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ABSTRACT

Introduction: Additive manufacturing (3D printing) resins have expanded rapidly in restorative dentistry, and in the United States they
reach the market through the FDA 510(k) pathway based on substantial equivalence to a predicate device. The number of such clearan-
ces and the pathways used have not been quantified. Methods: Cross-sectional analysis of the openFDA 510(k) database. All clearances
with decision dates from 2018-01-01 to 2026-12-31 in the dental resin product codes for denture base (EBI), permanent tooth-shade (EBF)
and temporary crown-and-bridge (EBG and POW) resins were included and classified as additively manufactured or conventionally
fabricated using the FDA 510(k) sumnmaries. Results: Of 249 clearances, 84 (33.70%) were additively manufactured resins, comprising 48
denture base, 19 permanent, 16 temporary and 1 long-term temporary resins. Additive clearances rose from 2 in 2018 to between 12 and
14 per year from 2020 onward. The Traditional pathway accounted for 74 clearances (88.10%), the Abbreviated pathway for 9 (10.70%) and
the Special pathway for 1 (1.20%); 14 clearances (16.70%) used third-party review. A primary predicate was identifiable for 66 clearances
(78.60%), most often NextDent Denture 3D+, Dentca Denture Base Il and an early additive CAD/CAM system. Conclusions: Between 2018
and 2026, 3D-printable resins for dental restorations obtained 84 FDA 510(k) clearances, concentrated in denture bases and dominated
by the Traditional predicate pathway, with a predicate cascade anchored in early additive-manufacturing devices.

Keywords: printing, three-dimensional; dental materials; denture bases; dental crowns; device approval; United States Food and Drug
Administration.

RESUMEN

Introduccidn: Las resinas de fabricacion aditiva (impresion 3D) se han expandido en odontologia restauradora y en Estados Unidos llegan
al mercado por la via 510(k), basada en la equivalencia sustancial con un dispositivo predicado. El niUmero de autorizaciones y sus vias
no se han cuantificado. Métodos: Estudio transversal de la base openFDA de notificaciones 510(k). Se incluyeron las autorizaciones con
decision entre 2018 y 2026 en los cédigos de resina dental para base de dentadura (EBI), resina permanente (EBF) y resina provisional para
coronasy puentes (EBG y POW), clasificandolas como de fabricacion aditiva o convencional mediante los resimenes 510(k). Resultados:
De 249 autorizaciones, 84 (33,70%) fueron resinas de fabricacion aditiva, de las cuales 48 para base de dentadura, 19 permanentes, 16
provisionales y 1 provisional de larga duracion. Las autorizaciones aditivas pasaron de 2 en 2018 a entre 12 y 14 por aio desde 2020. La via
tradicional representé 74 autorizaciones (88,10%), la abreviada 9 (10,70%) y la especial 1 (1,20%); 14 (16,70%) usaron revision por terceros.
El predicado primario se identificd en 66 autorizaciones (78,60%), con mayor frecuencia NextDent Denture 3D+, Dentca Denture Base
Il'y un sistema aditivo CAD/CAM. Conclusiones: Entre 2018 y 2026, las resinas imprimibles para restauraciones dentales obtuvieron 84
autorizaciones 510(k), concentradas en bases de dentadura y dominadas por la via tradicional de predicado, con una cascada de pre-
dicados anclada en dispositivos aditivos.

Palabras clave: impresion tridimensional; materiales dentales; bases para dentadura; coronas dentales; aprobacién de dispositivos;
Administracion de Alimentos y Medicamentos de los Estados Unidos.
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INTRODUCTION

Additive manufacturing, commonly called three-dimensional printing, has moved from ra-
pid prototyping into clinical restorative dentistry within a single decade. Vat photopolymerization
now fabricates removable denture bases, printed denture teeth, provisional crowns and bridges,
occlusal devices and, more recently, definitive single crowns, veneers and inlays from light-cured
methacrylate resins.(1,2) The workflow differs from both conventional and subtractive routes in a
consequential way: a printable resin is a liquid photopolymerized layer by layer in a printer, whereas
a conventional denture acrylic is a powder-liquid system polymerized under heat or at room tempe-
rature, and a milling material is a pre-polymerized blank shaped by subtraction.(3)The technology
shortens laboratory time and reduces material waste, which is why additive manufacturing is now
treated as an industrial transformation that extends well beyond dentistry.(4)Reviews published
in the past two years situate printed resins for definitive restorations among the fastest-growing
material classes in digital dentistry, and they describe the same progression from diagnostic mo-
dels to load-bearing restorations that the regulatory records analyzed here reflect.(5,6)

In the United States, these materials are Class |l devices that reach the market through the
premarket notification pathway of section 510(k) of the Food, Drug, and Cosmetic Act. A 510(k) sub-
mission does not require a clinical trial; the manufacturer demonstrates substantial equivalence
to a legally marketed predicate device through one of three clearance types. The Traditional type
compares the device with any predicate, the Special type applies to a modification of the appli-
cant’s own predicate, and the Abbreviated type relies on a predicate together with FDA guidance,
special controls or consensus standards.(7) The clearance records are published in the openFDA
device database, which exposes the product code, decision date, clearance type and third-party
review flag but not the identity of the cited predicate.(8) That predicate information resides in the
public 510(k) summaries and statements of the FDA premarket notification database.(9)

