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Overview
Digital denture fabrication has undergone 
several improvements in the last decade. 
The purpose of this course is to review 
this technology, including advantages and 
disadvantages, and how to incorporate 
traditional records with various fabrication 
techniques.

Learning Objectives
Upon completion of this course, the dental 
professional should be able to:
•	 Understand the advantages and 

disadvantages of digital dentures.
•	 Learn to incorporate traditional records with 

CAD-CAM technology.
•	 Learn various methods/techniques of 

fabrication of digital dentures.
•	 Understand the differences between the 

milled and printed prosthesis.
•	 Understand the applications of digital 

dentures.

Introduction
Computer-aided design and computer-aided 
manufacturing (CAD-CAM) /Digital complete 
dentures are now considered to be a great 
alternative to conventional complete dentures.1 
The technology has undergone several 
improvements in the last decade leading to 
an exponential increase in the number of 
providers and systems available in the market 
today. CAD-CAM complete dentures can utilize 
materials with improved properties compared 
to conventional dentures. Several studies have 
reported very high levels of patient satisfaction 
with CAD-CAM dentures. CAD-CAM dentures 
can be fabricated in a fewer number of 
appointments and have a superior fit. Hence, 
they are extremely beneficial in nursing home 
patients and medically compromised patients 
who are not able to make multiple visits to the 
practitioners.1 The digital data acquired through 
the process can be used for the rapid future 
fabrication of spare or replacement dentures 
when needed.1

Digital dentures (milled or printed) may 
be fabricated using a fully digital protocol 
(intraoral scanning of hard and soft tissues) 
or a combination of conventional and 
digital fabrication techniques (conventional 
impressions, maxillo-mandibular records, 
and digital designing and fabrication of the 
prosthesis). Currently, the majority of clinical 
studies utilize a combination of conventional 
impressions and maxillomandibular 
relationship procedures with digital processing 
and fabrication techniques for digital denture 
fabrication.1 The armamentarium required 
for the registration of various records, the 
software, and the training needed prior to 
using a system varies from one system to 
another. Initially, it was imperative to buy the 
trays, materials, and equipment compatible 
with that system as well as fabricate the 
prostheses through the specific manufacturer 
(closed system). However, with the continuous 
advancements in this field, several open digital 
systems have emerged. These systems permit 
the practitioner to use their trays/instruments 
for impressions and records and send them 
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to the manufacturer/laboratory for scanning, 
designing, and fabrication of digital prostheses. 
They also permit in-house fabrication of 
the prostheses when the armamentarium 
is available in the clinical setting. The open 
systems provide great flexibility and also help 
reduce the overall treatment cost.

Conventional Complete Dentures
Complete dentures (Figures 1, 2) aid in 
maintaining phonetics, aesthetics, and occlusal 
support in edentulous patients.2 However, 
there are several limitations associated 
with conventional complete dentures. 
The fabrication process involves several 
clinical appointments (a minimum of 5-6 
for fabrication and more for adjustments) 
thereby resulting in high treatment costs.1,3 It 
also involves complex laboratory procedures 
that require substantial human intervention 
and extensive material manipulation thereby 
affecting the turnaround time, accuracy, and 
expenses.3,4 If the patient were to lose his/her 
denture it is impossible to quickly fabricate the 
same prostheses, as the entire process needs 
to be repeated.

There are also several reported disadvantages 
associated with conventionally processed 
polymethylmethacrylate (PMMA) materials 
including increased polymerization shrinkage, 
susceptibility to microbial adhesion, 
radiolucency (lack of radio-opacity), allergic 
potential, and degradation of the mechanical 
properties of the material over time.5

Digital Complete Dentures
Computer-aided design and computer-aided 
manufacturing (CAD-CAM) technology has 
been successfully used for the fabrication of 
fixed prostheses for the last two decades.4 
However, the application of this technology 
to the fabrication of removable complete 
dentures has only recently come to light.4 The 
first attempt at fabricating a computer-aided-
designed-computer-aided-manufactured (CAD-
CAM) complete removable dental prosthesis 
was initiated by Maeda et al. in 1994,6 however, 
a detailed overview of the technique and 
concept was not available until 2012.7

