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2t4xHZs° and Z5°), FHARNZL) Q) root mean square (RMS) 242 1ot A o8, ZHIHFHAXSA)E 7|FC= H|w
St L, Aete| EHX'“, SHZLEN et #AE EMSIULC

) B AHAIRUEX = -4.67 + 1.83 DM, SO Y4LXS RMSZE 0,421 + 0.201 umO0|1, 3xt, 4xt & 5X}sto] &A=
RMSZtS 212t 0.346 + 0206 um, 0,202 = 0.105 um, 0.087 + 0,048 umO| B, TOIAx:, MEZARE FHAKIE 202t 0241 +
0.172 um, 0.225 + 0.154 um, 0,136 = 0,102 umSiCt, A A u= SN0l gD, 2 X 1 Qexts YEtXM o2 = 2
Q0| AL, MEZeRtsE DAl HEot 2o &2 EHASE BRACH=-0.900, p=0.008). Lt Xt0|= SUUCH, Sa/LUUFH 242

AEE 20X HULH.
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AlA| A= normal band view
o] 71AE FAE QEskth dA ] f8A8S LY
sko] 3ztel| Al 527 9] F-a19]9=2Htotal higher order
aberration, HOA), 3X5¥] 5371A] 2+ AHE FAE
19|53, 32}¢] Fupeai(coma, Zs ' and Z3')9F A|Zzh
22} (trefoil, Zs° and Zs°), 43¢l Fwz=z}(spherical
aberration, SA, Z,")2 A3ks}od RMS (root mean square)
= v 22 FA wEt ¥ & Blaskith
Z3194=2(Total higher order RMS) =
V(RMS,)?
32} 2 4=2HRMS3) =
V(Z D2+ () +(2) +(Z)?
421 1 94=2HRMS,) =
VZ 2+ (22 + (4 +(2) +(Z)?
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V(G (4 +(4 )+ (2 + () +(Z)

5 5 5 5
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g 299k A} e
—HEE o1&k, AffeAtel o), FHdETSA]
2 FAAEACLY] BAS dohdy] 984 Pearson
FHEAe Aldskth

Chicago, Illinois, USA)E o]-&35}9 2o, p—value”} 0.05
nekel F9-5 FAFCE RO AR hEsot

2 I

Z 11674 9] 232¢to] B Ao ?jﬂaiﬂ, UA= 35
B, OEIXF glgolglon, Hat A% 25.2 +

38AD AT A flpate] Bt FHA=NZ A= —4.67 +
1.83A|Sit}. 119143} Zernike AF4=9] AlA| 4=x]9} Ak
o] W] E3EL Fig. 13} Table 1o} A3t A4 4=
2| oM R AR Z )7 7 2 o] e B
ol, $A AL ) FHEFAHZ ) E M 2 &
o G B, 75, L 7 Zs L Zs 9] TR 7k A
S Yzero)d} BAHOR o] YA Y= ghS B
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$2H(Zs " and Z5°), Fup4AH(Zs" and Zs') @k 42491
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Figure 1. (A) Error bar showing inter-subject averages and
standard deviations for all higher order true Zernike co-
efficients (6-mm pupils). (B) Error bar showing inter-subject
averages and standard deviations of all absolute values for
higher order Zernike coefficients (6-mm pupil).
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224 )3ke] 714 Fich

21915219 RMSZES 0.421 + 0.201 umo] L, 37}, 4
29 53 weiake] AAE RMSERE ZH7F 0.346 +
0.206 um, 0.202 + 0.105 um, 0.087 + 0.048 um=A], 3
Aol 7V 2 HlFE AABHI o, e o2 41, 53
o] &ao] L, T HE-L 1:0.58:0.25¢1c}. Fubga, A
22443}, FESARs Zh2F 0.241 + 0172 pm, 0.225 +
0.154 pm, 0.136 + 0.102 um&Z A, o]2|3k A| 7}7] Fex}so]
A a9t FollA 7P wlgel Ziek(Fig. 2, Table 2).

