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Abstract  

Background: Intraocular pressure (IOP) is an eye parameter of fundamental importance for the diagnosis of several eye 

conditions, including glaucoma, ocular hypertension, uveitis and trauma. This study aimed to evaluate the difference 

between IOP measurements taken by a Goldmann Applanation Tonometer and those taken by -care Tonometer. Methods: 

this cross sectional study comprised 180 eyes from 90 subjects males and females with age ranged between 16:62 years old. 

All patients in this study underwent Full history and full ophthalmic examination and assessment of visual acuity: 

Uncorrected visual acuity (U.C.V.A.), best corrected visual acuity (B.C.V.A.), Refraction using NIDEK Auto-

Refractometer-Keratometer, anterior segment examination by slit-lamp biomicroscopy, Intraocular pressure (IOP) 

measurement using Goldman Applanation Tonometer (Haag – Streit At 900˚ Swiss Made) and  Handheld non-contact icare 

IC100 , fundus examination (including posterior vitreous, disc and macular examination). Results: There were highly 

significant differences between IOP measurements taken by I care and IOP measurements taken by Goldmann Applanation 

Tonometer (p <0.001); the mean of IOP measured by I care (15.73±3.58) was significantly lower than the mean IOP 

measured by Goldmann (17.35±1.99), Conclusion: the I-care tonometer almost constantly produces IOP measurements 

lower than those of the gold standard Goldmann Applanation Tonometry.  
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1. Introduction 

Glaucoma is the most common cause of irreversible 

blindness worldwide. It is diagnosed by evaluating many 

factors such as intraocular pressure [IOP], cupping of the 

optic nerve head, corneal thickness, thinning of the 

retinal nerve fiber layer [RNFL] and changes in visual 

field [1].   

Although IOP is not included in the definition of 

glaucoma, it is the only alterable risk factor preventing 

the progression of glaucoma, therefore one of the most 

important steps of routine examination for early 

diagnosis is to measure IOP correctly in order to detect 

glaucoma patients most of whom are asymptomatic. 

Measuring the true IOP clinically can be challenging [2].  

Tonometry is a routine ophthalmological procedure 

that is classically performed with Goldman applanation 

tonometer (GAT) as  it is the gold standerd.The GAT 

principle is determining the force needed to flatten 

predefined area of the central cornea [2].   

Despite of being the gold standard, GAT has its 

known limitations: influence of central corneal thickness 

[CCT], corneal curvature, necessity to support the eye lid 

during measuring, use of topical anesthesia and 

fluorescein staining of the tear film [3]. 

Rebound tonometer [RT] is a new method based on 

completely different principle-analysis of motion 

parameters of bouncing probe after colliding with the 

cornea [3]. 

RT does not require topical anesthesia or fluorescein. 

The risk of spreading of infection is negligible due to the 

use of disposable probes [4]. 

The purpose of this study was to evaluate the 

difference between IOP measurements taken by a 

Goldmann Applanation Tonometer and those taken by I-

care Tonometer In healthy subject’s eyes and to observe 

the reliability of I –care. 

2. Patients and methods 

This was a cross sectional observational comparative 

study using random sample evaluated between January 

and July2021. The study population comprised 180 eyes 

from 90  participants  with age ranged between 16:62 

years old.  

Exclusion criteria: 

 History of ocular disease affecting IOP. 

 Astigmatism greater than 2 diopter and contact lens 

use within two weeks period prior to IOP   

measurement. 

 Previous ocular surgery, truma and ,or 

inflammation. 

 Family history of glaucoma. 

 Classical glaucomatous optic disk changes and focal 

or diffuse RNFL thinning. 

All patients in this study underwent Full history and 

full ophthalmic examination and assessment of visual 

acuity: Uncorrected visual acuity (U.C.V.A.), best 

corrected visual acuity (B.C.V.A.), Refraction using 

NIDEK Auto-Refractometer-Keratometer, anterior 

segment examination by slit-lamp biomicroscopy, 

Intraocular pressure (IOP) measurement using Goldman 

Applanation Tonometer (Haag – Streit At 900˚ Swiss 

Made) and  Handheld non-contact icare IC100 , fundus 

examination (including posterior vitreous, disc and 

macular examination). 

