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ik paRAHAE AUA 2o EHA 22O RO5H S/ L (p<0. 05) HAlWgEne= & Aol SAXC Rd2
CHp>0.05). 48 1I®eite & & 1M & o ZF0M SIt6IReL & 270l |28 X10[7F Sl 11(p>0.05), = T 271
S 2 2R HAZUOL 2o MHAXM & D24 XHTotal Higher Order Aberrations, HOA), A= E | U(oblique trefoil),
SHLIM & 2Y2XHHOA), £E 0K horizontal coma) o M= %9 oh XH01E EUCHp<0.05).

ZAE: WY = Al AHA SX0IM &= ZOHE Aldicts A0l EHAl 2HXH0M 0| EHE Aldiste AED caRYHAT
O ML, Tt Hate ROl AASHH & & ZAHA| n¥s= o SHEAD

(CHetetutsts|X| 2014;55(2):182—189)

WY s T A A dojgl= 2010 WA = @A Wb, Ik Ut obgo|u ZEEd =R
o ApA S A7 A7 Eo] fom, FeAew 2o E7FsT B 2HMY B ERAHAIE ¥ e
0|8 Zo|7] 95l W APSo] o]Feix 1 gk’ 2ol2 FuHcoma), EFEZY(trefoil), FHS=2}(spherical

S8l A| (surgically induced astigmatism, SIA):= aberration) & 2-0]9} ZernikeAl4=2 FAF L Wy} 2=
AN ol Wars, 24 SAF=RYE 7rtolo] A7 SA FEAENE sl ZupApA|of FohAlQl ekt A
g go] ANE A0 GeiA Qo AL +EANE  J1WA AP v 2R AAED 71Ee) pAlet e
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Q= FYPFAL FAE A ok 3F Hofl W of 514 OIE‘O]LP 71201 W olF *(double image) 7} T glowH,
Uh SF Hof o] ¢ro} Hl Mzlo] QIAU A Hol A= w4l (glare), g2 (halo), diH]ZH=(contrast
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4 R AoRE 7 4 ke 201 90 £ 20° B
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QlZA A 9] =2 AAL TOL master”™ (Carl Zeiss, Jena,

Germany) & ¢r=4 9 UF%X%“&& ZA35}0] o1 F A A

T4E Foklal, BRI EAE SRR 341 0]8-510]
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S 562 FUT A 13} 0.5% propar—
acaine hydrochloride (Alcalne Alcon, Puurs, Belgium)
2 o]g3t HF T 4 A pentacam” ZMHA|FPE O]
SImK 318 71202 292 go] 7uhE Fo ue Ay
ol A9 AkZ zhufol, EykAlel A% o]= zhubo] 2.8 mm
FRATEMNEES 3 planee 2 WSt HeEd(Hyal
2000%, LG Life Sciences, Korea)& o] <3t & oF
' AAE ARt 5.5 mm 272 AP AN ES Al
35131 8 QH(BSS Plus®, Alcon, Fort Worth, TX, USA)
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w}2=2:7] L (Infiniti Vision System®, Alcon Laboratories,
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(Z(3 =1)), 4=%H=0} RMS (Horizontal Coma Root Mean
Square (Z(3, 1)), AF=E#Zd RMS (Oblique Trefoil Root
Mean Square (Z(3, —3)), 4=ZE#Zd RMS (Horizontal
Trefoil Root Mean Square (Z(3, 3)), —?U%—’,\—i}RMS (Spherical
Aberration Root Mean Square (Z(4, 0)), & 1294} RMS
(Total Higher Order (3rd—6th order) aberrations Root
Mean Square, HOA RMS)& Zrute] Hudat S o= e
ol & A, & 3 139, URY, 27 AR 11 9
oA g, A gAY, LTHARZY-S-%], ZHIIAE A=
sheich

