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Occlusal ~devices are con-
servative and reversible inter-
ventions that are frequently
used as initial management for
temporomandibular  disorders
(TMDs) and parafunctional ha-
bits such as bruxism."~ Their
effectiveness is based on neu-
romuscular ~ reprogramming,
retrodiscal decompression, and
orofacial protection,” promoting
condyle-disc alignment,"”” pain
relief, dental protection, and the
functional stabilization of the
stomatognathic system.”* Clin-
ical effectiveness relies on su-
pervised use, periodic
adjustments,” and the use of
durable materials to ensure
long-term clinical performance.”

Different materials and techniques have been used for
the fabrication of these devices, including composite resins
based on urethane dimethacrylate (UDMA), polymethyl
methacrylate (PMMA), or polyamides, selected according to
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ABSTRACT

Statement of problem. Computer-aided design and computer-aided manufacturing (CAD-CAM)
has introduced alternatives to the conventional fabrication of occlusal devices, though data on
their physical, mechanical, and long-term durability remain limited.

Purpose. The purpose of this systematic review was to assess the stability of the physical and
mechanical properties of occlusal device materials subjected to degradation.

Material and methods. This review was registered in the open science framework (OSF) (osf.io/
rjgs6) and involved 8 databases and nonpeer-reviewed sources, supplemented by manual
screening. Independent study selection followed predefined criteria, and the risk of bias was
assessed with the RoOBDEMAT tool.

Results. Across 21 studies, milled composite resins outperformed 3-dimensionally (3D) printed
and heat-polymerized or autopolymerized polymethyl methacrylate (PMMA) under artificial
degradation, with printing and postpolymerization parameters influencing the
physicomechanical stability of 3D printed composite resins.

Conclusions. Milled materials exhibited the greatest stability, heat-polymerized PMMA
demonstrated intermediate performance, and autopolymerized resins performed the worst.
Despite greater degradation susceptibility, advances in formulation and postprocessing suggest
promising potential for 3D printed resins. (J Prosthet Dent 2026;136:69-80)

the clinical indication.””"” Conventional techniques involve
material processing through injection, thermoforming, or
muffle polymerization.”” "' Rigid materials have been pre-
ferred for their dimensional stability, retention, and ease of
repair.” However, a meta-analysis'* reported no significant
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Clinical Implications

Digital workflows using computer-aided design
and computer-aided manufacturing (CAD-CAM)
compatible materials have been well established
for the fabrication of occlusal devices. However,
understanding the combined effects of different
aging methodologies may help link in vitro de-
gradation to clinical longevity.

differences in masticatory function or orofacial pain relief
between rigid and flexible devices. PMMA stands out for its
low cost and technical simplicity but has limitations such as
polymerization shrinkage, dimensional instability, and por-
osity.””

With computer-aided design and computer-aided
manufacturing (CAD-CAM) technology, polymer-based
composite resins have been incorporated into digital
workflows through additive (AM) and subtractive manu-
facturing (SM), offering greater efficiency, predictability,
standardization,”'”'® and fewer postfabrication adjust-
ments."” Subtractively manufactured composite resins have
been reported to exhibit better mechanical properties
compared with 3-dimensionally (3D) printed materials,” "’
largely associated with industrial polymerization,” which
may enhance physicomechanical stability and contribute to
improved treatment adherence and clinical longevity."”"”
The durability of polymeric materials depends on intrinsic
factors, such as chemical composition and degree of cross-
linking,w'z1 23 as well as extrinsic factors, including oral
environment exposure, functional and parafunctional loads,
patient habits, and hygiene protocols."”*"**

In vitro studies have provided methodological stra-
tegies for understanding the degradation mechanisms of
dental materials, as they enable controlled and re-
producible simulation of oral conditions”””'"** using
chemical, physical, mechanical, and hygiene-related
aging protocols.” '""'***" However, the multifactorial
and synergistic nature of oral degradation, driven by
thermal, chemical, mechanical, and biological interac-
tions”” has limited direct extrapolation of in vitro find-
ings to clinical outcomes, as physiological variables, such
as pH, temperature, saliva, and mechanical loads, in-
teract synergistically and nonlinearly.””"

