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Abstract
Purpose To compare Icare ONE rebound self-tonometer
(ICRBT)measurements with Goldman applanation tonometry
(GAT).
Methods A trained examiner instructed each of 60 normal
subjects on use of the ICRBT. Each subject then took two
measurements of his/her own pressure using the ICRBT.
Finally, a different examiner, who was masked to the earlier
readings, measured IOP by GAT. Bland–Altman limits of
agreement (LOA), intraclass correlation coefficients (ICCs),
Kappa values, and paired t-test were used to assess the
agreement between the two methods. Pearson’s correlation
coefficient was used for correlation analysis.
Results All of the subjects were able to obtain correct meas-
urements with ICRBT after three attempts. The mean intra-
ocular pressure with ICRBT and GAT measurements were
16.0±3.3 mmHg and 13.7±2.5 mmHg respectively. The
mean difference between patient’s ICRBT and technician’s
GAT measurements was 2.3 mmHg (p<0.001). In 63 %
(38/60) of the cases the IOP difference (ICRBT − GAT) was

within±3 mmHg. The weighted Kappa for the IOP measure-
ments of the two methods was 0.49 (95% CI: 0.30–0.68, p<
0.001), indicating acceptable agreement. A significantly
positive correlation was found between ICRBT IOP meas-
urements and central corneal thickness (CCT) (r00.48, p<
0.001). In addition, the difference in IOP measurements
(ICRBT − GAT) between the two methods was positively
correlated with CCT (r00.31, p00.015), indicating that
greater thickness is associated with greater differences
between the two methods.
Conclusion The ICRBT was reliable in the hands of normal
subjects, and may be used for self-monitoring of IOP. ICRBT
measurements generally overestimated GAT measurements.

Keywords Goldmann applanation tonometry . Self-
tonometry . Ocular hypertension . Rebound tonometry .

Central corneal thickness.

Introduction

Although Goldmann applanation tonometry (GAT) is con-
sidered the gold-standard method for determining intraocu-
lar pressure (IOP), several inherent systemic errors and
limitations of this method have been described [1, 2]. Re-
cently, several new instruments and methods of tonometry
were introduced into clinical practice, aiming to obtain a
more accurate estimation of true IOP [3]. The Icare rebound
tonometer (TA01, Tiolat Oy, Helsinki, Finland) is a portable
handheld tonometer, which does not require any topical
anesthetic. The principles of rebound tonometry have been
described in detail elsewhere [4–6]. Briefly, the Icare to-
nometer records IOP by detecting the deceleration of a rod
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probe as it is bounced off the cornea. As the IOP increases,
the rod probe bounces off the cornea faster. This movement
is detected by a solenoid inside the instrument. It uses a
disposable rod probe which has a plastic tip to minimize
corneal injury. Several studies have shown that the Icare
tonometer provided good results in terms of ease of use,
precision, and reproducibility of its measurements. It has
been also shown to correlate well with GAT, even in the
hands of inexperienced tonometrists [7–20]. Recently a
version of the Icare tonometer (Icare ONE) for home mea-
surement of IOP by patients became commercially available
[21]. The purpose of the present study was to compare Icare
ONE measurements with GAT.

Methods

Sixty normal subjects were recruited to participate in the
study. Subjects had no significant ocular history, were free
of ocular symptoms and were not taking any medication.
Subjects with physical or mental disability that prevented
them from using the instrument were excluded from the
study. The study used an Athens Eye Hospital Institutional
Review Board-approved protocol. Before the measure-
ments, all subjects received an anterior segment examina-
tion to ensure that no ocular disease existed and the cornea
was clear. Central corneal thickness (CCT) was assessed
using a non-contact optical low coherence reflectometry
(OLCR) pachymeter (Haag–Streit, Switzerland).

