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THE INFLUENCE OF THE CORNEA 
ON INTRAOCULAR PRESSURE 
MEASUREMENT BY ICARE PRO 
AND ORA
SUMMARY
INFLUENCE OF CORNEA ON INTRAOCULAR PRESSURE 
MEASUREMENT BY ICARE PRO AND ORA

Aim: To compare intraocular pressure readings (IOP) measured by ICARE PRO 
and ORA G3 and analyse the influence of the corneal hysteresis (CH), central 
corneal thickness (CCT), average central corneal radius, corneal astigmatism and 
age on the readings. In addition, to compare the repeatability of measurement 
by both tonometers.

Methods: The data was collected by IOP measurements in both eyes in 40 
individuals between ages of 41 and 86 years. The number of 74 eyes (70 eyes 
in the case of ORA repeatability) were included to the study, remaining eyes 
were excluded due to incomplete data, abnormal cornea or low quality of 
measurement. The subjects were all diagnosed for glaucoma or were suspected 
of having glaucoma. In the case of ORA tonometer, the Goldmann-correlated 
IOP (IOPG) and corneal compensated IOP (IOPCC) were monitored. The CH was 
measured by ORA, CCT by ultrasound pachymeter and corneal curvature and 
astigmatism by autokeratometer. The effect of corneal parameters and age on 
IOP or on differences between tonometers were analysed by multiple linear 
regression. The comparison of readings from both tonometers and repeatability 
analysis (based on test-retest) were realised using a paired t-test and a Bland-
Altman method. The level of statistical significance was set to 0.05.

Results: The IOP readings from both tonometers were positively correlated 
with CCT and negatively with CH. The effects of other monitored parameters 
were insignificant. The mean ICARE PRO reading did not differ significantly from 
IOPG but were significantly lower than IOPCC. The variability of differences was, 
however, high in both cases and differences were influenced by IOP and CH (ICARE 
PRO shown higher readings with decreasing IOP and increasing hysteresis). The 
lowest repeatability coefficient shown ICARE PRO, the worst IOPCC (3.0 mmHg for 
ICARE PRO, 3.8 mmHg for IOPG and 4.8 mmHg for IOPCC).

Conclusion: The IOP values measured by both considered tonometers are 
significantly influenced by corneal hysteresis and central thickness. The effect of 
CCT can arise from an effect of a corneal stiffness. Regarding the high variability of 
mutual differences, the data from ICARE PRO and ORA are not interchangeable. 
The repeatability of ICARE PRO was comparable with Goldmann applanation 
tonometer measurement under given conditions, and better than ORA.

Key words: intraocular pressure, ICARE, ORA, corneal hysteresis, central 
corneal thickness

Čes. a slov. Oftal., 75, 2019, No.3, p. 111–118

INTRODUCTION

Measurement of intraocular pressure (IOP) plays a signi-
ficant role in the diagnosis and screening of glaucoma. The 
gold standard in the measurement of intraocular pressure 
is considered to be the Goldmann applanation tonometer, 
the use of which however requires the application of ana-
esthetics, fluorescein and sufficient experience on the part 

of the examiner. In the case of non-standard conditions, 
such as measurement of recumbent or uncooperative pati-
ents or children, examination outside of the clinic etc., small 
and easily portable “rebound tonometers” of the ICARE type 
from the Icare Finland company can be a useful tool. These 
tonometers determine intraocular pressure from the change 
of kinetic properties of a small single-use probe upon its 
rebound from the cornea (17, 18). They do not require ana-
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METHOD

Cohort of probands
The study took place at the Department of Ophthalmology 

at the University Hospital of Palacký University in Olomouc. The 
study included 40 probands, of whom 24 were women and 16 
men, within an age range of 41 to 86 years with an average 
age of 66 years and standard deviation of 11 years. All the pro-
bands had been either diagnosed with glaucoma or were being 
observed for suspected glaucoma. Both eyes of each proband 
were examined, in which only eyes with a normal, healthy cor-
nea, in which all the observed parameters had been successfu-
lly measured, were included in the study. In the case of measu-
rement of corneal hysteresis, observed quality of measurement 
by the instrument equal to or greater than 3 was required. In 
total 74 eyes were included in the study, in which all the sti-
pulated requirements were met, with the exception of deter-
mination of repeatability of the ORA tonometer, in which only 
70 eyes were included due to the low quality of measurement 
in the retest. The study was conducted in accordance with the 
provisions of the Helsinki declaration.

