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Time efficiency and cost of fabricating removable complete
dentures using digital, hybrid, and conventional workflows:

A systematic review

Nada El Osta, DDS, MSc, PhD, HDR,” Marion Bessadet, DDS, MSc, PhD,” Noémie Drancourt, DDS, MSc,” and

Edentulism remains a persistent
challenge for healthcare provi-
ders despite advancements in
curative and preventive dental
care. Treatment options vary
widely, ranging from removable
complete dentures (RCDs) to
implant-retained removable and
implant-supported fixed pros-
theses.” The choice of treatment
is influenced by financial con-
straints, treatment duration, fear
of surgery, and systemic health.’

RCDs still remain an option
for rehabilitating edentulous
patients.””” The conventional
fabrication protocol requires
several clinical visits, extensive
chairside time, and complex
laboratory ~procedures.” This
process includes preliminary
impressions, custom tray fabri-
cation for border molding and

definitive impressions, creation of occlusion rims to es-
tablish maxillo-mandibular records, tooth selection, trial
denture processing, denture insertion, and

denture,

Cindy Batisse, DDS, MSc, PhD®

ABSTRACT

Statement of problem. Analysis of the cost and time efficiency of removable complete dentures
(RCDs) fabricated using conventional and computer-aided design and computer-aided
manufacturing (CAD-CAM) processes remains limited.

Purpose. The purpose of this systematic review was to evaluate the time efficiency and cost of
conventional, hybrid, and completely digital workflows throughout the entire process of RCD fabrication.

Material and methods. Article selection followed the Preferred Reporting Items for Systematic Review
and Meta-Analysis Protocols (PRISMA-P) 2015 guidelines and was registered with the international
prospective register of systematic reviews (PROSPERO). The bibliographic search covered the PubMed
and Cochrane databases using keywords related to removable complete dentures, digital workflows,
and economic factors and covered articles from January 2010 to June 2024. In total, 1188 articles were
identified and assessed. A bottom-up search identified an additional 10 articles through cited works.
Data on cost and time analyses were reported in a qualitative synthesis.

Results. The qualitative synthesis included 8 articles published between 2015 and 2024 showing
that digital and hybrid workflows generally reduced both clinical and laboratory time and overall
costs compared with conventional workflows. The hybrid protocol required significantly less
clinical time, with reductions ranging from approximately 1 to 4 hours. Hybrid and completely
digital workflows reduced laboratory manufacturing time by approximately 6 to 7 hours compared
with conventional workflows. Cost analyses revealed that digital and hybrid workflows were more
profitable and cost effective than conventional workflows.

Conclusions. The findings suggest that digital and hybrid workflows for RCD fabrication are more
time efficient and cost effective than conventional methods. (J Prosthet Dent XXXX;XXX:XXX-XXX)

subsequent adjustments to address discomfort or other
issues.” This multistep process increases the likelihood of
errors, extending treatment duration and significantly
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Clinical Implications

The integration of digital workflows into the
manufacturing of removable complete dentures
significantly reduces clinical time and costs
compared with conventional fabrication methods.
This approach offers a more affordable and cost
effective option for the rehabilitation of completely
edentulous patients, enhancing both the efficiency
and accessibility of dental care.

raising costs associated with high labor and material de-
mands.” "'

In recent years, computer-aided design and manu-
facturing (CAD-CAM) techniques have emerged as an al-
ternative to conventional methods of constructing
RCDs."” " Digital systems typically involve intraoral optical
scanning or scanning impressions or casts of the edentulous
jaws. Although the accuracy and feasibility of using intraoral
scanners for complete arches has been documented, they
are not yet routinely used to fabricate CAD-CAM RCDs. "~
Consequently, the procedures for impression making and
jaw relation recording remain similar to those used in
conventional protocols.””17 However, the subsequent
manufacturing processes use digital techniques, resulting in
a hybrid workflow, also called mixed analog-digital work-
flow or partial digital protocol."* The conventional records
are transferred to a dental laboratory to create a virtual
design of the RCDs, which are then manufactured using
either subtractive milling processes from a prepolymerized
resin block or additive printing processes, which build RCDs
layer by layer.'""”

