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Computer-aided design and 
computer-aided manufacturing 
(CAD-CAM) system for com-
plete denture fabrication has 
greatly advanced, offering bene-
fits such as fewer clinical visits 
with shorter chairtime,1-3 better 
material properties,4 and cost 
savings.2,5,6 Digital denture tech-
nology began as early as 1994,7 

with earlier techniques7-9 making 
edentulous impressions before 
the intraoral scanning of edentu-
lous jaws was proposed.10 Most 
earlier digital dentures followed 
conventional denture techniques, 
but gradually a fully digital 
workflow was adopted.11,12 Fur-
thermore, the recent develop-
ment of materials and technology 
has made 3D printing a suitable 
option for digital dentures.13 

The digital workflow for 
the fabrication of complete                         
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ABSTRACT 
Statement of problem. Digital workflows for digital complete denture fabrication have a variety of clinical 
and laboratory procedures, but their outcomes and associated complications are currently unknown. 

Purpose. The purpose of this systematic review was to evaluate the clinical and laboratory 
procedures for digital complete dentures, their outcomes, and associated complications. 

Material and methods. Electronic literature searches were conducted on PubMed/Medline, 
Embase, and Web of Science for studies published from January 2000 to September 2022 and 
screened by 2 independent reviewers. Information on digital complete denture procedures, 
materials, their outcomes, and associated complications was extracted. 

Results. Of 266 screened studies, 39 studies were included. While 26 assessed definitive complete dentures, 
7 studies assessed denture bases, 2 assessed trial dentures, and 4 assessed the digital images only. Twenty-four 
studies used border molded impression technique, 3 studies used a facebow record, and 7 studies used gothic 
arch tracing. Only 13 studies performed trial denture placement. Twenty-one studies used milling, and 17 
studies used 3D printing for denture fabrication. One study reported that the retention of maxillary denture 
bases fabricated from a border-molded impression (14.5 to 16.1 N) was statistically higher than the retention of 
those fabricated from intraoral scanning (6.2 to 6.6 N). The maximum occlusal force of digital complete denture 
wearers was similar across different fabrication procedures. When compared with the conventional workflow, 
digital complete dentures required statistically shorter clinical time with 205 to 233 minutes saved. Up to 37.5% 
of participants reported loss of retention and up to 31.3% required a denture remake. In general, ≥1 extra visit 
and 1 to 4 unscheduled follow-up visits were needed. The outcomes for patient satisfaction and oral 
health-related quality of life were similar between conventional, milled, and 3D-printed complete dentures. 

Conclusions. Making a border-molded impression is still preferred for better retention, and trial 
denture placement is still recommended to optimize the fabrication of definitive digital complete 
dentures. (J Prosthet Dent xxxx;xxx:xxx-xxx) 
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dentures has been evaluated in clinical studies, in which 
time and costs,2,5,6 clinical outcomes,3,13,14 patient-re-
ported outcomes,13-17 and denture complications18-20 

have been investigated. Although some of these studies 
reported favorable results and edentulous patients may 
have benefited by attending fewer clinical visits than 
with conventional dentures,1 complications with digital 
complete dentures such as extra visits and clinical 
time for adjustment, repair, or even remake have been 
reported.16,18-21 

Edentulous jaws can be captured by making an im-
pression or intraoral scanning, and denture bases can be 
fabricated by milling or 3D printing. The outcomes,22 

associated complications,21 or both4,23 of digital com-
plete dentures have been evaluated.24 However, reviews 
of denture fabrication procedures and their outcomes or 
associated complications are lacking. Therefore, this 
systematic review aimed to evaluate clinical and la-
boratory procedures for fabricating digital complete 
dentures, their outcomes, and associated complications 
among published clinical studies. The research hypoth-
esis was that the outcomes and complications of digital 
complete dentures would be associated with their clin-
ical and laboratory fabrication procedures. 

MATERIAL AND METHODS 

This systematic review was conducted by following the 
Preferred Reporting Items for Systematic Reviews and 
Meta-Analyses (PRISMA) 2020 expanded format25 and 
was registered on the PROSPERO International pro-
spective register of systematic reviews (CRD42023393061). 
The review question “What outcomes or complications 
are associated with various clinical and laboratory proce-
dures for the fabrication of digital complete dentures in 
previous clinical studies?” was designed by using a po-
pulation, intervention, control, and outcomes (PICO) 
model: completely edentulous population, digital com-
plete dentures intervention, conventional denture work-
flow as control, and all outcomes including complications 
associated with digital complete dentures. Two in-
dependent assessors (K.M.T., P.M.-M.) searched elec-
tronic literature related to digital complete dentures on 
PubMed/Medline, Embase, and Web of Science databases 

from January 2000 to September 2022. Supplementary 
hand-searching on Google Scholar and tracing references 
of selected studies was used to identify any missing stu-
dies. Search terms and search queries are presented in  
Supplementary Table 1 (available online). 

