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Abstract

Aims: To systematically evaluate the effectiveness, clinical outcomes, material
performance, patient satisfaction, and technological limitations associated with 3D-
printed try-ins for complex ceramic veneers.

Data Sources: A comprehensive literature search was conducted in PubMed, Scopus,
Web of Science, and Google Scholar covering publications from January 2010 to
September 2025.

Study Eligibility Criteria: Peer-reviewed studies assessing 3D-printed try-ins within
ceramic veneer workflows were included. Eligible designs comprised clinical trials,
experimental studies, observational studies, and systematic reviews reporting
quantitative or qualitative outcomes. Case reports, editorials, non-English articles,
and studies unrelated to ceramic veneers or try-in fabrication were excluded.
Materials and Methods: This review examines its impact on clinical outcomes,
patient satisfaction, and technological limitations. A systematic search of PubMed,
Scopus, Web of Science, and Google Scholar from 2010 to 2025 identified 2,173
records, of which 19 studies met the inclusion criteria following PRISMA guidelines.
Data extraction focused on study characteristics, digital workflows, material
properties, clinical outcomes, and technological considerations

Results: Most included studies were published after 2020 and originated primarily
from Europe and Asia, with significant contributions from the United States. The
studies showed significant differences in the properties of test materials between 3D-
printed try-ins and conventional mock-ups. The 3D-printed try-ins had 25-55%
greater tensile and compression strength, and flexural strength was increased by 70-
100%. They also demonstrated superior fatigue resistance, volumetric stability, and
cell proliferation. Overall, 3D printing improved precision, durability, and patient
satisfaction, though material standardization and long-term validation remain
necessary.

Conclusion:  3D-printed try-ins provide improved mechanical performance,
precision, and clinical workflow efficiency in complex ceramic veneer procedures
compared with conventional techniques. Despite promising outcomes, standardized
materials, optimized printing protocols, and long-term clinical validation are
necessary to support broader clinical adoption

Keywords: 3D Printing, Ceramic veneers, Digital dentistry, CAD/CAM, Provisional
restoration, Restorative dentistry.
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INTRODUCTION

Digital dentistry is an interdisciplinary field with significant potential to enhance
restorative and aesthetic workflows, improving precision, predictability, and
efficiency. Among modern prosthodontic innovations, 3D printing stands out for
enabling precise digital design, fabrication, and evaluation of restorations, surpassing
traditional methods (1,2).

The integration of computer-aided design and manufacturing (CAD-CAM)
systems streamlines challenging steps in the restorative process by producing accurate
try-in and provisional prostheses, especially in complex cases. Small changes in shape,
contour, volume, or color can significantly impact the aesthetic outcome, highlighting
the value of precise digital construction (3,4).

Traditional methods of try-in, such as using wax-up prototypes or even mock-up
try-ins, can often be time-consuming, inefficient, unreproducible, and inaccurate in fit.
In addition, the time-consuming manual approach may lead to uncontrolled
variabilities that require modifications during the final cementation phase, increasing
clinical chair time and wasting cement materials (5,6). In the case of 3D printed try-ins,
however, designers can accurately assess the pre-evaluation stage of the veneer design,
including marginal adaptation, occlusal, shade integration, and the overall
predictability relative to targeted aesthetics, functional predictability, and harmony.
The digital approach improves workflow and inter-professional communication
relations between the clinician, the dental technician, and even the patient for
collaborative real-time alterations and decision-making prior to the definitive ceramic
fabrication (7,8).

Recent literature indicates that the use of 3D-printed try-ins enhances treatment
precision, operational efficiency, and patient contentment. (9,10) High-resolution,
additively manufactured photopolymer and hybrid resin restorations capture fine
structural details while maintaining dimensional stability (11,12). A fully digital
workflow from diagnosis to bonding supports minimally invasive, patient-centered
care (13,14). Despite these benefits, adoption in aesthetic dentistry remains
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inconsistent, influenced by technology availability, operator expertise, and material
differences (15,16). A systematic review is needed to consolidate recent advancements
and evaluate the effectiveness, feasibility, and clinical value of 3D-printed try-ins. The
purpose of the systematic review is to assess the existing literature to identify the
efficacy and practicability of 3D-printed try-ins in complex ceramic veneers. The
review analyzes how the results of the research on clinical accuracy and outcomes,
material characteristics, cost-effectiveness, technological limitations, and the
implications and possible impact of the findings on future research and practice in

digital restorative dentistry were incorporated.

