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650 nm =L A AR UL Ll e YIS

HY EX4E AREE AL TP BHEA x@M xwW MEE EEW

(Z] B& WL 650 nm ZDEXH DEIT ML RIGEI . FiE  BEPLIRATTE . TElR i AR EE Bt 2
B R EZEATE 7 ~ 12 IR 120 41 (120 HHR) BRI AWFFE S L , G— e A IR B A T 20 M7, 70 41
e 60 4 (60 HUR) FIXFHEZH 60 (60 HUR) o £LYGLH R FHHI K 650 nm LLYEHEAT P42 110, A Tt [7] fil 2

P RHESRHR BT, of MR 2 il P AR S HEZR IR B AT H W35 8o MBS LR T BRI AT HUS #Y 1.3.6.12 A B )
SERORBIIE (SE) HRAME (AL) 5 iR BB H 0 U T A Bk 46 RIS JEE (SFCT) M ARARAL ) (UCVA) o SR A2 0 4
Tr 2200 SRR ¢« K IRXPBEEAT ST e . BBR ST PATANLL, T30 1.3.6 12 4> H J5 , 20641 SE 34
PRAFRGE W IR R, AL U 22 A e L (B P <0.05) 5 T3 1.3.6 12 A5, 200641 AL 4%
IFBHE TRE A IR AL SE, AL LB 22 A GEiT2A 8 (3 P <0.05) 5 T 1 3.6 12 4> )&, 064 SF-
CT B T , X -2 SFCT 483, PTAH LB A et L (B P <0.05) 5 71 1.3 .6 12 I H )5, 2064
UCVA JEAPRFFFRAE , 0T HEAL UCVA 3287 T R, AL LB 22 S A SRt 8 L (3 P <0.05) o T HUSZ0E41UR
B A TH ZEREFE L AR A b B0 | R R AR i | RE A A R TR O AT, TR R BN A R B B AT A S
o R 650 nm ZDGH A RGEL T A AF T UL R W] AN RS o

(K IA] 650 nm ZIE; SFRORET; IR 5 ETE T Dk B2 5 #RIRAL T

[ I RBR R 75,2021 ,29:132]

Effect of 650 nm semiconductor laser on juvenile myopia control Yan Yi' ,Xue Wenjuan® , Zhao Yanjun® , Zhu
Jianfeng® ,Wang Ping' , Fang Xiangjie’ , Liu Jianfeng® , Liu Li® , Fu Haitao® , Jiao Guoshuai’. ' Department of Qingdao Uni-
versity, Qingdao 266000, China;’Department of Linyi People’ s Hospital of Qingdao University, Linyi 276000, Chi-
na. > Department of Anyang Tongguang Ophthalmic Center, Anyang 455000, China

[ Abstract] Objective To investigate the effect of 650 nm red light on the juvenile myopia progression. Methods
A total of 120 schoolchildren (120 eyes) aged 7-12 years with myopia at our hospital were selected for a randomized con-
trolled study, and their right eyes were selected for the analysis. The participants were divided into the red light group (60
eyes) and control group (60 eyes). Participants in the red light group were treated with single wavelength 650nm red light
for myopia control, while the control group particpants did not receive any intervention. The spherical equivalent (SE) , ax-
ial length ( AL), subfoveal macular choroidal thicknessand uncorrected visual acuity were observed and compared before
and at 1, 3, 6 and 12 months after the intervention. The data were analyzed by repeated measures analysis of variance and
by independent t-tests. Results  After 1, 3, 6 and 12 months of intervention, the SE in the red light group remained basi-
cally stable, while SE in the control group gradually increased. The between-group difference was statistically significant
(P<0.05). After 1, 3, 6 and 12 months of intervention, the AL in the red light group was reduced and gradually stabi-
lized, while that in the control group was increased. The between-group difference was statistically significant ( P <
0.05). After 1, 3, 6 and 12 months of intervention, the subfoveal macular choroidal thickness in the red light group in-
creased and tended to be stable, while that in the control group reduced. The between-group difference was statistically sig-
nificant ( P <0.05). After 1, 3, 6 and 12 months of intervention, the uncorrected visual acuity in the red light group re-
mained basically stable, while that in the control group gradually decreased. The between-group difference was also statisti-
cally significant ( P <0.05). No ocular complications was observed in the red light group after the intervention, including
conjunctival congestion, corneal edema, photophobia, lacrimation, corneal ulcer, cataract, macular damage and cognitive
impairment and behavioral abnormalities. Conclusions The 650nm red light can effectively delay the progression of juven-

