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Abstract: Objective Currently, the mainstream intraocular pressure (I0P) measurement devices in the market
are contact and irritant, which can easily bring discomfort to patients and even lead to corneal infection during
use. To solve this problem, a non-contact measurement method of IOP based on ultrasound imaging was
proposed. Methods The method was verified by finite element analysis and experiment, and the simulation
results of corneal deformation were obtained. A simulated eye was made and an experimental system for
measuring IOP was built. A mathematical model of IOP, corneal deformation and pressure was established and
its accuracy and repeatability were verified. Results The flattened diameter and vertex displacement of the
cornea had a power and linear relationship with pressure under a certain IOP. Both the flattened diameter and the
vertex displacement had a power relationship with IOP under constant pressure, which could be used as the index
of IOP measurement. The average relative error of IOP measured by this method was smaller than 8% , the
relative average deviation was smaller than 9% , and the retest reliability was greater than 0. 9. Conclusions The
measurement results of the method are accurate and have a good repeatability. The results of this study provide
an effective way for non-contact measurement of IOP, which has a good application prospect.
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Fig.1 Deformation of cornea under IOP and pressure

(a) Undeformed cornea, (b) Deformed cornea
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Fig. 2 Experimental system for measuring IOP
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Fig.5 Ultrasound images of cornea under different pressures
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Tab.3 Fitting equation of corneal deformation and pressure under
different IOPs
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Tab.4 IOP measurement error using flattened diameter
10P,/mmHg L,/mm 10P,/mmHg L,/mm 10P,/mmHg Ly/mm I0P;/mmHg  u/mmHg o/ % RAD/%

10.0 5.1 11.4 5.7 9.2 5.5 9.9 10.2 7.7 8.2
12.0 4.7 13.4 5.2 11.0 5.0 11.9 12.1 6.9 7.2
14.0 4.4 15.2 4.8 12.8 4.6 14.0 14.0 5.7 5.7
16.0 4.1 17.5 4.5 14.6 4.4 15.2 15.8 7.7 7.4
18.0 3.9 19.3 4.2 16.7 4.1 17.5 17.8 5.7 5.4
20.0 3.7 21.4 4.0 18.4 3.9 19.3 19.7 6.2 5.8
22.0 3.5 23.8 3.9 19.3 3.7 21. 4 21.5 7.7 7.1
24.0 3.4 25.2 3.6 22.6 3.5 23.8 23.9 3.9 3.8
26.0 3.2 28.4 3.5 23.8 3.4 25.2 25.8 6.9 6.7

T 10P, IO, \10P, \I0P; 735 R & EE AN 3 YO AR IR R AR s .o \RAD 230 A RSP Y0 P3R5 22 ARG P390 22 . Tl

R T 20 W 5 R A AT SR BT R TR
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reliability ) .

Y (10P,-10P,) (10P,-10P,)
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S5 7R AE 10 ~ 26 mmHg R JE 6 P9, i i
FESP- A% 0 FR R A 2 ) o 4 SR A B N
0.993 3t 3ok T o7 A N 1 R 11 2 YRl s 45 2R
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®5 MARABMNERERE

Tab.5 IOP measurement error using vertex displacement

IOP,/mmHg d;/mm I0OP,/mmHg d,/mm I0P,/mmHg dy/mm I0P;/mmHg w/mmHg o/ % RAD/ %
10.0 0. 800 11.4 0. 950 9.5 0. 900 10. 1 10.3 6.7 6.8
12.0 0. 675 13.7 0. 800 11.4 0.775 11.8 12.3 6.9 7.6
14.0 0. 600 15.5 0. 700 13.1 0. 675 13.7 14.1 6.4 6.6
16.0 0.525 17.8 0. 625 14.8 0. 600 15.5 16.0 7.3 7.3
18.0 0. 475 19.8 0. 550 16.9 0.525 17.8 18.2 5.7 6.0
20.0 0. 425 22.3 0. 500 18.7 0. 475 19.8 20.3 6.3 6.7
22.0 0. 400 23.7 0. 450 20.9 0.425 22.3 22.3 4.7 4.2
24.0 0.375 25.4 0. 425 22.3 0. 400 23.7 23.8 4.7 4.5
26.0 0. 350 27.3 0. 400 23.7 0.375 25.4 25.5 5.4 4.8

ed, dy s G330 3 ORI 1 TR AL RS
26(5) : 50-51.
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