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Effect of Temporal Decentration of Orthokeratologic Lens on Corneal
Aberrations in Swept-source Optical Coherence Tomography
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Department of Ophthalmology, Chung-Ang University Hospital,

Chung-Ang

<
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Purpose: This study used anterior segment swept-source optical coherence tomography (AS SS-OCT) to explore the effect of
temporal decentration within the orthokeratologic lens treatment zone on corneal aberrations.

Methods: After lens placement, AS SS-OCT was used to evaluate anterior, posterior, and total corneal astigmatism and the mag-
nitudes of the individual 1st- to 4th-order aberrations of the anterior and entire corneal fields. Also, the 4th-to 7th-order root mean
square (RMS), and the low- and high-ordered RMSs of both the anterior and entire corneal areas were recorded. We compared
subjects lacking (the no decentration [ND] group) to those exhibiting (the temporal decentration [TD] group) temporal decentration.
Results: In all, 61 eyes of 32 patients (44 eyes in the ND group and 17 in the TD group) were included. In the TD group, the aver-
age temporal decentration was 0.74 + 0.15 mm. The baseline axial length, spherical equivalent, anterior mean corneal power,
and anterior corneal astigmatism did no difference between the two groups. However, the TD group exhibited more anterior and
total corneal horizontal tilts, and horizontal coma, than the ND group. That group also had less with-the-rule (WTR)/against-the-
rule (ATR) astigmatism, elevated anterior and total corneal 5th-order RMS values, and greater low- and high-ordered RMS
levels. However, despite these differences, the extent of myopia correction did not significantly differ between the groups.
Conclusions: Although myopia reduction was not significantly compromised by temporal decentration of an orthokeratologic
lens, the anterior and total corneal low- and high-ordered RMS values increased. In terms of individual aberrations, the low-or-
dered horizontal tilt and the high-ordered horizontal coma increased.
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FA TRz imtas] el R kel ¢
A& gz 3K peripheral hyperopic defocus)S -§-5}o]
obzAte] AL oAEtE Aok’

ZurzAngE d2s Pk bt SASS of7)
A Zpare] Aok Ao g =S A5 HAAIA
& 7pes Aol Aozt
ol AurEdngE A7t Aope Rt A
E’L%‘ O-%(treatment zone) 2] Z4]o|E(decentration)©] HHAYS}H
A B A A,z A B2, Wi elare), o1
(halo), ¥lZ&¥(starburst) 52| o]A}S%A]Z(dysphotopsia) 2
Hulzk Aalrh waelAl H7] gold ZetE Ay

_h
S AN
(ENT
>
%
=2
S b
oi
1o
>,
i)

“‘uﬁ

& Wz0] ARG FHoIF F 513 % o]% Yo
o] Fyjolgre] Hrjzo R Esjeku delx glou F4
olgre] alybalel Yelow A= Wg Ao B4, HAdat
A= 570 A8, 714 e, £ F9 o £2Y
So] Gk FHolH F 5 W FHo T A=Y
A4 Zlolol utet 2 9 mgo] st g Mol A,
o5 Solee Uelo] thopsku o) ofele Woltk
S, ZurEdngs 929 FAolge] osld Fux
wure] SEHelE FIAAM AEY AL oAsie
A 94 BuEet ™t ebl o) Arjao R ofe
& of% o ROl sgolgol WS HAL v A=
2 WAPA o2 E B A VKO A go
w, AL 34 Al2le] WAHQl Suint Qg 4 ol 2
S319] WBHE ot Zlo] A= A ofRE Ao

2 A7 olplse] 2AT $YY TEE ATRA,
Holo] g2+ 9]¢ S| (Institutional Review Board, IRB)
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73 F 2029 11956 20234 8UF A wg7h
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g A Aok wAlybH W7HdTEEdA(IOL master
700, Carl Zeiss Meditec, Jena, Germany)it QF=AHmm),
ZH ot Zbaz-4 H(anterior mean corneal power [diopters,
D]). AW 2R A0y sk, AHEEES A0
TH-8-X|(spherical equivalent [D))E +3%3}%ct 2H&
4 19 3T & Anterion FQHL ulA7bH W7 dohEt
AANA 3.0 mm {7olAe] A 7P, Sl Zheh

