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Abstract

Objectives The primary aim of this systematic review was to evaluate whether intraoral scanning (IOS) is able to reduce
working time and improve patient-reported outcome measures (PROMs) compared to conventional impression (CI) tech-
niques, taking into account the size of the scanned area. The secondary aim was to verify the effectiveness of IOS procedures
based on available prosthodontic outcomes.

Materials and methods Electronic and manual literature searches were performed to collect evidence concerning the out-
comes of I0S and CI performed during the treatment of partially and complete edentulous patients for tooth- or implant-
supported restorations. Qualitative analysis was conducted to evaluate the time efficiency and PROMs produced by the two
different techniques. Clinical prosthodontic outcomes were analyzed among the included studies when available.

Results Seventeen studies (9 randomized controlled trials and 8 prospective clinical studies) were selected for qualitative
synthesis. The 17 included studies provided data from 430 IOS and 370 CI performed in 437 patients. A total of 7 different
IOS systems and their various updated versions were used for digital impressions. The results demonstrated that IOS was
overall faster than CI independent of whether quadrant or complete-arch scanning was utilized, regardless of the nature of
the restoration (tooth or implant supported). IOS was generally preferred over CI regardless of the size of the scanned area
and nature of the restoration (tooth- or implant-supported). Similar prosthodontic outcomes were reported for workflows
implementing CI and IOS.

Conclusions Within the limitations of this systematic review, I0S is faster than CI, independent of whether a quadrant or
complete arch scan is conducted. IOS can improve the patient experience measured by overall preference and comfort and
is able to provide reliable prosthodontic outcomes.

Clinical relevance Reduced procedure working time associated with the use of IOS can improve clinical efficiency and the
patient experience during impression procedures. Patient-reported outcome measures (PROMs) are an essential component
of evidence-based dental practice as they allow the evaluation of therapeutic modalities from the perspective of the patient.
10S is generally preferred by patients over conventional impressions.

Keywords Conventional workflow - Digital workflow - Digital impression - Intraoral scanner - Quality of outcomes - Time
efficiency

Introduction

The process of fabricating a dental prosthesis typically starts
with impressions to capture the anatomy of the prepared
teeth or location of the endosseous implants, as well as the
morphology of the surrounding tissues. This critical step

>4 Hsun-Liang Chan determines the accuracy of the models and ultimately that
hlchan @umich.edu of the prostheses [1]. For decades, conventional impres-
Extended author information available on the last page of the article sions have often used polyvinyl siloxane (PVS) impression
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materials [2, 3]. Major drawbacks of conventional impres-
sion techniques include their physical material properties,
consistency, taste, and odor, all of which may negatively
influence the patient experience [4]. Clinical studies have
indicated that conventional impressions are ranked among
one of the most unpleasant experiences during fixed [5, 6],
removable [5], and implant prosthodontics [7]. Thus, it is
desirable to pursue alternative methods to improve patient-
reported outcomes in prosthetic and implant dentistry.

Digital optical technologies provide clinicians with addi-
tional options to optimize workflows while improving the
patient experience. Intraoral scanning (IOS) has been advo-
cated as an advantageous alternative to conventional impres-
sions, allowing previsualization of the area of interest in
three dimensions [8], reduced working time, and improved
patient-reported outcomes [9—16]. IOS is capable of provid-
ing accurate digital casts, decreasing the risk of distortion
associated with the use of impression materials [17], and
also has the potential to optimize workflows due to the abil-
ity to quickly rescan a missed area. This is in contrast to
conventional impressions where the operator has to repeat
the entire procedure if errors are present [15].

Digital data obtained with IOS in combination with com-
puter-aided design (CAD) and computer-aided manufactur-
ing (CAM) allows for a completely digital workflow. Digital
prosthetic workflows have been extensively investigated in
the context of fixed prosthodontics [18] and implant den-
tistry [19]. Moreover, it has been suggested that a reduced
IOS area, such as a quadrant scan, may provide sufficient
information to cover a broad variety of restorative indica-
tions, including single crowns and short-span fixed prosthe-
ses [20, 21]. Quadrant scans are not only time effective but
are also less vulnerable to deviations in accuracy compared
to complete-arch scanning [22]. Research has shown that the
larger the size of the scanned area, the lower the accuracy
[23]. The potential for accumulation of errors is higher in
complete-arch scans due to numerous factors such as saliva,
reflective restorations, movable mucosa, surface character-
istics, and different scanning protocols [22, 24-26]. It can
also be speculated that complete arch scans are more time
consuming and that this could influence patient satisfaction
in comparison to quadrant scans.

