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SYSTEMATIC REVIEW 

Time efficiency and cost analysis between digital and 
conventional workflows for the fabrication of fixed dental 

prostheses: A systematic review 
Marion Bessadet, DDS, MS, PhD,a Noémie Drancourt, DDS, MS,b and Nada El Osta, DDS, MS, PhD, HDRc       

Conventional protocols for the 
fabrication of crowns and fixed 
partial dentures have been 
considered the criterion stan-
dard in clinical practice for 
many decades. Once the tooth 
has been prepared, a physical 
impression with impression 
materials is made and sent to 
the dental laboratory techni-
cian. The fabrication process 
uses a series of conventional 
lost-wax and casting processes 
to create the definitive crown, 
which is luted to the prepared 
tooth.1 

Digital dental technology, 
including digital scanning, 
computer-aided design, and 
computer-aided manufacturing 
(CAD-CAM), has evolved ra-
pidly.2 A digital scan is per-
formed using intraoral scanners 
to create a digital cast, and a 
CAD software program is used 
to virtually design the crown. 
CAM technology is used to                            

All authors have read and agreed upon the published version of the manuscript. 
This work did not receive any specific grant from funding agencies in the public, commercial, or not-for-profit sectors. 
The authors declare that they have no known competing financial interests or personal relationships that could have appeared to influence the work reported in this paper. 
aVice Dean, Senior Lecturer, Department of Prosthodontics, UFR d′Odontologie, Clinical Odontology Research Center (CROC), University of Clermont Auvergne, Clermont- 
Ferrand, France; and Hospital Practitioner, CHU Clermont-Ferrand, Odontology Department, Clermont-Ferrand, France. 
bLecturer, Department of Prosthodontics, UFR d′Odontologie, Clinical Odontology Research Center (CROC), University of Clermont Auvergne, Clermont-Ferrand, France; 
and Hospital Practitioner, CHU Clermont-Ferrand, Odontology Department, Clermont-Ferrand, France. 
cProfessor, Department of Prosthodontics, UFR d′Odontologie, Clinical Odontology Research Center (CROC), University of Clermont Auvergne, Clermont-Ferrand, France. 

ABSTRACT 
Statement of problem. Time and cost are factors that influence a patient’s decision on dental 
prosthetic treatment. Evidence is needed to demonstrate that restoration using digital systems is 
more rapid and less costly than the conventional process. 

Purpose. The purpose of this systematic review was to analyze and compare the duration and 
cost of fixed dental prostheses fabricated using digital and conventional methods from scanning 
or impression making to delivery of the prosthesis. 

Material and methods. A systematic review was performed following the Preferred Reporting 
Items for Systematic Reviews and Meta-Analysis Protocol (PRISMA-P 2015) guidelines. The analysis 
methods and inclusion criteria were documented in a protocol registered in the Prospective 
International Register of Systematic Reviews (PROSPERO) (CRD42023458734). The bibliographic 
search was carried out using PubMed, Cochrane, and PROSPERO databases. The main keywords 
used were (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 undertook the different steps of article selection. 

Results. A total of 8 articles published between 2010 and 2023 were found for the qualitative 
synthesis by using the search criteria. Two studies showed that conventional impressions took 
more time than digital scans for the fabrication of a single crown, and 1 study showed the 
opposite. One study found that a digital scan was faster than conventional impression making for 
the fabrication of a 3-unit fixed partial denture, and another study showed the opposite. The 
dental laboratory technician spent more time on the conventional workflow than the digital 
workflow for the 3-unit framework and veneering process. No difference was found between 
conventional and digital workflows for clinical evaluation and chairside adjustment for the 
fabrication of a single crown. No articles have compared the cost of fixed prostheses. 

Conclusions. The digital pathway can shorten the laboratory process. However, the duration of 
the impression or scan may vary depending on the technique used. Studies are needed to analyze 
the cost-effectiveness of the fabrication of tooth-supported restorations. (J Prosthet Dent 
xxxx;xxx:xxx-xxx) 
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fabricate the crown by milling or 3D printing. The crown is 
refined, polished, and glazed before being delivered. 

