
Abstract.
Recent advances in digital design and additive manufacturing, or three-dimensional print-
ing, have enabled the development of various dental materials with multiple clinical applica-
tions. Among these numerous uses, the fabrication of three-dimensional printing provision-
al restorations has gained significant popularity in recent years. Therefore, it is desirable 
that the materials employed in the production of these restorations exhibit suitable physical 
and mechanical properties; allowing them to effectively fulfill their intended function. This 
study aims to conduct a literature review on the physical properties (color stability and 
water sorption) and mechanical properties (compressive strength, flexural strength, wear 
resistance, hardness), of materials for three-dimensional printing provisional restorations 
and compare them with materials for provisional restorations obtained through comput-
er-aided design and manufacturing, CAD-CAM, and the traditional method. To this end, a 
search was conducted in various databases, including the BVS, PubMed, and Google Schol-
ar, with publication dates ranging from 2019 to 2024. Additionally, references from the 
obtained articles were also included. Eligibility criteria were established to guide the selec-
tion. It was established that three-dimensional printing materials, when compared with pro-
visional restoration materials obtained through CAD-CAM and traditional methods, present 
limitations in their physical and mechanical properties. Nevertheless, the short-term use of 
provisional restorations manufactured with three-dimensional printing technology may be 
considered an alternative to those obtained through CAD-CAM and traditional methods.
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Resumo.
Os recentes avanços no design digital e na manufatu-
ra aditiva, ou impressão tridimensional, permitiram o 
desenvolvimento de diversos materiais dentários com 
múltiplas aplicações clínicas. Entre esses inúmeros usos, 
a confecção de restaurações provisórias realizadas por 
meio de impressão tridimensional ganhou grande po-
pularidade nos últimos anos. Portanto, é desejável que 
os materiais utilizados na fabricação dessas restaura-
ções exibam boas propriedades físicas e mecânicas para 
cumprir a função para a qual foram criados. O objetivo 
deste trabalho é estudar as propriedades físicas (cor-ab-
sorção de água) e mecânicas (resistência à compressão, 
resistência à flexão, resistência ao desgaste, dureza) dos 
materiais para restaurações provisórias obtidas por 
impressão tridimensional e compará-los com os mate-
riais para provisórios obtidos pelo método de design e 
manufatura assistidos por computador, cad-cam e o mé-
todo tradicional. Para isso, foi realizada uma busca em 
diversas bases de dados, como a Biblioteca Virtual em 
Saúde Odontológica, PubMed e Google Scholar, com um 
intervalo de datas de publicação de 2019 a 2024. Tam-
bém foram incluídas as publicações que surgiram como 
referências dos artigos obtidos. Foi estabelecido um 
critério de elegibilidade para orientar a seleção. Dentre 
as limitações deste trabalho, foi possível concluir que os 
materiais para impressão tridimensional quando com-
parados com os materiais para provisórios cad-cam e 
método tradicional, apresentam limitações em suas pro-
priedades físicas, mas apresentam resultados adequa-
dos em suas propriedades mecânicas. As restaurações 
provisórias feitas por meio da tecnologia de impressão 
tridimensional devem ser consideradas uma alternativa 
às feitas por cad-cam e método tradicional.

