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Abstract; Objective To propose a scheme to suture the cornea after sucking and raising the cornea to a height
suitable for suturing by negative pressure, and conduct the simulation study on suction parameters. Methods

According to surgical requirements, the corneal holder based on negative pressure suction was designed. The
simulation models of sucking cornea with straight wound ( different types of length, depth and position) were
established, and then the procedure of sucking cornea under 6 negative pressure conditions was simulated by
fluid-structure interaction to solve the deformation, corneal stress and suction force. The suction force caused by
the holder under 6 negative pressure conditions was measured on the PDMS film and compared with the
simulation results. The operating safety of the proposed holder was evaluated by in vitro porcine eye experiment.
Results The maximum corneal deformation in all simulation models under negative pressure from -70 kPa to
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-40 kPa was greater than the maximum raising height of wound required for corneal suturing depth. The

maximum corneal deformation increased with the negative pressure decreasing. The maximum corneal stress of

all simulation models was less than the corneal stroma damage strength (5 MPa). The suction force of simulation

was in good agreement with the experimental results. No corneal rupture occurred when the holder conducted the

sucking operation under negative pressure higher than —70 kPa. Conclusions The corneal holder proposed in this

study can meet the required depth in corneal suture surgery within the set negative pressure from -70 kPa to

-40 kPa, and can precisely control the suturing depth by changing the negative pressure. The corneal tissues will
not be damaged under negative pressure higher than —70 kPa. With the assistance of the corneal holder, doctors

can use a straight needle to conduct corneal suture surgery and reduce the difficulty of clinical operations.

Key words: negative pressure suction; corneal holder; simulation; deformation; stress; suction force
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Fig. 1 Procedure of the corneal holder for cornea suturing
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sucking, (c) Positioning the needle, (d) Inserting the needle, (e) Pulling out the needle, (f) Releasing the tissue
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Fig.2 Three-dimensional (3D) model of the cornea holder

(a) External structure, (b) Internal structure
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Fig.3 Simulation model of sucking cornea with negative
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Fig.4 Corneal deformation under negative pressure
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Fig.5 Corneal maximum deformation under negative pressure suction (a)h=0.2 mm,(b)2=0.3 mm,(c)h=0.4 mm,(d)h=0.5 mm
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suction operation under —70 kPa negative pressure
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