Artificial aging methodologies frequently simulate
surface wear,'"'*7 72913 Hincluding 2-body wear
associated with parafunctional solid-to-solid con-
tact, !> 727313354 and 3-body wear, which more closely
reproduces physiological mastication.”””””  Abrasive
wear has been commonly simulated using brushing
cycles with dentifrices,'">"**?® while functional stresses
have been reproduced through compressive, tensile, and
shear loading.”* Chemical stability and discoloration
susceptibility have been assessed via immersion in
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aqueous solutions, artificial saliva, or staining media,
reflecting hydrolytic degradation and dye diffu-
sion,' 7172850925550 Combining multiple aging pro-
tocols may better approximate clinical conditions and
improve predictions of material durability.

Previous evidence, however, suggests similar wear be-
havior among thermopolymerized, milled, and 3D printed
polymers, outperforming thermoformed materials.”” Con-
sidering that physicomechanical stability is a key determi-
nant of the clinical longevity of occlusal devices' and that
diverse degradation methodologies have been ap-
plied,”""*** a systematic review comparing different aging
protocols when assessing the physicomechanical properties
of occlusal device materials is lacking. Therefore, this review
aimed to identify materials with superior physicomechanical
performance under degradation. The null hypothesis was
that subtractively manufactured and 3D printed composite
resins would not outperform conventionally processed

polymers.

MATERIAL AND METHODS

This systematic review was conducted according to the
Preferred Reporting Items for Systematic Reviews and
Meta-Analyses (PRISMA) guidelines38 and registered in
the Open Science Framework (OSF). The population,
intervention, comparison, outcome, and study design
(PICOS) framework included occlusal devices, de-
gradation, different materials, physicomechanical prop-
erties, and experimental studies.

Searches were performed in the Embase, LILACS,
PubMed, ScienceDirect, Scopus, and Web of Science
databases, as well as in nonpeer-reviewed literature
(Google Scholar and ProQuest) in April 2025. The
search strategy was customized (Supplemental Table 1,
available online), with no restrictions on publication
date or language. Reference lists of selected studies were
also screened. Study selection was manually conducted
by independent reviewers (V.M.S., J.D.C.T.,, JM.C.S,,
LF.). Studies evaluating the effects of different de-
gradation methodologies on the physical and mechan-
ical properties of materials used for occlusal devices
were included, as detailed in Table 1. Studies without
material comparisons, using materials not intended for
occlusal devices or of secondary nature, were excluded.

Duplicate references were identified using software tools
(EndNote; Clarivate Analytics, Rayyan; Qatar Computing
Research Institute). Titles and abstracts were screened, fol-
lowed by full-text assessment. Disagreements were resolved
by consensus with an additional reviewer (M.L.CV.).
Cohen kappa (k) analysis was performed to assess interrater
agreement, demonstrating high concordance for screening
(k=.84), full-text selection (k=.96), and risk of bias assess-
ment (k=.93).” Two independent authors (L.P.O.,, A.CR)
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used the RoOBDEMAT tool to evaluate the methodological
quality of the included studies. This tool comprises 4 do-
mains and 9 items classified as adequate (green), inadequate
(yellow), not reported, or not applicable (red)."

