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Abstract: The rebound tonometer has a unique mechanism for measuring intraocular pressure 

(IOP) and has become popular worldwide due to its ease of use. The most notable advantages are 

the lack of an air-puff and need for topical anesthesia, ease of operation and transport, and the 

ability to use it with children. Four rebound tonometers (Icare® TA01i, Icare PRO, Icare HOME, 

and Icare ic100) are currently available for clinical examination. It is important to understand 

the characteristics of each tonometer and select the most appropriate one because the IOP values 

and the purpose of measurement are different. In this review, with the goal of improving the 

understanding of a range of tonometers, the issues with each device are discussed.
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Introduction 
History of the rebound tonometer 
The detailed mechanism of the rebound tonometer was first described in 1997 by 

Kontiola.1 This type of tonometer is still available as Icare® TA01i (Helsinki, Finland) 

(Figure 1) released in 2003. The tonometer contains a tiny 1.8-mm diameter plastic 

ball on a stainless steel wire held in place by an electromagnetic field in a handheld 

battery-powered unit.2 When the button on the back is pushed, a spring drives the wire 

and ball forward rapidly. When the ball hits the cornea, the ball and wire decelerate; 

the deceleration is more rapid if the intraocular pressure (IOP) is high and slower if 

the IOP is low.2 The speed of deceleration is measured and converted by the device 

into IOP. The mechanism of this tonometer is superior to that of the Goldmann appla-

nation tonometer (GAT), still regarded as the gold standard tonometer in glaucoma 

management, because there is no need for topical anesthesia and staining fluorescein, 

slit lamp mounting, and unnecessary infection care due to the use of a disposable probe. 

Additionally, this new tonometer does not require an air-puff compared to the conven-

tional noncontact tonometer; therefore, it can easily be used for children or animals. 

Ophthalmologists and co-medicals treating children with infant or child glaucoma can 

appreciate the benefits of the rebound tonometer because of the advantages of taking 

IOP measurements without the need for general anesthesia or sedation.3 However, the 

disadvantage of Icare TA01i is that the probe can fall out if the tonometer is facing 

downward. To overcome this problem, an updated version of the rebound tonometer, 

Icare PRO, was launched in 2010, with updated features including a built-in inclina-

tion sensor that enables IOP measurement in the supine position. The new probe 

(Figure 2) does not fall out when the tonometer is not upright and has improved 

accuracy, displaying IOP data outputs to the first decimal place.4 Icare PRO is easy to 

use, especially for measuring IOP when children are sleeping in a supine position in 
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the clinic. Previous studies have implicated peak IOP as a 

major contributor to glaucoma progression.5,6 Additionally, 

monitoring 24-hour IOP using a contact sensor tonometer7,8 

became a popular research topic around 2010. Consequently, 

home tonometry also received attention because normal 

tension glaucoma cannot be diagnosed using only one or two 

IOP measurements obtained throughout the day. Measuring 

the diurnal IOP values using home tonometry or during hos-

pitalization is useful for determining the peak IOP and the 

degree of IOP fluctuation.8,9 A rebound tonometer designed 

for home/self-use, the IcareONE, was launched in the market, 

making it possible to determine IOP values outside of office 

hours.10,11 However, IcareONE has some demerits in that 

patients can know their approximate IOP values because the 

measured IOP values are displayed with an 11-point grading 

system and patients cannot recognize whether the device is 

held accurately to measure the IOP upright. Therefore, an 

updated version of the home/self-use tonometer was devel-

oped in the form of Icare HOME released in 2014.9,12 Icare 

HOME has an automatic eye recognition system that identi-

fies the right or left eye, determines whether the instrument 

is held horizontally, and does not display the measurement 

data. Icare ic100, an updated version of Icare TA01i, has been 

available since 2016. Icare ic100 also has an upright position 

sensor like Icare HOME and Icare PRO, and the IOP value is 

displayed in a large font. The improvements in this genera-

tion of rebound tonometers were focused on preventing the 

fixation probe from falling, enabling self IOP measurements, 

and improving the upright position sensor. 

