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Clinical estimation of intraocular pressure with a non-contact tonometer
and Goldman applanation tonometer as a tool for mass screening and its
correlation with central corneal thickness: A comparative hospital based
study
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ABSTRACT

Purpose
To assess the mean difference between intra-ocular pressure measurement by
Goldmann applanation tonometer and Non Contact tonometer to determine
the suitability of tonometer for community or mass screening and the variation
in intra-ocular pressure between the two devices with respect to CCT.
Material and Methods
The proposed study was conducted on 300 eyes of 150 patients. The IOP
assessment with the Goldmann applanation tonometer was always subsequent
to that with the air-puff noncontact tonometer (AT-555). An average of three
readings taken 15 seconds apart, with each method was taken to get final
intraocular pressure reading for each eye. The central corneal thickness (CCT)
measurements were performed using the pachymeter.
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Results
Majority of the eyes were found to be in the 12-24 mmHg group i.e. 51 % eyes in the right eye and 64 % in the
left eye. 3. Mean IOP measured with NCT was 22.30±10.149 mmHg and with GAT was 18.31±7.427 mmHg,
thus showing a difference of 3.99 mmHg. In patients where IOP was <12mmHg the first group (G1), the mean
difference was 1.28mm Hg in right eye and 1.63mmHg in left eye(p=0.006). In patients with IOP 12-24 mmHg
mean IOP difference in right eye was 2.28mmHg and in left eye was 4.24mmHg (p<0.001). In patients with IOP
>24mm Hg the difference in the mean IOP for right eye was 5.69mmHg and for left eye 7.84mmHg (p<0.001).
Both the methods of IOP measurement showed positive correlation with central corneal thickness. The NCT
was more influenced by CCT than GAT; for every 10 micron CCT change, the IOP change expected with NCT
was 0.47 mmHg and GAT was 0.29 mmHg.
Conclusion
Thus we can conclude that NCT can be used as a screening procedure in tertiary care centres catering to a large
number of patients wherein it is not possible to do Goldmann applanation tonometry on all patients..
However, intraocular pressure readings may require adjustment, especially when measured with NCT in those
patients who have a CCT that is significantly different from population mean.
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INTRODUCTION

The word glaucoma came from ancient Greek,
meaning clouded or blue-green hue, most likely
describing a person with a swollen cornea or who was
rapidly developing a cataract, both of which may be
caused by chronic (long-term) elevated pressure
inside the eye. It was not until the beginning of the
19th century that the first excellent description of
glaucoma with raised ocular tension is given by the
French Dr Antoine-Pierre Demours (1818). Thereafter
the central concept of a rise in the intraocular
pressure became fully established. In London, Dr G.J.
Guthrie (1823) recognized hardness of the eye as
characteristic of a disease which he called
GLAUCOMA. Currently, glaucoma refers to a group
of eye conditions which cause characteristic damage
to the optic nerve, the “cable” that transmits the
visual message from the eye to the brain, and
characteristic damage to the visual field. This
damage is progressive, leads to loss of vision if
untreated and often is caused by “higher pressure
inside the eye” than the optic nerve can tolerate.
Glaucoma is a group of diseases that all have
degeneration of the optic nerve in common. It is the
second leading cause of blindness worldwide.1
The association between glaucoma and elevated IOP
was established in the first half of the 19th century.2
While there is no doubt that raised IOP is an
important risk factor in the development of
glaucoma, the concept of normal tension glaucoma
and ocular hypertension challenged the traditional
belief that a raised IOP was necessary for the
development of chronic open angle glaucoma or that
a raised IOP alone is sufficient for the development of
chronic open angle glaucoma. However, the ocular
hypertension treatment study (OHTS), the early
manifest glaucoma trial, the advanced glaucoma
intervention study (AGIS) and the collaborative
Normal tension glaucoma study, for example,
provide evidence that IOP reduction is beneficial in
ocular hypertension and glaucoma. In epidemiologic
studies such as the Early Manifest Glaucoma Trial,3 a
1--mm Hg reduction of intraocular pressure (IOP) led
to a 10% reduction of risk of visual field deterioration
and a 10% improvement in outcome in the Ocular
Hypertension Treatment Study.4 Even though the
vulnerability of the optic nerve can vary among
patients, a difference as small as only a 1 mm Hg in
2
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the mean IOP is important for patients with
glaucoma.
Direct measurement of IOP requires invasive
methods during surgery and is not used in clinical
practice. Thus, all current clinical tonometry methods
measure IOP indirectly, i.e. it is an estimation of the
true IOP. Tonometry methods can be divided into
four different categories according to their principles
of measurement: Indentation, Applanation, Contour
Matching and Rebound Tonometry.5
The gold standard for tonometry methods is the
Goldmann
Applanation
Tonometer
(GAT).
Goldmann and Schmidt based their novel tonometer
on the law of Imbert-Fick which states that the IOP is
proportional to the force (F) needed to applanate a
pre-defined area (A) However, Eq. 1 is only applicable
to an infinitely thin membrane with perfect elasticity
and a dry surface.2 Since the cornea meets none of
these conditions, Goldmann and Schmidt
compensated for potential errors by presuming that
the corneal thickness would be approximately 500
μm in most healthy eyes. Furthermore, they
recognized that the influence of the tear fluid and the
rigidity of the cornea would cancel out each other at a
contact area with a diameter of approximately 3.0
mm. The pre-defined area of the tonometer probe
was chosen to be 7.35 mm2 (diameter 3.06 mm)
because of practical reasons; then 1 g of force is
interpreted as 10 mmHg.6 Air puff tonometer works
with the applanation principle. An air pulse
applanates a predefined area of the cornea. An
optical sensor registers when the applanation is
complete and IOP is calculated depending on the
force needed to applanate the cornea.7 This method
has the advantage that no topical anaesthetic or risk
of corneal abrasion is involved.8 The system consists
of a central air plenum flanked on either side by a
light emitter and a light detector. As the pressure of
the air pulse directed to the cornea increases to
deform the cornea, the corneal surface behaves like a
plane mirror, reflecting light to the detector. Corneal
applanation is measured by collecting light reflected
from the central cornea. A parallel beam of light is
directed onto the central cornea at an angle of 30°
and the reflected light is measured by a photo
detector at an angle of reflection of 30°.9
ISSN#- 2277-9604