RESULTS

After duplicate removal, 545 references were identified.
Following title and abstract screening, 27 studies were se-
lected for full-text assessment, of which 9 were excluded for
various reasons (Supplemental Table 2, available online).
Three additional studies were retrieved through reference
list screening of the included articles and consultation with
subject-matter experts (Supplemental Table 3, available
online). Ultimately, 21 studies 1071421243641 ere included in
the review (Fig. 1). Methodological limitations were identi-
fied and are summarized in Figure 2. The different de-
gradation protocols and the physical and mechanical
properties evaluated across the included studies were or-
ganized into tables (Tables 2-5) according to the following
methodologies:  thermomechanical ~ degradation,”” """
thermal  degradation,'”"”"  mechanical  degrada-
tion, 1222730323435 jrmercion in solution, 1421283133,3637
and simulated toothbrushing.'”"*>*” The materials eval-
uated included autopolymerizing PMMA, ' !#762%5555
7742 heat-polymerized PMMA, """ #7142 manually
manipulated photopolymerizable resins,””’  elastomer-
icresins,””" thermoformable polymers,””"**>*" AM re-
sins,” 12142125 27293132.34.363742 414 CAD-CAM composite
reSinS.g' 10,12,21,25-27,29,31,33-36

Interactions between occlusal device materials and an-
tagonist surfaces were explored using enamel, >
polyetheretherketone (PEEK),”"  ceramics, "%

and

Records identified through databases

metal alloys.”” Ceramics exhibited greater abrasiveness than
enamel”” and PEEK,”” particularly multilayer zirconia,
which was more aggressive than lithium disilicate.” Milled
composite resins consistently demonstrated superior per-
formance, with lower volumetric loss, compared with heat-
polymerized PMMA™”* or 3D printed resins.”'**7**""
Some studies reported similar performance (P=.26) between
3D printed resins and autopolymerized PMMA,” while
others found advantages of 3D printed resins over heat-
polymerized PMMA™"" and thermoformed resins.’’
However, 1 s’fudy3 ; reported higher wear (P<.05) for 3D
printed resins compared with milled materials.

Under thermocycling, AM resins showed lower flexural
performance than milled materials (P<.001)'*" and au-
topolymerized PMMA (P<.001)." Mechanical results for
microhardness  (P<.001)"” and flexural strength  (FS)
(P<.001) showed the greater susceptibility of 3D printed
resins to degradation after simulated toothbrushing com-
pared with microwave'” or water-bath-polymerized
PMMA."" However, printed polymers may exhibit better
color stability (P=.001) compared with milled materials.”* In
brushing protocols, 3D printed resins outperformed heat-
polymerized PMMA in hardness (P=.001) and surface
roughness (P=.001),"" whereas another study reported
lower hardness compared with milled composite resins and
heat-polymerized PMMA (P<.001).” Regarding roughness,
Hickl et al'® found greater stability for CAD-CAM compo-
site resins than printed ones (P<.001), and Raffaini et al”!
reported more favorable results for 3D printed resins
(P=.005) compared with milled materials. Consistently,
milled composite resins demonstrated higher FS than 3D
printed resins or heat-polymerized (P<.001).”

Among immersion protocols, studies varied in duration
(1,21,28,30 14,2|,zs, 28,2”8 30,32 90,30 and 120 daySSS) and in

Records identified through gray

_§ searching (753) literature (200)
] PubMed (165), Embase (35), Scopus (63), < Google Scholar (100) and
= Science Direct (193), Lilacs (4), ProQuest (100)
S Web of Science (93)
kel
- | N Removed duplicates (208)
v > EndNote (116) Rayann (92)
Records after duplicate removal (545
P | (545) Articles excluded by
¢ > Title and Abstract (518)
(o] q
£ Articles selected for full-text reading (27) ———> Atticles excluded after full-text
o v reading for different reasons (9)
» Articles selected for reference list selection
18
(18) Articles included by reference-list
A selection (2)
= P Atrticles included by experts
-% v suggestion (1)
=
2 Included articles (21)

Figure 1. Flow of information through different phases of systematic review.
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Figure 2. Risk of bias divided into domains and grouped into high risk (red), low risk (green), and some concerns (yellow). D1 - Planning and

allocation bias, D2 - Bias in specimen and specimen preparation, D3 - Bias in outcome assessment, D4 - Bias in data processing and reporting. D1. A -
Control groups (positive, negative, or standard)? D1. B - Randomization process (well conducted and reported)? D1. C - Power analysis (rationale or
justification for sample size chosen)? D2. A - Specimen selection (standardized of specimen and materials according to purpose)? D2. B - Identical
experimental conditions (storage, experimental, and treatment conditions standardized among specimens)? D3. A - Testing procedures (reported in
sufficient detail for reproducibility)? D3. B - Operator (blindness)? D4. A - Statistical analysis (appropriated and reported in sufficient detail)? D4. B -

