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[ Abstract] Background The use of adaptive optics (AO) system in ophthalmic clinic and basic studies has
increased in recent years. However, there are few reports on the stability of ocular aberrations after correction.
Objective This study was to analyze the stability of aberration after correction by observing the repeatability of

ocular aberration measurements.  Methods Forty-one postgraduate school students and volunteers who meet the
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conditions were included from February to April 2014. The Zernike aberration coefficients including astigmatism (Z*,
72) ,defocus (Z3) ,trefoil (Zi ,2;3) , coma (Z;1 ,Z;) , spherical aberration (Z]) and the value of root mean square
(RMS) including 3rd-order to 7th-order aberrations, total higher-order aberrations ( HOAs) and total ocular
aberrations ( TOAs) were measured by using AO system. The repeatability and stability of these data after corrected
with AO system were analyzed. The repeatability was evaluated by ANOVA , within-subject standard deviation ( Sw),
repeatability (1) and intra-class correlation coefficients (ICC). The stability was evaluated by the nonparametric
Results AO system showed excellent repeatability on Z,°,Z>,Z5 and TOA RMS (ICC>
0.9), good repeatability on Z; s Z; s Z;S , 2}, 3rd-order RMS, 4th-order RMS, HOA RMS (ICC >0.75), poor
repeatability on Z;] ,5th-order RMS,6th-order RMS, 7th-order RMS (ICC<0.75). Repeatability (2.77 Sw) values

Friedman’s rank test.

ranged from 0. 009 mm (7th-order RMS) to 0. 163 mm (Zi ) . After low-order ocular aberrations were corrected, It was
founded that Z;z ,Z; reached stable state at the 4th Second;Zg was stable at the 6th second;Zfand Z; reached stable
state at the 4th second and third second,separately;Z; was stable from 3rd-second to 9th-second,Z;l was stable at the
4th-second. Zg and HOA RMS were stable at the third second and fifth second,respectively. The Z;Z ,ZZ ,Z; ,2;3 ,Z;l s
73,77 and HOA RMS were significantly different among different time points before and after low-order aberrations
correction (all at P<0.05). Z;°, 73, ZJ reached stable state at the 4th-second, 3rd-second and Sth-second,
respectively; Z;° ,Z3 reached stable state at the 2nd-second and 3rd-second, respectively; Z;'and Z) reached stable
state at the 2nd-second; HOA RMS reached stable state at the Sth-second.  Conclusions After correcting the

human ocular aberration, different aberrations can reach stable state at different time. The time of Zg ,ZZ ,Z;3 ,Z;] ,Zg

reaching stable state after 2nd-order to Sth-order ocular aberrations correction was earlier than those of lower-order

aberrations correction.
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ok K JR A 1 He 2 BT R 8 3 2 S e R — 9 o -
EG R R S A B R 22, (O6 2 R 3Rk AR 1Y)
B B BRI & B, A0 FR G AE IR AR
DBk AU B 2 B 22, O B v R A
Jo h B R RS AR 1% RE 0 1 B B 7 i R R Be. IR, AO
G0 A] N T 3 4 5 e R IO 1 B AR 25 s A A R
ZET UM IE , R SE AR E BB 1 F B, HEl, A XA
R AR 2255 1E J5 B TR 22 4% 7 1k 72 b i BIF 5% o 20 DL 4
B, AR BIEME A0 R NI 22 2 Pk
ARV A G 22 57 1IF J5 Zernike 2B £ B & 2 M1
AR AY , LA it R RN R 1 2 2%

