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RESUMO 

Introdução: As restaurações provisórias são cruciais no tratamento protético fixo e 

devem apresentar boas propriedades físicas e mecânicas. O aparecimento da medicina 

dentária digital levou à introdução de vários materiais de impressão tridimensional (3D) 

e de fresagem no mercado.  

  

Objetivos: O objetivo deste trabalho foi avaliar e comparar as propriedades físicas e 

mecânicas de materiais para coroas provisórias produzidas com diferentes tecnologias 

CAD/CAM (fresadas e impressas em 3D).  

 

Materiais e métodos: Foi efectuada uma pesquisa na PubMed utilizando a estratégia de 

pesquisa avançada com a combinação das palavras-chave, "provisional dental"; 

"synthetic resins"; "cad cam"; "milling"; "physical phenomena"; "materials testing", 

utilizando os critérios de inclusão e exclusão.  

  

Resultados: A pesquisa recuperou 2871 artigos, dos quais 22 foram considerados 

relevantes e forneceram dados para comparar e estudar as propriedades mecânicas e 

físicas dos materiais provisórios para ambas as tecnologias. 

 

Discussão: A comparação das propriedades físicas e mecânicas das duas técnicas 

permitiu obter índices satisfatórios das propriedades físicas e mecânicas dos materiais 

para estruturas provisórias e a maioria dos dados obtidos permite concluir que as 

propriedades dos materiais provisórios impressos em 3D são semelhantes ou inferiores 

aos materiais fresados.  

 

Conclusão: A impressão 3D e a fresagem são duas tecnologias completamente 

diferentes com as suas próprias vantagens e desvantagens. A grande variabilidade dos 

resultados oferece-nos oportunidades para desenvolver mais as tecnologias CAD/CAM.  

 

Palavras-chave: “provisional dental”; “synthetic resins”; “cad cam”; “milling”; 

“physical phenomena”; “materials testing”.  
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ABSTRACT 
 

Introduction: Provisional restorations are crucial in fixed prosthodontic treatment and 

should show good physical and mechanical properties. The emergence of digital dentistry 

has led to the introduction of various three-dimensional (3D) printing and milling 

materials in the market.  

  

Objectives: The aim of this work was to evaluate and compare the physical and 

mechanical properties of materials for provisional crowns produced with different 

CAD/CAM technologies (milled, and 3D-printed).  

 

Materials and methods: A search was performed on PubMed using the advanced search 

strategy with the combination of the keywords, “provisional dental”; “synthetic resins”; 

“cad cam”; “milling”; “physical phenomena”; “materials testing”, using the inclusion and 

exclusion criteria.  

 

Results: The search retrieved 2871 articles, of which 22 were found relevant and 

provided data to compare and study the mechanical and physical properties of temporary 

materials for both technologies. 

 

Discussion: Comparing	 the	 physical	 and	 mechanical	 properties	 of	 the	 two	

techniques	obtained	satisfactory	 indices	of	physical	and	mechanical	properties	of	

materials	 for	 temporary	 structures	 and	 most	 of	 the	 obtained	 data	 lead	 us	 to	

conclude	that	properties	of	3D-printed	provisional	materials	are	similar,	or	inferior	

compared	to	milled	ones.		

 

Conclusions: 3D printing and Milling are two completely different technologies with 

their own advantages and disadvantages. Wide variability in the results provides us with 

opportunities to further explore and develop CAD/CAM technologies.  

  

Keywords: “provisional dental”; “synthetic resins”; “cad cam”; “milling”; “physical 

phenomena”; “materials testing”.  
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1.  Introduction 
The emergence of computer-aided design and manufacture (CAD/CAM) in dentistry 

streamlines the production of crowns and fixed dental prostheses (FDPs) (1). Provisional 

restorations play a crucial role in fixed prosthodontic treatment, enhancing aesthetics and 

function while evaluating treatment effectiveness. Various clinical scenarios need 

provisionalization, including full mouth rehabilitation and crown lengthening cases (2,3).  

  

A well-fabricated provisional crown or FDPs is essential for achieving a high-quality 

definitive prosthesis, ensuring tooth position maintenance, pulp protection, periodontal 

relationship preservation, and establishing function and aesthetics (4). Provisional 

restorative materials intended for longer-term provisionalization should possess excellent 

properties. Here are some of the criteria that are usually evaluated in articles to understand 

and obtain the results of the analysis of mechanical and physical properties of provisional 

restorations: flexural strength, elasticity module, durable, hard, wear resistance, 

biocompatible, color stability, surface and fracture resistance (5).  

  

With the rise of digital dentistry, provisional materials are categorized by fabrication 

method into conventional or digital techniques (6). Digital technology facilitates the 

creation of temporary dental restorations, involving detailed scans of the patient mouth 

or cast, followed by engineering using CAD software and production using subtractive 

manufacturing (SM) milling or additive manufacturing (AM) 3D printing (7).  

  

Subtractive manufacturing, exemplified by CAD/CAM milling, removes material from 

prefabricated blocks or discs but has drawbacks like material waste, limited tool uses due 

to wear, and precision limitations resulting in inferior fit and marginal adaptation for 

complex designs (7).  

  

In contrast, AM technology, particularly 3D printing, overcomes milling disadvantages 

and continues to improve in quality, offering advantages like detailed internal geometries, 

reduced manufacturing time, and less raw material wastage, making it cost-effective for 

fabricating provisional crowns and FDPs (8,9). Various 3D printing methods, including 

stereolithography (SLA), selective laser sintering (SLS), fused deposition modeling 

(FDM), digital light processing (DLP), polyjet, and bioprinting, are employed in dentistry 
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(10). Each method has distinct advantages and applications, contributing to the versatility 

of 3D printing technology (11–19). 

  

The properties of 3D-printed provisional materials have been extensively studied, 

highlighting advantages such as tooth-color, high accuracy, shape fidelity, 

biocompatibility, and fast print performance (20–25). 

 

While AM and milling manufacturing offer comparable results, especially with polymers, 

3D-printed pieces may not withstand masticatory forces as long due to lower hardness 

and fracture load parameters (10). Hybrid materials combining 3D printing with 

traditional techniques present a novel perspective (26).   

  

This systematic integrative review comparing fabrication methods and technologies for 

provisional crowns and fixed prostheses would provide valuable guidance for restorative 

dental professionals, offering an unbiased comparison between milling and 3D printing 

techniques, and save time and effort in daily clinical practice. 
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2. Objectives 
 
This integrative systematic review has the following objectives: 

 

2.1. Main objective: 

To study and compare two technologies for the manufacturing of dental provisional 

protheses: milling and 3D printing. 

 

2.2. Secondary objective: 

Evaluate the physical and mechanical properties of provisional crowns made using both 

methods. 

- Mechanical properties: flexural strength, fracture resistance, elasticity modulus. 

- Physical properties: surface roughness, wear resistance, color stability. 
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3. Materials and methods 
 
3.1. Protocol Development 
 
For the elaboration of this integrative systematic review, a detailed protocol was 

developed in accordance with the PRISMA 2020. 

 

3.2. Focus of the PICO question  

 

The criteria applied to the PICO question was presented in Figure 1:  

 

 
Figure 1 - strategy PICO 

 

3.3. Question PICO 

 
Focus question of the presented review and underlying population, intervention, 

comparison, and outcome (PICO) question was:   

 

Within the available studies in the literature, do 3D-printed provisional materials have 

Physical and Mechanical properties comparable to milled provisional materials to be 

used in temporary dental rehabilitations? 
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3.4. Search strategy 
 
The bibliographic search was carried out using PubMed (via the National Library of 

Medicine) with the combinations of "Mesh Terms" and “Title/Abstract”:  

“synthetic resins [MeSH Terms]”; “cad cam [MeSH Terms]”; “physical phenomena [MeSH 

Terms]”; “materials testing [MeSH Terms]”; “provisional dental [Title/Abstract]”; 

“milling [Title/Abstract]”. 