Outcomes (reported in sufficient detail)?

the media used, including distilled, "****>°¢ " deminer-
alized,”"”® and deionized water,”*" coffee,”"”® red
wine,””* cleaning tablets,”’ and disinfectant solutions.”
Milled polycarbonate-based composite resins showed lower
mechanical properties than autopolymerized PMMA but
exhibited reduced water sorption and solubility.”” The 3D
printed composite resins demonstrated lower sorption and
solubility than milled composite resins and heat-poly-
merized PMMA.™ Rosentritt et al”® reported a microhard-
ness decrease only for autopolymerized PMMA and 3D
printed composite resins, while milled composite resins and
polyethylene terephthalate (PET) remained stable.” FS was
more affected in 3D printed composite resins than in milled
ones,”’ although formulations for rigid occlusal devices
showed better mechanical performance (P<.001 t0.048),”
color, and gloss stability (P<.014)”" than flexible composite
resins. Moreover, milled PMMA exhibited greater gloss
stability (P<.05) but similar color behavior (P>.05) than
autopolymerized PMMA.”'

DISCUSSION

The null hypothesis that subtractively manufactured and
3D printed composite resins would not outperform

THE JOURNAL OF PROSTHETIC DENTISTRY

conventionally processed polymers was partially rejected
as aging methodologies were found to differentially af-
fect the physicomechanical performance and structural
integrity of occlusal device materials. Evidence has
consistently supported the superior performance of
milled materials,”'"'#* 27979925 yhereas 3D printed
resins, although still inferior to heat-polymerized
PMMA, have been reported to exhibit promising prop-
erties that merit further investigation.'" "

Milled composite resins outperform thermoformed
polymers, 3D printed resins, and both autopolymerized
and heat-polymerized PMMA,%1012242025303535 15
marily because of industrial polymerization under high
temperature (>100 °C) and pressure (>150 MPa), which
reduces porosity, increases the degree of conversion
(DC%), and ensures high material homogeneity.'”'***
These conditions have been reported to promote effec-
tive chain crosslinking, minimize structural defects, en-
hance stress dissipation,'””” and allow high inorganic
filler loading (up to 85wt%), frequently described as
hybrid ceramics, although their chemical nature has not
been fully reflected.'”

Polymerization converts monomeric C=C bonds
into polymeric C-C bonds,'” and higher DC% produces
densely crosslinked networks with fewer structural

de Melo-Soares et al
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whereas HP resin exhibited superior FS and

greater C. albicans adhesion.
Initial surface quality and polishability were

higher in harder materials; soft materials

not become rougher after aging
lower roughness, suggesting better long-

3DP showed higher microhardness,
3DP showed greater color stability and
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toothpaste slurry in suspension of 250 g toothpaste
in 1:1 demineralized water.

Soft bristles (Tek; Johnson & Johnson Ind. Com. Ltd.),
and slurry of toothpaste (Colgate Total 12 Clean

soft-bristled toothbrush (Ultraclean 40, Johnson &
Mint; Colgate)

neutral detergent (YpE, Quimica Amparo Ltda), and
Johnson)

Toothpaste (Colgate Total, Colgate-Palmolive Ind.),
Toothbrush (Oral-B 1-2-3, 35 mm, Oral-B) and

Material Used

Hickl et al, 2022

Authors, Year
Carvalho-silva
et al, 2025

et al, 2023

Raffaini

Table 3. Description of mechanical aging studies (simulated brushing) and their main findings

THE JOURNAL OF PROSTHETIC DENTISTRY

greater roughness change than 3DP (P=.0049). SM
showed higher FS than 3DP (P<.05) and HP (P<.05),
with no differences between 3DP and HP (P>.05)

SM showed better mechanical properties

SM showed higher hardness values compared to

3DP and AP (P<.05).

