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Comparative analyses of time efficiency and cost in fabricating
fixed implant-supported prostheses in digital, hybrid, and
conventional workflows: A systematic review and meta-analysis

Marion Bessadet, DDS, MSc, PhD,” Chantal Auduc, DDS, MSc,” Noémie Drancourt, DDS, MSc,
Emmanuel Nicolas, DDS, MSc, PhD, HDR,“ and Nada El Osta, DDS, MSc, PhD, HDR®

ABSTRACT

Statement of problem. Economic considerations affect whether new technologies are adopted in dental practice. Limited evidence exists
regarding the time and cost efficiency of different workflows for fabricating implant-supported restorations.

Purpose. The purpose of this systematic review and meta-analysis was to compare the time and cost involved in fabricating fixed implant-
supported prostheses using digital, hybrid, and conventional methods throughout the entire prosthetic treatment by analyzing both clinical
and laboratory steps.

Material and methods. A systematic review was conducted following the Preferred Reporting Items for Systematic reviews and Meta-
Analyses (PRISMA)-P 2015 guidelines. The methods and inclusion criteria were specified in a protocol registered with the International
Prospective Register of Systematic Reviews (PROSPERO) (registration number CRD42023458734). The databases PubMed, Cochrane, and
PROSPERO were searched using keywords: (Prosthodontic OR restorative dentistry OR denture) AND (CAD CAM OR Digital workflow OR
Computer Dentistry OR Digital Design) AND (Economic OR cost OR Financial OR time efficiency). Two investigators selected articles
independently.

Results. A qualitative synthesis of 12 articles published from 2010 to 2023 showed that digital scans took less time than conventional
impressions (P<.05) in 7 out of 9 articles. Additionally, 8 articles revealed significant reductions in laboratory working time with digital
workflows, intermediate times with hybrid workflows, and longer times with conventional workflows (P<.001). Meta-analysis confirmed the
time efficiency of digital scanning over conventional impressions (Hedges g=1.65, 95% Cl [0.33, 2.98]) and a substantial reduction in
laboratory time with digital workflows compared with other workflows (Hedges g=6.55, 95% Cl [2.69; 10.42]). However, no significant
difference was found in adjustment time between digital and other workflows (Hedges g=0.91, 95% Cl [-0.72; 2.55]). Direct laboratory costs
were observed to be higher in conventional workflows compared with hybrid or digital workflows, with hybrid workflows also showing
elevated costs compared with digital workflows (P<.05).

Conclusions. The digital workflow demonstrates potential benefits in reducing scan time, laboratory processing time, and direct laboratory
costs for implant-supported restorations in partial edentulism. Further research is needed to validate these findings, particularly for long-
span implant-supported fixed partial prostheses. (J Prosthet Dent Xxxx;XXX:XXX-XXX)
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Clinical Implications

Time and cost significantly impact a patient's
decision on implant-supported restorations. A cast-
free digital workflow demonstrates potential
benefits in reducing scan time, laboratory
processing time, and direct laboratory costs for
implant-supported restorations compared with
hybrid or conventional pathways. Further clinical
studies are required to explore outcomes for long-
span implant-supported prostheses.

The conventional workflow, involving impression-
making, impression posts, gypsum definitive casts, and
the lost wax technique, has long been considered the
standard in the production process for fixed implant-
supported restorations." However, the conventional
workflow is associated with economic and technical
challenges associated with time-consuming manu-
facturing steps, costly resources and equipment, and an
extensive list of materials. Impression making also re-
sults in patient discomfort, including gagging and taste
irritation.”

The completely digital workflow is an innovative al-
ternative to the conventional pathway and involves cast-
free processes.” The completely digital workflow consists
of acquisition of the implant with an intraoral scanner
(IOS) by placing a scan body capable of transferring the
implant's spatial position into a computer-aided design
(CAD) software program.” The resulting scanning data
are saved as standard tessellation language (STL) files,
facilitating their use in computer-assisted design and
manufacturing (CAD-CAM) workflows. During the CAD
process, the dental laboratory technician replaces the scan
body mesh with data from the implant library, enabling
the design of the restoration.” Subsequently, restorations
are milled directly from monolithic blocks of lithium
disilicate or zirconia and bonded to prefabricated” ” or
custom’ titanium-base abutments. While prefabricated
abutments for screw-retained restorations are considered
the first choice in digital workflows, they are not appro-
priate in complex situations.”'""" Cement-retained re-
storations with custom abutments and cast-free processes
are an alternative in the digital workflow.'”"”