Two positions coexist on whether this framework suits a manufacturing technology that is
new. Defenders emphasize speed and predictability: the 510(k) route has enabled an expanding
portfolio of dental resins without the years of premarket approval, and third-party review is asso-
ciated with shorter review duration, which lowers the cost of market entry.(7,10) They argue that
a resin is a material-limited device whose safety profile rests on chemistry and standards rather
than on device-specific trials, so a predicate comparison is the appropriate level of evidence. Critics
reply that substantial equivalence can propagate unvalidated assumptions along long predicate
chains and that devices cleared through 510(k) carry a higher recall risk than devices cleared throu-
gh premarket approval.(11,12) For digital-health devices, reconstructed predicate networks showed
that more than a third of first-generation clearances derived from devices that did not share the
new technology, a pattern with direct relevance to a resin whose fabrication route differs from its
conventional predecessor.(13,14)

That debate has been mapped for other device families but not for dental resins. Artifi-
cial-intelligence-enabled devices have been inventoried by clearance pathway and specialty.(15)
Orthopedic work traced knee arthroplasty clearances to interconnected predicate ancestors and
showed how equivalence chains concentrate risk in founding devices.(16) Neurointerventional
devices have been characterized over two decades with the same logic.(17) Whether the adoption
of vat photopolymerization in restorative dentistry follows a similar pattern is unknown, because
no analysis has counted the clearances, identified their indications or reconstructed the pathways
through which equivalence was established. The dental resin record is well suited to such an analy-
sis because the product codes are stable, the clearances are numerous and the public summaries
state the fabrication technology, so the evidence needed to resolve the debate is available but has
not yet been assembled.

The material evidence supplies the clinical counterpart of the regulatory question. Laboratory
studies report that printed provisional and definitive resins achieve flexural strength, hardness and
accuracy comparable to milled or conventionally polymerized counterparts, although residual
monomer release, color stability and cytotoxicity depend on composition, layer thickness and
post-curing.(18-21)Provisional resins were the natural first application because their mechanical
demands are lower and their service life is short, and the literature treats them as the entry point
from which printed definitive materials were later derived.(18,22) A material class that expands
quickly, performs well on the bench and shows variable biological behavior makes the regulatory
guestion consequential: how many resins were cleared, for which indications, and through which
predicates.

This study aimed to quantify the FDA 510(k) clearances of additively manufactured resins
for dental restorations issued between 2018 and 2026, and to characterize their annual volume,
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intended indication and predicate pathway. The analysis used the complete population of eligible
clearances rather than a sample, which allows the counts to be read as the actual regulatory output
of the period rather than as estimates.

METHODS

Design and data source

A cross-sectional descriptive analysis of regulatory records was conducted and reported
following STROBE and its RECORD extension for studies that use routinely collected data.(23)The
primary source was the openFDA application programming interface for the 510(k) device clea-
rances dataset, which exposes the structured fields of each premarket notification: product code,
decision date, clearance type, third-party review flag, applicant, country and trade name.(8,(9)This
second source states, in the manufacturer’s own wording, the intended use, the technological
characteristics and, when a summary is public, the primary and secondary predicate devices.

The openFDA endpoint was queried separately for each product code with a decision-date
filter, the returned records were consolidated and deduplicated by 510(k) number, and the eligi-
ble set was stored as a single table of 249 records. For every record, the corresponding summary
or statement document was retrieved from the FDA database and its text extracted; 215 records
had a public summary and 34 had a statement or no public text, which determined the coverage
available for the predicate analysis. The primary predicate device was extracted with a sequence
of pattern rules that covered the formats used across summaries: a labeled primary predicate ta-
ble, an inline phrase marking the primary predicate, a predicate number or predicate 510(k) label,
and a predicate device heading. When none of the patterns matched, the record was recorded as
not extractable. The extraction was performed once by script and is reproducible from the stored
documents.

Study population

All 510(k) clearances with a decision date from 1 January 2018 to 31 December 2026 in the
dental panel resin product codes for restorative indications were eligible. The codes were EBI
(resin for denture relining, repairing and rebasing, which is the code under which denture base
resins are cleared; 21 CFR 872.3760), EBF (tooth-shade resin material, the code for permanent
and crown-and-bridge resins; 21 CFR 872.3690), EBG (temporary crown-and-bridge resin; 21 CFR
872.3770) and POW (long-term temporary crown-and-bridge resin; 21 CFR 872.3770). The four
codes map onto the three indications named in the research question: denture base resins, per-
manent crown-and-bridge resins and temporary resins, with POW distinguishing the long-term
temporary variant that shares the same regulation. A fifth code, PZY (additively manufactured,
preformed, resin denture tooth; 21 CFR 872.3590), was screened because it is the only dental code
whose regulation name states additive manufacturing explicitly; it yielded no clearances within
the window and is reported as absent. Non-restorative dental resin codes, such as orthodontic
adhesives, root canal sealers, impression trays and resin applicators, were excluded because they
do not describe resins for restorations.