Assessment of IOP by Handheld I care IC100. 

RT measurements were performed as recommended 

by the manufacturer. The subjects were asked to look 

straight ahead to a far point while the examiner brought 

the tonometer near to the subject’s eye. Once the 

tonometer was correctly adjusted, 6 IOP readings were 
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acquired from central cornea by lightly pressing the 

tonometer button. The instrument automatically averaged 

the 6 measurements, so the mean IOP was shown on the 

display.  

Assessment of IOP by Goldmann Applanation 

The patient was asked not to drink large amounts of 

fluid (e.g. 500ml or more) for 2 hours before the test to 

prevent raised IOP.The patient was told the purpose of 

the test and is reassured that the measurement was not 

painful. The patient was instructed to relax, maintain 

position, and hold the eyes open wide. One drop of a 

Topical anaesthetic 0.4% Sterile Ophthalmic Solution 

was placed in each eye and the tip of a moistened 

Fluorescein Sodium -Test Strip was touched to the tear 

layer on the inner surface of each lower lid. 

The tonometer tip was cleaned with a sterilizing 

solution, and the tip and prism were set in correct 

position on the slit lamp ( Insert the prism into the 

tonometer holder, ensuring the 0° or 180° markings line 

up with the white line on the bracket). The disinfecting 

solution was wiped off from the tip before applying the 

tip to the eye, as many of these solutions, especially 

alcohol-based ones can be irritating to the eye or toxic to 

the epithelium and lead to a corneal abrasion. 

The tension knob was set at 1g. If the knob was set at 

0, the prism head might vibrate when it touched the eye 

and damaged the corneal epithelium.The cobalt filter was 

used with the slit beam opened maximally. The angle 

between the illumination and the microscope was 

approximately 60°. The room illumination is reduced. 

The patient was seated in a comfortable position on 

an examining chair facing the slit lamp. The heights of 

the slit lamp, chair, and chin rest were adjusted until the 

patient was comfortable and in the correct position for 

the measurement. 

The palpebral fissure was a little wider if the patient 

looked up. The patient was asked to blink the eyes once 

or twice to spread the fluorescein-stained tear film over 

the cornea. In some patients, it was necessary to hold the 

eyelids open with the thumb and forefinger of one hand. 

When the black circle near the tip of the prism moved 

slightly, it indicated contact between the prism and the 

globe. The biprism should not touch the lids or lashes 

because this stimulated blinking and squeezing. A 

monocular view was obtained of the central applanated 

zone and the surrounding fluorescein-stained tear film. 

Using the control stick until two equal semicircles were 

seen in the center of the field of view turned the tension 

knob in both directions to ensured that the instrument 

was in good position. The tension knob was rotated until 

the inner borders  of the fluorescein rings touch each 

other The reading obtained in grams was multiplied by 

10 to give the IOP in millimeters of mercury. 

The biprism was  rinsed and dried immediately after 

use to avoidcross infection. Between uses, the prism 

head soaked in a solution such as diluted bleach or 3% 

hydrogen peroxide, 70% ethanol and 70% isopropanol 

are effective as sterilizing solutions. 

The Goldmann tonometer was calibrated at least once 

a month. 

Statistical analysis 
The clinical data were recorded on a report form. 

These data were tabulated and analysed using the 

computer program SPSS (Statistical package for social 

science) version 26 to obtain: Descriptive statistics were 

calculated for the data in the form of: Median and inter-

quartile range (IQR) for quantitative data. Frequency and 

distribution for qualitative data. Analytical statistics; In 

the statistical comparison between the different groups, 

the significance of difference was tested using one of the 

following tests after establishing their non -normality by 

K-S test (One-Sample Kolmogorov-Smirnov Test) of 

normality.  Mann-Whitney test:- Used to compare mean 

of two groups of quantitative data of non-parametric 

type. Correlation coefficient:- to find relationships 

between variables. A P value <0.05 was considered 

statistically significant (*) while >0.05 statistically 

insignificant P value <0.01 was considered highly 

significant (**) in all analyses. 