The characteristics of each device 
and IOP values
icare TA01i
Measurements methods
Icare TA01i is shown in Figure 1A and weighs ~250 g. After 

instructing the patient to relax and look straight ahead at a 

specific point to keep the eye steady, IOP measurements were 

recorded at a distance of 4–8 mm from the center of the cornea 

along the central corneal axis, and the long probe (Figure 2) 

was kept in a horizontal position to the corneal center. How-

ever, while measuring IOP in children in clinical practice, it is 

sometimes difficult to measure IOP while keeping the probe 

in a horizontal position. Clinicians should try and aim for the 

cornea even if it is the peripheral cornea at various angles 

because children often look down, up, and away (Figure 1B). 

Therefore, Icare TA01i is, in a sense, more flexible than the 

later three instruments (Icare PRO, Icare HOME, and Icare 

ic100) because it does not include a position sensor. 

After six consecutive measurements, the result is given 

with a letter P on the display followed by the IOP (Figure 1C). 

The symbols P- and P_ indicate that the SD within the  

six measurements is greater than normal. If these letters 

appear, additional measurements should be obtained to 

ensure accuracy. 

Measuring IOP with a patient in the supine position using 

Icare TA01i is difficult because the probe needs to remain 

Figure 1 icare® TA01i.
Notes: (A) Overview. (B) Measurements for children. Icare TA01i is the most flexible among the four Icare series tonometers because we can measure IOP at various 
angles. (C) Display shown with IOP.
Abbreviation: IOP, intraocular pressure.

Figure 2 Probes used in Icare® series.
Note: The short probe is only for icare® PRO, and the long probe is for Icare® 
TA01i, icare® HOMe, and icare® ic100.
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upright. To solve this problem, patients should lie on their left 

side (ie, left lateral position) when the right eye is measured 

(and vice versa). The measurement values for the lower eye 

will be artificially yet significantly higher than those for the 

upper eye because of the postural change required for the 

supine position.13 

The repeatability for Icare TA01i in the sitting position, 

recorded as intraclass correlation coefficients (ICC; three 

sets of IOP readings), was 0.9509 and 0.934.14

IOP tendency compared by GAT using 
Bland–Altman plots
IOP tendency to GAT was given as the mean IOP difference 

with SD, if applicable, and 95% limits of agreement (LOA), 

if applicable.

Previous studies have shown that Icare TA01i gives 

a slightly higher mean IOP than GAT in the sitting posi-

tion: 3.35±2.28 mmHg (95% LOA was between −1.12 and 

7.81 mmHg),15 1.40±2.19 mmHg (95% LOA was ±4.29 

mmHg),16 and 0.6±3.27 mmHg (95% LOA was between −6 

and 7 mmHg).17 

Additionally, in the supine position, Icare TA01i gives 

slightly higher mean IOP than GAT: 1.49±2.90 mmHg (95% 

LOA was between −4.20 and 7.18 mmHg) in our results.18 

However, these previous studies enrolled relatively young 

patients or subjects. In our prospective study of healthy older 

subjects with a mean age of 72 years, Icare TA01i gave 

lower mean IOP compared to GAT (−2.46±2.10 mmHg; 

95% LOA was between −8.25 and 1.66 mmHg).14 These 

age-related IOP changes noted using the rebound tonometer 

were first reported by González-Méijome et al.20 The mean 

patient age was 45 years (range 18–85 years). They found 

a negative correlation between age and IOP in the nasal 

and temporal cornea, but not in the corneal center.20 These 

results are contradictory to our data18 and those of Sakamoto 

et al19 (IOP was measured at the corneal center). Sakamoto 

et al19 reported that older age resulted in the underestimation 

of IOP measured using GAT with IcareONE, which uses 

a long probe. Increasing the collagen diameter and larger 

interfibrillar spacing induced thickening of the peripheral 

cornea.21 These topographical differences in the stromal 

collagen and age-related changes may explain the IOP age-

related tendency. Grabner et al reported the elastic properties 

of cornea using dynamic corneal imaging system and that the 

corneal resistance to indentation was positively correlated to 

IOP and central corneal thickness, but negatively correlated 

with age (ie, elderly patients have lower resistance).22 This 

supports the finding that older patients have lower IOP with 

Icare TA01i.

