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Abstract
· AIM: To evaluate the intraocular pressure (IOP)
measurements by Icare rebound tonometer over a
contact lens in comparison with Goldmann applanation
tonometry (GAT).

· METHODS: Fifty patients using contact lens were
included in this study. One of the eyes of the patients
was selected randomly and their IOP were measured by
rebound tonometer with and without contact lens (RTCL,
RT respectively) and by GAT, as well as their central
corneal thickness (CCT) by optical pachymeter. The
results of both methods were compared by correlation
analysis, general linear method repeated measure and
Bland-Altman analysis.

·RESULTS: Mean IOP values measured by RTCL, RT
and GAT were 15.68依3.7, 14.50依3.4 and 14.16依2.8 ( <
0.001), respectively. Mean IOP by RTCL was significantly
higher than the measurements implemented by RT and
GAT ( <0.001), while there was no difference between
the measurements by GAT and RT ( =0.629). There was
a good level of positive correlation between GAT and
RTCL as well as RT ( =0.786 <0.001, =0.833 <
0.001, respectively). We have observed that CCT increase
did not show any correlation with the differences of the
measurements between RTCL and RT ( =0.329), RTCL
and GAT ( =0.07) as well as RT and GAT ( =0.189) in
linear regression model.

·CONCLUSION: The average of the measurements over
contact lens by rebound tonometer was found to be
higher than what was measured by GAT. Although this
difference is statistically significant, it may be clinically
negligible in the normal population.

·KEYWORDS: contact lens; intraocular pressure; rebound
tonometer
DOI:10.3980/j.issn.2222-3959.2015.03.18

Nacaroglu SA, Un ES, Ersoz MG, Tasci Y. Intraocular pressure

measurement over soft contact lens by rebound tonometer: a

comparative study. 2015;8(3):540-543

INTRODUCTION

A mong tonometers for IOP measurement, Goldmann
applanation tonometry (GAT) is the gold standard [1].

Accuracy of GAT measurement depends on many factors
such as corneal thickness, corneal biomechanics and corneal
curvature [2]. Furthermore, this device is dependent on slit
lamp and can not implement measurements over a contact
lens because it requires florescein dye. However, Icare
tonometer that implements measurements based on rebound
principle, is a lightweight, portable and quick measuring
device. Besides, it does not require topical anaesthesia and
can measure over a contact lens [3]. Previous studies have
shown that there is a good level of correlation between Icare
tonometer and GAT [4,5]. The aim of this study is to assess the
accuracy of intraocular pressure (IOP) measurements using
Icare rebound tonometer with and without refractive contact
lenses (RTCL, RT respectively), to compare with the
measurements by GAT, and to evaluate the effect of central
corneal thickness (CCT) on these measurements.
SUBJECTS AND METHODS
Randomly selected 50 eyes of 50 patients were included in
this study, who were wearing spherical silicon hydrogel
refractive (senofilcon A) contact lenses and followed up at
the Cornea and Contact Lens Unit of the Ophthalmology
Clinic of Izmir Tepecik Education and Research Hospital
between January 2012 and June 2012. All contact lenses fit
had an 8.40 mm base curve, 14.0 mm total diameter, 0.72
MPa modulus, 38% water content and had different central
contact lens thicknesses ( 0.07 mm for -3.00 D). Each
case was subjected to an ophthalmological examination
before being included in the study. All patients underwent
measurement of best corrected visual acuity (Snellen charts),
visual field examination (30-2, Humphrey Field Analyzer;
Dublin, CA, USA), optical corneal pachymeter (Topcon誖
SP-2000P, Japan), examination of the anterior and posterior
segments of the eye. The cases having any ocular pathology,
any refractive error with spherical equivalent beyond the
interval of +2.00 D and -4.00 D, any corneal astigmatism
above 1.00 D, any corneal scar, glaucoma suspect, glaucoma
history in the family, and ocular surgery history, were
excluded.
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After approval was obtained from the ethical board of our
hospital, written informed consent was also obtained from all
patients. The study was executed in accordance with the
ethical standards specified in the Declaration of Helsinki
(2008).
IOP measurements were performed by three resident doctors,
unaware of each other. The first IOP measurement was
implemented over contact lens by Icare誖 TA01i (Finland).
By this device which gives the average of four values,
excluding the maximum and minimum IOP, three
consecutive measurements were made, and the average was
taken. After contact lens was removed, and CCT was
measured by Topcon誖 SP-2000P (Japan) optical pachymeter
three times, and were averaged, IOP value without lens was
obtained by average of three measurements by Icare done by
another resident doctor without using anesthetic drop. After
topical anesthetic and fluorescein eye stain instillation, IOP
was measured three times by GAT by another resident doctor
and their averages were recorded. All measurements were
completed within 15min.
Statistical analysis was performed by using Statistical
Package for Social Science (SPSS 19.0 for Windows; SPSS
Inc., Chicago, USA). The results of two devices, as well as
repeated measurements, were compared by general linear
model repeated measure. Post hoc tests were done by
Bonferoni correction. Correlation analysis was done by
Pearson's correlation coefficient test. Bland-Altman analysis
was used to demonstrate the compatibility of both devices.
The relation between CCT and IOP measured by Icare was
evaluated by using regression analysis. <0.05 value was
accepted as significant.
RESULTS
Thirty-six (72%) of the cases were women, 14 (28%) were
men, and their mean age was 26.52依6.12y (18-41). Mean
CCT was 540依33.5 滋m. Mean best corrected visual acuity
was 0.89依0.14 with Snellen chart (Table 1).
The mean IOP measurement by RTCL was 15.68依3.75 mm Hg
(range 8-24), while mean IOP measurement by RT was
14.50依3.41 mm Hg (range 7-21) and mean IOP measurement
by GAT was 14.16 依2.88 mm Hg (range 9-20). IOP
measurement by RTCL was found to be significantly higher
than measurements by both RT and GAT ( <0.001). The
difference of measurements, however, between RT and GAT
was not significant ( =0.629; Table 2).
The comparison of two devices by Bland-Altman analysis is
shown in Figure 1. Measurements by RTCL tended to be
higher with respect to measurements by GAT. The average of
the difference of measurement of IOP by RT and IOP by
GAT was 0.34 mm Hg and the standard deviation was
1.89 mm Hg; the limits of agreement were -3.48 mm Hg
and +4.08 mm Hg.
The average of the difference between IOP measurement by
RTCL and IOP measurement by GAT was 1.52 mm Hg and
the standard deviation was 2.32 mm Hg; the limit of