MATERIALS AND METHODS
Study Design

This systematic review was conducted in accordance with the Preferred Reporting
Items for Systematic Reviews and Meta-Analyses (PRISMA 2020) guidelines to ensure
methodological transparency and reproducibility. A predefined review protocol
guided study selection, data extraction, and synthesis procedures. The protocol for this
review was not preregistered in PROSPERO.
Search Strategy and Information Sources

A systematic literature search was performed across PubMed, Scopus, Web of
Science, and Google Scholar. Additional manual screening of reference lists of
included studies was conducted to identify potentially relevant articles. The search
covered publications from 1 January 2010 to 30 September 2025, and the final search

was conducted on 30 September 2025.

s s

The main search concepts encompassed “3D printing,” “ceramic veneers,” “mock-
up or try-in restorations,” and “digital dentistry.” The general search syntax applied
across databases was “3D printing” AND “porcelain veneers” OR “ceramic veneers”
AND “mock-up” OR “provisional restoration” OR “try-in” AND “CAD/CAM” OR

“digital dentistry” AND “restorative dentistry” OR “dental prosthetics”. Search limits
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included language as English and availability of full text. Adaptations to keywords
specific to the database were made as needed.
Eligibility Criteria

Table 1 outlines the inclusion and exclusion criteria that were applied in the
selection of studies for this review. The inclusion criteria emphasize on peer-reviewed
research from the years 2010 to 2025 that concerned 3D-printed try-ins in workflows
for ceramic veneers. Exclusion criteria include case reports, documents that lack
complete text, and studies that do not pertain to ceramic veneers or the fabrication of
try-ins. During synthesis, studies were grouped according to study design, type of
material, characteristics of the digital workflow, and clinical or mechanical outcomes

reported.

Table (1): Inclusion and Exclusion Criteria for Study Selection

Inclusion Exclusion

¢ Case reports or clinical series with fewer

¢ Articles published between 2010-2025. .
than three patients.

® Peer-reviewed original research, clinical
trials, cohort studies, cross-sectional studies,
in-vitro studies,
experimental studies, systematic reviews,
and meta-analyses.

. .. e Editorials, letters, reviews, or conference
studies, clinical

abstracts.

¢ Full-text availability in English.

¢ Articles without full text.

¢ Studies evaluating or comparing 3D-
printed try-ins in ceramic veneer workflows.

e Studies unrelated to ceramic veneers or
try-in fabrication.

e Studies reporting quantitative or
qualitative outcomes related to accuracy, fit,

* Duplicate records across databases.

patient satisfaction, or workflow efficiency.

Study Selection Process

The screening database contained all retrieved records, and prior to assessment,
duplicate records were removed. According to preset eligibility criteria, two
independent reviewers evaluated titles and abstracts. Potentially relevant studies were

then evaluated to determine if the full-text articles warranted inclusion. Discrepancies
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between reviewers were reconciled through discussion. No automation tools were
utilized in this study selection process.
Data Collection Process

Two reviewers extracted data independently using a standardized template.
Information was cross-verified for accuracy and completeness. Disagreements were
settled through discussion. In instances of ambiguous or incomplete information,
careful examination of the study’s methods and findings was used to draw a clear
interpretation.
Risk of Bias Assessment

Risk of bias assessment was conducted using validated tools appropriate to the
design of each included study. Randomized controlled trials were evaluated using the
Cochrane Risk of Bias Tool 2.0, while prospective clinical studies, experimental
studies, and in vitro observational studies were assessed using the Newcastle-Ottawa
Scale, with scores categorized as low (7-9), moderate (4-6), or high risk (0-3). The
methodological quality of included systematic and narrative reviews was appraised
using AMSTAR-2. Two reviewers independently performed all assessments, and the
results were cross-checked to ensure consistency. Any disagreements were resolved
through discussion or, when required, consultation with a third reviewer. No
automation tools were used in this process. The final assessments were reported at
both the domain level and as an overall risk of bias judgment for each study.
Data Extraction and Synthesis

The synthesis of data used a narrative approach in combining results from
different study designs. The subsequent variables included country, study design,
type of sample or model, type of 3D printer and materials, and the main conclusion or
findings. Other variables included the flow of 3D-printed try-in fabrication, the time
and spatial range, and the comparative evaluation of key metrics such as mean + SD
for the 3D-printed and conventional try-ins to highlight the improvement or

difference. Such synthesis provided a holistic view of the integrated technological
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workflows and spatial and temporal performance as well as the global research for 3D
printed try-ins for ceramic veneers.
Study Classification and Synthesis Approach

Included studies were categorized based on levels of evidence into three groups:
(1) in vitro/experimental studies, (2) clinical studies (randomized and non-
randomized), and (3) systematic reviews. Findings were synthesized separately for
each category to avoid inappropriate comparisons across heterogeneous evidence
levels. Due to substantial heterogeneity in study designs, outcome measures, and
reporting formats, a meta-analysis was not performed. Therefore, results were

synthesized using a structured narrative approach.