Initially, digital dentures were considerably 
more expensive to fabricate than conventional 
complete dentures.8-10 This was in part 
associated with the closed format of the digital 
denture fabrication process; there were very 
few systems/manufacturers available, and it 
was imperative to buy the trays, materials, and 
equipment compatible with that system as well 
as fabricate the prostheses through the specific 
manufacturer (closed system). Since the last 
decade, there have been several advances in 
the technology of digital denture fabrication, a 
rapid increase in the number of providers, and 
the development of open digital systems. These 
systems also permit the in-house fabrication 
of digital dentures when the milling machines/
printers are available in dental clinics.11

Digital dentures are suitable for all skeletal 
relationships.12 Digital complete dentures 

Figure 1.  Conventional Complete Dentures
Images Courtesy of Dr. Goodacre

Figure 2.  Digital Complete Dentures - designed 
and fabricated using CAD-CAM technology.
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8.  Rapid fabrication of a spare/new prosthesis: 
Fabrication of digital prostheses helps 
generate a repository of digital data 
which enables rapid fabrication of a spare 
or new prosthesis, without any clinical 
appointments.14 This reproducibility is 
particularly helpful for patients who are 
medically debilitated and cannot visit the 
dental office. The new replacement denture 
will have the exact form as the previous 
denture thereby facilitating quick patient 
adaptation.

9.  Cost: The cost of a digital complete dental 
prosthesis eventually turns out to be less 
than the cost of a conventional acrylic 
complete dental prosthesis as the number 
of clinical appointments and laboratory 
procedures are significantly reduced.4,13,15

10. Standardization and quality control: 
Digital dentures may permit improved 
standardization in clinical research and 
quality control on complete dentures as 
well as implant-retained overdentures.

Disdvantages:

1.  Specialized clinical training required: 
Fabrication of digital complete dental 
prostheses requires specialized clinical 
training and there is a learning curve 
attached to it.14

2.  Time: Dental practitioners need to 
invest considerable time in the planning, 
laboratory communication, and execution 
of digital complete dental prostheses.14 

However, experience with this new 
technology may help speed up these 
procedures.

3.  Compromised esthetics: When the try-in 
procedure is eliminated, it precludes the 
assessment of the esthetics, phonetics, 
and occlusion prior to the fabrication of 
the definitive prostheses. This may result 
in patient dissatisfaction and failure of the 
treatment rendered.13

4.  Bond between the artificial teeth and the 
denture base: There is a concern regarding 

have superior material properties and several 
studies have reported very high levels of patient 
satisfaction with them.13 The advantages and 
disadvantages of digital dentures are listed 
below:

Advantages:1

1.  Fewer clinical visits:1,13 The fabrication of 
digital complete dental prostheses requires 
a fewer number of clinical steps compared 
to conventional complete dentures; It is 
possible to record all the clinical information 
in one appointment and place the CAD-CAM 
dentures at the next appointment.

2.  Simplified and reduced laboratory steps: The 
laboratory procedures are greatly reduced 
and simplified as the arduous task of 
teeth setting and denture processing are 
accomplished with CAD-CAM technology.1,13,14

3.  Superior retention and fit: Digital complete 
dentures are reported to have superior 
retention and fit compared to conventional 
complete dentures due to minimal 
fabrication distortion.15

4.  Lower incidence of sore spots: As the digital 
dentures are milled from a prepolymerized 
block of acrylic resin, there is reduced 
polymerization shrinkage and a lower 
incidence of sore spots and microbial 
colonization.16

5.  Superior physical and mechanical properties: 
Digital complete dentures are reported 
to have superior physical and mechanical 
properties compared to conventional 
complete dental prostheses thereby 
permitting the fabrication of digital denture 
bases with a reduced thickness.14,15

6.  Minimal denture tooth movement: Digital 
fabrication results in minimal denture tooth 
movement thereby decreasing the need for 
repeated occlusal adjustments.17

7.  Try-in: Digital technology can be used to 
print a trial prosthesis that can be used to 
evaluate the aesthetic and function prior to 
its finalization.1
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However, it is challenging to digitally register 
the interocclusal records and the functional 
impressions, thus the full digital workflow 
for complete denture rehabilitation remains 
questionable.20-25

