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Abstract

Photopolymer additive manufacturing and light-assisted biofabrication can share engineering variables without being equivalent
platforms. This review develops a bounded interface map from one controlled material family: methacrylated-starch systems documented
in ER-127. The evidence supports shared control of photoactive material identity, optical exposure, network formation, geometry,
hydration, post-processing and biological-state attribution. It also demonstrates why hybrid bioink performance cannot be assigned
automatically to the photopolymer component and why an animal or cell model does not establish general safety, clinical efficacy or
regulatory approval. The article does not generalise from starch to photocurable biomaterials as a class, does not import industrial VPP
qualification into biofabrication and does not propose a single acceptance framework for cell-containing bioinks and cell-free photoresins.
The contribution is therefore an interface map, not a platform-convergence claim. A proposed hybrid-attribution comparison makes shared
engineering variables testable without imposing common acceptance criteria across biological and industrial systems.
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1. Evidence boundary

The controlled scientific base for this review is a single material family: methacrylated starch as documented in ER-127. That controlled
review includes light-processable starch hydrogels, glycidyl-methacrylate-modified starch, starch-pentenoate/gelatin systems, a
methacrylated-starch/methacrylated-chitosan hybrid bioink and related biological evidence [1-5].

Because the base is one family, this article does not claim that all photocurable biomaterials behave similarly. The evidence is sufficient to
map interfaces between engineering variables. It is not sufficient for a platform-level review of VPP and biomanufacturing as equivalent
manufacturing systems.

2. Interface 1: material identity before photochemistry

The starch evidence shows that parent-polymer identity, amylose/amylopectin composition, molecular distribution, gelatinisation or
dissolution history and derivatisation route remain part of the material state before light exposure [1-3]. Methacrylic-anhydride starch,
GMA-modified starch and starch-pentenoate are distinct chemistries. Naming a feedstock or derivative does not establish substitution,
network structure or process performance.

This is the first shared interface with photopolymer engineering: photoactive identity must be specified at a level that permits the cure
result to be interpreted. Biofabrication adds biological constituents and biological-state variables; it does not remove the need for chemical
identity.

3. Interface 2: optical exposure and network formation

Light-assisted biofabrication and vat photopolymerisation both use optical exposure to convert a formulated liquid or gel into a network.
ER-127 explicitly treats initiator, wavelength, irradiance, exposure, oxygen, layer thickness and absorber as variables that can affect
radical conversion and cure depth. Those variables therefore form a legitimate engineering interface.

The interface does not imply process equivalence. A cell-containing bioink may impose viability, mass-transport and handling constraints
absent from a cell-free industrial photoresin. Conversely, an industrial VPP process may impose geometric, throughput or post-processing
constraints not represented by a bioink study. Shared variables are not shared acceptance criteria.

4. Interface 3: hybrid network attribution

The controlled starch corpus is especially useful because it contains hybrid systems. Van Nieuwenhove et al. reported starch-pentenoate
combined with methacrylamide-modified gelatin, with separated starch domains within a surrounding gelatin matrix [3]. Zhou et al.
reported that low-substitution methacrylated starch alone printed poorly, while a 10:1 starch-to-methacrylated-chitosan blend plus glycerol
improved printing behaviour [4].

Those examples show why attribution matters. Mechanical response, print support, swelling, degradation or biological observations from
a hybrid cannot be assigned to the starch component alone. A biofabrication interface map must therefore track each component, its role,
the network architecture and the tested construct.

5. Interface 4: geometry, hydration and post-processing

ER-127 separates the vat or bioink state from the exposed article, washed state and hydrated state. Geometry, wash history and hydration
can alter measured mechanics and mass even after covalent conversion is established. A biological test performed on one state cannot
automatically qualify another state.
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This provides a second bridge to general photopolymer engineering: article state is multidimensional. For biofabricated constructs, the
state description must additionally include biological loading, culture medium or relevant biological environment when those variables are
part of the test.

6. Interface 5: biological evidence is an additional evidence layer

The controlled ER-127 table is explicit that a biological model reports the response of the exact construct or extract in the stated model
and cannot by itself establish general safety, clinical efficacy or regulatory approval. This is the most important boundary in the
convergence discussion.

