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NOVA-based Intraclass correlation coefficient (ICC)2} coefficient of variation
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Ocular response analyzer (ORA, Reichert Ophthalmic
Instruments, Depew, NY, USA)&= Zhato] )| <shz] A
28 243} 7|, Corneal Hysteresis (CH), Corneal
resistant factor (CRF)¢} Corneal—compensated IOP (IOP
co)tt= 2L MdE =35ttt Corneal hysteresis
(CH)= Zrutzz o] Hebdol oJaliA 7tallzl o] 7H4]
Zkato] YA & Skl &A= 4
LASIK (laser in—situ keratomileusis) &
L R eI A N LS R o e
HEA] SERpo| A CH7F gt 2t ok d A 8] 7hast
geo] B Q" Corneal resistant factor (CRF)
= Z AREA )l A7} S ofn|stn] FA 2R e
)31, Corneal—compensated in—
traocular pressure (IOP cc)&= CH, CRFE2A =X 5|=
Zrato] A GeA ¢ JEAS BT e r, Zut9

AFA ASA o dFe TA e AT ol 7H

1311



- [§gtotafetg| x| 20124

CHef a2

2010 1092 20119 197k el q A72 9]
sel ARIgh A % AR 457 450H(dAh 219, of2) 24
WE dgoR AFHoR AYsigt. BE WA
AhRl] Fole dglon B A e daaslNg)
of el& WtTh HARLE WAHAZo] 20/20 ol4fo]a,
M S AAR S ¢1ero] 10-21 mmklg %] o]he]
slom, Fholyo] AHBAAMY ~6.00 Gl e +6.0
2 Aolahelct. A W bl of
8 AT D At & PAo] Gk B, BAARY
B 2% Qlol) A2 2GWH A9 A7l Agdsiglo
u] Gpolo] W EPEL A9 TAIIR Tl £ A
Azl
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=
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A5k Zhuke ThA] Refe] BEat mopo g g of
& shzd) of ol A £ WA o A Atk 3
A 5 WA o ARolA 217t SRASL Qkgt 4
T8 4 9lom F 7o HHFZS Goldmann—correlated
IOP (IOP g), & 7ke] z}o]= Corneal hysteresis (CH)=}
T Ao @eh(Fig. 1). B3 5514 AULOR ThE A4S
%], & Corneal—compensated IOP (IOP cc)@} Corneal

resistance factor (CRF)& E=&3c}
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Figure 1. Measurement of corneal hysteresis. During an ORA
measurement, air pulse causes the cornea to move inward.
After cessation of air pulse, outward movement occurs and
this makes two signal peaks. The difference between these in-
ward and outward applanation pressure is called corneal hyste-
resis (CH).

M 53 H M9Z-

otoke. ORA, v]& =S| (Topcon CT80, Tokyo, Japan),
Z vkl ololA (Haag—Streit, Koniz, Switzerland) & =3
st om HIH St ZERkt kel 7H7)F 3 o] A
AAPE 33] 4 & HatgkE Fskelth ORAE= 3789 53
Al HAARAPF 1-28-9] 7H4S FiL A& o= 43] 57
shoick mid HAR Alupeh weRRgE S0 R SRt
OHA] AR Zo & A1 & ojnfs 1Ashieh 424t
e 251 F
o]-gste] 33] & S Htghe otk 3719 kAl
9 FAZEA 72 TARE ool AldskelaL, vl S
St AILE ORAE A A ZERkrE I S
FEAE St AFoE A F3S A}t

AARAE 2F ZE)a FARAF W /-2 ANOVAE o83t
intraclass correlation coefficient (ICC)2} coefficient of
variation (CV)2 78l o A2 ofZ oAz 24
3t ket 42| 7+9] W] Bland—Altman plot¥} paired
(—testE o]-&dto] AT S 2 R72F ORA A5
2| 7ol A A= Pearson AHAGE o]&ste dopk
Stk p 7kl §ol4EL 0.05 niRto 2 3}l A E Ao
L SPSS version 16.0 (SPSS Inc., Chicago, IL, USA)Z
ARE-3FATE.

o

jabad
N
iz
N
ox
)
;%
(@}
S
<
Z,
oy
)
(@]
<
»
=
ko]
g
i

ox
ot

24 ﬂl.