72,000 cycles; 250 g load;

circular motion

Toothpaste not specified; Toothbrush (Oral-B 1-2-3

medium bristle, 35 mm).

Rosentritt
et al, 2023

after the brushing protocol. 3DP and AP

showed lower hardness.

AP, autopolymerized; FS, flexural strength; HP, heat-polymerized; 3DP, 3-dimensionally printed.

defects.'”'® Polymeric material composition directly af-

fects performance under masticatory and chemical
challenges,'”'?***** while efficient chain crosslinking
enhances mechanical and physical properties,'””" >’
and resistance to degradation.”"””” Densely cross-
linked and homogeneous networks exhibit lower free
volume, which reduces plasticization and hydrolytic
degradation because of limited water and saliva diffu-
sion, 177775704 a5 well as component leaching,
thereby supporting material biocompatibility."**’

Densely crosslinked polymeric matrices provide
more uniform stress distribution, supporting the use of
industrially polymerized composite resins for occlusal
devices.”***> However, under parafunctional loading,
an appropriate balance of mechanical properties is es-
sential, as overly compliant materials may induce mus-
cular hyperactivity,”” whereas excessive rigidity may
damage antagonist teeth or materials.”’ In contrast,
polymeric materials with low crosslink density exhibit
increased free volume and heterogeneous conversion,
facilitating water diffusion, residual monomer leaching,
and subsequent hydrolytic and oxidative de-
gradation.(w,lfz&"lh, 17

The microstructure of conventional acrylic resins results
from bulk polymerization, whereas 3D printed resins have
been defined by layered deposition and incremental pho-
topolymerization,”” producing anisotropic structures with
interlaminar interfaces of lower DC% and increased sus-
ceptibility to cohesive failure.'” """ These interfaces act as
preferential fracture planes because of inferior mechanical
properties and localized stress concentrations.'”” Their in-
creased permeability facilitates solution diffusion, promoting
plasticization, hydrolysis, and leaching of residual compo-
nents.'””* Additionally, bottom-up printing may induce
oxygen inhibition at the resin-vat interface."

Printing parameters and postprocessing protocols,
including postrinsing and postpolymerization, have
been reported to directly influence the performance of
3D printed resins.'””"*"**?*** The validated integration
of equipment, materials, and postprocessing systems is
essential to ensure predictable and reproducible out-
comes; in the absence of manufacturer guidelines,
parameter selection becomes empirical and requires
preliminary testing.'” Layer thickness, print orientation,
and light intensity have been reported to affect inter-
laminar coalescence, polymerization depth, porosity,
and volumetric density, with print orientation being
particularly critical due to resin anisotropy,'”** "
and the formation of discrete interfaces that compromise
mechanical performance.””***’

Print orientation is critical because of the anisotropic
nature of photopolymerizable resins, which influences
mechanical behavior through variations in light dis-
tribution across the XYZ planes.”**” Although postrin-
sing is required to remove unpolymerized surface

de Melo-Soares et al
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Table 4. Description of aging studies by storage in solution and their main results

Authors, Year

Storage Protocol

Results

Conclusion

Gibreel
et al, 2021

Immersion for 30 days in 10 mL of
distilled water

Water storage reduced FS in all materials
(P<.05). AP and SM exhibited significant

SM polycarbonate composites resins
showed better resistance to water-

changes (P=.007 and P<.001). No significant
change occurred in fracture work after aging

related degradation than PMMA
materials

(P=.910) for all materials, except for flexible
ones. SM showed lower sorption and solubility
than other materials (P<.001). SM showed
lower solubility than AP (P<.001)

Hickl et al, 2022 Demineralized water, coffee (Cafet,
Netto), red wine (Vino d’ltalia,
sweet), and cleaning tablets

(Kukident Active Plus, Kukident) up

(P>.001)

to 4 weeks
Maleki Deionized water at 37°C for 24 h and
et al, 2024 for 90 days

Storage medium and time affected color, but
had no changes after different storage times

3DP flexible material showed worse FS, FM and
Martens hardness among AP and SM (P<.001).