The retrieved studies were first screened according to 
the relevance of titles and abstracts. The shortlisted 
studies were then assessed with full-text analysis in 
which the inclusion criteria were: clinical studies only, 
written in English, using subjective or objective mea-
surements to assess the outcomes or associated com-
plications. Studies written in other languages, those not 
related to clinical study, and studies other than original 
research articles such as case reports, short commu-
nications, commentaries, and reviews were excluded. 
Disagreements between assessors were resolved by 
discussion. The risk of bias in each study was assessed 
by an independent and calibrated assessor (K.M.T.). The 
screening process and data extraction were performed 
using a systematic review software program (Covidence; 
Veritas Health Innovation). 

The data were extracted by the same assessors in-
dependently, and any differences were resolved through 
discussion. Extracted data from each study include de-
tails of the clinical and laboratory procedures of digital 
complete denture fabrication, number of dentures or 
specimens and denture materials, outcomes, associated 
complications, and maintenance needs. The frequency 
of use of each clinical and laboratory procedure and the 
complications were recorded. Evaluation of these data 
was categorized into clinical procedures, laboratory 
procedures and denture materials, and outcomes and 
associated complications. 

RESULTS 

A total of 1780 studies were screened for the relevance of 
title and abstract after the removal of duplicates. The 
shortlisted 266 studies were assessed for full text, and 39 
studies (Table 1) were included for data extraction ac-
cording to the eligibility criteria (Fig. 1). The assessment 
results for risk of bias for different study designs are 
presented in Supplementary Tables 2 to 4, available 
online. Seven randomized controlled trials13,26-31 had 
fair to good quality, but 13 cohort studies1-3,20,32-40 and 3 
other studies16,41,42 were considered poor quality. The 
remaining studies were also considered fair to good 
quality. 

Among 39 included studies, 7 studies33,37,38,40,43-45 

assessed denture bases, 2 studies8,36 assessed trial den-
tures, and 26 studies1-3,5,6,13-20,26-31,41,42,46-50 investigated 
definitive complete dentures, including 2 studies26,29 with 
implant overdentures (IOD). Four studies32,34,35,39 as-
sessed digital scans of impression or edentulous jaws for 

Clinical Implications 
Extra clinical visits may be needed to address the 
problems of retention, jaw relationship errors, and 
poor esthetics of digital complete dentures, 
emphasizing the need for making an optimal 
impression, recording correct jaw relationships, and 
trial denture placement. 
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trueness and/or accuracy. For studies assessing IODs,26,29 

1 study compared oral health-related quality of life 
(OHRQoL) between conventional and 3D-printed IOD.26 

Another study investigated occlusal force and tissue 
surface adaptation.29 For studies that assessed denture 
bases, 5 studies38,40,43-45 assessed retention, and 2 as-
sessed accuracy.33,37 Details of each included study are 
presented in Table 1. 

Thirty-four studies1-3,5,6,8,13-15,17-20,26-29,31,32,34-40,43-50 

used the conventional impression technique, and 242,3,6,13- 

15,17,18,20,27-29,34,35,37-40,43-48 of them also adopted border 
molded impression technique. Among studies using the 
conventional impression technique, 5 studies3,38,40,43,44 

used CAD-CAM fabricated custom trays after primary 
impression making (1 milled and four 3D-printed), and 1 
study32 produced 3D-printed custom trays after intraoral 
scanning. Four studies35,36,48,49 used 3D-printed diagnostic 
or trial dentures as the custom trays. Fourteen stu-
dies3,5,15,17,18,27,28,34-36,43,44,48,49 scanned the impression to 
digitize the edentulous jaws, 12 studies20,26,29-31,37-40,45,47,50 

scanned the stone casts, and 2 studies8,13 scanned the 
conventional wax trial dentures. An intraoral scanner was 
used to scan the edentulous jaws in 4 studies,32,33,38,39 but 
dentures were not fabricated in these studies. 