Orginal Articles

By applanation means, the normal IOP is around 16
mmHg with a Gaussian-like distribution but a tail
towards higher IOP’s in older individuals. An IOP
between 7 and 21 mmHg is considered to be
statistically normal. The upper cut-off value of 21
mmHg represents 2 standard deviations above the
mean IOP of 16 mmHg in a population of white
individuals.10
The introduction of accurate corneal pachymetry
(corneal thickness measurement), some years after
GAT, revealed a much greater variability in central
corneal thickness (CCT) than had been anticipated.
The average CCT is approximately 530–540μm, but it
can vary by 60μm or 70μm either side of this value in
healthy eyes. The impact of inter-patient variability in
CCT means that readings are underestimated in eyes
with thin corneas and overestimated in eyes with
thick corneas, with the effect amounting to
approximately ±5mmHg over the range of CCTs that
are likely to be encountered in routine clinical
practice. Once it was known that CCT influenced the
accuracy of IOP measurements, attempts were made
to develop a method to correct for it. Although CCT
compensation methods take various forms
(correction tables, formulas, computer programs),
the premise is the same; the CCT is measured and the
IOP reading is reduced if the CCT is thicker than
average or increased if the CCT is thinner than
average.11, 12
MATERIAL AND METHODS

This is a comparative, hospital based study. The
proposed study was conducted on 300 eyes of 150
patients
attending
ophthalmic
outpatient
department at SMHS hospital, Srinagar; which is the
sole referral tertiary care hospital for the Kashmir
valley and the cases were selected at random and
enrolled in the study with the aim to assess the mean
difference
between
intra-ocular
pressure
measurement by Goldmann applanation tonometer
and Air-puff tonometer, to determine the suitability
of tonometer for community or mass screening to
determine the variation in intra-ocular pressure
between the two devices with respect to CCT.
The patient were non selective with respect to sex,
ethnic group and occupation and within the age
group of 15-85 years. Patients were excluded if they
were uncooperative in the measurement of intra3
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ocular pressure by either method, if there was severe
visual loss who are unable to maintain fixation for
both methods. (BCVA <3/60) , history of recent intraocular surgery (within past 3 months) ,a known case
of glaucoma or history of anti-glaucoma medications,
history of any corneal pathology.(corneal oedema,
scars, corneal dystrophy, pterygium), astigmatism of
3 Dioptres or more, history of drug allergy to
fluorescein, proparacaine, history of corneal
refractive surgery
Procedure
All patients underwent, complete ocular examination
including unaided visual acuity and best corrected
visual acuity with refraction, anterior segment
examination by slit-lamp, and fundus examination
(including posterior vitreous, disc and macular
examination) done by direct and indirect
ophthalmoscope using 20D lens. An informed
consent was obtained from the patient to participate
in the study based on oral instructions after fully
explaining the procedure to the patient. All
examinations were performed during the same time
of the day, from 1000 to 1600 hours. The intra ocular
pressure was taken with the subjects relaxed in
seated position with both eyes open. Subjects were
asked to breathe normally and to fixate on an object
behind the examiner without blinking. The IOP
assessment with the Goldmann applanation
tonometer was always subsequent to that with the
air-puff noncontact tonometer (AT-555); this is done
to prevent bias due to a reduction of measured IOP
caused by applanation. Before performing noncontact tonometry, the patient was fully explained
about the procedure. Now, patient’s position was
