
Advantages of Additive Manufacturing for Complete Removable  
Dentures

Abstract

The purpose of this review is to examine the existing body of research regarding complete 3D-printed dentures. This exami-
nation will cover new biomaterials, methods of creation, workflow, how well they work in clinical settings, and the content-
ment of patients using them. The methodology involved implementing a search plan, establishing criteria for inclusion and 
exclusion, and picking out relevant studies. Four reviewers conducted separate searches on PubMed, Scopus, and Embase 
databases to collect articles released from 2002 to 2023. From the electronic database, a sum of 116 headings was acquired, 
and after implementing exclusion criteria, 28 articles were pinpointed relating to technology for creating full dentures through 
printing. Present advancements and progress in digital dentistry have effectively enabled the production of removable dental 
prostheses through CAD/CAM technologies.
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Introduction

Recent advancements in digital dentistry have begun to im-
pact the creation of this specific treatment approach. Digital 
dentistry has significantly transformed various aspects of den-
tistry since its introduction in the 1980s [1].

The initial endeavor to develop a computer-aided design/
computer-aided manufacturing (CAD/CAM) system for crafting 
complete removable dental prostheses occurred in 1994 [2]. 
However, it was in 2012 that the introduction of digital denture 
construction gained notable attention, led by Goodacre et al. 
[3]. In their publication, they presented a prototype that illus-
trated the potential future applications of digital denture pro-
duction. Presently, the continual evolution and advancement of 
digital technologies have led to a substantial surge in the variety 
of materials accessible in the market for producing digital com-
plete removable dental prostheses [4]. 

Additive manufacturing (AM), also referred to as 3-dimen-
sional (3D) printing or rapid prototyping (RP), involves meth-
odologies that construct objects layer by layer [5]. Despite its 

recent introduction, 3D printing has demonstrated potential in 
various domains such as engineering and medical applications, 
including dentistry [6,7]. The existing 3D printing systems for 
creating complete removable dental prostheses include Next-
Dent Denture 3D+ (NextDent, 3D Systems, The Netherlands), 
FotoDenta Denture (Dentamid, Germany), and Dentca 3D Print-
ed Denture (Dentca, USA) [8]. However, the current printers suf-
fer from limitations in resolution and reproducibility, and their 
technical constraints have thus far presented challenges in the 
implementation of these manufacturing techniques for dental 
restorations [9].

The rising technology of additive manufacturing (AM) is al-
tering the procedures involved in creating removable prosthe-
ses within both clinical and laboratory settings [10]. The objec-
tive of this study is to assess existing literature concerning fully 
3D-printed dentures, covering aspects like innovative biomate-
rials, manufacturing methods and processes, workflow, clinical 
effectiveness, and the contentment of patients [11]. 
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Materials and methods 

The approach encompassed the implementation of a search 
strategy, establishing criteria for inclusion and exclusion, re-
trieving relevant studies, selecting these studies, extracting 
pertinent data, and then structuring tables to succinctly pres-
ent the outcomes. Searches were conducted across PubMed, 
Scopus, and Embase databases to amass literature published 
between 2002 and 2023. 

The search phrases employed were “Denture” (Mesh) or 
“Removable Dental Prostheses” or “Removable Denture” or 
“Complete Denture” and “3D-printing” (Mesh) or “CAD/CAM” 
or “CAD-CAM” or “Computer Aided Design and Computer Aid-
ed Manufacturing” and “Milled” (Mesh) and “3D Printed” or 
“Printed” and “Digital Denture” (Mesh) and “Additive Manufac-
turing” (Mesh). Articles chosen from the database search were 
individually sorted by four reviewers, and any variations in se-
lection were discussed until a consensus was established.

Results and discussion

Presently, there exists a notably limited quantity of in-vitro 
investigations that appraise the characteristics and precision 
of materials when employing 3D printing for dentures, includ-
ing denture bases and denture teeth [12]. The precision of the 
fit between the denture base and the mucosal tissue holds 
paramount importance for securing the retention of complete 
removable dental prostheses (CRDPs) and ensuring the long-
term efficacy of the prosthesis. Studies have demonstrated that 
milled CRDPs exhibit accurate adaptation when compared to 
traditionally processed dentures [13,14]. 