ile myopia without obvious adverse complications.

DOI:10. 3969/j. issn. 1006-8422. 2021. 02. 009
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[ Key words] 650 nm red light;Spherical equivalent;Axial length;Subfoveal choroidal thickness of macula; Uncor-

rected visual acuity
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10 ARSI U i N R EEBEIRFH 128012 108
& 120 1 (120 HER) , e B IRVE AT x4, H:
HEE M 62 i (62 JLUIR) , Lot 58 ] (58 HHR) o 4
ABRUE: DAERE 7 ~ 12 % QAR IE LT (best cor-
rected visual acuity, BCVA) =1. 00; @HLE B 35t
LERIREEE (spherical equivalent,SE) 2 —1.00 ~ -
9.00 D; @HHE R HOEA KT 3.50 D; @BUARHR
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PR AR PR DYoot , Ay S 10 I L i N34 48
FAEFEA .

2,650 nm 16k AN

650 nm ZLYE % AR SR SLAR M BN, 4510 2 5
R P (650 £ 10) nm, bR HAR (10 £3)
mm, B ERK (2.0 £0.5) mW, SE &5 730
Lux,

= MEZRHR BT

FAAE RUNE R IRARE , B8 P R FH 0 I ML 3% )
X

W J5ik

1. 238035 73 21 AR IR A A TN HERR A5 A 2R 1055
XF4 120 (120 HHR ) o # AT 47 9 =,
SAS GiitF i PROCPLAN 3+ #2185 5 BEHL 73 i 20
JEA NS 0 R, B4 60 (60 HR) o

2. B0t I i« A2 A S R R R A
HFFIR, A — PR Az @ it logMAR #L ) e A AR
AR /7 (uncorrected visual acuity, UCVA) , J5# &
75 FEME AR G HIR W T, 3 min/1 YK, 454K 0. 05 ml,
33 K,30 min J5RAEZ I WAL TR, RITH
BUXT R AREE (PS-11E, HZR Topeon 23 7)) M2 147
AR5 18 00 5 M 35 5164 ( RK-8900, H 4% Topeon 23
A)) %€ SE; % F I0LMaster ( YZB-4270-2008 , 74 %]
Zeiss 3] ) M4 AR A 3 (axial length, AL) ; B H]
AU 002 AT R L 4 5 i R £ R (enhanced -depth
imaging spectral-domain optical coherence tomography,
EDI SD-OCT ) il £ J& A5 75 B S0E v [T g ik 45 5 5
J& (subfoveal choroidal thickness of macula,SFCT) , fif
A WEAEFR Y B A —F L IR BT T 17 10 g4
AT I 3 R O IE . s I
DT LA e P 0 A 5 R R N B 52 3 )
HNEBL o

3. W B AR AT AT, A 2 iE R
PR Bl N O T 20 52 3R R T 3R SR
DL EACA TE BRI O 125 5 HEA T T 10, 323 Sk
CE TAGERATEE b, BURGRFR I T, SR 22 DG A
FERTI2 U, 45K 3 min, [A]FR R T 4 h, BORF K
RS T HEAT, B T T A0 ) L A e ] 229 il B £
HEZR MR AR 5 2 10 HRZH AN R Ao 1980, 457 T B0 S HE
ZRARGEIEAT H W 2 T g, iRy NI, 2 2
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T B H TR 7 S I TR PRI AE 10 h Z ), 18k
12 By IR 8] 7 2 A B AR [R], J 2R 0 4 42 3 72 90
min /2A7 .