Procedure of examination
All the examinations took place within the framework of a 

single complex ophthalmological examination. First of all R and 
Ast were determined with the aid of an autokeratorefractome-
ter. Subsequently the anaesthetic Benoxi 0.4% (manufacturer 
Unimed Pharma) was applied to the conjunctival sac of each 
eye for the purposes of ultrasonic measurement of corneal 
thickness, and fluorescein was also applied for colouring the 
lachrymal film for the purposes of other ophthalmological 
examinations. After measurement of central corneal thickness 
using the ultrasonic pachymeter Accupach V (manufacturer Ac-
cutome), measurement of intraocular pressure IOPIC with an 
ICARE PRO tonometer was conducted at the same work station 
(without the need to move the proband) at an interval of appro-
ximately three minutes. Each eye was measured twice consecu-
tively (test and retest). The resulting measurement on the given 
eye was the mean of a series of six rapidly conducted consecu-
tive partial measurements. If the measurement was evaluated 
by the instrument software as erroneous, or if there was a large 
dispersion within the partial values, the measurement was not 
accepted and the entire series was repeated. Subsequently 
within the framework of the same examination room the pro-
bands were moved to the ORA instrument, on which IOP was 
again measured twice. On the basis of the first measurement 
(test) using the ORA tonometer, CH, IOPG and IOPCC were deter-
mined. In the case of the second measurement (retest), only 
both intraocular pressure values were recorded. The coefficient 
of measurement quality was always observed in the test and 
retest. Measurement on both tonometers was always condu-
cted by the same sufficiently experienced operator.

Data analysis
First of all the dependency of intraocular pressure on CCT, 

CH, R, Ast and age of the proband was evaluated in a com-
bined effect of these factors, with the aid of multiple linear 
regression. For the purposes of regression only the values 

esthesia of the cornea or application of other pharmaceu-
ticals, and at the same time, within the framework of the 
studies conducted to date, demonstrate good accordance of 
the measurements with the results of Goldmann applanati-
on tonometry (2, 8, 9, 12, 22, 24, 28, 29).

Another group of tonometers that do not require the appli-
cation of pharmaceuticals, and furthermore with regard to the 
possibility of an automatic mode minimise the influence of the 
operating staff, are non-contact tonometers. These are based 
on the observation of corneal deformation by means of a jet of 
air. The progressively strengthening, very short air pulse causes 
flattening (applanation) of the cornea, in which IOP is deter-
mined from the time necessary for applanation and from the 
current pressure of the air pulse at the moment of applanation 
(17). In general the effect of the pressure of the air pulse may 
cause two applanations – the first upon increase of the pressu-
re of the stream of air and the second upon its decrease, upon 
which the cornea returns to its original shape. Standard tono-
meters usually use only one applanation for determining pres-
sure. The ORA (Ocular Response Analyser) device from Reichert 
Technologies enables the observation of both applanations, 
and on the basis of the determined differences also evaluates 
the biomechanical properties of the cornea, which reflect its 
viscoelasticity, see e.g. (16, 17, 35), specifically corneal hyste-
resis (CH) and rigidity. Hysteresis is manifested by different pre-
ssure values, corresponding to the first and second applanati-
on, and is numerically defined as the difference between both 
applanation pressures. Two output values are determined on 
the basis of these parameters, namely IOPG, which should co-
rrelate with the measurement by a Goldmann tonometer, and 
intraocular pressure with calculated corneal compensation of 
the influence of hysteresis (IOPCC). In this, IOPG  is stipulated as 
the mean of both applanation pressures.

In comparison with ORA, the ICARE tonometer does not 
usually record a marked difference as against IOPG, ne-
vertheless it is distinct in comparison with IOPCC (10, 14, 35), 
in which a number of studies, e.g. (35), record this difference 
only in the case of glaucoma patients. It is known that the 
parameters of the cornea are significantly influenced by data 
from both types of tonometers, in which a significant role 
is played especially by biomechanical properties (3, 35), as 
well as e.g. thickness (2, 13, 14, 19, 21, 28). As a result, it 
is possible to expect that a mutual comparison of both in-
struments will show a dependency on these parameters, as 
shown in the case of corneal hysteresis by the study by J. 
Shin et al. (35). Because hysteresis simultaneously manifests 
a significant correlation with the incidence of glaucoma (for 
an overview of the issue see e.g. (6)), it is of fundamental 
importance to know its influence on the measurement of 
IOP using various instruments. 

