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Abstract
Purpose : To evaluate the efficacy of using the Icare® (Icare Finland Oy, 

Vantaa, Finland) rebound tonometer combined with a simple supplementary 
device for self-measurement of intraocular pressure (IOP).

Subjects and Methods : This study involved 104 eyes of 52, healthy right-
handed volunteers.  IOP was consecutively measured using the Icare® by an 
ophthalmologist and by the participants themselves through self-examination. 
To accurately position the Icare® probe against the center of the cornea during 
self-examination, a colored board with a 7-mm-diameter central hole affixed 
to an eyeglass frame was used. Participants were then instructed to wear the 
frame, insert the Icare® probe into the hole, and self-measure the IOP of both 
eyes.

Results : Correlation was found between the IOP readings obtained by 
the ophthalmologist and those obtained by self-examination. The correlation 
was stronger when the position between the probe and cornea was in better 
alignment. In 42 eyes, the probe was precisely directed at the center of the 
cornea, and those readings were found to be strongly correlated. 

Conclusions : The Icare® combined with a simple supplementary device 
proved effective for producing reliable IOP readings, thus providing the 
possibility of using the Icare® for self-examination of IOP in both the home and 
clinical settings. 
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Introduction
It is well known that glaucoma is a leading cause of permanent 

blindness worldwide [1]. Although Intraocular Pressure (IOP) is no 
longer considered to be a cause of glaucoma, it is still an important 
risk factor for its development [2,3]. In addition, IOP measurement 
is an important indicator by which to evaluate the efficacy of various 
treatment methods [4]. Therefore, tonometry is still considered to be 
one of the gold-standard procedures associated with the treatment of 
glaucoma in the clinical setting. Despite the availability of numerous 
portable devices, the majority of ophthalmologists rely solely on 
Goldmann Applanation Tonometry (GAT) as the standard method 
for measuring IOP, a method in which the obtained IOP readings are 
used to guide decisions regarding patient management [6]. However, 
it has been reported that IOP can vary throughout the day and that 
IOP diurnal fluctuation could influence the diagnostic and prognostic 
evaluation of the glaucomatous disease [6]. Therefore, a portable and 
easy-to-use tonometer would be extremely valuable in the clinical 
setting, especially for the detection of diurnal changes in IOP, as well 
as for self-examination of IOP in the home [7,8]. 

Originally released in 2005, the Icare® (Icare Finland Oy, Vantaa, 
Finland) is a hand-held rebound tonometer that has a solenoid 
mechanism which launches a magnetized probe and detects its 
motion parameters during impact on the cornea [9,10]. This 
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tonometer is light and compact, and can measure IOP without the 
need for topical anesthesia. Thus, the characteristics of this tonometer 
may prove to be ideal for the self-examination of IOP in the home 
setting. Rebound tonometry is based on a moving object impacting 
with the ocular surface while monitoring the motion parameters of 
that object [9,10]. When IOP is low, the deceleration of the probe is 
less than that observed when IOP is high. Consequently, the higher 
the IOP, the shorter the duration of the impact. IOP is calculated from 
the measurement of impact duration and maximum deceleration [9]. 
In order to obtain more accurate IOP readings with the Icare® (i.e., no 
error bars), extra care must be taken to ensure that the probe is held 
perpendicular to the center of the cornea and that the measurements 
are taken as quickly as possible, with minimal movement of the 
operator’s hand or the patient’s eye [11]. In addition, it is vital that 
the operator stand directly in front of the patient in order to ensure 
that the probe is not tilted off-axis in either the horizontal or vertical 
plane. Thus, this difficulty is one that needs to be resolved in order for 
the Icare® to be effectively and easily used as a home tonometer for the 
self-examination of IOP.

We previously examined whether there was any correlation 
between the Icare® tonometer IOP value when measured by an 
ophthalmologist and by the patients themselves through self-
examination. However, no strong correlation was found between the 
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values measured by each method due to the difficulty that the patients 
experienced in accurately positioning the Icare® probe at the center of 
the cornea during self-examination (data not published).  

