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: A clear retinal image obtained by coordination of the

dioptric power of the cornea and the crystalline lens and
the focal length is known as emmetropization. In this
process of image formation, the cornea and the crystalline
lens are the most important visual components. Take the
formation of diopters as an example, the cornea is the main
source of refraction; the crystalline lens provids 1/3 of
diopter and a zoom feature.

The recent studies reported that normal development of the



Foe Mg

crystalline lens is characterized by thinning, flattening,
and a decrease in power to maintain emmetropia. Another
function of crystalline lens is accommodation.
Accommodation 1s the process by the eye changes optical
power to maintain a clear image or focus on a near object.
The human eye can change focus from distance (infinity) to
7 cm. This change in focal power of the eye of
approximately 13 diopters occurs as a consequence of a
reduction in zonular tension induced by ciliary muscle
contraction.

Several have reported on various aspects of ocular
biometry, particularly axial length and corneal power.
However, due to the limit of available tools, few reports
have investigated the crystalline lens shape and eyeball
growth in young children. For example, some studies have
indirectly measured in vivo crystalline lens dimensions in
humans using slit-lamp photography, slit-lamp Scheimpflug
photography, ultrasonography. But it is still difficult to
obtain an exact slit-lamp image or to perform

ul trasonography.

In this study, we evaluate the crystalline lens through the
MR images of the eyeballs of young

children using a 3-dimensional (3D) reconstruction
technique. After that, the MR image is reconstructed in an
optical software to simulate its optical performance. The
built human eye model is then used to design a progressive
lens.

High myopia, Peripheral refraction, Magnetic resonance
imaging
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A clear retinal image obtained by coordination of the dioptric power of the cornea and the crystalline lens
and the focal length is known as emmetropization. In this process of image formation, the cornea and the
crystalline lens are the most important visual components. Take the formation of diopters as an example, the
cornea is the main source of refraction; the crystalline lens provids 1/3 of diopter and a zoom feature.

The recent studies reported that normal development of the crystalline lens is characterized by thinning,
flattening, and a decrease in power to maintain emmetropia. Another function of crystalline lens is
accommodation. Accommodation is the process by the eye changes optical power to maintain a clear image
or focus on a near object. The human eye can change focus from distance (infinity) to 7 cm. This change in
focal power of the eye of approximately 13 diopters occurs as a consequence of a reduction in zonular
tension induced by ciliary muscle contraction.

Several have reported on various aspects of ocular biometry, particularly axial length and corneal power.
However, due to the limit of available tools, few reports have investigated the crystalline lens shape and
eyeball growth in young children. For example, some studies have indirectly measured in vivo crystalline

lens dimensions in humans using slit-lamp photography, slit-lamp Scheimpflug photography,
2



ultrasonography. But it is still difficult to obtain an exact slit-lamp image or to perform ultrasonography.

In this study, we evaluate the crystalline lens through the MR images of the eyeballs of young
children using a 3-dimensional (3D) reconstruction technique. After that, the MR image is
reconstructed in an optical software to simulate its optical performance. The built human eye model
is then used to design a progressive lens.
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Jzi'\—-_—.-‘ lrfk;l&L E) 18 iTJ Fr’f% “if)t

.\"\-\_—“r‘ Bl | 1986 & | 1990 & | 1995 & | 2000 & | 2006 & | 2010 &
£ N (%) (%) (%) (%) (% (%)
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¥ - BACITARARBE 0T F 5 AP ¥ % iF By sk (relative peripheral refraction) &£ @i g% [F*J%‘%’K © gdp
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E 3. ¢ iR (2 Hke B3>
-6.00 D)

B AR Rk R

(P27 = Jr g B 4)

=z, Py AR

22 EHPEPF

a.