Evidence indicates that CAD-CAM dentures have
advantages over conventional RCDs, including greater
accuracy,”””" better surface adaptation,” " enhanced
mechanical properties,”” > and improved biocompat-
ibility.”” They have also been reported to shorten treat-
ment duration”””® and allow for digital archiving to
fabricate additional dentures.”

Digital and hybrid workflows offer advantages for
clinical and laboratory practices.”’ > However, chal-
lenges like patient perception, integration issues, and
financial constraints must be addressed.”"” Time and
cost are key factors in patient decisions regarding

Table 1.Search strategy

prosthetic treatments, highlighting the need to assess
the effectiveness and economic feasibility of new tech-
nology before adoption.”"”*”” While there are reports
on digitally fabricated RCDs, evidence-based research
on their time efficiency and cost remains limited, even
though this evaluation is essential for patients, health-
care providers, and third-party payers.

This systematic review aimed to compare the time effi-
ciency and cost of RCDs fabricated with conventional, hy-
brid, and completely digital workflows throughout the
entire prosthetic treatment process. The null hypothesis was
that no differences in clinical and laboratory times or costs
would be found among the conventional, hybrid, and digital
workflow for RCD fabrication.

MATERIAL AND METHODS

The article selection adhered to the guidelines outlined in
the Preferred Reporting Items for Systematic Reviews and
Meta-Analysis Protocol (PRISMA-P 2015).” The protocol,
which detailed the analysis methods and inclusion criteria,
was registered with the Prospective International Register of
Systematic Reviews (PROSPERO) (CRD42023458734), and
no similar protocol was identified. The population, inter-
vention, comparison, outcome (PICO) format for the review
is specified in Table 1. The bibliographic search included
PubMed and Cochrane databases using the following
keywords (Denture OR Prosthodontic OR restorative den-
tistry) AND (CAD CAM OR Digital workflow OR Com-
puter Dentistry OR Digital Design) AND (Economic OR
cost OR Financial OR time efficiency). Filters were applied
to consider reports published between January 2010 and
June 2024. A bottom-up search approach was also per-
formed from citation works. Inclusion criteria were articles
written in English, published between January 2010 and
June 2024, and comparing the cost and time efficiency of
conventional, digital, and hybrid workflows for RCD fabri-
cation. Exclusion criteria were articles not written in English,
in vitro studies, clinical reports, reviews, or opinion-based
articles.

Two independent investigators (M.B., N.E.O. con-
ducted the initial search using the specified keywords and
performed the article selection process. Data extraction was
managed with spreadsheets (Excel; Microsoft Corp), and a

Focused Question

How Much Time and Cost are Involved in Making Removable Complete Dentures Using Either Completely Digital or Partially

Digital Workflows Compared with Conventional Workflows for Fully Edentulous Patients?

Fully edentulous patient receiving maxillary and mandibular removable complete dentures.
Digital and/or hybrid protocol for the fabrication of RCDs.

PICO Population
Intervention
Comparison Conventional protocol for the fabrication of RCDs.
Outcome Time and cost to fabricate RCDs.

Search Strategy Keywords

(Denture OR Prosthodontic OR restorative dentistry) AND (CAD CAM OR Digital workflow OR Computer Dentistry

OR Digital Design) AND (Economic OR cost OR Financial OR time efficiency).

Database search

PubMed, Cochrane, PROSPERO, bottom-up searches from citation works.

CAD-CAM, computer-aided design and computer-aided manufacture; RCDs, removable complete dentures.
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pilot form was tested by the investigators. Collected data
included the first author, publication year, study design,
prosthetic discipline, type of prosthesis, groups compared,
clinical and laboratory steps of digital, hybrid, and/or con-
ventional workflows, evaluation criteria for cost and time
efficiency, conclusions about comparisons, reasons for ex-
clusion, and manuscript language.