For many years, the literature on fixed prosthodontics
and implant treatment has focused on disease-oriented out-
comes, such as numerical replacement of missing teeth in
need of restorative work, biologic/prosthetic complications,
and survival rates [27]. Patient-reported outcome measures
(PROMs) are an essential component of evidence-based
dental practice as they allow the evaluation of patient per-
ceptions toward a specific treatment. PROMs have been
the focal point of numerous studies that assessed subjec-
tive patient satisfaction regarding comfort, speed, and gen-
eral predilection for conventional and digital impression
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techniques [9-15, 28, 29]. A previous systematic review [30]
explored PROMs and procedure working time for digital
versus conventional impressions, but due to limitations in
the number of clinical studies available at the time, defini-
tive conclusions could not be reached. In addition, the size
of the scanned area (quadrant or complete arch) was not fully
explored, which is an important variable to consider when
comparing the time effectiveness of IOS and conventional
impressions. To the best of our knowledge, there are no pre-
viously published systematic reviews evaluating PROMs and
time efficiency that compared quadrant- and complete-arch
scans to conventional impressions. Thus, the primary aim of
this systematic review was to evaluate whether IOS is able
to reduce working time and improve PROMs compared to
conventional impression techniques, taking into account the
size of the scanned area. The secondary aim was to assess
the impact of the impression technique on the quality of the
work in order to verify the effectiveness of I0S procedures
based on available prosthodontic outcomes.

Material and methods
Study registration

The protocol of the present article was registered in the
PROSPERO database funded by the National Institute for
Health Research, University of York, Center for Reviews
and Dissemination (www.crd.york.ac.uk/PROSPERO) and
allocated the identification number CRD42020187021. The
Cochrane Collaboration guidelines were followed during the
preparation of this manuscript [31].

Search strategy

The present systematic review followed the PRISMA guide-
lines for reporting time efficiency and PROMs in order to
compare digital and conventional impressions in partially
and completely edentulous patients during treatment for
tooth- or implant-supported restorations. The term “con-
ventional impression” was used to define an impression
technique that utilized stock or customized trays in conjunc-
tion with PVS or polyether impression materials. A “digital
impression” was considered a digitalization of the dental
arches using an intraoral scanner device. The following
PICOS question [32] was formulated to address the specific
aim of the study: “Is IOS capable of reducing procedure
working time and improving patient satisfaction compared
to conventional impressions obtained during prosthetic
rehabilitation?
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e Population (P): partially and complete edentulous
patients receiving tooth- or implant-supported restora-
tions;

¢ Intervention (I): digital impression procedure;

e Comparison (C): conventional impression procedure;

e Outcomes (O): procedure working time and patient-
reported outcomes;

e Study design (S): randomized clinical trials (RCTs) and
prospective clinical studies

Electronic searches were initially performed in three data-
bases (PubMed/MEDLINE, Embase, and Cochrane Central)
for articles published up to July 31, 2020. The entire search
process was updated on July 25, 2021, and no restrictions
were set for the date of publication, journal, or language.
The search terms comprising the combination of key words
were listed as below:

Pubmed: (conventional impression OR analog impres-
sion OR analog technique OR PVS impression OR implant
impression) AND (digital impression OR intraoral scan-
ning OR intraoral scanner OR intraoral scan) AND (fixed
partial denture[MeSH Terms] OR fixed bridge[MeSH
Terms] OR prepared teeth[Title/Abstract] OR single tooth
restoration[Title/Abstract] OR single crown[Title/Abstract]
OR dental prostheses, implant supported[MeSH Terms]
OR implant supported dental prostheses[MeSH Terms] OR
dental implant[MeSH Terms] OR implant[Title/Abstract]).

Embase: (“conventional impression” OR (conventional
AND impression) OR “analog impression” OR (analog
AND impression) OR “analog technique” OR (analog AND
(“technique”/exp OR technique)) OR “pvs impression” OR
(pvs AND impression)) AND (“implant impression” OR
((“implant”/exp OR implant) AND impression)) AND (“dig-
ital impression” OR (digital AND impression) OR “intraoral
scanning” OR (intraoral AND scanning) OR “intraoral scan-
ner”’/exp OR “intraoral scanner” OR (intraoral AND (“scan-
ner’/exp OR scanner)) OR “intraoral scan” OR (intraoral
AND scan)) AND (“fixed partial denture”/exp OR “prepared
teeth”:ti,ab,kw OR “single tooth restoration’:ti,ab,kw OR
“single crown”:ti,ab,kw OR “implant-supported denture”/
exp OR “tooth implantation”/exp OR “implant”/exp).