Additionally, corneal biomechanical factors such as cor-

neal hysteresis and corneal resistance factor measured by the 

ocular response analyzer also influenced the IOP measured 

using Icare TA01i.23,24

Other aspects of the IOP measuring situation that affect 

the IOP values have also been reported. Beasley et al reported 

that Icare TA01i is insensitive to small deviations (within 

10°) that can occur during the measurements in general 

ophthalmic practice.25 Takenaka et al reported that IOP 

measurements at 2 mm from the limbus in the nasal and 

temporal regions with the probe perpendicular to the cornea 

were approximately equal to the IOP measured with the 

GAT.26 These findings are in accordance with the observa-

tion that when measuring IOP using Icare TA01i, as long 

as we kept the probe perpendicular to the cornea, the IOP 

values were robust. 

Icare PRO 
Measurements methods
Icare PRO is an updated version of the Icare TA01i rebound 

tonometer and has been available since 2011. The overall 

picture is shown in Figure 3A and the weight is ~275 g. The 

tonometer functions by bouncing a novel magnetized probe 

off the cornea and measuring the subsequent deceleration of 

the short probe (Figure 2).

IOP measurements were taken in accordance with the 

manufacturer’s manual, with the tonometer positioned 

3–7 mm from the center of the cornea along the central 

corneal axis. The position sensor allows IOP measurements 

in both horizontal and vertical positions. A slight tilt of the 

instrument in either of the positions prevents the probe from 

being launched. 

After six consecutive measurements, a background 

color is displayed followed by the IOP. Background colors 

Figure 3 Icare® PRO.
Note: (A) Overview and (B) display panel shown with IOP values and measurement 
validity with color (green, yellow, and red).
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of yellow or red indicate a slightly high or high SD among 

the different measurements, respectively. If yellow or red 

appeared, we repeated this procedure to ensure accuracy, until 

the IOP obtained was displayed in green, which indicates an 

accurate final measurement (Figure 3B). 

The repeatability of Icare PRO, recorded as ICC (three 

sets of IOP readings), was 0.88114 and 0.8634 in the sitting 

position, and 0.6564 in the supine position. 

IOP tendency compared by GAT using 
Bland–Altman plots
Icare PRO gives a mean IOP closer to that obtained with 

GAT. Previous reports showed that the mean IOP difference 

between Icare PRO and GAT was −0.38 mmHg (95% LOA 

was unclear),27 −0.22 mmHg (95% LOA was between −2.8 

and 2.4 mmHg),28 0.01±2.16 mmHg (95% LOA was 

between −4.22 and 4.25 mmHg),10 0.1 mmHg (95% LOA 

was between −3.6 and 3.8 mmHg),29 and 0.43±2.28 mmHg 

(95% LOA was between −4.04 and 4.90 mmHg).4 

In the supine position, the repeatability of Icare PRO was 

slightly lower than in the sitting position (ICC of three sets of 

values; 0.656 vs 0.863); however, the IOP difference between 

Icare PRO and GAT was only 0.14±2.14 mmHg (95% LOA 

was between −4.06 and 4.33 mmHg)4 and −0.4 mmHg (95% 

LOA was between −5.1 and 4.3 mmHg).29

Another factor that affects the measurement of IOP values 

is manual eyelid manipulation, which increases IOP (about 

1.2 mmHg), especially in small palpebral fissure patients.28 

It is rare to use a device like Icare PRO with such eyelid 

manipulation. However, when the examiner opens the eye-

lids manually and compresses the eyeball as in Baek et al,28 

the tendency of the IOP to increase should be kept in mind. 