TH/dekAt 4578 45¢F F HAb= 21%F, oA b= 24%te]H,
HAUol= 51.8 + 14.1A4(HS, 20—74)cH(Table 1).
ORA AZA 9] Hot#t FEHUR= 247 I0P cco] %S

1.5 mmHg, CRF
+=10.0 £+ 1.8 mmHgAth FE=TFIEOIIA (GAT), B
EAUANCT) 2SS4k bte] Hotat k= 242t
13.8 £ 2.5 mmHg, 13.6 £ 2.5

Intraclass correlation coefficient (ICC) H7} 7]&L o]
Aol vtxE B30 wat 0.21 << K << 0.4¢91 A% ICC
L Agsioka grlskolon, 0.41 << k << 0.6¢1 A4S
AAsH 0.61 << k << 0.8 243 0.81 << k << 0.99
£ 7o) shesirtn Hojalant AxA 1 ARe 7
7¥k= ICCE IOP ccd] 79 0.94, CRF= 0.96, CH=

Table 1. Baseline characteristics of the study population

Total 45 (45 eyes)
Age (mean + SD, yr) 51.8 + 14.1
Sex (M/F) 21/24

Refractive error (mean + SE, D) -0.8 +£ 2.0
Corneal cylinder (mean + SD, D) 0.7+ 0.4
CCT (mean + SD, um) 545.6 + 33.7

CCT = central corneal thickness.
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0.90, IOP gx= 0.970]%it}. o] 3gsl= coefficient of
variation (CV) valuet Z+Z+ SAHE 16.9%, 15.9%,
13.2% 12)1 19.1%%ch ORA =4 0] A 7 &4
2 BE A=A glof $45AL 1 ooz Ao gy
3} cH(Table 2).

HAARAE W ICCa= 10P cc®f 79 A ¥A) HAR7} 0.78,
= A AAR= 0.84, A WA AAALE 0.88%01 CV
L 2R 16.8%, 14.6%, 11.2%Ac}. CRFS] ZAR} U
ICCE= 3 W) A7} 0.80, % W) A7} 0.84, A
Ha AARP7E 0.8499 00 CVE= ZH2F 11.6%, 15.3% 18]

Table 2. Inter-observer reproducibility of IOP cc, CH, CRF
and IOP g

Parameter ICC (95% CI) CV (%)
IOP cc 0.94 (0.89-0.96) 17.1
CH 0.90 (0.86-0.92) 13.2
CRF 0.96 (0.93-0.98) 15.9
IOP g 0.97 (0.94-0.98) 19.1

The inter-observer reproducibility of ORA measurements was
almost perfect for all investigated parameters.
ICC = intraclass correlate on coefficient; CV = coefficient of variation.

Table 3. Intra-observer reproducibility

L 15.9% %Ak CHE AARAF W ICC= A ¥1A) AAAHRE
SAE 0.74, 0.82, 0.79¢101 ztzbo| ddsls CVe
15.9%, 13.0%, 13.8%%Ict. ORA AlZx]9] AR Y A&
4d2 IOP cc, CRFOlA] A 2] $93t9] oy CHE HARA
el @ g o] zpol7h qlltk(Table 3).

ORAR &A%t 5 71A] ¢k, & I0P cc&} IOP gAtel 9]
B Aol 0.6 £ 1.4 mmHgow o]z FASH o=
om7b 91dtH(p=0.04). I0P g9+ GAT-IOP29] zjol:=
0.31 £ 2.1 mmHg, IOP cc9} GAT-IOPS] zjo|i= —0.07 +
2.6 mmHgl oy BASHE R oul= ¢l13lom(p>0.05)
o]& Bland—Altman plotZ o]-835}o] HokS wj okl =
I Gl whet F QkQEe Apol= FEIRE AFS HolA
Forom 7  FEEA} ool B8 chFig. 2). I0P
g2} I0P cc= NCT—-IOP®} Bl et gS o] SASHH o= 9]
0] Qe AolE WA = FATHp>0.05).

FHLNEA Q] Py FEHA= 545.6 + 33.7 um

. Z=A7FkE)= CRF, CH, IOP g, GAT-IOP 181

Rt AAIZE ddeh ¥, I0P ce=
FAZraRA e S Kol ekokrh(Fig. 3).

Observer 1 Observer 2 Observer 3
ICC (95% CI) CV (%) ICC (95% CI) CV (%) ICC (95% CI) CV (%)
IOP cc 0.78 (0.74-0.80) 16.8 0.84 (0.80-0.85) 14.6 0.88 (0.84-0.90) 11.2
CH 0.74 (0.70-0.76) 15.9 0.82 (0.78-0.84) 13.0 0.79 (0.75-0.81) 13.8
CRF 0.80 (0.76-0.81) 11.6 0.84 (0.79-0.85) 15.3 0.84 (0.80-0.86) 15.9
IOP g 0.86 (0.82-0.88) 15.1 0.89 (0.85-0.91) 16.0 0.89 (0.84-0.90) 15.9
Intra-observer short-term reproducibility was substantial for IOP cc and CH, and almost perfect for IOP g and CRF.
ICC = intraclass correlation coefficient; CV = coefficient of variation.
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Figure 2. Bland-Altman plots of agreement between IOP g and GAT-IOP, and IOP cc and GAT-IOP. The difference between the
measurements is plotted against the average of the measurements. Dotted lines represent 95% limit of agreement. The differences in
mean [OP values between IOP g and GAT-IOP (0.31 mm Hg), between IOP cc and GAT-IOP (-0.07 mm Hg) were not statistically