agreement was between -3.02 and +6.16 mm Hg (Figure 2).
The difference between the IOP measurements by RT and
GAT was 臆2 mm Hg in 88% of the cases, and it was
臆3 mm Hg in 94% of the cases. The difference between the
IOP measurements by RTCL and GAT was 臆2 mm Hg in
72% of the cases, it was 臆3 mm Hg in 80% of the cases.
The difference between RTCL and RT measurements was
臆2 mm Hg in 80% of the cases and 臆3 mm Hg in 92% of
the cases.
There was a good level of positive correlation between the
measurements of GAT and RTCL as well as RT ( =0.786,

<0 . 001 , =0 . 833 , <0 . 001 , respectively ) . There
was however a very good level of positive correlation
between RTCL and RT measurements ( =0.903, <0.001).
We have observed that CCT increase in linear regression
model did not show any correlation with the differences

Table 1 Patients demographics (n=50) 
Variables sx ±  
Gender (F/M) 36/14 
Mean age (a) 26.52±6.12 
CCT (μm) 540±33.5 
Spherical equivalent (D) -1.62±1.63 
BCVA (Snellen) 0.89±0.14 

CCT: Central corneal thickness; BCVA: Best corrected visual acuity; 
SD: Standart deviation. 

Figure 1 Bland -Altman analysis comparing IOP values
measured by rebound tonometry without contact lens (RT)
and GAT X axis shows IOP means measured by RT and GAT, Y
axis shows IOP differences measured by RT and GAT. Bold line
shows the average, dashed slope shows regression curve and dim
lines show 95% confidence interval.

Table 2 Comparison and correlation of mean IOP measurements that 
were measured by RTCL, RT and GAT 

IOP sx ±  P r P 

RTCL-RT 15.68±3.75 - 14.50±3.41 <0.001 0.903 <0.001 
RTCL-GAT 15.68±3.75 - 14.16±2.88 <0.001 0.786 <0.001 
RT-GAT 14.50±3.41 - 14.16±2.88 0.629 0.833 <0.001 