 

3.5. Search Terms 

 

The advanced data search was carried out using PubMed (via the National Library of 

Medicine) between the 22 of February and the 14 of march of 2024.  

A period of 10 years and English language was defined for the inclusion of studies (2014-

2024). 

The initial search resulted in the identification of 2871 articles (Table 1). 

 

Table 1– Results obtained by search expression 

Base  Search strategy 
Total 

articles 

 

 

PubMed 

 

((provisional[Title/Abstract]) OR (synthetic resins[MeSH Terms])) AND 

((cad cam[MeSH Terms]) OR (milled[Title/Abstract])) AND ((physical 

phenomena[MeSH Terms] ) OR (materials testing[MeSH Terms]))  

871 

PubMed 

(Computer-Assisted Designing / Computer-Assisted 

Milling[Title/Abstract]) OR ((cad cam[MeSH Terms]) AND (materials 

testing[MeSH Terms])) 

2000 

 
 

3.6. Inclusion and exclusion criteria 

All the articles included were individually read and assessed according to the inclusion 

and exclusion criteria (Table 2). 
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Table 2 – Inclusion and exclusion criteria 

Inclusion criteria Exclusion criteria 

Literature in English language Literature in a language other than 

English 

In vitro studies Letters to the editor, case reports, 

technical reports, cadaver studies, 

dissertations, incomplete trials, 

unpublished abstracts, reports, 

commentaries, and review papers. 

Studies evaluating the properties of 

3D-printed fixed provisional materials 

compared to milled provisional fixed 

materials 

3D-printed material used for 

removable prostheses such as 

occlusal/night guard prosthesis, non-

dental uses of 3D-printed material 

Studies comparing properties of 3D-

printed provisional crowns materials 

with other materials and methods 

used for the fabrication of provisional 

crowns. 

Studies discussing properties of only 

3D-printed provisional materials but 

do not compare them with other types 

of provisional materials 

 

3.7. Selection of studies 
 
After eliminating duplicate articles, the initial stage of article selection was done by 

reading their titles and abstracts. Studies that did not meet the eligibility criteria were 

discarded. In the second selection phase, the same eligibility criteria were applied to the 

remaining full-text studies.   

 

3.8. Data extraction 

A data extraction table was developed. This table (Table 4) contains information such as 

articles, criteria under analysis, methods/experiment, quantity and type of samples, 

technique of fabrication/material used, results/conclusion.
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4. Results 

 

4.1.  Search results 

The initial search resulted in the identification of 2871 articles. 

 

Table 3 - Final article selection 

Base  Search strategy 
Total 

articles 

Articles for Full 

Analysis After 

Removal of 

Duplicates and 

Exclusions  

Articles 

selected 

 

 

PubMed 

 

((provisional[Title/Abstract]) OR 

(synthetic resins[MeSH Terms])) 

AND ((cad cam[MeSH Terms]) OR 

(milled[Title/Abstract])) AND 

((physical phenomena[MeSH 

Terms] ) OR (materials 

testing[MeSH Terms]))  

871 35 10 

PubMed 

(Computer-Assisted Designing / 

Computer-Assisted 

Milling[Title/Abstract]) OR ((cad 

cam[MeSH Terms]) AND (materials 

testing[MeSH Terms])) 

2000 59 12 

 

Of the remaining 2871 articles were selected in the advanced data search in PubMed 

using the combinations of "MeshTerms" and Title/Abstract. Of these, 661 were 

eliminated due to duplicity using the Mendeley Citation Manager. 2116 were eliminated 

by reading the title and abstract, as they did not meet the eligibility criteria. Only 94 

articles were selected by evaluating the full text. After reading all the articles, only 22 

articles were selected by applying the content defined by the inclusion and exclusion 

criteria. 

The selection resulted in 22 articles (Figure 2) 
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4.2.  Flowchart 

 

 
Figure 2 – flowchart of the research strategy used in this work 

 

 

4.3.  Results Table and data extraction
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Table 4 - Table of results and data extraction 

Reference 

Criteria 
under 

analysis 
(FS, FR, 
EM, SR, 
WR, CS) 

Method/experiment 
Type and 

Quantity of 
Specimens 

Technique of 
fabrication/material 

used 
Results/Conclusions 

Sadek 
HMAA. et 
al., 2023 

(34) 

MP 
FS 

The samples stored in various media were incubated at 
37°C for a duration of 4 weeks, after which they were 

subjected to 60,000 simulated chewing cycles. 
Subsequently, a biaxial flexural strength test was 

performed. The results were analyzed using a two-way 
analysis of variance (ANOVA). 

Discs (n=60/ 
each material 

group),  
size: 10 × 2 mm 

Milled: 
- PMMA  

(VITA CAD-Temp®) 
-PMMA 

(breCAM.multiCOM ®) 
Printed: 

- NextDent C&B  
(Nextdent B.V ® 

 

MP   
FS: printed ↑ than milled  

Yao et al., 
2021  
(49) 

PP 
CS 

The study divided the samples into four subgroups 
based on different surface treatments: Control, 

Polish, Optiglaze, and Skinglaze. Shade 
measurements were taken using a digital 
spectrophotometer both before and after 

thermocycling to compare color stability. The 
effects on interim prostheses were analyzed using 

ANOVA and Tukey's honestly significant 
difference (HSD) test (α = 0.05). 

Discs (n=40/ 
each material 

group),  
4 subgroups 
(n=10/ each 
subgroup), 

size: 98.5×16 
mm 

Milled: 
-Temp Esthetic 98 

Printed: 
- NextDent C&B  
 (Nextdent B.V ®) 

 

PP  
CS:  printed ↓↓ than 

milled  
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Bergamo et 
al., 2022 

(32)  

MP 
FS, EM 

Half of the specimens underwent 5000 thermal cycles, 
alternating between 5°C and 55°C. Three-point bending 

tests were then conducted using a universal testing 
machine, set to a crosshead speed of 0.5 mm/min. 

From the data collected, flexural strength and elastic 
modulus were determined. The results were analyzed 

using ANOVA and Tukey's honestly significant 
difference (HSD) test, with a significance level of α = 

0.05. 

Bar-shaped 
specimens 

(n=10/ each 
material group) 

size: 25×2×2 mm 

Milled: 
-PMMA (TelioCAD ®) 

Printed: 
-CosmosTemp-DLP 

(Yller ®) 

MP  
EM: 3D printed ↔ to 

milled before and after 
TC 

FS: 3D printed ↔ to 
milled and   ↓ ↓ than 

milled after TC.  
  

Digholkar 
et al, 2016 

(43)  

MP 
FR, WR 

The Universal Testing Machine was employed in this 
study, utilizing a three-point loading system to apply 

the load at a speed of 3 mm/min over a span of 20 mm. 
The loading process continued until the specimens 

fractured, at which point the breaking load was 
recorded. 

Bar-shaped 
specimens 

(n=20/ each 
material group) 

size: 25×2×2 mm 

Milled: 
-PMMA  

(Ceramill ®) 
3D-printed: 
-E-dent 100  

(Envision TEC ®) 

MP 
FR: printed  ↓↓  than 

milled 
WR: Printed  ↑↑  than 

milled 

Kessler et 
al., 2019  

(48) 

MP 
WR 

 Three-body wear was simulated using an ACTA 
machine. The resulting data were statistically analyzed 

using ANOVA and a post hoc Tukey test, with a 
significance level of p < 0.05. The worn surfaces of the 

specimens were then examined to assess the wear 
characteristics. 