A combination of conventional impressions 
and maxillomandibular relationship recording 
procedures with digital designing, production, 
and processing techniques helps fabricate 
predictable prostheses.1 The armamentarium, 
the records, the software, and the training varies 
from one system to another. However, using a 
system that permits the practitioner to use their 
trays/instruments for impressions and records 
(an open digital system) which can then be sent 
to the manufacturer/laboratory for scanning, 
designing, and fabrication of digital prostheses 
provides flexibility and helps reduce the overall 
treatment cost.27

Digital Denture Fabrication
Three basic steps for digital denture fabrication 
include data acquisition, data processing 
(designing), and prosthesis manufacturing.28

•	 Data acquisition: The data may be registered 
using an intra-oral scanner (IOS) in the dental 
practitioner’s office that helps acquire the 
information directly from the patient’s oral 
cavity or by making conventional impressions 

the bond between the artificial teeth and 
the prepolymerized denture base being sub-
optimal.18 Milling/printing the denture as a 
single unit (along with the artificial teeth) 
helps circumvent this problem.19

Use of Intraoral Scanners in Digital 
Denture Fabrication
Recently, few preliminary studies have 
suggested using intraoral scanners (IOS) for 
recording the denture-bearing tissues of 
edentulous patients.20-24 The listed advantages 
of IOSs include the capability of registering 
a truly mucostatic (no pressure) impression, 
decreased patient discomfort, elimination 
of stresses associated with impression 
deformation, and efficient space utilization.21 
However, the scan accuracy is affected by the 
length and distribution of the edentulous area, 
the skill of the operator, and the size of the 
IOS tip.20-24 Other limitations of this technology 
include the following:20-25

•	 Inaccurate registration of highly mobile 
tissues as the software deletes the areas 
that are not steady over time thereby 
making it impossible to incorporate 
functional movements.22

•	 Challenge to capture the borders in a 
consistent and reproducible way

•	 Inability to use various methodologies 
of impression-making such as pressure, 
selective pressure, or minimal pressure

•	 Difficulty in assessing the compressibility of 
the oral mucosa

•	 The complexity of recording the mandibular 
edentulous arch due to the movements of 
the tongue

•	 The challenge associated with aligning scans 
of edentulous arches in the correct relation 
to each other

Though there are a few practitioners who 
can successfully use the IOS for recording 
denture-bearing tissues of edentulous patients 
(Figure 3), most still need to use conventional 
impressions until there are further 
advancements in this technology.20-24

Methodology of Digital Denture 
Fabrication
Digital dentures may be fabricated using a 
completely digital protocol or a combination of 
conventional and digital fabrication methods.26 

Figure 3.  (A) Intraoral scanner (B) Scanned image of 
the maxillary edentulous arch (C) Scanned image of 
the mandibular edentulous arch (Lower right image)            

Image A obtained from 3shape.com
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(or master casts) and records. The 
conventional impressions (or master casts)/
records are then sent to the laboratory 
where they are scanned using extra-oral 
scanners. The data acquired from the IOS is 
electronically sent to the laboratories.

•	 Data processing: Data processing is 
accomplished using reverse engineering and 
computer-aided designing (CAD) software 
programs.

•	 Prosthesis manufacturing: The prosthesis may 
be manufactured through the subtractive 
or additive method. With the subtractive 
method, the denture base is milled from a 
prepolymerized resin block while additive 
manufacturing, also known as 3-dimensional 

(3D) printing comprises of techniques that 
fabricate the prosthesis layer by layer.

Milling
Milling is the most popular method of 
fabricating digital dentures. Once the design 
of the prosthesis is approved, the CAD 
stereolithography (STL) file is sent to a milling 
software that directs the milling machine 
to perform a series of movements. The 
artificial teeth may be either milled with the 
prosthesis (monolithic) or milled individually 
or as a complete arch in tooth shade 
material, or selected from a prefabricated 
series and bonded to the milled denture base 
(Figures 4 & 5).29

Monolithic dentures are resistant to staining. 
They also help alleviate the concern of 
debonding of the teeth from the denture 
base, however, the prostheses may have a 
monochromatic appearance with a not-as-
favorable esthetic outcome.5 To circumvent 
this problem, some manufacturers have 
developed resin blanks with several layers 
that help fabricate denture bases with 
polychromatic teeth that mimic the dentin 
and enamel thereby improving the esthetics.5

Milled complete denture bases have an 
excellent fit owing to the elimination of 
the polymerization shrinkage inherent 
in traditional fabrication processes of 
polymethyl methacrylate (PMMA) dentures. 