Two investigators (N.E.O., N.D.) used the Consolidated
Standards of Reporting Trials (CONSORT) GRADE ap-
proach to evaluate the quality of evidence in randomized
controlled studies” and the STROBE GRADE™ approach
for observational studies. Each investigator independently
assessed and scored the articles, resolving disagreements
through discussion. The findings were synthesized in a
systematic review comparing the time efficiency and cost of
completely digital, hybrid, and/or conventional workflows
for the fabrication of RCDs. Costs reported in Swiss Francs
(CHF) or Japanese Yen (JPY) were converted to United
States ) 1l?ollalrs (USD) using 2017 and 2021 exchange
rates.””"

RESULTS

The search performed in June 2024 identified 1372 re-
cords in PubMed and 57 records in Cochrane. After

Identification of studies via databases and registers

§ Records identified from Records removed before
§ databases: screening
= PubMed (n=1372) Duplicate records (n=23)
S Cochrane (n=57) Atfter filters (n=218)
o

Records screened by title Records excluded

(n=1188) (n=1073)
2 !
'g Reports sought for retrieval Reports not retrieved
[ by abstract (n=115) (n=84)
’ l
Reports assessed for Reports excluded
eligibility (n=31) (n=25)
Studies included in
review (n=6)

: l
(]
o
=]
©
=

Total studies included in
review for qualitative <

removing duplicates and articles published before
January 2010, 1188 records remained. Title screening
excluded 1073 records, and abstract review excluded
another 84.

Full-text reading led to the exclusion of 25 more re-
cords. A bottom-up search identified 10 articles from
citations, with 2 meeting inclusion criteria. Figure 1
shows the selection process per PRISMA 2020 guide-
lines."" The qualitative synthesis included 8 articles
published between 2010 and 2024, comparing time and
cost for RCD workflows.'”""77#0#*> These studies in-
volved sample sizes ranging from 6 to 44 participants,
totaling 170 across studies (Table 2). All studies were
conducted in universities except one.” The mean
CONSORT score was 24.5 for randomized trials, and
STROBE scores ranged from 12 to 22 for observational
studies. Conventional, digital (intraoral scan and CAD-
CAM), and hybrid workflows (including conventional
intraoral impressions digitized in the laboratory) are
detailed in Table 3, with cost and time efficiency out-
comes in Table 4.

The time needed for fabricating RCDs was reported
in 6 articles, highlighting clinical and laboratory time
efficiencies (Table 5).'%'7 7742444 Four studies focused
on clinical chairside time.””*****> Three of these re-
ported that the hybrid protocol required significantly

Identification of studies via other methods

Records identified from
citation searching
(n=10)

Reports sought for
retrieval (n=10)

!

Reports assessed for
eligibility (n=2)

!

Studies included in
review (n=2)

Reports not retrieved
(n=8)

Reports not retrieved
(n=0)

synthesis (n=8)

Figure 1. PRISMA flowchart for study selection. PRISMA, Preferred Reporting Items for Systematic Review and Meta-Analysis.
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Table 2.References included in qualitative synthesis