Cochrane: (conventional impression OR analog impres-
sion OR analog technique OR PVS impression OR implant
impression) AND (digital impression OR intraoral scanning
OR intraoral scanner OR intraoral scan) AND (fixed par-
tial denture OR fixed bridge OR prepared teeth OR single
tooth restoration OR single crown OR dental prostheses,
implant-supported OR implant-supported dental prostheses
OR dental implant OR implant). In addition, for examin-
ing unpublished trials, the grey literature, nonprofit reports,
government research, or other materials, were also electroni-
cally explored through searching in ClinicalTrials.gov and
OpenGrey (www.opengrey.eu).

To ensure a thorough screening process, the electronic
search was complemented with a manual search in the fol-
lowing journals: Clinical Implant Dentistry and Related
Research, Clinical Oral Implants Research, International
Journal of Oral Implantology, The International Journal
of Prosthodontics, Journal of Esthetic and Restorative
Dentistry, Journal of Prosthodontics, Journal of Prosthetic
Dentistry, International Journal of Computerized Den-
tistry, Implant Dentistry, The International Journal of Oral
and Macxillofacial Implants, and The International Journal
of Periodontics and Restorative Dentistry. In addition, the
snowball sampling approach was performed where refer-
ence lists of included manuscripts and the bibliographies of
systematic reviews were searched manually.

Study selection

Two reviewers (R.S. and M.G.) screened all titles and
abstracts independently. Full-text evaluation of the remain-
ing publications was performed using the inclusion and
exclusion criteria listed below:

Inclusion criteria:

(1) RCTs or nonrandomized prospective clinical studies
where a minimum of 10 patients underwent digital and
conventional impression procedures;

(2) Studies including patients that received tooth- or
implant-supported restorations;

(3) Studies providing a comparison of procedure working
time between conventional and digital workflows with
defined start and end points;

(4) Studies reporting PROMs;

(5) Studies providing the extent of the scanned area during
10S

Exclusion criteria:

(1) Invitro or ex vivo studies, reviews, or expert opinions;

(2) Studies not comparing digital and conventional impres-
sion techniques;

(3) Studies not reporting the size of the scanned area dur-
ing digital impression procedures;

(4) Studies where a prosthetic rehabilitation was not per-
formed

Data extraction and statistical analysis

Two reviewers, R.S. and M.G., independently extracted data
from the included studies. Disagreements were resolved
through discussion with a third author (Z.C.) for reaching
a consensus. Where data was unclear or incomplete, the
authors of the publication were contacted for further expla-
nation. Data such as the number of included patients, type of
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restoration, impression method utilized, number of impres-
sion procedures performed, size of the scanned area, type of
scanner, type of conventional impression material, duration
of time recorded for impression procedures, and PROMs
were collected and systematically analyzed.

The gathered data from the included clinical trials were
planned to be presented descriptively without a statistical
comparison among the treatments due to heterogeneity in
the chosen start and end points for time measurements, as
well as different designs for the questionnaires and scales
utilized for PROMs. Procedure working time and PROMs
were reported as means with standard deviations utilizing
published data from included trials, when available. Mean
working times were calculated for digital and conventional
impression techniques, subdivided based on the implant or
tooth-supported restorative workflows and the size of the
scanned area (quadrant or complete arch). The mean values
calculated for procedure working time represented the mean
of the means. The standard deviations of the reported means
from included studies were also calculated. For studies that
included multiple IOS systems, the mean working times,
retake times, and retake numbers reported in the present
review represented a mean of the means of the systems used
[14, 33]. In addition, available direct or indirect quantitative
data regarding the quality of the digital impressions were
explored based on clinical assessment of crown fit during
prosthetic delivery.