Classification of fabrication route

Each clearance was classified as additively manufactured or conventionally fabricated. A
record was classified as additively manufactured when the trade name or the text of the 510(k)
summary or statement indicated vat photopolymerization for a three-dimensional printer, evi-
denced by language such as additive manufacturing, 3D printing, 3D-printed, printed, printing,
stereolithography, digital light processing, vat, 3D printer, printable, or fabrication in conjunction
with extra-oral light-curing equipment of a liquid resin. Records without such evidence, whose
summaries described milling or CAD/CAM blanks, self-curing or heat-curing systems, powder-li-
quid materials or injection molding, were classified as conventionally fabricated. The distinction
is visible in the wording of the summaries: a denture base resin described as a light-cured resin
for additive manufacturing of denture bases was classified as additively manufactured, whereas a
PMMA material described as milling blanks or as a powder-liquid heat-curing system was classified
as conventional, even when both carried the same product code. The classification was verified
record by record against the summary text, and the complete per-record classification is provided
as an audited table so that the count can be reproduced or corrected. The rule operationalizes the
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study question on the basis of the fabrication technology stated in the regulatory record rather
than on the material chemistry alone, which is the criterion needed to separate a printed resin
from a milled or heat-cured resin of the same chemical family.

Variables

The indication was the product code together with its regulation name. The predicate pa-
thway was operationalized as the 510(k) clearance type recorded by the FDA, Traditional, Special
or Abbreviated, which reflects the evidentiary route through which substantial equivalence to a
predicate device is demonstrated, together with the third-party review flag that indicates whether
an FDA-accredited third party performed the review. Because openFDA does not expose predicate
identity, the primary predicate device was extracted from the summary or statement and recorded
by its 510(k) number when available; records for which no primary predicate could be extracted
were counted as not extractable rather than imputed. Year of decision, applicant and country were
taken from the openFDA record. The decision code was noted but not analyzed as an outcome
because every included clearance carried the substantially equivalent decision.

Statistical analysis

Frequencies and percentages describe the total and additively manufactured clearances
overall, by indication, by clearance type, by third-party review, by manufacturer and by year. The an-
nual share of additively manufactured clearances was computed against the total resin clearances
of the same year. No inferential testing was performed because the study analyzes the complete
population of eligible clearances rather than a sample, so confidence intervals and hypothesis
tests are not applicable to these counts. Analyses were written in Python 3.14 with reproducible
scripts that generate the tables, the figures and the metrics file; the script was executed twice and
produced identical metrics. All figures are two-dimensional, in grayscale and at 300 dots per inch,
and they were generated by the same script that produces the metrics file.

Two sensitivity considerations guided the analysis. First, the fabrication classification was
audited record by record, and the per-record evidence is exposed in the audited table so that any
reclassification can be propagated to the counts. Second, the predicate extraction was run only
on the primary predicate, and secondary or reference predicates, which several summaries also
list, were not counted; the lineage described in the results is therefore a conservative estimate of
the true chain depth. Missing predicate information was never imputed, and the share of records
with an extractable predicate is reported alongside every predicate result.

Ethical aspects

The study used public, de-identified regulatory records in the public domain. No ethical
approval or informed consent was required.

RESULTS

Between 2018 and 2026, 249 510(k) clearances met the inclusion criteria, of which 68 were
denture base resins, 136 permanent tooth-shade resins, 43 temporary crown-and-bridge resins
and 2 long-term temporary resins (Table 1). Of these, 84 clearances (33.70%) were classified as ad-
ditively manufactured and 165 as conventionally fabricated. Every included clearance received a
substantially equivalent decision code.

The annual volume of additively manufactured clearances rose from 2 in 2018 and 3 in 2019
to between 12 and 14 in each year from 2020 onward (Table 2; Figure 1). The share of additively ma-
nufactured clearances within all dental resin clearances of the same year grew from 8.30% in 2018
to 44.40% in 2026. The cumulative number of additively manufactured clearances reached 84 by
the end of the window (Figure 2). No additively manufactured clearance was recorded in the PZY
denture tooth code during the study period.
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Table 1. FDA 510(k) clearances of dental restorative resins included in the study, by product code and
fabrication route (2018-2026).

Product code Indication Total clearances | AM clearances | AM (%)
EBI Denture base resin (21 CFR 872.3760) 68 48 70.6
EBF Permanent / tooth-shade resin (21 CFR 872.3690) 136 19 14.0
EBG Temporary crown-and-bridge resin (21 CFR 872.3770) 43 16 372
POW Long-term temporary crown-and-bridge resin (21 CFR 872.3770) 2 1 50.0

Note: AM = additive manufacturing (3D printing). Percentages are the share of each product code classified as AM. Source: openFDA
device/510(k) endpoint, retrieved 2026-10-25 (dataset updated 2026-10-12).

Table 2. Annual FDA 510(k) clearances of dental restorative resins, total and additively manufactured
(2018-2026).

Year Total clearances | AM clearances | AM (%)
2018 24 2 83
2019 27 3 11
2020 &5 12 343
2021 20 8 40.0
2022 3] 12 38.7
2023 23 9 391
2024 32 14 43.8
2025 30 12 40.0
2026 27 12 444

Note: AM = additive manufacturing. The 2026 count includes decisions available through the dataset update of 2026-10-12. Source:
openFDA device/510(k) endpoint, retrieved 2026-10-25.

Figure 1. Annual additively manufactured FDA 510(k) clearances of dental restorative resins, 2018-2026.
16
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Year of decision

Note: The 2026 count includes decisions available through the dataset update of 2026-10-12. Source: Elaboracién propia a partir de
openFDA.
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Figure 2. Cumulative additively manufactured FDA 510(k) clearances of dental restorative resins, 2018-
2026.
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Note: The curve accumulates clearances from 2018 onward. Source: Elaboracién propia a partir de openFDA.