The aim of this study was to mutually compare the resul-
ts of measurement of intraocular pressure obtained by the 
tonometers ICARE PRO (IOPIC) and ORA G3 (IOPG and IOPCC), 
and to determine the influence of corneal hysteresis (CH), 
central corneal thickness (CCT), mean central radius of cor-
neal curvature (R), size of corneal astigmatism (Ast) and age. 
The comparison was supplemented by an analysis of the re-
peatability of measurement.
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Table 1. Mean values and standard deviations (SD) of the corneal hysteresis (CH), central corneal thickness (CCT), mean central 
radius of corneal curvature (R) and size of corneal astigmatism (Ast)

CH
(mmHg)

CCT
(mm)

R
(mm)

Ast
(D)

Mean 9,2 553 7,79 0,93

SD 1,5 42 0,30 0,80

Table 2. Values of partial correlation coefficients of all observed variables (corneal hysteresis CH, central corneal thickness CCT, 
mean central radius of corneal curvature R, size of corneal astigmatism Ast and age) with all measured values of intraocular 
pressure (values from the first measurement are always used; IOPIC represents data from ICARE PRO and IOPG and IOPCC data 
from ORA. Significant correlations are indicated with a star

IOPIC IOPG IOPCC

CH -0,316* -0,510* -0,701*

CCT 0,433* 0,521* 0,512*

R -0,065 -0,035 -0,046

Ast -0,151 -0,147 -0,148

Age -0,142 -0,199 -0,197

Table 3. Values of partial correlation coefficient of all observed variables (corneal hysteresis CH, central corneal thickness CCT, 
mean central radius of corneal curvature R, size of corneal astigmatism Ast and age) and average of compared pairs of mea-
surements of intraocular pressure with values of mutual difference of intraocular pressure of compared pairs (values from 
the first measurement are always used; IOPIC x IOPG and IOPIC x IOPCC are compared; IOPIC represents data from ICARE PRO and 
IOPG and IOPCC data from ORA). Significant correlations are indicated with a star

IOPIC – IOPG IOPIC – IOPCC

CH 0,266* 0,565*

CCT -0,112 -0,115

R -0,044 -0,029

Ast -0,017 -0,011

Age 0,064 0,069

(IOPIC + IOPG)/2 -0,456* ---

(IOPIC + IOPCC)/2 --- -0,274*

IOPIC, IOPG and IOPCC from the first measurement (test) were 
always used from each proband.

The accordance of the data obtained by both instruments 
(specifically IOPIC  x IOPG and IOPIC x IOPCC) and the analy-
sis of the repeatability of measurement by the test-retest 
method were evaluated by a paired t-test and with the aid 
of Bland-Altman graphs (1, 31), which identify the depen-
dency of the differences of the observed quantities on their 
average. For a mutual comparison of the instruments, again 
only the values from the first measurement (test) were used. 
Within the framework of the analysis, partial differences of 
the compared values were stipulated for each eye, i.e. IOPIC - 
IOPG  and IOPIC – IOPCC, the differences of measurement from 
the test and retest, the mean values and standard deviati-
ons (SD) of these differences in the observed cohort of the 
eyes, and the corresponding 95% confidence intervals. The 
upper and lower limit of the confidence interval was set as 
the mean difference ± 1.96·SD. In the case of repeatability 
the value of 1.96·SD is also indicated as the coefficient of 

repeatability (CoR). In addition for each eye the arithmeti-
cal averages of the compared values from both instruments 
were calculated (IOPIC + IOPG)/2 and (IOPIC + IOPCC)/2, or more 
precisely the averages of the values from the test and retest. 
The influence of the observed corneal parameters and age 
on the differences between the individual instruments was 
analysed by multiple linear regression.

For data processing the MS Excel program was used, multiple 
linear regression and applicable tests of data normality (Shapiro-
-Wilk test) were conducted in the STATISTICA 13.0 program (Stat-
Soft, Tulsa, OK, USA). All the statistical hypotheses were tested 
on a level of significance of 0.05. The results are presented in the 
text in the form of mean ± relevant standard deviation.