In this present study, we evaluated the efficacy of using the Icare® 
tonometer combined with a simple supplementary device for the self-
examination of IOP. The latest Icare® model available for use in Japan 
was released in 2012, and it provides some advantages compared to 
the previous Icare® model. In specific, it offers the ability to check 
the IOP of patients while their spine is in a reclining position. The 
Icare® used in this present study has some merits compared to the 
latest type; i.e., it is lighter in weight, more easily to handle for self-
examination, and it is lower in price. Soon, a newer Icare® model that 
is specifically designed for self-examination will become available 
in Japan, however, the Icare® model used in this present study is still 
useful for the self examination of IOP by using a supplementary 
method. 

Participants and Methods
In this present study, a total of 104 eyes of 52, healthy right-

handed volunteers (45 males and 7 females; age range: 25-51 years, 
mean age: 36.0±7.7 years) were enrolled. Participants who regularly 
used soft contact lenses were instructed to not wear the lenses for at 
least 24 hours prior to participation in the study. All participants had 
no history of ocular surgery, were free of ocular symptoms, and were 
not taking any medication. Informed consent was obtained from all 
subjects after receiving a detailed explanation of the study protocol. 

IOP was consecutively measured using the Icare® tonometer by 
an ophthalmologist (A.I.) and by the participants themselves. Prior 
to the examination, the participants were instructed in the proper use 
of the Icare®. In order to accurately position the Icare® probe against 
the center of the cornea during self-measurement, a single eyeglass 
frame which has a capability of changing the pupillary distance up 
to 56-70 mm was used. We adjust the glass in relation to the pupil 
distance for each patient prior to IOP measurement. A colored board 
with a 7-mm-diameter hole in its center was affixed to the eyeglass 
frame in place of the usual lens (Figure 1A). The participants were 
then instructed to wear the frame, insert the Icare® probe into the hole, 
and self-measure the IOP of both eyes with their most convenient 

method (Figure 1B). Patients always check their probe  position by 
use of a mirror in order to insure that the measurements are taken 
correctly with the Icare. The accuracy of the self-measurements by the 
participants was categorized into four subgroups based upon whether 
the position of the hole was in alignment with the papillary center 
and whether the position of the probe-tip was in alignment with the 
center of the cornea (Figure 2). Consecutive measurements were 
then obtained from each eye until either a mean reading displaying 
a static P with no bar (P) was acquired, or a total of 6 readings were 
performed, regardless of standard deviation (SD). The total number 
of attempts needed to achieve a P reading was then recorded for each 
participant.

After the participant’s self-measurement of IOP by Icare®, topical 
anesthesia (0.4% oxybuprocaine: Benoxil; Santen Pharmaceutical 
Co., Ltd., Osaka, Japan) was applied, and an ophthalmologist (A.I.) 
then measured the patient’s IOP with a Goldmann Applanation 
Tonometer (Haag-Streit AG, Konniz, Switzerland) calibrated prior 
to the inception of the study and placed over the center of the cornea. 
The IOP values were presented as mean ± SD, and a P-value less 
than 0.05 was considered statistically significant. IOP results were 
compared among those obtained by GAT, those obtained by Icare® 
as measured by the ophthalmologist, and those obtained by Icare® 
as measured by the participants. Post-hoc analysis was performed 
whenever a significant difference was found. The correlation between 
the IOP readings obtained by the ophthalmologist and those obtained 
by the participants during self-examination was evaluated using the 
Pearson correlation coefficients and regression analysis.

Results
In this study, we excluded the data of 23 eyes in which the Icare® 

probe failed to touch the cornea due to the unsuitable distance or 
malposition of the probe (subgroup D, Figure 2). In the remaining 81 
eyes, the average of IOP measured by GAT was 12.9±2.2 mmHg. The 
average of IOP using the Icare® tonometer was 14.0±2.7 mmHg by the 
ophthalmologist, and 13.7±3.7 mmHg by the participants themselves, 
respectively, which were higher than the average measured by GAT 
(P= 0.0046, 0.0131, respectively). In those 81 eyes, a slightly weak 

 

Figure 1: (A) The single eyeglass frame used in this study. A colored board 
with a 7-mm-diameter hole in its center was affixed to the eyeglass frame in 
place of the usual clear lens. (B) Self-measurement of intraocular pressure 
(IOP) using the frame and Icare®. The participants were instructed to wear 
the frame, insert the Icare® probe into the hole, and then self-measure the 
IOP of both eyes using their most convenient method.