EAEAL SPSS 20.0 (SPSS Inc., Chicago, IL, USA)
11, Kolmogorov—Smirnov AAAr A4 B3
Holz| ¢ro} = 7F S2a0uhdA] Ao 237 1l z¢
?15=2} Hlal= Mann—Whitney 78-S A5kl o,
Y & A & 3 Z1dr 19k Hske= Wilcoxon
9 HAS Aldskeloh

3 Zernike

MS (Vertical Coma Root Mean Square

)
°1=0
ol
o)
i

dr N 2 ol wo
e l—J

fol
Hr

2 I

m{>

22 A 2 500t02 ZUA(13) 269 Z=UA(2
) 24%to|Qle). Bt AR ZH7F 68.44, 73942 2]
Aol= %i‘ziE}(p 0.062). 71 & Zhat=s, Zhahfu) A
&, A dole Folgt Aol §lolth(Table 1). %
Z4% logMAR Ut A8t & & logMAR URHAIE
! logMAR ZtjalgAld, Fd=-g2]ofl A = 3t
AE QL Abel= il em(Table 2), ;PWA]L Sl

17} 1.25 + 0.85 D, 1.09 + 0.76 Dol|A 424 <= 27447

Ao

Ohﬂ ) r_>i

_[\l

www_ophthalmology.org 183



- oistotntsts|x| 2014 M 55 # A 2 -

Table 1. Patient characteristics

Variables With the rule (Group 1) Against the rule (Group 2) p-value”

No. of eyes 26 24

Laterality (OD:0S) 14:12 12:12

Sex (M:F) 13:13 11:13

Age (years) 68.40 + 6.87 73.90 + 10.83 0.062

Pachymetry (um) 563.64 + 31.19 569.55 + 33.75 0.558

Endothelial cell count (cell/mm’) 2703 + 457.13 2825 + 367.95 0.527

Axial length (mm) 23.95 + 0.11 23.55 £ 0.53 0.424

Values are presented as mean + SD.

*By Mann-Whitney U test.

Table 2. Data summary of UCVA, BCVA, SE and topographic astigmatism

With the rule (Group 1) Against the rule (Group 2) p-value’

Pre-op UCVA (log MAR) 0.78 + 0.49 0.79 + 0.43 0.25
BCVA (log MAR) 0.54 + 0.37 0.59 + 0.50 0.73
SE (diopter) 229 +231 2.58 + 1.90 0.829
Topographic astigmatism (diopter) 1.25 + 0.85 1.09 + 0.76 0.23

Post-op 2 m UCVA (log MAR) 0.19 + 0.32 0.18 + 0.36 0.08
BCVA (log MAR) 0.05 + 0.03 0.04 + 0.07 0.08
SE (diopter) -0.40 + 0.42 -0.39 £ 0.32 0.501
Topographic astigmatism (diopter) 0.76 + 0.19 0.78 + 0.27 0.231

Values are presented as mean + SD.

UCVA = uncorrected visual acuity; BCVA = best corrected visual acuity; SE = spherical equivalent; Pre-op = preoperative; Post-op 2 m

= post-operative 2 months.
*By Mann-Whitney U test.
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Figure 1. Change of topographic astigmatism. Values are pre-
sented as mean + SD. Pre-op = preoperative; Post-op 1 w =
postoperative 1 week; Post-op 1 m = postoperative 1 month;
Post-op 2 m = postoperative 2 months. p-value by Mann-Whitney
U test. There is no statistically significant difference between
two groups (p > 0.05).

Z+7F0.76 + 0.19 D, 0.78 + 0.27 D2 ¥ WA] 7hadgo]
7}7} 0.48 £ 0.52 D, 0.31 £ 0.38 D& Z\FA] 0] ELkA]
o) B3] YAl R &I} £} EAHoR §-ol5A
L oFJtH(p=0.06) (Fig. 1).
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Figure 2. Surgically-induced astigmatism calculated by vector
analysis. Values are presented as mean + SD. Pre-op = pre-
operative; Post-op 1 w = postoperative 1 week; Post-op 1 m
= postoperative 1 month; Post-op 2 m = postoperative 2
months. p-value by Mann-Whitney U test (*p < 0.05).