A A4 324 4 (Eye examination) @ J1 % 2 4 & (Slip lamp)BL 2P pi- & %~ o 5 ~ K BB & 5 3%
FPEw R BELAEL

® s By sk B (Central refraction) @ p #55 £ 8 ¥ (Autorefractor)ip] £ = =t ¥ w4 Ak R » T ¥R
# & Retinoscope)shffcdy > #-3 H Bdp R > L AZiE-0.50D 4 ¥ @& * -

P AR 4 (Visual Acuity) @ 8 * 44 B 4 84 @ f E F A4 4 % (Snellen chart)# 84 & fEHE X &
ﬁﬁé?mﬁ%ﬁF’ FERRE R R Aol 2R3 > PR BFFAELRRPE LR 7F
0.5 F o » X H 22T a7 FRRORAR > Ark X E T L Mol - AR 0.8 R
WAFEARERLS L0 MR E 7 - F o EXXFr - 2 itk sa s b o £47 1Y
B RE P R

> ARTF Ay sk B #% & (Shin-Nippon NVision K5001 Open-view Autorefractor) : 3% Open-field A&7 <
¥ +3.00D 4t & "f RBFRBEN G G T RS ERE T # 3> Open-field
J’ﬁﬁzﬁﬁiLﬁ%@éﬁ’ﬁﬁﬁ&ﬁ&%ﬁ%332ﬁ’iﬁﬁw%ﬁﬁﬁﬁﬁﬁﬁm%
R RAFEFLLRFE G AL B FREIES  RELZFARY F R PR A
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AARL D W PR T USSR - B o PEERERWE S-chonal 3050 27 E 3B SFR o
i * T2-weight cube’ % 5 256x256 matrix»22 2 4 (p¥5 » & — *» & 5 1.2 2 @ »repetition time(TR)
2500 ms > echo time(TE) 90ms 12 % echo train length (ETL) % 90 & & Rp-FHh PR < 5 4 248 -
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% i By J RI(T; Temporal) ~ # ®I(N; Nasal)e7 10" ~20° ~30 7 A F LR o @ * 2332 4 b=
BATHZ &% A48 5 SPSS 18.0 > B4 % %448 5 Sigma Plot 8.0 -
d 2T BRI SRR ESAE o F 0T 3 N B R #ics § o (Thibos,
Wheeler, & Horner, 1997)
SE=S+C/2
Jo=—(C/2)cos(20)
J45 — —(C/2)sin(20)
SE(Spherical Equivalent) & % % ko ; C 2 &R #c; 0 Z HLEMARGTEMR) > Jofrdes = & 1L
GphR o RTHAPREZ AT c GHEHYEMRTRL LB AR FTRIE RS A S APEE
EhRTEL CEFTERDEYEARRRE Y B EHER -
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.1 XRFAATH

75 103 fi%iﬁlljﬁ?w“’%;%fé;%iﬁ'lié » THEde L 10K (T-12 &) » BE L L = 5 TARP B
kB A>-0.50 D> MAETHREA KR 4130-0.502-3.00 D> ¢ BiT4-3.00 2-6.00 D> pIEH ¥
Frh kR R EMEREARIORIRRIOR = 10 RRIE > BIp S RIE DI nTEH LRPRE
F 40 s MBRITRE G 44 =R Y BT e G 19 0 ARARR Y TE R IRG 5-0.07 Do Jus
F7k 5 0.08 Do Jigo#c* % 0.06 D MAETAREY T2EH G 5-1.52 D> Jis4t% 5 0.03 D> Jigo
2k 5 0.01 D5 ¢ RiTARE? TOX B ke 5-3.84 Do Jusdt® 5-0.08 D Jigodzk 5-0.03 D> 4r

Fn oo
Fow DARPY s MARTAREY RITAREA BB G R - 06 150 47% s
Emmetrope Low myope Moderate myope
Number 40 44 19
SE -0.07 -1.52 -3.84
Jo 0.06 0.01 -0.03
Jas 0.08 0.03 -0.08