IOP: Intraocular pressure; RTCL: Rebound tonometry with contact lens; RT: 
Rebound tonometry without contact lens; GAT: Goldmann applanation 
tonometry. 
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between RTCL and RT measurements ( =0.329), RTCL and
GAT measurements ( =0.07) as well as RT and GAT
measurements ( =0.189; Figures 3, 4, 5).
DISCUSSION
Icare tonometer is a modern tonometer that measures the IOP
by rebound method. It provides quick measurement without
requiring slit lamp, and it is a portable and lightweight
device [6,7]. Furthermore, it has advantages such as providing a
comfortable measurement without any need for local
anaesthesia. It is enabling IOP measurement over contact lens
and self-measurement by the patients[8,9].
The initial studies of the Icare tonometer compared with GAT
reported a good correlation, with a slight overestimation of
the measurements [10-12]. Although there are many studies
comparing Icare tonometer with GAT, there is a limited
number of studies comparing IOP measurement by Icare over
contact lens and without contact lens and GAT. In a study
Zeri [13] have found that IOP values measured over
contact lens by rebound tonometer were lower than the ones
directly measured over cornea. Anton [14] in a study that
they compared noncontact tonometer and rebound tonometer
in patients wearing contact lenses, the measurements over the
lens by Icare were found to be significantly higher. In this
study, we have found that RTCL measurements were
significantly higher than RT and GAT measurements, in
concordance with the results of the study published by Anton

[14].
Fernandes [4] have compared Icare and GAT in a study,
and reported that the average of the difference of
measurements by two devices was 1.34 mm Hg (95%
confidence interval -2.6 and 5.3 mm Hg) and the
measurements by Icare have the tendency of giving higher
results. Yet again in several studies in the literature

comparing Icare with GAT, these ratios vary between 0.4 and
1.9 mm Hg[15-17]. In our study, in a similar way, the average of
the differences between the measurements of RT and GAT is

Figure 2 Bland -Altman analysis comparing IOP values
measured by RTCL and GAT X axis shows IOP means
measured by RTCL and GAT, Y axis shows IOP differences
measured by RTCL and GAT. Bold line shows the average, dashed
slope shows regression curve, and dim lines show 95% confidence
interval.

Figure 4 Dot graph showing the relation between the
difference of IOP measurements of RTCL and GAT and CCT
( =0.07).

Figure 3 Dot graph showing the relation between the
difference of IOP measurements of RTCL and rebound
tonometry without contact lens (RT) and CCT ( =0.329).

Figure 5 Dot graph showing the relation between the
difference of IOP measurements of RT and GAT and CCT
( =0.189).

Rebound tonometry over soft contact lens
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0.34依1.89 mm Hg (limit of agreement -3.48 and 4.08 mm Hg).
These results are lower than the averages in the literature. In
a study by Khan and Graham [18], they showed that the IOP
measurements right after the removal of contact lens happen
to be 0.8 mm Hg lower. Inconsistent with the literature our
mean IOP was lower, since the measurements were done
immediately after lens removal. Rao [19], in their study,
have found a significant correlation ( =0.8, <0.001)
between the measurements of rebound tonometer and GAT,
besides they have evaluated how much rebound tonometer
measurement deviate from GAT measurement by variation in
CCT, and observed that the measurements of glaucoma
patients were affected by CCT increase. They have reported,
however, that such an effect did not occur in normal cases. In
this study we have found that there was a good degree of
correlation between RTCL, RT and GAT . J佼hannesson

[20] have demonstrated a negative correlation between
CCT and the difference of IOP measured by applanation and
Icare tonometry. However, in our study, neither the
difference between RTCL and GAT nor the difference
between RT and GAT, was related with CCT variation. That
is to say, as CCT increased, the measurements by rebound
tonometer with or without lens, did not show any significant
deviation from GAT measurements. However, there are some
limitations of our study. First of all, the patients who were
included in the study were from a healthy population, and
IOP readings were almost in normal range. Thereby assessing
Icare performance across the extreme values of IOP as well
in patients with glaucoma was insufficient. All measurements
were implemented over silicone hydrogel contact lenses,
different kind of contact lenses especially which have lower
modulus may cause lower IOP readings with rebound
tonometer. Another limitation is the number of patients,
further studies are needed with a higher population to
compare RT and GAT.
In conclusion, although the IOP measurements implemented
by RT were found to be higher than the measurements by
GAT, this difference was found to be statistically
insignificant. However, the measurements over contact lens
by rebound tonometer were found to be significantly higher
than both measurements without lens and measurements by
applanation. This difference is at a negligible level in clinical
practice for healthy individuals. However, more detailed
studies are needed as for glaucoma patients using contact lens
and the patients with ocular hypertension where this
difference might be significant.
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