Photopolymer cure evidence and biological-response evidence are complementary but not interchangeable. High conversion does not
prove biocompatibility. Cell viability in one model does not prove device safety. A degradation result under a defined enzyme condition
does not establish universal in-vivo resorption.

7. Interface map

A bounded interface record can therefore contain seven layers:

1. parent material and derivative identity;

2. formulation and hybrid components;

3. optical exposure conditions;

4. network and conversion state;

5. geometry and post-processing state;

6. hydration/degradation state;

7. biological model and response, when applicable.

The record is an author-proposed synthesis of the controlled starch evidence. It does not constitute a universal standard for biofabrication.

8. Boundaries to adjacent ERs

ER-487 retains ethical governance of patient-specific and biofabricated devices. ER-06 retains biological-response methodology. ER-10
retains geometric metrology. ER-15 retains degradation and mechanical evolution of tissue-engineering scaffolds. ER-27 retains
conversion metrology. ER-33 retains washing and drying. ER-67 retains generic hybrid-network architecture. ER-86 retains extractables
and leachables. ER-121 to ER-127 retain specific natural-polymer derivative families.

ER-494 therefore owns only the interface logic: where engineering variables are shared, where biological state adds a new layer and
where evidence must not be transferred across platforms.

9. A comparison that separates shared variables from shared criteria

The proposed interface assessment uses the same reporting axes for two systems while allowing their acceptance questions to differ.
Material identity, formulation, optical exposure, network state and geometry can be recorded for both a cell-free manufactured article and
a biological construct. The biological construct then requires additional observations appropriate to its biological content and model.
Sharing a column heading does not justify sharing an acceptance value.

A useful comparison would specify the state at measurement. Mechanical testing after drying, after hydration and during degradation
describes different objects even when the formulation name is unchanged. A study table should therefore retain conditioning and
observation time next to the property. Otherwise, a difference attributed to chemistry may actually reflect the tested state.

The same principle applies to optical exposure. An incident setting is an input to the experiment; the material and biological outcomes are
observations. A comparison that uses nominally equal settings should not assume equal resulting network state across formulations
without the corresponding measurements.

10. An attribution test for a hybrid formulation

For a proposed hybrid system containing components A and B, the review should distinguish a result for the complete construct from an
effect attributed to either component. A comparison with A alone, B alone and the combination can be informative where those conditions
are physically meaningful. If one component is necessary to make a printable construct, its absence changes more than one experimental
attribute and the interpretation must acknowledge that change.

A factorial contrast can describe whether the combined response differs from the selected additive reference, but it does not automatically
identify a molecular mechanism. Concentration, processing, network structure and specimen state should be considered in the
interpretation. The result should be reported for the conditions actually compared, including unsuccessful or unprintable conditions where
their exclusion matters.

To test transfer beyond the retained starch family, a second material family would need direct evidence at the corresponding interfaces.
The comparison could reproduce some relationships and fail others. That outcome would refine the map rather than require a universal
convergence claim. This makes the single-family boundary a researchable proposition while avoiding attribution of a hybrid's complete
biological or mechanical behaviour to one constituent.

Photopolymer and biopolymer claims: a transferability test

The same photoreaction cannot establish biological equivalence between an acellular photopolymer test coupon and a cell-laden construct.
Dose distribution, radical exposure, oxygen transport and temperature may differ because of geometry, composition, cell concentration
and hydration. A comparison should therefore report resin formulation, photoinitiator system, spectral irradiance, exposure history and
construct dimensions before biological endpoints are interpreted.