The hybrid workflow, also referred to as mixed
conventional-digital workflow, combines conventional
and digital techniques for designing and fabricating
prostheses.” This method optimizes the advantages of
conventional and CAD-CAM methods to achieve high-
quality dental restorations. Hybrid workflow could in-
clude the use of digital scans, which can be transferred
to a physical cast, and the laboratory production of the
definitive restoration can be conventional. This process
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can also include a laboratory scan of conventionally
fabricated stone casts, followed by CAD-CAM fabrica-
tion of the definitive restoration. The specific compo-
nents and steps of hybrid workflow can vary depending
on the dental procedure, materials, and preferences of
the clinician and dental laboratory technician.”"’

Scan accuracy depends on the quality and calibration
of 10Ss. Factors that can affect scanning accuracy in-
clude insufficient scanning skills, complex anatomic
structures, patient movement, presence of saliva or
blood, and reflective surfaces.'" ' Before incorporating
new protocols into clinical practice, considerations such
as patient safety and satisfaction, efficacy of procedures,
and economic costs need to be evaluated.'” While it is
crucial to adopt innovative and effective clinical methods
for optimal therapeutic outcomes, it is equally important
to assess the time and cost implications of these new
interventions.'® Additionally, time and cost significantly
influence patients' decisions regarding dental prosthetic
treatment.'” Evidence on the time and cost efficiency of
different treatment workflows for implant-supported
restorations are sparse.z“ Time and cost analyses are
presumed to be of significant interest to patients,
healthcare providers, third-party systems, and society.z'

This systematic review and meta-analysis aimed to
compare the time efficiency and cost of fabricating fixed
dental implant-supported restorations for partial eden-
tulism using digital, hybrid, and conventional method,
throughout the entire prosthetic treatment, including
scanning or impression, laboratory techniques, and
prosthesis delivery. The null hypotheses were that no
differences would be observed in clinical and laboratory
times or costs for fabricating dental implant prostheses
using digital, hybrid, or conventional workflows.

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 (PROSP-
ERO), CRD42023458734, and no similar protocol was
identified. The bibliographic search included PubMed
and Cochrane databases, using the following keywords
(Prosthodontic OR restorative dentistry OR denture)
AND (CAD CAM OR Digital workflow OR Computer
Dentistry OR Digital Design) AND (Economic OR cost
OR Financial OR time efficiency). Filters were applied to
consider reports published between January 2010 and
February 2023.

Inclusion criteria were articles written in English,
published between January 2010 and February 2023, and
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pertaining to the comparison of cost analysis outcomes
and/or time efficiency between digital, hybrid, and/or
conventional workflows in fixed dental implants pros-
theses. Exclusion criteria were articles not written in
English, in vitro studies, clinical reports, narrative re-
views, or opinion-based articles, articles focusing on cost
analysis or time efficiency in other fields (implant sur-
gery, maxillofacial surgery, maxillofacial prostheses, or
orthodontics), purely technical articles, articles addres-
sing time efficiency or cost analysis of crowns designed
and fabricated by dental, preclinical, postgraduate, or
prosthodontic students, and articles related to cost
analysis or time efficiency in digital and conventional
workflows in removable and fixed dental prostheses.

Two investigators (M.B., N.E.O.) conducted the in-
itial search using the specified keywords and performed
the article selection process. Data extraction and man-
agement spreadsheets were created (Excel; Microsoft
Corp), and a preliminary pilot form was tested by the
same investigators. The following information was col-
lected during data extraction: first author's name, pub-
lication year, study design, prosthetic discipline, type of
prosthesis, groups compared, clinical steps of digital,
hybrid, and/or conventional workflows, laboratory steps
of digital, hybrid, and/or conventional workflows, eva-
luation criteria for cost analysis, evaluation criteria for
time efficiency, conclusions about comparisons between
workflows, reasons for noninclusion, and language of
the manuscript.