A, A4 VAL, 6.0 mm %7 o]l AeloA] ztuke] 4
7“‘(Vertex) ZAlo g 3l M zhak 9 AHA zhalko] 1-44)

of Az 107§9] 7§ =x}7H(12}: vertical tilt, horizontal
tilt, 22}: oblique astigmatism, defocus, with-the-rule [WTR]/

E_L‘IT‘

against-the-rule [ATR] astigmatism, 32} oblique trefoil, 5=
A Fnlvertical coma], % Fu}{horizontal coma], hori-
zontal trefoil, 42} LH4=2}{spherical aberration]), 4-7x}
root mean square (RMS), A ¢]4=2} RMS, 11952} RMS
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T3 ARE A FA 2492 Prism version 10.0.0 (GraphPad
Software, Boston, MA, USA)S o]&3}9ch o 7F 54 A
A A, A&l deia= B A & daiEse] 4

I BEE ST Aol Za AR Student’s ttestE, B
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Figure 1. Definition of cornea vertex-centered temporal de-
centration in the orthokeratologic lens treatment zone, as de-
termined by the anterior tangential curvature map in Anterion
anterior segment swept-source optical coherence tomography.
The black circle represents the designated fitting zone. The
left yellow circle indicates the center of the treatment zone,
while the right yellow circle lies on the same vertical meridian
as the corneal vertex which means visual axis. The distance
between the corneal vertex and the center of the treatment
zone, depicted by a bidirectional red line, is defined as the
temporal decentration distance. D = diopters.
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o ZF A7k filen, oAb gxbe] wjE2 NDtofA
59.1%, TDO)A 94.1% o] 29|17} ukatat oA of }
o] Hlgo| FostA T ETtHp=0.008) (Table 1). Z}d}

duge = 28 & A Zupda], &4 7-1“—"}111“]% i
b ZJolE HolR] ¢FtHp=0.111 and p=0.146, respectively)
(Table 2). A7 ZHaPdA= NDo|A 1.52 £ 0.83 D, TD
oA 1.08 + 0.58 DE ND-ol|A -9J3HA] B =%

X m&

AAXY ro5Es BYTHp=0.046) (Table 2).
4 A HA 249 HE #xt R RMSO| & 7 Hl

A ZHak =22} 2=, 1X} $22}<] horizontal tilt7} TDT-9]]
A ND tjH] 22|54 =9k11(1.159 + 0.811 pm [ND] vs.
3.988 = 1.183 um [TD], p<0.0001), 23} 2=x}o] WTR/ATR
astigmatism©] TDoJ|A] ND- tjH] -2J3}A4] 2kch(1.760
+ 0.845 wm [ND] vs. 1.204 = 0.607 um [TD], p=0.027)
(Fig. 2). 37} =2t SollAl= %3 Znt7} TDEo| A ND<-
o] §-9l8hA) =9HeH0.309 + 0.239 pm [ND] vs. 1.061 +

Table 1. Patient demographics and baseline refractive data in each group

Variable Group p-value
No decentration Temporal decentration

Number of eyes 44 17 -

Age (years)’ 109 +2.2 10.1 +2.4 0.218
Sex, female (%)" 59.1 94.1 0.008"*
Axial length (mm)* 24.26 + 0.69 24.46 + 0.58 0.298
Spherical equivalent D)’ -2.36 + 1.34 -2.66 £+ 0.70 0.050
Anterior mean corneal power (D) 43.66 + 1.01 43.98 + 1.06 0.316

D = diopters.

*Mann—Whitney U test; Tchi—square test; *Student’s ¢-test; §p—value less than 0.05.
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0.326 um [TD], p<0.0001) (Fig. 2). ©]¢] 7§ AH zh+ trefoil, 4~2] Fu}, horizontal trefoil, +HSA}2] A7
=2} 2 vertical tilt, oblique astigmatism, defocus, oblique = b Zol& Holx| AIITHFig. 2).