4. BEVTRAT : 73 I KT iR e Y 1.3 .6,.12
NHMHZIKE A IRE SE AL SFCT & UCVA, 7
W5 1 A P Ml A HRBE BRI SR 2 103 B R A
ZUEFOL, 21 B AT O RH AN S E
RIS 37 BRI S a2 FG T, wf R 32 10
MR 22 4

EI 2 a2V IR

K SPSS 19. 0 Geit =2 Ak BEAT B dla Ak B, XL
IR ABE TS B, B8 — e HOA IR & E 47 20 #r o
B BRI AT 1 K - S RS AT IE SRS, 275
FIES A TR BORSR I+ AR 22 3808,
SE AL SFCT K #RARAL T340 774 oy o 52 00 4 53l Le
BOR M T 200, ARG,
L ] b — 2 ORI AR AS ¢« 295, LA P <0. 05
NEESA G T o

5 R

— LR
AWFFEILNA 120 ZEMILE, F1E 7 ~ 12
(9.1 £1.5) % LI s o AL B E Ik

JiE: SE (AL J¢ SFCT Hei 2= R8s it24 58 (¥
P >0.05), %1,

R ZDGHNE FIXIRAIR TR AL

i A4 (n =60) MR n =60) i P
(%) 9.117+1.530 9.150 £1. 505 -0.120  0.904
SE(D) -2.517+1.153 -2.529 1. 154 0.059 0.953
AL(mm) 24.242 £0.921 24.373 £0.792 -0.845  0.400
SFCT( um) 268. 500 +36. 921 271.600 +39. 126 -0.446  0.656
B (em) 135.720 +8. 696 135..320 +8.780 0.251 0.802
K (kg) 33.934 +6.020 33.940 £6.016 -0.006  0.99
UCVA 0.62£0.26 0.61+0.26 0.158 0.875
FHM 28R/32L 31R/29L 0.300 0.584

P4 SE AR

LA A B JLE K SE, £ A [6] B U5 I A] |
BE DI 18] 55 A [m) T 907 88 BAE Oy T i 22 5 B
Fit¥BE L (F g = 298.749, P 4,y <0.001; F
wi =959. 810, Py <0.001 5 F iy = 1014.993
P i nii <0.001) o BEAE B[] LE , 21564 SE ff
FRRE , X HRZH SE WG K, 2020 Fixd B 417E 6
F12 A~ SE R ESHAASIFEX (1 =
2.486, P =0.014;¢ =5.016, P <0.001), W32,

T2 ZDGAIFIN BRLH A SRR B LA

T n AT i 1 34 6 1~/ 124 J]
e 60  -2.52+1.15  -2.50+1.17  -2.52+1.15  -2.51+01.15  -2.51«1.15
o B 60  -2.53+1.15  -2.55+1.13  -2.77+1.16  -3.03+1.13  -3.55+1.10
i 0. 059 0.218 1182 2. 486 5.016
P (i 0.953 0.828 0.240 0.014 <0.001
=LA IR AL HUEL Wrda BT TRE A IRA AL BT S, £ A
LIRS B LB Y AL, ZE N[ RE TR, XPHRZAE 13,6 & 12 A~ AL Az R B A Giit

W7 18] 55 AR ) T B0 58 LA P T 0 2 S LA
BT (F = 14.980, P <0.001; F ) =
123.178, P 4y < 0.001; F o = 282.352, P
a <y <0- 001) o [l I [H] Y HE I, 2164 AL 12