Resumen.
Los avances en el diseño digital y manufactura aditiva, o 
impresión tridimensional, han permitido el desarrollo 
de diversos materiales dentales con múltiples aplicacio-
nes clínicas. Dentro de estos muchos usos, la confección 
de restauraciones provisionales realizadas mediante 
impresión tridimensional ha cobrado gran popularidad 
en los últimos años. Por lo tanto, es deseable que los 
materiales utilizados en la fabricación de dichas res-
tauraciones presenten adecuadas propiedades físicas y 
mecánicas, que les permitan cumplir eficazmente con 
la función para la cual fueron diseñados. El objetivo de 
este trabajo es, realizar un análisis de la literatura en 
cuanto a las propiedades físicas (estabilidad de color y 
sorción acuosa) y mecánicas (resistencia compresiva, 
resistencia flexural, resistencia al desgaste, dureza), de 
los materiales utilizados en la confección de restauracio-
nes provisorias obtenidas mediante impresión tridi-
mensional y compararlas con aquellos materiales para 
provisorios obtenidos mediante el método de diseño 
y manufactura asistido por computador, cad-cam, y el 
método tradicional. Para tal fin se realizó una búsqueda 
en diferentes bases de datos como, la Biblioteca Virtual 
en Salud Odontología, Pubmed y Google scholar, con 
un rango de fechas de publicación desde el año 2019 al 
2024. A su vez se incorporaron también aquellas publi-
caciones que surgieron como referencias de los diferen-
tes artículos obtenidos. Se estableció un criterio de ele-
gibilidad que permitió guiar la selección. En este trabajo 
se pudo establecer que los materiales para impresión 
tridimensional al ser comparados con materiales para 
provisorios obtenidos mediante técnica cad-cam y mé-
todo tradicional presentan limitaciones en sus propie-
dades físicas y mecánicas. De todas formas, la utilización 
en el corto plazo de restauraciones provisorias elabora-
das mediante tecnología de impresión tridimensional 
puede ser considerado como una alternativa al uso de 
provisorios confeccionados mediante cad-cam y el mé-
todo tradicional.
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yl methacrylate (PMMA) or polyethyl methacrylate 
(PEMA), and those composed of bis-acrylates/resins 
(bisphenol A-glycidyl methacrylate, urethane dimeth-
acrylate) (7).

For many years, these materials have been used in 
the conventional fabrication of provisional restorations, 
both directly and indirectly. Currently, they continue 
to be used with certain modifications in their formula-
tion, both in fabrication by computer-aided design and 
manufacturing ,CAD-CAM, (CC) and in the fabrication of 
restorations through three-dimensional (3D) printing 
(Figure 1). However, it is worth noting that the chemi-
cal composition of many 3D printing materials remains 
proprietary, and therefore little information is provided 
by manufacturers (8).

The emergence of CC has enabled the development 
of provisional restorations produced by mechanical 
milling (a subtractive manufacturing technique). This 
process consists of computer-assisted milling of pre-po-
lymerized resin blocks to obtain a provisional resto-
ration that, when compared with those fabricated by 
conventional techniques, shows improved physical and 
mechanical properties, while also overcoming disad-
vantages such as high polymerization shrinkage and in-
creased levels of residual monomers (5).

Recently, additive manufacturing techniques, or 
3D printing, have been gaining popularity. These tech-
niques consist of the successive addition of thin layers 
of light-curing resin to shape the desired object. Among 
the different 3D printing methods (Figure 2, Figure 3) 
are stereolithography (SLA), digital light processing 
(DLP), selective laser sintering (SLS), and fused deposi-
tion modeling (FDM) (9).

In contrast to the CC technique, 3D printing has 
demonstrated significant savings in material and time 
during the fabrication of provisional restorations. 
Although 3D printing materials present poor physi-
cal properties –when compared with CC and traditional 
methods (TM)-- several authors report that they exhib-
it better mechanical properties and greater accuracy in 
the fit of restorations compared with those obtained by 
conventional methods (10-11). Therefore, they should be 
considered a good alternative to the CC method and the 
traditional method (TM) (8).

This study aims to describe the characteristics and 
properties of materials for provisional restorations 
fabricated by 3D printing, and to compare the physical 
(color stability, water sorption) and mechanical (com-
pressive strength, flexural strength, wear resistance, 
hardness) properties of 3D printed resins with those 
of resins used in CC and TM procedures.