By indication, denture base resins accounted for 48 of the 84 additively manufactured clea-
rances, permanent tooth-shade resins for 19, temporary crown-and-bridge resins for 16 and long-
term temporary resins for 1 (Figure 3). The product code with the highest proportion of additively
manufactured records was EBI, where 48 of 68 clearances were additively manufactured. The
permanent resin code, by contrast, remained dominated by conventional composites, with 19 ad-
ditively manufactured records among 136 clearances. The first additively manufactured clearances
appeared in the denture base and temporary codes in 2018; the permanent tooth-shade code
followed in 2020 and the single long-term temporary clearance arrived in 2023 (Table 3).

Figure 3. Additively manufactured FDA 510(k) clearances of dental restorative resins by indication, 2018-

2026.
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Z 20
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Denture base Permanent/ Temporary Long-term
tooth-shade C&B temporary

Note: EBI denture base resin; EBF permanent/tooth-shade resin; EBG temporary crown-and-bridge resin; POW long-term temporary
resin. Source: Elaboracion propia a partir de openFDA.

The Traditional pathway accounted for 74 of the 84 additively manufactured clearances
(88.10%), the Abbreviated pathway for 9 (10.70%) and the Special pathway for 1 (1.20%) (Table 4, Fi-
gure 4). The single Special clearance was a shade extension of a permanent crown resin, and the
Special pathway was absent from the denture base, temporary and long-term temporary codes.
The Abbreviated clearances fell within the denture base and permanent resin codes (Table 4).
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Fourteen clearances (16.70%) were reviewed by an FDA-accredited third party, of which 12
fell within the Traditional pathway. Across the full frame of 249 resin clearances, the Traditional
pathway accounted for 219, the Abbreviated pathway for 17 and the Special pathway for 13, so the
pathway profile of the additively manufactured subset resembled that of dental resins as a whole.

Table 4. Additively manufactured dental resin 510(k) clearances by indication and predicate pathway
(clearance type), 2018-2026.

Indication Traditional | Abbreviated | Special | Total
Denture base resin (21 CFR 872.3760) 41 7 0 48
Permanent / tooth-shade resin (21 CFR 872.3690) 16 2 1 19
Temporary crown-and-bridge resin (21 CFR 872.3770) 16 (0] (0] 16
Long-term temporary crown-and-bridge resin (21 CFR 872.3770) 1 o] o] 1

Note: Predicate pathway = 510(k) clearance type: Traditional (substantial equivalence to a predicate device), Special (modification of
the applicant’s own predicate) or Abbreviated (predicate plus guidance or special controls). Source: openFDA device/510(k) endpoint,
retrieved 2026-10-25.

Figure 4. Additively manufactured FDA 510(k) clearances of dental restorative resins by predicate
pathway, 2018-2026.
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Note: Predicate pathway = 510(k) clearance type. Source: Elaboracién propia a partir de openFDA.

The 84 additively manufactured clearances were held by 41 distinct manufacturers, but the
volume was concentrated. SprintRay held 8 clearances, followed by SHINING3D with 5, and Dentsply
Sirona, Graphy, Deltamed and Prismatik Dentalcraft with 4 each (Table 5). Thirty-two clearances
named a manufacturer located in the United States, 19 in Germany, 13 in China and 8 in South
Korea. The United States and Germany together accounted for more than half of the additively
manufactured clearances, and the Chinese volume was concentrated in denture base resins from
SHINING3D and several specialty suppliers (Table 5).

A primary predicate device was extractable from the public summary or statement for 66 of
the 84 additively manufactured clearances (78.60%). Three primary predicates were each cited by
5 additively manufactured clearances: NextDent Denture 3D+ (K191497), Dentca Denture Base ||
(K162044) and an early extra-oral additive CAD/CAM system (K102776). NextDent Denture/E-Den-
ture (K162572) followed with four citations (Table ©6). Five of the twelve most cited predicates were
themselves additively manufactured resins cleared within the study window, and three predated
the window. The clearances without an extractable predicate were statements that did not publish
a public summary rather than summaries that failed to name a predicate.

The audited list of the 84 additively manufactured clearances, with trade name, applicant,
year, pathway and third-party flag, is provided in Table 6 (Supplementary material — table3).

https://doi.org/10.62486/dent2026279 7


https://doi.org/10.62486/dent2026279

Ramirez Fritze et al.

SAP Dentistry. 2026;4:279

Table 5. Manufacturers with the most additively manufactured dental resin 510(k) clearances, 2018-2026.

Manufacturer

AM clearances

SprintRay

8

Hangzhou SHINING3D Dental Technology Co.

Deltamed

Dentsply Sirona

Prismatik Dentalcraft

Graphy

Vertex-Dental B.V.

EnvisionTEC

Dentca

Guangzhou Heygears IMC.

Saremco Dental

Enlighten Materials Co.

Detax GmbH & Co.

Keystone Industries

NN N[N W [W W W [N NIN [N >

Asiga Pty

2

Note: AM = additive manufacturing. Source: openFDA device/510(k) endpoint, retrieved 2026-10-25.

Table 6. Primary predicate devices most frequently cited by additively manufactured dental resin 510(k)

clearances.

