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Purpose: The aim of the study was to statistically compare intraocular pressure (IOP) values 

measured using noncontact tonometer (NCT), Goldmann applanation tonometry (GAT) with 

fluorescein (fGAT), and GAT without fluorescein (nGAT). The study was also performed to 

test whether the values obtained using each technique change in accordance with the central 

corneal thickness (CCT) and refractive and keratometric values.

Study design: This study was a prospective study of 188 eyes of 94 healthy volunteers.

Methods: IOP was measured using fGAT, nGAT and NCT. CCT, refractive values, and 

keratometric values were measured, and the correlations and differences in the IOP for each 

tonometer were investigated.

Results: The mean IOP values obtained with the NCT, nGAT, and fGAT were 17.5±3.7, 

12.3±2.7, and 12.5±2 mmHg. The mean CCT was 538.2±34.4 µm, the mean refractive value 

was 0.9±1.2 D, and the mean keratometric value was 43.5±1.5 D. NCT was positively correlated 

with fGAT and GAT values and was significantly higher than both the values. There were no 

differences between fGAT and GAT values. No correlation was observed between the CCT and 

keratometric and refractive values and the difference between NCT and nGAT or fGAT.

Conclusion: Differences in the measurements obtained using nGAT and fGAT were insig-

nificant (P.0.05). Both values were positively correlated with NCT measurements (r =0.354, 

P,0.05) and were independent of CCT, keratometry, and refraction values. nGAT appears to 

be suitable for use in routine clinic practice.

Keywords: fluorescein, intraocular pressure, Goldmann applanation tonometry, noncontact 

tonometry, central corneal thickness, refractive value

Introduction
Glaucoma is defined as an optic neuropathy of multifactorial origin whose characteristic 

feature is optic nerve disc damage due to a loss of ganglion cells.1 Elevated intraocular 

pressure (IOP) has been found to be closely related to the development of glaucoma 

and the progression of glaucomatous damage, which is associated with nerve fiber layer 

loss and irreversible visual loss.2–4 Thus, precise measurement of IOP is important,5–7 

and IOP measurement via tonometry is essential for ophthalmological assessment.8 

The ideal device must be easy to use, fast, safe, and precise, irrespective of patient 

posture or age, cooperation by the patient, and variability due to examiners.9,10

In clinical practice, Goldmann applanation tonometry (GAT) is the gold standard 

and the most widely method for measuring IOP.11,12 Noncontact tonometer (NCT) is a 

commonly used method in IOP measurement, and works following similar principles 

with GAT without the need for topical anesthetics. NCT is well correlated with GAT. 

But NCT is affected by central corneal thickness (CCT) more than GAT.5 The principle 

of GAT is based on Imbert Fick Law.9,13 The GAT measures the force required to 
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flatten an area of the cornea with 3.06 mm diameter.13 At this 

diameter, when fully flattened (applanated), the opposing 

forces of corneal rigidity (tending to repel the tip) and tear 

film meniscus capillarity (tending to attract the tip) are 

approximately equal and thus canceled. The tonometry head 

is a plastic tip with a bi-prism, which divides the image vis-

ible through the tonometer head into two equal semicircles 

with great accuracy. Thus, an observer can easily see the 

flattened cornea. For an accurate IOP measurement, the 

semicircles should be equal, of moderate width, and should 

move with the ocular pulse. The endpoint is reached when 

the inner edges of the semicircles contact each other at the 

midpoint of their split.14

Fluorescein drops applied in the inferior fornix of the eye 

improve visualization of the two semicircles using a cobalt 

blue light. Although fluorescein increases visibility of the 

rings in the eye, disadvantages to its use exist in the clinical 

practice. The amount of intraocular fluorescein to be used 

clinically has not been standardized. Too much fluorescein 

results in wide semicircles and low readings, whereas too 

little fluorescein results in high readings. Moreover, the 

discharge of tears from the eyes and blinking prevents 

visualization of the fluorescein dye.9,15,16 Further, the ideal 

contact duration for the fluorescent strip in the eye has not 

been standardized. This affects diameter measurement of the 

visualized semicircles and leads to errors in IOP diagnosis.

Lacrimation during IOP measurement after dye applica-

tion, reflexive attempts by patients to wipe away the flowing 

dye, and patients squinting during measurement also affect 

the measurement results, and a second measurement is 

occasionally needed. The wait times needed for repeat 

measurements result in a loss of valuable time in intensive 

outpatient conditions.

It is often difficult to obtain fluorescein in hospitals in 

rural areas, and measurements are occasionally performed 

without the dye.