Introduction
Obtaining a high-quality definitive restoration largely 
depends on the fabrication and placement of a correct-
ly designed provisional restoration. The provisional res-
toration should maintain the position of the tooth in the 
dental arch, protect the dentin–pulp complex, preserve 
periodontal health, and restore lost function and esthet-
ics. In addition, the use of provisional restorations should 
be considered a key element in diagnosis and treatment 
planning. (1-2-3-4)

The clinical indications for provisional restorations 
are varied, ranging from partial coronal restorations to 
extensive oral rehabilitations. In many cases, these res-
torations may remain functional for extended periods 
of time. Therefore, they must exhibit adequate physical 
and mechanical properties (1).

Accordingly, this type of intermediate or provision-
al restoration should present proper color stability, low 
water sorption, high wear resistance and surface hard-
ness, as well as adequate flexural and compressive 
strength values (5- 6).

According to their composition, materials for pro-
visional restorations can be classified into two main 
groups: those based on acrylic resins such as polymeth-

Figure 1. 3D Printer
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Methods
To meet the objectives set for 2024, a narrative litera-
ture review was conducted. Databases consulted includ-
ed the Virtual Health Library in Dentistry, PubMed, and 
Google Scholar, with a date range between 2019 and 
2024 (given the relatively recent nature of the technol-
ogy, earlier evidence is scarce). Filters were applied for 
language (English) and for publications meeting the re-
quirements of randomized controlled trials, reviews, 
systematic reviews, meta-analyses, and clinical trials. 
Additionally, publications referenced in the retrieved re-
cords were also traced through manual searching.

A search was carried out using the following combi-
nation of English descriptors: “provisional” AND “3D 
printing” OR “three-dimensional printing” OR “additive 
manufacturing” AND “properties.”

Initially, publications matching the proposed study 
topic were selected by their title, abstract, and conclu-
sions. Eligibility and exclusion criteria were established. 
The selected publications were then subjected to full-
text assessment, which determined the final selection 
included in this study.

Figure 2
Stereolithography printing technology

SLA

	 1.	 Printed specimen
	 2.	 Resin cradle
	 3.	 Laser
	 4.	 Mirror
	 5.	 Build platform

Figure 3
Digital Light Processing printing technology

DLP

	 1.	 Printed specimen
	 2.	 Resin cradle
	 3.	 LED light emitter
	 4.	 Mirror
	 5.	 Build platform



Vol XXVIII - Nº47 / Enero - Junio 2026 

UPDATEOdontoestomatología

5

INCLUSION CRITERIA
॰॰  Clinical research

»» In vitro research

॰॰ Evaluation of the properties of 3D provisional res-
toration materials

»» Studies comparing the physical properties of 
provisional restorations obtained by different 
fabrication methods

»» Studies comparing the mechanical properties of 
provisional restorations obtained by different 
fabrication methods.

EXCLUSION CRITERIA
»» Studies comparing properties other than physi-

cal and mechanical

»» Literature not published in English

A total of 1407 general records were obtained from the 
databases based on the combination of the previous-
ly mentioned descriptors and established filters. An ad-
ditional 10 records were retrieved through manual 
search. After reading their titles and abstracts, 1210 re-
cords were excluded and 43 were identified as dupli-
cates; therefore, 154 records were selected. In a third 
stage, and according to the pre-established eligibility 
criteria, 93 records were selected for full-text reading, of 
which 27 were included in this review. Those identified 
by manual search were also included, resulting in a total 
of 37 records incorporated into this review (Figure 4).

Figure 4. Flow diagram

Records retrieved 
from databases

Records retrieved through 
manual search

(n=10) 

Pub Med

(n= 636)

Records selected by 
title and abstract

(n=154) 

Google Scholar

(n= 767)

BVSO

(n= 4)

Full text records

(n= 93)

Total �inal selection

(n= 37)

Excluded records
(n= 1210)

Duplicate records
(n= 43)

IDENTIFICATION

SCREENING

ELIGIBILITY

INCLUDED
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Development
Although there are similar studies comparing the differ-
ent properties of materials for provisional restorations 
(1,2,3,5,8), it is necessary to continue research on this sub-
ject given the novelty of the technology and the constant 
emergence and development of new materials and tech-
niques. For this reason, the present work aims to further 
explore and highlight different aspects of the topic un-
der study.