In 9 studies,18,20,26,29-31,37,46,50 the maxillomandibular 
jaw relationship was recorded by using occlusion rims, 

and 7 studies8,17,35,36,41,48,49 used existing dentures, di-
agnostic dentures, or their duplicates. Three studies 
specified the facebow record,13,15,47 and 7 studies used 
gothic arch tracing.2,3,5,13,15,19,27 Several commercially 
available digital jaw relationship record systems were 
found: 3 studies used the Ivoclar system (Ivoclar 
AG),2,3,19 2 studies used the AvaDent system (Global 
Dental Science LLC),5,14 and 1 study used Baltic Denture 
Key system (Merz Dental GmbH).28 For the Ivoclar and 
AvaDent systems, jaw relationship may be recorded in 2 
stages. The preliminary jaw relationship was recorded 
with putty followed by the definitive jaw relationship 
recorded with trial dentures or custom trays, which 
might be evaluated before the definitive complete den-
tures are produced.35,36,48,49 

Six studies8,13,20,26,30,47 used mechanical articulators, 
while 2 virtual articulators, 3Shape (3Shape A/S) and exocad 
(exocad GmbH), were used in 2 studies.15,46 Four stu-
dies3,5,17,19 reported virtual tooth arrangement but without 
specifying the virtual articulator. Other studies did not re-
port the articulator system used. Regarding the occlusal 
scheme of digital complete dentures, 4 studies13,26,29,36 used 
bilateral balanced occlusion, 2 studies14,17 used lingualized 
occlusion, 1 study28 used canine guidance, and 1 
study47 compared 3 occlusal schemes - bilateral 
balanced, lingualized, and monoplane occlusions. Only 13 

Records identi�ed through PubMed/
Medline, Embase, and Web of 

Science
(n=2965) (September 2022)

Additional records identi�ed through
hand-search

(n=13) (September 2022)

Records after duplicates
removed
(n=1780)

Id
en

ti�
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n

S
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ni

ng
E

lig
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ili
ty

In
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ud
ed

Records screened
(n=1780)

Records excluded, with reason: irrelevent
(n=1514)

Full text studies excluded (n=277) due to:
201-Studies other than original clinical research article
9-No English full text
9-Studies do not have spece�c assessment or sufficient data
8-Clinical studies that are not patient related

Full text studies assessed
for eligibility
(n=266)

Studies included in
systematic review

(n=39)

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart for screening of studies by inclusion and exclusion criteria. 
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studies1-3,8,13,18-20,27,30,35,48,49 reported trial placement in the 
digital workflow, in which 7 studies2,20,27,30,35,48,49 used 3D- 
printed and 1 study18 used milled trial dentures. Only 1 
study18 reported a remount procedure. 

Among the 11 CAD software programs reported, 
AvaDent (Global Dental Science LLC) was the most 
commonly used software program (12 stu-
dies1,5,6,13,14,16,18,38,40,42-44) followed by 3Shape (3Shape 
A/S) (7 studies26,33,37,45,46,49,50), exocad (exocad GmbH) 
(4 studies15,29,30,50), Ivoclar system (Ivoclar AG) (2 stu-
dies2,19), and Wieland (Wieland Dental) (2 studies3,6). 
Twenty-one studies1-3,5,6,13,14,17-19,28-30,33,37,38,40,43,44,47,49 

milled and 17 studies8,13,15,20,26,27,30,31,33,36-38,40,41,46,47,50 

3D-printed the definitive complete dentures, denture 
bases, or trial dentures. Milling denture base materials 
were mainly polymethyl methacrylate (PMMA) (11 
studies3,17,29,30,33,37,38,40,45,47,49), while 3D printing used 
acrylic-based resins, including printable denture resin 
(12 studies20,26,27,30,31,33,37,38,40,45,47,50), ultraviolet (UV) 
polymerized acrylic resin (2 studies8,41), and titanium 
dioxide nanoparticle-reinforced PMMA composite resin 
(2 studies15,46) (Table 1). 

