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Statement of Significance

Ophthalmic suitability cannot be reduced to refractive index. A lens material must combine wavelength-dependent optical quality with
surface condition, water and oxygen transport where relevant, mechanical integrity, ageing resistance and a biological evaluation matched
to the device class. This review therefore treats ophthalmic VPP as a device-qualification problem rather than as a generic refractive-index
engineering exercise.

Keywords: ophthalmic additive manufacturing; optical lens; contact lens; intraocular lens; refractive index; Abbe number; haze;
yellowing; oxygen permeability; water uptake; surface; ageing; vat photopolymerisation

Abstract

VPP has been applied to optical lenses, contact-lens structures, Fresnel optics, gradient-index components and proof-of-concept
intraocular-lens geometries. The material requirements differ sharply across these device classes. Optical power depends on geometry and
refractive index, while image quality additionally depends on transmission, haze, scatter, surface figure and chromatic dispersion.
Contact-lens materials introduce hydration, oxygen transport and surface wetting; intraocular and other implanted optical devices add
stringent chemical and biological qualification; all optical polymers require ageing studies because post-cure, water, UV and temperature
can change yellowing, transmission and mechanics. This review organises ophthalmic material selection around optical quality, transport,
surface, ageing and biological qualification. 3Dresyn OL1 MF, OL2IR and refractive-index material families are included as commercial
implementation examples only, with no clinical suitability inferred from product positioning. [1-12]

1. Introduction

Directly printed ophthalmic optics are attractive because additive manufacturing can encode freeform surfaces, local geometry and
patient-specific optical designs. Yet the threshold for a useful lens is much higher than transparency. Surface waviness, cure-induced index
variation, residual layer texture and internal scatter can degrade optical quality even when total transmission appears high. The required
evidence also depends on whether the printed element is a spectacle-type optical prototype, a contact lens, an intraocular concept or a
research optical insert.

Recent work demonstrates multiple routes: precision spin-coating assisted 3D printing of optical lenses, continuous VPP for lens
fabrication, multimaterial contact lenses, functional hydrogel printing on commercial lenses, Fresnel ocular structures and
proof-of-concept clear foldable intraocular-lens designs. These studies support feasibility while also showing why optical geometry,
material chemistry, surface and biological context must be qualified together. [1-9]

2. Device class determines the evidence chain

Domain Measured output Primary dependency Claim boundary

External optical Optical power, transmission, haze, surface RI, dispersion, geometry, polish/post-process. No ocular-contact claim.

lens figure.

Contact lens Optics plus hydration, oxygen/water transport Hydrogel chemistry, thickness, water state, surface No clinical wear claim from optical quality
and surface. wetting. alone.

Intraocular-lens Optics, foldability/mechanics, Final cured chemistry, extractables, geometry and Proof-of-concept geometry is not implant

concept chemical/biological evaluation. implantation context. qualification.

Functional ocular | Optics plus drug/sensor/filter function. Multimaterial interface and functional additive. Function must not compromise

element optical/biological requirements.

Gradient/freeform | Wavefront or spatial optical response. Voxel exposure, spatial RI or geometry control. Nominal RI does not establish wavefront

optic quality.

Table 1. Engineering distinctions that must be preserved.

3. Optical quality extends beyond refractive index

Refractive index is necessary for optical design but does not describe chromatic dispersion, haze, bulk scatter, birefringence, surface
roughness or wavefront error. Abbe number or wavelength-resolved index is needed when chromatic performance matters. Total
transmission should be distinguished from internal transmission because Fresnel reflection and surface quality can dominate thin lenses.
VPP optical papers should therefore report both material optics and manufactured surface/figure metrics. [1,2,7,8]
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Metric ‘What it captures Critical conditions ‘What it does not establish

Refractive index Refraction and optical-power design. Wavelength, temperature, cure/water state. Low haze or good surface figure.

Abbe / dispersion Chromatic change in RI. Defined wavelength method. Transmission or biological suitability.
Transmission Fraction of incident light transmitted. Thickness, wavelength, surface state. Image quality if scatter/figure error is high.
Haze/scatter Diffuse optical loss. Thickness and instrument geometry. Correct lens power.

Surface Manufactured optical interface. Measurement scale and aperture. Bulk optical homogeneity.
roughness/figure

Wavefront / MTF System-level imaging quality. Aperture, wavelength and optical setup. Biological compatibility.

Table 2. Optical metrics for ophthalmic VPP.