1 #ZREFE

L1 —Rwk

2NN 2014 4 2—4 JAEACAR - BF 5 A T AT 4 2R A
A 41 2, WIBCH IR R iR . o, 5510 ],
231 4R 24 ~46 & P H(31.7£7.2) X UK
% J& (spherical equivalent,SE) 2j-0.25 ~ +0.50 D, %%
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K1 SPSS 20. 0 Fg it 248 4% (R [E IBM 2~ w]) it
gt b o AWk 5 v H 2 00 6 2040 BEORE 28 Shairo-
Wilk A6 5 5 IE &0 A0, L v+s R 5 o M5 2 I
oA UAMCQ,,Q,) Fno RMHELZ MBI B TT
FEOPHT B bR v P 23 4 TF B 4N AR v 22 (within-
subject SD,Sw) . & | & ( repeatability , r) ' 41 Py Al 6
Z %1 (intra-class correlation coefficients, ICC) ¥E 471X %%
A5 22 19 B VR IEAL , Sw K v i)y, 08 B 1
U o R ICC PSR AE Pk, 1CC>0. 75 FoR A R IFHY)
A PERA]fE B AR e MR

eriX(i’JRO 05) (R 2) . B IEHTJG A [\ I [A] g5
B R £ 27 2, 2y 75 . 7, HOA RMS ik H 4, 2
E’i@ﬁéﬁﬁ%ixu@ P<0.05) B IEJG 4 ~10 s 77
Z; SR 1 ~3 s i, 22 R ST E L (¥ P<
0.05) ;5 FIEJG 3 ~10s Z; Z) 5% iF)G 1s.2s i, 2
S G L (# P<0.05) ;87 1E 5 5 ~10 s HOA
HFIEE 1 ~4 s Wi, 25 WA GIT¥E X (¥ P<
0.05) ;%FIEJG 3 ~9 s Al Z; HL#, Z R LRI E X
(#P>0.05) JFIEJG 10s Z, SHFIEJE 1 ~9s Hokir,
SE G FE L (Y P<0.05) (£3).

fili B FH A 2 3 Friedman X[ F1 A0 ZGMERNRENES M
RRIR T 22 53 Mo SR FH XU A6 5 i Sw
R WEHTR 2 A& B r(um) 1CC(95% CI) F P
5 ,P<0.05 N 22 5% A G it (xts,pm)  (pm)
Y TOA RMS 41 0.707+0.197  0.024  0.065 0.945(0.908-0.969) 0.094 0.910
o 7;? 41 0.031£0.107  0.036  0.101  0.967(0.945-0.981) 1.233 0.297
2 zm VA 41 -0.649+0.209  0.041  0.113  0.944(0.906-0.968) 0.248 0.781
72 41 0.053+0.155  0.047 0.129  0.938(0.895-0.965) 0.528 0.592
puy \ HOA RMS 41 0.180+0.046  0.032  0.090  0.755(0.589-0.861) 1.007 0.370
21 ﬂﬁﬁﬁ{%ﬁi% 2 Etﬁz 3 Br % 2 RMS 41 0.135+0.044 0.040 0.110  0.758(0.594-0.863) 1.667 0.195
TOA RMS J 7,°.7,.7, % 41 -0.053+0.037 0.036 0.100 0.820(0.698-0.898) 2.329 0.104
HI1CC>0.9, BRI Wi E 2z 41 -0.029+0.058 0.028 0.078  0.743(0.569-0.855) 0.461 0.633
5 PE; HOA RMS.3 W 1% 2 VA 41 0.021+0.081  0.059 0.163  0.755(0.589-0.861) 1.075 0.346
Ay s n 75} 41 -0.045+0.056 0.037 0.102  0.827(0.710-0.902) 1.080 0. 345
RMS. 27, 7, 2, 4 B & 2= 4 %2 RMS 41 0.094+0.022  0.012  0.032  0.797(0.660-0.885) 0.590 0.556
RMS\ZZ ¥ 1CC>0.75, R 78 41 -0.071£0.031  0.005 0.014 0.830(0.715-0.904) 0.072 0.930
BT 75 B A% 2 RMS .6 B 5 Br%22 RMS 41 0.055+0.020  0.015 0.042  0.729(0.545-0.847) 1.236 0.296
’ 6 B4 RMS 41 0.027+0.009  0.004 0.012  0.583(0.299-0.763) 0.349 0.706
%22 RMS. 7 Bir &2 RMS ¥ W% 2% RMS 41 0.020+0.008  0.003 0.009 0.609(0.344-0.779) 0.234 0.792