Specimens (n=8/ 
each material 

group) 
 
 

Milled: 
-PMMA  

(Telio CAD ®) 
Printed: 

-3 Delta temp 
(Deltamed ®) 

-NextDent C&B 
(Nextdent B.V ®)  
-Freeprint Temp  
(DETAX GmbH ®) 

MP 
WR:  ↑ filler content of 

printed Materials 
showed  ↑  WR 
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Ellakany et 
al., 2022 

(28)  

MP 
FS, EM 

Samples were fabricated on a mandibular right second 
premolar and second molar using the specified 

materials. These samples were studied using the 
Kruskal−Wallis test, followed by multiple pairwise 
comparisons with Bonferroni-adjusted significance 
levels. Flexural strength and elastic modulus were 

calculated for each sample. 

three-unit fixed 
dental 

prostheses 
(n=10/ each 

material group) 

Milled: 
-PMMA (TelioCAD ®) 

Printed: 
- NextDent C&B 

(Nextdent B.V ®) 
-ASIGA  

(Denta Tooth ®) 

MP 
 FS: printed SLA  ↔  to 

milled.  printed DLP  ↓↓  
than milled. 

EM: printed SLA  ↓↓  
than milled 

 

Mayer et 
al., 2021  

(27) 

MP 
FR, WR 

Chewing simulation was conducted under a vertical 
load of 50 N, corresponding to 480,000 cycles at 
5°C/55°C. Two-body wear and fracture load were 

quantified as part of the analysis. Data were subjected 
to comprehensive statistical analysis, including global 
univariate ANOVA with partial eta squared, Kruskal-
Wallis H test, Mann-Whitney U test, and Spearman's 

rho test, with a significance level set at p < 0.05. 

Shape 
congruent 

three-unit FDPs 
were prepared 

(n=16/ each 
material group). 

Milled: 
-PMMA (Telio CAD ®) 

Printed: 
-Temp PRINT  
(GC Europe ®) 

- NextDent C&B  
(Nextdent B.V. ®) 
-Freeprint Temp 
(DETAX GmbH ®) 

MP   
WR: Printed ↑↑ than 

Milled.  
  FR: Printed ↓↓ than 

Milled.  

Fouda et 
al., 2023  

(31) 

MP 
FS, EM 

 The flexural strength and elastic modulus of the 
specimens were determined through a 3-point bending 

test, while surface hardness was assessed using the 
Vickers hardness test. Scanning electron microscopy 
examined the surface morphology of the fractured 

specimens. Mean values and standard deviations were 
calculated for the obtained data. Subsequently, one-

way ANOVA and Tukey's post-hoc test were conducted 
with a significance level of α = 0.05 to analyze any 

significant differences among the groups. 

Specimens 
(n=20/ each 

material group) 
2 subgroup 

(n=10/ each) 
size: 64×10×3.3 

± 0.2 mm 

Milled: 
-PMMA  

(Avadent ® , IvoCad ®) 
Printed: 

-NextDent C&B 
(Nextdent B.V ®) 

MP 
FS, EM: Printed  ↓↓ 

than milled  
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Tahayeri et 
al., 2018 

(41)  

MP 
EM 

The elastic modulus was derived from the slope of the 
initial linear segment of the load-deformation curve. 

Samples were loaded using a universal testing machine 
(MTS Criterion, Eden Prairie, WI) at a crosshead speed 

of 0.5 mm/min. 

Bar-shaped 
specimens (n=6/ 

each material 
group) 

size: 25×2×2 mm 

Milled: 
-PMMA (Jet ®) 

Printed: 
-NextDent C&B 
(Nextdent B.V ®) 

MP 
EM: Printed  ↔  to 

PMMA 
  PS: Printed ↑↑ than 

PMMA.  

de Castro 
et al., 2022  

(30) 

MP 
FS, EM 

 The dimensions of bar samples were measured and the 
mean percent errors were compared to the reference 
(digital) values to obtain "accuracy" (n = 20). Samples 

were then aged in distilled water at 37 °C and half were 
submitted to a three-point bend test in a universal 

testing machine after 24 h and the other half after 1 
year. FM and FS to three way-ANOVA, followed by 

Tukey's tests (α = 0.05). 

Bar-shaped 
specimens 

(n=20/ each 
material group) 

size: 25×2×2 mm 
+ 

Disc-shaped 
specimens 

(n=10/ each 
material group) 
size: 15×2.5 mm 

Milled: 
-PMMA (Vita ®) 

Printed: 
-CosmosTemp-SLA 

(Yller ®) 
-CosmosTemp-DLP 

(Yller ®) 
-PriZma-Bioprov 

(Makertech ®) 
-Nanolab 3D  

(Wilcos ®) 

MP 
After 24-h load: 

  FS and EM: ↓↓ all 
printed than milled  
After 1-year load: 

  FS: ↓↓ Nanolab and 
DLP than milled.  

  ↓↓ DLP at printing 
orientation 45° than 

0°,and 90°↔ SLA(45°) to 
milled,   

  ↑ SLA(90°) than milled  
  EM: ↓↓ all printed 

than milled  
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Taşın et al., 
2022 
(33)  

MP 
FS 

Each material was divided into 3 subgroups according 
to the applied thermocycling (5 °C to 55 °C) procedure: 
control (0 cycles), 2500, and 10 000 cycles. The sample 

size was determined by using a statistical power 
analysis software program (G*Power 3.1.9.3; 

HeinrichHeine-Universität Düsseldorf). Parameters of 
the materials were tested in a 3-point bend test. Data 
were statistically analyzed with the Shapiro-Wilk test 

followed by Kruskal-Wallis test, the Mann-Whitney test, 
the Friedman test, and Wilcoxon signed-rank test 

(α=.05). 

Rectangular 
specimens (n=30 

for each 
material) 

3 subgroups 
(n=10/ each) 

Milled: 
-PMMA (Duo Cad ®) 

Printed: 
-Temporis  

(DWS system ®) 

MP 
FS: Milled  ↔  3D-

Printed 

 
 

Diken 
Turksayar 

et al., 2022  
(40) 

MP 
FR 

Samples were milled as the control group and with 5 
different orientations (0°, 30°, 45°, 90°, and 150°) were 

printed by using (3D) printing (n = 10). 
All specimens were cemented onto cobalt-chromium 

test models representing a maxillary first premolar and 
first molar tooth with a long-term temporary cement 

(DentoTemp), and subjected to thermomechanical 
aging (120,000 cycles, 1.6 Hz, 50 N, 5-55 °C). Then, all 

specimens were loaded until fracture by using a 
universal tester. The data were analyzed with 

nonparametric 1-way analysis of variance (Kruskal-
Wallis) and Dunn's tests (α = 0.05). 

3-unit fixed 
dental 

prosthesis 
(n=50) 

5 groups (n=10/ 
each group) 

Milled: 
-PMMA (Duo Cad ®) 

Printed: 
-Temporary CB 

(Formlabs ®) 

 
MP 

FR: printing ↓  than 
milled and with 45° and 

150°  ↓↓ milled PMMA. 
Printed with 0° and 30° 

↔ printed with 150° and 
↑ than 45°. 
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Abad-
Coronel et 
al., 2020 

(36)  

MP 
FS 

 The resistance to fracture was determined with a 
universal testing machine 

40 samples were 
manufactured 

and divided into 
two groups (n = 

20). 