The effect of aging on IOP values has not been investigated 

with this probe and instrument. However, the mean IOP dif-

ference between GAT and Icare PRO was small; therefore, 

the aging effect is expected to be small. 

icare HOMe 
Measurement methods
Icare HOME is a self-monitoring tonometer designed for 

home use by glaucoma or glaucoma-suspect patients who 

require regular IOP monitoring according to the recommen-

dation of an ophthalmologist. Icare HOME is the updated 

version of IcareONE (no longer available for sale). The Icare-

ONE device displays the results of the measured IOP values 

with an 11-point grading system and thus allows patients to 

determine their own IOP values.9 Additionally, to correctly 

measure the IOP, the subject must hold the tonometer 

horizontally. However, the patient may be unable to rec-

ognize whether the device is held accurately. Therefore, 

Icare HOME is equipped with eye recognition sensors (that 

detect which eye is being observed) and positioning sensors 

(to ascertain whether it is held upright). 

An overview of Icare HOME is shown in Figure 4A. The 

instrument size is ~11×8×3 cm, and the weight is ~150 g. The 

device includes a long probe (Figure 2) similar to Icare TA01i 

and Icare ic100, but not Icare PRO. The patient presses the 

power button and loads the probe. The distance between the 

tip of the probe and the center of the cornea, along the central 

corneal axis, is set for the patient at 4–8 mm by tuning the 

knobs individually. The patient holds the tonometer in front 

of their face without any vertical or horizontal tilt and presses 

the measurement button.12 The patient must confirm whether 

they are holding the device in the correct position by check-

ing for a “green” ring signal (Figure 4B). If the instrument 

is not held horizontally, the ring signal shows up in “red.” 

Figure 4 icare HOMe.
Notes: (A) Overview. (B) Green light seen by patients during IOP measurement. (C) Display panel shown with messages.
Abbreviation: IOP, intraocular pressure.
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In addition, if the probe is too close or far from the eye, or 

if the patient’s hair or hands are in the way, the ring signal 

flashes red with an error beep. The position sensor allows IOP 

measurements in the horizontal position with green signal 

indication. A slight malposition of the instrument prevents 

the probe from being launched. 

The patient can obtain six consecutive measurements by 

continually pressing the button or obtain six measurements 

using single mode until they hear a long beep.31 Finally, the 

patient must check for the “DONE” light illuminated on 

the back panel (Figure 4C). The measurement data are not 

displayed on the panel. Therefore, it is necessary to connect 

the Icare HOME device to a PC installed with the Icare LINK 

software program (Icare, Finland Oy, Vantaa, Finland). The 

tonometer stores information for every complete measure-

ment sequence containing six measurements. The stored 

information includes the IOP in mmHg, time, date of the 

measurements, identification of the eye (right or left), and 

quality level of each measurement. The mean of four IOP 

values, excluding the maximum and minimum values of six 

consecutive measurements, is given as the IOP, similar to 

Icare TA01i. The ICC repeatability (three sets of IOP read-

ings) was 0.8129 in the sitting position.

IOP tendency compared by GAT using 
Bland–Altman plots
Evaluation of IOP using Icare HOME was performed in two 

ways: self-measurement or measurement by a second party. 

Dabasia et al reported that the mean IOP difference between 

Icare HOME and GAT was −0.3 mmHg (95% LOA was 

between −5.2 and 4.6 mmHg) by self-measurement, −1.1 mmHg 

(95% LOA was between −5.3 and 3.2 mmHg) when mea-

sured by the partner, and −1.2 mmHg (95% LOA was 

between −6.3 and 3.9 mmHg) when measured by the trainer.30 

Termühlen et al reported that the mean IOP difference 

between Icare HOME and GAT was −0.8 mmHg (95% LOA 

was between −7.2 and 5.6 mmHg) with measurement by a 

second party.12 Chen et al reported the mean IOP difference 

to be ±1 mmHg with GAT for both eyes (95% LOA was 

unclear) with self-measurement performed for both visits.31 

Pronin et al reported that the IOP difference was −2.5 mmHg 

(95% LOA was between −4.71 and 9.88 mmHg) with self-

measurement and −2.6 mmHg (95% LOA was between −3.48 

and 8.8 mmHg) with measurement by a second party com-

pared to GAT.32 Mudie et al reported that the IOP difference 

between GAT was −0.33 mmHg (95% LOA was unclear) 