The accuracy of impression methods for digital 
complete dentures is summarized in Table 2. Maxillary 
denture bases showed the maximum discrepancy to the 
actual tissue surfaces (0.6 to 0.7 mm), which was mea-
sured using the thickness of the fit-checking materials.37 

The mean discrepancies between denture bases and 
stone casts or intraoral scanning or digital images of the 
dentures were all below 0.5 mm.8,29,33,38,40,50 The mean 
discrepancy between intraoral scanning and the con-
ventional impression was less than 0.2 mm, while that to 
the stone cast was less than 0.9 mm.32,34,38,39,48 

A summary of the retention of digital complete den-
tures is listed in Table 3. The retentive force was measured 
in vivo with a digital force gauge in 5 studies,26,30,43-45 a 
dynamometer in 2 studies,38,40 and a universal testing 
machine in 1 study.31 Digital complete dentures showed 
better retention than conventional complete dentures.31,40 

Most digital complete dentures have a mean retentive 
force of 13 to 20 N. The highest retentive force was up to 
74 N among maxillary denture bases fabricated from 
border-molded impressions, while denture bases fabri-
cated from intraoral scanning had the least retentive force 
of approximately 6 N. One study reported that the reten-
tion of maxillary denture bases fabricated from a border- 
molded impression (14.5 to 16.1 N) was statistically higher 
than those fabricated from intraoral scanning (6.2 to 
6.6 N).38 The retention of maxillary denture bases fabri-
cated from a scan of definitive impressions43,44 was not 
statistically different from those fabricated from a scan of 
stone casts poured from definitive impressions.45 Clin-
icians scored the maxillary complete dentures fabricated 
by milling as having better retention than that using the 

injection-mold technique.3 Only 2 studies13,14 measured 
denture stability subjectively, and both found that the 
stability of digital complete dentures was satisfactory. 

The maximum occlusal force was measured in vivo 
using T-scan in 1 study47 and using an occlusal force 
meter in 2 studies.13,29 Maximum occlusal force was 
reported from 130 to 225 N for digital complete den-
tures13,29,47 and was similar across different fabrication 
procedures (Table 3). 

Patients required fewer clinical visits for the fabrica-
tion of digital complete dentures than for conventional 
complete dentures. The preliminary impression-making 
and trial placement visits may be skipped, resulting in 2 
to 4 fewer visits (Table 4). When compared with a 
conventional workflow, a reduction in clinical time (58 
to 233 minutes) was specified in the fabrication of digital 
complete dentures than in the fabrication of conven-
tional complete dentures.2,5,6,14,27,28 Digital complete 
dentures required statistically shorter clinical time, with 
205 to 233 minutes saved in 2 studies.5,14 Laboratory 
time was reduced up to 5 hours.28 

In addition to the recommended number of visits, 
extra visits may be needed to adjust digital complete 
dentures (Table 5). The mean number of recall visits for 
postoperative review or denture adjustments were 1.0 to 
4.0.1,13,15,18-20,27,42,48 The complications and extra visits 
needed are summarized in Table 5. Denture repairs or 
remakes were up to 31.3% of participants in 1 study.42 

Complications with retention were found in 20.0% to 
37.5% of prostheses, while other complications such as 
jaw relationship errors, esthetic complications, and 
prostheses fractures were found in less than 10.0% of 
prostheses.3,14,17-20,42 The scores of patient satisfaction 
and OHRQoL were similar among conventional, milled, 
and 3D-printed complete dentures (Table 3). 

DISCUSSION 

Since the fabrication of digital complete dentures is re-
latively new, additional well-controlled clinical trials are 
needed to investigate the outcomes of individual pro-
cedures. This review, however, summarized the current 
evidence of the digital complete denture procedures and 
provided updated information. The research hypothesis 
of an association between the clinical procedures and 
outcomes or complications was mainly supported. 

Most included studies adopted the border-molded 
impression technique. While intraoral scanning with 
border trimming has been proposed for edentulous 
impressions,32,38 the fabrication of digital complete 
dentures based on intraoral scanning was not common. 
The retention of maxillary denture bases fabricated from 
border-molded impressions was statistically higher than 
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that of those fabricated from an intraoral scan.38 More-
over, both denture wearers and clinicians rated the re-
tention of digital complete dentures fabricated from 
border-molded impressions to be satisfactory.3,14,17 The 
mucocompressive nature of conventional impression- 
making may be responsible for the close tissue adaption 
and resulting improved retention.32 For intraoral scan-
ning, the largest deviation typically occurred at the 
mobile mucosa,39 including the soft palate, sublingual 
areas, and vestibule,51 important locations for the per-
ipheral seal and retention. Furthermore, denture stability 
was investigated in only 2 studies by using subjective 
assessment.13,14 More studies are needed to objectively 
assess denture stability. 