2049 £ 0.13 D, 27§ 0.48 + 0.11g 0o, 2494 <=
% 13 0.36 £ 0.15 D, 17§ 0.33 + 0.28 D, 27§ 0.31
+ 0.17 DR AA] Fo] ErhA] ek fol5b] 7 &
AE A p=0.003, 0.008, 0.004)(Fig. 2).
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Table 3. Postoperative changes of corneal aberrations on the front side

Pre-op Post-op 1 w Post-op 1 m Post-op 2 m

Z(3,-1) Group 17 0.210 £+ 0.024 0.251 + 0.018 0.232 + 0.025 0.216 + 0.026
Vertical coma Group 2 0.231 + 0.055 0.274 + 0.014 0.280 + 0.027 0.251 + 0.057
RMS (um) p-value 0.649 0.287 0.468 0.14
73, 1) Group 1° 0.208 + 0.221 0.249 + 0.082 0.219 + 0.022 0.197 + 0.032
Horizontal coma Group 2° 0.245 + 0.055 0.272 + 0.014 0.251 £+ 0.05 0.235 + 0.036
RMS (um) p-value 0.875 0.421 0.172 0.09
Z(3, -3) Group 1 0.052 + 0.010 0.063 + 0.012 0.068 + 0.013 0.038 + 0.012
Oblique trefoil Group 2 0.086 + 0.019 0.096 + 0.012 0.080 + 0.079 0.092 + 0.041
RMS (um) p-value 0.147 0.053 0.310 0.01*
Z(3, 3) Group 1 0.052 + 0.033 0.066 + 0.015 0.063 + 0.028 0.049 + 0.013
Horizontal trefoil Group 2 0.051 + 0.075 0.057 + 0.047 0.059 + 0.098 0.052 + 0.042
RMS (um) p-value 0.482 0.785 0.612 0.745
Z(4, 0) Group 1° 0.317 + 0.028 0.308 + 0.024 0.358 + 0.039 0.311 £+ 0.034
Spherical aberration Group 2° 0.325 + 0.047 0.347 + 0.075 0.348 + 0.049 0.336 + 0.074
RMS (um) p-value 0.574 0.214 0.574 0.672
HOA Group 1” 0.506 + 0.034 0.512 + 0.029 0.480 + 0.036 0.455 + 0.027

Group 2° 0.523 + 0.078 0.531 £+ 0.045 0.516 + 0.062 0.507 + 0.027
RMS (um) p-value 0.613 0.06 0.186 0.04*

Values are presented as mean + SD.

Z = zernike coefficients; RMS = root mean square; HOA = total higher order aberrations (3rd-6th order); Pre-op = preoperative; Post-op
1 w = postoperative 1 week; Post-op 1 m = postoperative 1 month; Post-op 2 m = postoperative 2 months.
"With the rule; "Against the rule; ‘By Mann-Whitney U test (p < 0.05).
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Figure 3. Comparision of corneal total higher order aberrations RMS and oblique trefoil (Z(3,-3)) RMS on front side in two groups.
Z = zernike coefficients; RMS = root mean square; Pre-op = preoperative; Post-op 1 w = postoperative 1 week; Post-op Il m =
postoperative 1 month; Post-op 2 m = postoperative 2 months. p-value by Mann-Whitney U test (*p < 0.05).

AHoz FolatAE AUTHp>0.05). & F 27idol= &
=27} 1ol A 0.455 + 0.027 um, 2704 0.507 +
0.027 umo.2 &F w7kl foJ3t Zpol& B (p=0.04),
IR ARE F 55 AASEHEZEY A7 1A
0.038 + 0.012 pm, 204 0.092 + 0.041 MO & -9
SHA| ZPFA] ollA] Al ol HlEl AAaEE G 4= A3l
tHp=0.01)(Table 3, Fig. 3).