Milled: 
-Vipiblock Trilux ,  

(VIPI ®) 
Printed: 

-PriZma 3D Bio Prov , 
(MarketechLabs ®) 

 
MP  

FS: Printed ↓ than milled  

 
 

Tasın et al., 
2021 
(47)  

MP & PP 
CS, SR 

 A group of each material was divided into 2 groups as 
per the applied surface treatment procedure: 

conventional polishing (C) or coated with a surface 
sealant (B). Surface roughness values were measured 

with a profilometer. Each group of specimens was then 
divided into 4 subgroups and stored for 1 day, 7 days, 

and 30 days at 37 °C in different solutions: distilled 
water, cola, coffee, and red wine. Color parameters 

were measured with a spectrophotometer before and 
after each storage period, and color differences were 
calculated. Data were statistically analyzed with the 

Shapiro-Wilk test, Kruskal-Wallis test, and Mann-
Whitney U test followed by the Friedman test (α=.05). 

Specimens 
(n=80/ each 

material) 
was divided into 
2 groups (n=40)  
Each group of 

specimens was 
then divided 

into 4 subgroups 
(n=10) 

Milled: 
- Duo Cad  

(FSM DENTAL ®) 
Printed: 

-Temporis (DWS®) 

 
MP & PP  

CS, SR: Printed ↔ to 
milled  
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Angwarawo
ng et al., 

2020 
 (42) 

MP 
FR 

All cemented provisional crown were subjected to 
thermal cycling (5,000 cycles at 5°-55℃) and cyclic 

occlusal load (100 N at 4 Hz for 100,000 cycles). 
Maximum force at fracture was tested using a universal 

testing machine. 

 Provisional 
crowns 

(n=10/group) 

Milled: 
-PMMA (Brylic Solid®) 

Printed: 
-Freeprint Temp 
(DETAX GmbH ®) 

 
MP 

FR:  ↔  between the 
study group 

 
 

Ribeiro et 
al., 2023  

(35) 

MP 
FS, SR 

The specimens underwent thermocycling consisting of 
10,000 cycles. Following this, the bars were subjected 
to a mini-flexural strength (σ) test with a speed of 1 

mm/min, while roughness analysis was conducted on 
all the blocks. Statistical analysis was performed using 

both one-way ANOVA and two-way ANOVA, with 
Tukey's test employed for post-hoc comparisons, 

maintaining a significance level of α = 0.05. 

Bars n=50  
Size: 8× 2×2 mm 

Blocks n=20 
Size: 8×8×2 mm 

Milled: 
-PMMA (ViPi ®) 

Printed: 
- NextDent C&B 
(Nextdent B.V ®) 

 
MP 

FS, SR: Printed  ↔  to 
milled. 

3D printed don't 
decrease in σ  after TC 
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Reymus et 
al., 2020  

(44) 

MP 
FR 

FDP was prepared from different materials. The 
fracture load was measured after artificial aging (H2O: 
21 days, 37 °C). In the second part, the impact of post-
curing was tested.The measured initial fracture loads 
were compared with those after artificial aging. Data 
were analyzed using Kolmogorov-Smirnov test, one-
way ANOVA followed by Scheffé post hoc test, t test, 

Kruskal-Wallis test, and Mann-Whitney U test 
(p < 0.05). 

Specimens 
subgroup n= 15 

Milled: 
-Telio CAD ®  

Printed: 
- NextDent C&B 

(NextDent ®) 
-  Freeprint temp  

(Detax ®) 
- 3Delta temp 

   
MP 

FR: Printed ↓ than 
milled  

 

 
 

Alam M et 
al., 2022 

(46)   

MP 
FR 

 

Recently extracted maxillary central incisors were 
handpicked.Tooth preparation followed standard 

principles. Provisional crowns were cemented using 
eugenol-free temporary luting cement (Templute, 

Prime Dental). Subsequently, all cemented provisional 
crowns underwent loading using a Universal Testing 

Machine. The maximum load required to induce 
fracture for each specimen was recorded in Newtons 

(N).. 

provisional 
crowns 

n = 10 (each/ 
group) 

Milled: 
-PMMA (Dentsply 

Sirona ®) 
Printed: 

- NextDent C&B 
(Nextdent  B.V ®) 

 

 
 

MP 
FR: Printed ↑↑ than 

milled  

 
Srinivasan 
et al., 2021  

(37) 

PP & MP 
SR, EM, FS 

Three-point bending and nanoindentation tests 
measured the mechanical properties. Surface 

roughness was evaluated using a high-resolution laser 
profilometer. ANOVA and post-hoc tests were used for 

statistical analyses (α = 0.05) 

6 groups 
(n=5/each 

material group) 
of resin 

specimens were 
prepared 

Milled: 
-PMMA  

(AvaDent ®) 
Printed: 

- NextDent C&B 
(Nextdent B.V ®) 

 
 

 
   

MP  
EM, FS: Printed ↓ than 

milled  
SR:    Printed ↔   milled  
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Zeidan et 
al., 2023  

(38) 

MP 
FS 

 The flexural strength was measured using a universal 
testing machine and three-point loading test. Data 

were collected and analyzed using one-way ANOVA and 
Tukey's pair-wise post hoc tests (α = 0.05). 

Specimens 
(n=10/ each 

group) 
size: 65×10×3 

mm 

Milled: 
-PMMA  

(AvaDent ®,Polident ®) 
Printed: 

- NextDent C&B 
(Nextdent B.V ®) 

-HARZ Labs Dental 
Sand  

(HARZ Labs ®) 

MP 
FS: Printed ↓ than milled 

 

Gruber et 
al., 2021 

(50) 
 

PP 
CS 

Samples underwent four distinct aging procedures: 
thermal cycling, immersion in distilled water, exposure 

to red wine, and immersion in coffee. Color changes 
were assessed using a spectrophotometer, with 

measurements taken in two modes (specular 
component included and specular component 

excluded) recorded at day 30. ANOVA and post hoc 
tests were used for statistical analysis (alpha = 0.05). 

Milled 
specimens 

n=112 
Printed 

specimens 
n=32 

Milled: 
(pink shade^ WIMP, 

AVMP, MEMP, POMP, 
tooth-shade: AVMT,  

MEMT,  POMT) 
Printed:  

pink: NDRPP ,tooth-
shade: NDRPT) 

PP 
CS: Printed ↓ than 

milled 
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Martín-
Ortega et 
al., 2022  

(45) 

MP 
FR 

2 anatomic contour crowns, a maxillary right central 
incisor (anterior group) and a maxillary right premolar 
(posterior group). Each group was subdivided into 2 

subgroups depending on the manufacturing method: 
milled (milled subgroup) and additive manufacturing 

(additive manufacturing subgroup). Then, each 
specimen was cemented to an implant abutment by 

using composite resin cement (Multilink Hybrid 
Abutment HO) as per the manufacturer's instructions. A 

universal testing machine was used for fracture 
resistance analysis, and the failure mode was recorded. 
The Shapiro-Wilk test revealed that data were normally 

distributed. One-way ANOVA and Tukey multiple 
comparison were selected (α=.05). 

 Provisional 
crown (N=40/ 
each group – 
anterior and 

posterior)  
2 subgroup 
n=10/ each 

material. 

Milled: 
-Vivodent CAD Multi 
(Ivoclar Vivadent AG 

®) 
Printed: 

-SHERAprint-cb 
(Sher(A) ®) 

  MP 
FR: Printed ↓↓ than 

Milled.  
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4.4.  Quantity characteristics 

Figure 3 illustrates the quantitative evaluation of different grades of milling materials manufactured using subtractive technology. 793 specimens 

were produced in all analyzed articles for evaluation on the studied parameters (FS, EM, FR, CS, WR, SR), which are indicated in different colors. 

 
Figure 3 - quantitative evaluation of different grades of milling materials 
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Figure 4 quantifies the different grades of milling materials manufactured using additive technology. In all analyzed articles, 808 samples were 

produced for evaluation of the studied parameters (FS, EM, FR, CS, WR, SR), which are indicated in different colors. 