RESULTS 

The mean values of intraocular pressure determined in 
the test were 16.7 mmHg ± 3.5 mmHg for IOPIC, 16.1 mmHg 
± 5.5mmHg for IOPG and 17.8 mmHg ± 5.3 mmHg for IOPCC. 
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ly (p = 0.0043 for IOPG and p = 0.014 for IOPCC). Table 4 shows 
that repeated measurement in the case of ORA records sli-
ghtly lower values, however on average it is possible to con-
sider the difference insignificant from a clinical perspective. 
The results are recorded in graphs in fig. 3. From the graphs 
and from table 4 it ensues that the best repeatability is pro-
vided by IOPIC (ICARE PRO), whereas by contrast the worst 
was recorded in the case of IOPCC.

DISCUSSION

The result of the measurement of intraocular pressure 
may be influenced by a range of factors. On one hand these 
may be undesirable changes of IOP directly before measu-
rement, on another these are factors distorting the actual 
measurement. For example, factors with a direct influence 
on IOP include physical exertion before measurement (25, 
26, 38), hypoxia (4, 7, 15, 27, 30), intake of fluids (33, 34, 37), 
change of body or head position (for an overview see e.g. 
(32)). The actual measurement of IOP is then influenced pri-
marily by the measuring method and the properties of the 
cornea. The results obtained by the different methods may 
therefore differ among themselves. The study presented in 
this article performed a comparison of the ocular tonome-
ters ICARE PRO and ORA on a cohort of eyes of glaucoma 
patients or persons with suspected glaucoma. The compa-
rison also included an analysis of the influence of selected 
corneal parameters. It was determined that the data on IOP 
from both the observed instruments is significantly corre-
lated with corneal hysteresis (the measured values of IOP 
decrease with increasing CH) and central corneal thickness 
(higher CCT leads to higher measured values of IOP). A stron-
ger dependency was observed in the case of the outputs 
from ORA. The determined influence of corneal hysteresis 
on measurement by both tonometers is confirmed also by 
other studies (3, 35). In the case of central corneal thickness, 
however, there is no consensus among the existing publica-
tions. The majority of studies which evaluated the influence 
of CCT without regard to other (especially biomechanical) 
parameters determined a positive correlation, i.e. an incre-
asing value of pressure with increasing CCT in the case of 
tonometers of the ICARE (2, 13, 14, 19, 21, 28, 35) and ORA 
types (14, 20, 35). By contrast, upon consideration of the 
concurrent effect of CCT and biomechanical parameters by 
the method of multiple regression (3, 35, 3), no relationship 
with IOP was confirmed. Because CCT is positively correlated 
with corneal rigidity (thicker corneas are more rigid, see e.g. 
(5, 35, 5)), on the basis of their mutual relationship it is po-
ssible to consider the influence of CCT observed in our and 
other studies to be a reflection of the influence of corneal 
rigidity. However, measurement of CH was not included in 
this study. On the other parameters (R, Ast, age), no depen-
dency was determined by the method of multiple regressi-
on in accordance with (11, 20, 35). Furthermore, study (35) 
determined that the outputs from ICARE and ORA are also 
not influenced (upon summary evaluation by multiple regre-
ssion) by axial length of the eye or by spherical equivalent.

From a mutual comparison of the instruments it ensued 

The quality of measurement coefficient on the ORA instru-
ment was within the range of 3.2 to 9.0, with a mean value 
of 5.3 and standard deviation of 1.5. The mean values of 
measured corneal parameters including the relevant stan-
dard deviations are presented in table 1. Multiple regression 
demonstrated a significant influence of CH and CCT both in 
the case of IOPIC (p = 0.0077 and p = 0.00018) and of both 
values of intraocular pressure from ORA (in all cases p = < 
0.0001). The other observed quantities did not correlate 
significantly with IOPIC, IOPG or IOPCC. The partial correlati-
on coefficients (i.e. correlations determined upon removal 
of the influence of other observed variables) of all the eva-
luated parameters with measured values of intraocular pre-
ssure are summarised in table 2. From here it ensues that 
in the case of both instruments, higher CCT corresponds to 
higher measured values of intraocular pressure, whereas by 
contrast the measured intraocular pressure decreases with 
increasing CH. The pressure values measured by the ORA to-
nometer record a stronger dependency on CH and CCT than 
in the case of the data from ICARE PRO.