Figure 2: Schema of the four subgroups based upon whether the position of 
the hole was in alignment with the center of the pupil and whether the position 
of the probe-tip was in alignment with the center of the cornea. Yellow 
demonstrates the colored board. Brown demonstrates the iris which can be 
confirmed from the hole in the colored board. Black demonstrates the pupil 
which can be confirmed from the hole in the colored board. (A) The center of 
the hole and the center of the pupil are corresponding. (B) The position shifts 
from the center, though the whole area of the pupil can be confirmed from the 
hole. (C) Only a portion of the pupil can be confirmed from the hole.
(D) The pupil cannot be confirmed from the hole, or the tip of the probe 
touches the eyelashes and the eyelid, or the distance between the tip of the 
probe and the center of the cornea is less than 3mm or more than 9mm.
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correlation was found between the IOP readings obtained by the 
ophthalmologist with GAT and those obtained by the ophthalmologist 
with Icare® (r = 0.525, Figure 3). In addition, a correlation was found 
between the IOP readings obtained by the ophthalmologist and those 
obtained by the participants during self-examination in those 81 eyes 
(r = 0.674, Figure 4). The correlation was stronger when the position 
between the probe and cornea was in better alignment. In 42 eyes, 
the probe touched the corneal center exactly, and those readings 
were strongly correlated (r = 0.884, Figure 5). In those 42 eyes, we 
also compared IOP readings between the right eyes and left eyes and 
found that the right eyes were in stronger correlation (r = 0.921 and 
0.857, respectively; Figure 6). 

Discussion
The Icare® rebound tonometer, which uses the impact/induction 

principle, has recently become commercially available [9]. One 
characteristic of this tonometer is that the touch of the probe to the 
cornea is so quick that there is no need for any topical anesthesia. 
Moreover, the Icare® tonometer should prove useful for children, 
in whom contact tonometry has often been difficult and because 
some children are afraid of the air puff associated with noncontact 
tonometry. However, it should be noted that in order for the Icare® 

to be effectively and easily used as a home tonometer for the self-
examination of IOP, some difficulties associated with its usage still 
need to be resolved. In a recent study by Davies [12]. that evaluated the 
reliability and repeatability of IOP measurements using Icare®, they 
concluded that measurement of IOP in normal healthy subjects using 
the Icare® produced a small, statistically insignificant positive bias 
when compared with the GAT and that intersessional repeatability 
of IOP taken with the Icare® is poorer than that of IOP taken with the 
GAT. This poor repeatability is partly due to the fact that extra care 
must be taken to ensure that the probe is held perpendicular to the 
center of the cornea and that the measurements are taken as quickly 
as possible, with minimal movement of the operator or the patients’ 
eyes in order to obtain more accurate IOP readings with the Icare® 
[11].  That group also reported that it was necessary for the operator 
to stand directly in front of the subject to ensure that the probe was 
not tilted off-axis either in the horizontal or vertical plane. In this 
study, we used a single eyeglass frame with an affixed colored board 
with a hole in its center in place of the usual clear lens as a new self-
examination method. By use of this method, the participants found 
it easy to insert the Icare® probe into the hole and to self-measure the 
IOP of both eyes using their most convenient method.

Figure 3: Graph demonstrating the correlation between the IOP readings 
obtained by the ophthalmologist with Goldman applanation tonometry and 
those obtained by the ophthalmologist using the Icare® in the 81 enrolled 
eyes.

Figure 4: Graph demonstrating the correlation between the IOP readings 
obtained by the ophthalmologist and those obtained by the participants during 
self-examination using the Icare® in the 81 enrolled eyes.

Figure 6: Graphs demonstrating the correlation between the IOP readings 
obtained by the ophthalmologist and those obtained by the participants during 
self-examination with a comparison between the right eyes (n = 19) and left 
eyes (n = 23) in 42 eyes when the probe was precisely positioned toward the 
center of the cornea.  
(A) Left eyes.  (B) Right eyes.