Conventional record bases with occlusion rims, ex-
isting dentures, or their duplicates, were commonly used 
to record the jaw relationship during digital denture 
fabrication.20,26,29-31,50 Sometimes jaw registration and 
definitive impression-making were performed at the 
same visit.3,15,17-19,27,36,46,48,49 In some commercially 
available systems, jaw relationship was recorded in 2 
stages, which may allow trial placement of dentures in 
the second stage. 

While gothic arch tracing has been specified as a 
standard method for recording jaw relationships in di-
gital complete denture workflows,3,19 the clinical su-
periority of using a facebow, gothic arch tracing, and 
articulator in the fabrication of digital complete dentures 
remains unclear from this review. Occlusal relationship 
errors such as the improper vertical dimension of jaws 
and the anterior open occlusal relationship were com-
monly reported. These errors might be associated with 
imprecise jaw relationship records and a lack of trial 
denture placement and clinical remount steps.14,42 Only 
13 studies performed trial denture placement, while 
most studies omitted this step. 

Poor esthetics was a common complication,3,20,42 

with problems that included deviated dental midlines, 
excessive gingival display,42 and unsatisfactory denture 
tooth and denture base shade.1 Occlusal errors were also 
common. Additional visits were needed for corrections 
or even remaking digital dentures.1,3,19,42 Trial denture 
placement allows correction of these errors and ob-
taining patient approval of the esthetics. Evaluation of 
the digital preview of the dentures on a computer screen 
was found to be more difficult than a wax denture in-
traorally.5 

The research hypothesis concerning the association 
between laboratory procedures and the outcomes of 
digital complete dentures was not supported. Maxillary 
complete dentures fabricated by milling may have better 
retention than those fabricated by the injection-mold 
technique, as rated by clinicians.3 The reason for im-
proved retention may be related to the shrinkage-free 
nature of the milled PMMA.14,43,45 Nevertheless, the Ta
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objective retention of milled complete dentures was not 
significantly different from that of 3D-printed 
ones.30,31,38,40,43,45 No superiority was specified among 
different fabrication techniques in most clinical and 
patient-reported outcomes, nor in the frequency of 
follow-up visits18 or patient and clinician preference. 
However, the 3D-printed complete dentures are less 
expensive in terms of material costs and fabrication time 
than milled complete dentures.2 The 3D printing tech-
nology has mainly been used to fabricate trial dentures, 
but the development of materials and technology has 
now allowed the fabrication of definitive complete 
dentures offering outcomes comparable with those of 
milled dentures.13 

Digital dentures required around one-third of the time 
needed for the fabrication of conventional dentures.28 

Clinical steps can be combined to save clinical time,5,6,14,28 

and the laboratory worktime was also much reduced.28 

However, extra visits may be needed because patients or 
clinicians may be dissatisfied with the definitive digital 
complete dentures. The most common complaints about 
digital complete dentures were pain and pressure 
spots,19,20,42 common complications in all removable 
dentures.52 In addition, occlusal relationship errors,3,8,14,16 

lack of denture retention,19,42 and poor esthetics3 were 
prevalent complications that required extra visits (Table 5). 
After delivery of the definitive complete dentures, up to 4 
visits may be needed for corrections or adjustments. 
However, digital complete dentures have been reported1,18 

to require fewer follow-up visits and fewer numbers of 
denture adjustments than conventional complete den-
tures.18,20 The basic requirement of complete dentures 
persists, and attention to impression-making, jaw re-
lationship recording, and esthetic parameters is key to 
denture success. Limitations of this systematic review in-
cluded that some studies were rated as poor in quality. 
Moreover, heterogeneity was observed in both the study 
design and the investigated denture specimens. Therefore, 
caution must be exercised when extrapolating the results of 
this review to clinical practice. 

CONCLUSIONS 

Based on the findings of this systematic review, the 
following conclusions were drawn.  

1. Border-molded impression-making for recording 
functional denture borders is preferred for im-
proved retention of digital complete dentures when 
compared with intraoral scanning.  

2. Correct jaw relationship records and trial denture 
placement are essential in the digital denture work-
flow to prevent esthetic and occlusal complications. 
Gothic arch tracing and facebow transfer can be used 
to obtain accurate jaw relationship records. Ta

b
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3. Fabrication techniques for digital complete den-
tures, either milling or 3D printing, do not influ-
ence patient satisfaction, preference, or OHRQoL 
outcomes. 

APPENDIX A. SUPPORTING INFORMATION 

Supplementary data associated with this article can be 
found in the online version at doi:10.1016/j.prosdent. 
2023.07.027. 
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