Table 2. Anterior, posterior and total corneal astigmatism after orthokeratologic lens in each group

) Group
Variable - - p-value
No decentration Temporal decentration
Anterior corneal astigmatism (D)* 1.61 + 0.81 1.36 + 0.90 0.111
Posterior corneal astigmatism (D)’L -0.38 +£ 0.14 -0.32 £ 0.11 0.146
Total corneal power astigmatism (D)* 1.52 + 0.83 1.08 + 0.58 0.046"
D = diopters.
*Mann-Whitney U test; "Student’s r-test; “p-value less than 0.05.
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Figure 2. Comparison of individual anterior corneal aberrations measured by anterior segment swept-source optical coherence
tomography. The magnitude of anterior corneal horizontal tilt and horizontal coma was significantly higher in the TD group com-
pared to the ND group. WTR/ATR astigmatism was higher in ND group. ns = not significant; ND = no decentration; TD = tempo-
ral decentration; WTR/ATR = with-the-rule/against-the-rule. *p< 0.0001; p<0.05.
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AA| 22k =2} =, 12} 4=2}9] horizontal tilt7} TD<-o]|
A ND thu] 32514 +=9537(0.724 £ 0.306 um [ND] vs.
2.939 + 0.898 um [TD], p<0.0001), 27} 2=2}¢] WTRATR
astigmatism©] TD-o]|4] ND= thH] {9314 Sk

(1.436 = 0.768 pum [ND] vs. 0.961 £+ 0.516 pum [TD],
p=0.020) (Fig. 3). 32} =2} Fo| A= =% w7} TD|
A NDZ tjH] 8-0]5}74] =9ItH0.311 + 0.241 pm [ND] vs.
1.058 + 0.332 um [TD], p<0.0001) (Fig. 3). o|&] 7 A
A Z+at 422} 2 vertical tilt, oblique astigmatism, defocus,
oblique trefoil, 4~2] T}, horizontal trefoil, Tt H}2] &
ogke Al zhat Sxjolxiet ol & 7k Aol ®olx]

QIch(Fig. 3).
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p<0.0001), 7 RMS (0.001 + 0.003 pm [ND] vs. 0.003 +
0.005 pum [TD], p=0.032)7} TDLo|A] ND- thy] 5-2J5}
Al B ESktKTable 3). AW ZFa} A 9|2} RMS (3.312 +
1.492 um [ND] vs. 4.476 + 1.170 pm [TD], p=0.002)2} A
W ZFab 312)4=2} RMS (1.220 + 0.428 pm [ND] vs. 1.599
£ 0.380 pm [TD], p=0.001) =% TDILo|A] ND tfjH] ¢
=St Table 3).

AA| Ztatoll A 4-72F §19] Wi A= RMS 5 52 RMS
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0.071 pm [ND] vs. 0.208 + 0.055 pum [TD], p<0.0001),
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Figure 3. Comparison of individual total corneal aberrations measured by anterior segment swept-source optical coherence
tomography. The magnitude of total corneal horizontal tilt and horizontal coma was significantly higher in the TD group compared
to the ND group. WTR/ATR astigmatism was higher in ND group. ns = not significant; ND = no decentration; TD = temporal
decentration; WTR/ATR = with-the-rule/against-the-rule. p<0.0001; 'p<0.05.
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2] 4, 6, 72k RMS= - 1t ZFo| & HolA] oFotTHTable
4). AA| Zrat 2 2]4=2} RMS (2.557 + 1.166 pum [ND] vs.
3.536 + 0.892 um [TD], p=0.003)2} HH zHa} 119|453}
RMS (1.208 + 0.444 ym [ND] vs. 1.588 + 0.391 pm [TD],
p=0.003) X% TDLo|A] NDt tfv] © =9ttH(Table 4).

=Y

7]
2F9] Aojgk2 horizontal tilt (AW 2 AA] ZHal: p<0.0001),
s FulAW U HA zZHt p<0.0001), 52 RMS (HH
9 A 7bek p<0.0001), ZHt #9143} RMS (7 bk
p=0.002, 4| Zpdf: p=0.008) %! ZFf 319j4=2} RMS (A
i 9 A 2k p=0.001)FtK(Table 5). Z1Fo| A= 53
horizontal tilt (A ZHeh 1,=0.785, AA| 22t 1,=0.724)2}+
4 FolAH 24tk 1=0.771, AA 2k 1=0.773)7F A

Hog Bo ATHASE MQl 2 SxpEollck

ZA@EZ 2 7t Hlm
Juzangs A= A F NDZHE 1726 +

1.118 D, TDZ A= 1.765 + 0.859 DY A7} WA
Qo TA AT T 7 I {23t 2fo]E Holz] ¢kgk

th(p=0.638) (Table 6).

