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Figure 1. The difference between the “inward” applanation
and the “outward” applanation is called corneal hysteresis
(CH).
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o

Mean Age +SD Range
Juvenile (Z19 years) 15,52+2.76 10~19
Adult (=20 years) 34.84+13.24 21~69
No. of Eye
150
100
50
0
10~19 20~29 30~39 40~49 50~59 60~69 years
Age

Figure 2. Demographic data of characterization group.
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Table 1. Ocular response analyzer parameter range of Korean normal subjects

Parameter N. of Eye Ave+£St dev (mmHg) Range (mmHg)
CH 301 10.70+1.45 7.5~15.8
CRF' 301 10.40+1.61 6.5~15.9
10Pcc! 301 14.90+2.50 9.2~21.7
IOPg§ 301 14.61+2.70 8.3~21.7
NCT" 301 14.27+2.47 9.0~21.0
cer 301 542.88+34.13 um 470~658 um

* CH=corneal hysteresis; ' CRF=corneal resistance factor; * [OPcc=corneal compensated I0P; * I0Pg=Goldmann—correlated IOP;

TCCT=central corneal thickness; * NCT=non contact tonometer.

Table 2. Ocular response analyzer parameter of Korean normal subjects comparing to juveniles and adults (paired

t—test)

Juvenile (<19 years) Adult(=20 years) p—value
CH" 11.06 mmHg 10.62 mmHg <0.05
CRF' 11.06 mmHg 10.25 mmHg <0.01
10Pcc? 15.52 mmilg 14.76 mmHg <0.05
10Pg* 15.78 mmilg 14.35 mmilg <0.01
NCT" 15.44 mmHg 14.00 mmHg <0.01

* CH=corneal hysteresis; ' CRE=corneal resistance factor; f IOPcc=corneal compensated IOP; §IOPg=G01dmann—correlated 10P;

TNCT=non contact tonometer.

2 BASHOR felg g
ARTA = 7}xlﬂﬂl(p<0.01, r=0.3), HIH S/ QA 9] <F
oty H]ﬂﬁ}‘ﬂ% HH CH (p<0 01, r=0. 28) CRF (p<0 01,
OPce= S22 *—‘Crﬂﬂoﬂ EHOHH %ﬁol‘ﬂ CHﬁ}t
£ 7\lozH zhare] AR oEka 4
T QIeks A & 4 Uek(p<0.01, r=—0.42),
Ja8]3 vjEEAJRMA| ] oketa}l ©olat oFo] AW AE
7F-eH(p<0.01, r=0.5)(Fig. 4).
o F
5}1_1 £o101 o8 &dAH hysteresis)& o|ala}7] <3l
(elasticity)ol] gt 7Hdo] Z &
85 3ol uleste] 2744l
AL 3o S 51
SR B
A AR Seof oEstH oo ¥AlE A S
AYRS 72 YT, &=7t 29 AFlo] ATh).

=
Aolat Bell oAl o] F 7hA) HHS B
1

I o
n

o

[
ox,
~~
=.
»
&
(@}
@,
=
<
Y
13
%
o,

AU)
ox
o
N
AN)
)
o
i
N orlo t
2

ol
-

N 2O o _Q [
2y Mo
oX
mlo
Rl
rC
r@

H
rot
2

oX
m{o
N
x

™ flo
;

o
i

Moot o rJ; DR

2o o ol

30,
T

~ 3
L K
N
)
1=

222 7hshal Woll ehste] F4 2 2417k 7
25 AYaL Ql=d, of/ ZHake] A
of elolt FAWASE AT A
Joll lolA F2 w7} Eolx]A Eick 22 27l% Ocular
Response Analyzer (ORA;Reichert Inc., Depew, NY)=

AN 1o ol
A
oX EE
o
_1\1 EN d
N &
i)

r \

2

=2 oplakA] obg WAL 71A 27| AR 2] A
s 5. 270 7Hsalet Al
Zhake. k(inward) 1t 98k (outward) 2] ¢F=
Zyako) A elsta] A (EAo] o
ANYUA] T = Qo] A gk 9 ejgke =0 o 1Hy
o4 eo] Aol of7] A7l AupHom F EA7
EUA7F YA =, ORACA = o & #7]388H4] 4
e-2] A (electro—optical applanation detection system)7}
A 2pA o A zhalo] moks whAksle] Waki} ¢]gko] ot
A7 Bore] YA Fele SASH Hek o F 247
9] z}0](P1-P2)7} corneal hysteresis (CH)o]t}(Fig. 1).
SHQ 3019KS iAo Al B AATolA] CHO| B
£ 10.70+1.45 mmHg, #3Z= 7.5~15.8 mmHgo|™ Luceo]|
o3} 3391 2] AAFeH white 62%, Black 8%, Hispanic 2%,
Asian 28%)o)4¢] CHe| H#-& 9.6mmHgo| e}
CHo} 7hu54] S7lo] BAlo] et o wah g,
wlE] o] 7o] wol %9 Zr}, Touboul et a2 W& CH
oketo] LA ZAo| B 23] olx} 2o shta AzlaE
YA Sz AN o] glokal s1Gick WhH Hager
et al," Broman et al,” Lam et al’9] gFLofAl= Z=A)zbabe
7Sk CHZL BABEE 02 o] Gl o] ABBAS 71t
1 stk
2 Atol] ofstd SAZEAIRF CH
FO| AHBAE 7HAV 1 Avde Ul‘lﬁ}u}ﬂ iy
AATHp<0.01, r=0.30). kA AF3t vl Sz F
CH, CRF, B3 SA4QA 9 ¢k S0l Fak= mA2d