3. Results  

The age of the studied group Median IQR was 36.5 

(19-45years), More than half of the participants were 

females (66.7%) and males were (33.3%), Table (1) 

There were no statistically significant differences 

between males and females in terms of IOP by 

Goldmann tonometer. There was no statistically 

significant difference between Males and Females in 

term of IOP measured by I care, Age, and BCVA (p 

>0.05), Table (2) 

There were highly significant differences between 

IOP measurements taken by I care and IOP 

measurements taken by Goldmann Applanation 

Tonometer (p <0.001); the mean of IOP measured by I 

care (15.73±3.58) was significantly lower than the mean 

IOP measured by Goldmann (17.35±1.99), Table (3) 

There was statistically significant correlation between 

IOP taken by I care and IOP measured by Goldmann 

where there is nearly perfect positive correlation (r 

=0.538; p=0.001) in right eyes and (r =0.560; p=0.001) 

in left eyes. In addition there was significant correlation 

between IOP measured by Goldmann and age (r=0.373) 

in right eyes and (r=0.362) in left eyes and there was 

significant correlation between BCVA in right and left 

eyes (r = 0.99), Table (4) 

Table (1) Age and sex distribution of the studied group  

Variable No. = 90  No. % 

Gender  Females 60 66.7 

Males 30 33.3 

   Median IQR 

Age (years)   36.5 19-45 
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SD: Standard Deviation  

 

Table (2) Comparisons between parameters in male and female subjects of studied group. 

  

 Male (n=30) Female (n=60) MW U 

test 
P value 

Median IQR Median IQR 

Age  36.5 18.0-51.5 31.5 19.0-42.75 89.5 0.644 

BCVA Rt 1.0 1.0-1.0 1.0 1.0-1.0 80.0 0.137 

BCVA Lt 1.0 1.0-1.0 1.0 1.0-1.0 80.0 0.137 

IOP I-care Rt 16.5 14.0-18.0 15.5 13.0-19.0 93.5 0.774 

IOP I-care Lt 15.5 14.0-17.0 15.0 13.0-17.75 92.0 0.723 

IOP GAT Rt 17.0 16.0-20.0 18.0 16.0-18.75 92.5 0.714 

IOP GAT Lt 17.0 16.0-20.0 18.0 16.0-18.75 94.5 0.802 

Rt: Right Lt: Left IQR : Interquartile range  MW U: Mann-Whitney U test 

 

Table (3) Comparison of IOP measured by I care and Goldmann methods in Total eyes  

 

 

SD: Standard Deviation P: Probability **: Highly Significant difference (P<0.001)  

 

Table (4) Correlations between parameters of the eyes  

 

Variable 

(no.=90)  

 
Age BCVA rt BCVA lt 

IOP I-care 

rt 

IOP I-care 

lt 

IOP GAT 

rt 

IOP GAT 

lt 

Age 
r 1.000 0.055 0.051 0.053 0.070 0.373 0.362 

P  0.609 0.631 0.622 0.512 <0.001** <0.001** 

BCVA rt 
r 0.055 1.000 0.999 -0.041 -0.202 0.053 -0.001 

P 0.609  <0.001** 0.704 0.056 0.618 0.993 

BCVA lt 
r 0.051 0.999 1.000 -0.022 -0.184 0.066 0.013 

P 0.631 <0.001**  0.833 0.082 0.536 0.906 

IOP I-care rt 
r 0.053 -0.041 -0.022 1.000 0.825 0.538 0.524 

P 0.622 0.704 0.833  <0.001** <0.001** <0.001** 

IOP I-care lt 
r 0.070 -0.202 -0.184 0.825 1.000 0.547 0.560 

P 0.512 0.056 0.082 <0.001**  <0.001** <0.001** 

IOP GAT rt  
r 0.373 0.053 0.066 0.538 0.547 1.000 0.993 

P <0.001** 0.618 0.536 <0.001** <0.001**  <0.001** 

IOP GAT lt 
r 0.362 -0.001 0.013 0.524 0.560 0.993 1.000 

P <0.001** 0.993 0.906 <0.001** <0.001** <0.001**  

P: Probability r: Spearman correlation coefficient  

**: Highly Significant correlation (P<0.001)  

 