References Titles Sample Size
Kattadiyil Comparison of treatment 15 edentulous patients
et al, 2015* outcomes in digital and receiving maxillary and
conventional complete mandibular removable
removable dental prosthesis complete dentures.
fabrications in a predoctoral
setting.
Srinivasan CAD/CAM milled removable 6 edentulous patients
et al, 2019°° complete dentures: time receiving maxillary
and cost estimation study. removable complete
denture.12 edentulous
patients receiving
mandibular removable
complete dentures.
Smith et al, Economic and clinical 30 edentulous patients
20217 impact of digitally produced receiving maxillary and
dentures. mandibular removable
complete dentures.
Arakawa Clinical outcomes and costs 16x2 edentulous patients
et al, 2022'° of conventional and digital receiving maxillary and
complete dentures in a mandibular removable
university clinic: a complete dentures.
retrospective study.
Ohara et al, Patient satisfaction with 15 edentulous patients
2022* conventional dentures vs. receiving maxillary and
digital dentures fabricated mandibular removable
using 3d-printing: a complete dentures.
randomized crossover trial.
Peroz et al, Digital versus conventional 16 edentulous patients
2022% complete dentures: A receiving maxillary and
randomized, controlled, mandibular removable
blinded study. complete dentures.
Lo Russo Comparative cost-analysis 10 small private dental
et al, 2024'7 for removable complete laboratory and clinics.
dentures fabricated with
conventional, partial, and
complete digital workflows.
Otake et al, Patient-reported outcome 22x2 edentulous patients
2024 and cost-effectiveness receiving maxillary and

analysis of milled and
conventionally fabricated
complete dentures in a
university clinic: a
retrospective study.

mandibular removable
complete dentures.

Settings

University

University

University

University

University

University

Dental clinics
and laboratories.

University

Manufacturing Process of
Dentures

Milled dentures.

Milled dentures.

All milled dentures.
Printed trial denture and
milled definitive denture.

Milled dentures.

3D printed dentures:
denture base and artificial
teeth printed separately.

Milled dentures.

Seven manufacturing options.
milled base / stock teeth;
milled base / milled teeth;
milled base / 3D printing
teeth;

3D printing base / stock teeth;
3D printing base / milled
teeth;

3D printing base / 3D printing
teeth; milled in monobloc.
Milled dentures with custom
disk method.

Design

Prospective clinical
crossover study.

Prospective clinical
crossover study.

Retrospective study.

Retrospective
clinical parallel
study.

Randomized
controlled crossover
clinical trial.

Randomized
controlled crossover
blinded clinical trial.

Retrospective study.

Retrospective
clinical parallel
study.

less clinical time than the conventional protocol, with
reductions of about 1 to 4 hours.””**"” Ohara et al** also
reported fewer visits for the hybrid protocol (3.8 +1.3
visits) compared with the conventional protocol (5.6
+1.2 visits) (Table 5).

Laboratory manufacturing time was evaluated in 2
studies.'”"” Peroz et al'’ reported that the hybrid
workflow reduced laboratory time by about 5 hours
compared with the conventional protocol. Lo Russo
et al'’ reported that the hybrid and digital workflows
reduced manufacturing time by 5.90 to 7.35 hours, re-
spectively, compared with the conventional workflow.
They also noted shorter working times for milled
monobloc dentures, while entirely 3-dimensionally (3D)
printed bases and teeth required the longest time
(Table 5).

Overall the clinical and laboratory time for denture
fabrication was reported in 2 studies.'”"” Peroz et al*

THE JOURNAL OF PROSTHETIC DENTISTRY

reported that the hybrid workflow required only a third
of the time compared with the conventional approach.
In contrast, Arakawa et al'® reported no significant dif-
ference in treatment duration between digitally and
conventionally fabricated RCDs.

The cost analyses documented in 5 articles indicated
that the fabrication cost of RCDs was significantly higher
for conventional workflows than digital'” or hybrid
workflows (Table 6).'%"7#7%%% Grinjvasan et al” re-
ported that both laboratory and overall costs were sig-
nificantly higher for the conventional protocol than for
the hybrid protocol. The estimated hourly labor cost was
173.4 USD for the hybrid workflow and 128.2 USD for
the conventional workflow, indicating greater profit-
ability for the hybrid approach. Applying these findings
to predoctoral students producing dentures could save
147 900 USD over 10 years (Tables 6 and 7). Smith et al*’
reported that an in-house laboratory with an all-milled

El Osta et al
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Table 4.Summary of outcome variables reported in 8 studies included in review

References Time Efficiency Cost Analyses

Kattadiyil Total clinical treatment time (hours) for each fabrication technique, NR

et al, 2015% including any additional clinical time required for remakes or
repetitions of procedures.