RESULTS
Search Outcomes

Figure 1. PRISMA flow diagram showing the study selection process. An initial
database search on PubMed, Scopus, Web of Science, and Google Scholar was
conducted, producing 2,173 records (Web of Science = 823; PubMed = 1,054; Scopus =
47; Google Scholar = 249). Applying filters within the timeframe of 2010-2025 resulted
in 1,712 items; after narrowing to research and review articles, this yielded 919 items,
and subsequently 773 English articles. Following the deduplication of 24 records, 749
records underwent title and abstract screening, during which 538 were deemed
irrelevant and excluded. 211 studies underwent full-text review, 192 of which were
excluded because of topic irrelevance, lack of full-text access, were considered a
narrative review or methodological 42, or were case reports with fewer than three
patients 14. Ultimately, 19 (17-35) studies were included in this systematic review,

meeting the established inclusion criteria.
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Figure (1): PRISMA Flow Diagram

Characteristics of Included Studies

The characteristics of the included studies are summarized in Table 2. Most studies
57.9% studied 3D printing applications in esthetic veneer fabrications in Europe. Most
of the studies 42.1% from South Korea, Saudi Arabia, Japan, and Yemen and were from
Asia. Most publications were published after 2020, likely due to the rapid
advancement of digital technology in esthetic veneer fabrication. Studies included in
the analysis ranged from in vitro studies, randomized clinical trials, and systematic
reviews, providing a balance between experimental research and clinical practice of

3D-printed try-in restorations.
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Table (2): Characteristics of the included studies

Author (s) (Year) Country Study Design S&ng{,ype
Hassan et al. (2017)19 Germany Prospective clinical study 10 patients
Bojko et al. (2022)17 Poland Experimental 25 specimens
Alhallak et al. (2023)@) | UK Systematic narrative review | 20 studies
Czigola et al. (2019)?» | Hungary In vitro CAD/CAM study 40 crowns
Pilecco et al. (2024) ® | Netherlands | Experimental in vitro 120 samples
Mancuso et al. (2024)?% | Italy In vitro 100 samples
?;I(L)lzhzl)e(zrsr)lann etal Switzerland Prospective controlled clinical| 59 patients
Porojan et al. (2022)@% Romania In vitro 40 samples
Derksen et al. (2021) ® | Netherlands Randomized clinical trial 32 patients
Jeong et al. (2019)@7 South Korea In vitro 120 samples
Yeslam et al. (2023) ® | Saudi Arabia | In vitro 100 samples
Jensen et al. (2024)@) Sweden Experimental in vitro 36 impressions
Espinar et al. (2023) ¢ | Spain Experimental in vitro 12 samples
Lee et al. (2025)¢Y South Korea | Experimental 120 samples
Alrabeah et al. (2023)¢2 | Saudi Arabia | Experimental study 40 samples
Al-Akhali et al. (2023)@ | Yemen In vitro observational 50 samples
Oros et al. (2025)¢4 Serbia & Systematic review 19 studies
Luxemburg
Tsuji et al. (2025)@ Japan Experimental in vitro 26 samples
Ganbold et al. (2019)¢% | South Korea Experimental in vitro 52 samples

In Vitro and Experimental Studies

The in vitro and experimental studies in this review, summarized in Table 3,
demonstrate that 3D-printed try-ins and digitally fabricated veneer-related
restorations can achieve high mechanical strength, dimensional accuracy, and
acceptable marginal fit under laboratory conditions. Most of these papers have shown
enhanced fatigue behavior, higher color masking, and increased predictability of
material behavior using 3D-printed or CAD/CAM materials in comparison to the
analog or milled counterparts. These observations, however, do not apply to real-
world scenarios and are restricted to controlled circumstances and not the subjective

patient outcomes of comfort, real-time aesthetics, or long-term biocompatibility.
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Clinical Studies (Randomized Controlled Trials and Prospective/Controlled
Clinical Studies)
The clinical trials, such as one randomized clinical trial and a few prospective

controlled or clinical trials as described in Table 3, suggest that chairside digital
workflows with 3D-printed or CAD/CAM based try-ins can minimize the time of
adjustment, simplify the making of impressions, and enhance operatory time
efficiency. These studies are highly consistent in their findings of high prosthetic
accuracy and patient satisfaction, but the evidence is limited by small sample sizes,
single-center studies, and comparatively short follow-up.

Systematic and Narrative Reviews
The two incorporate systematic or narrative reviews, summarized in Table 3, that

additive manufacturing and CAD/CAM technologies permit cost-effective and
accurate dental restorations and have the ability to save fabrication time and effort
relative to traditional procedures. Both reviews state that there is limited evidence on
long-term clinical outcomes and that long-term, high-quality trials and formal meta-
analyses are required.

Table (3): Summary of the findings of the included studies

Author (s) (Year) 3D Printer / Material Used Key Findings / Conclusions

CAD/CAM workflow integrating 3D

v dieital .
facial scanning (PritiMirror), lab Fully digital workflow improved

Hassan et al. esthetic visualization, clinical fit,

scanning (Dental Wings iSeries -
17) 9 .
(2017) DWOS), and 5-axis milling (M7 fijtme;?rgﬂsr;:;tégz reduced
CNC) using PMMA ’
Bojko et al, (2022) | CAD/CAM and DMLS (EOSINT DMLS fra]? eWO’ikSt Sglowej
oJico et & M270, CORITEC 350i); Ti6AI4V and | > For or mechanicat STengti an
an elasticity,  suitable for fixed

Co-Cr alloys prostheses under load.

CAD/CAM dentures had higher
retention and strength; 3D printed
dentures reduced cost and time but
need long-term validation.