22 Y (1 =-2.078, P =0.040; ¢t = —3.901, P <
0.001;¢ = -4.753, P <0.001; ¢ = —6.484, P <
0.001). W3,

3 ABUURIGS B AR S B L3
gl n KT HiwG 1A 34A 6 1A 1241 A
68 60 24,24 £0.92 24.07 £0. 82 24.01 £0. 80 24.03 +£0.79 24.02 £0.79
X BE 2] 60 24.37 £0.79 24,37 £0.79 24.58 £0.79 24.72 +£0.79 24.96 0. 80
t {8 -0. 845 -2.078 -3.901 -4.753 -6.484
P{H 0. 400 0. 040 <0.001 <0.001 <0.001
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R4 LDGHMNT IR SFCT H4L
44 n KT HiwG 1A 34A 6 1A 124H
ZI6H 60 268.50 £36.92 287.30 +36.55 299. 83 +36.90 300. 50 +36. 88 300. 52 +36. 82
pogigat) 60 271.60 +£39. 13 271. 68 +39. 61 252.28 +38. 64 240. 18 +38. 62 222.17 +38.77
t{H -0. 446 -2.244 -6.893 -8.750 11.351
Py 0. 656 0.027 <0.001 <0.001 <0.001
DU 2L GEH A% BR 2 SFCT Ehis T LG AT BRZH UCVA H B
LG A X B2 JL#E 1Y SFCT, 75 AN [A] Bl 177 st ZIGEH A B2 L R ER AL 7, ZEAS [R) BB 1

(i) Bt 175 o 18] 55 A [w] = 190 07 258 HAE T O T i) 22
HAESGITHEZEX(F g =30.375, Py <0.0015 F
ptig =406. 132, P 1 <0.001 5 F g = 1896. 589,
P i wugr <0.001) o BifiZ5 B[R] A 2E K, 215640 SFCT
B ST TRE , X IR SFCT 2 A8 3, 21006
AR RRZHAE 1.3 .6 Sz 12 4~ H SFCT oAz w4 H
it EE L (t -2.244 P =0.027; ¢+ = -
6.893, P <0.001; ¢t = -8.750, P <0.001; ¢
11.351, P <0.001), W34,

s ] B 77 B[] 55 AN [ 1 0 258 B AR O TR 22
SEAEHITFEX(F g = 256.257, Py <
0.001; F 1y =356.732, P 1y <0.0015 F ypy g =
354.981, P 4y uy <0.0015) o FHi3 HJE, 2006
HARAL ) A TS THR0E , W R 50 00 ) B8
B, ZLOGAL RIS BRZHAE 3.6 K 12 A~ H AR ) L84
ZRMHEASHSE (1 =2.568, P =0.011;¢ =
4.372, P <0.001;¢ =5.128, P <0.001), W35,

RS AN IELL SFCT Hui £ 41 Fxd IR ZH 4R HR A ) E
44 n KT HiRG 14 34A 6 ™H 12H
215%4H 60 0.62 £0.26 0.61 +£0.25 0.61 £0.25 0.61 £0.25 0.61 £0.25
Xif B ZH 60 0.61 £0.26 0.62 +£0.26 0.77 £0.27 0.86 £0.26 0.94 £0. 30
t{H 0.158 -0.086 -3.197 -5.231 -6.515
P{H 0. 875 0.931 0. 002 <0.001 <0.001
i Bl O VEAT O A 0 TR O AT e 3 BT 6 S 48

B B R BALAT P44 A B
THAIG 03 A1 .6 A PIEBLEEBOH K BT it
FELLIGHERT 10, 5 00 P 04 (R 2k (i
PTG LB AR AP B JF FLR
AT L KN B VO A B0
ARVRI M HEBEDH SRR AT . A RIS
B AT 50 . AL B W NS L
5, AT S IR PR T T IFHLE 09 S
ST ) B P S B0 I, ERENR 5] %< ] 24
FON FEATZ I A IR GERE 77 3

i

R LTI B T, RIS i
BRI f TN fL F 27T JEBLEL LA YR 5
RAR I KT, TR % R RS B
SR 0 EIRR I, 1 L KA DL 355
SEAH. AL, H TR TIE B0 T A By AT
ATARIE . IR I 21 )7