Srinivasan Clinical chairside time spent by student for each patient visit during entire — Clinical fees (CHF). costs of patient charge by dental school for

et al, 2019°° course of denture construction. Timed with stopwatch and recorded for clinical steps, and billed at 40% discounted rate. Included
each protocol. Single investigator clocked students discretely. clinical materials and excluded dental laboratory fees. Fixed
Total time (hours) spent combining all visits together for each protocol. cost by institution and uniformly generated for all patients

irrespective of denture protocol.

— Clinical materials costs (CHF) for all materials used in clinic for
each denture protocol. Comprised expenditure incurred during
each clinical protocol (including impression materials, trays and
instruments used). Infrastructure costs excluded.

— Laboratory costs (CHF). final laboratory invoice billed for
completed denture.

— Overall costs (CHF) for clinical materials and laboratory fees.

— Cost minimization analysis. estimated hourly labor cost
calculated based on clinical costs charged by institution.

— Estimated hourly labor cost = (clinical cost - mean clinical
materials cost) / mean chairside time in hours.

Smith et al, NR — Lab cost per unit (lower and upper denture) in USD.
2021% — Cost saving comparing to conventional commercial lab denture
per denture / per 400 dentures (upper and lower) in USD.

— Profitability per chair hour in USD = (Patient fee - material or lab
cost) / hours of chair time. At university, patient fee for maxillary
and mandibular dentures equivalent to 1230 USD.

Arakawa Treatment duration (in days) recorded at TO (preliminary alginate — Dental treatment costs (USD) included dentist’s fees and
et al, 2022'° impression), T1 (denture delivery), and T2 (last scheduled materials used during TO-T1 and T1-T2.
postdelivery adjustment). — Dental laboratory costs (USD) based on final dental laboratory
Overall treatment duration in days divided into: invoice.
— Production. preliminary irreversible hydrocolloid impression — Total costs (USD) included sum of treatment and laboratory costs.
to denture delivery (TO-T1).
— Postdelivery. denture delivery to last intentionally scheduled
post-delivery adjustment (T1-T2).
— Recall. last intentionally scheduled postdelivery adjustment to
last patient follow-up (T2-T3).
Ohara et al, — Number of patients visits required for denture fabrication NR
2022 using 3D printing, including number of remakes.
— Treatment time required for denture fabrication (hours).
starting from when patients sat down on dental chair to when
patients discharged after treatment.
— Number of adjustment visits.
— Time required for denture stabilization (hours). After denture
delivery until patients were able to eat without pain after
denture delivery.
Peroz et al, — Sum of working time for dentist in minutes estimated for NR
2022%° clinical procedures (impressions, maxillomandibular relation,
clinical evaluation, delivery).
— Sum of working time for dental technician (minutes)
estimated for technical procedures and included milling or
hardening of gypsum or resin.
— Total working time (minutes).
Lo Russo Laboratory manufacturing time needed to complete each workflow — Costs (USD) related to fabrication of single-arch complete denture
et al, 2024'7 (hours) and each manufacturing option. — Costs for materials, labor, packaging, packaging and shipping;
capital investment and fixed costs for software program and
hardware technology, and maintenance fees.

— Effect of manufacturing workflows and their options on outcomes
of interest investigated using generalized estimated equations
models.

— Cost minimization, sensitivity analysis, and break-even points
calculated for equipment capital costs related to implementation
of workflows.

Otake et al, NR — Labor cost calculated from recorded hours and average
2024%° hourly earnings of dentists and dental laboratory technicians

(Basic Survey on Wage Structure, Ministry of Health, Labor and
Welfare, Japan in 2020).

Material cost based on quantity of materials used by dentist
and dental laboratory technician from first visit to completion
of denture adjustment, and purchase price of materials by
university.

Total equipment cost calculated based on service life and
equipment purchase price.