Storage and solution moderately
affected gloss. Surface characteristics
and polishability tend to improve in
materials with higher hardness. Storage
affected roughness of flexible materials
3DP show to be more susceptible to
long-term water aging than SM

Rosello Jimenez

Water and dry storage; 60-120 days

Overall, 3DP exhibited lower mechanical
perfomance than SM, that showed better
hardness values compared to AP (P<.041)

After 60 days SM and 3DP showed decreased
TS values compared to baseline (P<.05), while

Despite reduced mechanical properties
under wet, high-temperature

3DP soft material exhibited significant increase
(P<.05). After 120 days, TS values influenced

conditions, 3DP outperformed AP.
Thus, AP are preferable for high

with material composition (P<.05). FM

influenced with material composition (P<.05).

Vickers hardness was influenced by both
material and aging, with material- and

condition-dependent increases or reductions

across resins (P<.05)
SM exhibited higher microhardness values

masticatory loads, thin designs, or use
beyond 6 months

SM showed superior mechanical

et al, 2023 at 21 °C or 37 °C (extraoral/intraoral
storage)

Rosentritt Demineralized water, instant coffee,

et al, 2023 sweet red wine, and a cleaning

solution (Kukident Active Plus); up to
4 weeks

Deionized water (28 days) and
artificial saliva (24-84 days)

Santis et al, 2025

compared to 3DP and AP after immersion in
different liquids (P<.05)

Aging not affect dimensional stability or FS
(P<.001). However, dual post-polymerization
improved FS of 3DP after aging (P<.05). Aging
reduced surface hardness (P<.05), with lowest

properties after brushing protocol. 3DP
and AP exhibited lower hardness

Materials showed similar wear patterns
and aging resistance, while 3DP
demonstrated higher wear resistance
than HP

values after 84 days in artificial saliva. HP
showed greater surface loss (P<.05), whereas
printed resins showed no differences (P>.05)

Vdyrynen Water at 37 °C; 1-14 days
et al, 2016

Wezgowiec Water at 37 °C; 90 days
et al, 2024

AP showed higher values for sorption, FS, and
surface roughness (Ra, Rp, Rv, Rg, and Rt)
compared to 3DP (P<.05). 3DP at 0 degrees
showed lower FS values (P<.05)

All materials reduced in hardness, FS, and FM
after storage in water (P<.05).
Thermopolymerizable PMMA showed higher

AP showed better physical and
mechanical performance when stored
in dry environment and after
immersion in distilled water for up to
14 days

TP showed better mechanical
performance after aging in distilled
water for 90 days compared to 3DP and

values for mechanical properties, followed by TP.

impression resin and thermoformable resin

(P<.05)

LP showed lower surface hardness
(P<.0001) compared to other materials.
Meanwhile, 3DP showed greater
hardness (P<.0001). All materials
showed significant reduction in
hardness (P<.001). Only HP showed
reduction in FS (P=.9992) after aging

AP, autopolymerized resin; FM, flexural modulus; FS, flexural strength; HP, heat-polymerized resin; LP, light-polymerizable resin; SM, subtractive

manufactured resin; TP, thermopolymerizable polymer; TS, tensile strength.

material, inadequate processing may reduce photo-
initiator availability and impair postpolymerization,'” "’
while exposure time, solvent type, and rinsing method
can further degrade partially polymerized matrices, re-
sulting in lower DC%.""*