adjusted and eyepiece reticule ring was brought to
good focus and then three readings were taken with
NCT (AT-555) in auto mode and average of three
readings was taken to get final intraocular pressure
reading for each eye. A gap of about 15 seconds was
kept between the two readings. After taking noncontact tonometer measurements, applanation
tonometry was performed with a gap of at least 15
minutes between both the procedures. Before
Goldmann applanation tonometry, Goldmann
applanation tonometer bi-prism was cleaned with
70% isopropyl alcohol and dried.

ISSN#- 2277-9604

Orginal Articles

The prism was attached to slit-lamp aligning the axis
of the tip with the oculars and allowing visualization
of the semicircles or mires. Maximum illumination
with cobalt blue filter and 16 times magnification was
adjusted in the slit lamp. The tonometer was to the
zero mark prior to the start of examination. The
patient was positioned on the slit-lamp with the chin
resting on the chin rest and the head against the
head rest. The eyes cornea was anesthetized using
Proparacaine Hydrochloride ophthalmic solution,
0.5% eye drops and a fluorescein strip 1% was applied
to the inferior conjunctival fornix for a few seconds to
stain the tear film.

Statistical software SPSS (Version 16.0) and
Microsoft Excel were used to carry out the statistical
analysis of data. Data was analysed by means of
descriptive statistics viz., percentages, means,
standard deviations, correlations and regression
coefficients. Graphically the data was presented by
bar diagrams, line diagrams, pie diagrams and scatter
plots. Student’s independent t-test, Paired t-test and
t-test for significance of correlation coefficient were
employed for comparing two methods of
measurements. A P-value of less than 0.05 was
considered statistically significant.
RESULTS

The patient was instructed to fixate at distance, relax
and breathe normally. Breath holding or valsalva by
the patient was avoided. The tip was advanced to
approximate the cornea. The bi-prism splits the circle
of contact into two semicircles or mires. These
semicircles appear green against a blue background.
When the inner margins of these semicircles touch,
that was taken as the end point for recording the
value. Adjustments were made to oppose the mires.
The tonometer knob rotated until the end point was
achieved and final readings were calculated by
multiplying the reading on the knob by 10 to get the
IOP in mm Hg. The period of contact with the
applanation probe was kept under 5 seconds to
minimize the IOP-reducing effect of aqueous
massage on repeated applanation readings. Three
measurements were taken with Goldmann
applanation tonometer which was averaged to get
the intra ocular pressure for each eye.

In our study, the patients belonged to the age group
of 15-71 years. The minimum age was 15 years and
the maximum age was 71 years. The patients were
age-wise subdivided into subgroups of 15-24, 25-34,
35-44, 45-54 and >=55 and there were 6% , 21.3%,
33.3%, 18.7% and 20.7% patients in each group
respectively . Majority of the patients were in the age
group of 35-44 (33.3%) and the mean age of all the
patients was 42.06±12.098. Out of 150 patients, there
were 79 males (52.7%) and 71 females (47.3%).
For the purpose of statistical analysis we divided IOP
readings in the subgroups taking Goldmann
applanation tonometer as standard, to determine
whether IOP level had any influence on the results. :
Group 1: IOP<12mm Hg, Group 2: IOP 12-24mm Hg
and Group 3: IOP>24mm Hg. In the first group, there
were a total of 20 right eyes and 21 left eyes, in the
second group, there were a total of 81 right and 96
left eyes and in the third group, there were a total of
49 right and 33 left eyes. Majority of the eyes were
found to be in the 12-24 mmHg group i.e. 51 % eyes
in the right eye GAT group and 64 % in the left eye
GAT group.

