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Contact Lens for Controlling Myopia Progression and
Correcting Myopia and Astigmatism
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Nankai University, Tianjin 300350, China

Abstract A multizone aspheric contact lens was designed to control myopia progression as well as correct myopia
and astigmatism. An eye model of —3 D (Dioptre) myopia combined with —1.5 D astigmatism was constructed in
Zemax software, based on which the anterior surface parameters of the contact lens were optimized. A multizone
contact lens with a diameter of 14. 4 mm and a central thickness of 0. 06678 mm was obtained. The imaging
performance and the relative peripheral myopic shift of the eye model with the designed contact lens were analyzed.
The modulation transfer function (MTF) values at 50 cycle/mm are higher than 0.7 under 3 mm (in diameter)
pupil for 0°=7° field of view (FOV) for distance vision, indicating that both myopia and astigmatism are corrected.
Moreover, the MTFs remain relatively stable when the contact lens rotates within 30° or decentres within 0.7 mm.
In addition, the myopic defocus of the model eye with the designed contact lens is up to —9.5 D at 25° FOV under
3 mm pupil, and around —6 D under 6 mm pupil for 0°—30° FOV. The results have indicated that the designed
contact lens can provide greater peripheral myopic defocus, exhibiting highly potential to control the myopia
progression.

Key words  optical design; contact lens; myopia progression; myopia and astigmatism; modulation transfer
function; peripheral defocus
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Table 1  Structural parameters of Atchison myopic eye model

Zemax surface

Refractive index

Component ) Radius /mm Thickness /mm Asphericity
type (medium at 555 nm)
Anterior contact Multizone
1.4220 - - -
lens asphere
Anterior cornea Standard 1.3760 r 0.55 —0.150
Posterior cornea Standard 1.3374 6.40 3.15 —0.275
Pupil Standard 1.3374 o 0 0
Anterior lens Gradient Grad A 11.48 1.44 —5.000
Equator Gradient Grad P — oo 2.16 0
Posterior lens Standard 1.3360 —5.90 v) —2.000
Retina Biconic - Tty - Q.,Q,

21 Y R . =T7.770+
0.022SR; b R A 8 A8 B 3 R Grad A S 1.371 +

0.0652778Z —0.02266592% —0.0020399(X*+Y?),
Grad P 2 1.418—10.0100737Z% —0.0020399 (X * +
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Fig. 1 Anterior surface structure of the multi-zone

aspheric contact lens
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Table 2 Radius of curvature for the 5 zones of the contact lens anterior surfaces
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fitted with the designed multi-zone soft contact

lens under a pupil diameter of 3 mm
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Fig. 4 MTF curves of the myopia-astigmatism model eye

fitted with the designed multi-zone soft contact
lens under 3 mm pupil diameter when the contact

lens was tilted within 30°

M e IR B B R & 4 0.7 mm LAY Y P
oA R REOEIR BRI ZE 3 mm EFL T B E MTF
Mk i 5 Fias,

1.0~
0.9 e
0.8« . "
= Ao
0.7p 0=z e, .-
R —
= 0.6 e e, T, .
|| | « e g sy
05 Tl
S e .y
04r g W,
e —#—=X-0mm, Y-0mm ¢ 34 T 4y
0.3} - X-0.5 mm, Y-0.5 mm <% 5
—o— X-0.7 mm, Y-0.7 mm
0.2 *— X-0.5 mm, Y-0 mm
0.1 +— X-0.7 mm, Y-0 mm
AT —<— X-0.7 mm, Y-0.7 mm

%0 10 20 30 40 50 60 70 80 90 100
Spatial frequency /(cycle -mm-)
B 5 BUEIREEH B 0.7 mm LA OB 3 mm [ fLIR
AL AR MTE [t £ (X2 sl fis oL, Y 2 1) i o)
Fig. 5 MTFs of the myopia-astigmatism model eye
implanted with the designed multi-zone soft
contact lens under 3 mm pupil diameter when the
contact lens was decentered within 0.7 mm (X

stands for temporal decentration and Y stands for

inferior decentration)

Y &1 5 AT AT, > BB MR 58 43 ) 1ol 3000 0 ) R 4%
f > 0.5 mm Bf, MTF £ 50 cycle/mm #
100 cycle/mmAb 4351 F 0.52 F1 0,34, 2 B HR 455 7Y
Y BAZ 5T AR B S 0 S 5 >4 R IE TR B8 43 J31) 1) 385 A
] AL 0.7 mm I, 25 [B] 4% 4 50 cycle/mm
1100 cycle/mm 49 MTF 435155 F 0.42 1 0.26,
ot WY RS A ) B 15 P BB AR AR PR 457 7E AT 422 32 I K F-
RS R, Y BRI IR B A S B S AR P R
0.7 mm i [ A 9 D o0 15 N HRASE RS 1) 8 A5 o £ f R

0422001-5



i

{5

RLAF il N IR S PR P B 7oK

oK BRI IR BT A s DX R BR T H A X
SN BRI L b DX R Al Bk AR CBCR A 4 T
Caro) T AR N T 2R, BERS S BN T i . BR B
B AN X EEIRGE TR A T —6 D 94
W1 A AR ELAT o Lt R A e MR RE L A RE
SEBRN I HEAT I AR 5 U] B 2 — 2 T A
PERERYST AL, 5 B AR AR L % RUR IR B A fE
Mrfdi JH 7 e Y IR A A, BROAR e IRy N IR B B A
— AR AR RN IR A7 A R B AR 22 52
PR 6 AR OCHR T 5 32 B R 5 32 4t 1) 52 s )
HEBES S —ENESR.

