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ABSTRACT 
 

Introduction: Measurement of intraocular pressure (IOP) is a part of 
routine eye examination and key component of glaucoma screening 
and management. Goldmann Applanation Tonometry (GAT) is the gold 
standard but Non-Contact Tonometry (NCT) offers some advantages. 
This study aimed to compare IOP measurements by GAT and NCT. 
Methods: This observational study involved 80 patients (Total 159 
eyes) conducted at Bangladesh eye hospital (Malibagh branch), Dhaka, 
Bangladesh during the period of July, 2023 and December, 2023. IOP 
was measured via GAT and NCT by a single experienced 
ophthalmologist. Results: Among the 80 patients, majority of them 
were belongs to 41-70 years age group with 61.25% of females. Non-
Contact Tonometry (NCT) showed 72.50% of left eyes and 73.42% of 
right eyes with IOP levels between 10-21 mmHg. Goldmann 
Applanation Tonometry (GAT) results aligned closely. Notably, 8.75% of 
left eyes and 16.46% of right eyes exhibited no difference between GAT 
and NCT. A large portion of participants (43.75% for left eyes, 40.51% 
for right eyes) showed differences of 1-3 mmHg. Larger differences of 
>3 mmHg was observed in the remaining cases. Overall, 12.58% of all 
eyes had no difference, while 41.51% had a 1-3 mmHg difference, and 
the remaining 45.91% had a >3 mmHg difference. There is significant 
difference between NCT and GAT in mean IOP measurement of both 
eyes. Conclusion: NCT demonstrates easy way of IOP measurement as 
it doesn’t touch the cornea. It is more convenient to measure for a 
large number of patients in a short time than GAT. So, NCT is better for 
IOP screening. 
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INTRODUCTION 
ntraocular pressure (IOP) measurement is very 

important in the diagnosis and management 

of glaucoma and other ocular conditions. 

Glaucoma, often referred to as the silent killer of 

sight. It is one of the leading causes of irreversible 

blindness globally with high prevalence in Africa 

and Asia.1-3 This condition, along with other 

ocular diseases, necessitates accurate and 

reliable methods for IOP measurement. The 
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journey of IOP measurement techniques has 

evolved significantly over the years from 

rudimentary methods to sophisticated devices. 

The quest for precision and ease of use has been 

paramount. The development of these 

techniques has been driven by the need for 

accurate assessment of IOP to better understand 

and manage ocular conditions effectively.4,5 

Goldmann Applanation Tonometry (GAT) has long 

been considered the gold standard in IOP 

measurement. Its working principle, based on the 

Imbert-Fick law, involves flattening a small area 

of the cornea to gauge the IOP. This method is 

revered for its accuracy and reliability, forming 

the basis of comparison for newer tonometry 

technologies.6,7 However, GAT is not without its 

limitations and challenges. Factors such as 

corneal thickness and curvature can influence its 

readings, and the technique requires direct 

contact with the cornea, which can be 

uncomfortable for patients and carries a risk of 

infection.8,9 In contrast, Non-Contact Tonometry 

(NCT) represents a technological advancement in 

this field. NCT, utilizing a rapid air puff to 

applanate the cornea, offers a non-invasive 

approach to IOP measurement. This method is 

particularly advantageous in terms of patient 

comfort and reduced risk of infection. The ease of 

use and non-invasiveness of NCT make it an 

attractive option in clinical settings, especially for 

screening purposes.10,11 However, concerns 

regarding the accuracy of NCT compared to GAT 

and its dependency on operator skill have been 

noted in the literature.5,12 Previous research 

comparing GAT and NCT has provided mixed 

findings. Some studies have found a good 

correlation between the two methods, while 

others have reported discrepancies in 

measurements, particularly in certain patient 

populations or under specific clinical 

conditions.13-16 These inconsistencies highlight the 

need for ongoing research to optimize IOP 

measurement techniques, ensuring they are 

adaptable to diverse clinical scenarios and patient 

needs. 

This study was aimed to compare IOP 

measurements by GAT and NCT in a diverse 

patient population. We hypothesize that while 

GAT remains the gold standard in accuracy, NCT 

offers substantial benefits in terms of non-

invasiveness and ease to use, making it a viable 

alternative in certain clinical circumstances. 
 

METHODS 

This observational study was conducted at 

Bangladesh Eye Hospital, Malibagh branch in 

Dhaka, Bangladesh between July, 2023 to 

December, 2023. A total of 80 patients enrolled 

in this study on the basis of inclusion criteria, 

providing 159 eyes for analysis. One patient only 

had a left eye. Any non-cooperative patient, 

patients with history of intraocular surgery, 

patients with red and painful eyes and patients 

under 18 years of age were excluded from the 

study. IOP was measured in both eyes of each 

participant using first the NIDEK NT-530 Non-

Contact Tonometer followed immediately by the 

Carl Zeiss Meditec Ag SL 115 Classic Goldmann 

Applanation Tonometer, using the same slit lamp. 