A biological performance claim requires a named test model, sampling time, endpoint, comparators and uncertainty. Viability after
fabrication does not alone prove long-term differentiation, tissue integration or clinical utility. Mechanistic plausibility and translational
validation remain separate evidence tiers.
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Supplementary critical review: evidentiary and qualification boundaries

Evidence transfer between photopolymers and biofabrication

Shared exposure terminology is insufficient to establish equivalent network formation. A comparison must identify the chemistry of the
reactive groups, initiator absorption, optical attenuation, temperature, solvent or aqueous environment, oxygen access and the condition of
the material at the time of measurement. The same nominal irradiance can produce different local conversion because formulation
absorption and geometrical path length alter the distribution of absorbed photons. Convergent process descriptions should therefore be
regarded as a hypothesis of transferability until conversion profiles and finished-state properties have been measured under traceable
conditions. In biofabrication, hydration, swelling and transport of soluble species further change the relevant material state. These
differences can be assessed through paired conversion, dimensional, extraction and mechanical measurements rather than by assuming
that a formulation compatible with a particular printer is biologically qualified.

Biological attribution and disconfirming tests

A cell-response difference observed between formulations cannot be assigned solely to a photopolymer network without accounting for
biological medium, extraction conditions, washing, sterilisation and culture protocol. Appropriate comparisons separate the uncured
preparation, freshly cured construct, post-processed construct and aged construct, where relevant. Geometry-matched but chemistry-
different controls can help discriminate optical-shape effects from chemical-exposure effects; chemistry-matched specimens with
controlled post-processing can reveal processing-related contributions. Such controls are proposed test designs, not results established by
the cited sources. A defensible review should report biological observations and their experimental comparators separately from a claim of
general biocompatibility. The transfer of a material from patterning to biofabrication is accepted only for the particular intended biological
context and finished-material state evaluated.

Transfer limits between biomaterial printing and clinical function

The term biofabrication covers distinct constructs: acellular photocured scaffolds, cell-laden hydrogels, patterned bioactive materials and
devices integrated with living tissue. Their evidence cannot be pooled merely because a photo-crosslinking reaction is present. Optical
dose, reactive-species exposure, oxygen and nutrient transport, construct thickness and post-processing constraints differ substantially. A
scientific comparison must define the material and biological state at each measurement point.

Short-term cell viability is not a surrogate for persistent phenotype, vascularization, mechanical stability or tissue integration. Relevant
controls should distinguish the effect of precursor chemistry from irradiation, initiator concentration, geometric confinement and
degradation products. Material testing and biological testing often use different specimen preparation; therefore, positive findings in one
format cannot be assumed to qualify another without a transfer study.

The review's proposed evidence pathway separates print fidelity, reproducibility of curing, in-vitro biological response, long-term
function, preclinical interaction and application-specific clinical evidence. Each tier answers a different question. Where a publication
provides only an early laboratory demonstration, the conclusion should remain at that tier, regardless of the apparent sophistication of the
printed structure.

Critical synthesis: Biological evidence cannot be inferred from photopolymer process success

Accurate geometric fabrication and high conversion are necessary process observations but do not establish viability, function or long-
term compatibility in biofabrication. A comparative experiment must separately record prepolymer composition, cellular or acellular state,
exposure wavelength and dose, local optical absorption, washing, nutrient transport and time after manufacture. Unprinted hydrogel
controls, exposure-only controls and leachate controls help discriminate mechanical, chemical and optical explanations for a biological
response.

Cross-study comparison is especially vulnerable to differences in endpoint time and construct thickness. An acute viability assay and a
later measure of differentiation or barrier function answer different biological questions. Claims about an implantable or clinically suitable
construct require their own evidence beyond in-vitro geometry and cell survival. A synthesis table should record which endpoint each
study supports, the biological model and limitations of transferring evidence to other materials or illumination systems.

11. Limits

This review is based on one controlled material family, methacrylated starch. No sentence generalises from starch to photocurable
biomaterials as a class. No platform equivalence is asserted. No industrial VPP qualification rule is transferred into biofabrication. No
clinical-translation claim is made.

12. Conclusions

Photopolymer additive manufacturing and biofabrication converge at selected engineering interfaces, not at the level of platform identity.
The methacrylated-starch corpus is sufficient to show how material identity, optical exposure, network formation, geometry, hydration,
hybrid attribution and biological evidence interact. It is not sufficient to establish a single qualification framework for all photocurable
biomaterials. The defensible contribution is an interface map with explicit non-transfer rules.
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