%

SN B ) U R R TR R A 1Y
FHAg i, A AT RES DR f IR , 25 IR 55 JF AOAE 5 1%
YL BTG it ) SRR, 23 5 DESBEAR LAY BRI, 31873
BES B ALY R D L RS R A R
SR TR FE 1 BTG 8 A5 4 B0
F3 i TR PR IR K 39 I8 FH 11 2 4 VA 5
— M X ST A RCR B R 50%
~60% ZiAy o SEINHNE S A] 8 B 2 AR B
BRI kT A B3R 5 2 G A S P 9 )
AN BAERHE P obs iR R . 5 4h, %)
REPIEAILE T AT, FEE PR A K A
ANE BEFIIR L 6 E /e 75 U A Jie LU g, an
A A7 A BEL Y B8 HE 2 L Jo DAy o RE S R S 75 25 S Y
PRI BT, SR —Ph e A0 B 07 200
NALEE,

ABEFERT T 650 nm £, Hy SEIR 24 B AR
H FR R IR T S A, B T AR I 200
H—FEEOL. 7RI ILIESS IR T g A Hh A B 650
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nm ZL 56X 3 AR S ALK IR T B R = A AT i AL
PREFAAZ VR R, BEAS A B AS U T B4,
B BATIIFERITT ) o AR JEL RN, R A B DItk 25
B AT DCIE AT 5 R BE AR B0 S DB | B
PR BE AL SR AT ST xS T
AL JEUE IR S i E 2N R, AU A A2 A
P AUA JOHE R Y B SR AR, B2 PR A B 4
A TR EESH N R AW, ]
650nm ZIG T B 2 F , THiATS5THa 1.3.6.
12 [ AL fZ L U E oA Gt 22 78 3, T 1 3
AH5 612 A HAHE AL B A 4656, (B2 57 40
AT SR A R AT LR AL Bl (8] 3 < it
R, MR SIS 1 AN AL, AL 2257 648
AT S BT SR 3.6, 12 S AL, 225+
WA B X (P <0.05);3FH 3 156,12
AHAR, 2R 8 o ERERE I 650
nm LG AL /Y AL 4656, I AE—E IS [A]
NIRFFRRE o

UT LAY R B B AR LB B —  (H A A8 A
JEIR S 2% o BT I B 98 A B, PLRR Bk SR B 05 2
75 JUBE AT 24 40 e 17 JUL RS2 248 240 734k, 5 202
TSN T, I 5| R AL ™ o FE A IR ER
Hh DK R T B LA AL, S A2 U JE R
DRt AR A S BEOR VR, LK 4 B 4 X ARk o, /)
OYHC, BN — SO ST /NS BKE | B SN
KT AR A SRR DA, B BT Pt A/ N XY I
T, (LD SR R H I DL T, iR B R B
AR L AN R o 0 0L PR i 2>, 2 B ok 285 R0 34
i 7 PR Dok D PR A IR L AR . A 2 AT R B
AR i 28 B AR 2 TBI A7 AE R IR o g BE ST AR FEARR
LR P ok 245 5 5 S92, A S0 00 1 Bl P S B o ik
SRR 1 25 AL S8 T SFCT (A8 46> 0 A g
SFCT 3§ i v HE2 £ Mk 268 HRA B0 08 3 i 5 DS , 5
A fESE 650 nm ZLYERYHR PN L & 650 nm 210
WA 22 R A 00 3 22, R4k A Tk 245 I/ i
& R/NIK T kT k. 380, T30 1 A~ H Ja SFCT
55T BAT e AR, TS 1.3.6.,12 4> H SF-
CT 2L 5 [ 0] AL A2 A A , A2 AL LA SE A A I
H2E 594 Geit 2278 3 a8 B A B4 SFCT 2 4k
Wl AL AR IMAZ X Fe 50 B AL 224655 SFCT 42
IR, AL i 4 il SFCT 224651, 73 5h,
SFCT BAZAFR JEOL R BB IR AL A K
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