The aim of this study was to investigate the suitability of 

the values obtained using GAT without fluorescein (nGAT) 

compared with those obtained with a NCT and GAT with 

fluorescein (fGAT) in healthy subjects and to determine 

whether changes in CCT, keratometric values, and refractive 

values affect the efficacy of nGAT measurements.

Materials and methods
subjects
This study was a prospective comparative study involving 

188 eyes from 94 subjects performed at Maltepe University 

Ophthalmology Department in İstanbul. The study protocol 

was approved by our institutional review board (Ethics 

Committee of Maltepe University) and adhered to the tenets 

of the Declaration of Helsinki. Written informed consent 

was obtained from each subject after a full explanation of 

the procedures.

inclusion criteria
1. Patients aged between 18 and 60 years

2. Healthy individuals

exclusion criteria
1. Patients with a history of corneal disease (such as kera-

toconus and dystrophy);

2. Patients with a history of eye surgery or ocular trauma;

3. Patients with a history of inflammatory eye disease;

4. Patients with a history of systematic disease (diabetes, 

hypertension, pulmonary disease cardiac disease, etc);

5. Patients unable to maintain fixation;

6. Patients with astigmatism of 3 dioptres and above.

Technique
All procedures were explained to the subjects. The kerato-

metric values (keratometry of the corneal dioptre), refrac-

tive values, and noncontact IOP values for all participants 

were obtained using a table-top auto-refractometer (Topcon 

TRK 1 P, Topcon, Capelle aan den Ijssel, the Netherlands). 

Twenty minutes after NCT, IOP was measured with a GAT 

(Inami L-5110 Mark, Inami and Co., Tokyo, Japan) on 

a mounted slit-lamp with a fluorescein strip (fluorescein, 

Haag-Streit International Con., Ltd, Koeniz, Switzerland) 

and without fluorescein between 9 and 11 am to minimize the 

effect of diurnal variation. Between each IOP measurement, 

the subjects were allowed a 20-minute rest period to recover 

from the aqueous outflow and to avoid error introduced 

by topical anesthesia. The subjects first underwent GAT 

measurement without fluorescein. The individuals were set 

on the slit-lamp’s chair. Alcaine® (Alcon Laboratorıes, Inc, 

Fort Worth, TX, USA, proparacaine hydrochloride 0.5% 

drop) was placed in the inferior conjunctival fornix, and 

the IOP was read by a single, experienced observer under 

the maximum light of the microscope. The applanation tip 

was cleaned with 70% alcohol before each examination 

to remove fluorescein dye and prevent infection. Twenty 

minutes after nGAT measurement, individuals underwent 

fGAT measurement with fluorescein to minimize the 

“Beckrakis effect”. The individuals were again set on the 

slit-lamp’s chair, Alcaine®, and the fluorescein strip was 

applied to the inferior conjunctival fornix for a few seconds, 

and IOP was read. IOP is measured only once for each 

method and each patient.
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statistical analysis
The distribution of the variables was measured using the 

Kolmogorov–Smirnov test. The Wilcoxon test was used 

for analysis of the dependent quantitative data. Spearman 

correlation analysis was performed, and SPSS version 22.0 

(IBM Corporation, Armonk, NY, USA) was used for all 

analyses.

Results
The data were obtained from 188 eyes of 94 subjects. Among 

the subjects included in the study, 57 were females and 37 

were males. The mean age was 46±13.3 years, with a range 

of 18–72 years.

The mean IOP values for NCT, GAT, and fGAT were 

17.5±3.7, 12.3±2.7, and 12.5±2.7 mmHg, respectively 

(Table 1). There was no difference between males and 

females for IOP values.

As can be seen in Table 2, the mean CCT was 

559.3±33 µm, the mean refractive value was 0.9±1.2 D, and 

the mean keratometric value was 43.3±1.5 D.

NCT values were higher than fGAT and nGAT values, 

as shown in Table 1, and there was a significant difference 

between NCT values and fGAT and nGAT values (P,0.01, 

Wilcoxon test). However, there was no statistically significant 

difference between fGAT and nGAT values (P=0.237).

NCT values were positively correlated with fGAT 

(r =0.460, P,0.01 Spearman correlation) and nGAT 

(r =0.498, P,0.01) values (Figures 1 and 2). The mean differ-

ence in measurements obtained using different techniques was 

5.1±3.4 mmHg between NCT and fGAT, 5.0±3.2 mmHg 

between NCT and nGAT and -0.1±1.4 between fGAT and 

nGAT. The Bland–Altman plots are shown in Figures 3 

and 4. Concordance existed between all three techniques.