3.2 8 H % Bk

TALP Y wE e R 5-0.068D # 10 & 5-0.136 D~ 20 & 5-0.409 D~ 30 & % -0.136
D>3 i 10 2-0.636 D~20 & 5-1.148 D~30 & 5-1.364 D; %7k Jus® < 540.068 D> # ] 10 &
5-0.019D~20% % 0.088D~30 &% 5-0.190 D> 2R 10 & % 0.043 D~20 & %5-0.303 D~ 30 & &
-0.492 D5 #7® Jigo® = 5 0.089 D~ AR 10 & 5 0.002D~20% % 0.021D~30 A& 5-0.181 D> 2
10 & 5-0.031 D~20 & % 0.166 D~30 &2 5-0.108 Do M AiTARE? w EHkaw & 5-1.521 D>
AR 102 5-1.66bD~20 & 5-1.472D~30 & 5-1.179D> 2 i 10 A-1.697D~ 20 & % -1.834 D ~
30 & 5-1.653D; %z Jys ¥ = 540.027D> H R 10 & 5-0.012D~20 & 5 0.046 D~ 30 & 5 0. 034
D>B @R 10& 5 0.021D~20 & % 0.010D~30 & 5 0.077 D %78 Jigo® = % 0.011 D~ # i) 10 &
%-0.008D~20%& 5-0.010D~30 & 5-0.066 D> 210 & 5 0.033D~20 & 5 0.086 D~30 & &
-0.182Dc ¥ B¢ X Hskm & Z-3.844D> A 10 & 5-3.893D~20 & %-3.362D~30 & % -2.627
D> 10 B-3.772 D~20 & 5-3.708 D~30 & 5-3.087 D; #gk Jus® < 5-0.079 D> # ] 10 &
50.122D~20 25 0.033D~30 &2 5-0.103D> 210 & 5-0.002 D~20 & %5-0.165D~30 & &
-0.572 D %% Jigo® = 5-0.003 D~ # ® 10 & 5-0.043 D~20 & 5-0.021 D~30 & 5-0.048 D -
BRl10A& % 0.000D~20 2 5-0.077D~30 &2 % 0.071 D(4r% 1 ) -

2T, DARF S MABRITARE Y BITREGHY B LR

Tso T Tio C Nio Ny JEN
gj M -1.364 -1.148 -0.636  -0.068 -0.136 -0.409 -0.136
§ J45 -0.492 -0.303 0.043 0.068 -0.019 0.088 -0.190
K J180 -0.108 0.166 -0.031 0.089 0.002 0.021 -0.181
% 5 M -1.653 -1.834 -1.697  -1.521 -1.665 -1.472 -1.179
B J45 0.077 0.010 0.021 0.027 -0.012 0.046 -0.034

J180 -0.182 0.086 0.033 0.011 -0.008 -0.010 -0.066
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3 § M -3.087 -3.708 -3.772  -3.844 -3.893 -3.362 -2.627

S

B § J45 -0.572 -0.165 -0.002  -0.079 0.122 0.033 -0.103
“ J180 0.071 -0.077 0.010 -0.003 -0.043 -0.021 -0.048
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Bl 3. I ARP% ~

34 AR BRGIF
P 1% 2 = #= 82 5(MRI scanner) :

MR ITALET P ORATAR AR % B4R Jigo Bk B

G PR R BT

FhEFFRED ¥ USE - ERoPiEs k&AW S 8-chnnal 218> 5 7

cube > i #E % 256x256 matrix > 22 2 & GRIF 0 & — 7 )

oY
-

T DA A AL A
@ P B SR o * T2-weight

1.2 2> @ s repetition time(TR) 2500 ms » echo

time(TE) 90ms 12 % echo train length (ETL) 5 90 - = & BprdFfH R X X5 4 & 48 o
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%"Ia ERCE -2 ﬁtr(Magnetlc Resonance Imaging) f#% & *as% v FHEa it &3 B S ®AE ¢ L0 B L

» FpHTk £ 1# §° Diffusion Tensor Imaging (DTI)&_p w0 P04 q_’fﬁﬁw‘r’}f"ii FI_— o %ﬁﬁ AR
I ACE B #d Said Faw gad B35 53 92 FHGRICER L Rpt 2 B2 e i G
;; Aza‘_ﬂ;:ﬁ 35 4% F (tensor ) 1 ¥k fract10na1 anisotropy (FA) & Lt & o I 7 12 i;i— A SR

