lens and focus settings for (a) the
carrier lens and (b) the lenslets. The focimeter stop diameter was 7.0 mm, sufficient to
include parts of 3 circles of lenslets. Note that the magnification of the illustrated carrier
image is 2.4 X larger than that for the lenslet images. In practice, the size of the mire

image formed by each lenslet is the same as that formed by the carrier lens.

The results of power measurements using a small focimeter stop along a radius of an
afocal Stellest lens are shown in Figure 9. As expected, the power values oscillate
between the carrier power of 0.00 D and a lenslet power of approximately 4.25 D, with a
period corresponding to a difference of 2.5 mm between the radii of successive lenslet

rings. The irregularities in the spatial periodicity of the measurements can reasonably be



attributed mainly to the coarse sampling frequency of the measurements (0.5 mm), and
the fact that lenslets in successive rings are not necessarily centred along all diameters of

the carrier lens.
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Figure 9. Focimeter measurements at 0.5 mm intervals of the power of a plano Stellest
lens in a radial direction from the carrier lens centre. Power values have been corrected to
zero back vertex distance. The green symbols give the expected radii of the 11 rings of
lenslets, based on the assumption that successive rings differ in radius by 2.5 mm.

Discussion

The present work confirms that the major optical characteristics of the MS lenses as
fabricated broadly match their claimed specifications. It is possible to use clinically-
available instruments such as focimeters to measure the powers of the lens and the
segments (lenslets), enabling a clinician to monitor accuracy of dispensing with ease. In
the central zones, the images obtained by the focimeter are similar to those obtained with
single-vision lenses and elsewhere the focimeter images produced by the segments form
a multiple image pattern, as shown in Figures 5 and 8. The surface images of the MS lens
can be used to check for any surface errors and to ensure that the multiple segments are

present.



The dimensions, spatial arrangement, powers and surface form (spherical) of the
MiyoSmart lenslets were found to be as stated by the manufacturer. This was also true for
the spatial distribution of the Stellest lenslets. However, the claimed characteristics of the
Stellest lens differ from those of the MiyoSmart design in two important ways: the lenslets
are “highly aspherical” and they vary systematically in power with the radius of the lenslet
ring.* '® The asphericity is intended to provide an extended focus than the single plane of
myopic defocus generated by lenslets with a spherical surface. The interferometric data
suggest that the lenslets are indeed aspherical, such that their zonal power decreases with
distance from the lenslet centre, Unfortunately, limitations in the interferometric technique

used prevented the characteristics of this asphericity from being defined precisely.

In relation to lenslet power variations, Bao et al'® suggest that, in order that the images
formed by the lenslets should maintain a constant position with respect to the retina
across the lens, the lenslets are designed to vary in power with the lenslet ring diameter in
a way that matches the typically hyperopic relative peripheral refractive error (RPRE) of
the young myope. As can be seen from Figure 9, the recorded positive values increased
slightly with distance from the lens centre, the power difference between the lenslets of the
smallest and largest rings being about +0.36D. A regression line fit to the lenslet power

data gave the equation

F = 0.014x +3.92 (R? = 0.31)

where F is the lenslet power (D) and x is the ring radius (mm). The slope is significant at
the p<0.01 level.

Qualitatively, this result appears to support Bao et al.' s statement.'® However it must be
remembered that, when the wearer's eye views through the lens centre, for the peripheral
retina the chief rays which enter the eye after passing through the rings of lenslets may
make considerable angles with the visual axis, i.e. they correspond to quite large field
angles. The field angles which the incident chief rays must have on each ring in order to
be refracted to pass through the pupil centre can be estimated by using the combination of
a suitable schematic eye model with the geometry of the Stellest lens, particularly its back
surface curvature and its vertex distance. We used a combination of a Lotmar schematic
eye model®® with a plano Stellest lens having a back surface radius of curvature of 81.5
mm as measured experimentally. The lens was placed at a back vertex distance of 12 mm



from the cornea. Figure10 shows the lenslet ring powers with respect to that of that of the
smallest ring (i.e. Fn — F1, where F1 is the power of the smallest ring and Fn is that of the n
th ring, so that Fn — F1 is effectively the “correction” provided for the eye's own RPRE)
plotted as a function of the resultant estimates of the field angles for the chief rays
passing through each ring. This is compared with various experimental measurements of
the RPRE of young myopes.2% 3" 33 Although the measurements of RPRE have the same
trend with field angle as the lenslet powers, in general the changes in lenslet power are
substantially smaller than those required to balance the changes in RPRE. It therefore
seems unlikely that the relatively small differences in power between successive rings of
lenslets could play any major role in the ability of the Stellest lens to retard myopia

development.

Sng Low myopia
e=g==Sng Higher myo

Chen Mod myo

Chen Low myo

e Atchison -3 D, myope

100 ® Stellest lenslets

for Stellest lenslet (Dioptres)
=

Relative peripherl refractive error

Field angle (degrees)



Figure 10. Possible compensation for the variation in the RPRE of myopes with field angle
by the increase in the power of each ring of Stellest lenslets with lenslet ring radii. For the
Stellest lenses (black symbols) the increase in the power of each lenslet ring above the
smallest ring is plotted against the effective field angle of that ring when fixation is through
the carrier lens centre. The other data are published mean results for the variation in
RPRE with field angle.: Sng et al.?® for Chinese children of mean age 7 years with either
higher (M <-3 D) or lower (-3D < M <0.5D) levels of myopia; Chen et al.3! for Chinese
children aged 8-12 years, with either low (-0.50 D < M < -3.00 D) or moderate (-3.00< M
<-6 D) myopia; and Atchison et al.33 for -3 D myopic adults.

Apart from the trial indicating that, with Stellest lenses, higher levels of lenslet asphericity
give higher efficacy for the control, of myopia development,'® no formal studies have been
published on the clinical impact of changes in the parameters of MS lens designs. Further
work is required to explore the way in which the powers, form and distribution of the MS
lenslets affect the control achieved, so that optimal designs can evolve to be evaluated in

clinical trials.

Conclusions

Current MS lenses are designed to produce both retinal and relatively myopic regions of
focus in the mid-periphery of the wearer’s visual field, using an array of small, circular,
positively-powered lenslets on the anterior surface of a single-vision carrier lens which
corrects the patient’s refractive error. When viewing through a lenslet-covered area of the
MS lens, the optical characteristics of the images in the two focal regions differ, that at the
myopic focus containing multiple in-focus but laterally displaced images. Both carrier lens
and lenslet powers can easily be measured with a focimeter. The optical quality of
available manufactured MS lenses appears to approximately match that expected from the

published design specifications.
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