4. Water and oxygen transport

Contact-lens and hydrogel systems introduce transport requirements absent from dry external optics. Water uptake changes dimensions,
refractive index and modulus, while oxygen transport depends on chemistry, hydration and thickness. Oxygen permeability and
transmissibility should not be used interchangeably: transmissibility includes the lens thickness. A dry-resin RI or tensile value therefore
cannot be transferred automatically to the equilibrated hydrated lens state. [3-5,9,10]

5. Surface chemistry and tear-film interface

Surface wetting, roughness, extractables and fouling influence comfort and optical stability in ocular-contact research. Printing and
post-cure can create a surface composition different from the bulk. Surface treatment may improve wettability but can age or delaminate.
Consequently, contact-angle or roughness measurements should be repeated after relevant aqueous conditioning and cleaning rather than
reported only on fresh dry coupons. [3-5,9,10]

6. Ageing and optical stability

Stress Potential change Measurement Interpretation

UV/light exposure Yellowing, photobleaching, chain damage. Spectral transmission, colour/yellowness, mechanics. Supports only defined dose/spectrum.

Water/saline storage | Swelling, extraction, RI/modulus shift. Mass/dimensions, RI, transmission, mechanics. Dry data cannot substitute.

Thermal cycling Stress, dimensional drift, interface changes. Optical power/figure plus mechanics. No lifetime extrapolation without model.

Cleaning/disinfection | Surface extraction or coating loss. Surface chemistry/wetting/roughness plus optics. Fresh surface behaviour may not persist.

Post-cure evolution | Conversion and yellowing changes. Conversion, optics and mechanical state versus cure. One cure protocol is not universal.

Table 3. Ophthalmic ageing pathways.

7. Biological and chemical qualification

For ocular-contact or implanted devices, material selection must be embedded in a risk-based biological evaluation of the final printed and
post-processed article. The relevant endpoints depend on contact type and duration, and chemical characterisation/extractables may be
needed to understand exposure. A resin description, monomer-free designation or transparent appearance cannot be converted into clinical
suitability, medical-device status or long-term ocular compatibility. [10-12]

8. Minimum reporting framework

Block Minimum information Reason Claim limit

Device class External lens, contact-lens research, IOL concept, functional

optic.

Defines qualification burden. Do not generalise across device classes.

Optical state RI wavelength, transmission/haze, thickness, surface/figure. | Separates material and manufactured optics. | Transparency alone is insufficient.

Hydration/transport| Water state and oxygen/water metric where relevant. Defines contact-lens state. No Dk/t inference from dry polymer.

Post-process Wash, post-cure, polishing/coating. Controls optical and chemical surface. Different post-cures are different states.

Ageing Light, water, thermal and cleaning history. Tests retained optical quality. Fresh performance is not lifetime.
Biological Final-part chemical/biological evaluation matched to contact. | Contributes to the biological-risk evidence No clinical or regulatory claim from TDS
evidence for the defined contact scenario. alone.

Table 4. Minimum reporting set for ophthalmic VPP studies.

3Dresyns implementation examples

The 3Dresyns ophthalmic and optical portfolio provides implementation examples for material selection, but none of the product names
substitutes for device-level ophthalmic qualification.

» 3Dresyn OL1 MF is positioned as a monomer-free resin for direct printing of ophthalmic lenses, with optical clarity and controlled
refractive-index positioning. Final lens power, haze, surface quality and biological suitability depend on the actual printed/post-processed
device. [M1]

* 3Dresyn OL2IR is positioned as an ophthalmic-lens resin with high-impact-resistance intent. Product positioning does not establish
shatter performance, optical quality or clinical suitability for every lens geometry. [M2]

* 3Dresyns low-, medium- and high-refractive-index material families illustrate RI-based optical selection. RI should remain tied to
wavelength and final cure state and cannot be treated as a complete ophthalmic specification. [M3]

These examples show commercial implementation of optical-material selection only. Contact-lens, intraocular or other ocular-device
claims require application-specific optical, transport, chemical and biological validation.
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9. Conclusions

» Ophthalmic material qualification extends well beyond refractive index.

» Transmission, haze/scatter, surface figure and wavelength-dependent dispersion determine manufactured optical quality.
* Contact-lens research additionally requires hydration and oxygen/water transport in the equilibrated state.

« Surface chemistry and wetting should be evaluated after relevant conditioning and cleaning.

* Optical ageing should be measured after defined light, water and thermal histories.

* Biological and chemical evaluation must match final device contact and processing.

» Commercial ophthalmic resin positioning is an implementation starting point, not evidence of clinical suitability.

Limitations

This review addresses materials and qualification logic, not clinical efficacy. No commercial product is assessed as a finished medical
device, and no RI, oxygen-permeability or impact range is generalised beyond its documented test state.
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