Gaa 2 = MR T3 03D BaR SR 12\ (3Dtractography) o B4k i Fi8* RF 447 8
;,%rs;*%"p\ Kvrgiae g B3 o R HE A G RS A4 F ARG AR m%n’jw d ek
BRN BRES, LEAY TG R IGEHA FEREPRAT ARG T TR - At
FE g d o BIRG B TS B Siemensl. ST BEIRE B 4FHh RIFIcEE S P * 8 F e
INAN B3 B AECE AR 12 2 % > b B =1000s/mm2 > TR/TE=5300ms/88ms > #f # & & = 16kHz -
FOV=23cm x23cm » 5 & =3mm » P& - 4B =128x128 & 7 B B 0T & * 7 e ¥ K
CERIRA BT BT ALY o RSP RT oo oy B RRT R Y B IR oL T
NordicICE, Version 2.2.13 software (NordicImaginglLab), }* it %8 536 ¥ RRFEF (T35 A WA 7 5d o ﬁi;':
R Rypt 3 R o9 oud 5540 g 3 8 15k £ (tensor) £ 2 %3k fractional anisotropy (FA)#s & 1
BE N BRI - ¥ ¥ 0B 3 E < h SRR 2 = A R T B2 13D tractography) °
A7 L AR PR P K Fl #F MRI B 3P T 2% 4cB 4 VUERY PRORLS R LW - 5
K k8~ I E AR e F oo T4 * Mat lab B2 s 4718 > K fp R eneh 3037k B EF o

u-eu

SR RARNE A L

Bl 4 fes R IR B i
3.5 ZEMAX # iR E B 5

EPEAL - LA A - AR T - AR B F R RS @ F R AREIRR
SAFRE(E ¢ - 34 N2 0 MRI#kcd;) » e {32378 F K0 4Bl S
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3.16

A A REIE] (Cornea)(stdandard)

R1=7.77, Thick=0.55 /

n=1.376, 50.23, Semi-D=5, Conic=-0.18 //\
H&W"‘(Aqueous)(.‘itadande{rd) _ 7 A (Retina)(Standard)
R1=6.4, Thick=3.16, n=1.336, 50.23, Semi-D=5, Conjc=-0.6 ~—_ _ - 3\ R1=-12, Semi-D=5

BT RS (Vitreous)(Standard)
R1=-8.1, Thick=16.23883,
n=1.336, 50.23, Semi-D=5, Conic=0.96

B FL, (Pupil)(Stadandard) (x shift=-0.5 mm)
Rl1=inf, Thick=0, n=1.336, 50.23, Semid-D=1.25

e R TR (Lens-front)(gradient 3)
R1=12.4 (for infinity focus), Thick=1.59, Semi-D=5,
n0=1.368, Nr2=-1.978E-3, Nz1=0.049057, Nz2=-0.01§427

i 2P (Lens-back)(gradient 3)
Rl=inf. Thick=2.43, Semi-D=5, n0=1.407, Nr2=-1.978E-3, Nz2=-6.605E-3

B 5. & MRI W I 15 % P 2

£ 5 13 B

SRR g PRI 2 e B SRR MEALT R 0 F aaﬂ*%ﬁl}ﬁﬁél o 2o 375+ 5 4 it {8 &

hxd
2K

4B 8 #TT o ;‘);LTE 7 051~0561% 061 23 >4 EELXEZSE D A Generalaﬁgﬁ%#ﬁ% -
FRhpm It i R R BT I BAS € S B fi.(wgnettmg) KT SRR A
estop ¥ 5 ATk o

%P2 Slche T

Surface 0 Surface 1

Surf:Type = Standard
Comment = Object
Radius = Infinity
Thickness = 1.00E+009

Surf:Type = Standard
Comment = Input Beam
Radius = Infinity
Thickness = 50.0

& 7y
Surf:Type = Standard
Comment = Cornea
Radius =7.77
Thickness = 0.55
Glass = Model ; 1.376, 50.23