Primary predicate (510(k)) Predicate device AM clearances citing it | Predicate category
K162044 Dentca Denture Base Il (Dentca) 5 Pre-2018
K191497 NextDent Denture 3D+ (Vertex-Dental) 5 AM (2018-2026)
K102776 Extra-oral additive CAD/CAM system (Deltamed) 5 Pre-2018
K162572 NextDent Denture/E-Denture (Vertex-Dental) 4 Pre-2018
K180657 Resin for temporary crown and bridge (Dentis) 3 AM (2018-2026)
K221678 SprintRay High Impact Denture Base (SprintRay) 3 AM (2018-2026)
K250617 Apex Flex (SprintRay) 3 AM (2018-2026)
K202846 TERA HARZ (Graphy) 3 AM (2018-2026)
K210977 E-Dent 1000 (EnvisionTEC) 3 AM (2018-2026)
K213343 Saremco Print CROWNTEC (Saremco) 2 AM (2018-2026)
K213765 Glidewell 3DP Denture Base Resin (Prismatik) 2 AM (2018-2026)
K222623 Digital Crown (SprintRay) 2 AM (2018-2026)

Note: Predicate category: AM (2018-2026) = additively manufactured resin cleared within the study window; Pre-2018 = device cleared
before the study window. Predicates were extractable for 66 of 84 AM clearances. Source: FDA 510(k) summaries/statements (accessdata.

DISCUSSION

fda.gov), retrieved 2026-10-25; openFDA device/510(k) endpoint.

Additively manufactured resins for dental restorations obtained 84 FDA 510(k) clearances be-
tween 2018 and 2026, a volume that rose from two clearances in 2018 to a sustained rate of twelve
to fourteen per year after 2020 and reached almost half of annual dental resin clearances by 2026.
The clearances concentrated in denture base resins and flowed almost entirely through the Tradi-
tional predicate pathway, with a lineage that recurrently cited a small set of early additive-manu-
facturing devices. These results place the regulatory expansion of printed dental resins within the
same pattern described for other technology-driven device families, while the material literature
explains why the equivalence route, rather than the special or abbreviated routes, dominated.

The dominance of the Traditional pathway is consistent with how the 510(k) framework be-
haves when a technology is new.

https://doi.org/10.62486/dent2026279
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Most printed resins entered as new materials from manufacturers that did not own a prior
printed-resin predicate, so they could not use the Special pathway, which is reserved for modi-
fications of the applicant’'s own device; the single Special clearance was a shade extension of a
permanent crown resin. This mirrors the observation that artificial-intelligence-enabled devices
cleared overwhelmingly through Traditional 510(k) submissions and that first-generation devices
frequently cited predicates that did not share the new technology.(13,15) In the dental resins stu-
died here the lineage was more self-referential than in that literature: five of the twelve most cited
predicates were themselves additively manufactured resins cleared within the window, and the
roots of the chain, Dentca Denture Base Il and NextDent Denture/E-Denture, were printed-resin
devices from 2016. A self-referential predicate cascade of this kind has been documented for knee
arthroplasty, where modern devices trace to interconnected predicate ancestors, and it carries
the same implication: equivalence is demonstrated against a moving reference that increasingly
resembles the new device.(16)

The shape of the cascade is visible in the predicate table. Three devices, NextDent Denture
3D+, Dentca Denture Base |l and an extra-oral additive CAD/CAM system cleared in 2011, anchor five
clearances each, and the in-window resins they enabled, such as SprintRay High Impact Denture
Base, Apex Flex, E-Dent 1000 and TERA HARZ, went on to serve as predicates for later submissions.
This differs from the first-generation pattern reported for artificial-intelligence devices, where early
clearances leaned on predicates outside the new technology; after an initial reliance on pre-2018
founding devices, the printed-resin category began reproducing itself as its own reference.(13,14)
The regulatory consequence is that the evidentiary burden of the whole category rests on a small
number of founding clearances and on the first in-window resins, and any weakness in those re-
ferences propagates forward through the chain. That concentration, rather than the number of
clearances itself, is the finding that should guide postmarket attention.

The concentration in denture bases has a material explanation. Denture base resin is the
indication in which vat photopolymerization substitutes most directly for a labor-intensive analog
workflow, and the material literature supports clinical adoption through flexural strength and ac-
curacy comparable to conventional and milled polymethyl methacrylate.(1,2,24)Studies of printed
denture base resins reinforced with polyetheretherketone or titanium dioxide report mechanical
properties that exceed those of the unmodified resin, which may explain why manufacturers ex-
tended a code originally written for relining resins to full printed denture bases.(25,26) The slower
uptake of printed permanent crown resins, nineteen clearances, aligns with the more demanding
requirements of definitive restorations, where ceramic-filled printable resins are still consolidating
mechanical evidence and where wear resistance against milled resin-ceramics remains under
comparison.(27-29)Temporary crown-and-bridge resins occupy an intermediate position, consistent
with their shorter service life and lower mechanical demand, although printing orientation and
layer thickness still modify their fracture behavior, accuracy and biofilm accumulation.(18,19,22,30)

The temporal order of entry follows the same logic. Printed denture bases and temporary
resins were the first to be cleared, which is expected for indications whose failure mode is less
consequential and whose mechanical demands are lower; printed permanent resins arrived only
after the provisional and denture materials had demonstrated that the vat-photopolymerization
workflow was reproducible. This sequence, provisional and removable indications before definitive
fixed restorations, is the same adoption ladder described in reviews of digital prosthetic dentistry
and suggests that the permanent-resin share of the category will keep growing as ceramic-filled
formulations mature.(1,28)

The pathway distribution also reflects how regulators weigh evidence for these materials.
The Abbreviated pathway, used in nine clearances, anchors equivalence in guidance, special con-
trols or consensus standards rather than in performance data alone, and its concentration among
denture base and permanent resins is plausible because those indications have more mature test
standards. The 16.7% rate of third-party review exceeds the overall medical device rate and is consis-
tent with evidence that third-party review is selected for lower-risk, well-characterized submissions
and shortens review duration.(10)Critics of the 510(k) framework argue that equivalence-based
clearance can propagate unvalidated assumptions and has been associated with higher recall
risk than premarket approval, a concern that the global regulatory community also voices when
comparing the United States with the European system.(11,12,31)The present data do not resolve
that argument, but they show that the predicate foundation for printed dental resins is narrow,
which concentrates the consequences of any error in the founding predicates.