 

 
Figure 4 - quantitative evaluation of different grades of printing materials 
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4.5.  Summary and compilation of results 

 

Table 5 - Compilation of results 

Property Printed ↓↓ Milled Printed ↓ Milled Printed ↔ milled Printed ↑ milled Printed ↑↑  milled 

FS 28 (DLP), 30 (DLP), 31, 
32 (after TC)  36, 37, 38 

28 (SLA), 30 (SLA 45°, DLP 
90°), 32 (before TC), 33, 

35 
30 (SLA 90°), 34  

FR 27, 43, 45 40, 44 42  46 

EM 28 (SLA), 30, 31  37 32 (before and after TC), 
41   

SR   35, 37,47   

WR   48 48 (Add filler) 27, 43  

CS 49 50 47   
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5. Discussion 

Provisional materials have shown significantly different mechanical and physical 

properties. Furthermore, 3D-printed resin material showed comparable results to milled 

provisional materials. 

 

The milled materials have higher fillers packed under higher temperatures and pressure, 

which result in lower porosity, voids, and residual monomers compared to 3D printing 

resins (27). 

 

Mechanism of the printing technique, where in successive layers are printed under the 

controlled penetration of a UV laser beam (28), involves the presence of several factors 

that were identified as influencing the physical and mechanical properties of 3D-printed 

materials. These include the thickness of the printed layer, post-curing techniques, 

shrinkage between layers, curing speed and intensity, angle, post-polymerization time and 

temperature, and printing direction (29). Technology selection (SLA, SLS, DLP) also can 

show different results (30–32). 

 

5.1 Mechanical properties 

 

Flexural strength 

Ten studies provided data to compare the flexural strength between 3D-printed PMMA 

resin and CAD/CAM milled PMMA resin and had shown contrasting results (28,30–38). 

 

Every study assessing flexural strength included in this work reported results exceeding 

50 MPa, surpassing the minimum flexural strength requirement outlined in ANSI/ADA 

specification no. 27 for recommended fixed provisional prostheses (39). 

 

Toughness, resilience, and microhardness are notably poorer in 3D-printed composite-

based resins compared to CAD/CAM milled PMMA resins (27,28,30–32,34) a crucial 

consideration for long-term provisional restorations where higher resiliency is essential 

to prevent failures. The dense cross-linking and homogeneous structure of CAD/CAM 

milled PMMA resins make them less susceptible to hydrolytic degradation compared to 

conventional and 3D-printed resins (35). 
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Despite significant variability in the studies assessing FDP flexural strength concerning 

post-curing processes and cementation, milled FDPs exhibited greater flexural strength 

compared to DLP (digital light processing) FDPs when employing the same cleaning 

agent, isopropanol (27). Additionally, differences in composition and manufacturing 

techniques contribute to 3D-printed resins exhibiting inferior properties compared to 

milled provisional (36–40). 

 

However, Sadek et al. noted that 3D-printed polymethylmethacrylate provisional material 

presents with both greater biaxial flexural strength and increased durability against 

chemical and mechanical aging compared to conventional and CAD-CAM milled 

provisional materials tested (34). 

 

Two studies examined hardness, yielding divergent findings. It was presumed that 

hardness would be greater in milled provisional resin materials due to higher cross-linked 

monomers and filler loading, thereby increasing hardness compared to 3D-printed 

materials. However, the SLA printing technique produced comparable results to the 

milled technique (27,30). 

 

Elasticity module 

Six authors specifically analyzed the modulus of elasticity in their studies (28,30–

32,37,41). 

 

Tahayeri et al. and Bergamo et al. reported similar values for both milled and printed 

materials. Their findings suggest that with certain materials and under specific conditions, 

3D printed samples can achieve comparable mechanical properties to those of milled 

counterparts (32,41).  

This observation indicates potential for additive manufacturing to meet or even exceed 

subtractive methods in terms of elasticity, which is crucial for various applications 

requiring flexibility and durability. However, the remaining authors observed a distinct 

superiority of milled materials over printed samples, and results consistently 

demonstrated that milled materials possess a higher modulus of elasticity compared to 

their 3D printed equivalents (28,30,31,37).  
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Fracture resistance 

In seven studies, fracture resistance tested were conducted on the fabricated specimens 

(27,40–46). 

 

The influence of several factors (print orientation, of cleaning methods, 

thermomechanical aging on marginal gap, impact of resin material, build direction, post-

curing, and artificial aging) on printing technology has been studied in the following 

articles, where milled structures have an advantage (27,40,43–45). Also, Alharbi et al. 

discovered that the compressive strength of 3D-printed materials increased when the 

layers were printed perpendicular to the load direction (17). De Castro et al. observed this 

improvement after printing two different provisional materials at 0, 45, and 90-degree 

angles (30). 

 

However, Alam et al., 2022 reported inferior mechanical properties of CAD/CAM milled 

provisional resins compared to 3D-printed resins, attributing the presence of cement 

clearly improves the load resistance of printed materials in comparison with milled ones 

(46). 

 

5.2 Physical properties 

 

The studies showed that, regardless of composition, 3D-printed provisional crown and 

FDP materials exhibited different physical properties compared to CAD/CAM milled 

provisional restorative materials. 

 

Surface roughness 

Several studies compared surface roughness and found comparable results, indicating no 

significant differences or advantages for either material or technology (35,37,47). 

In summary, the surface roughness of 3D-printed resins is influenced by the resin 

composition and printing orientation. Taşın et al. found that 3D-printed hybrid resins have 

lower surface roughness compared to CAD/CAM PMMA resins, suggesting that the 

milling and polishing processes may introduce additional surface defects that increase 

surface roughness (47). 
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Wear resistance 

Several investigations comparing the wear resistance of 3D-printed materials 

demonstrated reduced wear volume loss and smoother surfaces in comparison to milled 

provisional materials (27,43,48). 

During printing, printers could deposit layers up to a tenth of a micromillimeter, which 

results in a product with a smoother surface and minimizes the polishing time in 

comparison to the milling (39). Mayer et al. noted that 3D-printed provisional resins 

consist of multiple methacrylate resins and additional additives, potentially explaining 

their superior wear resistance properties (27). 

 

Color Stability 

Specifically, two studies comparing the color stability of 3D-printed PMMA resins found 

them to have poor color stability relative to CAD/CAM milled PMMA resins (49,50). 

 

Additionally, Taşın et al. reported inadequate color stability of 3D-printed hybrid 

composite resins compared to CAD/CAM milled provisional resins. Immersed specimens 

in various staining solutions (coffee, grape juice, curry, black tea, cola, and red wine). 

Prolonged immersion durations led to increased discoloration of the tested 

specimens. These authors assessed the sorption and solubility of 3D-printed provisional 

resins, finding that the water sorption and solubility of 3D-printed PMMA and 

photopolymer provisional resins were higher than CAD/CAM milled PMMA (47). 

 

 

5.3 Limitations and Futures: 

Exploring the impact of cementation is crucial as it enhances the fracture resistance of 

fixed dental prostheses (FDPs) by uniformly distributing external forces across the 

specimen (45,46). This aspect holds greater clinical relevance compared to assessing 

flexural strength without considering cementation.  

Several concerns persist regarding 3D-printed materials that could impact their 

mechanical properties. These include the challenge of cleaning residual uncured resin 

after printing. Reymus et al. observed that the degree of conversion is affected by the 

post-printing curing strategies, consequently impacting the mechanical properties of the 

material (27). Furthermore, thorough investigation into the maximum number of units for 
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fabricating fixed dental prostheses (FDP) and cleaning solutions is essential before 

making any recommendations.   

 

The endeavor to improve the flexural strength of printed polymers remains ongoing. Aati 

et al. undertook modifications by incorporating zirconia oxide (ZrO2) nanoparticles into 

the printable resin at varying concentrations. Their findings revealed superior mechanical 

properties compared to the unaltered printable resin (51). 
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6. Conclusions 

 
3D printing and Milling are two completely different technologies with their own 

advantages and disadvantages.    