Semi-diameter = 5.00
Conic= —0.18

Surface 2

Surface 3 etk A

Surf:Type = Standard
Comment = Aqueous

Radius = 6.4

Thickness = 3.16

Glass = Model ; 1.336, 50.23
Semi-diameter = 5.00

Conic = —0.60

Surface 4 Rt ~ B
Surf:Type = Standard
Comment = Pupil

Radius = Infinity

Surface 5 fo kR ()
Surf: Type = Gradient 3
Comment = Lens-front

Radius=12.4
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Thickness = 0.00

Glass = Model ; 1.336, 50.23

Semi-diameter = 1.25

Thickness = 1.59
Semi-diameter = 5.00
n0 =1.368

Nr2 = —1.978E—003
Nz1 =10.049057

Nz2 = —0.015427

Surface 6 P kR (18) Surface 7 r@Ll ]
Surf: Type = Gradient 3 Surf:Type = Standard
Comment = Lens-back Comment = Vitreous
Radius = Infinity Radius = —8.1
Thickness =2.43 Thickness = 16.23883
Semi-diameter = 5.00 Glass = Model ; 1.336, 50.23
n0 = 1.407 Semi-diameter = 5.00
Nr2 = —1.978E—003 Conic = 0.96
Nz2 = —6.605E—003
Conic = —4.25

Surface 8 AR e T

Surf:Type = Standard

Comment = Retina
Radius= —12.0

Semi-diameter = 5.00

# » LDE(Lens Data Editor) {5 4= 6 % B 7“7 » 59 ZEMAX #otis » £ = HACH B ko™ ] 8

29 4 o

Surf:Type Comment Radius Thickness Glass Semi-Diameter Conic
CBJ Standard CBJECT Infinity 1.000E4009 0.000 0.000

1 Standard INPFUT BEZM Infinity 50.000 1.377 0.000
2= Standard CCRNER 7.770 0.550 1.38,50.2 5.000(0 -0.180
2 Standard RQUECUS 6.400 3.160 1.34,50.2 5.000(0 -0.6800

< Standard FUPIL Infinity 0.000 1.34,50.2 1.250(0 0.000
5% Gradient 3 LENS_FRONT 12.400 1.580 S.000(0 0.000
6% Gradient 3 LENS_BACK Infinity 2.430 5.000(0 -4.250
7 Standard VITRECUS -8.100 16.238 1.34,50.2 5.000(0 0.960
IMR Standard RETINE -12.000 - 5.000(0 0.000

B 6 % & m 2 LDE

Surf:Type Delta T nd Hr2 Nr4 Nré Nzl Nz2
CBJ Standard

1 Standard
2% Standard
G Standard

= Standard
§%| Gradient 3 1.000 1.368 -1.978E-003 0.000 0.000 0.049 -0.015
6% Gradient 3 1.000 1.407 -1.978E-003 0.000 0.000 0.000 -6.605E-003
T Standard
IMa Standard
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W 7.% & p% 2. LDE

@ 8. = &P Rotation Z=0 2. Shaded Model

B 9. = F P Rotation Z=90 2 Shaded Model

Surface 6 £ Surface 7 #7i¢ * 2 Gradient 3 & H-RITHF ¢ 30 3 Lo frdhe 3784 R DA F - 2 4
FATst S 2 N o8 [1]0 80 1k 7 S et 2] .