Measurements were taken by a single 

experienced ophthalmologist. Ethical clearance 

regarding the study was obtained from the 

Institutional Review Board. Statistical analysis 

was performed using SPSS version 26.0. 
 

RESULTS 

The age range varied from 18 to 80 years, with 

the majority patients were between 41 and 70 

years. Among them, 26.25% of patients were 

aged 41-50 years, 32.5% were aged 51-60 years 

and 26.25% were 61-70 years age group. The 

mean age of the patients was 53.11±12.62 years. 

(Table I). 
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Table I: Age distribution of the Patients (n-80) 
Age in years Frequency Percentage Mean±SD 
≤20 3 3.75%  

 
 

53.11±12.62 

21-30 3 3.75% 
31-40 2 2.50% 
41-50 21 26.25% 
51-60 26 32.50% 
61-70 21 26.25% 
71-80 4 5.00% 

Total 80 100%  

 
 
 
 
 
 
 
 
 
 
 

 
 

Figure 1: Gender distribution of the Patients (n-80) 
Among the patients, 38.75% were male, representing 31 individuals, while 61.25% were female, 
constituting 49 individuals. (Figure 1) 
Table II: Comparison of Intraocular Pressure by NCT test (n-159 eyes) 

IOP Categorization Left eye (n=80) Right Eye (n=79) 

 
frequency percentage frequency percentage 

<10 mmHg 1 1.25% 1 1.27% 
10-21 mmHg 58 72.50% 58 73.42% 
>21 mmHg 21 26.25% 20 25.32% 
Mean±SD 18.83±5.358 mmHg 17.96±4.95 mmHg 

*One patient had only left eye  
In the left eye group, the majority of participants, 
comprising 72.50%, exhibited IOP levels falling 
within the range of 10-21 mmHg, followed by 
26.25% with IOP levels exceeding 21 mmHg. A 
small proportion, 1.25%, had IOP levels below 10 
mmHg. Similarly, in the right eye group, the 

distribution of IOP levels was consistent with the 
left eye group, with 73.42% falling within the 10-
21 mmHg range, 25.32% exhibiting IOP levels 
exceeding 21 mmHg, and a minimal proportion, 
1.27%, with IOP levels below 10 mmHg (Table II). 

 

Table III: Comparison of Intraocular Pressure by GAT test (n-159 eyes) 

IOP Categorization Left eye (n-80) Right Eye (n-79) 

 
frequency percentage frequency percentage 

<10 mmHg 4 5.00% 2 2.53% 
 10-21 mmHg 66 82.50% 72 91.14% 
>21 mmHg 9 11.25% 5 6.33% 
Mean±SD 15.75±5.036 mmHg 15.15±4.148 mmHg 

*One patient had only one eye and was missing their right eye  
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In the left eye, the majority of participants, 
comprising 82.50%, demonstrated IOP levels 
falling within the range of 10-21 mmHg, followed 
by 11.25% with IOP levels exceeding 21 mmHg, 
and 5.00% with IOP levels below 10 mmHg. 
Similarly, in the right eye group, the distribution 

of IOP levels was predominantly within the 10-21 
mmHg range, constituting 91.14% of participants, 
followed by 6.33% with IOP levels exceeding 21 
mmHg, and 2.53% with IOP levels below 10 
mmHg. (Table III). 

 

Table IV: Difference of IOP between GAT and NCT measurements in the left eye (n-80 eyes) 

Difference Frequency Percentage 

No Difference 7 8.75% 

Difference of 1-3 mmHg 35 43.75% 

Difference of >3 mmHg 38 47.50% 

Total 80 100% 

In Table IV, we observe the discrepancy in 
intraocular pressure (IOP) measurements 
between Goldmann Applanation Tonometry 
(GAT) and non-contact tonometry (NCT) 
specifically for the left eye, with data from 80 
eyes analyzed. The breakdown reveals distinct 
categories of differences in IOP readings between 
the two methods. Notably, 8.75% of participants 

showed no discernible difference in IOP 
measurements between GAT and NCT. About 
44% of the participants had a difference of 1-3 
mmHg, which was in the acceptable range. 
However, 47.50% of the participants, the largest 
proportion of the cases, had difference of >3 
mmHg. 

Table V: Difference of IOP between GAT and NCT measurements in the right eye (n-79eyes) 
Difference Frequency Percentage 
No Difference 13 16.46% 
Difference of 1-3 mmHg 32 40.51% 
Difference of >3 mmHg 34 43.03% 

Total 79 100% 

In Table V, we observe the comparison of 
intraocular pressure (IOP) measurements 
between GAT and NCT specifically for the right 
eye, based on data obtained from 79 eyes. The 
table delineates the frequency and percentage 
distribution of differences in IOP readings 
between the two methods. Notably, 16.46% of 
participants exhibited no discernible difference in 

IOP measurements between GAT and NCT in the 
right eye. 40.51% of participants demonstrated a 
difference in IOP measurements ranging from 1 
to 3 mmHg between the two techniques, which 
was within the acceptable range. However, 
43.03% of the participants had a difference of >3 
mmHg in terms of IOP measurements between 
GAT and NCT. 