o

2 o}i

01:

4 o¢

.
11
.

[e]
AN

S
e
L

-

ww_ophthalmology.org 1607



- Cigtotutets|x| 2009 ® 50 M A 11 S -

No. of Eye
60

50 47

40
B NCT
30 -

i ™ |OPcc
201 W B B T a
i 7’/7.7 I ] 7 "
o L J |

9~10 10~11 11~12 12~13 13~14 14~15 15~16 16~17 17~18 18~19 19~20 20~21 21~22
mmHg

Figure 3. Histogram of corneal compensated IOP measured
by Ocular Response Analyzer (IOPcc) and non contact
tonometer (NCT) for normal eyes.
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Age 1OPcc I0Pg CRF CH CCT NCT

Age —0.16 —0.1 0.03 0.11 0.11 —0.17
10Pcc —-0.16 0.79 (<0.01) 0.07 —0.42 (<o0.01) —=0.07 0.50 (<0.01)
10Pg —0.1 0.79 (<0.01) 0.67 (<0.01) 0.22 (<0.01) 0.13 0.73 (<0.01)
CRF 0.03 0.07 0.67 (<0.01) 0.87 (<0.01) 0.30 (<0.01) 0.58 (<0.01)
CH 0.11 —0.42 (<0.01) 0.22 (<0.01) 0.87 (<o0.01) 0.30 (<0.01) 0.28(<0.01)
CCT 0.11 —0.07 0.13 0.30 (<0.01) 0.30 (<o0.01) 0.32(<0.01)
NCT —-0.07 0.50 (<0.01) 0.73 (<0.01) 0.58 (<0.01) 0.28 (<0.01) 0.32 (<0.01)

Figure 4. Statistical correlations between parameters (Pearson correlation test). The yellow squares indicate sig—
nificance with a high level of correlation, r>=0.7. The blue squares indicate significance with a moderate correlation,

r>=+0.4. The gray squares indicate statically not significance with correlation, p>0.05.

(CH=corneal hysteresis; CRF=corneal resistance factor; IOPcc=corneal compensated IOP; IOPg=Goldmann—correlated
IOP; CCT=central corneal thickness; NCT=non contact tonometer)
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=ABSTRACT=

Factors Affecting the Ocular Response
Analyzer Parameters in Normal Korean

Seong—-Wook Kim, MD1, Sung-Gwan Seo, MD1, Jun Her, PhD1, Soo-Jeong Park, PhD?

Department of Ophthalmology, Inje university, Pusan Paik Hosphal‘, Busan, Korea
Crystal Eye Hosp'\talz, Busan, Korea

Purpose: To identify the normal range of factors which can be measured with Ocular Response Analyzer (ORA, Reichert Inc., Depew,
NY, USA) in normal Korean, and to analyze factors affecting ORA by measuring intraocular pressure (IOP) of noncontact tonometer
(NCT) and central corneal thickness (CCT),

Methods: Three hundred and one normal Korean subjects who did not have specific ophthalmological diseases and surgeries
in the past were recruited for this study, Corneal hysteresis (CH), corneal response factor (CRF), corneal—-compensated I0P (IOPcc),
and Goldmann correlated 0P (IOPg) were measured using ORA, In addition, IOP of NCT and CCT were measured and the results and
factors analyzed,

Results: The mean CH measured among normal Korean subjects in this study was 10,70 mmHg, The mean CRF was 10,40 mmHg.
CH and CRF were significantly higher in the juvenile group, IOPcc and IOPg as measures of I0P using the ORA had significant
correlation with 10P of NCT. In particular, I0Pcc appeared to be independent of CCT,

Conclusions: CH and CRF were different according to age, indicating a difference in biomechanical properties of the cornea, In
particular, I0Pcc is more important as it is independent of corneal thickness and should be compensated in general measurements
of IOP reflecting biomechanical properties,

J Korean Ophthalmol Soc 2009;50(11):1605—1610

Key Words: Central corneal thickness, Corneal hysteresis, Intraocular pressure, Non contact tonometer, Ocular response analyzer
(ORA)
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