o] wheh Fa9ea), 33}, 43 2 53 w9jeate] ¢
AE RMSEE, Ikt Azz=pal, FHaAE vlaskgl
& o, EAgHeR Fofgt o7k igirk(all p>0.05,
Paired 7—test). g3} 19|20 AJAAAE EA5HA
& o, Fargleakel 3ake] FAE a9} olel= ojugl

L A E Ho|x] &rH(Fig. 3, Fig. 4, Table 3). A
22| 2F] At Ao A= 3R AlR2ZteAbE ZAIA
w7} ZEE 2o 222 BYTHr=—0.900, p=0.008,

Pearson correlation analysis, Fig. 5, Table 4).

195 7+ RS oFolrl v WEY S =
2}0] & HolR| orolA] oFoko] tlAAHL FHlsh 2= g1t
(all p>0.05, Paired r—test). ILJpate} =429}
L A E Holx] akgfth(all p>0.05, Pearson corre—
lation analysis).

Table 1. Signed and absolute values of the Zernike coefficients in the study population

Mean + SD (um) Range (um)
Zernicke Coefficient” Signed value Absolute value Minimum Maximum
3rd order
Z(-3,3) 0.067 + 0.23 0.172 + 0.16 -1.09 0.81
Z(-1,3) -0.089 + 0.25 0.190 + 0.18 -1.29 0.55
Z(1,3) -0.019 + 0.14 0.105 £ 0.09 -0.41 0.41
Z(3,3) 0.005 + 0.14 0.110 + 0.08 -0.35 0.32
4th order
Z(-4,4) -0.012 + 0.17 0.056 + 0.05 -0.37 0.21
Z(-2,4) -0.001 + 0.05 0.038 + 0.03 -0.13 0.12
7(0,4) -0.101 + 0.14 0.136 + 0.10 -0.53 0.23
Z(2,4) 0.019 + 0.08 0.064 + 0.06 -0.17 0.38
Z(4,4) -0.014 + 0.09 0.065 + 0.06 -0.39 0.32
5th order
Z(-5,5) 0.010 + 0.05 0.032 + 0.04 -0.14 0.32
Z(-3,5) -0.004 + 0.04 0.030 £+ 0.02 -0.13 0.1
Z(-1,5) 0.004 + 0.04 0.035 + 0.03 -0.3 0.17
Z(1,5) 0.004 + 0.03 0.022 + 0.02 -0.08 0.08
Z(3,5) 0.007 + 0.03 0.023 + 0.02 -0.07 0.11
Z(5,5) 0.006 + 0.04 0.032 + 0.03 -0.22 0.14
"Radial order and specific mode.
Table 2. Ocular aberrations of the subjects
Ocular aberrations Results
Spherical equivalent (D) -4.67 + 1.83
Sphere (D) -4.19 + 1.81
Cylinder (D) -0.96 + 0.70
Total higher order aberration (pum) 0.421 + 0.201
3rd order (um) 0.346 + 0.206
4th order (um) 0.202 + 0.105
5th order (um) 0.087 4+ 0.048
Coma (um) 0.241 + 0.172
Trefoil (um) 0.225 + 0.154
Spherical aberration (um) 0.136 + 0.102

Values are presented as mean + SD unless otherwise; Root mean square value (um) of aberration from 3rd to 5th order in the central 6-mm

area was calculated.
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Figure 2. Graph of summated RMS value (horizontal line) + 1
standard deviation (ends of vertical lines) for 3rd- to Sth-order
aberrations (RMS = root mean square; Sph Abb = spherical
aberration).