During clinical use, occlusal devices have limited
exposure to abrasive agents and pigments.””” However,
in the oral environment, dental materials are subjected
to enzymatic activity, temperature variations, and pH
fluctuations.” """ Acidic conditions from bacterial me-
tabolism, diet, or gastroesophageal reflux, partially buf-
fered by saliva, can disrupt the polymer-filler interface
and hydrolyze ester bonds in acrylic and dimethacrylate

de Melo-Soares et al

matrices,”””" releasing degradation byproducts.”* Con-

versely, alkaline environments may induce saponifica-
tion, leaching of residual components, and hydrolytic
degradation because of the increased diffusion of polar
molecules and network expansion.”” Repeated pH cy-
cling reduces polymer density and mechanical proper-
ties, compromising dimensional stability and promoting
microcrack formation.””® The extent of degradation
depends on polymer composition, bond chemistry, and
environmental pH, which collectively modulate micro-
structure and pore formation.”” "

Effective biofilm removal requires combined mechanical
and chemical methods,”” which can alter the physical-

THE JOURNAL OF PROSTHETIC DENTISTRY
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Table 5. Description of thermocycling aging studies and their main findings

Authors, Year

Method

Results

Conclusion

Berli et al, 2020

20,000 cycles (5-55 °C) after
baseline water storage

After aging, FS decreased for all materials, with
significant reductions observed only for ProBase
Cold (P=.022), Freeprint Splint (P=.017), and
Nextdent Ortho Clear (P<.001). SM Temp Premium
Flexible Transpa and Yamahachi PMMA Clear
showed superior FS (P<.001), outperforming
Idodentine PMMA Transparent as well as AP and
3DP (P<.001). SM exhibited higher Vickers hardness
and greater stability after aging (P<.05). Although
AP showed satisfactory hardness, it demonstrated
lower aging stability (P<.05). Water sorption
significantly affected by both material type and
aging (P<.001), with SM and AP showing lower
sorption and solubility than 3DP (P<.001)

For FS values 3DP exhibited lower FS than SM and

HP exhibited higher color change, whereas SM and

showed lower roughness changes compared to SM

significant differences were observed between SM
and 3DP (P>.05), but both outperformed HP (P<.05)

and hardness (P>.05). 3DP FM values may increase

Maleki 5000 cycles (5-55 °C)

et al, 2024 AP (P<.001). Flexible 3DP presented lowest FM
(P<.001) and hardness (P<.001)

Raffaini 1.2 million

et al, 2023 thermomechanical cycles (5- 3DP have no difference (P>.05). However, all

55 °C) materials exhibited color changes exceeding

acceptability and perceptibility thresholds. 3DP
and HP, that have no difference between (P>.05).
Before aging, SM demonstrated superior
performance compared to 3DP and HP, with no
difference between it (P>.05). After aging, no

Rosello 2500 cycles (5-55 °C) Material and aging protocol influence TS (P<.05)

Jimenez

et al, 2023 after aging protocol (P<.05).

Santos 10,000 cycles (5-55 °C) after For FS, thermopolymerizable resin demonstrated

et al, 2023 water storage superior performance compared to AP and 3DP
(P<.05). After aging, HP exhibited performance
similar to AP (P<.05)

Sousa Thermocycling (5-55 °C) Roughness of HP remained unchanged after

et al, 2025

thermocycling in specimens polished with TriHawk
and TriHawk + sealant. After thermocycling,
roughness of 3DP increased, regardless material or
polishing protocol (P<.001). Microhardness of HP
(P<.001) and 3DP reduced in all groups (P<.001)

AP and SM exhibit similar mechanical
properties, whereas 3DP are more
susceptible to aging, with notable
differences observed among 3DP
composition

3DP and AP showed to be more susceptible
to degradation than SM.