ICC<0.75, A M, K AT

{E:AO0: BIENDG2A TOA : B2 22 s RMS: 5 i HOA - |

S i B A5 2% 5 Sws 2 PN B 1 22 s FE S ICC: 41

1825 v {7 0.009 ~0.163 m, Pyt FR B CLL AT (31X ] (76 52 0 & D 3K 2 40 7))
o 72 1 v R, 0,163 um,
& Zernike BT 2% K & Bz x2 BHMWGEFEMNEFARMEE 2, .2, Z; Lb%[M(Q,,0,) ,pm]
22 RMS BRI E R T BB 7 % z
Gt E X (¥ P>0.05) 9 E T 41 0.040(=0.025, 0.100) -0.702(-0. 825,-0. 585) -0.061(=0.090,-0.030)
(F1), Wb 1s 41 -0.020(=0. 055, 0.025)" -0. 430(-0.520,-0.371) -0.060( =0.095,-0. 040)
o . WRIEJG 2 s 41 -0.020(-0.035,-0.010)" -0.233(-0.265,-0.195)" -0.051(-0.083,-0.036)
43
2.2 BRIEARER 22 HT S AT HIFJGE 3 s 41 -0.012(=0.035, 0.005) -0.106(-0.170,-0. 085)"" -0.062( 0. 080,-0.015)
Fif [E) 2515 22 LA B IESG 4 41 -0.004(-0.025, 0.020)™"  -0.054(-0.082,-0.030)"  0.001(-0.022, 0.024)""
%E B JG A [a) B Ja] & HFEESs 41 0.006(-0.020, 0.025)™"  -0.030(-0.050,-0.005)"" -0.001(-0.012, 0.017)""
- HIER 65 41 -0.003(-0.021, 0.020)™"  -0.017(-0.042, 0.016)"""  0.004(-0.009, 0.018)""
Z ) 553
2 S Sk WG 7 s 41 0.003(-0.020, 0.023)" 0.001(=0.031, 0.024)™""  0.001(-0.017, 0.022)""
QEETJF X () =38.024, grgEss o4 0.002(=0.015, 0.020)™"  —0.002(=0.011, 0.020)™ —-0.002(=0.020, 0.017)"
329.764 , 171.247, ¥ P < HiER9s 41 0.008(=0.010, 0.030)" 0.011(=0.022, 0.025)"""  0.004(-0.016, 0.020)""
0.01); Kt B iEJ5 4 ~ 10 s ;;Z?E;ﬁ 10s 41 0.000(-0.011, 0.024)™"  -0.006(-0.029, 0.030)™""  0.003(-0.009, 0.021)"
. Y 38. 024 329.764 171.247
277 5% IEIE 1 ~3 s ek, 0.000 0.000 0. 000
ERHAGITF R P g ki iest, P<0.05; SHRER 1 s I, P<0. 055 SHRIEIR 2 s oK, P<0. 055 SHFIEJR 3 s

0.05) ;%7 1IEJ5 6 ~10s Z3 5%

SR 1 ~5s A, 2RI G Fricdman WX K%

#,1P<0.05; SR IESG 4 s i, °P<0.05; 5 IEE 5 s H#E, "P<0. 05 (Friedman X[ # 1K 7 22 43 BT K 5%
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x3 RMEEHIERR

AERER 2, \Z;' \Zy 2y Z; HOA RMS L[ M(Q,,Q,) ,pm]