The digital as well as the conventional protocols aim to 
create a well-fitting crown to restore tooth function and 
esthetics. The digital process reduces the number of ap-
pointments, chair time, and laboratory time3,4 and pro-
vides clinical advantages, including digital archiving and an 
improved fit compared with conventional techniques.5 

CAD-CAM has been widely integrated into clinical 
dentistry, particularly in fixed prosthetics. Older intraoral 
scanning systems often used laser or confocal imaging 
technology, but many newer systems utilize structured 
light, optical, or wand-based technologies, offering 
higher resolution and faster scanning. Newer scanning 
systems generally offer greater accuracy, faster scanning, 
better ergonomics, and more sophisticated software 
program capabilities than their older counterparts.6–8 

Scan accuracy is affected by the quality and calibration of 
the intraoral scanner, and inadequate scanning skills, 
patient movement, saliva or blood, and reflective sur-
faces can affect scanning accuracy. Complex anatomic 
structures might pose challenges in obtaining accurate 
scans. Taking care to address these factors helps ensure 
more accurate intraoral scanning outcomes.9 

Before integrating new protocols into clinical practice, 
patient safety and satisfaction, the efficacy of the proce-
dures, and economic costs must be considered.10 While it 
is imperative to adopt innovative and effective clinical 
methods to ensure the best possible therapeutic outcomes 
for patient care, it is also important to quantify the time 
and cost of these new interventions.11 In addition, time 
and cost are factors that influence a patient’s decision with 
respect to dental prosthetic treatment.12 However, clinical 
studies comparing time and cost for conventional and di-
gital workflows in terms of the fabrication of fixed dental 
prostheses are scarce. Further evidence is needed to de-
monstrate that restoration using digital systems is more 
rapid and less costly than the conventional process. 

The aim of this systematic review was to analyze 
and compare the time efficiency and cost of fixed dental 
prostheses fabricated by using digital and conventional 
methods from scanning or impression to delivery of the 
prosthesis. The null hypotheses were that no difference 

would be found in the clinical and laboratory time spent 
or the cost of fabricating fixed dental prostheses using 
the digital or conventional protocol. 

MATERIAL AND METHODS 

The selection of articles for the systematic review was 
performed according to the Preferred Reporting Items 
for Systematic Reviews and Meta-Analysis Protocol 
(PRISMA-P 2015) guidelines.13 The analysis methods 
and inclusion criteria were specified in a protocol re-
gistered in the Prospective International Register of 
Systematic Reviews (PROSPERO) CRD42023458734, 
where no similar protocol was found. 

The bibliographic search involved the PubMed and 
Cochrane databases. The main keywords used were 
“(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 for reports pub-
lished between January 2010 and February 2023. 

Inclusion criteria were articles written in English, 
published between January 2010 and February 2023, and 
referred to the comparison of cost analysis outcomes 
and/or time efficiency between digital and conventional 
workflows in the field of fixed prosthodontics. During 
screening, the articles presenting the following criteria 
were excluded: articles not written in English, articles 
presenting in vitro studies, clinical reports, narrative 
reviews or those based on opinion, articles referring to 
cost analysis or time efficiency of digital and conven-
tional workflows in other fields such as implant surgery, 
maxillofacial surgery, maxillofacial prostheses, or or-
thodontics, purely technical articles, articles dealing with 
time efficiency or cost analysis of crowns designed and 
fabricated by dental students, preclinical students, 
postgraduate students, or prosthodontic students, or 
articles referring to cost analysis or time efficiency for 
digital and conventional workflows in removable pros-
thodontics and implantology. 

Two investigators (M.B., N.E.O.) carried out the pre-
liminary search using the keywords and undertook the 
different steps to select the articles. A spreadsheet (Excel; 
Microsoft Corp) was created for data extraction and 
management, and a preliminary pilot form was tested by 
2 investigators (M.B., N.E.O.). The following items were 
collected for data extraction: name of the first author, year 
of publication, study design, prosthetic discipline, type of 
prosthesis, groups compared, clinical steps of the digital 
workflow evaluated, laboratory steps of the digital 
workflow evaluated, clinical steps of the conventional 
workflow evaluated, laboratory steps of the conventional 
workflow evaluated, evaluation criteria for cost analysis, 
evaluation criteria for time efficiency, conclusions of the 

Clinical Implications 
Time and cost are factors that influence a patient’s 
decision on prosthetic dentistry treatments. The 
digital pathway reduces both laboratory time and 
the technical production process. However, the 
duration of the clinical procedure may vary 
according to the specific digital or conventional 
technique used. 
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comparisons between digital and conventional workflow, 
reasons for noninclusion, and the language of the 
manuscript. 

Two investigators (N.D., N.E.O.) applied the 
CONSORT GRADE approach to assess the quality of 
evidence in the various studies.14 Each investigator in-
dependently assessed and scored the selected studies, 
and, in the case of disagreement, a discussion between 
the investigators led to a consensus.14 The results were 
synthesized in a brief narrative study to compare time 
efficiency and cost analysis between digital and con-
ventional workflows for fixed dental prostheses. 