Table 3. Correlation between age and higher order aberrations

it S o= Sk Zernike THHA Ahre= A
TEEE 2tk A Jleng, FRiEs Ve R
He A7 0] B8 AJa)Et 4= Qlek** Salmon and van
de Pol''o] W3t B0 x| G7kx] WEH 195t A
Aol gk 7P iRt AR EA, vl=elA] 871, A&
3 AHRlo A ZFzF 1704 A 107§2] oAl B2 2;

PO R 2,5609hS BAsIY o, ofg glFo] 4o
3L, H] % Shack—Hartmann ¥2]9] =2AE AHE-SHIA|
T og] ot E ALY =2HA 9] Ak 5 7F 9 Slths A
7} At

oA 2 =t A vlad HEo] AlgE it
At FollAl oRXOHAIE e & 3 ALt AgelS o
Ao R qF AEE Farste] AAE0] el e R
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Figure 3. Scattergrams of total higher order aberration (third
to fifth order) as a function of age; RMS = root mean square.

Ocular aberrations Pearson correlation coefficient p—Value*
Total higher order aberration (pm) -0.143 0.029
3rd order (um) -0.156 0.017
4th order (um) -0.105 0.111
5th order (um) 0.001 0.991
Coma (um) -0.067 0.363
Trefoil (um) -0.129 0.050
Spherical aberration (um) -0.067 0.308
Table 4. Correlation between spherical equivalent and higher order aberrations

Ocular aberrations Pearson correlation coefficient p-value*
Total higher order aberration (pm) -0.860 0.191
3rd order (um) -0.90 0.914
4th order (um) -0.69 0.637
5th order (um) -0.007 0.061
Coma (um) -0.210 0.096
Trefoil (um) -0.900 0.008
Spherical aberration (um) -0.820 0.211
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Table 5. Comparison of HOAs in present patient population with those in other studies

Current Study Prakash et al" Wei et al” Salmon and Van de Pol"
Parameter . . *
(Korea) (India) (Singapore) (USA)
Sample size 232 412 166 2,560
Ethnicity Korean Indian Chinese Mixed
Aberrometric principle and instrument used ~ Hartmann Shack, Hartmann Shack, Hartmann Shack, Hartmann-Shack,multiple
Zywave 11 Zywave Zywave aberrometers
HOA RMS 0.421 £ 0.20 0.36 + 0.266 0.49 £ 0.16 0.33 £0.13
Summated RMS of 3rd to 5th order (um)
3rd order’ 0.346 + 0.206 0.23 £ 0.15 0.37 +£ 0.16 0.25 + 0.12
4th order’ 0.202 + 0.105 0.17 + 0.09 0.29 + 0.11 0.169 + 0.09
5th order’ 0.087 + 0.048 0.08 + 0.38 0.08 + 0.04 0.067 + 0.03
Ratio of means of 3rd:4th:5th order 1:0.58:0.25 1:0.7:0.3 1:0.78:0.002 1:0.68:0.3
Difference (%) of 3rd-5th order means;
Korean versus other populationsi
3rd order’ 33.5 6.9 27.7
4th order’ 15.8 435 16.3
5th order’ 8.0 8.0 22.9
Major HOAs
Coma’ 0.241 + 0.17 0.14 + 0.10 0.27 £ 0.14 NS
Trefoil’ 0.225 + 0.154 0.16 + 0.12 NS NS
Spherical aberration’ 0.136 + 0.102 0.03 + 0.05 0.22 + 0.14 0.13 + 0.09

Values are presented as mean + SD.

HOA = higher-order aberration; NS = not specified in the published study; RMS = root mean square.
“Pooled data of 10 centers (81in U.S., 1 each in Spain and Japan); Zernike order values, mean + SD of RMS summation of individual
modes of the respective orders; fCalculated as {[(Meangorean-Meanomer) X 100 J/Meankorean} -
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Figure 4. Scattergram of 3rd order RMS as a function of age;
RMS = root mean square.