There was a positive correlation between NCT and CCT 

(r =0.373, P,0.01), but fGAT and nGAT values did not 

increase with increasing CCT values.

Ninety eyes were hypermetropic, 38 were myopic, and 

60 were emmetropic. There was no significant difference 

in IOP values between the three groups of eyes for each 

technique, and there was no correlation between the NCT, 

nGAT, and fGAT values and the refractive value.

There was no correlation between the keratometric value 

of the cornea and the NCT, fGAT, and nGAT values.

No correlation emerged between CCT (r =0.189, 

P=0.052), keratometric (r =0.137, P=0.062), and refractive 

values (r =0.140, P=0.055) and the differences between NCT 

and nGAT or fGAT.

Discussion
NCT is a device which used for IOP measuring that can 

be used by medical assistants in clinical practice under the 

supervision of a physician. NCT facilitates quick measure-

ments without the requirement of topical anesthesia and fluo-

rescence.2 Although GAT remains the gold standard method 

for measuring and following IOP, a significant correlation 

was found between nGAT and fGAT in our study.

Table 1 Minimum and maximum iOP value and mean ± sD for 
nCT, ngaT, fgaT

 Min–max Mean ± SD P-valuea P-valueb

nCT 10.0–30.0 17.5±3.7

ngaT 7.0–18.0 12.5±2.7 0.000

fgaT 7.0–19.0 12.3±2.7 0.000 0.269

Notes: aP difference nCT and ngaT, fgaT value; bP difference ngaT and fgaT 
value.
Abbreviations: fGAT, GAT with fluorescein; GAT, Goldmann applanation tono
meter; iOP, intraocular pressure; nCT, noncontact tonometer; ngaT, gaT 
without fluorescein.

Table 2 Minimum–maximum value, mean value ± sD of CCT, 
refractive value, keratometric value

 Minimum–
maximum

Mean ± SD

CCT (µm) 425–617 538.20±34.40

Keratometric value (keratometry  
of the corneal dioptre [D])

38.00–48.50 45.30±1.50

refractive value (spherical 
equivalent dioptre [D])

0.00–6.80 0.90±1.20

Abbreviation: CCT, central corneal thickness.

Figure 1 Correlation analysis of iOP (mmhg) between nCT and fgaT.
Abbreviations: fGAT, GAT with fluorescein; GAT, Goldmann, applanation 
tonometer; iOP, intraocular pressure; nCT, noncontact tonometer.
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IOP values measured via NCT and GAT have been 

found to be consistent, homogeneous, and not statistically 

different in many studies. Also, NCT provides an accurate 

and objective method of measuring IOP with many advan-

tages over traditional Goldmann tonometry.17–20 However, 

NCT values were significantly higher than GAT values in 

other studies5,7,8,21 nGAT and fGAT values were correlated 

in our study, and these values were significantly lower than 

NCT values.

The restrictive features of GAT are those values measured 

with GAT that can vary with corneal thickness, hardness, 

irregularities, and curvature, as well as with inadequate or 

excessive use of fluorescent dye.22

Several studies have reported that the IOP values mea-

sured using both NCT and GAT are related to corneal thick-

ness. In these studies, a statistically significant relationship 

was found between NCT, GAT, and corneal curvature.23,24 

However, no difference in GAT values was found in subjects 

with high corneal thickness and those with low corneal thick-

ness. Stabuc Silih and Hawlina21 also found no significant 

correlation between increased corneal thickness and GAT 

values. Nejabat et al25 observed that NCT and GAT were 

correlated with CCT, although GAT values was lower than 

the NCT values. In the present study, we could not ascer-

tain an increase in CCT with increasing nGAT and fGAT 

values. However, we found a positive correlation between 

NCT and CCT. The present study finding that CCT did not 

correlate with IOP reading obtained via GAT or NCT is very 

surprising and contrary to a number of previous reports.22–24 

This difference between studies may be due to the lack of 

accurate evaluation of corneal histology and rigidity. Dif-

ferent corneal hysteresis and rigidity at the same corneal 

thickness may lead to different IOP measurements. Studies 

measuring corneal hysteresis with measurement of wide 

corneal thickness distribution, use of different ethnic groups, 

measurement of corneal thickness with technically similar 

methods, and a comparison of studies may enable more 

accurate results. In the present study, corneal hysteresis or 

Figure 2 Correlation analysis of iOP (mmhg) between nCT and ngaT.
Abbreviations: gaT, goldmann applanation tonometer; iOP, intraocular pressure; 
NCT, noncontact tonometer; nGAT, GAT without fluorescein.