PHYSICAL PROPERTIES
Among the different properties of materials for provi-
sional restorations, their esthetic stability is of particu-
lar relevance. This is especially important for provisional 
restorations that, for various reasons, must remain in 
function for extended periods of time. From an esthet-
ic perspective, provisional restorations should exhibit a 
quality comparable to that of natural teeth (1).

To achieve this, factors such as the fabrication tech-
nique of the provisional restoration, the material used, 
and other influencing variables—including the water 
sorption and solubility of the material—must be consid-
ered (12).

The poor color stability observed in provisional res-
torations obtained by 3D printing has a multifactorial 
origin. On the one hand, analysis of the material reveals 
that resins produced through 3D printing present a low-
er degree of polymerization due to reduced crosslinking 
of polymer chains, resulting in a less dense material (un-
like those obtained through CC and TM). This leads to 
low color stability, a drawback that persists even when 
adequate post-curing procedures are applied (13-14-15). 
A low polymerization rate and the high presence of re-
sidual monomers result in poor mechanical and biologi-
cal properties, associated with an increased likelihood 
of discoloration and therefore esthetic alterations of the 
provisional restoration (15).

When studying different provisional materials, it is 
observed that PMMA-based materials used in CC and TM 
include hydrophobic monomers such as methyl methac-
rylate (MMA). In contrast, the light-polymerized resins 
used in 3D printing contain hydrophilic monomers such 
as HEDMA (16). According to Berli (17) and Shin (12), this may 
explain the greater water sorption observed in resins for 
3D-printed provisional restorations, which negatively af-
fects the optical stability of the restoration. Moreover, it 
should be noted that 3D-printed restorations are fabri-
cated layer by layer, allowing water or other substanc-
es in contact with the material to infiltrate between the 

layers, altering polymer chains and affecting both phys-
ical (color stability and water sorption) and mechanical 
properties (17-18).

Finally, studies by Atria (15) relate the poor color sta-
bility of 3D-printed resins to the lack of filler particles in 
these materials, while Song (19) attributes the poor physi-
cal performance of these materials to the presence of a 
final layer of unpolymerized monomers.

MECHANICAL PROPERTIES
As with conventional composite resins, multiple factors 
can influence the mechanical performance of 3D-printed 
materials (compressive strength, flexural strength, wear 
resistance, hardness). Examples include filler particle 
size and shape, monomer type, viscosity, and flowabil-
ity, among others. In addition, there are intrinsic char-
acteristics of these materials such as the type of printer 
used, polymerization time, light source of the printer, 
and post-curing procedures (20). Furthermore, the ori-
entation of printing (Figure 5) should be considered 
as an influential factor in the final mechanical proper-
ties of the material, the accuracy of the print, and the 
surface characteristics of the finished restoration. By 
varying the printing orientation, the light beam must 
pass through different thicknesses of material, which in-
fluences the degree of polymerization, thereby affect-
ing the mechanical performance of the material and the 
finished restoration (21). Alharbi et al. (10) reported that 
higher compressive strength values of 3D resins are ob-
tained when the printing direction is perpendicular to 
the surface that will receive the load. It is also important 
to consider the effect of resin layer thickness in 3D resto-
rations. Diverse studies (14,22) emphasize that the thinner 
the layer, the better the polymerization, and consequent-
ly, the better the final properties of the material.

In turn, Al-Dulaijan et al. (23) concluded that proper 
post-curing procedures are essential for 3D-printed ma-
terials. This involves cleaning (often with isopropyl al-
cohol), followed by additional photopolymerization, 
thereby achieving a higher degree of monomer-to-poly-
mer conversion (leaving fewer residual monomers), 
which considerably improves the flexural strength of 
the material.
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Discussion
From the study of the physical properties of provisional 
restorations obtained through 3D printing, it can be in-
ferred that, regardless of the composition of the mate-
rial or the printing technology used, these restorations 
exhibit inferior results compared to provisional resto-
rations obtained through CC or TM. (1)

Song et al. (19) concluded in their studies that the col-
or stability of PMMA resins for 3D-printed provisional 
restorations is lower compared to those obtained by CC 
and TM, showing greater instability over time and poor-
er short- and medium-term results. The differences are 
particularly evident when compared to CC restorations.