A graphic comparison of the values from both instruments 
with the aid of Bland-Altman graphs is illustrated in fig. 1. 
The upper graph compares IOPIC and IOPG, the lower graph 
IOPIC and IOPCC. The mean difference (represented by a full 
line in the graphs) between IOPIC and IOPG (0.6 mmHg ± 3.5 
mmHg) was statistically insignificant (paired t-test, p = 0.13), 
whereas IOPCC was significantly higher as against IOPIC by 1.1 
mmHg ± 3.6 mmHg (p = 0.013). The corresponding scope of 
the 95% of the confidence interval (indicated in the graphs 
by dashed lines) was from -6.2 mmHg to 7.4 mmHg for IOPIC 
and IOPG and from -8.2 mmHg to 6.0 mmHg for IOPIC and 
IOPCC. From the graphs it can be seen that the difference has 
a decreasing tendency upon an increase of intraocular pre-
ssure, indicated by the regression line (dotted). Here ICARE 
PRO overmeasures for low pressure values as against ORA, 
whereas the reverse applies for high values. In accordance 
with the graphs, multiple regression confirmed a significa-
nt correlation of the difference of measured pressures with 
an average size of intraocular pressure (p < 0.0001 and p = 
0.023) and furthermore demonstrated a correlation with 
corneal hysteresis (p < 0.027 and p < 0.0001). The other pa-
rameters did not have a significant influence. The partial co-
rrelation coefficients of the differences between the instru-
ments and all the included parameters of cornea and age 
are summarised in table 3. In patients with higher hysteresis, 
ICARE PRO records higher values than ORA. The difference 
between the values is more influenced by pressure in the 
case of comparison with IOPG, in the case of IOPCC by hyste-
resis. The influence of hysteresis on the difference in values 
between ICARE PRO and ORA is demonstrated by the graphs 
in fig. 2.

The results of the measurements of repeatability are pre-
sented in table 4, which summarises the mean values from 
the test and retest, their mean difference and corresponding 
standard deviations. In the case of the values from ICARE 
PRO, no significant difference was found between the test 
and retest (paired t-test, p = 0.68), although the values of 
the test and retest for outputs from ORA differed significant-
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that IOPIC and IOPG do not differ significantly, whereas the 
mean value of IOPIC was statistically significantly lower in 
comparison with the mean of IOPCC by approximately 1.1 
mmHg ± 3.6 mmHg. However, in both cases a relatively high 
variability of the differences between the instruments was 
found in individual eyes, represented by wide confidence 
intervals in the Bland-Altman graphs (see fig. 2). Due to this 
variability, mutual interchangeability of the results from ICA-
RE PRO and ORA is not possible. The existing comparative 
studies show a similar (10) or slightly smaller (35) width of 
confidence intervals. The mean differences we determined 
are influenced by the size of intraocular pressure and CH, 

Table 4. Mean values and standard deviations (SD) of all observed values of intraocular pressure in the case of the first measu-
rement (test) and repeated measurement (retest), their difference and corresponding coefficient of repeatability (CoR); IOPIC 
are data from ICARE pro, IOPG and IOPCC data from ORA. Significant differences are indicated with a star.

test retest test - retest
CoR

mean SD mean SD mean SD
IOPIC 16,7 3,5 16,8 3,8 -0,1 1,6 3,0
IOPG 16,1 5,4 15,4 4,8 0,7* 1,9 3,8
IOPCC 17,8 5,3 17,1 4,7 0,7* 2,4 4,8

Fig. 1. Bland-Altman graphs identifying the dependency of the 
differences in values of intraocular pressure measured by the 
ICARE PRO (IOPIC) and ORA instruments in the case of pressu-
re correlated with a Goldmann tonometer (IOPG; upper graph) 
and corrected with respect to the biomechanical properties 
of the cornea (IOPCC; lower graph) on the mean value of com-
pared pressures. The rings represent values for the individual 
eyes, the dashed lines delineate the 95% confidence interval, 
the full line represents the mean difference. The dotted line is 
a regression line interspersed with data.