Evaluating the physical and mechanical properties of the two techniques, we can consider 

that: 

 

1- Two	 technologies	 showed	 satisfactory	 indices	 of	 physical	 and	mechanical	

properties	of	materials	for	temporary	structures.	

2- This	 study	 demonstrated	 significantly	 different	 mechanical	 and	 physical	

properties	and	most	of	the	obtained	data	lead	us	to	conclude	that	properties	

(except	 WR)	 of	 3D-printed	 provisional	 materials	 are	 similar,	 or	 inferior	

compared	 to	 milled	 ones.	 However,	 the	 wide	 variability	 in	 the	 results	

provides	 us	with	 opportunities	 to	 further	 explore	 and	 develop	 CAD/CAM	

technologies.		

3- The	 presence	 of	 factors	 such	 as	 print	 orientation,	 of	 cleaning	 methods,	

thermomechanical	 aging	 on	marginal	 gap,	 impact	 of	 resin	material,	 build	

direction,	 post-curing	 and	 artificial	 aging,	 thickness	 of	 the	 printed	 layer,	

shrinkage	 between	 layers,	 curing	 speed	 and	 intensity,	 angle,	 post-

polymerization	 time	 and	 temperature)	 influencing	 the	 physical	 and	

mechanical	properties of 3D-printed materials. 

 

As more dental practitioners and technicians become interested in 3D-printed provisional 

materials, it is crucial to ensure that these materials have the best possible properties. 

Using 3D-printed and milled provisional materials shows great promise for creating 

provisional crowns and FDP. 

 
 
 
 
 
 
 



 

34 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

35 
 

7. Bibliography 

1. Blatz MB, Conejo J. The Current State of Chairside Digital Dentistry and Materials. 

Dent Clin North Am. 2019 Apr;63(2):175-197. 

https://pubmed.ncbi.nlm.nih.gov/30825985/ 

2. Coachman C, Georg R, Bohner L, Rigo LC, Sesma N. Chairside 3D digital design and 

trial restoration workflow. J Prosthet Dent. 2020 Nov;124(5):514-520. 

https://pubmed.ncbi.nlm.nih.gov/31924341/ 

3. Burns DR, Beck DA, Nelson SK; Committee on Research in Fixed Prosthodontics of 

the Academy of Fixed Prosthodontics. A review of selected dental literature on 

contemporary provisional fixed prosthodontic treatment: report of the Committee on 

Research in Fixed Prosthodontics of the Academy of Fixed Prosthodontics. J Prosthet 

Dent. 2003 Nov;90(5):474-97. 

https://pubmed.ncbi.nlm.nih.gov/14586312/ 

4. Kelvin Khng KY, Ettinger RL, Armstrong SR, Lindquist T, Gratton DG, Qian F. In 

vitro evaluation of the marginal integrity of CAD/CAM interim crowns. J Prosthet Dent. 

2016 May;115(5):617-23. 

https://pubmed.ncbi.nlm.nih.gov/26774313/ 

5. Christensen GJ. Provisional restorations for fixed prosthodontics. J Am Dent Assoc. 

1996 Feb;127(2):249-52. 

https://pubmed.ncbi.nlm.nih.gov/8682995/ 

6. Siadat H, Alikhasi M, Beyabanaki E. Interim Prosthesis Options for Dental Implants. 

J Prosthodont. 2017 Jun;26(4):331-338. 

https://pubmed.ncbi.nlm.nih.gov/26805651/ 

7. Paradowska-Stolarz A, Malysa A, Mikulewicz M. Comparison of the Compression and 

Tensile Modulus of Two Chosen Resins Used in Dentistry for 3D Printing. Materials 

(Basel). 2022 Dec 15;15(24):8956. 

https://pubmed.ncbi.nlm.nih.gov/36556761/ 

8. van Noort R. The future of dental devices is digital. Dent Mater. 2012 Jan;28(1):3-12. 

https://pubmed.ncbi.nlm.nih.gov/22119539/ 

9. Alghazzawi TF. Advancements in CAD/CAM technology: Options for practical 

implementation. J Prosthodont Res. 2016 Apr;60(2):72-84. 

https://pubmed.ncbi.nlm.nih.gov/26935333/ 

https://pubmed.ncbi.nlm.nih.gov/30825985/
https://pubmed.ncbi.nlm.nih.gov/31924341/
https://pubmed.ncbi.nlm.nih.gov/14586312/
https://pubmed.ncbi.nlm.nih.gov/26774313/
https://pubmed.ncbi.nlm.nih.gov/8682995/
https://pubmed.ncbi.nlm.nih.gov/26805651/
https://pubmed.ncbi.nlm.nih.gov/36556761/
https://pubmed.ncbi.nlm.nih.gov/22119539/
https://pubmed.ncbi.nlm.nih.gov/26935333/


 

36 
 

10. Valenti C, Isabella Federici M, Masciotti F, Marinucci L, Xhimitiku I, Cianetti S, 

Pagano S. Mechanical properties of 3D-printed prosthetic materials compared with milled 

and conventional processing: A systematic review and meta-analysis of in vitro studies. 

J Prosthet Dent. 2022 Aug 5:S0022-3913(22)00415-2. 

https://pubmed.ncbi.nlm.nih.gov/35934576/ 

11. Oberoi G, Nitsch S, Edelmayer M, Janjić K, Müller AS, Agis H. 3D Printing-

Encompassing the Facets of Dentistry. Front Bioeng Biotechnol. 2018 Nov 22;6:172. 

https://pubmed.ncbi.nlm.nih.gov/30525032/ 

12. Nold J, Wesemann C, Rieg L, Binder L, Witkowski S, Spies BC, Kohal RJ. Does 

Printing Orientation Matter? In-Vitro Fracture Strength of Temporary Fixed Dental 

Prostheses after a 1-Year Simulation in the Artificial Mouth. Materials (Basel). 2021 Jan 

7;14(2):259. 

https://pubmed.ncbi.nlm.nih.gov/33430271/ 

13. Derban P, Negrea R, Rominu M, Marsavina L. Influence of the Printing Angle and 

Load Direction on Flexure Strength in 3D Printed Materials for Provisional Dental 

Restorations. Materials (Basel). 2021 Jun 18;14(12):3376.. 

https://pubmed.ncbi.nlm.nih.gov/34207167/ 

14. Pillai S, Upadhyay A, Khayambashi P, Farooq I, Sabri H, Tarar M, Lee KT, Harb I, 

Zhou S, Wang Y, Tran SD. Dental 3D-Printing: Transferring Art from the Laboratories 

to the Clinics. Polymers (Basel). 2021 Jan 4;13(1):157. 

https://doi.org/10.3390/polym13010157 

15. Braian M, Jimbo R, Wennerberg A. Production tolerance of additive manufactured 

polymeric objects for clinical applications. Dent Mater. 2016 Jul;32(7):853-61. 

https://pubmed.ncbi.nlm.nih.gov/27118595/ 

16. Revilla-León M, Sadeghpour M, Özcan M. An update on applications of 3D printing 

technologies used for processing polymers used in implant dentistry. Odontology. 2020 

Jul;108(3):331-338.. 

https://pubmed.ncbi.nlm.nih.gov/31264008/ 

17. Alharbi N, Osman R, Wismeijer D. Effects of build direction on the mechanical 

properties of 3D-printed complete coverage interim dental restorations. J Prosthet Dent. 