2 4 6 2 3
n=n,+nr’+nr*+n r°+n,z+n_z*+n,z -

2 2 2
=X+
y [2]
4o B 10 #7575 % Pk 2 Spot Diagram B > ¥ M AT 41T {7k d i B R PR G 2 g (5 R E AR

ey b oenpa Bl o
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Surfec= IE:- RETIR

87: 5.0000, 2.0000 [d=g} + 05100

T B Q_E100

m.n

DO L35 000 m

Bpot Diagram

2013/8/25 Units are pm. Riry Badins: 3.9%€ pm
Field : 1
M5 radine : 1.387
EED radius B.232 Human e=ye=_ mode=l_ ZMH
Scale bar @ 20 : Chief Ray Configuration 1 of 1
B 10.% & P 2. Spot Diagram ]
I5 Diff. Limit
HT.S 5.0000, 0.0000 (deg)

il

9.3 |-

9.8 |-
s .- L
é 2.6 |-
: 2.5 |-
:n 1.4 -
é 3 .
=

: ]

1 b .

3.3 1 1 1 I I 1 1

a 12 »n 32 ] 5 Bd ™ B 33 13

BEpatizsl Fregquency im cycles per mm

Polychromatic Diffraction MTF

2013/9/2E

Data for 0_.5100 to O0_.6100 pm.

Burfasce: Image

(RETINA)

Human =y=_ model . EMH
Configuration 1 of 1

i
N,

W 11. = &z MTF R

g3

15




1.0000

0.9000

0_.8000

Q.7000

0.8000

0.5000

0.4000

0.2000

0.2000

0.1000

I 0.0000

PARTIALLY COHERENT IMAGE ANALYEIS

2013/9/25

0.5600 pm at 5.0000, 0.0000 (deg).

Width is 1.9%01 Millimeters, 201 by 201 pixzels.
Incoherent Image Human e=ye=_ mode=l_ ZMH
Includes Aberraticons Configuration 1 of 1

B 12 = &P 2 Image Analysis ]

bt WL SR S 2R MTF B> 7 0 8- 4 henfoimf a4 405 B ko 2 ok
BRF A2 GAFH o 2 BXF iz ﬁ%ﬁﬁ % 5 OB R hE T em FmJ,F'WP—, =% Ip/
mm - FEEF FUHR S A T HZE 28 PR LS L RERZHF 95 048@100
cycles/mm( = *t f§ i* P2 920.24) > & * ?“fﬁk iT % PAL el | i 2 £ 12 r],aﬁ“ FAR L 4 N4
TR F P2 P AR AT 0 fR4T R AR o 4ot Bl 12 #7m 5 R P AR 2 Image Analysis ]

W

N EEE T %ﬁ@%p&@%%ﬁm%#nﬁjﬁﬁiﬁ’%ﬁﬁﬁﬂﬁuﬂﬁ%?imw
A BITAR h';’i A Atchison{rSngeif? § + 3vx & 5 MAEITREEH 7 6 0 AT AR MR TR
LRIEF LS AR ERY B A B H RI207 - FRIB0T - A RI307 0 iz ik ek % & L% Atchison{r
s@mp RERAPR S RGTARSRIE TR R B AR 0 T R AT R RAPH Y FEART ¥ F
307 B S AT o L B ART UFRITARAREARR o Y FBAERAR T > R FRARARP K ofkeh
4% % 22 L% AtchisonfrSnge#T 7 < RAp ke > ¥ b o AP L F] Atchison T § E ARPR X iE‘J*‘ﬁ AP ¥ ¥
FTAR AL (AP A > F ORI FlAtchison 28287 R RIE S8 B4 o ¥ FRARDFIRAP RO A
Fr LA PR HRSngagwT Y > B AT &L AP 0 FSng$ & % WHTSEARL > Bam
TREBE T ERGAPIT > FI R E B R RS AP o

RARFE D BRERIB0 0 R kG R AT ERAPHY FER L AFRB0 R AR &
EKW%jﬁ’?ﬁEW“&ﬁfJ$%¥iﬂ AR Y AR enlg & R L Atchison® 4 %2006