Quality assessment

The risk of bias for the included RCTs was assessed using
the Cochrane collaboration tool [31]. Seven criteria were

evaluated: random sequence generation, allocation conceal-
ment, blinding of participants and personnel, blinding of
outcome assessment, incomplete outcome data, selective
reporting, and other sources of bias. Each individual cri-
terion was assigned a rating of low, unclear, or high risk
of bias. Furthermore, the Newcastle—Ottawa Scale (NOS)
was used to evaluate the included non-RCTs [34]. Each
included article could attain a maximum of nine stars dur-
ing the assessment of methodological quality. Studies with
7-9 points were arbitrarily deemed to have had a low risk of
bias, with 4-6 points indicating a moderate risk of bias, and
fewer than 4 points suggesting a high risk of bias.

Results
Study selection

The initial electronic search through PubMed/MEDLINE,
Embase, and Cochrane Central for articles yielded 711 arti-
cles. An additional six articles were identified with manual
searches yielding a total of 717 articles for review. After
removing duplicates, 440 papers were available for screen-
ing. The abstracts of 86 papers were evaluated after the
exclusion of articles by title, and 29 articles were selected for
independent full-text reviews by two investigators (R.S. and
M.G.). After screening the remaining studies based on the
inclusion and exclusion criteria as well as the PICOS ques-
tion, 12 articles were excluded (Supplementary Table 1),
and 17 studies were ultimately selected for qualitative syn-
thesis (Fig. 1). Of these 17 studies, nine were randomized
controlled trials (RCTs), and eight were prospective clinical

Fig.1 PRISMA flowchart
[
2 PubMed database Cochrane database Embase database Additional records identified
3 (n=487) (n=90) (n=134) through other resources (n=6)
:L;'
(]
b 1 ! ! !
Records before duplicates removed
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‘:_” Records after duplicates removed
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I
8 l
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2 Full-text articles excluded for not
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= eligibility (n=29) ullfilling inclusion criteria (n=

No prosthetic treatment performed (n=5)

E Studies included in qualitative Impression procedure time not reported (n=2)
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studies. Table 1 details the articles selected for inclusion.
Authors of three different studies provided additional infor-
mation relevant to the inclusion criteria (Supplementary
Table 2). Kappa scores were calculated for inter-reviewer
reliability, yielding 0.87 for title/abstract screening and 0.97
for full-text evaluation. Any disagreement was solved by
discussion and consultation with a third reviewer (Z.C.).

Characteristics of included studies

Nine of the included studies were RCTs [10-12, 14, 16, 28,
33, 35, 36], and eight were prospective clinical studies [9,
13, 15, 29, 37-40].

Seven studies evaluated time efficiency and/or PROMs
of impression procedures for tooth-supported restorations
[10, 12, 14, 28, 33, 35, 39], with four of these studies con-
ducting quadrant scans [12, 28, 33, 39], two performing
complete arch scans [10, 14], and one including both quad-
rant and complete-arch scans conducted for single crowns
and 3-unit FDPs (fixed dental prosthesis), respectively [35].
The remaining ten studies reported outcomes for working
time and/or PROMs of impression procedures for implant-
supported restorations [9, 11, 13, 15, 16, 29, 36-38, 40],
with five of the studies conducting quadrant scans [11, 15,
16, 29, 37] and the remaining five performing complete-arch
scans [9, 36, 38, 40].

Eleven studies reported exclusively on impression pro-
cedures for single crown restorations [9, 11-13, 15, 16, 28,
29, 33, 38, 39], while three studies reported outcomes for
impression procedures conducted in preparation for both
single crowns and FDPs [10, 35, 37]. One study reported
exclusively on impression procedures for FDPs [14], and
two studies reported outcomes for complete-arch implant-
supported restorations [36, 40]. The 17 included studies
provided data from 430 IOS and 370 conventional impres-
sions performed in 437 patients. A total of 7 different IOS

systems and their various updated versions were used for
digital impressions: (a) Trios (7/17 included studies); (b)
iTero (5/17); (c) Lava (3/17); (d) Omnicam (2/17); (e) Blue-
cam (2/17); (f) 3 M True Definition (1/17); and (g) Care-
stream (1/17) (Table 1). Multiple IOS systems were used in
the same trial for two different studies [14, 33]. For conven-
tional impressions, polyether (10/17) and PVS (6/17) mate-
rials were used. Gypsum (Eclair Class II, Ultima, Angers,
France) was used in the Cappare 2019 study (1/16).

