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1. INTRODUCTION 

1.1. Overview of the topic 

1.1.1. What is the topic? 

We evaluate the accuracy of 3D printing in producing 

dental models or fixed dental restorations.  

1.1.2. What is the problem to solve? 

3D printing rapidly advances with diverse methods and 

materials, but the accuracy remains conflicting. We aim 

to evaluate printing accuracy across technologies and 

materials. 

1.1.3. What is the importance of the topic? 

The advent of CAD/CAM technology has transformed 

modern dentistry, offering precise and time-efficient 

manufacturing. Among its advancements, 3D printing has 

gained significant attention. Accuracy is crucial, 

particularly for dental models used in restorations, where 

deviations can render prostheses unusable. While new 

printable materials, such as acrylics and ceramic-

containing resins, show promise, their clinical reliability 

remains uncertain. Further research is needed to establish 

3D printing as a dependable alternative to conventional 

methods. 

1.1.4. What would be the impact of our research 

results? 

Our findings will evaluate the current state of additive 

manufacturing, providing practitioners with insights into 

its clinical capabilities and limitations. By assessing 

accuracy, we aim to guide technology and material 

selection for prosthodontics, improving treatment 

planning and patient outcomes.
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2. OBJECTIVES 

2.1. Clear guidance to select the most accurate 

technologies for 3D printing dental models – A 

network meta-analysis 

We aimed to investigate the accuracy of 3D printing 

dental models fabricated with different technologies 

compared to digital reference models by reviewing the 

existing literature. In addition, the accuracy results were 

compared with the clinical acceptability threshold values 

of 120 µm for prosthodontic and 250 µm for orthodontic 

applications.   

2.2. Comparison of fit and trueness of fixed dental 

restorations fabricated by additive and subtractive 

manufacturing – Systematic review and meta-analysis 

Our aim was to compare the fit and trueness of additive 

manufacturing to subtractive technology on single-unit 

and short-span fixed dental restorations while 

considering the materials used.  
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3. METHODS 

Our systematic reviews and meta-analyses were 

structured according to the Preferred Reporting Items for 

Systematic Reviews and Meta-Analyses Reporting 

Checklist (PRISMA) and the Cochrane Handbook (59, 

60). The review protocols were registered in PROSPERO 

under the registration numbers CRD42021285863 (Study 

I) and CRD42022323090 (Study II.)   

3.1. Literature search and eligibility criteria 

Electronic searches were performed across four 

databases: MEDLINE (via PubMed), CENTRAL (The 

Cochrane Central Register of Controlled Trials), Embase, 

and Web of Science for both studies. A manual search was 

also performed on the reference lists of previous reviews 

and included records.  

In vitro articles investigating the accuracy of 3D printed 

dental models with different technologies were included 

in Study I. In vitro studies comparing the fit and trueness 

of additive manufacturing to subtractive manufacturing 

on fixed dental restorations were included in Study II. 

3.2. Study selection and data collection 

All relevant studies were collected using a reference 

manager software (EndNote X9; Clarivate Analytics, 

Philadelphia, PA, USA). After removing the duplicates, 

two investigators independently screened the publications 

based on their titles, abstracts, and full texts, and a third 

investigator resolved disagreements. Data extraction was 

performed individually by two investigators using a 
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standardized data collection sheet, and a third independent 

investigator resolved disagreements. 

3.3. Quality assessment 

The risk of bias assessment was done using the Quality 

Assessment of Diagnostic Accuracy-2 (QUADAS-2) tool 

for Study I and the Quality Assessment For In Vitro 

Studies (QUIN Tool) for Study II. To assess the certainty 

of evidence for both studies, the GRADEpro tool was 

used by the “Grades of Recommendation, Assessment, 

Development, and Evaluation (GRADE)”.  

3.4. Data synthesis and analysis 

Three outcomes—trueness (RMS), absolute mean 

deviation, and precision (RMS)—were extracted and 

analyzed across six subgroups to address clinical 

heterogeneity caused by varying printing parameters for 

Study I. Bayesian Network Meta-Analysis (NMA) using 

a random-effects model with a 95% confidence level 

synthesized the results, with key statistics summarized in 

network characteristic tables. Measurements, in 

micrometers, referenced the initial STL file, and literature 

values (trueness: 0 ± 10 µm, precision: 15 ± 10 µm) were 

used for missing mean and SD data. Statistical analyses 

were conducted using R (ver. 4.1.3) with the BUGSnet 

package, and node-splitting analysis assessed data 

consistency and heterogeneity.  

Given the substantial between-study heterogeneity, a 

random-effects model was used to pool effect sizes for 

Study II. All outcomes (internal fit, marginal fit, trueness) 
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were continuous, with mean differences (MD) used as the 

effect size, reported with 95% confidence intervals (CI). 

Sample size, mean, and standard deviation (SD) were 

extracted for each group. Results were expressed as 

subtractive group minus additive group values. A 

multilevel meta-analytic approach was employed to 

ensure conservative CIs, with a three-level model using 

study ID as a random factor, per Viechtbauer's method. 

Results were significant if the pooled CI excluded the 

null. Forest plots summarized outcomes, and prediction 

intervals were reported when sufficient studies with low 

heterogeneity were available. Heterogeneity was 

measured using Higgins & Thompson’s I². Publication 

bias was assessed via Funnel plots and Egger’s test for 

MD effect size, with a bias suspected if p < 0.10. All 

analyses were performed using R (R Core Team 2023, 

v4.3.0) with the meta (Schwarzer 2023, v6.2.1) and 

metafor (Viechtbauer 2023, v4.2.0) packages. 
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4. RESULTS 

4.1. Study I. 

A total of 11 studies were included in the network meta-

analysis. Results were presented in six subgroups based 

on layer thickness (≤50 µm or >50 µm), model design 

(horseshoe, cross-arch plate, full model), measurement 

level (arch or tooth), and calculation method (RMS or 

absolute mean deviation). 

