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Highlights
 Shape-memory performance is quantified by transition temperature, fixity, recovery, recovery time and cycle stability.
 Every claim must identify grade, geometry, post-cure, conditioning, programming and recovery test.
 Dry-state transition data cannot define aqueous or body-temperature activation without wet-state evidence.
 Material recovery does not establish clinical fit, therapeutic effect or safe device deployment.
 Biological documentation for one grade cannot be transferred to the whole portfolio.

Abstract
Thermomechanical shape-memory photopolymers can be programmed into a temporary geometry and recover toward a 
reference geometry after a defined thermal stimulus. Their performance is described by measured transition and recovery 
quantities rather than a general 4D label.

The portfolio includes dental-positioned and engineering grades with reported recovery behaviour. Claims require traceability 
to  the  exact  grade,  processed  specimen,  conditioning  state,  programming  cycle,  stimulus  medium and  measurement 
method.

Material-level  recovery  does  not  establish  clinical  adaptation,  device  deployment,  intraoral  suitability  or  regulatory 
conformity. Finished dental or biomedical devices require wet-state thermal,  mechanical,  dimensional,  fatigue, cleaning, 
biological and misuse validation.
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Source use.  Grade-specific evidence is controlled in [1]; shape-memory science in [2–3]; biological, dental and additive-
manufacturing scope in [4–6].

1. Measurable shape-memory cycle
A controlled  record defines the permanent  geometry,  programming temperature  and deformation,  cooling/fixation step, 
recovery stimulus and measurement. General schematics are labelled as mechanisms, not product data.

 Report transition method and state.
 Report shape-fixity and recovery ratios with equations and uncertainty.
 Record recovery time, cycle count, geometry and post-cure.

Figure 1. WP-14 evidence gates from controlled material description to final acceptance.

2. Conditioning and activation
Water uptake, plasticisation and thermal history can alter the transition and modulus. Grade-specific device design therefore 
requires wet-state or service-state measurements under a documented conditioning protocol.

 Do not infer body-temperature deployment from dry Tg.
 Challenge ageing and repeated cycles.
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 Define safe stimulus limits for the finished article.

3. Application evidence boundary
Dental  and  biomedical  examples  are  design  possibilities  unless  supported  for  a  named  product  and  finished  device. 
Engineering grades do not inherit the biological documentation of dental-positioned grades. ISO 20795-1 is cited only when 
the product falls within its scope.

4. Minimum controlled evidence before release

Control field Required record Release interpretation

Material Exact grade, cure and transition data Catalogue description only until evidence is 
linked

Programming Geometry, strain, temperature and fixation Control process variables and change 
triggers

Recovery Medium, rate, ratio, time and cycles Report method, result, uncertainty and 
limits

Device Fit, loads, ageing, biology and misuse Apply final acceptance and responsibility 
boundary

Figure 2. WP-14 separates catalogue positioning, measured evidence and final application decisions.

KEY INSIGHT
Precise product or application language is retained only when the exact formulation, 
method, processed specimen and controlled evidence can be traced.

5. Limitations
 Shape-memory behaviour depends on formulation, process, geometry and conditioning.
 Dry-state Tg alone cannot specify aqueous or body-temperature activation.
 Recovery does not establish clinical fit or therapeutic performance.
 Biological evidence is grade- and condition-specific.
 Device conformity remains the legal manufacturer's responsibility.
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6. Conclusions
 Shape-memory performance is quantified by transition temperature, fixity, recovery, recovery time and cycle stability.
 Every claim must identify grade, geometry, post-cure, conditioning, programming and recovery test.
 Biological documentation for one grade cannot be transferred to the whole portfolio.
 This corrected candidate remains local and on HOLD until series-wide scientific, metadata and visual release checks are 

complete.

Revision note
Version 5.5 replaces clinical adaptation and deployment assertions with measurable material-level recovery requirements, 
adds wet-state and finished-device validation gates, and updates ISO 10993-1 to 2025.
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