CAD/CAM milling and 3D printing
(SLA, DLP, SLS) with PMMA and
resin composites

Alhallak et al.
(2023) @

Crown shade affected by ceramic

Everest KaVo CAM, 3Shape TRIOS thickness and translucency; LT

Czigola et al scan, lithium disilicate (IPS e.max

(2019) @

CAD)

blocks gave better masking than
HT.

Pilecco et al. (2024)

(23)

CAD/CAM lithium disilicate (IPS
e.max CAD, Ivoclar)

Air-water spray cleaning preserved
fatigue resistance; aging decreased
strength in most groups.
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Resin cement and design affected

Mancuso et al. | CAD/CAM (Tetric CAD) vs 3D | seating  accuracy; = CAD/CAM
(2024) @ printing (PrograPrint PR5, Ivoclar) | overlays showed reliable
volumetric precision.
Chairside digital workflow

Mihlemann et al.
(2022) @

Intraoral scanner
CAD/CAM (Atlantis
zirconia crowns

(TRIOS  3),
WebOrder),

improved time efficiency; both
methods achieved high prosthetic
accuracy and satisfaction.

Porojan et al
(2022) 29

CAD/CAM composites (Vita Enamic,
Lava Ultimate, etc.)

Luting agent and substrate color
significantly affected color and
masking ability of restorations.

Digital  impressions  reduced
Derksen et al. | CAD/CAM, intraoral optical | adjustment time; similar survival
(2021) 1® scanning (3M TDS) and fewer complications than

conventional methods.

CAD/CAM and 3D printed
Jeong et al. (2019) | 3D printing (Nextdent C&B) vs | provisionals had acceptable
@ milling (PMMA blocks) strength; surface treatment

improved bond durability.

GR and PEEK maintained flexural

Yeslam et al. | CAD/CAM hybrid materials (GR, | strength  after  thermocycling;
(2023) @® VE, PEEK, CT, VB) feldspar ceramic had lowest
performance.
igital SL h hi
Jensen et al. (2024) | Digital impressions + SLM vs Digital SLM method achieved

(29)

conventional VPS casting

superior internal fit at apical and
coronal regions.

Espinar et al
(2023)

3D printing (additive manufacturing
resins)

Printing angle (0° vs 90°)
significantly influenced color and

translucency.

Lee et al. (2025) GD

Vat
LCD)

photopolymerization  (DLP,

DLP printers provided highest
accuracy (lowest RMS); cleaning
and post-processing critical for
precision.

Alrabeah et al.
(2023) 62

CAD/CAM technology, zirconia &
lithium disilicate

Cement shade altered final color but
not translucency; material type
determined translucency.

Al-Akhali
(2023) G

et al

3D  printing (Dental  Sand),
CAD/CAM (Ceramill Temp), manual
PMMA

CAD/CAM PMMA had best color
stability; 3D printed composites
most affected by staining (khat
extract).

Oros et al. (2025)

FDM, SLA, DLP, SLS, SLM, LCM

AM enables cost-efficient, precise

o methods dental restorations; clinical
validation still limited.
3D printed UDMA-S-PRG

Tsuji et al. (2025)

(20)

DLP printer (Cara Print 4.0, Kulzer);
UDMA resins + S-PRG filler

composites met ISO strength and
released beneficial ions (Sr, F, B).

Ganbold et al
(2019) 9

Selective Laser Melting (Co-Cr) vs
casting

SLM Co-Cr showed superior stem
cell adhesion and biocompatibility
compared with Ni-Cr controls.
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Risk of Bias in Studies
The majority of in vitro and experimental studies scored 7/9 stars or above on the

low risk of bias. The were evident

NOS, indicating key strengths
exposure/intervention criteria, conventional laboratory procedures, and objective
mechanical or optical outcome measures, which minimized measurement bias under
controlled situations.

Five studies received moderate scores (5-6/9), primarily due to limited reporting
on sample representativeness and inadequate description of follow-up or aging

conditions. Notably, only 12 specimens with limited color-angle conditions, reducing

the generalizability of the findings as shown in Table 4a.

Table (4a): Newcastle-Ottawa Scale (NOS) for Observational, Experimental, and In Vitro

Studies
Selecti C bility | Out
Author (Year) | Study Design (Oe_zil)on (Oil;i))ara ility (Ol_lai);ne Total (j Overall
Hassan et al. | Prospective
M t
(2017) dlinical * ok k * * %k 6/9 oderate
Bojk t al
(2%]2;) e Experimental | %% * % * %k 7/9 Low
Czigola et al. | In vitro
7 L
(2019) CAD/CAM | *** * K * K /9 ow
Pilecco et al. | Experimental
7 L
(2024) in vitro ook okl okl /9 ow
Mancuso et al.
In vit M
(2024) n vitro * ok Kk * * ok 6/9 oderate
Miihlemann et | Prospective
al. (2022) controlled jokakolol okl okl 8/9 Low
Porojan et al. In vitro >k Kk * * 6/9 Moderate
(2022)
Jeong et al | 1 litro *kk ok *k 7/9 | Low
(2019)
Yesl t al
(2352;;“ % n vitro *kk ok *k 7/9 | Low
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Author (Year) | Study Design (Soei(ii)on E(:)(i?‘f; rability (C())I_J;':);ne Total (| Overall
R I T wx |79 |Low
Zs(gg)ar . Fri( Sirric:nental okl * *k 5/9 Moderate
é2625) o Experimental | %% * Kk * ok 7/9 Low
ég;?l)))eah et al. Experimental | %% * % ok 7/9 Low
:1%-(2(1;;;11 ) f)lzaservati;/rijf ookl ok *k 7/9 | Low
(gs(;lzjiS) . n Eiiinemal lalala *k *x 7/9 | Low
gz?g;)ld et al. E(Sil;iénental Ak e . ” -