The central corneal thickness (CCT) measurements
were performed using the pachymeter. This was
done 1h after IOP measurements and an average of
two readings was taken for analysis.
Statistical Analysis
Table 1 Comparison of Overall Mean Intraocular Pressure (IOP) as measured by GAT and NCT in Study
Subjects
Measure
Mean
SD
Difference
P-value
GAT (mmHg)
NCT (mmHg)

18.31
22.30

7.427
10.149

In our study, mean IOP with NCT in right eyes of 150
patients was 22.52±10.386 and mean IOP with NCT in
4
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3.99

<0.001 (SSD)

left eyes was 22.02±9.936mm Hg. Mean IOP with
GAT in right eyes of 150 patients was 19.26±7.795mm
Hg and mean IOP with GAT in left eyes was
17.35±6.926 mm Hg. The overall mean IOP (i.e. both
ISSN#- 2277-9604
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right and left eyes) with NCT was 22.30±10.149 and
with GAT was 18.31±7.427. The mean difference in
IOP readings between two types of tonometry was

3.26(p<0.001) in right eye and 4.67(p<0.001) in left
eye and overall mean difference in IOP readings was
3.99(p<0.001).

22.30

25

18.31

20

GAT
(mmHg)

15
10
5
0
GAT (mmHg)

NCT (mmHg)

Figure 1 Comparison of overall mean intraocular pressure (IOP) as measured by GAT and NCT in Patients
Table 2 Comparison of Overall Mean Intraocular Pressure (IOP) as measured by GAT and NCT in the Right Eye
of Patients
Measure
Mean
SD
Difference
P-value
GAT (mmHg)
NCT (mmHg)

19.26
22.52

7.795
10.386

The correlation coefficient(r) between the noncontact and Goldmann applanation tonometry was
0.882 and it is a statistically significant correlation

3.26

<0.001 (SSD)

(p<0.001). Linear regression analysis was performed
to find prediction equation for IOP which came out to
be GAT=3.95+0.645*NCT.

GAT (mmHg)
22.52
23

NCT (mmHg)

22
21

19.26

20
19
18
17

GAT (mmHg)

NCT (mmHg)

Figure 2 Comparison of mean intraocular pressure (IOP) as measured by GAT and NCT in right eye of Patients
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Table 3 Comparison of Overall Mean Intraocular Pressure (IOP) as measured by GAT and NCT in the Left Eye of
Patients
Measure
Mean
SD
Difference
P-value
GAT (mmHg)
NCT (mmHg)

17.35
22.02

6.926
9.936

In the first group(G1), the mean IOP with NCT and
GAT in right eye was 10.01 mm Hg and 8.73 mm Hg
respectively and the mean difference was 1.28 mm
Hg, which was a statistically significant
difference(p=0.003) . The mean IOP in left eyes of
GAT (mmHg)

4.67

<0.001 (SSD)

patients was 10.33 mm Hg and 8.71 mmHg with NCT
and GAT respectively. The mean difference was 1.63
mm Hg which was statistically significant (p=0.006).
The correlation coefficient(r) for the group was 0.640
(p<0.001).
NCT (mmHg)
22.02

25

17.35

20
15
10
5
0
GAT (mmHg)

NCT (mmHg)

Figure 3 Comparison of mean intraocular pressure (IOP) as measured by GAT and NCT in Left eye of Patients

Table 4 Comparison of Mean Intraocular Pressure (IOP) as measured by GAT and NCT in the Right Eyes
According to Three Groups of IOP Values
Group
GAT (mmHg)
NCT (mmHg)
Difference
P-value
G1 (<12 mmHg)
G2 (12-24mmHg)
G3 (>24mmHg)

8.73
15.68
29.47

10.01
17.96
35.16

1.28
2.28
5.69

0.003 (SSD)
<0.001 (SSD)
<0.001 (SSD)