Two investigators (N.E.O., N.D.) wused the
Consolidated Standards of Reporting Trials (CONSORT)
GRADE approach to evaluate the quality of evidence for
the selected studies.”” Each investigator independently
assessed and scored each article, and, in case of dis-
agreement, discussions were held to reach a consensus.
The findings were synthesized in a systematic review
comparing the time efficiency and cost analysis of digital,
hybrid, and/or conventional workflows for fixed implant-
supported restorations. Three meta-analyses were con-
ducted to quantify the mean time difference in im-
pression time, laboratory active working time, and clinical
adjustment time among workflows, assess heterogeneity
across studies, and evaluate the presence of publication
bias. Statistical analyses were performed using a work-
book (Meta-Essentials for Excel; Microsoft Corp). For
each study, mean values, sample sizes, and standard
deviations were extracted for each workflow. Effect size
with 95% confidence interval was calculated and re-
presented using forest plots. Heterogeneity among in-
cluded studies was assessed using the Q statistic and I?
statistic. The Q statistic tested the null hypothesis that all
studies share a common effect size, while the I2 statistic
quantified the percentage of total variation across studies
due to heterogeneity rather than chance. Publication bias
was evaluated using the Egger regression test.
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RESULTS

The search in February 2023 revealed 909 records in
PubMed. No additional articles were found in the
Cochrane Library or PROSPERO. After excluding arti-
cles published before January 2010, 746 records re-
mained, with no duplicates. After title screening, 632
records were excluded, with a further 84 excluded after
abstract review. Full-text reading led to the exclusion of
18 additional records. Figure 1 illustrates the selection
process adhering to the PRISMA 2020 guidelines.”*
Twelve articles published between 2010 and
20237 1#1225790 wwere identified (Table 1). The total
CONSORT checklist scores ranged from 12.5 to 28.5
with a maximum possible score of 31. Abutment and
crown types, considering implant connection, are de-
tailed in Table 2. Table 3 compares cast-free digital,
conventional, and hybrid workflows. The hybrid work-
flows were categorized into 4 groups: digital scanning
with CAD-CAM casts, digital scanning with physical
cast for ceramic veneering, conventional impression
with casts digitized by laboratory scanner, and conven-
tional impression with casts digitized by laboratory
scanner using segmentation approach. Outcome vari-
ables are outlined in Table 4. Tables 5, 6, and 7 compare
each stage of clinical and laboratory time. Cost analyses
for clinical and laboratory steps in conventional, hybrid,
and digital workflows are detailed in Table 8.

Identification of studies via databases and registers

=
o
'g' Records identified from: 163 records removed
= Pubmed database (n=909) before screening
5
=
‘
Records screened by title Records excluded
(n=746) (n=632)
£ '
o Reports sought for retrieval Reports not retrieved
g by abstract (n=114) (n=84)
’ l
Reports assessed for Reports excluded
eligibility (n=30) (n=18)
3 Studies included in review
] for qualitative synthesis
T‘_:, (n=12)

Figure 1. Flow chart for study inclusion.
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Table 4.Summary table of outcomes variables reported in 12 studies included in review

References Time Efficiency Cost Analyses
Joda and Bragger, a. Clinical work time NE
2015% — Intraoral optical scans / impression making.

— Placement of definitive crown.
b. Laboratory work time

Joda and Bragger, NE

2014°°

Joda et al, 2015%7 a. Clinical work time
— Clinical adjustments for interproximal
adaptations.
— Clinical adjustments for occlusal modifications.
. Clinical work time
Intraoral optical scans.
Placement of definitive crown.
Laboratory work time
Clinical work time
Intraoral optical scans / impressions.
Delivery of interim restoration.
Delivery of definitive restoration.
. Laboratory work time
— Production of interim crown.
— Preparation of definitive restoration.
Guo et al, 2019%° a. Clinical work time
— Immediate intraoral optical scans / complete arch
scans / impression making
Pan et al, 2019’ a. Clinical work time
— Intraoral optical scan during initial exam and
immediately after implant placement / impression
making.
— Crown delivery.
b. Laboratory work time
— Milling and sintering times excluded from
analysis.
Zhang et al, 2019° a. Clinical work time
— Intraoral optical scans / impression making.
- Clinical adjustment of definitive crown.
b. Laboratory work time
— Total time and total active time.
Joda et al, 2021°*° a. Clinical work time
— Intraoral optical scans / impression making.
— Prosthetic delivery.
b. Laboratory work time
Ren et al, 20227 a. Clinical work time
— Intraoral optical scans / impression making.
— Crown adjustment.
b. Laboratory work time
— Milling and sintering times excluded from
analysis.
Lee et al, 2022°° Clinical work time
— Preparation time.
— Intraoral optical scan / impression making.
— Time taken for remakes and rescans.
— Adjustment time taken in delivering crowns.
Miihlemann et al, a. Clinical work time
2022° — Intraoral optical scans / impression making.
b. Laboratory work time
— Before implant crown ready for try-in.
- Following clinical evaluation until delivery.
— Total waiting time.