3DP demonstrated greater longevity, with
minimal color change and reduced
roughness, and aging on its FS, supporting
its use for occlusal devices

Although thermocycling reduced
mechanical properties of 3DP, they still
outperformed some resins, supporting their
use under high masticatory loads, reduced
thickness, or service periods exceeding 6
months

3DP exhibited inferior FS compared to AP
and HP, particularly after aging, supporting
their indication for interim devices

Roughness and microhardness affected by
resin type and polishing protocol

AP, autopolymerized resin; FM, flexural modulus; FS, flexural strength; HP, heat-polymerized resin; TS, tensile strength; 3DP, 3-dimensionally

printed resin.

mechanical properties of polymers.”””’ Overall, milled
composite resins exhibit lower sorption and solubility than
3D printed composite resins,"”""”* whereas heat-poly-
merized PMMA shows intermediate performance but re-
mains better than 3D printed resins.”"”"* Variations have
been primarily related to material composition.”””” In
photopolymerizable AM composite resins, the inorganic
phase critically influences thermal stability, structural in-
tegrity, and resistance to degradation through filler type,
content, size, and dispersion.ﬁjﬁ

The clinical longevity of occlusal devices is critical
because of continuous parafunctional loading.’” """
Materials must withstand high masticatory forces,'’ with
the International Organization for Standardization (ISO)
20795-1 standard specifying a minimum FS of 65 MPa.”’
Nonetheless, several studies have reported that some 3D
printed composite resins'“**?**"7**! and heat-poly-
merized or autopolymerized acrylic resins'******" do
not meet this threshold, even before aging protocols.
Masticatory forces can reach up to 350N,”" while
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parafunctional forces average 770 N.””"" Most studies
applied mean loads of 50 N,”'**”7** whereas Raffaini
et al”* and Santis et al’’ applied 14N and 20N, re-
spectively. Mechanical behavior against different an-
tagonists has been evaluated using 2-body wear
tests,” 77777177 and 3-body abrasion tests.”””” In
general, milled materials, such as PEEK”’! and PMMA-
based composite resins,'”**® outperform 3D printed
composite resins, whereas heat-polymerized PMMA
exhibits intermediate behavior but remains better than
Al\/I-prOCESSGd materials.‘),12,25,2(),29,31,33,3(\,37/—11
Limitations of this systematic review included the
variability of artificial degradation protocols, including
differences in test duration, loading parameters, and
aging media, which hampers direct comparisons among
studies and limits the extrapolation of the results.
Moreover, the available evidence is exclusively based on
in vitro studies, whose ability to replicate the complexity
of the intraoral environment is inherently limited. In
addition, substantial methodological heterogeneity
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related to material composition, manufacturing tech-
nologies, and postprocessing procedures, often in-
sufficiently ~— reported,  further  constrains  data
interpretation. Collectively, these factors preclude
quantitative synthesis and underscore that the findings
should be interpreted as descriptive trends rather than
definitive classifications of material performance.
Accordingly, future research should prioritize metho-
dological standardization, the detailed reporting of ex-
perimental protocols, and the clinical validation of
findings to more reliably elucidate the physicomecha-
nical stability of these materials under conditions ap-
proximating the intraoral environment.

CONCLUSIONS

Based on the findings of this systematic review, the
following conclusions were drawn:

1. Milled materials, such as PEEK and PMMA-based
composite resins, tend to exhibit lower sorption
and solubility, greater dimensional stability, and
better preservation of mechanical properties after
degradation protocols when compared with con-
ventional and 3D printed materials.

2. According to the evaluated approaches, 3D printed
resins demonstrated greater susceptibility to degrada-
tion than milled composite resins, with variations de-
pending on material composition, printing parameters,
and postprocessing procedures.

3. Heat-polymerized PMMA showed intermediate
performance, with a tendency toward better be-
havior than 3D printed resins and autopolymer-
izing PMMA but worse than milled composite
resins in some studies.

4. Thermoformed materials tended to present higher
sorption, solubility, wear, and greater reductions in
mechanical properties after degradation, with the
magnitude of these effects varying according to the
experimental protocol.

APPENDIX A. SUPPORTING INFORMATION

Supplemental data associated with this article can be
found in the online version at doi:10.1016/j.prosdent.
2026.02.045.
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