NOS Domains — Selection (max 4 *): representativeness, sample size, non-respondents, ascertainment of

outcome. Comparability (max 2 *): comparability of groups based on design/analysis. Outcome (max 3 *):
assessment, follow-up length, adequacy of follow-up. Total Score: Low risk = 7-9 #; Moderate = 4—6 »*; High

=0-3 .

The single RCT was rated as low overall risk of bias across all five RoB 2 domains.

Randomization was appropriately conducted, outcome assessors were blinded,

missing data were minimal, and the protocol was consistent with reported outcomes.

This study provides the highest level of clinical evidence within this review; however,

the limited sample size (32) and single-center design reduce its power to detect rare

complications, as shown in Table 4b.

Table (4b): Cochrane RoB 2.0 for RCTs

Author . | D1 D2 D? . D4 D5

Design L L Missing . Overall
(Year) Randomization | Deviations Data Measurement | Reporting
Derksen
et al. | RCT Low Low Low Low Low Low
(2021)

RoB 2 Domains — D1: Randomization process; D2: Deviations from intended intervention;, D3:

Missing outcome data; D4: Measurement of outcomes; D5: Selection of reported results. Judgments:
Low / Some Concerns / High risk.
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Both systematic/narrative reviews were rated as moderate risk by AMSTAR-2
criteria. While both conducted comprehensive database searches, neither reported a
pre-registered protocol, and neither performed a formal meta-analysis or provided a
GRADE certainty of evidence assessment. Grey literature was not systematically
searched in either review. Despite these methodological gaps, both reviews
synthesized a sufficient breadth of primary studies and their conclusions are broadly

consistent with other included evidence in this SLR, as shown in Table 4c.

Table (4c): AMSTAR-2 for Systematic and Narrative Reviews

Author Desien Protocol Search Grey IIjI(')i]rsnaOf Overall
(Year) 8 Registered | Comprehensive | Searched Stu di::’

Alhallak | Systematic

et al. | narrative Yes Partial No Partial Moderate
(2023) review

Oros et | Systematic

i Partial Partial | Moderat
al. (2025) | review es artia No artia oderate

AMSTAR-2 key domains assessed: protocol registration, comprehensiveness of literature
search, grey literature inclusion, and assessment of risk of bias in primary studies. Overall
rating: Low / Moderate /| High methodological quality concern.

The predominance of low-risk in vitro studies provides a strong mechanistic
foundation for the clinical application of CAD/CAM and 3D printing technologies in
dentistry. However, the limited number of clinical trials and the moderate quality of
the two included reviews mean that direct clinical evidence remains sparse. In vitro
results must be taken with care when projecting them to patient outcomes. Future
research must focus on randomized clinical trials that utilize larger sample sizes,
standard outcome reporting, and long-term follow-up to confirm the laboratory
findings that have been summarized in this review. Reporting bias could not be
formally evaluated because meta-analysis was not performed and the results and

study designs, as well as reporting formats, were very heterogeneous.
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Workflow of 3D Printed Try-in Fabrication

The process of creating and assessing 3D printed dental try-ins is systematically
depicted in Figure 2. Workflow Diagram of 3D Printed Try-In Fabrication and Clinical
Validation. The sequence of activities begins with the capture of digital impressions
using intraoral scanners and continues with the computer-aided design of veneers as
well as try-in prototypes. The subsequent step is the additive manufacturing of try-ins
using SLA/DLP 3D printing technology employing light-cured photopolymer resins.
After printing, the try-ins undergo clinical assessments focusing on marginal
adaptation, esthetics, and occlusal harmony following cleaning, curing, polishing, and
other post-processing steps. The workflow concludes with the final fabrication of the
ceramics and cementation after the fitting and function of the try-in have been verified
satisfactorily. The clinical documentation narrating the history of the process outlines
the iterative refinements made in response to clinical input and adaptations in the use

of the try-in.