Figure 5.  (A) Milled denture base (B) Prefabricated teeth bonded to the milled denture base
Images Courtesy of Dr. Goodacre

Figure 4.  Miller Denture Base
Images Courtesy of Dr. Goodacre
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have an inferior fit, dimensional stability, 
flexural strength, and surface hardness 
compared to conventional and milled 
dentures.5,30-33 The advantage of 3D printing 
is minimal material wastage and that they 
are more time and cost-effective compared 
to milled dentures. Currently, 3D-printed 
complete dentures are indicated as interim or 
immediate dentures. They may also be used 
for the fabrication of custom trays or record 
bases for conventional workflows.

Various Protocols for Digital Denture 
Fabrication
Various protocols can be used for the 
fabrication of CAD-CAM dentures depending 
on the clinician’s comfort level, laboratory, 
and the system utilized.34 Based on the 
number of clinical steps required for the 
placement of the dentures, the protocol can 
be classified as a 4-step protocol, a 3-step 
protocol, or a 2-step protocol.

Milled complete dentures have a superior fit, 
dimensional stability, flexural strength, and 
surface hardness compared to conventional 
and 3D-printed dentures.5,30-33 The disadvantage 
of milling a denture is that a large portion of 
the blank remains unused and is wasted during 
the process and they are more expensive 
compared to 3D-printed dentures.5,30-32

3D-Printing
The first 3D-printed denture was developed 
by Dentca in 2015.5 3D printing is also 
termed additive manufacturing (AM) or 
rapid prototyping (RP). In 3D printing the 
denture base is printed in pink material, the 
artificial teeth may be either printed with the 
prosthesis (monolithic) or printed individually 
or as a complete arch in tooth shade material 
or selected from a prefabricated series 
and bonded to the printed denture base. 
3D-printed dentures are more cost-effective 
than milled dentures.5 3D-printed dentures 
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Applications of Digital Dentures
•	 Fabrication of immediate dentures: The digital 

protocol can be applied to the fabrication 
of immediate dentures. The steps involve 
making digital/conventional impressions, 
conventionally registering the interocclusal 
records, assessing the position of the existing 
natural teeth in the mouth, and recording the 
changes required to be made to the existing 
tooth positions. All the records are sent to the 
laboratory where they are scanned for digital 
denture fabrication. The teeth are virtually 
extracted from the virtual casts and prosthetic 
teeth are planned in optimal locations based 
on the clinical records. A try-in prosthesis may 
be printed for the try-in procedure if needed. 
The digital dentures are milled or printed, 
natural teeth are extracted and the digital 
dentures are placed in the oral cavity using 
conventional prosthodontic procedures.

•	 Fabrication of radiographic guide: Radiographic 
markers can be attached to the digital 
prostheses or the prototype dentures and 
then they can be used as a radiographic guide 
while recording a cone beam computerized 
tomography (CBCT) scan. The data obtained 
from the CBCT scan can be used to plan 
implant positions and also fabricate a surgical 
guide which will help with the 3D placement 
of the implants. The data generated during 
the fabrication of the prototype can then be 
used as a guide for framework fabrication and 
milling of the definitive prostheses.

•	 Fabrication of implant-supported overdentures: 
The protocol used for the fabrication of 
complete dentures can also be used to 
fabricate an implant-supported overdenture. 
However, there are a few minor variations, 
they include the following:
•	 The attachments are selected based on the 

height of the mucosal cuff and are attached 
to the implants.

•	 A processing spacer is placed over the 
attachments.

•	 Conventional/digital impressions and 
records are made with the attachments and 
the processing spacer in the mouth.

•	 All the records are sent to the laboratory 
and scanned for digital denture fabrication. 
Recesses are planned in the denture 
base in the location of the overdenture 
attachments and the retentive elements of 

the attachments are picked up chairside at 
the time of prosthesis placement.

•	 Fabrication of implant-supported fixed 
prostheses: The data generated during the 
fabrication of the prototype/transitional 
denture can be used as a guide for 
framework fabrication and milling of the 
definitive fixed prosthesis as the same tooth 
positions are used throughout the treatment.