ICRBT’s indicator displays 11 different pressure zones
between 5 and 50 mmHg. The pressure zones are: 5–7, 7–
10, 10–14, 14–18, 18–21, 21–24, 24–27, 27–30, 30–35, 35–
40 and 40–50 mmHg. A series of six measurements are
obtained for an indication (specific pressure zone) to be
displayed, and an indication sounds at the last proper mea-
surement. Only correct values are taken into consideration,
since warning indications, for probe errors or wrong posi-
tion of tonometer, are displayed and sounded during mea-
surement. A built-in inclination sensor corrects the result
automatically, eliminating the tonometer’s position sensitivity.

A trained technician instructed the participant how to use
ICRBT. As the indicator led light displays a leeway per each
measurement zone, the mean value was recorded as the
respective IOP (e.g., an indication of IOP between 18–
21 mmHg was recorded as 19.5 mmHg). Two measurements
of the IOP taken from the participants, with a 10-minute
difference, were evaluated. Similarly, two IOP measurements
using the GAT with a 10-minute time interval between them
were performed by an experienced technician who was un-
aware of the previous ICRBT measurements. All measure-
ments (GAT& ICRBT) were conducted within 1 hour.

Only one eye’s IOP values for each participant, randomly
chosen, were used for the statistical analysis. The average

IOP values of each device are used to illustrate the compar-
ison of the two devices. The difference in IOP measure-
ments was calculated by subtraction: ICRBT − GAT.

Statistical analysis

Quantitative variables are expressed as mean values±SD.
Study variables were normally distributed as verified by the
Kolmogorov–Smirnov test. Intraclass correlation coeffi-
cients (ICCs) for random effects models were used to assess
interuser and intermethod agreement [22]. For intermethod
agreement, the mean values of the first and second IOP
measurements of the ICRBT and GAT methods were used.
ICCs equal or lower to 0.40 indicate poor to fair agreement,
0.41–0.60 moderate agreement, 0.61–0.80 good agreement
and over 0.80 excellent agreement [23]. Interuser and inter-
method agreement were further assessed by Bland–Altman
95% confidence intervals (CI) for limits of agreement
(LOA) [24]. The 95% CI for LOA indicates that 95% of
the differences fall between these two limits [24]. Addition-
ally, the repeatability coefficient was calculated as twice the
standard deviation of the differences. The repeatability co-
efficient specifies the range within which the 95% of the
differences between two IOP measurements of the same
user are likely to fall.

Paired t-tests were also used to investigate differences
between the measurements obtained by the two methods.

Kappa values were calculated to assess the agreement
between the twomethods across the 11 specific pressure zones
of ICRBT. GATmeasurements were classified accordingly for
the analysis in the aforementioned pressure zones. Kappa is a
measure of the level of agreement obtained in excess of that
which would be observed by chance. Given the ordered nature
of the data, weighted Kappa statistics were calculated. This
allowsmore weight to be placed on the twomeasurements that
are assigned to adjacent categories than on measurements
assigned to non-adjacent categories. Large weighted Kappa
values indicate small disagreement, in comparison with
chance levels. The maximum is value 1, corresponding to
perfect agreement; values greater or equal to 0.75 are
considered as excellent agreement, and values greater than 0.4
indicate acceptable reliability [23].

Pearson correlation coefficients were used in order to
explore the association of IOP measurements with CCT. P
values reported are two-tailed. Statistical significance level
was set at .05, and analysis was conducted using STATA 8.0
Statistical Software.

Results

The mean age of the participants was 55.5±17.5 years,
ranging from 17 to 82 years. The mean corneal thickness
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was 548.3±36.9 μm. All of the subjects were able to obtain
correct measurements with ICRBT after three attempts. The
mean intraocular pressure with ICRBT and GAT measure-
ments were 16.0±3.3 mmHg and 13.7±2.5 mmHg respec-
tively. Table 1 presents the mean IOP measurements, the
ICCs, and LOAs from ICRBT and GAT methods.