In line with this, Shin et al.(12), when studying differ-
ent resin blocks obtained by 3D, CC, and TM that were 
immersed and stored in different substances (distilled 
water, coffee, grape juice, and curry) and for varying 
periods of time (up to 30 days), observed that the de-
gree of discoloration is directly related to the materi-
al used and the storage time in the staining solution. 
Among the materials evaluated, the resins obtained 
through 3D printing showed noticeable color changes 
even after short periods of immersion (in all substanc-
es evaluated). Compared to the blocks obtained by CC, 
the 3D resins exhibited poor color stability. (12)

Similarly, Atria et al. (15) and Taşın et al. (16), when study-
ing the color stability of hybrid resins for 3D printing and 
comparing them with PMMA resins obtained by the 
CC method, observed that 3D-printed resins exhibited 
low color stability over time. In contrast, they found 

greater color stability in hybrid resins obtained by 3D 
printing compared to PMMA and bis-acrylic resins 
obtained by TM.

Song et al. (19) studied the color stability of resins for 
provisional restorations obtained by 3D printing, CAD-
CAM, and TM. The samples of this in-vitro study were 
immersed and stored for 12 weeks in coffee and tea 
solutions. The authors concluded that regardless of the 
material or staining solution, all samples showed a sta-
tistically significant color change. Samples obtained by 
CC and 3D printing technology exhibited greater col-
or change after 8 weeks compared to resins obtained 
by TM.

Kim et al. (24) evaluated the color stability and translu-
cency over time of five different types of 3D printing res-
ins. The samples were fabricated using DLP technology 
and stored in distilled water (at 37 °C and in the dark) 
for periods ranging from 1 day to 6 months. The results 
of this in vitro study showed that after one month, some 
samples exhibited perceptible color changes while oth-
ers did not, and no changes in translucency were found. 
After 6 months, all samples showed noticeable color 
changes and slight changes in translucency. In conclu-
sion, the authors reported that after 6 months the col-
or of all tested 3D printing resins changed, becoming 
darker, more yellow, and more opaque. The extent of the 
change depended on the resin used, whereas changes in 
translucency across all materials studied were limited.

Figure 5. Different printing angles.

0° 45° 90°
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MECHANICAL PROPERTIES
A recent systematic review (1), in which different me-
chanical properties of 3D resins were studied and com-
pared with resins obtained by CC and TM, showed that 
3D-printed restorations (unlike what occurs with phys-
ical properties) achieve better results in some of these 
properties.

Alzaharani et al. (25) identified different factors that 
can influence the mechanical properties of 3D resins, 
such as the thickness of the printed resin layer, the type 
of post-curing treatment, polymerization shrinkage be-
tween layers, the time and intensity of photopolymeriza-
tion, and the printing direction. Alharbi et al. (10) reported 
that the compressive strength of 3D resins increases con-
siderably when the printing angle is changed (between 
0°, 45°, and 90°).

The highest compressive strength values are achieved 
when 3D resins are printed perpendicular to the di-
rection in which the load will be applied (Figure 6). 
Derban et al. (26) stated that flexural strength is one of the 
main factors influencing the mechanical behavior of this 
type of restoration. In this regard, their in vitro studies 
concluded that the printing angle has a significant effect 
on flexural strength, with better values achieved at 90° 
and 0° angles and poorer results at 45° (26).
Several studies (27–28) have evaluated the flexural 
strength of provisional restorations fabricated by 3D, 
CC, and TM methods. These studies agree that CC res-

torations exhibit greater flexural strength compared 
to those obtained by TM and 3D. This can be partly ex-
plained by the fact that resins used in the CC technique 
(unlike those used in 3D and TM) are denser materials, 
with lower porosity and less presence of free mono-
mers in their composition.