[

Joda and Bragger,
2016°

Mangano and
Veronesi, 2018"°

| & T

o

Direct treatment cost calculations in Swiss francs, according to Swiss
dental association guidelines with standard tax-point value of 3.10 for
dental fees

— Direct clinical treatment cost.

— Clinical material costs supplies/consumables.

— Direct laboratory costs.

— Clinical productivity rates.

NE

Direct laboratory costs in Swiss francs (CHF)

Dental fees were not assessed because no differences were applicable
for test and control workflows according to Swiss dental association
guidelines.

Expenses related to the purchase of materials and services of dental
laboratory. Cost of treatment calculated in euros.

— Materials.

— Laboratory prices for production of interim crown.

— Laboratory prices for production of definitive crown.

Laboratory prices of mid-level laboratory located in northern Italy and
VAT-exempted. Hourly cost of dental clinic not examined.

NE

NE

NE

Direct costs for technical production CHF

— Consumed material and required working time.

— Dental fees not assessed because no differences for the 3 workflows
tested according to Swiss Dental Association guidelines.

NE

NE

NE

CHF, Swiss francs; NE, not evaluated.

The time required for acquiring conventional im-
pressions and digital scans was documented in 9 articles
(Table 5).””'>17%2%%0 Seven studies reported shorter scan
times compared with conventional impressions.” ">

Bessadet et al

One study reported no significant difference between digital
and conventional techniques,'” while another did not report
statistical results.” Meta-analysis revealed that digital scan-
ning was significantly more time-efficient compared with

THE JOURNAL OF PROSTHETIC DENTISTRY
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conventional impressions (Hedges g=1.65, 95% CI
[0.33, 2.98], P<.001). Heterogeneity among studies was
substantial (Q statistic= 62.33, P<.001, 1°=90.37%).
However, the Egger regression did not indicate pub-
lication bias (P=.136) (Fig. 2).

Table 6 displays the time analyses of digital, hybrid,
and conventional laboratory steps for the fabrication of
single crowns and 3-unit implant-supported fixed dental
prostheses (iFDPs). For cement-retained implant
crowns, Ren et al'” reported significantly reduced dental
laboratory technician working times with the cast-free
digital workflow compared with the hybrid workflow
(P<.001). Mangano et al'’ reported that the dental la-
boratory technician's active working time was more ef-
ficient in the cast-free digital workflow than in the
conventional workflow for both interim and definitive
crowns (P<.001). Joda et al” reported reduced labora-
tory work time in the hybrid workflow with a physical
cast for ceramic veneering compared with the conven-
tional workflow (P=.001).

Regarding screw-retained restorations, 5 studies
found less active laboratory time in cast-free digital
workflow compared with the cast-based hybrid work-
flow (P<.001) (Table 6).” "’ Meta-analysis revealed a
significant reduction in laboratory active working time
with digital workflows compared with other methods,
with a large effect size (Hedges g=6.55, 95% CI [2.69;
10.42], P<.001). Heterogeneity among studies was sig-
nificant (Q statistic=120.37, P<.001, I’= 96.68%). Also,
potential publication bias was indicated by the Egger
regression (P=.002) (Fig. 3).