RESULTS 

The search carried out in February 2023 identified 909 
records in the PubMed database and no additional ar-
ticles were found in the Cochrane Library or PROSP-
ERO. After eliminating articles published before January 
2010, 746 records remained. No duplicates were de-
tected, but 632 records were excluded based on the ti-
tles, a further 84 records were excluded based on the 
exclusion criteria after reading the abstract, and 22 were 
excluded after reading the full text. A flow chart pre-
senting the selection process of included records ac-
cording to the PRISMA 2020 flow diagram guidelines15 

is displayed in Figure 1. The search identified 8 articles 
published between 2010 and 202316–23 (Table 1). 

The total CONSORT checklist scores for the included 
items ranged from 19 to 27 out of a maximum possible 
score of 30. A description of the equipment and mate-
rials used in the digital and conventional workflows is 
shown in Table 2. The cost and time required for the 
different clinical and/or laboratory steps of conventional 
and digital workflows are shown in Table 2. A com-
parison of each stage of clinical and laboratory time for 
each of the 8 articles is given in Tables 3 and 4. 

The time needed to obtain conventional impressions 
and digital scans for the fabrication of single crowns was 
documented in 3 articles. Ahrberg et al16 reported that 
the quadrant scan time for single crowns with the Lava 
C.O.S. scanner (10 minutes 21 seconds) was shorter 
than for a conventional polyether impression (15 min-
utes 33 seconds).16 Park et al21 reported that the quad-
rant scan time for single crowns with the Cerec 
Omnicam scanner (7 minutes 29 seconds) and the AE-
GIS.PO scanner (7 minutes 16 seconds) was shorter 
than for a conventional polyvinyl siloxane impression 
(12 minutes 41 seconds) (Table 5). However, Benic 
et al17 reported that the time required for a conventional 
closed-mouth impression with the triple-tray technique 
(4 minutes 20 seconds) was less than the time needed 
for digital procedures with the Lava C.O.S. (8 minutes 

13 seconds), ITero (6 minutes 12 seconds), and Cerec 
Bluecam (5 minutes 57 seconds) scanners (Table 5). 

The time required for complete arch scanning and 
conventional impression making was evaluated in 2 stu-
dies for the fabrication of a 3-unit fixed partial denture. 
Ahrberg et al16 reported that scanning with the Lava 
C.O.S. scanner (15 minutes 33 seconds) was faster than a 
conventional polyether impression (17 minutes 7 seconds) 
(Table 5). However, Sailer et al20 reported that complete 
arch scans with the Lava C.O.S. (18 minutes 11 seconds), 
ITero (21 minutes 52 seconds), and Cerec Bluecam 
(28 minutes 22 seconds) scanners took longer than a 
conventional complete arch impression (10 minutes 58 
seconds) (Table 5). 

The time efficiency of digital scans and conventional 
impressions revealed that the quadrant impressions take 
less time (10 minutes 21 seconds) than conventional 
complete arch impressions (15 minutes 33 seconds) 
(Table 5).16 Also, the review showed that the application 
of titanium dioxide powder did not significantly increase 
the duration of the intraoral scan when fabricating single 
crowns or 3-unit fixed partial dentures compared with 
no powdering (Table 5).17,20 

Concerning the time analysis of the laboratory steps, 
Zuercher et al23 reported that the time required by the 
clinician (5 minutes 07 seconds) to design a single tooth 
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Figure 1. Flow chart for study inclusion. 
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restoration using a CAD software program was shorter 
than that required by a dental laboratory technician (13 
minutes) (Table 6).23 

Mühlemann et al19 recorded the time taken to 
fabricate the cast and the 3-unit framework and to 
carry out the veneering process. They reported that the 
dental laboratory technician’s total working time was 
220 ±29 minutes for the Lava COS CAD program and 
centralized CAM, 217 ±23 minutes for the CARES 
CAD program and centralized CAM, 262 ±22 minutes 
for the CEREC Connect CAD and centralized CAM, 
and 370 ±34 minutes for conventional workflows with 
a noble metal framework fabricated with the tradi-
tional lost-wax technique. The dental laboratory 
technician spent more time on the conventional 
workflow than the digital workflow, irrespective of the 
CAD-CAM system used (Table 6). Cheng et al22 re-
ported that an interim crown fabricated with a digital 
workflow required a shorter fabrication time than 
those fabricated with a conventional workflow invol-
ving diagnostic waxing, mold duplication, and va-
cuum-formed matrices (Table 6). 

