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k& Table 12

E2 CV gFo] B% 3.06% o|3}e]
0.965 o]Ato]9iti(Table 1).

[ 590 2jo]= Table 22 FASFA.L

il RK-F1°%} 57t 84) 2

SAA 2]z} glgict

Zhota g7y RK-F1%2 43.13 + 1.29D,

Table 1. Results for repeatability of seven corneal curvature measurements by coefficient of variation, standard deviation, and intra-

class correlation coefficient

® ® ® ® Orbscan I Orbscan II®
RK-F1 OM-2 IOL Master KR-1W (Sim K) @i e 1)
Mean + SD (D) 43.13 + 1.29 43.13 £ 1.29 43.31 £ 1.27 43.20 £ 1.27 43.06 + 1.32 43.05 + 1.32
CV (%) 3.00 3.00 2.92 2.94 3.06 3.06
ICC 0.981 0.982 0.997 0.965 0.988 0.987

CV = coefficient of variation; D = diopters; ICC =

/ww . ophthalmology.org

intraclass correlation coefficient; SD = standard deviation
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Figure 1. Bland-Altman plots showing differences in
corneal curvature measurements between devices. The
upper and lower dashed lines indicate 95% limits of
agreement and the solid line indicates the mean.

www_ophthalmology.org 621



- Chstotatsts|x| 20124 M 53 M K 55—

OM-2%%= 43.13 + 1.29Do|glal, z+z+o] CV Zhe me=
3.00%, ICCs Zre 0.981, 0.982% H|<3t uFEALS HY
o}, Eat, 22 7)7]0) A =33t Orbscan 119] Sim K gro}
3 mm zoneoj|AQ] H# ZWIEZIE 43.06 £ 1.32D,
43.05 + 1.32D2 T 7]7] 7to] EAA Aol glglch
(p>0.05).

[OL Master®e} KR—1W®= th2 7]7]15219] ] mof A
HE SAA Zolg Bow(p<0.05), B ZaE4k
© 4331 + 1.27D, 43.20 + 1.27DE Tt} 7|7]59] H|3|
ot =7 Vel Bland—Altman plot o2 UERH 7]7]
7kl AXmoA RE 7]7]5S 95% LoA (limits of
agreement) Zro] —1.23~+1.34Do]] glglom, E3] RK—
F1®34- IOL Master®, Orbscan H®§4 Sim K ZF+ 3 mm
zone 1231 OM—2"2} IOL Master™2] 95% LoA7} 1.0D
olgte] ¢ <tof Qo] H& dA=E HrH(Fig. 1).

OM—2"¢} IOL Master®2] ]mof| A= IOL Master™2]
grol 19t =4 2=y, OM-2%ek RK-F1%,
Orbscan 11%9] vlmo| A= OM—2%¢] ZA}7} 1otofjA] =
A 245 gsko & yojuh= gho] vreldet. Orbscan 11°
9] Sim K€} 3 mm zone K 19| BlulofA= ZFaFA| & =0
Al o)A WA A oFgtont, 1ol SRR ZF
ggo] 4 545 o] 3 mm zone K Fho] o Hoju=
ghol Urebgth KR—1W s ok 7)7]o) v]sle] &7 234
= ZEEY J¥oR BE 1.0D o]4+e] ztol7t v
L grSo] ZA5kgie. Tak OM—2%¢} v|wal S u, o}
2 7]7152 0.82D o|U1] 95% LoAZ R x|k KR—1W®
L Y 1.23D9] Aol S Lebict.

o

Lol 2% So] WALy el WAt o
Q1B A U GARA AFLAA Q) Y 18]I Qg
AA| EoAAL g0 o R 522 T Hr) ABlet 24
g o|Zo0] 7hsa|Ron, olof ke 424 T FEAFE o o
st Agal o Zo] BRlo] S WIER| 2 S u]AA
=Qitt E3 2ARARE At ol v nE YISt bt
250 ZHo] A AFAT} o= U 5% T AT
Zof 9lojA] H& Fast 94w AJZHE T 9k

Mg T FAZ 0] Foel o 28 e kA,
Zhat g7k o] MAASAR 9 QTSR A E4AAE 2
Ao Ao, Az QlueAA] A4 pe)e] Hehy 1
231 2210 EA 29 uEet JAFHQ Hg B oy 71X
Q4E ngsHA Hep

a2 YAAZ] a7t & & FHoxj| A 2 A%

o L Ao oA gk
Olsen'} Norrby’= #4813t Zhutaigo| Rgskst 1%
2R AL 020] Z2H 9ol & shteba skd.en, Jo et
al'’e ZH e xapol| glo] ZhaFago] 0.5D9] @3} £1.17D
o] QFFAA B4 2polE THAL 4 Qloka sk
1 AR EA|, AFEE S88te] ALE vjre
T3 REIMA So] o] GE WA WA AZ] 4
2o, oz AtoA $43 4
_];_]:L_I_E]:L_y_ 9\}\1:]_.5.12,13,]5.16 'C:)_]'X]‘?_]_’ o]’Z}E
JHS Tha 2ol 7} U glow, o]
Zroll H-85}7] 9lafAls A
[53+0] Aol digt vt