with self-measurement.33 Only Takagi et al reported that the 

IOP difference between GAT was 0.70 mmHg (95% LOA 

was between −3.07 and 4.46 mmHg) with self-measure-

ment and 0.91 mmHg (95% LOA was between −2.75 and  

4.56 mmHg) as measured by a second party.34

Our previous data also show that the mean Icare HOME 

IOP was lower than that obtained with GAT 1.03 mmHg 

(95% LOA was between −5.98 and 3.91 mmHg) by self-mea-

surement.9 Despite using the same long probe for Icare TA01i 

and examination of reports for various age ranges,9,10,12,30,32,33 

the IOP obtained with Icare HOME was slightly lower than 

that obtained with GAT. This tendency is probably explained 

by 1) the instrument itself, and not the probe, because the 

IOP values with both self- and second party measurements 

are lower than those for GAT. 2) During self-measurements, 

the subject must confirm that the ring signal at the bottom 

of the probe is “green”, which is known as accommodation 

reducing the IOP.35,36 The dominant hand issue may be a 

concern for IOP measurements by Icare HOME. This is 

because precisely measuring IOP values in the left eye may 

be difficult for right-handed patients. However, this concern 

may not be pertinent in actual measurements.31,32

Diurnal IOP monitoring and its potential 
Icare HOME is available to monitor IOP changes outside 

clinic hours; however, unlike Icare PRO, the IOP cannot be 

measured in the supine position using this device. Therefore, 

IOP monitoring can only be performed while the patient is 

awake, not sleeping.

Before lending the machine to patients, it is important 

to confirm that the patient can measure IOP by himself or 

herself after adequate training of taking IOP measurements 

with Icare HOME. 

In our study, healthy young subjects could handle the 

device and measure diurnal IOP efficiently (100%).9 However, 

Dabasia et al reported that 71% of glaucoma patients and 83% 

of healthy subjects correctly measured IOP with Icare HOME 

(single measurement).30 Additionally, 67.5% of patients 

with glaucoma or glaucoma suspects (diurnal IOP),37 73% 

of glaucoma patients (single measurement),32 and 75% of 

patients with glaucoma or suspected with glaucoma (single 

measurement)33 accurately measured IOP using Icare HOME. 

Generally, the complete success of a single measurement by 

patients with glaucoma or glaucoma suspects is estimated 

to be about 70%–75%.30,32,33 Therefore, if glaucoma patients 

attempt diurnal IOP measurements, obtaining complete data 

will be more difficult. Probable reasons are 1) older patients 

have less mobility; 2) visual field defects, especially, central 

visual field disturbance, may affect the patients’ ability to 

see the “green” ring signal.
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Patient satisfaction and compliance 
Ease of use is an important factor in using this device for 

self/home monitoring. Our study included 43 healthy young 

subjects. Among these, 39.5% reported that the device 

was “easy to use,” 46.5% selected “normal,” and 13.9% 

selected “difficult to use.”9 The reasons why the six subjects 

selected “difficult to use” were “fear of the measurements” 

(4/6, 66.7%), “difficulty in operating the device” (1/6, 

16.7%), and “difficulty because of blinking” (1/6, 16.7%). 

Dabasia et al reported that among 76 healthy subjects and 

glaucoma patients, 84% selected “easy to use,” 88% selected 

“the reading was quick to obtain,” 95% selected “the mea-

surement was comfortable,” and 91% selected “I would use 

again” and “I would use this device at home.”30

Pronin et al reported that among 79 successful or partially 

successful patients (performing self-tonometry), 71% stated 

that “self-tonometry was easy,” and 92% selected “comfort-

able” and “happy to perform self-tonometry in the future.”32

Overall, the ease of use of Icare HOME for subjects and 

patients is very high; these results will encourage ophthalmolo-

gists to lend Icare HOME to patients for self/home tonometry.

icare ic100
Measurement methods
Icare ic100 is the newest version of the rebound tonometer 

and an updated version of Icare TA01i. A picture of Icare 

ic100 is shown in Figure 5A and it weighs ~230 g. After 

pressing the “Select” or “Measure” button to turn the 

tonometer on, a long probe should be loaded, in a similar 

manner to Icare TA01i and Icare HOME. Similar to Icare 

TA01i and Icare PRO, after instructing the patient to relax 

and look straight ahead at a specific point to keep the eye 

steady, IOP measurements were taken at a 4–8 mm distance 

from the center of the cornea along the central corneal axis. 