Step 1: Digital Impression Acquisition

{(Hassan et al. 2017) Derksen et al. 2021

Step 2 CAD Design of Weneers and Try-in

Prototypes
I I
(MMThlemann et ai. 2022) {Jeong et af. 2019)
(Czigola et al. 2019) {Alrabeah et al. 20232

Step 3 Additive Manufacturing (SLAYDLEP)

[ I
(Mancusc et al. 2024) (Crros et al. 2025)
{Tsuji et al. 2025) {Le=s et al. 2025)

Step 4. Post-processing (Cleaning, Curing,
Polishing)

(Pilecco ef al. 2024) (Espinar et al. 20:23)

Step 5 Clinical Evaluation for Marginal
Adaptation, Acesthetics, and Ccclusal Harmony

I I
{Bojko et al. 2022} (FPorojan et al. 2022)
(Adhallak et al. 2023 (Miahlemann et al. 2022)

Step 6: Final Ceramic Fabrication and
Cementation Following Werfication

(Jensen =i al. 20240 cal-Akhali et al. 2023)
(Ganbold et al. 2019} {Bojko et al. 2022)

Figure (2): Workflow diagram of 3D printed try-in fabrication and clinical validation
Source: Summarized by the author based on analysis. (17-27.2931-34)
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Geographical and Temporal Distribution

Figure 3 illustrates the temporal distribution of all records identified in the initial
database search (n =2,173) related to 3D Printed Try-in for Complex Ceramic Veneers
rather than the final 19 studies included. The period analyzed shows that 2023
recorded the highest number of publications, 87. The increasing interest in 3D printers
for dental try-ins, particularly complex ceramic veneers, is evident. 2023 (58 studies)
and 2022 (61 studies) also contributed significantly to the publication record,
indicating a continuous interest in advancing 3D printing within the discipline. An
annual decline in the number of studies is apparent when the years are reviewed
backwards, with 2010 exhibiting the fewest publications, at 20. Overall, this
distribution illustrates the increasing literature available in recent years, as the

literature begins to emphasize more the use of digital workflows and integrated 3D

printing.
2010 | 20
2011 23
2012 e 30
2013 26
2014  p—— 18
§ 2015 23
:. 2016 22
S 2017
S 2018 =
= 34
e —
£ 2019 44
2020 44
2021 52
2022 —
2023 61
2024 —| 8
2025 - 87
0 2;) o o
40 /
60
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Figure (3): Temporal distribution of all records identified in the initial database
search (n =2,173).
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Figure 4 illustrates the geographical distribution of all records identified in the
initial database search (n = 2,173) related to 3D Printed Try-in for Complex Ceramic
Veneers rather than the final 19 studies included. The first descriptive analytics point
toward a notable concentration of research activity in the more technologically
advanced nations. In particular, the USA stands out as the leading contributor to the
publishing activity, with a total of 166 studies. Italy, Brazil, and Germany, with 54, 52,
and 46 publications respectively, appear to consolidate research-led initiatives in
Europe and the Americas. Spain also contributed research substantially, with 46
publications, as well as Poland (35 studies) and People's R China (32 studies). The
research output from South Korea, Switzerland, and Saudi Arabia, each with 32 to 30
publications, illustrates a strong global interest in the 3D printing of dental prosthetics.
The geographical spread of research activity illustrates the global interest and potential
the dental profession has in the 3D-printed try-ins for complex ceramic veneer

procedures, which spans numerous continents.

Saudi Arabia T 30
Switzerland T >
South Korea D 32
China D 32
Poland D 35
Spain R 46
Germany T 6
Brazil T s
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USA T | o

0 20 40 60 80 100 120 140 160 180

Number of publications

Countries/regions

Figure (4): Geographical distribution of all records identified in the initial database
search (n=2,173).
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Comparative Analysis of Key Outcomes

Table 5 provides a quantitative comparison of 3D-printed try-ins versus
conventional mock-ups. It shows differences regarding tensile strength, as 3D-printed
Ti6Al4V and CoCrMo alloys have 25-55% higher strength than conventional milled
Ti6Al4V and cast CoCrMo. In compression strength, 3D-printed materials have 25-
55% advancement as opposed to conventional cast CoCrMo. In fatigue testing,
force-to-failure was reported for 3D-printed materials, whereas cycles-to-failure were
reported for conventional samples; these metrics are not directly comparable and
should not be used to infer relative fatigue performance. While 3D-printed materials
exhibited high strength-to-failure values, the available data do not permit a valid
comparison of fatigue life between the two groups.

The volumetric increase is higher in 3D-printed HC as compared to conventional
materials. The increase in flexural strength of 3D-printed materials, as compared to
PMMA control, is 70-100%. Finally, in roughness surface analysis, the 3D-printed Co-

Cr alloys showed 80% higher cell proliferation than the conventional Ni-Cr alloys.