N
N
=
i=}

ol

for ot J

ox oX I

o o
52
rlo
-z

=
o

o

N
=g
= ox

I o Xy
[ N

N

N2

il

flo

N

rh

N

N

1o
L V< S
o ox
N
i T
flo
N
=

_1>’ N FU% re

e 4

Mo
oN 2 M

i

e Hu

2
o
o

off ALgE Tl 7HR 9] 71715 & 71E 47h9) 7]
E=REA 1 AFA ol gt St Al
of gk siAjur 2009 d ol e T
R-1WY L 7120] SapAe} vjmate] 1 74§
Holen ofg] 747 7150 BEEI glou
7129 717153k wiwe] et HEL ofH] ul
o] &=go] mZxo RK-F1¥, OM-2%, IOL
Master®, KR—1W®, Orbscan II¥ 77|04 245 zjapa
9] W AT} WAL Hwala, KR-1W o] 247 =
shpel Zhatarge] A4S 719 77|53} vwalaat
ol 2.

ox Mr ox N
2 o
oX,

>

_]

X

Lo gl 1x e wn e
2 N
e o

oot
o

Hu HAREY dddoly ¢dedE 9Ju|sh=t, Table 1
of| Al LeRd Hie} Zro] oAl 74A] Zhar &gk ZF 7]7] o
A AR H|SE dEEA T A RS BoEQlnh B AFe]
BE 7]7]%= 2.92% (IOL master®)o] A 3.06% (Orbscan
%) kS W] 7]7] 7F v] gt v gL el on, A1g)
dell SlojAE ICCs= = 0.965 o]49] gk Kt o]
A Rao|Ae] I0L Master®] ICCs 2+ Shirayama et
al”7} 0.99602 B3l on, Orbscan I19] ICCs ZHe
Kawamorita et a7} 0.97, 0.962}3 s}c}.

717] 7¢e] wlmo) A RK-F1%1 OM—2%, Orbscan 11|
Sim K, 3 mm zone K] Fto] =2 A¥dE HelWt. o]
L RK-F1%37} OM—2® 2% F 3 mm ¢+o] n|sst 5719
Zrat Aol @ A hEHS Fo BIS B3 2H
aEE vl 2222 Ukl Ao 8 Holn, Orbscan 1I¥
9] Sim K, 3 mm zone K9] g2 Sim K gte] &7 A] 1000
7N 7FEe] S4A1H o] T4l 3 mmol FFE o] Qe 4
fHoE 22 AFTYS HQl AoZ AYztEr)

B =T I0L Master®= KR—1W"} a7 t}2 7]
7150 Hlste] e ZHulEEZLS Mo, RM-ANOVA

622 www_ophthalmology.org



- dAE - HMZ 02 7HR 77(0M Q) ZHU=E Hlw -
on RanksolA] T} 7|7]9} Folgt ztolE H S TH(Table
2). IOL Master®e} KR—1W®9] B A|9|a}1 ot 7|
719} 7 Zolo] HFL I0L Master™7} 0.2551D
2 0.1377D9] KR-1W R} =& Baghs vehiisd),
95% LoA®] H|mojA= 2t 0.85D (Orbscan 1I%¢}o]
upper 95% LoA)<] ¥¢jo] Zhe ¥ol I0L Master )
KR—1W®7} &t 1.23D (OM—2%¢}e] Lower 95% LoA)
2 AHos Lo wgo] ol wlth
olg] =FoA 25 |9} IOL Master*2}] v]5

ol 4] IOL Master™o] Attj#l oz 2o Zutagzle By

g b} 913,**** Shirayama et al’'& 4EziutargAo}

IOL Master®2 v]@ g2 u] IOL Master™7} FF 0.16 D

o &2 AT EZS BTt 1) Elbaz et al’S 1

42 7|7]oket 2AWSIIL Seb A7) AR ok,

o) Ay o] Zhatol|A] & v %4

Ffake ztatEgo] 249 7s4o] ot

¢l ¢F 2.5 mme| FFoz I0L

Master "ol 4] Zte}=84to] 7 SAEhL slich & 1=

oA I0L Master 9] Z7gto] &A™ olf7} ole} 2

° ol MEY Hoz Y7 )

Elbaz et al®e RK-F1%%} I0L Master®e A==

1.204D2 X135}, Huynh et al™= B4 0.84D2 ¥ 11

st 2 Aol A= 95% LoA ®I917F 0.62Do] gt

T 717 TAFSE fo3t AlolE KRG Hat zo]
L 0.19DE A" o= a3t zpol2 warh OM—28¢9}

IOL Master®$ﬂ H] 2o A] Shirayama et al**& 0.45D2] &

Q7L 0.96D9] WIS HA,
AR ool FK) e AOR B

2t ng

olo} e Y88 Ftste] & o RK-F1°3 OM-2%,
Orbscan I1°9] Sim K2} 3 mm zone K] he- A& g4
o] Egton, Hjwy 2 7]7|o] HlEf & AUIERS
29l [OL Master®%= KR—1W®e}o] v]E | 9]5}i At
Hozl ThE 7|7]9} & o7k U] gtk
KR-1W"= Zatagglo] &7 e Aol
Bland—Altman plotel 4 TF2 7]7]2}e] Bl A thepibs
o] 10D o}4ke] zjo7k 748 thekd 4 98- @Rol Fol
of 3 o & YZHEA, ojn] ofe] =RolA 1 kA
AE)do] ASH ohE 7171 Blaske] HAA Y=
ot WS Uehe] 25 Autmgie) A=
Atk o 7