% (Atchison et al., 2006).5 % 3 .7 o §f 7] & 24 IP'J*K AP ¥ % FTAR NI R AF 00 o @ KTk To4p
ﬁ%é&%ﬁ’%¥£¢ﬁﬁm ~30° 02 H 307 B mAREE AT > A B st A
F LR izfrKang® A £2009# % £ a7 7 2 ¢ I A #icdp 4p 7 (Kang et al., 2010) - Kang% 4 287 7
PR AT ARG A M ELR BT B ﬁmﬁ&aﬁwﬁ4*4ﬁ¢%§%m’”
MAAT P A A ATy AREY R R AR T ) AT TR el L—%F‘ Pl f plEcdy
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TR RICE AP AR A B J RI20 {0300 g A B EF LR 4TI LR S s
Wi R ABEY ot BEY e BRI P AR R FRAR o

L5 Chelvin £ A B3 % B RN T  #{h 5THGTRELEDT 4TmFLPEY R
KEZ R FARFR IS 30 > HAFT R * 2RI P F 2% £ #(Shin-Nippon nvision-k5001) -
% I ehE_# * AL4E 5 LED “&(Light Emitting Dio De) » & %% AR{EFEH 5 33 24 » @R AR A 5 °
PR RITARE  MBEITHRESCIARRESBRE X Bt LEY WX B RLER LR PR
PRERITAREAY B AROY BB T EFZ P 0 KR RP<0.001); AEEITHRET G 8 PR
30 ARt EBRAREER Y A RAEMP<0.001); d ATARPLEZERE S EA L LR Y ST
AL F R T e By R D XD AT R ITAR R e ¥ if By sk § AR F AP B (Chelvin CA Sng et al.,
2011) > Sng ¥ A R TR 0 TR BARF F o AP Y FRALASP BT AL E BRI ¥ F R ORAp
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ﬁx.g | # % 3F By sk 2 MRI B tflicdy o ZEMAX 088 ok e % BFP > i@ st & o Tfy tpRZ
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f’f—*ﬁ : Jhen-You Yu, Jing-Jie Chen, Hui-Ying Kao, Ta-Hsiung Cho* and Han-Yin

Sun*

R 104, 09. 22-09. 27

pE ARV FESR

IR 4

Purpose: To compare the patterns of relative peripheral refractions and astigmatic
refractions between myopic children who are currently on atropine treatment for
controlling their myopia progression and those who don’t use atropine.

Methods: Chinese children (n =209) aged 7 to 12 years participated in the study, of
which 106 subjects were classified into the atropine group and 103 subjects were in the
non-atropine group. According to their refractive errors, the subjects were also classified
into three groups: emmetropes (SE: +0.50 to -0.50 D), low myopes (SE: -0.50 to -3.00 D)
and moderate myopes (SE: -3.00 to -6.00 D). The central and peripheral refractions
along the horizontal meridian (for both nasal and temporal fields) within30 degrees were
measured.

Results: There were no statistically significant differences between the three refractive
groups in the nasal and temporal retina for the spherical equivalent (SE) and astigmatism.
The atropine group showed significant relative myopia in the temporal 30" field in
spherical equivalent for the emmetropic group (P=0.01). In low myopic children, the
atropine group had significant relative myopia in the nasal 30" and temporal 30° field in
spherical equivalent (P=0.047, P=0.021), and it is also observed at nasal 20" and 30’ field
in spherical equivalent for the moderate myopic group (P=0.023, P=0.008).

Conclusions: Significant differences between with and without atropine groups in
relative peripheral refraction were found for emmetropic, low myopic and moderate
myopic eyes. The present findings suggest that the eyes which received atropine may be
less prolate and thus help explain the mechanism of myopia progression control in
myopic children.

Key Words: myopia, peripheral refraction, atropine

®

SHFE g G e 'u?’aﬂﬁgu ST
Ie ‘;/;ﬂ)é E?’:F'H&—‘U#EF\: LR A= 2 R ’% " ;:/%‘L“ e bt is 'Fai—‘y A
PRER LR B RT3 € ’«»##*’%iw-?% TR LA ALK G € RS - AR