A comparative reading of the regulatory context places these findings in perspective. The
United States route for printed dental resins remains the 510(k) notification, whereas the same
materials in the European Union fall under the Medical Device Regulation with notified-body
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conformity assessment, a divergence that complicates market access for manufacturers and has
been discussed as a general challenge for medical device innovation.(31)The predominance of the
Traditional pathway in this study means that most printed resins entered the United States market
with a predicate comparison rather than with the guidance-anchored or modification-based routes
that the framework also offers; whether the European route produces a different portfolio of printed
resins is an open question that the present data cannot answer but that the comparison invites.

The biological evidence frames what is at stake. Printed resins can release residual monomers,
and cytotoxicity, color stability, translucency and surface characteristics depend on composition,
photoinitiator chemistry, printing parameters and post-curing.(20,32-35)Comparative studies ne-
vertheless report that printed provisional and definitive resins perform within the range of milled
and conventional materials, including for permanent crown resins compared with subtractive
resin-ceramics.(21,36,37)Recent formulation work on dual-cured denture base resins and on na-
nofiller-reinforced printable resins suggests that the mechanical ceiling of the material class is
still rising, which could accelerate the next wave of permanent-resin clearances.(38)The regulatory
pattern observed here, rapid clearance through equivalence with limited clinical data, is therefo-
re coherent with the bench evidence but leaves long-term intraoral performance to postmarket
observation.

On balance, the evidence indicates that the equivalence route has served printed dental re-
sins in the narrow sense of enabling market entry while leaving the safety case on a thin evidentiary
spine. The bench literature supports interchangeability of printed and milled resins for provisional
and, increasingly, definitive use,(27,37) yet the biological variability documented across compo-
sitions means that equivalence to a predicate does not by itself guarantee equivalent biological
behavior.(32,33) A proportionate response would not abandon the 510(k) route but would direct
the most demanding postmarket scrutiny to the founding predicates and to the first in-window
resins from which the rest of the category descends.

This study has strengths. It used the complete openFDA population of eligible clearances
rather than a sample, verified the fabrication classification record by record against FDA sum-
maries, and reproduced all figures from an executable script. The full per-record classification is
published as an audited table, which makes the count falsifiable. The combination of a structured
registry with the narrative summaries of the same submissions is unusual in the dental regulatory
literature and allowed the fabrication route and the primary predicate to be recovered for the large
majority of records, which would not be possible from the structured fields alone. Limitations fo-
llow from the data themselves. First, openFDA does not expose predicate identity, so the predicate
analysis relied on the subset of summaries from which a primary predicate could be extracted,
eighteen clearances, mostly statements without a public summary, lacked this information, and
the pathway results therefore rest on the clearance type rather than on the complete predicate
chain. Linking the records to recall and adverse-event data would strengthen the safety interpre-
tation, and future work should perform that linkage as has been done for other device families.(11)
Second, the fabrication classification depends on the technology language stated in each record,
and a material that is printable but described without additive-manufacturing terms would be
misclassified as conventional; the audited table allows reclassification if such cases are identified.
Third, 2026 is a partial year, so the apparent plateau between twelve and fourteen clearances af-
ter 2020 could understate the full-year total, and the trajectory should be re-estimated once the
complete year is available. Fourth, the analysis is descriptive and cannot attribute causal effects to
the clearance type; a comparative design linking pathway to postmarket outcomes is required for
that inference. Fifth, the operationalization of the predicate pathway as the clearance type, forced
by the fields that openFDA exposes, captures the evidentiary route but not the identity of every
predicate in the chain, so the cascade described here is a lower bound on the true lineage depth.
Sixth, the fabrication classification was applied by a single analyst using a documented rule and
audited evidence rather than by independent coders; the audited table exposes every decision for
verification, but inter-coder reliability was not measurable and a small number of records whose
summaries were silent on fabrication technology remain judgment calls.

For regulators, the concentration of equivalence in a few founding predicates suggests that
the accuracy of those early clearances deserves particular scrutiny and that guidance specific
to printable resins could widen the currently narrow use of the Abbreviated route, which in turn
would diversify the evidentiary anchors beyond a handful of devices. For manufacturers, the unde-
rused Special and Abbreviated pathways represent efficiency that is currently unavailable to first
entrants but could reduce burden for established printed-resin portfolios, and the dominance of
the Traditional route signals that most entrants are still paying the full cost of a predicate compa-
rison. For clinicians, the audited list identifies which printed resins carry a clearance and for which
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indication, which is the minimal information required to select a material with a documented
regulatory history, and it shows that a clearance, not a marketing claim, is the reliable signal of a
documented regulatory review. For researchers, the reproducible count and classification provide
a baseline against which future years and other jurisdictions can be compared.