=1}
zli

ydgsl =

A= Nz

AR5

L=
= 7}

o] Ea

2] /R]—}ﬁl [¢] _%_

Shirayama et al'e JAL

oA 2RHrE

= o=ET
A oz Ze 47

J

_10

E]

1 A

oi:%}i_llml-m

rlo >{

&S A

2 —0.1891D (RK—F1®3L]- IOL Master®)°ﬂ/\1 0.2551D
(IOL Master™} Orbscan I1*¢] Sim K) 2] e 2. =]uk,
Bland—Altman plotofA] RE 7]7]9] ZatZE719] 95%

Table 2. Results for the comparison of the 6 corneal curvature measurements among devices

SD Upper LoA
(D) (D)
0.2671 0.52
0.1574 0.12
0.5431 0.99
0.3128 0.68
0.2946 0.66
0.2441 0.29
0.6050 1.09
0.3868 0.82
0.3489 0.81
0.5501 1.20
0.3031 0.85
0.2957 0.85
0.6136 1.34
0.5948 1.33

Lower LoA
D)
-0.52
-0.50
-1.14
-0.55
-0.50
-0.67
-1.23
-0.69
-0.65
-0.96
-0.34
-0.32
-1.07
-1.03

RM-ANOVA on
ranks (p)
0.982
<0.001
0.027
0.082
0.273
<0.001
0.033
0.154
0.076
0.038
<0.001
<0.001
0.045
0.038

0.547

Mean
D)
-0.0007
-0.19
-0.07
0.07
0.06
-0.19
-0.07
0.07
0.06
0.12
0.26
0.25
0.14
0.14

Differences
between devices
RK-F1% vs. OM-2*
RK-F1“ vs. IOL Master"™
RK-F1" vs. KR-IW"
RK-F1"vs. Orbscan II" (Sim K)
RK—FIﬁ® vs. Orbscan II\Bi ‘(3 mm zone K)
OM-2" vs. IOL Master *

OM-2" vs. KR-IW"

OM-2" vs. Orbscan II* (Sim K)

OM-2%vs. Orbscan n® (3 mm zone K)

IOL Master“lj’ vs. KR-1W® )

I0L Master‘j'j?) vs. Orbscan IIG%‘ (Sim K)

IOL Mas\ter@\’ vs. Orbscan II® (3 mm zone K)

KR—lW“}j’ vs. Orbscan II* (Sim K)

KR-1W® Vs. Orbscan II* (3 mm zone K)

Orbscan I (Sim K)

vs. Orbscan II® (3 mm zone K)

-0.0021 0.2070 0.35 -0.32

The mean difference, SD, upper LoA, lower LoA, RM-ANOVA on Ranks are displayed for each pair of devices.
D = diopters; SD = standard deviation; LoA = 95% limits of agreement; RM-ANOVA on Ranks = repeated measures analysis of variance
on ranks; 15 comparisons were made for each device pair (3 measurements each).
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=ABSTRACT=

Comparison of Corneal Curvatures Obtained with Different Devices

Soyoon Kim, MD, Sung Kun Chung, MD, PhD

Department of Ophthalmology and Visual Science, Yeouido St. Mary's Hospital,
The Catholic University of Korea College of Medicine, Seoul, Korea

Purpose: To evaluate device efficacy using the corneal curvature value.

Methods: Prospectively, 35 patients (70 eyes) were enrolled in the present study. Three sets of corneal curvature values
were obtained using the autorefractor (RK-F1®), manual keratometer (OM-2®), partial coherence interferometry kera-
tometer (IOL Master®), wavefront analyzer (KR-1W®), and videokeratography (Orbscan II®). Repeatability of each device
was evaluated by coefficient of variation, standard deviation, and intraclass correlation coefficient. RM-ANOVA on ranks
was used to compare the differences in corneal curvatures among the devices. The Bland-Altman plot was performed to
assess measurement agreement among the devices.

Results: The coefficient of variation values from each device ranged from 2.92% (IOL master®) to 3.06% (Orbscan II®),
and the values of intraclass correlation coefficient ranged from 0.965 (KR-1W®) to 0.997 (IOL masteri@). Compared with
the manual keratometer, there was a maximum corneal curvature difference of 1.23 D in KR-1W®, while the other devices
had differences less than 0.82 D.

Conclusions: When assessing corneal curvature, the repeatability values were similar among the 5 devices, although a
difference greater than 1 D was observed when comparing the KR-1W® to the manual keratometer.

J Korean Ophthalmol Soc 2012;53(5):618-625

Key Words: Corneal curvature, Keratometry
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