Bk 7’ 7! 7 7 HOA RMS
W 41 -0.059(-0.090,-0.031)  -0.044(-0.081,-0.003) 0.013(-0.029,0.072) -0.040(-0.070,-0.005)  =0.069(0.102,-0.041) 0.192(0.170,0.211)
WIER 1s 4 -0.061(-0.095,-0.040)  -0.034(-0.065,-0.004) 0.019(-0.022,0.065) -0.051(-0.075,-0.005)  -0.066(-0.090,-0.050) 0. 184(0.162,0.210)
HIER2s 41 -0.050(-0.080,-0.030)  -0.034(-0.055, 0.001)*  0.017(-0.024,0.055) -0.052(-0.091,-0.022)  -0.050(0.077,-0.021)"  0.186(0. 155,0.212)
IR 3s 41 -0.064(-0.080,-0.015)"  -0.017(-0.052, 0.009)*™  0.008(-0.035,0.060)*"  -0.060(-0.085,-0.010)***  -0.041(-0.078,-0.023)**  0.170(0.163,0.200)"
IR 4s 41 -0.052(-0.076,-0.022) ™" -0.030(-0.072, 0.006)*™"  0.004(-0.033,0.063)™""  =0.057(-0.090,-0.005)""  -0.042(-0.067,-0.012)** 0.186(0.160,0.210)
HIERSs 41 -0.049(=0.079,-0.021)™ " -0.035(-0.065, 0.009)™ " 0.003(-0.036,0.066)™"  -0.054(-0.105, 0.006)""  -0.034(=-0.062,-0.014)™  0.192(0.162,0.222) ™"
HIER6s 41 -0.047(=0.075,-0.025) """ -0.032(-0.057, 0.008)*"" -0.003(-0.035,0.070)**"  -0.060(-0.100,-0.015)**  -0.039(-0.067,-0.012)**  0.196(0. 174,0.215)*""
B Ts 41 -0.040(-0.070,-0.015) ™" -0.033(-0.062,-0.001)™"  0.004( -0.048,0.062)""  -0.053(-0.103,-0.021)***  -0.038(-0.061,-0.020)*"  0.195(0.159,0.215) """
HIE 8 s 41 -0.053(-0.081,-0.025)™* -0.031(-0.068,-0.010)™" -0.004(-0.036,0.057)""  -0.062(-0.105,-0.015)™  -0.460(-0.068,-0.011)™ 0.198(0.172,0.234)*>**
HIER9s 41 -0.041(-0.084,-0.015)™ " -0.027(-0.063, 0.005)™" -0.003(-0.027,0.057)"""  -0.059(-0.085,-0.015)™  -0.034(-0.060,-0.013)™ 0.192(0. 165,0.220)"**"
WHIERF 10 41 -0.046(-0.076,-0.005) " =0.020(-0.065, 0.012)**  0.001(-0.046,0.060)**  -0.061(~0.092,-0.010)**  -0.038(-0.069,-0.0010)***  0.193(0.160,0.225)*"**
% 35.471 44,285 22,204 28.463 119. 607 20.137
P 0.000 0.000 0.003 0.002 0.000 0.028

E:HOA : B
0.05; 5 5FIE 5

B 1525 s RMS ; 24 77 1R

2.3 HBFIE S BrNfREATE A

x4 HESHAKRERRE

S I He A, P<0. 05 5HFIEJG 1 s H4R,"P<0.05; 5HFIE G 2 s Hode,“P<0.05; 5 1EJG 3 s H4R, ' P<
45 H#E,°P<0.05; 557 1E )5 10 s ttfp"j,'P<0, 05 ( Friedman X[ Bk ¥k J5 2540 5 56, Friedman i 6F 46 56 )

FERE R 2" Z; Z; LB I[M(Q,,0,) ,pm]

1] 45 19025 L e o

7} 7 7

2 2

¢ S 1= N G D T
Z;Z\ngzi\zg3\z’;l\zi\zg\ ;ﬁﬂ_’als 4
HOA RMS &k b, 22 5+ 1

96 )
)
)
)
Bl X () P<0.05);  mipg4s 41 0.001(=0.023, 0.021)"
W22 2 SRIE/S 4 ~10 s FERSs 41 0.004(=0.015, 0.025)"
)"
)
%
26)"
24 )"

Z 18] LB, 22 5 2 o e it
FENX (¥ P>0.05), 55 IE
Jo 1 ~3 s [a] P ELEC, 22 57 24

AHtE (3 P<0.05) ;5 S

W5 1 i 41 0.040(-0.022, 0.0 -0. 684 (0. 800, -0. 552) -0.054( -0.083,-0.030)

-0.003(-0.055, 0.034)" -0.442(-0.559,-0.385) -0.020( -0.036,-0.001)"

HIEE 2 s 41 -0.018(-0.035,-0.006)" -0.237(-0.309,-0.192)"  -0.004(-0.012, 0.007)"