Aati et al. (29) found that better flexural strength val-
ues in restorations obtained by 3D printing can be 
achieved when zirconium oxide nanoparticles are add-
ed to the printing material. Wear resistance is another 
factor that has a great influence on the long-term func-
tionality of provisional restorations (30).

In vitro studies by Myagmar et al. (31) showed great-
er wear resistance (after subjecting samples to repeated 
masticatory cycles) and a smoother surface in speci-
mens obtained through 3D and CAD-CAM techniques 
compared with those obtained by the TM method. 
Furthermore, Park et al. (32) concluded that 3D print-
ing resins present wear values similar to those obtained 
by TM. The authors interpreted the differences among 
studies as being due to variations in printing technology 
and post-curing methods used (Figure 7).

Kessler et al. (30) compared the wear resistance of 
different resinous materials obtained by 3D, CC, and 
a direct-applied composite technology. The authors 
concluded that, within the limitations of their in vitro 
study, the wear resistance values of resins obtained 
by 3D technology are similar to those obtained by CC.  

Figure 6. Load application on printed specimens with different angulation.

0° 45° 90°

carga carga carga
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They also established that materials with lower wear 
rates are those with higher filler content in their com-
position. In this case, the direct-applied composite 
(Bis-GMA) and one of the 3D printing resins (UDMA) 
showed the best results. Therefore, the authors recom-
mend the use of resins with a high filler index in their 
composition.

Hardness could be considered an indicator of the den-
sity of the material, and therefore it could be hypothe-
sized that higher density corresponds to greater wear 
resistance and lower surface deterioration (33). However, 
hardness alone cannot be used as an indicator of rigidity 
or overall resistance of the material, and thus this prop-
erty by itself cannot be considered a predictor of the 
long-term mechanical behavior of restorations (34).

Souza et al. (35) and Perea-Lowery et al. (36), when 
studying the Vickers hardness of resinous materials 
obtained by 3D and CC methods, observed better per-
formance in materials obtained by the CC method. The 
authors explained these results by noting that materi-
als used in the CC manufacturing method are denser 
and therefore present less internal porosity.

Simoneti et al. (37), in an in vitro study, compared the 
Vickers hardness of resinous provisional materials ob-
tained by 3D printing and those obtained by TM using 
PMMA and bis-acrylic resins. They concluded that sam-
ples fabricated by TM using PMMA achieved the high-
est Vickers hardness values, while similar values were 
observed between samples obtained by the 3D printing 
method and bis-acrylic TM resins.

Figure 7. 3D resin post-curing unit. 

Conclusions
Despite the limitations of this work, such as the scarce existing clinical evidence and the 
lack of medium- and long-term in vivo studies, it can be concluded that:

॰॰ The materials used for the fabrication of provisional restorations by 3D printing ex-
hibit poor color stability and higher water absorption when compared with those pro-
duced by CC and TM, leading to restorations that become darker, more yellow, and 
more opaque over time.

॰॰ 3D printed materials exhibit flexural strength values comparable to, and in some cas-
es higher than, those obtained by CC and TM. In terms of wear resistance, 3D printed 
materials present similar or even better values than those obtained with CC and TM.

॰॰ The angle at which 3D printing is performed can increase or decrease the compressive 
and flexural strength of resin materials.

॰॰ Materials for provisional restorations obtained by CC achieve better hardness values 
compared to 3D and TM restorations.

॰॰ The physical and mechanical properties of materials used in the fabrication of 3D pro-
visional restorations can vary greatly depending on the printing technology used, po-
lymerization time, printing angle, material composition, and post-curing techniques 
and processes.

॰॰ The use of 3D provisional restorations for short periods of time (especially in the esthetic 
sector) can be considered as an alternative to materials produced by CC and TM methods.
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