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Influencing factors of corneal biomechanical effect in air-puff test: a finite-element study
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Abstract:

Objective To study the effects of intraocular pressure, air-jet pressure and scleral material on corneal

biomechanical effect in Air-puff Test. Method Based on the whole-eye three-dimensional model and the axisymmetric jet
model, the finite element analysis was performed. According to the displacement nephogram on anterior corneal surface and
combined with surface fitting and other methods, the changes of corneal morphological parameters were analyzed. In
addition, the effects of intraocular pressure, air jet pressure and scleral material on corneal biomechanical effect were
quantitatively analyzed. Results When the peak pressure of ejection and scleral stiffness kept constant, intraocular pressure's
increase from 12 mmHg to 24 mmHg made the maximum apical displacement of the cornea reduced by 13%, and the value of
the curvature radius of the anterior corneal surface increased by 7.3%. When the intraocular pressure and the scleral stiffness
remained constant, the peak pressure of ejection's increase from 20 kPa to 60 kPa made the maximum apical displacement of
the cornea increased by 2.1 times, and the curvature radius of the anterior surface reduced by 0.68 times. When the intraocular
pressure and gas ejection pressure peak remained constant, the scleral stiffness's increase from 1/3 times to 3 times of the
baseline made the maximum apical displacement of the cornea reduced by 26.8%. Conclusion Corneal deformation was a
reflection of the biomechanical properties of the cornea. It was determined by the combination of IOP, corneal and scleral
materials, and external forces. When any of these parameters changed, the biomechanics effect of the cornea was altered.
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Fig.1 Schematic diagram of Air—puff test
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Fig.2 Grid generation and spray pressure results
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Tab.1 Corneal morphological parameters under different intraocular

pressures when the peak value of air—jet pressure was 40 kPa
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Fig.3 The effects of intraocular pressure
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Tab.2 Morphological parameters of cornea under different air—jet

pressures when the intraocular pressure was 18
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Fig.4 The effects of air—jet pressure when the intraocular press was 18 mmHg
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Tab.3 Corneal morphological parameters under different scleral

stiffness
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Fig.5 The effects of scleral stiffness
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