Study outcomes
Time efficiency

The quantitative analysis comprised of 14 studies demon-
strated that IOS was overall faster than conventional impres-
sions (Table 2). The mean time for impression procedures
was calculated for digital and conventional impressions, sub-
divided based on whether impressions were conducted for
implant-supported or tooth-supported restorative workflows.
Digital impressions were also subdivided based on the size
of the scanned area (quadrant or complete-arch scans). For
implant-supported restorations, the mean working time for
impression procedures was higher for conventional impres-
sions compared to digital (16.74 +5.24 vs. 12.06 +4.52 min,
respectively). The same trend was seen when comparing
conventional and digital impressions for tooth-supported
restorations (13.94+5.35 vs. 11.57 +5.8 min, respec-
tively). For IOS, no clear trend was seen regarding the
influence of the size of the scanned area on working time;
for implant-supported restorations, complete-arch scanning
exhibited a shorter working time than quadrant scanning,
but for tooth-supported restorations, the opposite was true.
For mean retake time, implant-supported restorations pre-
pared from quadrant (2.57 +0.42 min) or complete-arch I0S
(1.80+ 1.08 min) were associated with shorter retake times

Table 2 Mean working time, retake time, and number of retakes for digital and conventional impression procedures

Digital

Conventional

Implant quadrant Implant full arch Tooth quadrant

Tooth full arch Implant Tooth

Mean time for 15.55+3.49 (n 8.62+1.79 (n 774 +£2.32 (n 16.19 £ 535 (n 16.74 £ 5.24 (n 13.94 +£535(n

impression (min)  =4) =4) =4) =3) =38) =7)

Total for implant I0S: 12.06 + 4.52  Total for tooth IOS: 11.57 + 5.8 (n
(n=8) =7

Mean retake time ~ 2.57 + 0.42 (n 1.80 + 1.08 (n n/a n/a 3.65+2.57 (n 263(n=1)

(min) =2) =2) =4)
Mean retake no. 017(n=1) 8.00+ 141 (n 233+ 1.52(n 333 +£351(n 1.72+ 143 (n 1.66 + 1.15 (n = 3)

=2) =1 =1 =3)

SD, standard deviation of the mean;
n, number of studies reporting this outcome;

n/a, not available

@ Springer
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compared to conventional impressions (3.65+2.57 min).
No data was available for retake time associated with tooth-
supported restorations prepared from I0S. Regarding mean
retake number, a clear trend was seen where IOS was gener-
ally associated with higher retake numbers for both tooth-
and implant-supported restorations in comparison with con-
ventional impressions.

Qualitative analysis of the working time associated with
impression procedures for each of the included studies,
including start and end points, is illustrated in Fig. 2. The
procedure working times for IOS and conventional impres-
sions ranged from 5.2 to 28.4 min and 4.3 to 28.4 min,
respectively. Overall, 11/14 studies reported that IOS was
faster than conventional impressions [9-12, 15, 16, 35, 36,
38—40]. Only three studies [14, 33, 37] reported that conven-
tional impressions were associated with a reduced working
time when compared to digital impressions. One of these
studies compared quadrant scans of tooth preparations to
conventional impressions [33]. Another study compared
quadrant scans to conventional impressions for implant
restorations [37], and Sailer et al. compared complete arch
scans to conventional impressions for 3-unit tooth-supported
FDPs [14]. In regards to tooth-supported restorations, two
studies found that quadrant scans were faster than conven-
tional impressions [12, 39], and one study reported that com-
plete arch scans [10] were faster. Ahrberg et al. reported
that both quadrant and complete-arch scans were faster than
conventional impressions [35] (Fig. 2). Out of the studies
involving implant-supported restorations, three reported
that quadrant scans were faster than conventional impres-
sions [11, 15, 16], while four studies reported reduced pro-
cedure times for complete arch scans relative to conventional
impressions [9, 36, 38, 40]. The results demonstrated that
IOS was overall faster than conventional impressions inde-
pendent of whether quadrant or complete arch scanning was
utilized, regardless of the nature of the restoration (tooth- or
implant-supported).

Patient-reported outcomes (PROMs)

Data from the 11 included studies reporting on PROMs
revealed an overall patient preference for digital compared
to conventional impressions (Table 3). While one study [33]
showed no difference in patient comfort comparing conven-
tional and digital impressions, the remaining 10 studies
[9-14, 16, 28, 29, 37] reported a patient preference for digi-
tal impressions. The most frequently reported parameters
favoring digital impressions were: negatively perceived taste
resulting from analog impressions [28, 29, 37], shortness of
breath and activation of the gag reflex [9, 28], anxiety [9,
29], the preparatory activities involved [37], fear of hav-
ing to repeat analog impressions [9], and overall comfort
[14-16, 29]. The results suggest that IOS was generally

@ Springer

preferred over conventional impressions regardless of the
size of the scanned area and nature of the restoration (tooth-
or implant-supported).