2016 Jun;115(6):760-7. 

https://pubmed.ncbi.nlm.nih.gov/26803175/ 

18. Komissarenko DA, Sokolov PS, Evstigneeva AD, Shmeleva IA, Dosovitsky AE. 

Rheological and Curing Behavior of Acrylate-Based Suspensions for the DLP 3D 

https://pubmed.ncbi.nlm.nih.gov/35934576/
https://pubmed.ncbi.nlm.nih.gov/30525032/
https://pubmed.ncbi.nlm.nih.gov/33430271/
https://pubmed.ncbi.nlm.nih.gov/34207167/
https://doi.org/10.3390/polym13010157
https://pubmed.ncbi.nlm.nih.gov/27118595/
https://pubmed.ncbi.nlm.nih.gov/31264008/
https://pubmed.ncbi.nlm.nih.gov/26803175/


 

37 
 

Printing of Complex Zirconia Parts. Materials (Basel). 2018 Nov 22;11(12):2350. 

https://pubmed.ncbi.nlm.nih.gov/30469515/ 

19. Ionita CN, Mokin M, Varble N, Bednarek DR, Xiang J, Snyder KV, Siddiqui AH, 

Levy EI, Meng H, Rudin S. Challenges and limitations of patient-specific vascular 

phantom fabrication using 3D Polyjet printing. Proc SPIE Int Soc Opt Eng. 2014 Mar 

13;9038:90380M. 

https://pubmed.ncbi.nlm.nih.gov/25300886/ 

20. Jain S, Sayed ME, Shetty M, Alqahtani SM, Al Wadei MHD, Gupta SG, Othman 

AAA, Alshehri AH, Alqarni H, Mobarki AH, Motlaq K, Bakmani HF, Zain AA, Hakami 

AJ, Sheayria MF. Physical and Mechanical Properties of 3D-Printed Provisional Crowns 

and Fixed Dental Prosthesis Resins Compared to CAD/CAM Milled and Conventional 

Provisional Resins: A Systematic Review and Meta-Analysis. Polymers (Basel). 2022 

Jun 30;14(13):2691. 

https://pubmed.ncbi.nlm.nih.gov/35808735/ 

21. Skośkiewicz-Malinowska K, Mysior M, Rusak A, Kuropka P, Kozakiewicz M, 

Jurczyszyn K. Application of Texture and Fractal Dimension Analysis to Evaluate 

Subgingival Cement Surfaces in Terms of Biocompatibility. Materials (Basel). 2021 Oct 

7;14(19):5857. 

https://pubmed.ncbi.nlm.nih.gov/34640254/ 

22. Tack P, Victor J, Gemmel P, Annemans L. 3D-printing techniques in a medical 

setting: a systematic literature review. Biomed Eng Online. 2016 Oct 21;15(1):115. 

https://pubmed.ncbi.nlm.nih.gov/27769304/ 

23. Kul E, Abdulrahim R, Bayındır F, Matori KA, Gül P. Evaluation of the color stability 

of temporary materials produced with CAD/CAM. Dent Med Probl. 2021 Apr-

Jun;58(2):187-191. 

https://pubmed.ncbi.nlm.nih.gov/33982454/ 

24. Grzebieluch W, Kowalewski P, Grygier D, Rutkowska-Gorczyca M, Kozakiewicz M, 

Jurczyszyn K. Printable and Machinable Dental Restorative Composites for CAD/CAM 

Application-Comparison of Mechanical Properties, Fractographic, Texture and Fractal 

Dimension Analysis. Materials (Basel). 2021 Aug 29;14(17):4919. 

https://pubmed.ncbi.nlm.nih.gov/34501009/ 

25. Ma Y, Xie L, Yang B, Tian W. Three-dimensional printing biotechnology for the 

regeneration of the tooth and tooth-supporting tissues. Biotechnol Bioeng. 2019 

Feb;116(2):452-468. 

https://pubmed.ncbi.nlm.nih.gov/30469515/
https://pubmed.ncbi.nlm.nih.gov/25300886/
https://pubmed.ncbi.nlm.nih.gov/35808735/
https://pubmed.ncbi.nlm.nih.gov/34640254/
https://pubmed.ncbi.nlm.nih.gov/27769304/
https://pubmed.ncbi.nlm.nih.gov/33982454/
https://pubmed.ncbi.nlm.nih.gov/34501009/


 

38 
 

https://pubmed.ncbi.nlm.nih.gov/30475386/ 

26. Hamoudi H, Berdiyorov GR, Zekri A, Tong Y, Mansour S, Esaulov VA, Youcef-

Toumi K. Building block 3D printing based on molecular self-assembly monolayer with 

self-healing properties. Sci Rep. 2022 Apr 26;12(1):6806. 

https://pubmed.ncbi.nlm.nih.gov/35474113/ 

27. Mayer J, Stawarczyk B, Vogt K, Hickel R, Edelhoff D, Reymus M. Influence of 

cleaning methods after 3D printing on two-body wear and fracture load of resin-based 

temporary crown and bridge material. Clin Oral Investig. 2021 Oct;25(10):5987-5996. 

https://pubmed.ncbi.nlm.nih.gov/33811531/ 

28. Ellakany P, Fouda SM, Mahrous AA, AlGhamdi MA, Aly NM. Influence of 

CAD/CAM Milling and 3D-Printing Fabrication Methods on the Mechanical Properties 

of 3-Unit Interim Fixed Dental Prosthesis after Thermo-Mechanical Aging Process. 

Polymers (Basel). 2022 Sep 30;14(19):4103. 

https://pubmed.ncbi.nlm.nih.gov/36236050/ 

29. Gad MM, Fouda SM. Factors affecting flexural strength of 3D-printed resins: A 

systematic review. J Prosthodont. 2023 Apr;32(S1):96-110. 

https://pubmed.ncbi.nlm.nih.gov/36629333/ 

30. de Castro EF, Nima G, Rueggeberg FA, Giannini M. Effect of build orientation in 

accuracy, flexural modulus, flexural strength, and microhardness of 3D-Printed resins for 

provisional restorations. J Mech Behav Biomed Mater. 2022 Dec;136:105479. 

https://pubmed.ncbi.nlm.nih.gov/36279743/ 

31. Fouda SM, Gad MM, Abualsaud R, Ellakany P, AlRumaih HS, Khan SQ, Akhtar S, 

Al-Qarni FD, Al-Harbi FA. Flexural Properties and Hardness of CAD-CAM Denture 

Base Materials. J Prosthodont. 2023 Apr;32(4):318-324. 

https://pubmed.ncbi.nlm.nih.gov/35567362/ 

32. Bergamo ETP, Campos TMB, Piza MMT, Gutierrez E, Lopes ACO, Witek L, Coelho 

PG, Celestrino M, Carvalho LF, Benalcázar Jalkh EB, Bonfante EA. Temporary materials 

used in prosthodontics: The effect of composition, fabrication mode, and aging on 

mechanical properties. J Mech Behav Biomed Mater. 2022 Sep;133:105333. 

https://pubmed.ncbi.nlm.nih.gov/35839630/ 

33. Taşın S, Ismatullaev A. Comparative evaluation of the effect of thermocycling on the 

mechanical properties of conventionally polymerized, CAD-CAM milled, and 3D-

printed interim materials. J Prosthet Dent. 2022 Jan;127(1):173.e1-173.e8. 

https://pubmed.ncbi.nlm.nih.gov/34756771/ 

https://pubmed.ncbi.nlm.nih.gov/30475386/
https://pubmed.ncbi.nlm.nih.gov/35474113/
https://pubmed.ncbi.nlm.nih.gov/33811531/
https://pubmed.ncbi.nlm.nih.gov/36236050/
https://pubmed.ncbi.nlm.nih.gov/36629333/
https://pubmed.ncbi.nlm.nih.gov/36279743/
https://pubmed.ncbi.nlm.nih.gov/35567362/
https://pubmed.ncbi.nlm.nih.gov/35839630/
https://pubmed.ncbi.nlm.nih.gov/34756771/