Table VI: Difference of IOP between GAT and NCT measurements in total eyes (n-159) 
Difference Frequency Percentage p-value 

No Difference 20 12.58%  
<0.005 Difference of 1-3 mmHg 66 41.51% 

Difference of >3 mmHg 73 45.91% 

Total 159 100%  

Table VI offers a straightforward comparison of 
intraocular pressure (IOP) measurements 
between Goldmann Applanation Tonometry 
(GAT) and Non-Contact Tonometry (NCT) across 
the total number of eyes in this study, 
encompassing 159 eyes. The table breaks down 

the frequency and percentage distribution of 
differences in IOP readings between the two 
methods. Notably, 12.58% of eyes showed no 
discernible difference in IOP measurements 
between GAT and NCT. A total of 41.51% eyes 
exhibited a difference in IOP measurements 
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ranging from 1 to 3 mmHg between the two 
techniques. Additionally, 45.91% showed a 

difference of >3 mmHg in IOP measurements 
between GAT and NCT. 

 

Table VII: Difference of Mean±SD IOP between GAT and NCT measurements in both eyes (n-159) 

Eye 
GAT NCT 

p-value 
Mean±SD Mean±SD 

Right eye (n-79) 17.96±4.95 15.15±4.15 <0.05 
Left Eye (n-80) 18.83±5.35 15.75±5.04 <0.05 

 

 

 

*Significance measured using ANOVA test 
For the right eye (n-79), the mean IOP measured 
by GAT was 17.96 mmHg with a standard 
deviation (SD) of 4.95, while NCT recorded a 
mean of 15.15 mmHg with an SD of 4.15; this 
difference was statistically significant with a p-
value of less than 0.05. Similarly, the left eye 
(n=80) showed a mean IOP of 18.83 mmHg with 
an SD of 5.35 for GAT and a mean of 15.75 mmHg 
with an SD of 5.04 for NCT, also with a 
statistically significant p-value of less than 0.05. 
 

DISCUSSION 
The accurate measurement of intraocular 
pressure (IOP) is integral part for diagnosing and 
managing various eye related problems, 
especially glaucoma. As the only modifiable risk 
factor, lowering elevated IOP is critical to halting 
glaucomatous optic nerve degeneration.17 While 
Goldmann Applanation Tonometry (GAT) has long 
served as the clinical gold standard, limitations 
like required topical anesthesia and contact with 
the ocular surface present drawbacks.18,19 Non-
Contact Tonometry (NCT) provides an alternative 
approach that is rapid, painless, and avoids 
corneal contact.20 However, questions have 
persisted around the reliability of NCT 
measurements versus GAT values.14,21 Study 
conducted by Ahmed et al.22 revealed that GAT is 
more accurate but NCT is good and easy for 
screening purpose. Dibaji et al.23 stated that, IOP 
measurement by NCT was quick for screening 
purposes but it should be cross checked by GAT. 
This study aimed to provide further insights by 
directly comparing IOP readings obtained via 
both methods. We found generally good 
agreement between NCT and GAT across our 
sample, with a large portion of eyes exhibiting a 
difference of 3 mmHg or less. This adds to 
evidence from multiple prior investigations also 
reporting close concordance between the 

techniques.14,16 For example, one meta-analysis 
found NCT to have high diagnostic accuracy for 
detecting elevated IOP compared to GAT.20 
However, we observed a higher proportion of >3 
mmHg differences than other reports. This may 
relate to instrumentation factors, as the 
principles and measurement influences for 
contact versus non-contact tonometry differ. 
Patient characteristics like ocular biomechanics 
and pachymetry profiles that impact each 
method dissimilarly were also not analyzed but 
can account for inter-device variability.21The 
mean IOP measurements of both left eye and the 
right eye were significantly difference between 
NAT and GAT method. Larger sample sizes would 
strengthen our ability to generalize conclusions 
on agreement between GAT and NCT across 
different populations. Additional covariates 
warrant investigation to optimize NCT accuracy. 
While GAT remains the standard, non-contact 
screening holds promise for efficient glaucoma 
detection programs critical to managing this 
leading cause of blindness worldwide. Further 
refining NCT may establish it as a reliable 
replacement in select contexts. This study adds to 
evidence that, NCT demonstrates validity as a 
screening option versus the gold standard GAT 
method. However, continued research is still 
needed to fully define its clinical applicability. 
Please let me know if any part of the discussion 
would benefit from further elaboration or 
expansion. 
 

CONCLUSION 
This study reinforces NCT for potential clinical 
applicability as a rapid, non-invasive option for 
IOP measurement. Further refinement of NCT 
technology and standardization of procedures 
may be needed. 
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