Prosthodontics outcomes

Quantitative data regarding the quality of prosthodontic
outcomes were available in seven of the included studies
based on indirect assessment during crown delivery and
direct assessment of crown fit. Two studies [16, 29] dem-
onstrated comparable success rates between digital and
conventional workflows for single-implant crown restora-
tions and similar outcomes for occlusal and interproximal
contacts. Another study [38] found no difference in clinical
chairside time during crown delivery between workflows
using digital (25.7 min) or conventional (23.2 min) impres-
sions, as well as similar numbers of crowns that could not
be delivered due to poor fit between digital (six crowns) and
conventional (five crowns) groups. In addition, a total of 12
crowns from the conventional group required no chairside
adjustment during delivery compared to four in the digital
group, and 15 conventional crowns required proximal adjust-
ments compared to 28 digital crowns [38]. In the study by
Lee and coworkers of the crowns chosen for delivery, 46.7%
were from conventional impressions and 53.3% from digital
scans [16]. A different trial [10] reported similar marginal
fit and interproximal contact points for single crowns and
FDPs fabricated from digital and conventional impressions,
whereas better results were observed for occlusal contacts
in the digital group. Direct assessment of the internal gap
and the marginal fit demonstrated superior results for digital
(49.4 and 60.1 um, respectively) compared to conventional
(91.9 and 97.0 pm, respectively) impression techniques
resulting in less frequent adjustments prior to delivery of
digital crowns [39]. Ahrberg and coworkers reported better
marginal fit and internal fit at the occlusal region for digital
(61.1 and 155.6 pum, respectively) compared to conventional
(70.4 and 171.5 pm, respectively) crowns [35]. Sakorn-
wimon and Leevailoj reported a lower number of crowns
requiring interproximal and occlusal adjustments for digital
(eight and five, respectively) compared to conventional (12
and 12, respectively) techniques [28]. Similar marginal dis-
crepancies were found at buccal, mesial, lingual, and distal
sites ranging from 42.6 to 76.6 pm for digital and 39.0 to
71.7 um for conventional crowns. Overall, the majority of
studies reported similar prosthodontic outcomes for work-
flows implementing conventional and digital impression
techniques.

Quality of the studies

The risk of bias for the nine included RCTs is evaluated and
summarized in Table 4. One study [28] presented a high risk



Clinical Oral Investigations (2021) 25:6517-6531 6527
Table 4 Risk of bias assessment for included RCTs according to the Cochrane guidelines
Study Random Allocation Blinding of partici-  Blinding of out-  Incomplete Selective  Other bias
sequence gen-  concealment pants and personnel  come assessment outcome data  reporting
eration
Gjevold et al 2016 Low Unclear High High Low Low Low
Benic et al 2016 Low Unclear High High Low Low Low
Joda and Bragger 2016  Low Unclear High High Low Low Low
Sakorniwon et al 2017 High High High High Low High Low
Haddadi et al 2018 Unclear Unclear High High Low Low Low
Sailer et al 2019 Low Low High High Low Low Low
Ahnberg et al 2016 Low Unclear High High Low Low Low
Cappare et al. 2019 Low Low High High Low Low Low
Lee et al. 2021 Low Low High High Low Low Low

of nonrandom sequence generation, and one [12] was associ-
ated with an unclear risk. Regarding allocation concealment,
one study [28] was found to have a high risk of bias, and five
studies [10-12, 35, 41] had an unclear risk. For the blinding
of participants and personnel and the blinding of outcome
assessment, all of the included studies were associated with
a high risk of bias as a result of informed operators. As
for incomplete outcome data, selective reporting, and other
sources of bias, all of the included studies were associated
with a low risk of bias.

The risk of bias for the eight included non-RCTs is sum-
marized in Table 5. Among the included non-RCTs, there
was one article which attained seven stars [37] denoting a
high standard of quality. The remaining seven articles [9, 13,

15, 29, 38-40] attained 4-6 stars, representing moderate-
quality evidence.