BRIESG 3 s 41 -0.009(-0.029, 0.005)" -0.010(-0. 144,-0.053)*  -0.002(-0.008, 0.011)""

“20. 040 ( =0. 064, -0. 006 )™ 0.006( =0.005, 0.020)™

thed 0.004(=0.022, 0.027)™" 0.002(-0.010, 0.018)™

WHIEJG 6s 41 ~0.001(=0.022, 0.019)™"  -0.003(-0.025, 0.024)"" 0.002(-0.015, 0.016)"

BTG Ts 41 ~0.003(-0.025, 0.015)™  -0.001(-0.031, 0.037)"" =-0.002(-0.017, 0.016)"

WIE)GE 8 s 41 0.008(-0.010, 0.024)" 0.014(-0.019, 0.036)™"  0.001(-0.007, 0.013)"™

WIEE9s 41 0.006(=0.009, 0.026)""  -0.002(-0.032, 0.039)"" -0.001(-0.011, 0.007)"*

HIEJE 10 s 41 0.004(=0.010, 0.024)™"  0.010(=0.032, 0.040)"  0.001(-0.008, 0.008)""
Y 39. 863 287.264 83.438
0. 000 0. 000 0. 000

Zz BIEES~10s WLt

B, %S RG¥E X (P>
0.05), 58FIEfG 1 ~4 s FL#
2RI G B L (8 P<
0.05) ;23 WFIEJG 3 ~ 10 s i) W9 95 LL 4%, 26 57 o 5 2
B(P>0.05) , S5HFIEJG 1s.2 s ik, 2554 5t
SN (B P<0.05), HFIEE 2 ~10s il 2\ Z;' 7]
Pk, 22 R TG 3 L (P>0.05) , HFIESG 1s Lk
B, S G L (¥ P<0.05) 5 IEJG 3 ~10s
0] Z3 #2282 35 L (P>0.05) , 5 IEJ5

2 sHH 25 A G it 2 7 X (# P<0.05) -%ﬁm;as ~
10 s [i] HOA RMS [y %% 2% 5 24 40 it 24 3 L (3 P>
0.05), 5HFIEJ5 1 ~4 s [L4E, %#i’ﬂﬁ%fr%ﬁfﬁ
(34 P<0.05) ;7 IE R 5 A 5] 5 6] 5 2, A e 45 25 5
TGEH 27 L (X' =9.580,P=0.478) (£ 4,%5) .

3 it

AO RGESEI AR AO BFIER S, FEHAHH A

T 59 IE AT EL B, P<0. 05 SR IEJE 1 s HA,"P<0. 05 5HFIEJG 2 s H#%,“P<0.05; 5 iEJ 3 s 1L
BE,"P<0.05; 5 IEJG 4 s HoBE, © P<O0. 05 (Friedman X ji Bk Y J5 22 43 M7 K 36, Friedman A3 4656 )

HE%%W%%%%HAHE@%%E%%W]jﬁ%ﬁﬁj\o H
e, NHRAR 22 0 5 & 58 19 2% 0 3 £ 24 Hartmann-Shack
1R B AR AR Ay 905 nm, 97 A>T B4 2H A, Mt
W 30 Hzy NHRAR 22 55 1E & 58 W9 A% 0 38 11 2 22 T8 53
i 37 AN/ INBK Bl 4 SR IT R B, BE BT IE Zernike J5 S By
AN BIAR 22 0 I 4Rk, AO 2 G 78 MRE 450 1 )i FFJZi
JETHE , A5 AO ML AN ML A% L B & L OCT
AO GEAHLN B2 > B e Th g7 o Ok 2 1Y
FHAM AO %%%EJ\HE$Iﬁfg€§ﬁQﬂA%§[H]
L5 I o8 A0 5 LA BE 19 52 W, AT X6 B 8 GE T B ik AT
1853, SEBA AL  BE HAR 25 T DB IE TR AR
TH NI AR RAA B AP b o B2 Ml 5, 38 3] 42 w8 400 98 I
I HB . AO TEMRBHIE K S WL 56 B 2 A ) [ 1Y
JEFH AT 5% T A O 0 1 R B B aib A 58 4, B T AO R
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