Table (5): Comparative performance of 3D printed try-ins versus conventional mock-ups.

tional Try-i I t
Parameter | 3D Printed Try-in (Mean 51:\(/)[::22 ISOS; Y Units S;E;?gﬁézen /
il iI6Al4V: -55% high
Tensile TiGAl4V: 984 + o5;| bled  Ti6AMV 25-55% eher
Streneth CoCrMo: 1180 + 19 731 + 13; Cast MPa | strength (depending
& ] B CoCrMo: 646 + 17 on alloy)
25-55% i t
Compressi | TI6A4V: 1641 + 38;| CastCoCrMo: 1176 | - ij >5% 12‘3;0:25;
on Strength | CoCrMo: 1619 + 52 +36 P
strength
Not ted
Fatigue: (o;)i inal reslcj)l(f;‘cees Not directly
Failure IVOC: 963 =+ 122 for & conventional N | comparable; different
Force (peak | SPRAY: 880 + 56; HPO: (Newtq outcome measures
samples reported
load to | 930 £ 56 i ns) | reported (see
failure) cycles to failure “Fatigue: Life”)
rather than force) '
irectl
Fatigue: Not reported / N/A (no | IVOC: 153,709 =+ i)(r)rtl arable: d?;;j:;n};
Life (cycles | cycles data available for | 25,204; SPRAY: cycles outcgme ’ Mmeasures
to failure) 3D printed samples) 145,667 + 14,864
reported (cannot be
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combined with force

data)
Volumetric | RC:28.5+6.1; HC:61.4+| RC:51.3+16.9; HC: -, HC shows higher
Increase 16.6 68.2+11.5 H volumetric increase
Flexural | 3D printed: 119.6 + 7.3| PMMA  control: 70-100% higher

. MPa | flexural strength in 3D

Strength (after thermocycling) 52.9+5.4 (24 h) X

printed group

Associated with 80%
Surface higher cell
Roughness | Co Cr: 0.42 £0.06 Ni Cr: 0.23 +0.08 um &1 .

proliferation for Co Cr
(Ra) ; .

in the cited study

Note: Fatigue outcomes are not directly comparable because 3D-printed and
conventional samples report different metrics (force-to-failure vs cycles-to-failure) and

should not be interpreted as a direct performance comparison.

DISCUSSION
The use of try-ins made with 3D printing technology in dentistry, especially in

complex esthetic cases, integrating veneers, and esthetic dentistry has made
considerable progress. This review article has consolidated findings from previous
works about the outcome and advantages of 3D try-ins versus standard 3D try-ins.
Esthetic dentistry has benefitted from the use of digital workflows and 3D print
technology, considering the high level of precision, the shortened time, and the level
of patient satisfaction. There are technologies, materials, and prices that are probably
the most important issues in which needs to be solved within the potential of the
technology in therapeutic use.
Mechanical Properties

The current systematic review highlights that 3D printed try-ins are not only more
accurate but also have superior mechanical properties compared to traditional mock-
ups. Studies show that the tensile and compressive strengths of the 3D printed Ti6 Al4V
and CoCrMo are 25-55% greater than those of the alloys that are milled or cast. Such
properties translate to superior marginal fit and precision in the intricate applications
of veneers. Furthermore, as noted in several recent works, the digital light processing
(DLP) 3D printing systems fabricated veneers of high trueness, particularly when built

at the ideal angle of approximately 30°, which enhanced dimensional accuracy the
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most (36). Similarly, 3D-printed resin materials have shown higher tensile,
compressive, and flexural strength compared to conventional acrylic resins, which
may support their functional performance under masticatory forces (37,38). Studies on
additively manufactured alloys also suggest improved fatigue resistance and
mechanical stability under controlled conditions (39,40).

These positive results are to be understood with reservations, even though 3D-
printed materials can be considered superior to traditional methods. Although
improvement in mechanical properties has been experienced, they are yet to be
translated to long-term clinical success (41). Moreover, differences in materials,
printing methods, and post-processing procedures can affect the results and reduce
the possibility of comparing results across studies (42).

The improvement of surface properties and cell growth of Co-Cr alloys formed in
3D printing has also been published, which is indicative of better biocompatibility.
Also, 3D-printed denture base polymers have been found to be more resistant to
flexural strength and wear than traditional materials (43,44). Research on corrosion
resistance shows few discharges of toxic ions, which may justify the clinical safety of
these substances. Yet, these results are mostly experimental and need to be supported
by additional clinical evidence (45,46). Recent studies propose that 3D printed
restorations, including ceramic nanohybrids and Co-Cr frameworks, have better
surface characteristics, integration, and the overall quality of restorations because of
the development in 3D printing processes and the application of quality materials.(47-
49) The effect of printing orientation, finishing, and other post-printing processes on
the mechanical properties of rigid dental prosthetics is also reported. These
mechanisms are very important in influencing the ultimate strength and flexibility of
dental prosthetic materials (50,51).

Clinical Results and Workflow Efficiency

The studies included in this review indicate that 3D-printed try-ins could enhance
the efficiency of the chairside and shorten the treatment time. The enhancement of
digital processes and 3D printing technology seems to increase the predictability of the
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treatment and the precision of the fitting, which can lead to higher patient satisfaction.
But the evidence that exists is predominantly qualitative, and little is known
quantitatively about patient satisfaction and esthetic predictability.

The application of 3D printing technology in dental procedures, such as in the
design of veneers and the creation of dentures, is supported by several studies as an
efficient way of facilitating the workflow and reducing the time spent at the chairside
(52,53). The fabrication of chairside can decrease the number of appointments and
reliance on dental laboratories, which might enhance clinical efficiency.