Fig. 2. Graphs identifying the dependency of the differences 
in values of intraocular pressure measured by the ICARE PRO 
(IOPIC) and ORA instruments in the case of pressure corre-
lated with a Goldmann tonometer (IOPG; upper graph) and 
corrected with respect to the biomechanical properties of 
the cornea (IOPCC; lower graph) on corneal hysteresis (CH). 
The rings represent difference values for the individual eyes, 
the dashed lines delineate the 95% confidence interval, the 
full line represents the mean difference. The dotted line is a 
regression line interspersed with data.

whereas the parameters CCT, R, Ast and age did not record 
any fundamental influence. Upon higher mean pressure, 
ICARE PRO recorded lower values as against the ORA tono-
meter, and vice versa. By contrast, higher corneal hystere-
sis led to an increase in the data from ICARE PRO as against 
both values from ORA. A similar dependency of differences 
between both the tested instruments on CH is stated by 
publication (35), though without the influence of IOP. Pre-
viously conducted studies, in accordance with our results, 
unanimously confirm that the IOPIC and IOPG values do not 
differ on average, both in the case of normal healthy indivi-
duals (10, 14, 35) and in the case of glaucoma patients (35). 
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we found on the size of IOP and CH, in which it is known that 
CH reaches different mean values in glaucoma patients as 
opposed to normal healthy individuals (6).

The test-retest demonstrated better repeatability in the case 
of ICARE, which is comparable with published data for the 
Goldmann applanation tonometer (e.g. (36, 39)). Repeatability 
in the case of ORA was slightly worse, in which the worst result 
was recorded for IOPCC. This may be due to the fact that IOPCC 
is determined by a calculation in which CH enters (a measured 
quantity with its own variability), which may have a worsening 
effect on the resulting repeatability. A difference in repeata-
bility between IOPCC in comparison with IOPG is recorded also 
by a number of other studies, e.g. (23, 36, 39), in which (23) 
however states slightly better IOPCC as against IOPG. In the case 
of both values, a small but from a clinical perspective statisti-
cally significant change between the test and retest was deter-
mined in the case of ORA – upon repeated measurement on 
ORA there was a slight mean decrease of the measured values. 
The reason may be the practical familiarity of the proband with 
the measurement and therefore the lesser stress upon repea-
ted measurement. All the measurements were conducted by a 
single operator. With regard to the fact that measurement on 
an ORA tonometer is automatic to a substantial degree, it is po-
ssible to expect a lesser influence of the operating person (this 
assumption is documented e.g. by the results of (23)) in con-
trast with measurement on ICARE PRO. In the case that each 
measurement is performed by a different operator, it is there-
fore possible to expect worse repeatability in the case of ICARE 
PRO and only minimal changes in the case of ORA. 

CONCLUSION

The results of this study have demonstrated that upon mea-
surement of intraocular pressure using ICARE PRO and ORA 
tonometers, the results are influenced above all by corneal hys-
teresis and central corneal thickness. Upon markedly deviating 
values of these parameters from the average, a distortion of the 
measurement result may therefore occur. In this the observed 
influence of corneal thickness may indirectly reflect the influen-
ce of corneal rigidity, which is directly proportionate to corneal 
thickness. From the presented results it also ensues that the 
values from both observed instruments cannot be mutually in-
terchanged, and therefore e.g. upon observation of changes of 
IOP over time it is necessary always to use the same type of 
instrument. In this, upon use by the same operator, ICARE PRO 
recorded comparable repeatability with a Goldmann applanati-
on tonometer, in the case of IOPG repeatability is slightly worse, 
and conspicuously worse in the case of IOPCC.
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As against this, the difference between IOPIC and IOPCC is eva-
luated differently. Shin et al. (35) determined that glaucoma 
patients record an approximately 0.89 mmHg lower value of 
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they did not find any significant difference. By contrast, stu-
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lue from both measurements for data from the ICARE PRO 
(IOPIC; upper graph) and ORA instruments in the case of 
pressure correlated with a Goldmann tonometer (IOPG; 
middle graph) and corrected with respect to the biome-
chanical properties of the cornea (IOPCC; lower graph). 
The rings represent values of the differences for the indi-
vidual eyes, the dashed lines delineate the 95% confiden-
ce interval, the full line represents the mean difference.
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