Icare ic100 has a positioning sensor unlike Icare TA01i. 

Therefore, the probe should be kept in a horizontal position 

closer to the corneal center. If malpositioned, the probe 

cannot be launched by the position sensor. Icare ic100 has 

an automatic measurement mode (six consecutive blasts by 

pushing the button deep once) or manual mode (single blast 

by pushing the button lightly, and six measurements). After 

six consecutive measurements with a long beeping sound, the 

result appears on the plain display with a green circle (OK), a 

yellow circle (acceptable variation), and “repeat” (too much 

variation) (Figure 5B). It is slightly difficult for left-handed 

clinicians to see the display. Additionally, in our limited 

impressions with recent use, Icare ic100 is more difficult to 

use for measuring IOP in children, patients in wheelchairs, 

and handicapped persons, compared to Icare TA01i because 

of its strict position sensor. 

IOP tendency compared by GAT using 
Bland–Altman plots
A literature search on PubMed on April 16, 2018 revealed no 

results on studies using Icare ic100. We conducted a cross-

sectional study to compare the IOP tendency between Icare 

ic100 and GAT. Forty-five healthy subjects were enrolled 

from April 1 to April 16, 2018. The mean age was 29.7 years 

(range 22–48 years) with 15 men (33%). 

IOP was measured twice in a randomized manner using 

GAT and Icare ic100, and the mean of two measurements 

was used for subsequent analysis. Our results showed that the 

mean IOP for Icare ic100 was 13.0±2.8 mmHg (range 3–18) 

and the IOP for GAT was 15.6±2.8 mmHg (range 9–24). 

The mean IOP difference between Icare ic100 and GAT 

was −2.53±2.77 mmHg (95% LOA was between −7.95 and 

2.89 mmHg) (Figure 6A). The mean IOP obtained with Icare 

ic100 was significantly lower than that with GAT (P,0.001, 

by paired t-test). Scatterplot of IOPs from Icare ic100 and 

GAT (Figure 6B) showed that GAT gives higher IOPs than 

Icare ic100 at almost IOP’s range. The repeatability (ICC, 

two sets of IOP readings) of Icare ic100 was 0.94 (95% CI 

0.89–0.97) in the sitting position.

Figure 5 icare ic100.
Notes: (A) Overview. The green light indicates that the sensor recognizes the 
position is upright. (B) Color display shown with IOP and validity of measurements 
(superior, IOP and blue circle means it is the second IOP measurement among six; 
middle, IOP value after six measurements with a caution [yellow circle]; and inferior 
results, “repeat”).
Abbreviation: IOP, intraocular pressure.
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Conclusion and future directions
In this review, we presented only the mean IOP differences 

compared to GAT. In general, the IOP tendency between 

two instruments is also evaluated by Bland–Altman analysis 

with 95% LOA. However, Bland–Altman analysis could not 

be found in some references. The Icare series is developing 

and spreading globally in clinical practice, with improved 

usage. To measure IOP correctly, a position sensor is useful 

to keep the instrument upright within the appropriate distance 

from the corneal center. However, this leads to contradic-

tions because the patients who critically require IOP to be 

measured using the Icare series cannot remain motionless 

and quiet. Therefore, in our practice, the first Icare TA01i 

is still useful, especially in children who are awake. The 

characteristics of Icare tonometers are summarized in 

Table 1. Clinicians should pay attention to the patients’ 

characteristics and choose the appropriate Icare tonometer. 

However, measuring IOP with Icare tonometers has greater 

merits than ever before. 
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Figure 6 (A) Box plots with mean IOP of Icare ic100 and GAT. IOP was significantly lower with the Icare ic100 than with GAT by about 2.5 mmHg. (B) Scatterplot of IOPs 
from Icare ic100 and GAT.
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