Total cost in Japanese Yen (labor, material, and equipment).
Cost-effectiveness analysis (CEA) using incremental cost-
effectiveness ratio (ICER) as incremental cost per change in
general patient satisfaction for denture fabricated with hybrid
workflow with respect to that of conventional workflow.

CEA, cost-effectiveness analysis; CHF, Swiss francs; ICER, incremental cost-effectiveness ratio; NR, not reported; USD, United States dollars.
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Table 5.Time analyses for digital, hybrid, and conventional protocol for removable complete denture fabrication

References Time Efficiency Outcomes Complete Digital Hybrid Workflows: at Conventional P
Workflows: 10S least a Conventional Workflows
Scanning and Intraoral Impression
CAD-CAM Making Digitized in
Laboratory
Kattadiyil Total clinical treatment time including Mean time difference (conventional workflow - hybrid .003
et al, 2015% additional clinical time required for remakes workflow) 03:25:00 +01:28:00
(mean £SD) (hours: minutes: seconds)
Srinivasan Clinical chairside time for entire course of 06:54:00 +00:36:00 10:42:00 +£00:54:00 .002
et al, 2019%° denture fabrication (mean +SD) (hours:
minutes: seconds)
Arakawa Production (median; IQR days) 10; 32 days 49; 31.25 days .889
et al, 2022'° Post-delivery (median; IQR days) 11.5; 18 days 50; 27.5 days 675
Recall (median; IQR days) 69; 42.25 days 70; 39.75 days 978
Overall duration (median; IQR days) 99; 283.5 days 207; 169.5 days 757
Ohara et al, Time required for denture fabrication (mean 02:12:51 +00:52:51 02:08:34 +00:53:34 >.05
2022 +SD) (hours: minutes: seconds)
Time required for denture stabilization 01:05:42 £00:50:00 00:57:08 £00:52:08 >.05
(mean £SD) (hours: minutes: seconds)
Number of patients visits (mean £SD) 3.8 £1.3 visits 5.6 £1.2 visits <.05
Number of adjustments visits (mean +SD) 3.7 £2.2 visits 3.5+2.2 visits >.05
Peroz et al, Sum of working time for dentist (hours: Preliminary impression Preliminary impression,
2022%° minutes: seconds) and delivery 01:52:00 definitive impression,
maxillo-mandibular
relation, trial denture,
and delivery) 02:50:00
Sum of working time for dental technician 02:20:00 07:40:00 NR
(hours: minutes: seconds)
Total working time (hours: minutes: seconds) 04:12:00 10:30:00 NR
Lo Russo Laboratory manufacturing time to complete Range for 7 Range for 7 For injection/packing <.001
et al, 2024"7 workflow (mean +SD) (hours: minutes: manufacturing manufacturing options denture base / stock
seconds) options: 01:33:00 £00:06:00 and teeth 08:30:00 £00:42:00
01:09:00 +00:06:00 02:36:00 +00:12:00
and 02:12:00
+00:10:12
Option 6- 3D printed base / 3D printed teeth 02:12:00 £00:10:12 02:36:00 £00:12:00 >.05
Option 5- 3D printed base / milled teeth 01:48:00 +00:08:21 02:12:00 +00:10:12 >.05
Option 3- milled base / 3D printed teeth 01:48:00 £00:08:21 02:12:00 £00:10:12 >.05
Option 4- 3D printed base / stock teeth 01:42:00 +00:07:48 02:06:00 +00:09:36 >.05
Option 1- milled base / stock teeth 01:36:00 +00:07:48 02:00:00 +00:09:36 >.05
Option 2- milled base / milled teeth 01:24:00 £00:06:36 01:48:00 £00:08:21 >.05
Option 7- milled in monobloc 01:09:00 +00:06:00 01:33:00 £00:06:00 >.05

CAD-CAM, computer-aided design and computer-aided manufacture; 10S, intraoral optical scan; IQR, interquartile range; NR, not reported; SD,

standard deviation.