Discussion

The present systematic review evaluated the literature con-
cerning the current evidence available on time efficiency and
PROMs in order to compare IOS to conventional impres-
sions. To the best of our knowledge, this is the first system-
atic review comparing time efficiency and PROMs taking
the variable of the size of the scanned area into consideration
(sectional vs. complete arch). In addition, the present sys-
tematic review is the first in the literature to analyze mean

Table 5 Risk of bias assessment for included non-RCTs according to the Newcastle-Ottawa Scale

Study Representa-  Selection of  Ascertain- Outcome of ~ Comparability Assessment Sufficient Adequacy  Total
tiveness of the nonex- ment of interest not of cohorts on  of outcome follow-up for of follow-
the exposed  posed cohort exposure present at the the basis of the outcome  up
cohort start of the the design or to occur
study analysis
Wismeijer * * * * * b * * 7
etal. 2014
Schepke et al. ¥ * * * * * * * 6
2015
Delizeetal. ¢ * * * * * * * 6
2019
Pan et al. * * * * * * * * 6
2019
Guo et al. e * * * * * * * 6
2019
Koulivand Y * * * * * * * 6
et al. 2020
Di Fioreetal. * * * * * * * 6
2018
Gherlone * * * * * * * * 5
etal. 2016

@ Springer
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working time for impression procedures, mean retake time,
and mean retake number in order to allow comparisons
between digital and conventional impressions subdivided
based on the size of the scanned area and association with
either implant- or tooth-supported restorations. Prosthodon-
tic outcomes, such as crown fit and occlusal/interproximal
contacts were also compared between workflows utilizing
conventional and digital impressions, when available. Over-
all, the results demonstrated that IOS was generally faster
and preferred by patients with comparable prosthodontic
outcomes to conventional impressions.

The favorable PROMs associated with IOS are linked to
avoidance of common issues experienced by patients dur-
ing conventional impressions. Interestingly, the only study
showing no difference in patient comfort between 10S and
the conventional impression was also one of few studies
where conventional impressions were faster than digital [41],
suggesting that procedure working time is an important vari-
able influencing the patient experience. Interestingly, Delize
and coworkers reported better scores for the patient percep-
tion of conventional compared to digital crowns [29]. This
finding can be explained by the selection of restoration with
superior esthetics (multilayered veneered zirconia) for the
conventional approach compared to monolithic zirconia for
the digital group.

Regarding time efficiency, a level of variability between
the different studies was noted; however, a clear trend for a
reduced working time was seen for IOS compared to con-
ventional impressions. IOS was also associated with a lower
mean retake time but a higher mean retake number. A pos-
sible explanation for this result is that clinicians were more
likely to take advantage of the ability to rescan a missed
area when using digital impression techniques. In compari-
son, retaking a conventional impression would mean hav-
ing to redo the whole procedure. Many different variables,
including the type of IOS system utilized [42, 43], opera-
tor experience and comfort level, as well the start and end
points chosen for measuring procedure working time can
have a potential impact on time efficiency outcomes. Sailer
et al. 2019 utilized a first-generation [0S system (Bluecam;
Dentsply Sirona) requiring powder application (a step not
required with newer models) and reported a relatively high
mean procedure working time of 28.4 min for digital impres-
sions [14]. A trend toward longer working times for older
IOS systems was demonstrated in some of the earlier clinical
studies [11, 37]. In addition, the specific type of conven-
tional impression technique utilized needs to be considered
in comparison with digital impressions. Benic et al. (2016)
used a closed-mouth conventional impression technique,
which allowed impressions of both jaws and occlusal reg-
istration in a single step [41]. This is a possible reason why
the conventional impression procedure was faster than 10S
in this specific trial.

@ Springer

A great advantage of IOS compared to conventional
impressions is the ability to rescan missed areas and to pre-
visualize areas allowing feedback in real time. For conven-
tional impressions, an error is often only detectable after
the complete setting of the impression material or pouring a
stone cast. While rescanning to “repair” a certain aspect of
the scan that is inadequate can be beneficial, it is important
to note that avoiding the need for this additional step with an
optimal scanning strategy can reduce the overall procedure
working time.

The level of operator experience was previously demon-
strated to play an important role in IOS working time [44,
45]. Resende and his colleagues showed that less experi-
enced operators required significantly longer times for IOS
when compared with moderately and highly experienced
operators [45]. However, the difference in time was within
70 s, and thus is likely not clinically relevant. In the present
review, four out of the 14 studies reporting working time
did not clearly describe the level of operator experience in
regard to IOS [12, 15, 38, 40]. Intriguingly, all four of these
studies reported IOS being faster than conventional impres-
sions. All the remaining studies described the operators as
experienced or receiving adequate training and calibration
before the clinical procedures.