In the context of 3D-printed dentures, an in-vitro study con-
ducted a quantitative assessment of their tissue surface adapta-
tion in comparison to the conventional manual approach [15]. 
Using high-precision 3D wax-printing technology (CAD&3DP), a 
wax pattern of a maxillary complete denture was crafted on a 
standard edentulous plaster cast, and the fit between the wax 
pattern and the cast was assessed quantitatively [16]. The re-
sults indicated no statistically significant disparity between the 
CAD&3DP group and the manually manufactured group in terms 
of measurements reflecting the deviation between the denture 
tissue surface and the plaster cast model [17]. As a result, this 
study concluded that the utilization of 3D printing in manufac-
turing CRDPs for try-in appointments during the restoration of 
edentulous jaws seemed to be clinically satisfactory [18].

The functional effectiveness of a prosthesis is constrained by 
the mechanical attributes of its constituent materials. While be-
ing chewed upon, dentures are subjected to bending stresses 
which lead to internal tensions [19]. Consequently, these ten-
sions induce repetitive distortions in the polymer base, result-
ing in the emergence of cracks and eventual fracturing. An in-
vestigation was conducted to assess the flexural strength and 
surface characteristics of pre-polymerized PMMA-based poly-
mers, utilized in CAD/CAM technology for digitally 3D printed 
complete dentures [20]. 

The research revealed that the CAD/CAM PMMA-based 
polymers exhibited superior flexural strength (FS) and higher 
hydrophobicity compared to the traditional heat-polymerized 
PMMA [21]. Additionally, the surface roughness of CAD/CAM 
PMMA-based polymers was comparable to that of conventional 
PMMA [22]. Recent studies have also yielded analogous out-
comes, confirming the enhanced flexural strength of milled res-
ins [23].

In the progression towards a fully digital dental workflow, 
there is a growing interest in utilizing intraoral scanning to repli-
cate soft tissues [24]. A case study employing intraoral scanning 
for initial data capture demonstrated the swiftest route from 
data collection to the final denture delivery, completing the en-
tire digital process in only two appointments [25]. Nevertheless, 
this approach omitted a try-in session to assess the ultimate 
aesthetic outcome and, more critically, due to the absence of 
border molding, the retention of the final prosthesis was subop-
timal. The authors refined their technique by integrating digital 
relining (DR), wherein a trial denture was milled [26]. 

This milled trial denture was employed for intraoral relining 
and aesthetic assessment. Afterward, the relined trial denture 
underwent digitization, with adjustments made to the teeth ar-
rangement based on the evaluation, culminating in the fabrica-
tion of the ultimate prostheses via printing [14].

Similarly, other researchers have primarily advocated for the 
scanning of existing maxillary and mandibular CRDPs, followed 
by 3D printing to craft custom trays or trial dentures within a 
conventional workflow [3].

Addressing these limitations, an alternative concept was pro-
posed involving the in-office creation of interim CRDPs through 
an additive manufacturing-based digital process [27]. This ap-
proach commenced with an intraoral scan and the establish-
ment of a maxillomandibular occlusal record, both exported as 
standard tessellation language (STL) files. Subsequently, a CAD 
software was utilized to determine the mandibular plane, fol-
lowed by designing a diagnostic tooth arrangement within the 
same software [6]. 

The definition of the denture base extension on the virtual 
edentulous ridge was carried out, forming a 3 mm-thick virtu-
al denture base [11]. The approved designs for the diagnostic 
tooth arrangement and denture base were then exported as 
separate STL files and fed into a support-and-build preparation 
software. An in-office 3D printer was employed to produce the 
denture base using soft-tissue-colored resin, and the diagnos-
tic tooth arrangement using tooth-colored photopolymerizing 
resins [19]. 

After polymerization in a light-polymerizing unit, the diag-
nostic tooth arrangement was affixed to the denture base using 
a soft-tissue-colored photopolymerizing resin. Lastly, the inter-
im CRDP was relined using a soft reliner (Coe-Soft; GC America 
Inc) to facilitate insertion and enhance retention [28].

Conclusion 

The advent of additive manufacturing holds the promise of 
revolutionizing and simplifying the methods, materials, and 
processes involved in denture fabrication. However, certain ex-
isting constraints include the omission of try-in appointments 
without a dependable virtual aesthetic assessment, inadequate 
retention with printed polymers that necessitates relining for 
clinical adequacy, the inability to achieve balanced occlusion 
which might compromise denture stability or impact bone re-
sorption, and the issue of long-term color instability leading to 
the deterioration of aesthetics.
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