process yielded a profit of 121.48 USD per chair hour, while
a strategy combining the printing of interim appliances and
the milling of the definitive denture generated a higher
profit of 143 USD per chair hour. In contrast, the conven-
tional 5-visit process results in a profit of only 69 USD per
chair hour. These findings show that in-house strategies,
particularly the combination of printing and milling, are
significantly more profitable than the conventional protocol
(Tables 6, 7). Arakawa et al'® reported that laboratory costs
were significantly lower in hybrid workflows than in con-
ventional workflows, with similar clinical fees between the
groups, leading to reduced overall costs for the hybrid
workflow.

Otake et al™” reported that the total labor, material,
and equipment costs of fabricating RCDs using the
custom disk method (CDM) were 362 USD, significantly
less than the 398 USD for the conventional fabrication
protocol. They also calculated an incremental cost-ef-
fectiveness ratio (ICER) of —251.4, indicating that each
unit of patient satisfaction improvement cost 251.4 USD
less with the CDM compared with the conventional
method (Tables 6, 7).

El Osta et al

Lo Russo et al'’ reported that the hybrid workflow
reduced total costs for materials, labor, packaging, and
shipping by 81 to 169 USD, with an additional 34 USD
saving for a complete digital workflow compared with the
conventional method. The conventional workflow, being
significantly more labor intensive (requiring 5.90 to 7.35
more hours than hybrid or digital workflows), incurred
higher opportunity costs, making it the least cost effective
and least profitable. Transitioning from conventional to
hybrid workflows required an average long-term capital
investment of 28 750 to 81 075 USD, reduced by 13 800
USD with a complete digital workflow because of the
elimination of equipment for impression making. Digital
and hybrid workflows also incurred fixed yearly costs of
1150 to 2300 USD for equipment operation, support, and
maintenance. The sensitivity analysis indicated break-even
points ranging from 170 RCDs (3D printed base and 3D
printed teeth) to 933 RCDs (milled base and stock teeth)
for hybrid workflows and from 73 RCDs (3D printed base
and 3D printed teeth) to 534 RCDs (milled base and stock
teeth) for completely digital options to cover the invest-
ment (Tables 6, 7).
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DISCUSSION

This systematic review evaluated the time efficiency and
cost effectiveness of RCDs fabricated using conven-
tional, hybrid, and completely digital workflows. The
null hypotheses that no differences in time or cost would
be found among these workflows were rejected. The
results determined that digital and hybrid workflows
were more time efficient and cost effective than con-
ventional methods.

The hybrid protocol reduced clinical chairside time by 1
to 4 hours”**" and decreased the number of dental
visits,"* highlighting the benefits of digital technologies in
streamlining procedures and reducing patient appoint-
ments.”" Even a reduction of 1 or 2 visits can greatly im-
prove patient satisfaction and practice efficiency. However,
the AVADent process, which involved a 2-appointment
protocol, was used in 3 studies.'”””** This protocol includes
making definitive impressions, recording interocclusal re-
cords, and selecting teeth during the first visit, with records
sent to a digital system for scanning and virtual arrange-
ment approval. The second visit is for denture delivery. This
process does not account for the initial consultation, clinical
evaluation, or follow-up adjustments, potentially under-
estimating the actual time required for RCD fabrication with
a digital or hybrid workflow.

Both hybrid and completely digital workflows reduce
manufacturing laboratory time by about 6 to 7 hours
compared with conventional workflows.'”"” Digital
processes such as milled monobloc dentures contribute
to these time savings.'’ This reduction in clinical and
laboratory time can enhance productivity and patient
satisfaction,”” allowing dentists to focus more on patient
care and improving clinic efficiency by reducing the
number and length of patient visits.