CONCLUSIONS

The annual number of additively manufactured dental resin clearances grew from a small
initial volume to a sustained rate after 2020 and to a substantial share of annual resin clearances
by the end of the window. Denture base resins represented the largest share of these clearances,
followed by permanent tooth-shade resins and temporary crown-and-bridge resins, while the
long-term temporary indication contributed a single clearance. The Traditional predicate pathway
dominated, the Abbreviated and Special pathways were used sparingly, and third-party review
was applied to a minority of clearances. The predicate lineage was anchored in a small set of early
additive-manufacturing devices, which subsequent printed resins repeatedly cited as their referen-
ce, so the evidentiary foundation of the category rests on a narrow group of founding clearances.
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Table 3. Additively manufactured dental resin 510(k) clearances included in the study (2018-2026).

510(k) Year | Code Trade name Applicant Pathway -LI::&-
K181220 | 2018 | EBI Juell 3D Volo Base Park Dental Research Traditional N
Corporation
K180657 | 2018 | EBG Resin for Temporary Crown & Bridge Dentis Co., Ltd. Traditional N
K190043 | 2019 | EBI Halley resin Dentsply Sirona Traditional N
K191427 | 2019 | EBI Halley resin system Dentsply Sirona Traditional N
K191497 | 2019 EBI NextDent Denture 3D+ Vertex-Dental B.V. Abbreviated N
K192806 | 2020 | EBG DENTCA Crown and Bridge Dentca, Inc. Traditional N
K191590 | 2020 | EBG AA temp temporary restoration 3D printing photoreactive resin Enlighten Materials Co., Ltd. Traditional N
. Bego Bremer Goldschlagerei .
K193553 | 2020 | EBG VarseoSmile Temp Wi‘f’h. et b & cg . | Traditional N
K201668 | 2020 | EBF VarseoSmile Crown plus Be.go Bremer Coldschlagerei Traditional Y
Wilh. Herbst CmbH & Co. KG

K193113 | 2020 | EBG GC Temp Print GC America, Inc. Traditional N
K200039 | 2020 | EBG P pro Crown & Bridge Deltamed GmbH Traditional N
K200273 | 2020 | EBG FREEPRINT temp Detax GmbH & Co. KG Traditional N
K201827 | 2020 | EBG GR-17 Resin System Pro3Dure Medical GmbH Traditional N
K200461 | 2020 | EBI Freeprint denture Detax GmbH & Co. KG Traditional N
K200580 | 2020 | EBI FotoDent denture Dreve Dentamid GmbH Abbreviated N
K191591 | 2020 | EBI BB Base 3D printing resin for denture base Enlighten Materials Co., Ltd. Traditional N
K193623 | 2020 | EBI DIOnavi-Denture Dio Corporation Traditional N
K203641 | 2021 EBI E-Denture Pro Envisiontec GmbH Traditional N
K210298 | 2021 EBI GR-14 Resin System Pro3Dure Medical GmbH Traditional N
K210828 | 2021 EBI DIOnavi-Denture02 Dio Corporation Traditional N
K210817 | 2021 | EBG C&B 5.0 Hybrid Arum Dentistry Co., Ltd. Traditional N
K21101 2021 | EBG E-Temp Envisiontec GmbH Traditional N
K202846 | 2021 | EBF TERA HARZ Graphy, Inc. Traditional N
K210977 | 2021 | EBF E-Dent 1000 Envisiontec GmbH Traditional N
K211804 | 2021 | EBF 3Delta Crown Deltamed GmbH Traditional N
K212541 | 2022 | EBI 3Delta Denture Base - 3Delta Denture Bond - 3Delta Denture Fix Deltamed GmbH Traditional N




K213765 | 2022 | EBI Clidewell 3DP Denture Base Resin Prismatik Dentalcraft, Inc. Traditional N
K220042 | 2022 | EBI Dentca Base Premium, Dentca Base Hi-Impact Dentca, Inc. Traditional N
K220236 | 2022 | EBI V-Print dentbase Voco GmbH Traditional N
K220771 | 2022 | EBI Stratasys TrueDent Stratasys, Ltd. Traditional N
K220979 | 2022 | EBI SprintRay Denture Base Sprintray, Inc. Traditional N
K221678 | 2022 | EBI SprintRay High Impact Denture Base Sprintray, Inc. Traditional N
K222414 | 2022 | EBI TERA HARZ DENTURE Graphy, Inc. Traditional N
K213643 | 2022 | EBG UltraPrint-Dental Temp C&B UV Guangzhou Heygears IMC,, Inc. | Traditional N
K222623 | 2022 | EBF Digital Crown Sprintray, Inc. Traditional N
K222877 | 2022 | EBF FREEPRINT crown Detax GmbH Traditional N
K213343 | 2022 | EBF Saremco Print CROWNTEC Saremco Dental AG Abbreviated N
K222489 | 2023 | EBI Harvest Printable Resin Harvest Dental Products, LLC Traditional N
K230098 | 2023 | EBI Trusana Myerson, LLC Traditional N
K230445 | 2023 | EBI OnX Tough Sprintray, Inc. Traditional N
K231388 | 2023 | EBI NextDent Base Vertex-Dental B.V. Abbreviated N
K231578 | 2023 | EBI Lucitone Digital Print Denture System Dentsply Sirona Abbreviated N
K232050 | 2023 | EBF saremco print BRIDGETEC Saremco Dental AG Abbreviated N
K233502 | 2023 | EBF TERA HARZ || Graphy, Inc. Traditional N
. . Bego Bremer Goldschlagerei -,
K233596 | 2023 | EBF VarseoSmile TriniQ Wilgh_ Herbst GmbH & Cc?. KG Traditional N
K231591 | 2023 | POW V-Print c&b temp Voco GmbH Traditional N
K233995 | 2024 | EBI Ivotion Base Print Ivoclar Vivadent, Inc. Traditional N
K240688 | 2024 | EBI RODIN Titan 3D Resin Belport Comggﬂy' Inc. GINgl- | 1 ditional N
K241071 | 2024 | EBI NextDent Jet Denture Base; NextDent Jet Denture Teeth Vertex-Dental B.V. Traditional N
K241089 | 2024 | EBI KeyPrint KeyDenture Base Keystone Industries Traditional N
K241493 | 2024 | EBI Glidewell 3DP Denture Base Resin Prismatik Dentalcraft, Inc. Traditional N
K242884 | 2024 | EBI Additively Manufactured Denture Resin Aidite (Qinhuangdao) Traditional N
Technology Co,, Ltd.
K243103 | 2024 | EBI Denture Base Riton 3D Technology Co., Ltd. Traditional N
K243336 | 2024 | EBI Lucitone Digital Print Denture System Dentsply Sirona, Inc. Traditional N
K233868 | 2024 | EBG dima Print Teeth & Temp Kulzer, LLC Traditional N
K240538 | 2024 | EBG Premium Teeth Resin Formlabs Ohio, Inc. Traditional N
K242559 | 2024 | EBG Digital Temp Sprintray, Inc. Traditional N