AFA] FolA F 952 2 A 0.506 £ 0.034 pm
of H]3)| =% 270 LA 0.455 + 0.027 umZ G235t Aas
HAI(p=0.04), 12} ARE 5 ASEHEZY 4
7F 424 A 0.052 + 0.010 pum, 4% 27194 0.038 +

0.012 umiz AR O §of51A| A5KLOLHp=0.008), =
VA ZolAs T9KAE Lz ofufh X3 445 Al v
5L Ao 45 F $-0Jk wis}E Bl loleH Table 3, Fig. 4).

Zhat Fule] nglAts ztup Ave] wls) Avba oz

£ Am A e groz 24t & 5 154 £ 2
o] ztu TR m9|4AkE 44 ol ls) FTRAO 12
0.063 + 0.004 um, 23 0.029 + 0.010 uM= 2 PH 2=
o} SAnke] folg Aol2 HATL(p=0.02), 1 9] A%
oA 5 27k Aol7h FAHOR FolsIAL spoith
(p>0.05). & F 2HA NYY4A ARE F F 1A
7F 1+ 0.185 + 0.0131 um, 2+ 0.200 + 0.024 um= &
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B Pre-op

B Post-op 1w
Post-op 1 m

B Post-op 2 m

Group 1 Group 2

Figure 4. Comparision of corneal total higher order aberations on front side in two groups. Z = zernike coefficients; RMS = root
mean square; HOA = total higher order aberrations (3rd-6th order); Pre-op = preoperative; Post-op 1 w = postoperative 1 week;
Post-op 1 m = postoperative 1 month; Post-op 2 m = postoperative 2 months. p-value by Wilcoxon rank test (*p < 0.05).

Table 4. Postoperative changes of corneal aberrations on the rear side

Pre-op Post-op 1 w Post-op 1 m Post-op 2 m

Z@3, -1) Group 1” 0.044 + 0.006 0.054 + 0.012 0.061 + 0.007 0.037 + 0.009
Vertical coma Group 2 0.050 + 0.014 0.055 + 0.021 0.071 £ 0.012 0.033 + 0.015
RMS (um) p-value 0.281 0.253 0.749 0.924
Z3, 1) Group 1" 0.024 + 0.003 0.063 + 0.004 0.053 + 0.004 0.021 + 0.002
Horizontal coma Group 2 0.028 + 0.012 0.029 + 0.010 0.054 + 0.006 0.053 + 0.007
RMS (uum) p-value 0.524 0.02} 0.456 0.008*
Z(3, -3) Group 1° 0.029 + 0.007 0.037 + 0.058 0.035 + 0.010 0.024 + 0.008
Oblique trefoil Group 2 0.028 + 0.011 0.034 + 0.010 0.046 + 0.009 0.031 + 0.006
RMS (um) p-value 0.069 0.267 0.075 0.13
Z(3, 3) Group 1" 0.024 + 0.003 0.029 + 0.005 0.024 + 0.003 0.021 + 0.004
Horizontal trefoil Group 2 0.031 + 0.004 0.035 + 0.110 0.034 + 0.007 0.028 + 0.006
RMS (um) p-value 0.07 0.09 0.144 0.161
Z(4, 0) Group 1" 0.142 + 0.007 0.167 + 0.010 0.151 + 0.008 0.163 + 0.017
Spherical aberration Group 2" 0.175 £+ 0.010 0.125 + 0.012 0.116 + 0.009 0.131 + 0.010
RMS (um) p-value 0.12 0.45 0.53 0.45
HOA Group 1" 0.204 + 0.011 0.266 + 0.017 0.201 + 0.010 0.185 + 0.013

Group 2 0.221 + 0.019 0.240 + 0.030 0.220 + 0.011 0.200 + 0.024
RMS (um) p-value 0.4 0.214 0.186 0.04}

Values are presented as mean + SD.

Z = zernike coefficient; RMS = root mean square; HOA = total higher order aberrations (3rd-6th order); Pre-op = preoperative; Post-op 1 w
= postoperative 1 week; Post-op 1 m = postoperative 1 month; Post-op 2 m = postoperative 2 months.