4. Discussion 

In the present study, we included 90 male and female 

subjects with normal IOP. The median (IQR) age of the 

included subjects was 36.5(19-45) years and 66.7of them 

were females. We found statistically high significant 

differences between the IOP measurements of Goldmann 

applanation tonometry and I-care tonometer (p<0.001); 

the mean of IOP measured by i-care (15.73±3.58) was 

significantly lower than the mean IOP measured by GAT 

(17.35±1.99) 

In agreement with our findings, a cross-sectional 

study to compare the IOP tendency between I-care ic100 

and GAT by Nakakura S. [5],  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 I-care ic100, and the mean of 

two measurements was used for subsequent analysis. The 

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 obtained 

with I-care ic100 was significantly lower than that with 

GAT (P<0.001, by paired t-test) 

Similarly, another study conducted by 

Subramaniamet al, [6] to compare IOP measured by 

variables  Total 

(no.=180) 

Mean ±SD; (range) 

IOP, I care (mm Hg)  15.73±3.58; (9-25) 

IOP GAT (mm Hg)  17.35±1.99; (12-20) 

Paired t-test  -4.185 

P  <0.001 ** 
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GAT and I-care. There were 1,000 eyes among 500 

patients (274 women and 226 men) included in the study. 

Mean age was 71 years (SD 10.8, range 24–97) and 412 

patients (82.4%) had a diagnosis of POAG, PACG, or 

PXG in 1 or both eyes. Mean IOP measured by Icare was 

12.1 mm Hg (SD 4.6) and 16.2 mm Hg (SD 5.3) 

measured by GAT. The mean difference of −4.2 (3.4) 

was significant (t(999) = −39.1, p < 0.0001). 

Also like our finding, Nakakura et al, [7] compare 

IOP measured by GAT and I-care. Measurements from 

one eye of 106 subjects [57 with primary open-angle 

glaucoma, 49 healthy subjects. Differences in mean IOP 

measurements were analyzed using Bland-Altman 

analysis.  Icare ic100 showed constantly lower IOPs than 

GAT. Mean IOP difference was −4.24 mm Hg and the 

95% LOA was relatively wide (11.71 mm Hg). 

In addition, Ha Seung Joo, [8] conducted a study to 

compare intraocular pressure (IOP) measurements 

obtained via rebound tonometry (RBT, the I-care 

instrument), Goldmann applanation tonometry (GAT), 

non-contact tonometry (NCT), dynamic contour 

tonometry (DCT, PASCAL), and the TonoPen to 

investigate the consistency of readings among methods 

and the influence of ocular pulse amplitude (OPA), axial 

length (AL), and central corneal thickness (CCT) on 

RBT data.It was cross-sectional, observational study, 

analyzed data from 123 eyes of 62 patients (91 eyes with 

glaucoma and 32 without glaucoma) . The results 

showed that the mean IOP measured via RBT (13.9±2.8 

mm Hg) was significantly lower than that measured via 

GAT (15.2±2.8 mm Hg) (P<0.001). 

In contrary to our findings, Thangkhiew et al., [9] 

performed cross-sectional study to measure intraocular 

pressure (IOP) in patients with refractive errors and 

compare variations by means of ICare Rebound 

Tonometer (RT) and Goldmann Applanation Tonometer 

(GAT) and to also study the impact of central corneal 

thickness (CCT) on IOP measurements by these 

techniques. 182 sampled eyes, 82 represents male and 

the remaining 100 are female respectively were included 

in the study. The results showed that the RT detected 

higher IOP readings than the GAT and the 

overestimation being more in high myopia (RT-

GAT=1.61±2.88mmHg,p=0.002), low myopia (RT-

GAT=1.16±2.72mmHg and this was significantly higher 

than in emmetropia(RT-GAT=0.96±3.27mmHg, 

p=9.450) and hypermetropia 

Also, Galgauskas et al., [10] conducted a pilot 

clinical study in 78 eyes of 78 subjects aged 22-28 years 

old (44 women and34 men) to analyze the correlation of 

Goldmann applanation tonometer (GAT), I -Care 

tonometer and Tono-Pen tonometer results in young 

healthy persons.They found that the mean IOPs  for 

GAT, I-Care and Tono-Pen were 15.62 ±2. 281 mm Hg, 

16.29±2.726 mm Hg and 16.32 ±2.393 mm Hg, 

respectively. 