Cost analyses show that digital and hybrid workflows
are more economically efficient than conventional
methods for fabricating RCDs. Srinivasan et al’ re-
ported that hybrid workflows significantly reduced both
laboratory and overall costs for milled RCDs compared
with conventional workflows. Smith et al*’ reported
increased profitability with in-house laboratory strate-
gies with milled RCDs fabricated using hybrid workflow.
Otake et al"’ reported that milled RCDs with the custom
disk method were more cost effective and enhanced
patient satisfaction compared with conventional ap-
proaches. The subtractive method, which involves mil-
ling denture bases from prepolymerized polymethyl
methacrylate (PMMA) resin blocks,”*” has also been
reported to improve the physical and mechanical prop-
erties of PMMA materials compared with conventional
processing methods.”” """

Traditional materials have been associated with is-
sues that include dimensional changes, internal bubbles,
reduced resistance to fracture, residual monomer,”° and

El Osta et al

increased surface roughness, which can compromise
oral hygiene and lead to conditions such as denture
stomatitis.”’ Adopting milled base dentures addresses
these problems, potentially improving patient comfort
and oral health outcomes.” """

Lo Russo et al'” reported that the digital workflow
offered long-term cost savings and increased profit-
ability despite the initial investment. Their findings
suggested that complete digital or hybrid workflows
improved time efficiency and reduced costs for RCDs
fabrication. However, scanning edentulous arches pre-
sents challenges, including the absence of anatomic
landmarks, the need to capture functional borders, and
determining the posterior palatal seal.”’ Intra-oral scans
(IOSs) provide a preliminary digital method for cap-
turing ridges,””"”" but conventional impression tech-
niques, with clinical steps such as border molding and
posterior palatal seal compression, offer better reten-
tion."” The mucodynamic technique used in conven-
tional methods captures peripheral tissues in a
functional state, creating a peripheral seal that remains
intact during muscle movement.”"”” Future advance-
ments may integrate mucodynamic techniques into IOS,
improving the accuracy and effectiveness of digital scans
for RCD fabrication.

Conversely, Lo Russo et al'” reported that 3D printed
base dentures were more cost effective and profitable than
milled base dentures. However, 3D printed dentures have
been limited to trial dentures because of the inadequate
mechanical properties, poor adaptation, and lower accuracy
compared with subtractive techniques.'””” ™

Investing in digital technologies can provide long-
term financial benefits, despite the initial cost.'” On-
going investment is necessary to keep technology up-
dated and effective. Institutions may benefit from
investing in digital technologies to streamline denture
fabrication, enhancing patient satisfaction and reducing
chairside time. However, conventional workflows re-
main crucial in teaching curricula to ensure students
understand the fundamental concepts that are the basis
of both traditional and digital methods.”

This systematic review outlined the advantages of digital
and hybrid workflows over conventional methods in fabri-
cating RCDs, highlighting their time efficiency and cost
effectiveness. These advancements significantly reduce
overall costs, thereby enhancing affordability and patient
access to advanced dental treatments. However, the review
identified several limitations. Firstly, most studies were
conducted in educational institutions, and 1 study involved
a small number of private dental laboratories and clinics,
which may not fully represent private practice settings.
Future research should include studies in dental practice
settings to improve the generalizability of the findings.
Secondly, variability in fabrication processes, equipment,
and materials among digital and hybrid workflows suggests

THE JOURNAL OF PROSTHETIC DENTISTRY
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a need for standardized protocols to increase consistency
and comparability. Thirdly, the review notes that studies are
predominantly from only a few countries (Switzerland, Italy,
Germany, USA, Japan), indicating a need for research in
other regions with different healthcare systems and cost
structures.

The review consolidates evidence on CAD-CAM
versus conventional RCD fabrication and provides a
basis for future research. Further studies, especially
larger randomized controlled trials in diverse clinical
settings, are needed to validate these findings and ex-
plore long-term outcomes and patient satisfaction with
different digital manufacturing processes.

CONCLUSIONS

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

1. Digital and hybrid workflows for RCD fabrication
are more time efficient than conventional methods.
2. Digital and hybrid workflows for RCD fabrication
are more cost effective than conventional methods.
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