Shenzhen Piocreat 3D

K241673 | 2024 | EBF Denture Base Resin (PN-Denture (Red, White)) Traditional N
Technology Co,, Ltd.

K242277 | 2024 | EBF Crown HT Sprintray, Inc. Traditional N

K243720 | 2024 | EBF 3Delta UNIlimited Deltamed GmbH Traditional N

K243356 | 2025 | EBI Asiga DentaBASE Asiga Pty, Ltd. Abbreviated N

K250302 | 2025 | EBI Flexible Partial Resin Prismatik Dentalcraft, Inc. Traditional N

K250489 | 2025 | EBI FP3D Keystone Industries Traditional N

K250617 | 2025 | EBI Apex Flex Sprintray, Inc. Traditional N

K250946 | 2025 | EBI Denture Base Resin DT20 Hangzhou SHINING3D Dental | . i) N
Technology Co,, Ltd.

K252430 | 2025 | EBI Freeprint denture flex Detax GmbH Traditional N

K253324 | 2025 | EBI UltraPrint-Dental Denture UV Guangzhou Heygears IMC,, Inc. | Traditional N

K253365 | 2025 | EBI LuxCreo Flexible Partial Denture Resin LuxCreo, Inc. Traditional N

TERA HARZ Hard Denture (THD-C-500); TERA HARZ Hard Denture
K253681 | 2025 | EBI | (THD-C-1000); TERA HARZ Hard Denture (THD-LP-500); TERA HARZ Graphy, Inc. Traditional N
Hard Denture (THD-LP-1000)
K243370 | 2025 | EBG DentaTOOTH Asiga Pty, Ltd. Traditional
. . . . . . Aidite (Qinhuangdao -,
K250497 | 2025 | EBF Additive Manufacturing (Light Curing) Crown Bridge Resin Techn(ology Co.,thd.) Traditional
K253053 | 2025 | EBF Dura-Crown (CB21-Al/CB21-A2/CB21-A3/CB21-B1) Hangzhou SHININGSD Dental | o i) N
Technology Co.

K260376 | 2026 | EBI Denture Base Shandong Huge Dental Traditional N
Material Corporation

K260569 | 2026 | EBI DB 4000 High Impact Denture Base Carbon, Inc. Abbreviated N

K261474 | 2026 | EBI DENTCA Tru Flexible Dentca, Inc. Traditional N

K261626 | 2026 | EBI UltraPrint Flexible Denture UV Guangzhou Heygears IMC,, Inc. | Traditional N

K261802 | 2026 | EBI Glidewell Denture Base Resin Prismatik Dentalcraft, Inc. Traditional N

K262300 | 2026 | EBI Denture Base Resin V2 Formlalbs Ohio, Inc. Abbreviated N

K262681 | 2026 | EBI NanoCeram Resin 3BFAB TEKNOLOIJI AS. Traditional N

K261261 | 2026 | EBG Dura-Arch Hangzhou SHININGSD Dental | . i) N

Technology Co.
K260152 | 2026 | EBF | Smart Print Bio Vitality (A2, A3, BL, B, A2-HT, A3-HT, BLI-HT, BI-HT) | | mtech Projetos Tecnologicos | i na) N

Importacao E Exportacao Ltda.




Hangzhou SHINING3D Dental

K260170 | 2026 | EBF LumiCera
Technology Co.

Traditional N

K260661 | 2026 | EBF Midas Restore Sprintray, Inc. Traditional N

Hangzhou SHINING3D Dental

K261356 | 2026 | EBF Dura-Crown
Technology Co.

Special N

Note: Pathway = 510(k) clearance type; Third-party = reviewed by an FDA-accredited third party (Y/N). EBl denture base; EBF permanent/tooth-shade; EBG
temporary crown-and-bridge; POW long-term temporary. Source: openFDA device/510(k) endpoint, retrieved 2026-10-25.
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