4.1.1. Trueness RMS (arch level, 0–50 µm): 

Seven studies evaluated five technologies: PolyJet, DLP 

(digital light processing), SLA (stereolithography), MJ 

(miltijet), and LCD (liquid crystal display-based printing). 

Trueness values ranged from 76.9 µm (PolyJet) to 200.2 

µm (LCD). All technologies were within the 250 µm 

orthodontic tolerance, but only PolyJet, DLP, and SLA 

met the stricter 120 µm prosthodontic threshold. 

4.1.2. Trueness RMS (arch level, >50 µm): 

Four studies assessed FDM/FFF (fused deposition 

modeling/fused filament fabrication), SLA, and DLP, 

with trueness ranging from 196.8 µm to 209.2 µm. While 

suitable for orthodontics, none met the prosthodontic 

standard of 120 µm. 

4.1.3. Precision RMS (arch level, 0–50 µm and >50 

µm): 

For 0–50 µm layer thickness, PolyJet and DLP showed 

the highest precision (31.3 µm and 31.2 µm), followed by 

SLA (39.9 µm). LCD and MJ had lower precision (79.2 

µm and 109.2 µm).  
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For >50 µm, SLA demonstrated the best precision (23.5 

µm), followed by DLP (57.5 µm), FDM/FFF (74.4 µm), 

and LCD (82.5 µm). 

4.1.4. Trueness RMS (tooth level, 0–50 µm): 

Three studies focused on smaller arch segments. MJ 

showed the best trueness (37.0 µm), followed by PolyJet 

(67.9 µm), SLA (86.7 µm), and DLP (97.9 µm). All 

technologies met the 120 µm prosthodontic threshold. 

4.1.5. Trueness Deviation (arch level, >50 µm): 

Three studies analyzed DLP, SLA, and FDM/FFF. DLP 

and SLA were the most accurate, with deviations of 46.1 

µm to 73.9 µm, meeting prosthodontic standards. 

FDM/FFF exceeded the clinical limit with a deviation of 

169.3 µm. 

4.2. Study II. 

A total of 57 studies were included in the analysis, 

subgrouped by material (acrylic resins, metals, ceramics) 

and measurement areas (axial, occlusal, and marginal). 

4.2.1. Internal fit 

Axial gap measurements showed no statistically 

significant differences among materials, with mean 

differences (MD) of -2.68 µm (95% CI: -19.92 to 14.55) 

for metal restorations, -4.21 µm (95% CI: -17.82 to 9.40) 

for ceramics, and -6.74 µm (95% CI: -25.46 to 11.99) for 

acrylic resin restorations. However, occlusal gap 

measurements demonstrated that milled acrylic resin 

fixed restorations exhibited a significantly larger occlusal 

gap than 3D printed prostheses (MD: 39.12 µm, 95% CI: 
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12.44 to 65.79). For metals and ceramics, the MD values 

of -50.93 µm (95% CI: -128.83 to 26.97) and 13.45 µm 

(95% CI: -97.13 to 124.03), respectively, showed no 

statistically significant differences. 

4.2.2. Marginal fit 

Marginal fit analysis further highlighted a lack of 

significant differences among subgroups. Metals 

demonstrated an MD of -16.10 µm (95% CI: -47.37 to 

15.18), ceramics -11.6 µm (95% CI: -23.19 to 1.07), and 

acrylic resin restorations 0.61 µm (95% CI: -16.06 to 

17.29). Similarly, for Absolute Marginal Discrepancy 

(AMD), studies on acrylic resin restorations revealed no 

significant differences between techniques (MD: 4.16 

µm, 95% CI: -12.04 to 20.37). 

4.2.3. Trueness 

Additively manufactured ceramics showed a significant 

mean difference of -47.76 µm (95% CI: -95.51 to -0.00); 

however, this was deemed clinically irrelevant. For 

acrylic resin restorations, the MD was 11.78 µm (95% CI: 

-0.65 to 24.21), showing no statistical significance. 
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5. CONCLUSION 

5.1 Study I  

1. Stereolithography (SLA), digital light processing 

(DLP), and PolyJet technologies are the most accurate 

methods for producing full-arch dental models for 

prosthodontic applications, offering high trueness values.  

2. Conversely, FDM/FFF, LCD, and CLIP technologies 

proved unsuitable for fabricating dental devices requiring 

accuracy below 120 µm.  

3. A layer thickness between 0–50 µm was identified as 

optimal for achieving clinically acceptable accuracy 

levels. 

5.2 Study II 

1. Fixed dental restorations fabricated with additive 

manufacturing are valid alternatives in the digital 

workflow regarding marginal fit, internal fit, and trueness 

compared to subtractive manufacturing.  

2. No significant differences in adaptation were observed 

between additively manufactured (AM) and subtractively 

manufactured (SM) metal and ceramic restorations.  

3. 3D printed acrylic resin restorations demonstrated a 

significantly more accurate occlusal fit than SM, while 

AM ceramic restorations exhibited significantly reduced 

marginal trueness. However, these differences were not 

clinically relevant.  

4. Dental zirconia fabrication with 3D printing is still 

under development, and further improvements in current 

AM technologies are needed.
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