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Reliability of the Non-contact TONO-i Tonometer Compared with the Goldmann
Applanation Tonometer
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Purpose: The accuracy and agreement of intraocular pressure (IOP) measurements using a noncontact self-measuring ton-
ometer, TONO-i, compared with the Goldmann applanation tonometer (GAT).

Methods: A total of 35 healthy participants and 42 primary open angle or normal tension glaucoma patients were enrolled in this
study. TONO-i and GAT measurements were obtained and the mean difference in IOPs was analyzed using a paired t-test. IOP
agreement was calculated using the two-way random effects model. Bland-Altman analysis and simple linear regression were
used to estimate the disagreement between IOP measurements.

Results: The mean IOPs measured using the TONO-i and GAT were 15.9 + 3.3 mmHg and 16.4 £ 5.1 mmHg, respectively. In
glaucoma patients, the mean values measured using the TONO-i (16.7 £ 4.1 mmHg) were lower than those measured using the
GAT (17.9 £ 6.1 mmHg; p < 0.001). However, there was no significant difference among the healthy participants (p =0.273). The
intraclass coefficients (95% confidence interval) for all participants, normal participants, and glaucoma patients were 0.847
(0.702-0.920), 0.882 (0.804-0.941), and 0.828 (0.742-0.887), respectively, indicating good agreement between the 0P
measurements. The mean difference and limits of agreement were not statistically significant. As IOP increased, the absolute
difference between the GAT and TONO-i measurements also increased.

Conclusions: The TONO-i, a novel tonometer, may be used reliably for IOP self-measurement and detecting IOP elevations.
However, caution must be exercised because of the possibility of underestimating high I0OPs.
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Figure 1. Self-intraocular pressure check using Tono-i
tonometer. Different colors are shown according to distance
between central cornea and Tono-I tonometer (> 6.5 mm:
blue, 5.5-6.5 mm: green, < 5.5 mm: red). Also, the distance
is displayed on monitoring board of Tono-i tonometer.
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Table 2. ICC for each participant group

Participant group

ICC

Overall (n=77)
Normal (n=35)
Glaucoma (n=42)

0.847 (0.702-0.920)
0.882 (0.804-0.941)
0.828 (0.742-0.887)

We suggest that ICC values less than 0.5 are indicative of poor re-
liability, values between 0.5 and 0.75 indicate moderate reli-
ability, values between 0.75 and 0.9 indicate good reliability, and
values greater than 0.90 indicate excellent reliability.

ICC = interclass correlation coefficients.
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Figure 2. Scatter plot graph of TONOI IOP and GAT IOP.
TONOI = Tono-i tonomtery; GAT = Goldmann applanation
tonometry; IOP = intraocular pressure.

Table 1. Mean measured IOP values of two different tonometers and p-value for each participant group

Mean IOP value p-value
Overall (n=77)
GAT 16.4 + 5.1 mmHg
0.097
TONO 15.9 + 3.3 mmHg
Normal (n=35)
GAT 14.6 + 2.7 mmHg
0.273
TONO 15.0 + 1.7 mmHg
Glaucoma (n=42)
GAT 17.9 + 6.1 mmHg
<0.001
TONO 16.7 + 4.1 mmHg
Glaucoma (IOP <21 mmHg, n=14)
GAT 16.5 + 3.1 mmHg
0.126
TONO 16.1 + 2.1 mmHg

IOP = intraocular pressure; GAT = Goldmann applanation tonometry; TONOI =
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Figure 3. Bland-Altman plots describing differences between
TONOIIOP and GAT IOP. Blue line describes mean differ-
ence between TONOI IOP and GAT IOP, red dot lines de-
scribe upper and lower limits of agreement. Difference =
(TONOI IOP) - (GAT I0P); GAT = Goldmann applanation
tonometry; TONOI = Tono-i tonometry; IOP = intraocular
pressure.

Table 3. Mean difference between TONOI and GAT and LoA
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Overall (mmHg) Normal (mmHg) Glaucoma (mmHg)
Mean difference” -0.5 0.4 -1.2
95% upper LoA 4.4 4.2 4.1
95% lower LoA -5.4 -3.5 -6.5

TONOI = Tono-i tonometry; GAT = Goldmann applanation tonometry; LoA = limits of agreement; IOP = intraocular pressure.

*TONOI IOP-GAT IOP.

Table 4. Proportion of underestimated IOP (<20 mmHg) of glaucoma patients measured by TONOI tonometer

Proportion of underestimated IOP (<20 mmHg) of

GAT IOP range (mmHg) ks i s nesmree by TONOl (eamsia Mean difference of (TONOI IOP) - (GAT IOP)*
21-25 35% (5/14) -1.6 mmHg
26-30 10% (1/10) -2.5 mmHg
>30 0% (0/7) -3.4 mmHg

The denominator refers to total number of participants whose GAT IOPs fall within the range shown in the left column, and the numerator re-
fers to the number of participants in the denominator group whose TONOI IOPs are measured to be lower than 20 mmHg. The averages of the
measured difference between TONOI IOP and GAT IOP for each group classified according to GAT IOP are also described in the right

column.

IOP = intraocular pressure; TONOI = Tono-i tonometry; GAT = Goldmann applanation tonometry.
"The average of the measured value of (TONOI IOP) - (GAT IOP) of each particiapant, for each group classified according to GAT IOP.
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