A significantly good agreement was found between the
two methods (Fig. 1). Furthermore, an overestimation was
found in ICRBT measurements compared to GAT ones as
defined from paired comparisons (p<0.001). Linear regres-
sion analysis indicated a significant slope (β00.57, p<
0.001) for the association of IOP ICRBT with GAT. Sixty-
three percent (38/60) of the paired differences between
ICRBT and GAT measurements were within the range of
3 mmHg. The agreement of the two measurements of the
same methods is shown in Table 2. ICCs and LOAs indi-
cated excellent agreement for both ICRBT and GAT meth-
ods. The weighted Kappa for the IOP measurements of the
two methods was 0.49 (95% CI: 0.30–0.68, p<0.001), in-
dicating acceptable agreement. The weighted Kappa for the
first and second IOP measurements of ICRBT method was
0.60 (95% CI: 0.43–0.77, p<0.001), while the weighted
Kappa for the first and second IOP measurements of GAT
method was 0.54 (95% CI: 0.37–0.72, p<0.001), indicating
acceptable agreement.

A significantly positive correlation was found between
ICRBT IOP measurements and CCT (r00.48, p<0.001) and
between GAT IOP measurements and CCT (r00.38, p0
0.003). Also the difference in IOP (ICRBT − GAT) meas-
urements between the two methods was positively correlat-
ed with CCT (r00.31, p00.015), indicating that greater
thickness is associated with greater differences between
the two methods. The graphical presentation of correlation
between ICRBT − GAT vs CCT is shown in Fig. 2.

Discussion

Management of glaucoma is currently based on the deter-
mination of IOP. The current approach is to measure IOP at
a routine office visit. We know however that IOP varies over

a course of a day and from day to day. Thus the sporadic
determination of IOP in the office might be of similar value
for the management of glaucoma as is the random sugar
measurement for the management of diabetes [25]. The
impact of 24-hour IOP fluctuations on glaucoma progres-
sion is a controversial issue, partly because there is not yet a
reliable measurement technology for the determination of
the 24-hour IOP. There is compelling evidence, however,
that peak IOP may occur outside office hours [26].

Thus a self-tonometer that would give us access to IOP
measurements during after- office hours, especially during
the regular activities of the patient, outside an artificial
clinical setting, would be clinically useful.

Self-tonometry may be used to uncover IOP fluctuations,
monitor the effect of medications and reinforce patient com-
pliance [27]. Hughes et al. in 2003 [28] reported that 24-
hour IOP monitoring changed the clinical management of
79.3% of the patients in their study.

The present study indicated that the Icare-ONE tonome-
ter may be used as a self-tonometer from well-motivated and
adequately trained subjects. One of its advantages is that it
does not require topical anesthesia, and it may be used by

Table 1 Agreement between the Icare ONE rebound self-tonometer (ICRBT) and Goldman applanation tonometry (GAT) intraocular pressure
(IOP) measurements

IOP (mean±SD) ICC (95% CI)* P MD (95% CI) † P‡ LOA╡

ICRBT 16.0±3.3 0.85 (0.74–0.91) <0.001 2.3 (1.8–2.8) <0.001 (−1.9; 6.5)
GAT 13.7±2.5

*intraclass correlation coefficients (ICC) — 95% confidence intervals (CI)

†mean difference (MD) — 95% confidence intervals (CI)

‡ paired t-test

╡95% confidence intervals (CI) for limits of agreement (LOA) as defined by Bland–Altman method
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Fig. 1 Limits of agreement (LOA) for Icare ONE rebound self-
tonometer (ICRBT) and Goldman applanation tonometry (GAT)
method
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patients who have difficulties in instilling drops. All of the
participants were able to obtain technically correct ICRBT
measurements under the guidance of the technician. This is
in agreement with the results of previous reports [21, 29].

The LOA between repeated ICRBT readings were±
5.5 mmHg. This compares very well with the repeatability
of rebound tonometer measurements obtained by trained
technicians described in previous studies. Davies et al. [8]
indicated that the 95% LOA between repeated ICRBT read-
ings were±5.11 mmHg. This also agrees with the repeat-
ability coefficient of measurements obtained by patients
which was reported by Asrani et al. [21] to be between
5.98 and 7.58 mmHg.