In the present study, we found that there was 

statistically significant correlation between IOP taken by 

I care and IOP measured by Goldmann where there is 

nearly perfect positive correlation (r =0.538; p=0.001) in 

right eyes and (r =0.560; p=0.001) in left eyes. As a 

result of the Bland-Altman plot showed that there was a 

narrow limit of agreement between I-care and Goldmann 

applanation tonometer. 

Similarly, Demirci et al., [11] conducted a study to 

compare .RT, NCT and GAT .180 eyes of 90 healthy 

subjects were included. According to the subjects’ ages, 

the eyes were categorized into three groups: group 1 

(age: 7–17 years), group 2 (age: 18–40 years), and group 

3 (age: 41–75 years). Subjects below 18 years were 

accepted as pediatric group. They found that there was a 

significant positive correlation in the meaning of IOP 

measurements between RT and NCT; NCT and GAT; 

and GAT and RT in all groups. In conclusion the 

measurements from the three different age groups with 

RT were found to be consistent with GAT 

measurements. The NCT measurements were 

significantly higher than those obtained by GAT. It can 

be concluded that RT is a reliable alternative for 

screening healthy subjects for whom GAT is difficult to 

implement. However, it is necessary to take into 

consideration that RT measurements are slightly lower 

than GAT measurements. 

This study also agree with Galgauskas et al., [10], 

performed a study including 78 eyes in 78 healthy 

individuals (34 males, 44 females, mean age 

23.8±1.19y) to compare GAT, RT and Tono-pen  The 

mean IOP values measured with the Tono-Pen 

tonometer, I-Care and GAT were 16.32±2.393, 

16.29±2.726, and 15.62±2.281 mm Hg, respectively. 

Clear positive correlations between GAT and I-Care, 

GAT and Tono-Pen and I-Care and Tono-Pen tonometers 

were found 

(r=0.867, P<0.001; r=0.861, P<0.001; r=0.915, P<0.001, 

respectively). The correlations between measurements 

were very strong .Bland–Altman analysis showed a 

significant mean difference (MD) in the measurements 

by GAT and I-Care of −0.679 mmHg and by GAT and 

Tono-Pen of −0.705 ( P<0.001), but there was no 

significant difference between I-Care and Tono-Pen 

( P>0.05) 

 In agreement with our study ,Ha Seung Joo [8],  

conducted a study to compare intraocular pressure (IOP) 

measurements obtained via rebound tonometry (RBT, the 

I-care instrument), Goldmann applanation tonometry 

(GAT), non-contact tonometry (NCT), dynamic contour 

tonometry (DCT, PASCAL), and the Tono-Pen to 

investigate the consistency of readings among methods 

and the influence of ocular pulse amplitude (OPA), axial 

length (AL), and central corneal thickness (CCT) on 

RBT data. It was cross-sectional, observational study, 

analyzed data from 123 eyes of 62 patients (91 eyes with 

glaucoma and 32 without glaucoma. The Bland-Altman 

scatter plot revealed that, overall, the agreement between 

IOP measurements obtained via GAT and RBT was good 

(r= 0.643, P<0.001) 

Also in agreement with our study, Brusini et al., [12] 

conducted a prospective observational study included 

178 consecutive patients with primary open-angle 

glaucoma having a mean age of 67± 13 years (range, 30–
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93 years). The Bland-Altman scatter-plot showed an 

overall fair agreement between GAT and I-Care 

tonometer IOP measurements. The mean and standard 

deviation of the differences between corresponding 

measurements were 1.0 and 3.5 mm Hg, respectively.  In 

conclusion, the IOP readings obtained with the new I-

Care tonometer have shown a reasonable concordance 

with IOP readings obtained by GAT in the sample study, 

suggesting that I-Care can be considered an appropriate 

tonometry method for routine clinical use. 