Figure 3 Bland–altman plot of iOP (mmhg) between nCT and fgaT.
Abbreviations: fGAT, GAT with fluorescein; GAT, Goldmann, applanation tono
meter; iOP, intraocular pressure; nCT, noncontact tonometer.

Figure 4 Bland–altman plot of iOP (mmhg) between nCT and ngaT.
Abbreviations: gaT, goldmann applanation tonometer; iOP, intraocular pressure; 
NCT, noncontact tonometer; nGAT, GAT without fluorescein.
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rigidity could not be evaluated. There was no wide corneal 

thickness distribution in the participants. These points were 

the limitations of the study.

Published literature shows that the relationship between 

NCT, GAT, and corneal curvature (keratometry of the 

corneal dioptre) has also been examined. This relationship 

was comprehensively explained by Whitacre and Stein,26 in 

addition to the identification of a positive correlation between 

corneal curvature and IOP. In some studies, as in ours, no 

correlations were observed between corneal curvature, NCT, 

and GAT.21,24 In the present study, there was also no correla-

tion between nGAT and corneal curvature. No correlation 

was found between NCT and corneal curvature, whereas a 

negative correlation was found between GAT and corneal 

curvature.27 In the same study, the difference between NCT 

and GAT showed a positive correlation with corneal curva-

ture. On the contrary, Fukuoka et al28 found a negative cor-

relation between these parameters. The differing results may 

be due to different degrees of corneal rigidity and thickness 

in the participants.

Some published studies have emphasized that IOP is 

higher in myopic eyes.28 In particular, Sánchez-Tocino et al23 

found no correlation between refraction and IOP, consistent 

with our study.23 We also found no relationship between 

nGAT and refraction. Conclusive data in this regard can only 

be obtained in studies in which refraction defects are selected 

homogeneously. Myopia prevalence is higher in some study 

groups. The inadequacy of our study was attributed to the 

low number of high myopia values.

Only two published reports have compared fGAT and 

nGAT, and the measurement methods used in these studies 

were not compared with other methods.29,30 Bright et al29 

reported that the average difference between values obtained 

with fluorescein and those obtained without fluorescein 

was 7.01 mmHg and that the tonometry readings without 

fluorescein were lower than those with fluorescein. The dif-

ference between the two measurements was too high. It can 

be considered that in this group of participants there may 

be undiagnosed glaucoma patients or ocular hypertension 

patients. Arend et al30 reported that GAT measurements with-

out the application of fluorescein were significantly lower 

than measurements with fluorescein. The average difference 

between the measurements with and without fluorescein was 

1.4 mmHg. The measurements with and without fluorescein 

were independent of the patient age, astigmatism, reason for 

consulting, and IOP level, but the researchers did not inves-

tigate the correlation with corneal curvature and refractive 

factor, only astigmatism.30

No significant difference was found between the two 

tested methods, but the nGAT values are lower than the 

fGAT values in the present study. The differences between 

the studies may be due to the differences in the patient 

group. The age of the patients, the systemic diseases they 

had, and the daytime fluctuations in eye tension can affect 

the results of statistics.

Other reasons for different results may be related to 

accurate calibration of the amount of fluorescein used, irre-

spective of patient posture, bad cooperation by the patient, 

and variability due to examiners’ methodologies.

Use of nGAT avoids the problem of standardization for 

the amount of fluorescein used, issues resulting from dif-

ferences in the use of fluorescein between operators, and 

false readings and dye scattering caused by the blink reflex 

in the patient.

We could not use a rebound tonometer or dynamic 

counter tonometer to compare IOP measurements. If we 

compared IOP measurements obtained with and without 

fluorescein and using a different technique, we may obtain 

more accurate results.

Another limitation was that we could not obtain data on 

the presence of glaucoma, ocular hypertension, and border-

line cases. Such patients may require robust follow-up and 

examination. Moreover, examinations should be performed 

with other techniques during IOP follow-up, in which long-

term results can lead to serious consequences.

Conclusion
In the present study, with all of these restrictive factors, 

no significant difference was found between nGAT and 

fGAT, and these two measurements correlated positively 

with significantly high NCT values. Therefore, nGAT 

may be a suitable substitute for fGAT in clinical prac-

tice. It is anticipated that this method will be practiced in 

countries and regions where the supply of fluorescence is 

particularly limited. Also, nGAT appears preferable than 

fGAT and is routinely used because it does not require 

fluorescein.
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