The communication can be also improved with the help of the integration of digital
workflow and 3D-printed try-ins that enable patients to visualize the result of
treatment. Digital smile design and virtual simulations are some of the tools that can
enhance patient knowledge and participation in the treatment decisions (54,55).
However, as is emphasized in this review, the bulk of evidence pertaining to patient
satisfaction is subjective in nature, as opposed to quantitative measures that are
validated. Compared to traditional methods, 3D-printed restorations can be superior
in anatomy, esthetics, and marginal fit in some instances. Recent research on ceramic
nanohybrids proposes strength, translucency, and shade matching improvement
(56,57). Nevertheless, variability in esthetic results has been documented and can be
based on the experience of the operator, the complexity of the case, and the choice of
the material (58).

Moreover, there are still worries about the wear resistance, durability, and the
survival of 3D-printed restorations over time in comparison with milled ones. Such
uncertainties point to the necessity of more long-term clinical research of bigger
sample sizes (59).

The economic implications of 3D printing have also been discussed in the
literature. There is an indication that 3D printing can help lower the direct and indirect
treatment costs through a reduction in chair time, material use, and clinical visitation.
For instance, Alhallak et al. (2023) (21) reported that 3D printing workflows may be
30-50% less costly than conventional CAD/CAM approaches. Further research shows
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that subtractive manufacturing methods like CAD/CAM milling can imply more
material wastage and the total cost can be more expensive (60,61).

Moreover, 3D-printed restorations have been linked to higher workflow
productivity and less manual optimization, which may positively affect patient
comfort and clinical productivity (62). The beneficial effect of 3D printing technologies
on the overall efficiency of related surgical applications is also evident in related
surgical applications (63).

A systematic review has reported that 3D printing may achieve comparable or, in
some cases, improved clinical accuracy and patient satisfaction relative to
conventional methods, although evidence remains limited (64). Nevertheless, it should
be noted that CAD/CAM milling may still provide superior dimensional stability and
precision for definitive restorations, whereas 3D-printed try-ins are more suitable for
provisional and evaluative purposes (65).

Limitations of Current Evidence

Despite the promising findings, several limitations should be considered. The
included studies demonstrate substantial heterogeneity in study design, materials,
methodologies, and outcome measures, which limits direct comparisons.

A significant proportion of the evidence is derived from in vitro studies, which may
not accurately reflect intraoral conditions. The limited number of randomized clinical
trials reduces the strength of clinical conclusions. Additionally, inconsistencies in
outcome reporting, such as differences in fatigue measurement methods, further
complicate interpretation.

Economic evaluations, although suggesting cost advantages, are often based on
indirect evidence rather than robust comparative analyses. Furthermore, variability in
printing technologies, post-processing techniques, and operator expertise introduces
additional uncertainty
Future Directions

3D-printed try-ins show considerable potential, but several technological
challenges remain. Issues related to scan accuracy, printing quality, and equipment
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limitations continue to affect clinical outcomes. For example, printing orientation has
been shown to significantly influence color, translucency, and mechanical properties
(30).

Advanced technologies such as lithography-based ceramic manufacturing (LCM)
have demonstrated promising results in producing ultra-thin veneers with improved
esthetics and fit. However, these techniques require precise control of scanning,
printing, and post-processing procedures (66,67).

Recent developments in printable nanohybrid materials have improved optical and
mechanical properties, although post-processing remains essential for optimal surface
quality (68,69). Additionally, challenges related to calibration, maintenance, and
workflow complexity may limit widespread clinical adoption (70,71).

Future advancements may include the integration of artificial intelligence (Al) to
optimize design processes, automate workflows, and improve material performance
(72-74). These innovations may enhance precision, efficiency, and personalization in
restorative dentistry.

Broader perspectives from biomedical and engineering applications further
highlight both the potential and the challenges of 3D printing technologies. For
example, 3D printing has demonstrated significant advantages in prosthetic design
due to its rapid production, cost-effectiveness, and customization capabilities,
particularly in low-resource settings (75). Similarly, studies on orthopedic and implant
applications report high precision and biocompatibility of 3D-printed components,
although issues related to standardization and large-scale clinical adoption remain
(76). Furthermore, advancements in tissue engineering emphasize the potential of
biocompatible materials and regenerative applications, while also identifying ongoing

challenges in regulatory compliance, reproducibility, and quality control (77).
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CONCLUSIONS

Within the limitations of the current study, it is possible to conclude that:

This systematic review identifies recent developments in 3D-printed try-ins in
complex ceramic veneer cases. There is evidence that they can enhance workflow
efficiency, accuracy, and material properties in controlled environments, although the
quality of the available literature is poor and disjointed. These biocompatibility and
patient experience results are encouraging, but conclusions on clinical benefit should
be drawn with reservations. There are still considerable gaps, especially in the long-
term clinical outcomes, patient satisfaction, and cost-effectiveness. There are
limitations such as lack of scanning and printing specifications and inconsistency in
study designs. These findings require high-quality randomized clinical trials with
standardized protocols and long-term follow-up to confirm the findings and provide

a guideline on routine clinical adoption.
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