In 5 of 9 studies, significant differences were ob-
served in adjustment time among workflows. Two of the
3 studies found that conventional workflows required
more time than hybrid workflows (P<.05).”>” Three of
the 5 studies reported that hybrid workflows had sig-
nificantly longer adjustment times compared with digital
workflows (P<.05).”%'? Furthermore, Mangano et al"”
reported no significant difference between conventional
and digital workflows (p=0.500) (Table 7). Meta-analysis
found no significant difference in adjustment time be-
tween digital and other workflows (Hedges g=0.91, 95%
CI [-0.72; 2.55], P=.121). However, substantial hetero-
geneity among studies (Q statistic=53.45, P<.001,
[’=92.52%) and potential publication bias (Egger re-
gression P=.039) were observed (Fig. 4).

Cost analyses for clinical and laboratory steps are
presented in Table 8. Direct clinical treatment costs” "
and clinical material costs'”** did not reveal significant
difference among workflows. However, direct laboratory
cost was significantly higher in conventional workflows

Bessadet et al

compared with hybrid”® or digital workflows."” More-
over, direct laboratory costs were significantly elevated
in hybrid workflows compared with digital workflows
(Table 8).%%

DISCUSSION

The null hypothesis that no difference would be found in
time between IOSs and impression-making for the
fabrication of implant-supported restorations was re-
jected. Among the 9 studies, 7 reported that IOSs re-
quired less time than impression-making.”"** 7
The results of meta-analysis suggested a moderate to
large effect size with considerable variability across
studies, emphasizing the need for further investigation.
The IOS technique is more straightforward to carry out
but requires scan bodies and an IOS. The process of
conventional impressions involves selecting and ad-
justing the tray, removing the healing abutment, in-
serting the impression post, and waiting for the
impression material to polymerize. All clinical proce-
dures must be repeated if the conventional impression
needs to be retaken.”® Conversely, with IOSs, the step-
by-step scanning process allows for convenient mod-
ification and rescanning of specific dental sites.”" ™

The null hypothesis that no difference would be
found in laboratory time between workflows was also
rejected. A substantial reduction in laboratory time fa-
voring digital workflows over other methods, supported
by a large effect size, was noted. All 8 studies evaluating
laboratory time efficiency indicated that the time re-
quired for fabricating implant-supported restorations
was shorter in digital workflows than in hybrid or con-
ventional workflows.” ”'*'7*’ Four studies reported
that the fabrication of monolithic crowns was more rapid
with digital workflows compared with hybrid or con-
ventional workflows.””'*?” Moreover, laboratory time
was shorter with hybrid than conventional workflows.””
These findings can be attributed to reduced manual in-
tervention and the elimination of manual fabrication
steps in digital workflows. Cast fabrication can be
omitted, and laboratory work steps may be simplified,
ensuring standardized fabrication quality. However, the
milling of implant prosthetic components and sintering
of crowns may increase the overall laboratory working
time with a digital workflow.”"”’

Regarding adjustments, while 5 of the 9 stu-
dies”®'**>*" reported significant differences among
workflows, the results of the meta-analysis did not
show a significant difference. Computerized engineering
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technology offers advantages such as high precision,
streamlined fabrication procedures, and reduced man-
power requirements, mainly due to the elimination of
several manual fabrication steps in digital workflows.”
However, skilled operators in digital, hybrid, and con-
ventional workflows may achieve similar outcomes in
terms of clinical adjustment, ensuring that adjustments
are minimal, regardless of the fabrication method.

The null hypothesis that no difference would be
found in cost between IOSs and impression-making
for fabricating implant-supported restorations was
also rejected. Studies indicated that conventionally or
hybrid-manufactured implant crowns were more
costly throughout the clinical and laboratory process
compared with digitally fabricated restorations'”
and that hybrid workflows had higher costs than di-
gital workflows.””’ The purchase of equipment is an
additional cost consideration. The digital workflow
requires the purchase of an IOS, along with sub-
sequent software program updates and maintenance
costs. In contrast, conventional impression making
requires trays, impression materials, and mixing ma-
chines. In this context, comparing the costs of digital
and conventional equipment is more complex because
both IOSs and conventional impressions are routinely
used for fixed and removable prostheses.”” The studies
included in the review did not include an overall cost
separation.