Figure 5: Graph demonstrating the strong correlation between the IOP 
readings obtained by the ophthalmologist and those obtained by the 
participants during self-examination in 42 eyes when the probe was precisely 
positioned toward the center of the cornea.
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In a report by Abraham [13] the effectiveness of using the Icare® 
rebound tonometer was compared with that of GAT in the hands 
of experienced and inexperienced optometrists. In their report, 
two optometrists experienced with both the GAT and the Icare® 
tonometer measured IOP in a masked fashion in 100 patients. 
In another series of 58 patients, Icare® tonometry was performed 
by an inexperienced optometrist and GAT was performed by 
an experienced optometrist. They demonstrated that the Icare® 
tonometer compared reasonably well with GAT in both experienced 
and inexperienced hands, and concluded that the high degree of 
accuracy obtained in the inexperienced hands showed that it is a 
useful instrument for healthcare workers with limited ophthalmic 
experience. We previously examined whether there was a correlation 
in the IOP readings using the Icare® tonometer as measured by an 
ophthalmologist and by the patients themselves. Our findings showed 
that there was a moderate, but not strong, correlation between the 
values measured by each method (data not published). It is possible 
that the patients themselves had difficulty in accurately positioning 
the Icare® probe toward the center of their cornea. In this present 
study, a correlation was found between the IOP readings obtained by 
the ophthalmologist and those obtained by the participants during 
self-examination in 81 of the 104 eyes (r = 0.674). In addition, this 
correlation was stronger when the position between the probe and 
the cornea was in better alignment. In 42 eyes in which the probe was 
accurately positioned toward the corneal center, the readings were 
strongly correlated (r = 0.884). From these findings, we theorize that 
with this newly developed method for self-examination by use of a 
modified eyeglass frame, the Icare® tonometer might produce highly 
reliable and also reproducible IOP self-measurements.

Previous studies have reported that IOP readings obtained 
by Icare® averaged 0.6-1.8mmHg higher compared with the IOP 
readings obtained with GAT [14-17]. Nakamura [18] compared IOP 
measurements obtained using Icare® with those obtained using GAT 
and reported a mean difference (95% limit of agreement) in IOP 
readings between Icare® and GAT of 1.40±4.29 mmHg. In this present 
study, the average of IOP using the Icare® tonometer was 1.1 mmHg 
higher than that measured by GAT, thus supporting the results 
obtained in the previous reports. Therefore, ophthalmologists need 
to keep this tendency in mind when using Icare® for the measurement 
of IOP. 

In the 42 eyes in which the probe was precisely positioned toward 
the corneal center, we compared the IOP readings between the 
right and left eyes and found that the right eyes showed a stronger 
correlation than the left eyes. We theorize that this is may be due 
to the direction of the probe possibly being slightly tilted because 
all of the participants were right-handed, thus producing a cross-
body action when measuring the left eye with their dominant right 
arm. To the best of our knowledge, this is the first report to describe 
the phenomenon that the measurement by one’s dominant arm 
may influence the readings of IOP when using Icare® for the self-
examination of IOP.

It should be noted that limitations associated with this present 
study include the small number of participants involved, the relatively 
younger study population compared with the average age of glaucoma 
patients, the fact that the participants were not glaucoma patients and 

that they were all right-handed, and the lack of information about 
each participant’s central corneal thickness (CCT) and hysteresis, 
which is known to strongly influenced IOP readings obtained with 
the Icare® [19-21]. However, Pacrou [11] reported that their findings 
related to the influence of CCT on IOP measurements obtained by the 
Icare® were unlikely to be of significance in most clinical situations, 
especially if the Icare® was used as a screening instrument. In their 
study, the Icare® over-read the GAT by 1 mmHg for every 100-μm 
increase in CCT measurements. They discussed that this result might 
be of significance in conditions in which there is marked corneal 
thickening (i.e., corneal edema). On the other hand, Munkwitz [22] 
reported that in high IOP values, measurements obtained by use of 
the Icare® tonometer do not correlate well with those obtained by 
GAT. Therefore, further studies may be needed before applying this 
self-examination method to glaucoma patients.

In conclusion, using our new self-examination method, the Icare® 
tonometer produced highly reliability IOP readings. This tonometer 
has the possibility of being used as a home tonometer and will be 
utilized clinically for the detection of diurnal changes in IOP. The new 
type Icare ONE®, which is specially designed for the self-examination 
of IOP, is soon to be released in Japan, and it has been reported that 
the new model Icare® produces good results [23]. The Icare® used in 
this present study was not specifically designed for self-examination, 
however, adding the simple supplementary method it was found to be 
reliable and highly effective for the self-examination of IOP.
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