 

39 
 

34. Sadek HMA, El-Banna A. Biaxial flexural strength of different provisional restorative 

materials under chemo-mechanical aging: An in vitro study. J Prosthodont. 2024 

Feb;33(2):149-156. 

https://pubmed.ncbi.nlm.nih.gov/36738226/ 

35. Ribeiro AKC, de Freitas RFCP, de Carvalho IHG, de Miranda LM, da Silva NR, de 

Fátima Dantas de Almeida L, Zhang Y, da Fonte Porto Carreiro A, de Assunção E Souza 

RO. Flexural strength, surface roughness, micro-CT analysis, and microbiological 

adhesion of a 3D-printed temporary crown material. Clin Oral Investig. 2023 

May;27(5):2207-2220. 

https://pubmed.ncbi.nlm.nih.gov/36933047/ 

36. Abad-Coronel C, Carrera E, Mena Córdova N, Fajardo JI, Aliaga P. Comparative 

Analysis of Fracture Resistance between CAD/CAM Materials for Interim Fixed 

Prosthesis. Materials (Basel). 2021 Dec 16;14(24):7791. 

https://pubmed.ncbi.nlm.nih.gov/34947384/ 

37. Srinivasan M, Kalberer N, Kamnoedboon P, Mekki M, Durual S, Özcan M, Müller 

F. CAD-CAM complete denture resins: an evaluation of biocompatibility, mechanical 

properties, and surface characteristics. J Dent. 2021 Nov;114:103785. 

https://pubmed.ncbi.nlm.nih.gov/34419480/ 

38. Zeidan AAE, Sherif AF, Baraka Y, Abualsaud R, Abdelrahim RA, Gad MM, Helal 

MA. Evaluation of the Effect of Different Construction Techniques of CAD-CAM 

Milled, 3D-Printed, and Polyamide Denture Base Resins on Flexural Strength: An In 

Vitro Comparative Study. J Prosthodont. 2023 Jan;32(1):77-82. 

https://pubmed.ncbi.nlm.nih.gov/35343012/ 

39. Schweiger J, Beuer F, Stimmelmayr M, Edelhoff D, Magne P, Güth JF. Histo-

anatomic 3D printing of dental structures. Br Dent J. 2016 Nov 4;221(9):555-560. 

https://pubmed.ncbi.nlm.nih.gov/27811863/ 

40. Diken Turksayar AA, Donmez MB, Olcay EO, Demirel M, Demir E. Effect of 

printing orientation on the fracture strength of additively manufactured 3-unit interim 

fixed dental prostheses after aging. J Dent. 2022 Sep;124:104155. 

https://pubmed.ncbi.nlm.nih.gov/35526752/ 

41. Tahayeri A, Morgan M, Fugolin AP, Bompolaki D, Athirasala A, Pfeifer CS, 

Ferracane JL, Bertassoni LE. 3D printed versus conventionally cured provisional crown 

and bridge dental materials. Dent Mater. 2018 Feb;34(2):192-200. 

https://pubmed.ncbi.nlm.nih.gov/29110921/ 

https://pubmed.ncbi.nlm.nih.gov/36738226/
https://pubmed.ncbi.nlm.nih.gov/36933047/
https://pubmed.ncbi.nlm.nih.gov/34947384/
https://pubmed.ncbi.nlm.nih.gov/34419480/
https://pubmed.ncbi.nlm.nih.gov/35343012/
https://pubmed.ncbi.nlm.nih.gov/27811863/
https://pubmed.ncbi.nlm.nih.gov/35526752/
https://pubmed.ncbi.nlm.nih.gov/29110921/


 

40 
 

42. Angwarawong T, Reeponmaha T, Angwaravong O. Influence of thermomechanical 

aging on marginal gap of CAD-CAM and conventional interim restorations. J Prosthet 

Dent. 2020 Nov;124(5):566.e1-566.e6. 

https://pubmed.ncbi.nlm.nih.gov/32624223/ 

43. Digholkar S, Madhav VN, Palaskar J. Evaluation of the flexural strength and 

microhardness of provisional crown and bridge materials fabricated by different methods. 

J Indian Prosthodont Soc. 2016 Oct-Dec;16(4):328-334. 

https://pubmed.ncbi.nlm.nih.gov/27746595/ 

44. Reymus M, Fabritius R, Keßler A, Hickel R, Edelhoff D, Stawarczyk B. Fracture load 

of 3D-printed fixed dental prostheses compared with milled and conventionally fabricated 

ones: the impact of resin material, build direction, post-curing, and artificial aging-an in 

vitro study. Clin Oral Investig. 2020 Feb;24(2):701-710. 

https://pubmed.ncbi.nlm.nih.gov/31127429/ 

45. Martín-Ortega N, Sallorenzo A, Casajús J, Cervera A, Revilla-León M, Gómez-Polo 

M. Fracture resistance of additive manufactured and milled implant-supported interim 

crowns. J Prosthet Dent. 2022 Feb;127(2):267-274. 

https://pubmed.ncbi.nlm.nih.gov/33431173/ 

46. Alam M, Chugh A, Kumar A, Rathee M, Jain P. Comparative evaluation of fracture 

resistance of anterior provisional restorations fabricated using conventional and digital 

techniques - An in vitro study. J Indian Prosthodont Soc. 2022 Oct-Dec;22(4):361-367. 

https://pubmed.ncbi.nlm.nih.gov/36511070/ 

47. Taşın S, Ismatullaev A, Usumez A. Comparison of surface roughness and color 

stainability of 3-dimensionally printed interim prosthodontic material with 

conventionally fabricated and CAD-CAM milled materials. J Prosthet Dent. 2022 

Nov;128(5):1094-1101. 

https://pubmed.ncbi.nlm.nih.gov/33715836/ 

48. Kessler A, Reymus M, Hickel R, Kunzelmann KH. Three-body wear of 3D printed 

temporary materials. Dent Mater. 2019 Dec;35(12):1805-1812. 

https://pubmed.ncbi.nlm.nih.gov/31727446/ 

49. Yao Q, Morton D, Eckert GJ, Lin WS. The effect of surface treatments on the color 

stability of CAD-CAM interim fixed dental prostheses. J Prosthet Dent. 2021 

Aug;126(2):248-253. 

https://pubmed.ncbi.nlm.nih.gov/32829886/ 

https://pubmed.ncbi.nlm.nih.gov/32624223/
https://pubmed.ncbi.nlm.nih.gov/27746595/
https://pubmed.ncbi.nlm.nih.gov/31127429/
https://pubmed.ncbi.nlm.nih.gov/33431173/
https://pubmed.ncbi.nlm.nih.gov/36511070/
https://pubmed.ncbi.nlm.nih.gov/33715836/
https://pubmed.ncbi.nlm.nih.gov/31727446/
https://pubmed.ncbi.nlm.nih.gov/32829886/


 

41 
 

50. Gruber S, Kamnoedboon P, Özcan M, Srinivasan M. CAD/CAM Complete Denture 

Resins: An In Vitro Evaluation of Color Stability. J Prosthodont. 2021 Jun;30(5):430-

439. 

https://pubmed.ncbi.nlm.nih.gov/32864812/ 

51. Aati S, Akram Z, Ngo H, Fawzy AS. Development of 3D printed resin reinforced 

with modified ZrO2 nanoparticles for long-term provisional dental restorations. Dent 

Mater. 2021 Jun;37(6):e360-e374. 

https://pubmed.ncbi.nlm.nih.gov/33663884/ 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

https://pubmed.ncbi.nlm.nih.gov/32864812/
https://pubmed.ncbi.nlm.nih.gov/33663884/


 

42 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



 

43 
 

Attachment 
 

 