The authors are unaware of previous systematic re-
views that compared the time efficiency and cost-ef-
fectiveness of conventional, hybrid, and digital
workflows in fabricating implant-supported prostheses.
All the included studies were randomized clinical trials,
which helped minimize confounding factors during
comparisons. However, limitations included the focus
on the fabrication of implant-supported single crowns
and 3-unit iFPDs, omitting long-span implant-sup-
ported prostheses. Secondly, inconsistencies were ob-
served in the timing analyzed and the fabrication steps
of restorations, emphasizing the lack of standardized
conventional, hybrid, or digital workflows techniques.
The significant heterogeneity observed among studies
may be attributed to variations in study designs, sample
populations, and methodologies. Factors such as dif-
ferences in operator experience, type of digital equip-
ment used, and patient characteristics could also have
influenced times. Further research is warranted to un-
derstand the difference in time efficiency between
workflows. Thirdly, while 6 digital systems (iTero,
(CS3600, TRIOS Color, TRIOS 3, Cerec Omnicam, and
Virtuo Vivo) were assessed, other available digital sys-
tems were not addressed. Finally, the scope of the cost
analysis was limited to selected countries, potentially
overlooking variations in dental care reimbursement
systems across different regions.

<.001
<.001

Conventional Workflows

Physical Cast
only for
Ceramic
Veneering
Laboratory
fees for first
line
production

in CHF.
748.75 CHF
Consumed
material and
required
working time.
812 +89.6 CHF

Physical Cast only for Ceramic

Hybrid Workflows
Veneering

+78.8 CHF for Virtuo
Vivo + DWOS Lab-

Consumed material and
Software program

Digital Workflows
without Physical Casts
Laboratory fees for first
line production in CHF.
required working time.
566 +49.3 CHF for TRIOS
3 + Dental System Lab
Software program711

505.85 CHF

Cost Analyses
laboratory costs
laboratory costs

Direct
Direct

Joda and
Bragger,
Joda et al,
20217

2016°
CAD-CAM, computer-aided design and computer-aided manufacture; CHF, Swiss Francs; iFDP, implant fixed dental prosthesis.

Table 8 (Continued)

Screw-
retained
single
crowns
Screw-
retained
iFDPs
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Joda and Bragger, 2015a |-
Mangano and Veronesi, 2018 |-
Guo et al. 2019 |-

Pan et al. 2019 |-

Ren et al. 2022 |-

Lee et al. 2022 |-

Mihlemann et al. 2022 |-

Weighted effect size |-

-1

2 3 4 5 6 7
Hedges'g (95% CI)

Figure 2. Forest plot illustrating effect size with 95% confidence interval depicting difference in impression time between digital and conventional

workflows.

Ren et al. 2022

Pan et al. 2019

Zhang et al. 2019

Muhlemann et al. 2022

Mangano and Veronesi, 2018

Weighted effect size

-2

OfF———e—r e

4 6 8 10 12 14
Hedges'g (95% CI)

Figure 3. Forest plot illustrating effect size with 95% confidence interval depicting difference in laboratory active working time between digital

workflows versus other workflows.

Mangano and Veronesi, 2018
Ren et al. 2022

Joda and Bragger, 2016

Pan et al. 2019

Zhang et al. 2019

Weighted effect size

-2
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Figure 4. Forest plot illustrating effect size with 95% confidence interval depicting difference in adjustment time between digital workflows versus

other workflows.

CONCLUSIONS

Based on the findings of this systematic review and
meta-analysis, the following conclusions were drawn:

1. The digital workflow outperformed both the hybrid
and conventional pathways in terms of time efficiency
in manufacturing implant-supported prostheses.

Bessadet et al

2. Impression and laboratory working time were
shorter with the digital compared with the hybrid
workflow, which in turn exhibited shorter durations
than the conventional pathway.

3. For 3-unit iFDPs, variations in clinical and labora-
tory times were observed, depending upon the
digital system used for IOSs and CAD-CAM.
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Moreover, fabricating an implant-supported single-
unit restoration or a 3-unit iFDP incurred higher
expenses with the conventional workflow, inter-
mediate costs with the hybrid workflow, and lower
costs with the digital workflow.

4. These findings remain inconclusive, as further
evaluation of time efficiency across multiple digital
systems and cost analyses in various countries with
differing dental care reimbursement systems are
imperative. Further clinical studies are also needed
to investigate the efficiency for long-span implant-
supported fixed prostheses.
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