Numerous studies have evaluated and compared pros-
thodontic treatment outcomes after conventional or digital
impressions. A meta-analysis demonstrated similar marginal
discrepancies between digital and conventional crowns [46]
and long-term clinical studies revealed favorable survival
rates of 92.5%, 85.5%, and 81.9% after 5, 10, and 15 years
[47]. However, the data analysis from the included clinical
studies investigating PROMs and prosthodontic outcomes
were not available. Among the 17 studies included in the
current systematic review, a total of seven studies reported
data for prosthodontic outcomes. Overall, similar success
rates were found for both digital and conventional workflows
regarding restorative fit, interproximal contacts, and occlu-
sion [29]. Digital crowns also required fewer adjustments
and time during crown delivery [28, 39].

The present study is not exempt from limitations. The
main limitation of the present review is the different study
designs among the included studies, and heterogeneity in
how procedural time and PROMs were measured. Another
limitation is the lack of participant and operator blinding
that can influence patient responses and treatment outcomes.
However, as the two treatment methods are easily differ-
entiable, it will never be possible to perform without the
knowledge of the patient and operator.

Clinical implications

Prosthodontic patients have often suffered extensive loss of
tooth structure and/or tooth loss, as a result of periodontal
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disease, caries, and dental trauma. Edentulism is associated
with a decreased quality of life due to the importance of den-
tition in esthetics, mastication, and speech [48]. PROMs are
defined as an instrument comprised of a set of questions that
reflect the patient's perception of their functional well-being
and health status before and after treatment [49]. It is highly
desirable that dental interventions are able to address com-
mon complaints from patients in order to increase patient
satisfaction and acceptance toward treatment. Therefore,
evaluating the time efficiency and PROMs of a new clinical
approach such as IOS is of paramount importance.

Another important clinical benefit, especially in the con-
text of the current COVID-19 pandemic, is that a digital
prosthetic workflow can possibly help in terms of reducing
the risk of disease transmission [50]. Biologic fluids (saliva
and blood) present in conventional impressions require dis-
infection, a step which can promote impression material
distortion [51]. Also, the need for physical delivery to a
dental laboratory and storage can also serve as a source of
contamination between operators [52, 53]. Moreover, with
the serious negative financial implications to dental practices
imposed by the COVID-19 pandemic [54, 55], the financial
cost is an important consideration. A recently published
study showed that digital impressions are more efficient and
cost-effective than standard impressions, and implementa-
tion costs can be offset within the first year of dental practice
[56]. However, 10S is not free of limitations. A recently
published controlled trial showed that deep preparation of
the prosthetic margin into the sulcus is not recommended for
I0S as it leads to greater inaccuracies in the digital impres-
sion [57].

Future research implications

There are no specific guidelines regarding how procedural
working time and PROMS should be assessed during pros-
thetic treatment in order to guide future clinical practice and
research. Different clinical settings, conventional impres-
sion techniques, and materials, as well as heterogeneity in
10S systems and strategies utilized, are some of the major
challenges encountered when comparing time effectiveness
between digital and conventional impressions. Adequate
calibration of operators and detailed information about each
procedural step and time point evaluated are crucial in order
to minimize methodological heterogeneity and to allow for a
precise comparison between articles. Currently, researchers
and clinicians interested in evaluating PROMs often utilize
a set of non-standardized questions that are administered
through questionnaires or personal interviews. As discussed
in an article by Reissmann, in the future, PROMs should be
further developed into a standardized tool to assess patient
perceptions before and after treatment [27]. Increased stand-
ardization in the way PROMs are measured in the literature

will facilitate the ability of future studies to conduct quanti-
tative comparisons of treatment effects.

Conclusion

Based on the currently available evidence and within the
limitations of this review, the following conclusions can be
drawn.

(1) IOS is faster than conventional impressions, inde-
pendent of the size of the scanned area (regardless
of whether a quadrant or complete-arch scan is con-
ducted).

(2) IOS can improve the patient experience in the dental
office measured by overall preference and comfort.

(3) IO0S as part of a digital workflow is able to provide reli-
able prosthodontic outcomes.

Supplementary Information The online version contains supplemen-
tary material available at https://doi.org/10.1007/s00784-021-04157-3.
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