5 % 1w

iz Zemax B 3 F B A 19 — 3 D 3 ALK
A= 1.5 D OB IR AR, 3% 3f — 3 b B E R
0.06678 mm, 42~ 14.4 mm B2 X L3k i B e
IRBE . (WS I B IR 8% Y 3 LG IR B ZE 3 mm
i FL ™ A B, 0° ~ 74 3 A 14 3 A RN IO 24 75 3
R 1E  HLBOE IR B8 7 i 2k 2 o s B8 30° LAY
AITER B 0.7 mm LA P 9 fi O B, RS R 1) )i AR S5
AR A HEAZ i R IR SE PR R oK . A I %
Vo W MR 55 A IR AL AU ZE 3 mm AL 2500 3% 14 3 90
B EIA—9.5 DJE 6 mm WAL T 0°~30° W%
WHE I B (E I TE — 6 D 247, A ST T 1 B
TENR B4 1 T e B0 A 3 o h B K A 0 3 W0 R
{H, B B S i ik R . RS T
VBT S AZ 1B 1 /9 T 1 3 2E 47 A3 G 1 I IR 3
56, LA TIF A 1 30 40 20 e 1) 1 PR R

& % x #

[1] LinL L K, Shih Y F, Hsiao C K, et al. Prevalence
of myopia in Taiwanese schoolchildren: 1983 to 2000
[J]. Annals Academy of Medicine Singapore, 2004,
33(1): 27-33.

[2] Lam CS, Goh W S, Tang Y K, et al. Changes in
refractive trends and optical components of Hong
Kong Chinese aged over 40 years[J]. Ophthalmic and
Physiological Optics, 1994, 14(4): 383-388.

[3] Morgan I G, Rose K A, Ellwein L B, et al. Is
emmetropia the natural endpoint for human refractive
development? An analysis of population-based data
from the refractive error study in children (RESC)
[J1. Acta Ophthalmologica, 2010, 88(8): 877-884.

[4] Saw S M, Gazzard G, Shih-Yen E C, et al. Myopia

and associated pathological complications [ ] .

[5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

0422001-6

Ophthalmic and Physiological Optics, 2005, 25(5):
381-391.

Mitchell P, Hourithan F, Sandbach J, et al. The
relationship between glaucoma and myopia: the blue
mountains eye study[J]. Ophthalmology, 1999, 106
(10): 2010-2015.

Gwiazda J.
Optometry and Vision Science, 2009, 86 (6): 624-
628.

Kollbaum P S, Jansen M E, Tan J, et al. Vision

performance with a contact lens designed to slow

Treatment options for myopia [J].

myopia progression [ J]. Optometry and Vision
Science, 2013, 90(3): 205-214.
Smith E L, Kee C S, Ramamirtham R,

Peripheral vision can

et al.
influence eye growth and

refractive development in infant monkeys [ ] ].
Investigative Opthalmology & Visual Science, 2005,
46(11): 3965-3972.

Smith E L.
peripheral optical treatment strategies for myopialJ].
Optometry and Vision Science, 2011, 88(9): 1029-
1044.

Sankaridurg P, Holden B, Smith E, et al. Decrease

in rate of myopia progression with a contact lens

Prentice award lecture 2010: a case for

designed to reduce relative peripheral hyperopia: one-
year results [J]. Investigative Opthalmology &
Visual Science, 2011, 52(13): 9362-9367.

Anstice N S, Phillips J] R. Effect of dual-focus soft
contact lens wear on axial myopia progression in
children[]J]. Ophthalmology, 2011, 118(6): 1152-
1161.

Berntsen D A, Kramer C E. Peripheral defocus with
spherical and multifocal soft contact lenses [J].
Optometry and Vision Science, 2013, 90(11): 1215-
1224.

Li Q, Fang F Z. Advances and challenges of soft
contact lens design for myopia control [J]. Applied
Optics, 2019, 58(7): 1639-1656.

Rodriguez-Vallejo M, Benlloch J, Pons A, et al. The
effect of fractal contact lenses on peripheral refraction
in myopic model eyes [J]. Current Eye Research,
2014, 39(12): 1151-1160.

Cheng X, Xu J, Chehab K, et al. Soft contact lenses
with positive spherical aberration for myopia control
[J1. Optometry and Vision Science, 2016, 93 (4):
353-366.

Atchison D A. Optical models for human myopic
eyes [J]. Vision Research, 2006, 46 (14): 2236-
2250.

Bakaraju R C, Ehrmann K, Papas E, et al. Finite

schematic eye models and their accuracy to in-vivo



(18]

[19]

ot 2 X i
data[J]. Vision Research, 2008, 48 (16): 1681- 0522002.
1694. [20] Atchison D A, Guo H Q, Charman W N, et al. Blur

Atchison D A, Pritchard N, Schmid K L.
refraction along the horizontal and vertical visual
fields in myopia[J]. Vision Research, 2006, 46 (8/
9): 1450-1458.

Chen H L, Gao Y, Cheng D W,
description and design method of annularly piecewise
surface [ ] ]. 2018, 38 (5):
0522002.

MRl @ fH, RS, % 4 BB i gy ot o il
W B It T (1], Ot % 2, 2018, 38 (5):

Peripheral

et al. Optical

Acta Optica Sinica,

[21]

[22]

0422001-7

limits for defocus, astigmatism and trefoil[J]. Vision
Research, 2009, 49(19): 2393-2403.
Mcllraith R, Young G, Hunt C. Toric lens

orientation and visual acuity in non-standard
conditions[]J]. Contact Lens and Anterior Eye, 2010,
33(1): 23-26.

Rodriguez-Vallejo M, Montagud D, Monsoriu ] A,
et al. Relative peripheral myopia induced by fractal
contact lenses[J]. Current Eye Research, 2018, 43

(12): 1514-1521.