The present study found a reasonable overall correlation
between ICRBT and GAT: the weighted Kappa for the IOP
measurements of the two methods was 0.49. Nevertheless,
ICRBT overestimated IOP by 2.3 mmHg. This was similar
to most of the previous studies, which reported over-
estimations from 0.2 to 3.4 mmHg [7–20]. Recently,
Vasanthan Mutuvelou et al. [30] showed that central ICare

measurements overestimated IOP by 2 mmHg and that
peripheral measurements underestimated IOP by approxi-
mately 1.4–2 mmHg. Underestimation of IOP increased
with angled measurements. According to their hypothesis,
lesser degrees of overestimation reported in previous studies
might be attributed to angled or peripheral measurements.

The study by VasanthanMutuvelou et al. [30] indicates that
errors of self-tonometry with ICRBT may result from the
inaccurate centration of the instrument. Self-ICRBT meas-
urements may be obtained from the peripheral cornea rather
than from the center. However, the impact of the correct
centration on the accuracy of ICRBT measurements is not
clear. Chui et al. [15] showed that although the peripheral
cornea was significantly thicker than the central cornea, IOPs
obtained by the ICare at the two regions were similar, and on
average 1.94 mmHg higher than GAT measurements.

The present study indicated a positive correlation be-
tween ICRBT and CCT as well as between the difference
in IOP measurements (ICRBT − GAT) and CCT (r00.31,
p00.015), pointing out that greater thickness is associated
with greater differences between the two methods. Several
previous studies [10, 11, 18] reported that rebound tonom-
etry measurements were influenced by CCT. In concordance
with the present study, Brusini et al. [10] found that the
deviation of ICare measurements from the CCT corrected
GAT measurements correlated with CCT (r00.63, p<0.01).
Thus we must keep in mind that ICRBT measurements may
be affected by the biomechanical properties of the cornea to
a greater degree than GAT measurements.

There are several potential limitations in the present study
that prevent us from drawing conclusions about how our
results may apply to glaucoma patients. The participants
were normal subjects with normal IOPs. Additionally, they
were volunteers, highly motivated without any disability. In
contrast, glaucoma patients tend to be older with significant
comorbidity, which might affect their ability for self-
tonometry [31]. Furthermore, although the present study
indicated good agreement between ICRBT and GAT in a

Table 2 Agreement between intra-user first and second measurements of intraocular pressure (IOP) with the Icare ONE rebound self-tonometer
(ICRBT) and Goldman applanation tonometry (GAT) method

IOP (mean±SD) ICC (95% CI)* P MD (95% CI) † P‡ Repeatability coefficient** LOA╡

ICRBT 1ST 15.9±3.3 0.82(0.71–0.90) <0.001 0.1 (−0.7; 0.8) 0.871 5.5 (−5.6 ; 5.5)
ICRBT 2ND 16.0±3.9

GAT 1ST 13.9±2.8 0.87(0.81–0.93) <0.001 0.5 (−0.9 ; 0.004) 0.048 3.3 (−2.9 ; 3.8)
GAT 2ND 13.4±2.4

*intraclass correlation coefficients (ICC) — 95% confidence intervals (CI)

†mean difference (MD) — 95% confidence intervals (CI)

‡paired t-test

**repeatability coefficient: twice the standard deviation of the differences

╡95% confidence intervals (CI) for limits of agreement (LOA) as defined by Bland–Altman method
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Fig. 2 ICRBT − GAT vs CCT: scatter plot of Icare ONE rebound self-
tonometer and Goldman applanation tonometry versus central corneal
thickness measurements
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moderate IOP range, this may not be the case in high IOP
values. A previous study indicated that in high IOP values,
measurements with the ICare tonometer do not correlate
well with GAT [14]. Finally, we must take into account that
this study was based on mean IOP measurements, and that
huge leeway is allowed by the examined version of the
instrument, which might be too high for patients in need
for a very tight IOP control.

In conclusion, the present study indicated that the Icare
ONE self-tonometer may provide proper measurements in
the hands of well-trained highly motivated normal subjects.
Its measurements generally correlate well with GAT, over-
estimating IOP by approximately 2.3 mmHg. However, the
difference between ICRBT and GAT should be measured for
each individual patient, as it is affected by CCT.
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