Limitations of Digital Dentures
•	 Adjustments and relines associated with IOS 

use: When the IOS is used to record the 
denture-bearing tissues, relines and repeated 
adjustments of the intaglio surface and 
borders are needed to achieve an optimal fit 
of the digital prostheses.20

•	 Suboptimal esthetics due to elimination of 
try-in: Several digital protocols advocate the 
elimination of try-in procedures to save time 
and cost as they permit virtual evaluation of 
patient esthetics.37 However, the prostheses 
may not have the desired result when placed 
in the patient’s mouth thereby resulting in 
patient dissatisfaction and treatment failure.

•	 Learning curve: Fabrication of digital complete 
dental prostheses requires specialized clinical 
training and there is a learning curve attached 
to it. To achieve a successful outcome, the 
dental practitioner needs to invest time 
and effort in assessing digital previews and 
should also actively participate in electronic 
communication with the laboratory.14

•	 Impossible to digitally register the interocclusal 
records: It is currently impossible to digitally 
register the interocclusal records (for patients 
without existing dentures) and challenging to 
record digital functional impressions, thus the 
full digital workflow for the complete denture 
rehabilitation remains questionable.20-25

•	 Inability to balance digital dentures: It is not 
possible to balance digital dentures during 
the designing phase of denture fabrication.

Summary
Conventional and digital approaches can be 
combined together to reduce the number 
of clinical visits and increase the patient’s 
acceptance. The use of open digital systems 
allows dental professionals to use growing digital 
technology without affecting practice efficiency.
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Course Test Preview
To receive Continuing Education credit for this course, you must complete the online test.  Please  
go to: www.dentalcare.com/en-us/ce-courses/ce622/test

1. Increased cost associated with the fabrication of conventional complete dentures is most 
likely associated with all the following EXCEPT one, which one is the exception?
A. Laboratory procedures
B. Number of appointments
C. Material manipulation
D. Manual labor
E. Materials used

2. Which of the following is the most likely disadvantage of the two-appointment digital 
denture?
A. Compromised esthetics
B. Increased incidence of microbial colonization
C. Increased number of clinical visits
D. Poor fit
E. Poor mechanical properties

3. It is not possible to balance digital dentures during the designing phase of denture 
fabrication. When the IOS is used to record the denture-bearing tissues optimal fit of the 
digital prostheses is achieved.
A. The first statement is true, and the second statement is false.
B. The first statement is false, and the second statement is true.
C. Both statements are true.
D. Both statements are false.

4. As per the anatomical average measurements, the facial surfaces of the maxillary central 
incisors are positioned ______ millimeters anterior to the posterior border of the incisive 
papilla.
A. 8
B. 10
C. 12
D. 14
E. 16

5. What appointment is the final prosthesis delivered in the Avadent-Wagner protocol?
A. First appointment
B. Second appointment
C. Third appointment
D. Fourth appointment
E. Fifth appointment

6. What does the upper lip length in a full smile aid in determining?
A. cervical position of maxillary central incisors.
B. incisal position of maxillary central incisors.
C. labio-lingual position of the maxillary incisors.
D. mesiodistal inclination of the maxillary incisors.

http://www.dentalcare.com/en-us/ce-courses/ce622/test
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7. Which of the following has been the most common concern associated with the 
fabrication of digital dentures?
A. Decreased flexural strength
B. Debonding of teeth
C. Poor fit
D. Poor mechanical properties
E. Staining

8. All of the following are limitations of the intraoral scanner EXCEPT one, which is the 
exception?
A. Difficulty in assessing the compressibility of the oral mucosa
B. Difficulty in aligning scans of edentulous arches in the correct relation to each other
C. Inaccurate registration of highly mobile tissues
D. Inability to use various methodologies of impression-making
E. Increased difficulty in registering the scans of the maxilla compared to the mandible

9. What is the most common disadvantage of the subtractive method of digital denture 
fabrication?
A. Compromised dimensional stability
B. Decreased surface hardness
C. Inadequate flexural strength
D. Increased cost and wastage
E. Poor fit

10. Which of the following statement best describes why the full digital workflow for 
complete denture rehabilitation remains questionable?
A. It is challenging to digitally register the functional impressions
B. It is challenging to digitally register the interocclusal records
C. It is challenging to digitally register the interocclusal records and the functional impressions
D. It is challenging to digitally register the interocclusal records, the functional impressions, 

and set the teeth.
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