significant.
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Figure 3. Statistical correlations between IOP g, IOP cc and CCT. CCT was significantly associated with IOP g (r =
0.45, p = 0.002), but not with [OP cc (r = 0.14, p = 0.38). CCT was also correlated with GAT-IOP (r = 0.50, p < 0.001),
NCT-IOP (r = 0.57, p < 0.001), CH (r = 0.44, p = 0.002) and CRF (r = 0.46, p = 0.002).
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o] A tof| 4] IOP cco} IOP gi= oJu] Q= z}o]7} 313
OP cc®} GAT-IOP, IOP g9} GAT-IOP Zltoll&= A}o]
M‘}i o B4 02 90l51x] ek}, Pepose et al'’
© LASIKS AJ9) e 32 o gt dAFofa] 2=
RIFEOIIAR £ obero] 10P ce, 10P gurt 72t
1.6 mmHg, 1.4 mmHg =t} Bis}9 o Kirwan et
al "2 4AE 2obE e R 3t Aol A TOP cce} IOP
g7} GAT-IOPRt} z}z} 3.3 mmHg, 1.3 mmHg &=ty
FaSch. whdo] SR, ARIFHAE e o
Lo A= ORAZ}F GAT-IOPRT} =7 243ty ys
7 v}7} 9lek. Martinez—de—la—Casa et al'-2 EUja5ka}
= Aoz 3 o)A I0P cc} I0P g7} GAT-IOPE
o} 7}z 8.3 mmHg, 7.2 mmHg =9+ ¥ Sullivan—Mee et
aPe =zl ook Aol =siAlE At & S o
roll Al ORAZE ZERIQIQIA Rk QIS 24| Z4 8= 7
Fol glrkar stoirt. oleigt g ol odyto] Aol
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2 IOP g, CRF, CHollA] oJu| Ql= /3iA|7F 3= Sl
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. ¥, Wasielica—Poslednik et al'*e CRF:= 24
AL} Aol AT IOP cc, CHe 479579}
A7t Qlckal B8} al o] Medeiros and Weinreb”
= JdAsledeh. iAo Baele tAtew 3
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ot ol Aol Aike FHIeH: AuE wasock
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=ABSTRACT=

Reproducibility of Ocular Response Analyzer and Comparison with
Goldmann Applanation Tonometer and Non-Contact Tonometer

Ga Eun Cho, MD, Roo Min Jun, MD, PhD, Kyu-Ryong Choi, MD, PhD

The Institute of Ophthalmology and Optometry, Department of Ophthalmology, Ewha Womans University School of Medicine, Seoul, Korea

Purpose: To evaluate the inter- and intra-observer variability of ocular response analyzer (ORA) measurements, and to
evaluate the relationships among the intraocular pressures (IOPs) obtained by ORA, Goldmann applanation tonometer
(GAT) and non-contact tonometer (NCT).

Methods: The present study included 45 normal eyes from 45 volunteers. Three masked observers performed ORA
measurements. NCT and GAT measurements were performed by one independent observer. The reproducibility of ORA
was assessed by ANOVA-based intraclass correlation coefficient (ICC) and coefficient of variation (CV). Comparison
among the tonometers was performed using the Bland-Altman plot and paired t-test.

Results: The ICC for inter-observer reproducibility of ORA parameters was 0.90 to 0.97. The corresponding CV values
were 13.2% to 19.1%. The intra-observer ICC values for IOP cc were 0.78 to 0.88. CV was 11.2% to 16.8%. For CRF, ICC
values were 0.80 to 0.84 with CV values as 11.6% to 15.9%. For CH, ICC values were 0.74 to 0.82 and CV values were
13.0% to 15.9%. The difference in mean IOP values between IOP cc and IOP g was statistically significant (p = 0.04).
However, no difference was found among other tonometers, and only IOP cc did not result in significant correlation with
central corneal thickness (CCT) (p = 0.38).

Conclusions: The intra- and inter-observer reproducibility was substantial for IOP cc, IOP g, CH and CRF, for all observers.
Additionally, IOP measured with ORA did not result in significant differences from GAT and NCT.

J Korean Ophthalmol Soc 2012;53(9):1311-1317

Key Words: Central corneal thickness, Intraocular pressure, ORA, Repeatability, Tonometer
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