Concerning the time analysis of the clinical evaluation 
and chairside adjustment, Mühlemann et al18 recorded the 
working time of monolithic single crowns for 4 digital 
(Lava C.O.S. and CARES CAD software program and 
centralized CAM: 7:36 ±4:00 minutes; iTero, CARES CAD 
software program and centralized CAM: 10:55 ±6:14 
minutes; Cerec Bluecam, Cerec Connect CAD software 
program in the laboratory milling unit: 13:03 ±6:43 min-
utes, and Cerec Bluecam, Cerec Connect CAD software 

program and Centralized CAM: 09:16 ±4:45 minutes), 
and 1 conventional (13:53 ±7:31 minutes) workflows. 
Adjustment time was greater for the conventional and 
digital workflows followed by laboratory CAM than for the 
digital workflow with centralized CAM, but they reported 
no significant difference in treatment times for the 5 
groups (Table 7). 

Mühlemann et al19 recorded the clinical chairside time 
for occlusal adjustments during the fabrication of zirconia- 
ceramic posterior fixed partial dentures, which ranged 
from 1.1 ±2.1 minutes for Cerec Connect to 2.2 ±3.7 
minutes for Lava C.O.S., with no significant difference 
between digital and conventional workflows (Table 7). 

Zuercher et al23 reported that chairside adjustment 
time was statistically significant in favor of the laboratory 
group (in which a dental laboratory technician designed 
a restoration using a CAD software program) compared 
with the chairside workflow (in which a clinician de-
signed a restoration using a CAD software program) for 
single-tooth restorations. Similarly, clinicians invested 
less time in finishing and polishing restorations in the 
laboratory than in chairside restorations (Table 7). 
Cheng et al22 reported that interim crown fabrication 
required significantly less clinical time with the digital 
system (27.4 ±9 minutes) than with the conventional 
system (42.6 ±16.2 minutes); however, the clinical time 
evaluated included intraoral scanning and clinical crown 
evaluation for the digital system, impression making, 
interim crown fabrication directly on the teeth, and 
clinical crown evaluation for the conventional system 
(Table 7). 

Table 1. References included in qualitative synthesis      
References Titles Sample Size Design  

Ahrberg et al, 
201616 

Evaluation of fit and efficiency of CAD-CAM fabricated 
ceramic restorations based on direct and indirect 
digitalization: double-blinded, randomized clinical trial. 

Single crowns ceramic zirconia (n=17) 
3-unit FDPs (n=8) 

Randomized controlled 
clinical trial 

Benic et al, 201617 Randomized controlled within-subject evaluation of 
digital and conventional workflows for fabrication of 
lithium disilicate single crowns. Part I: digital versus 
conventional unilateral impressions 

Lithium disilicate posterior single 
crowns (n=10) 

Randomized controlled 
clinical trial 

Mühlemann et al, 
201818 

Clinical quality and efficiency of monolithic glass ceramic 
crowns in posterior area: digital compared with 
conventional workflows 

Monolithic posterior single crowns of 
lithium disilicate reinforced glass 
ceramic (n=10) 

Randomized controlled 
clinical trial 

Sailer et al, 201920 Randomized controlled clinical trial of digital and 
conventional workflows for fabrication of zirconia-ceramic 
fixed partial dentures. Part I: Time efficiency of complete- 
arch digital scans versus conventional impressions 

3-unit posterior zirconia-ceramic fixed 
partial dentures (n=10) 

Randomized controlled 
clinical trial 

Mühlemann et al, 
201919 

Randomized controlled clinical trial of digital and 
conventional workflows for fabrication of zirconia-ceramic 
posterior fixed partial dentures. Part II: Time efficiency of 
CAD-CAM versus conventional laboratory procedures 

3-unit posterior zirconia-ceramic fixed 
partial dentures (n=10) 

Randomized controlled 
clinical trial 

Park et al, 202021 Clinical evaluation of time efficiency and fit accuracy of 
lithium disilicate single crowns between conventional 
impression and digital scan 

Lithium disilicate posterior single 
crowns (n=13) 

Clinical trial 

Cheng et al, 202122 Randomized clinical trial of conventional and digital 
workflow for fabrication of interim crowns: evaluation of 
treatment efficiency, fit, and effect of clinician experience 

Interim posterior single crowns (SC)  
(n=40) 

Randomized controlled 
clinical trial 

Zuercher et al, 
202323 

Randomized controlled pilot study assessing efficacy, 
efficiency, and patient-reported outcomes measures of 
chairside and laboratory single-tooth restorations 

Zirconia-reinforced lithium silicate 
glass–ceramic for posterior single 
crowns (n=18) 

Randomized controlled 
clinical trial   
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For cost analysis, the importance of cost relative to 
esthetics on a visual analog scale was reported in 1 article 
not to be significant between chairside (in which a clin-
ician designs a restoration with CAD software program) 
and laboratory (in which a laboratory technician designs a 
restoration with CAD software program) workflows for 
single-tooth restorations.23 However, no articles were 
found that compared the cost of fixed prostheses made 
with digital and conventional processes. 