R A A -
ML R ok LR

PR P

1. e Bt g RAR o T v RS Bk




i &

g % 4 B S¥ 4

PALET T B =T g

et
TR T R T
et

Essilor &% 4 %

S gD r E i

N
=




FLEIR A B F hrd g 2 R g TR

+
T~
p#r:2015/12/25

PRI

PR LA R R R R R 2 B (R

FHEAFA Tam

24 e 103-2320-B-040-025- FrAEE: PR

AP AR RA T




103 A LA 5777 & % § 4

PEAFEA I Tunn 3% %5 103-2320-B-040-025-
PR A B R RS R R 2 M
£ 1 L (Fimp
, Dhrdc Bt £
X EIEp FrEe g ?Eﬁﬁ‘,‘—&ég\' AVET Hi+ [F=% ~ %7
o GRdes (B (2 77 [RTRT - LI T
g ) | E k) i it %)
BT~ 0 0f 100%
g AR 4/ BR 2 0 0f 100% | &
wmv F T
Fit gt 0 0 100%
42 0 0 100% |[=x/#
¢ g 0 0| 100%
L) 5
e Z% (RS S 0 0f 100%
& - .
e 0 of 100% |
B ,
1 & 0 0 100% + =~
Rt 2 0f 100%
%:QE;J.% A 4 Ti'?—l 4 0 0 100% L o=
(ABEH) [Erimgs 0 ol 100% -
Bizpsgm 0 0f 100%
G~ 1 0f 100% #AH
7 AR 2/ BER 4 0 0 100%
| B[2015 B
e EiE P e 0 F 3k
21 LA 0 ¥ F
Bt €% 3 3| 100% M REAR 5 5
z:t\’
E;:E% 0 0 100% |&%/=*
v o= 0 0f 100%
RS Y g; —
e Zé CRES '3 0 0 100%
ji ,‘h?%),, ﬁ ]L_ Q’{ 0 0 1 00% fi
A
’ 14 0 of 100% | +=
LA 0 0 100%
2‘2.\—'_;1»?,:\_],% A 4 ‘F’P—I ':L 0 0 100%
2 /‘/F " A =KX
(PR LR 0 0[ 100%
e L] 0 0] 100%
TR, @
(EiEMEME2E2
D & GoypI B A 6
CEEREE CEER
LT A RR
MR A 2 H e




AR PE B2 2Rl
FEBE R
F KA o)
+ %P 1 FAEE R BRF M
Rl L (7 Fire i)
AR/

ALl

= S

TR L AR LR

Fi

Rz 6 SR

it g /1 vy

T et

PR SRR 2 (RE) Ak

OO |o|lo|jlo|lo|lo |l




PRIAHLEET VSRR

PRELRFERFEADPARR EFTY PR R BT
(f & 4xs +d~%“r:3~z\~,&;&‘i% ré\%’f%“*ﬁ 9’55}F Foanlt) ~ A FE A
BBy T kY3 -g?‘f | ~ 3 & IR —ﬂ";”ﬁfﬁg'% BEE o IT- FETR o

Gal

NEERIFLEAEAR - E SRS EFRE- FE
e (Fp > 2100% 5 )
% % @ %7

(4 # & 7]
B

DR AR BB I A A R 1%

%"? e B4 D%’?z\i?ﬁv W= &
B4 &% Y 57 EE

B[] B Dmpi“‘ | Fd

Hi oo (100% 52 )

. 'F kB e g~ FEA|RT 4*%% fg_figﬁ—%‘i ,%I_I’E'EH%E\:% ) B R ?%i @
(HEBAt 3 ETR L2 RE - BE - PELE-HFB2FaP) (M
500% % *2)

PR AFTG OF LSRR G o) LFawTf ¢ @ et BT R
FOPTAREARS N - A N RBELHE F R gﬂ%‘l_ = o\;k[g'ﬁ ”'f
BORE R FITAR O blde - EEER CBURESTE o AT N Ag"ﬁatﬂ'
PR & PR P18 2 AR 0k g R SRR "c;l*ﬁs,«uv\%‘r £ %%%M&%
BLr o 2 B R F R BT AR o M- BT E Y KA He
BRI AR AR ek R o RIS R A g B o

é“"

3
o+

\‘f\