Table 5 Comparison of Mean Intraocular Pressure (IOP) as measured by GAT and NCT in the Left Eyes
According to Three Groups of IOP Values
Group
GAT (mmHg)
NCT (mmHg)
Difference
P-value
G1 (<12 mmHg)
G2 (12-24mmHg)
G3 (>24mmHg)

6

8.71
15.20
29.12

www.gjmedph.org Vol. 4, No. 4 2015

10.33
19.44
36.96

1.63
4.24
7.84

0.006 (SSD)
<0.001 (SSD)
<0.001 (SSD)
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In the third group (G3), the mean IOP with NCT and
GAT in right eyes of patients was 35.16mmHg and
29.47mmHg respectively and the mean difference
was 5.69mmHg which was statistically significant
(p<0.001). The mean IOP in left eyes of patients was
36.96mmHg and 29.12mmHg with NCT and GAT
respectively and the mean difference was 7.84mmHg
which was statistically significant (p<0.001). The
correlation coefficient(r) for the group was
0.184(p=0.096).

GAT (mmHg)

NCT (mmHg)

8.73

10.01

20

15.68

30

17.96

29.47

40

35.16

In the second group (G2), the mean IOP with NCT
and GAT in right eye of patients was 17.96mmHg and
15.68mmHg respectively and the mean difference
was 2.28mmHg which was statistically significant
(p<0.001). The mean IOP in left eyes of patients was
19.44mmHg and 15.20mmHg with NCT and GAT
respectively and the mean difference was 4.24mmHg
which was statistically significant (p<0.001). The
correlation coefficient(r) for the group was 0.513
(p<0.001)

10
0
G1

G2

G3

Figure 4 Comparison of mean intraocular pressure (IOP) as measured by GAT and NCT in Right eyes according
to three groups of IOP Values
GAT (mmHg)

NCT (mmHg)

36.96

40
29.12

30
19.44
20

10

15.20
8.71

10.33

0
G1

G2

G3

Figure 5 Comparison of mean intraocular pressure (IOP) as measured by GAT and NCT in Left eyes according to
three groups of IOP Values
7
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Table 6 Comparison of Mean Intraocular Pressure (IOP) as measured by GAT and NCT as per Gender
Gender
GAT (mmHg)
NCT (mmHg)
Difference
P-value
RIGHT EYE

LEFT EYE

Male

19.33

22.90

3.57

<0.001 (SSD)

Female

19.18

22.90

2.91

<0.001 (SSD)

Male

17.34

21.82

4.48

Female

17.36

22.25

4.89

Co-relation coefficient between difference in IOP
measurements of a patient by GAT & NCT and age of
the patient is 0.151 (p value- 0.009). Hence, there is a
weak positive correlation between IOP difference and
subject age with NCT overestimating IOP relative to

<0.001 (SSD)

GAT in older patients. This may be explained by a
stiffer cornea in older subjects, if GAT IOP
measurements are less dependent on the
biomechanical properties of the cornea.

Table 7 Comparison of Mean Intraocular Pressure (IOP) as measured by GAT and NCT between Males and
Females
Gender
GAT (mmHg)
NCT (mmHg)
Difference
P-value
Mean
SD
Mean
SD
Male
18.37
7.811
22.39
10.940
4.02
0.834 (SNSD)
Female
18.29
7.002
22.18
9.228
3.89
In our study, mean IOP measurement for right eye of
In our study Mean IOP measurement for male
all patients by GAT was 19.26±7.793 mm Hg & by
patients by GAT was 18.37±7.811 mm Hg & by NCT
NCT was 22.52±10.379 mm Hg. For left eye of all
was 22.39±10.940 mm Hg. For female patients the
patients the Mean IOP measurements made by GAT
Mean IOP measurements made by GAT was
was 17.35±6.923 mm Hg and 22.02±9.942 mm Hg by
18.29±7.002 mm Hg and 22.18±9.228 mm Hg by
NCT. Mean difference in IOP readings by two
NCT. Mean difference in IOP readings by two
instruments was 3.26 mm Hg for right eye of all
instruments was 4.02 mm Hg for male patients and
patients and 4.67 mm Hg for left eye of all patients
3.89 mm Hg for female patients (p-value 0.834).
(p-value 0.103). Hence, no statistically significant
Hence, no statistically significant variation in IOP was
variation in IOP was noted between the devices when
noted between the devices when the patient’s sex
the laterality (right and left eyes) was considered.
was considered.
Table 8 Comparison of Mean Intraocular Pressure (IOP) as measured by GAT and NCT between Right and Left
Eye of Patients
Laterality
GAT (mmHg)
NCT (mmHg)
Difference
P-value
Mean
SD
Mean
SD
Right Eye
19.26
7.793
22.52
10.379
3.26
0.103 (SNSD)
Left Eye
17.35
6.923
22.02
9.942
4.67
Intraocular pressure and central corneal thickness
In our study, both the methods of IOP measurement
showed positive correlation with central corneal
thickness. The coefficient of correlation for NCT-CCT
was 0.318 (p<0.001) and for GAT-CCT was 0.325