DISCUSSION 

This review focused on the comparison of working times 
and manufacturing costs for single crowns and 3-unit 
fixed dental prostheses using digital and conventional 
workflows. In term of laboratory steps, the null hypoth-
esis that no difference would be found in clinical and 
laboratory time spent fabricating fixed dental prostheses 
using the digital or conventional protocol was rejected, as 
the review showed that digital workflows can reduce the 
time needed for laboratory steps in the manufacture of 
fixed prostheses. The dental laboratory technician spent 
more time on the conventional workflow than the digital 
workflow for the 3-unit framework and veneering pro-
cess,19 as well as for an interim crown.22 For chairside 
time, 2 studies reported that the impression time for the 
fabrication of a single crown was longer for a conven-
tional impression than for a digital scan,16,21 and 1 study 
reported that a conventional impression was faster than a 
digital scan.17 For Ahrberg et al16 and Park et al,21 the 
recorded time for conventional impressions involved 
successive phases, starting with the selection and in-
dividualization of impression trays, with stops following 
the application of adhesive and impression material, for 
the registration of the impression itself and the antagonist 
of the impression, and then to register the occlusion. For 
Benic et al,17 the time recording for a conventional 
closed-mouth impression (triple-tray technique) began at 
the start of the mixing procedure and concluded with the 
removal of the tray from the patient's mouth. This tech-
nique has been reported to be accurate and less time 
consuming24 but is contraindicated for extensive re-
storations. As conventional impression methods differed 
for these 3 studies, the impression time appears to de-
pend on the method used. 

In terms of impression time for the fabrication of a 3- 
unit FDP, Ahrberg et al16 reported that conventional 
impression took longer than the digital scan. However, 
Sailer et al20 reported that conventional complete arch 
impressions were less time consuming than the digital 
scan procedures. Hence, the steps involved in defining 
working time for making impressions varied across 
studies. This review highlights the absence of a stan-
dardized conventional workflow and a variety of digital Ta
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e 
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workflow techniques to compare working time between 
digital scans and conventional impressions. Therefore, 
the null hypothesis for working time for making im-
pressions was not rejected. Spraying with titanium oxide 
powder is an additional step that can enhance intraoral 
scanning by improving surface reflection, enabling more 
accurate and detailed images to be captured.25 Powder 
spraying can shorten scan times by ensuring better 
quality scans at the first attempt, reducing the need for 
repeated scans. However, the systematic review did not 
reveal that powder spraying could influence the duration 
of intraoral scanning compared with not powder 
spraying. Analysis of the length of time for clinical 
evaluation and chairside adjustment showed no differ-
ences between conventional and digital workflows for 
single crowns18 or 3-unit FDPs.19 

The null hypothesis that no difference would be 
found in the cost of a fixed prosthesis fabricated with the 
digital or conventional protocol was not rejected. 
However, only 1 report assessed the importance of cost 
versus esthetics on a visual analog scale.23 Therefore, the 
cost effectiveness outcome was not sufficiently eval-
uated. The authors are unaware of a previous review 
that identified articles comparing the time efficiency and 
cost effectiveness of conventional and digital workflows 
for the fabrication of fixed prostheses. A total of 8 articles 
were examined, of which 7 were randomized controlled 
clinical trials (RCTs), including crossover trials. The RCT 
minimizes the risk of confounding factors.26 Crossover 
trials have high statistical power, interparticipant varia-
bility is eliminated from the comparison between 
groups, and the effect of covariates is reduced.27 

Limitations of this systematic review included that 
the types of treatment evaluated did not include long- 
span FDPs, onlays, or veneers. In addition, 5 digital 
systems were used in the selected articles (Lava C.O.S., 
iTero, Cerec Bluecam, Cerec Omnicam, AEGIS. PO) 
using quadrant scans for single crowns and complete- 
arch scanning for FDPs. Other digital systems available 
on the market were not evaluated as part of this study. 
Further studies are needed to assess the effect of the 
method on recording time and on the cost effectiveness 
of conventional and digital workflows for the fabrication 
of tooth-supported restorations. 

CONCLUSIONS 

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

1. The digital pathway for the fabrication of fixed 
prostheses can shorten the laboratory proces-
sing time.  

2. Conventional impression time may vary depending 
on the technique used.  

3. Conventional impression-making techniques were 
diverse in the studies reviewed. 
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