 

5. Conclusion 

In this comparative study between GAT and I-care 

tonometer measurements; we concluded that the I-care 

tonometer almost constantly produces IOP measurements 

lower than those of the gold standard Goldmann 

Applanation Tonometry. Thus, I-care tonometer can be 

used as ascreening tool to measure IOP in communitay 

practice as it is  user-friendly device that requires little 

training and does not require the use of topical anesthesia 

. however, further studies are still needed to confirm our 

findings as the study was a singlecenter experience and 

therefore the results cannot be generalized to the general 

population. 

Sources of funding 

There was no particular grant for this study from 

governmental, commercial, or non-profit funding bodies. 

Conflicts of interest 

No conflicts of interest 

 

References  

[1] RN.Weinreb, T.Aung, FA.Medeiros, The 

pathophysiology and treatment of glaucoma: a 

review. Jama.vol.311(18), pp.1901–11, 2014.  

[2] SL.Ting, LT.Lim, CY.Ooi, MM. Rahman, 

Comparison of Icare rebound tonometer and 

Perkins applanation tonometer in community eye 

screening. Asia-Pacific J Ophthalmol.vol.8(3), 

pp.229–32, 2019.  

[3] D.Uzlu, N.Akyol, A.Türk, Y.Oruç, A comparison 

of three different tonometric methods in the 

measurement of intraocular pressure in the 

pediatric age group. Int Ophthalmol.vol.40(8), 

pp.1999–2005, 2020.  

[4] I.Halkiadakis, A.Stratos, G.Stergiopoulos, 

E.Patsea, S.Skouriotis, P.Mitropoulos, et al. 

Evaluation of the Icare-ONE rebound tonometer as 

a self-measuring intraocular pressure device in 

normal subjects. Graefe’s Arch Clin Exp 

Ophthalmol.vol.250(8), pp.1207–11, 2012.  

[5] S.Nakakura Icare® rebound tonometers: review of 

their characteristics and ease of use. Clin 

Ophthalmol (Auckland, NZ) .vol.12, pp.1245, 

2018.  

[6] AG.Subramaniam, P.Allen, T.Toh, Comparison of 

the Icare ic100 rebound tonometer and the 

Goldmann Applanation Tonometer in 1,000 Eyes. 

Ophthalmic Res.vol.64(2), pp.321–6, 2021.  

[7] S.Nakakura, E.Mori, Y.Fujio, Y.Fujisawa, 

K.Matsuya, Y.Kobayashi, et al. Comparison of the 

intraocular pressure measured using the new 

rebound tonometer Icare ic100 and Icare TA01i or 

Goldmann applanation tonometer. J 

Glaucoma.vol.28(2), pp.172–7, 2019.  

[8] SJ.Ha Rebound Tonometers versus Other 

Tonometers: Agreement among Readings and the 

Effects of Axial Length, Ocular Pulse Amplitude, 

and Central Corneal Thickness on Readings. 

Soonchunhyang Med Sci.vol.24(1), pp.34–41, 

2018.  

[9] Thangkhiew L, Nongkynrih D, Goswami PK, 

Syiem J, Dkhar B, Lyngdoh LA. Comparison of the 

ICare Rebound Tonometer with Goldmann 

Applanation Tonometer in refractive errors among 

patients attending tertiary eye centre in North East 

India. 2019  

[10] S.Galgauskas, R.Strupaite, E.Strelkauskaite, 

R.Asoklis, Comparison of intraocular pressure 

measurements with different contact tonometers in 

young healthy persons. Int J Ophthalmol.vol.9(1), 

pp.76, 2016.  

[11] G.Demirci, SK.Erdur, C.Tanriverdi, Gulkilik G, 

Ozsutçu M. Comparison of rebound tonometry and 

non-contact airpuff tonometry to Goldmann 

applanation tonometry. Ther Adv 

Ophthalmol.vol.11, 2019. 

[12] P.Brusini, ML.Salvetat, M.Zeppieri, C.Tosoni, 

L.Parisi, Comparison of ICare tonometer with 

Goldmann applanation tonometer in glaucoma 

patients. J Glaucoma.vol.15(3), pp.213–7, 2006.  

 

 

 

 

 

 

 

 

 