8
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(p<0.001). The NCT was more influenced by CCT than
GAT; for every 10 micron CCT change, the IOP
change expected with NCT was 0.47 and GAT was
0.29 as derived from a regression equation plot of
CCT and IOP.
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Table 9 Comparison of Mean Intraocular Pressure (IOP) as measured by GAT and NCT in the Right Eye of
Patients in Different Age Groups
Age group
GAT (mmHg)
NCT (mmHg)
Difference
P-value
15-24
19.33
21.46
2.13
0.19 (NSSD)
25-34
18.10
20.98
2.88
0.001 (SSD)
35-44
17.40
19.56
2.16
0.001 (SSD)
45-54
20.81
24.34
3.53
0.005 (SSD)
≥55
22.04
27.52
5.48
<0.001 (SSD)
Table 10 Comparison of Mean Intraocular Pressure (IOP) as measured by GAT and NCT in the Left Eye of
Patients in Different Age Groups
Age group
GAT (mmHg)
NCT (mmHg)
Difference
P-value
15-24
15.66
20.16
4.5
0.027 (SSD)
25-34
17.35
21.37
4.02
<0.001 (SSD)
35-44
15.53
19.43
3.9
<0.001 (SSD)
45-54
17.53
24.08
6.55
<0.001 (SSD)
≥55
20.63
25.55
4.92
<0.001 (SSD)

Scatter Plot (GAT vs NCT)

GAT (mmHg)

35

25

15

5
10

20

30

40

NCT (mmHg)

Figure 6 Scatter plot (GAT Vs NCT)
When evaluated for IOP ranges i.e. Group 1, 2 and 3;
it was observed that IOP as measured by NCT
showed a significant positive correlation with the CCT
(r=0.554, P<0.001) in the IOP range of 0-11 mmHg
(G1) compared to GAT(r=0.420, p<0.001). Both the
techniques showed a lesser significant positive

9
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correlation with the CCT in the range 12-24 mmHg
(G2) (GAT r=0.193, p=0.015; NCT r=0.204, p=0.015). In
the higher IOP range of more than 24 mmHg (G3)
none of the techniques significantly correlated with
the CCT (GAT r=0.032 p=0.775; NCT r=0.059,
p=0.594).
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DISCUSSION