"With the rule; "Against the rule; IBy Mann-Whitney U test (p < 0.05).

o3t Zpol2 HA oM (p=0.04), oJ] AEE F 430} =
oAl 15 0.021 + 0.002 um, 23 0.053 £ 0.007 um= & =
oJg 2ol & e ItH(p=0.008) (Table 4, Fig. 5). 3} a}
Ak AW a9)pAtebs g 4] oA - a19)s 2 2
A= & A vlaste] e Fof o3t MskE Holx| ¢ o] st gAY #‘Pa tﬂwl? = o 8% 9 gt
9FtH(Table 4, Fig. 6).
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Horizontal coma RMS

Figure 5. Comparision of corneal total higher order aberations RMS and Horizontal coma (Z(3, 1)) RMS on rear side in two groups.

Z = zernike coefficients; RMS = root mean square; HOA =
Post-op 1 w = postoperative 1 week; Post-op 1 m =
Mann-Whitney U test (p < 0.05).

0.25

0.2

0.15
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0.25

total higher order aberrations (3rd-6th order); Pre-op = preoperative;
postoperative 1 month; Post-op 2 m = postoperative 2 months. p-value by

0.2

0.15

0.1
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B Pre-op

B Postop 1w
@ Post-op 1 m
B Postop 2 m

Group 2

Figure 6. Comparision of corneal total higher order aberrations on rear side in two groups. Z = zernike coefficients; RMS = root

mean square; HOA =

total higher order aberrations (3rd-6th order); Pre-op = preoperative; Post-op 1 w = postoperative 1 week;

Post-op 1 m = postoperative 1 month; Post-op 2 m = postoperative 2 month. p-value by Wilcoxon rank test. There is no statistically
significant difference among preoperative and postoperative 1 week, postoperative 1 month, postoperative 2 months in two groups,

respectively (p > 0.05).
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=ABSTRACT=

Comparison of Higher Order Aberrations and Astigmatism after
On-Axis Small Incision Cataract Surgery

Hyun Jin Jeong, MD, Byung Ju Jung, MD, Hyung Bin Hwang, MD, Hyun Seung Kim, MD, PhD

Department of Ophthalmology and Visual Science, The Catholic University of Korea College of Medicine, Seoul, Korea

Purpose: To assess the changes of corneal astigmatism and higher order aberrations (HOAs) of the anterior and posterior
corneal surface after cataract surgery with on-axis clear corneal incision in eyes with-the-rule (WTR) astigmatism and
against-the-rule (ATR) astigmatism.

Methods: This study included 50 patients who underwent phacoemulsification and IOL insertion through a 2.8-mm on-axis
clear corneal incision. The eyes were divided into two groups: (1) 26 eyes with WTR astigmatism with a superior incision
and (2) 24 eyes with ATR astigmatism with a temporal incision. During the follow-up period, visual acuity was measured,
and the surgically induced astigmatism (SIA) and HOAs of the anterior and posterior corneal surface were measured with
Pentacam® (Occlus, Wetzlar, Germany) preoperatively and 1 week, 1 month, and 2 months postoperatively.

Results: There were no significant differences in UCVA and BCVA between the two groups. HOAs increased in both
groups 1 week after surgery, but no significant differences were found between the groups (p > 0.05). Surgically induced
astigmatism was larger in the WTR group than in the ATR group (p < 0.05). At postoperative 2 months, there were sig-
nificant differences in HOAs between the two groups, and there were statistically significant differences in HOAs, oblique
trefoil at front side, and in HOAs, horizontal coma at rear side (p < 0.05).

Conclusions: In conclusion, superior incision in eyes with WTR astigmatism resulted in higher SIA compared to temporal
incision in eyes with ATR astigmatism. Moreover, HOAs was significantly decreased in eyes with WTR astigmatism with
superior incision. Thus, superior incision could be more effective in reducing corneal astigmatism in eyes with WTR
astigmatism.
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Key Words: Against-The-Rule (ATR), Higher Order Aberrations (HOAs), On-axis Incision, Surgically Induced Astigmatism
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