Aldgt HAF AabE v 245131 st

B A A 2194 0.421 £ 0.201 um=E =4
A3, Wei et al'’o] Z391S diifoz wugh 049 +
0.16 umoJu}, weo]AJotel S thAate & Lim and Fam' o]
B3} 0.554 + 0.428 umit= SARSH Ao}, Prakash
et al'’o] QE QIS Ao & o] BHESE 0.36 + 0.266 um
oluf, Wang and Koch™7} #{31(60%)3} efelobw2]7}A|
(20%)7} tjAdAke] i 2FA|SE koAl ©agt 0.305

1684

S 0801 e
=
o) 8
$ 0601
= @ 8 ® ®
° 6 @
& 0407 o °° 000y % % ° .
° @’ 0‘8)930%“0 8o ° S
Wy\g_ﬂ\
0.207 ° o4 G0
o B Foo B9800 e 8o,
] diPcp ooogg%eog o
0.001 ° o°°
10,00 -8.00 6.00 4.00 2,00 0.00

Myopia (diopter)

Figure 5. Scattergram of 3rd trefoil as a function of spherical
refractive error; RMS = root mean square.
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2 gEhA] o]t 2o|HE Yl Aog Helrh

32ke] FAE 1952 RMSZL 3349l Fupap(Zy
and Zs") et 42}9) FHSAHZO)E E2AE tjatoz o
o] Wei et al'’o] H113}t $=3]0] 7}7ke- ATE Hod, Prakash
et al“o] AFTE opAlobA WFO| B AP 44 B
k. ofrobA RIFo A LY=L A Yo o]f-2 A
A% B4} BEo] 19445 F7MI71E F1 1%
Fo] suiel Zheaee] £ ut Qg Ao] opxjoAe] o
A o AstEe] ok He 5 4 YA

3}, 4}, 521e] 7 2l W& FAE 1942} RMSE
ZF7F 0.346 + 0.206 pm, 0.202 + 0.105 pum, 0.125 +
0.595 um=ZA] 3217k 714 w9k, 43}, 5ake] A 2 o}
oo, oh2 fiiti AFEol|Ale] Hilel FUgt o]l
o} Zb 2le=0] B8-S 1:0.58:0.252 4] Prakash et
al’“o] AFEL ofrlolA o] BRI ge] 43132 H|o
iAoz v, 5agke] Hjgo] £ AHE B,
ol 4xjgtol| A Fast FHFAL Yo|7t EHA Skt
Chs b B Ao Hat A(25.2 £ 4.64)0] T=2AS
Aoz 3k Wei et al'’o] =50 By d3(32.1 + 6.2
ADBTH: 79 AE of2]a, wele] E4ut ulsst 9lwel
S tj4to R 3t Prakash et al'?o] Aro|Ao] B A
(23.63 £ 1.99ADTH= H]5=3 S 3oty o2 ofA|
opAlel FHEl= FHtelo] et EXolety] Hif= to
of &gk JgFo] wtgH AR Azt

Reilly and Blair”7} 2313} vlof obd, F119)2=21=
Ao w2 ZjolE Ho|z] ¢kou}, Zernike A F 214
(tetrafoil, Z,")9} Z16 (secondary trefoil, Zs *)ojlA] A&
of w2 ol Wtk skl ot AAFE L ojujyt Ay
S AASHA = Bakginh B Aol BE 194} &
oA Aol I Zpo]E AT 4= §l9lar(all p>0.05,
Paired ¢—tesst), Th2 =RoAx A zlo]E FAT=
A= 2 5 gtk

ol w2 :$ate] wslel WA= thE Qo)
2A|5H=d], Kuroda et al”’& £119|4:217} Lpolof| ubet
Z71ateha 819, Berrio et al”’2 Fa9j4atel Zhuks
2, FAPRHZ) 2 SRR )7 Al o
7he ®eltka atgouh, Amano et a2 ijo]e} zhule]
TFrpAtehs Fsickal 51911, vol7F SHA Q]
WA S7keHe AL $AAe) W] oF Ao A
gtk & Aol vlE AeAleE WAL F39
ket 321k gAlE QA Yo7t EE 23]
s o] AR} QUTkaL Ughet|(2h2h r=—-0.143,
2=0.029 and r=-0.156, p=0.017, Pearson correlation

analysis), o= & 479 i3l Au=duyeas o

o Yegt g5 Ay Ex7l 200 Zubo] tharo|
2(20t}= 1807, 30tj= 52%) uo]9] Wste FH31A
REYSIA] H5h7] iR Az,