The use of tonometry in the diagnosis of glaucoma
depends upon the fact that elevated IOP is one of the
characteristic of this disease process except in normal
tension glaucoma. It is also the only known
modifiable risk factor for the development of
glaucoma.
GATs and AP (i.e. noncontact tonometer) are the
most common devices for measuring IOP in daily
practice. The GAT remains the most suitable, reliable
device and is the international GOLD standard for
measuring IOP. Noncontact tonometers are easier to
use and are more convenient, for both the patient
and the examiner, than GATs. In view of this, there is
an increasing dependency in the medical community,
especially in outpatient clinics, on the AP method of
IOP measurement, despite there being some doubt
regarding the acceptance of all AP tonometer
readings. It is very important to keep in mind the
level of their agreement with the Gold standard
applanation tonometer because therapeutic and
surgical decision can be significantly affected by their
level of agreement. The purpose of this study was
to evaluate the difference, if any, between IOP
measurements taken by a Goldman Applanation
Tonometer and those taken by an Air Puff
tonometer and to see the reliability of NCT for
measurement of IOP as a screening tool.
In our study majority of the eyes were found to be in
the 12-24 mmHg group i.e. 51 % eyes in the right eye
and 64 % in the left eye. Similar results were also
obtained by Moseley MJ et al in his study of
comparison of new NCT with the Goldmann
applanation tonometry in 182 eyes of 94 patients
where most of the eyes had IOP <19mm Hg i.e. 108
eyes (59.34%).13 Our results were also comparable
with Choi WJ et al 14 and Popovich KS et al. 15
Mean IOP measured with NCT was 22.30±10.149
mmHg and with GAT was 18.31±7.427 mmHg, thus
showing a difference of 3.99 mmHg. Thus
demonstrating that the mean IOP measurements
with NCT are higher than that with GAT. In patients
where IOP was <12mmHg the first group (G1), the
mean difference was 1.28mm Hg in right eye and 1.63
mmHg in left eye which was statistically significant
10
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(p=0.006). In patients with IOP 12-24 mmHg mean
IOP difference in right eye was 2.28mmHg and in left
eye was 4.24mmHg which was statistically significant
(p<0.001). In patients with IOP >24mm Hg the
difference in the mean IOP for right eye was
5.69mmHg and for left eye 7.84mmHg which was
statistically significant (p<0.001).
Our study showed that in 78.3% of patients, the IOP
measurement by AP tonometer was higher than that
measured by GAT. It was equal to GAT measurement
in 7.3% of patients and below GAT in 14.3% of
patients. This study also showed that IOP values
measured with an AP tonometer were higher than
those measured with a GAT, especially when the GAT
measurement of IOP exceeded 24 mmHg, and that
this difference was statistically significant (P <
0.0001). Possible explanations include a non-linear
increase in corneal stiffness as IOP rises and corneal
viscoelastic properties that are not accounted for by
CCT. Similar results were also obtained by Javied
Ahmad et al16 and Dr Pande Arundhati S et al.17 In
respect to other factors effecting the IOP a
statistically insignificant measurements were
observed in relation to the patient’s age, sex, or
laterality of eyes. Similar results were also observed
by Elena Rochtchina et al18 and Qasim K Farhood.19
The study shows that in cases where IOP measured
by GAT is in the lower range in such cases IOP value
as measured by AP tonometer are more reliable in
comparison to those cases where IOP measurement
of GAT is in the higher range. As per the study
measurements of IOP by AP tonometer are usually
higher than those obtained by GAT regardless of the
patient’s age, sex, or laterality of eyes. This makes AP
tonometry a suitable method for community or mass
screenings.
In our study, both the methods of IOP measurement
showed positive correlation with central corneal
thickness. The NCT was more influenced by CCT than
GAT; for every 10 micron CCT change, the IOP
change expected with NCT was 0.47 mmHg and GAT
was 0.29 mmHg. It was also observed that IOP as
measured by NCT showed a significant positive
correlation with the in the IOP range of 0-11 mmHg
(G1) compared to GAT Both the techniques showed a
lesser significant positive correlation with the CCT in
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the range 12-24 mmHg (G2) p=0.015; NCT In the
higher IOP range of more than 24 mmHg (G3) none
of the techniques significantly correlated with the
CCT. Similar results were also obtained by Hiroki
Murase et al 20 where for every 10- μ m change in the
CCT, the IOP changed by 0.23 mmHg with the GAT
and 0.29 mmHg with the NCT. Our results were also
comparable with Meena Nair et al21 and Viney Gupta
et al.22 The technique of IOP measurement and CCT
are amongst the two most important factors that
influence IOP measurement. The effect of CCT varies
with each technique of IOP measurement. As the
CCT shows inter-individual variation, small variation
in CCT has a small effect on IOP measurement, which
may be clinically insignificant. However, larger
variation in CCT may cause false estimation of the
IOP resulting in misdiagnosis. Therefore for attaining
higher accuracy it is essential to know the
quantitative effect of CCT on different IOP measuring
techniques.
CONCLUSION

Thus we can conclude that NCT can be used as a
screening procedure in tertiary care centres catering
to a large number of patients wherein it is not
possible to do Goldmann applanation tonometry on
all patients. Goldmann applanation tonometry is the
gold standard in the clinical practice for
measurement of IOP but it is more time consuming
and further Goldmann applanation tonometry is an
invasive technique requiring contact of probe with
the cornea thus increasing the risk of corneal
abrasions
and
cross-infections.
Non-contact
tonometry can thus be considered as a valuable
screening device and can be used routinely for
measurement of IOP in all patients attending Out
Patient Department. However, intraocular pressure
readings may require adjustment, especially when
measured with NCT in those patients who have a CCT
that is significantly different from population mean.
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