Ol
e

AW Zhak A 94=2f RMS@}F 119422} RMS H5F A&7 A
217y 2.81 pm, 0.49 pmollA| X & $ Z}zF 343 pm, 1.18 pm
Z7Fkt) i 42} 20| A= horizontal tilt7} g
A 01004 2g T -3.002 7HF 3A SR 28
3 FoF LS A= -1.25 DR, 1.75 DY) A mA
aE 2ok

h

Table 3. Anterior corneal RMS values after orthokeratologic lens in each group

Variable - Group - p-value
No decentration Temporal decentration
Anterior corneal 4th RMS (um)* 0.928 + 0.247 0.997 + 0.203 0.351
Anterior corneal 5th RMS (um)* 0.122 + 0.071 0.217 + 0.058 <0.0001"
Anterior corneal 6th RMS (um)” 0.085 + 0.036 0.089 + 0.030 0.567
Anterior corneal 7th RMS (um)* 0.001 + 0.003 0.003 + 0.005 0.032
Anterior corneal RMS LoA (pm)* 3.312 + 1.492 4,716 + 1.170 0.002
Anterior corneal RMS HoA (um)° 1.220 + 0.428 1.599 + 0.380 0.001"
RMS = root mean square; LoA = low order aberration; HoA = high order aberration.
"Mann-Whitney U test; Tp—values less than 0.05.
Table 4. Total corneal RMS values after orthokeratologic lens in each group
Variable Group - p-value
No decentration Temporal decentration
Total corneal 4th RMS (um)* 0.882 + 0.263 0.987 + 0.209 0.149
Total corneal 5th RMS (um)’ 0.117 + 0.071 0.208 + 0.055 <0.0001*
Total corneal 6th RMS (um)T 0.079 + 0.041 0.079 + 0.038 0.727
Total corneal 7th RMS (um)T 0.001 + 0.002 0.002 + 0.004 0.335
Total corneal RMS LoA (pm)* 2.557 + 1.166 3.536 + 0.892 0.003*
Total corneal RMS HoA (um)’ 1.208 + 0.444 1.588 + 0.391 0.003*

RMS = root mean square; LoA = low order aberration; HoA = high order aberration.

*Student’s -test; TMann—Whitney U test; ip—values less than 0.05.
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Table 5. Correlation between temporal decentration distance and anterior and total individual corneal aberrations and corneal RMS

values

Temporal decentration distance vs. magnitude values of corneal aberrations Anterior Total

Is p-value Is p-value
Vertical tilt -0.043 0.744 -0.084 0.519
Horizontal tilt 0.785 <0.0001" 0.724 <0.0001"
Oblique astigmatism -0.056 0.666 0.031 0.811
Defocus 0.032 0.810 0.002 0.990
WTR/ATR astigmatism 0.234 0.070 0.242 0.061
Oblique trefoil 0.027 0.835 0.013 0.919
Vertical coma -0.106 0.416 -0.073 0.580
Horizontal coma 0.771 <0.0001" 0.773 <0.0001"
Horizontal trefoil 0.152 0.244 0.161 0.214
Spherical aberration 0.072 0.580 0.070 0.593
Corneal 4th RMS (um) 0.161 0.216 0.261 0.042"
Corneal 5th RMS (um) 0.557 <0.0001" 0.556 <0.0001"
Corneal 6th RMS (um) 0.112 0.389 0.082 0.531
Corneal 7th RMS (um) 0.316 0.013" 0.197 0.128
Corneal RMS LoA (um) 0.388 0.002" 0.339 0.008"
Corneal RMS HoA (um) 0.404 0.001" 0.400 0.001"

Spearman’s rank correlation test.

RMS = root mean square; WIR/ATR = with-the-rule/against-the-rule; LoA = low order aberration; HoA = high order aberration.

*p—values less than 0.05.

Table 6. Magnitude of myopia correction after orthokeratologic lens in each group

Group

Variable

No decentration

: p-value
Temporal decentration

Magnitude of myopia correction (diopters) 1.726 +

1.118

1.765 + 0.859 0.638

"Mann-Whitney U test.
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Figure 4. Anterior tangential corneal topographic map and anterior corneal aberration profiles by anterior segment swept-source op-
tical coherence tomography before and after orthokeratologic lens in representative two cases with temporal decentration of ortho-
keratologic lens. (A, B) In both cases, the anterior corneal RMS LoA and RMS HoA increased after lens treatment. Among in-

dividual corneal aberrations, the increase of horizontal tilt was most prominent. D =

low order aberration; HoA = high order aberration.
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diopters; RMS = root mean square; LoA =
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