FH oo} 195a1e] BAZS B Cheng et al™ e 2
A7} AskpE e S5 A skl oy, Wei et
al’ e 2A)9] et Fn9lgal 37, 431, 53] FAE
9}, TSR Bao] Qoka shgla, el AE
Chun et al'’o] A=Y 37} Z7le)= Avpsatel
A G-ofst MalS Ho|x| okoktt 5}, Lee et al'®=
Fradzg-SAe; FaLeAl Atolol| folet ARt BAZE
Sk stk B Aol M = Al Frmeol Fa¢Ral,
32k, 4z}, 52ke] AIE a9t PR FHEo] ¢l
o}, Wei et al'?o] A9} 2w A %22} (horizontal
trefoil, Z5")o] Aw9] -0t TAA(r=—0.158, p= 0.017)
o] AL kel A} SAFSIA|, 32kl Al2Z422HZs and
Z5°)7F 219k At g-ofst BA|(r= —0.900, p=0.008)
7b A=), FF oolo tigt YAE <ujef digt dAtrh
I qate]et AYzhelct.

Y AN Qb 9-Qke] 1 QAfof| o] A9
g Ao] EAFTHE HuEo] gt B Ao
T BEAPY BE 09pal oA ety $9tof B
o7 zpo|7} qivk= AuH(all p>0.05, Paired r—test)7}
Lot o]l Biel FUs AR Wi 4 gk

Mohamed et al’'o] Zhate] FAEA 2 Fwn Fre}
Zhab S22k 9 okt a1 9fpxtels Aol §llrkal skl
Lo, 2 AN = zhdh FAEA R} Qtepate] ARG
B o) d Ao BUF ATk AcHall p>0.05,

Pearson correlation analysis).

AR EE HAL YAE 7H AAolo] didRte] =
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=ABSTRACT=

Preoperative Ocular Aberrations Measured by Zywave® II Aberrometer
in Individuals Screened for Refractive Surgery

Young Seung Kim, MD, Byung Yi Ko, MD, PhD

3Department of Ophthalmology, Konyang University College of Medicine, Daejeon, Korea

Purpose: To report the distribution of ocular higher-order aberrations in candidates for refractive surgery measured by
Zywave® || aberrometer.

Methods: The present study included 232 eyes of 116 subjects. Ocular aberration data were obtained by measurements
per eye using Zywave® |l aberrometer. The mean Zywave spherical equivalent (SE) and higher order aberrations (HOAs)
calculated in the central 6-mm zone and expressed as root mean square (RMS) values were analyzed. Correlation analy-
sis was performed to assess the association between ocular HOAs and gender, age, SE refractive error, or central corneal
thickness (CCT) and investigate the aberration symmetry between right and left eyes.

Results: The average SE was -4.67 + 1.83 diopters (D). The mean RMS values of total HOA, 3rd, 4th or 5th summated
HOAs, coma, trefoil and spherical aberration (SA) were 0.421 + 0.201 pm, 0.346 + 0.206 um, 0.202 + 0.105 um, 0.087 +
0.048 um, 0.241 £ 0.172 um, 0.225 + 0.154 um and 0.136 + 0.102 um, respectively. There was no significant differences of
the mean total HOA, summated HOAs, coma, trefoil and SA between genders, age and refractive errors, but the 3rd order
trefoil was strongly related with myopia (r = -0.900, p = 0.008). There was symmetry of ocular aberrations between both
eyes and the ocular aberrations were not correlated with CCT.

Conclusions: Herein, we report the normative distribution of ocular aberrations in the myopic Korean population measured
by Zywave® Il aberrometer. The 3rd order trefoil and myopia were correlated and mirror symmetry was observed between
right and left eyes.

J Korean Ophthalmol Soc 2013;54(11):1680-1687

Key Words: Normative distribution, Ocular aberrations, Refractive surgery candidates, Symmetry
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