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Abstract: The aim of this systematic review was to evaluate the in vitro accuracy of dental implants
impressions taken with intraoral scanner compared with impressions taken with conventional
techniques. Two independent reviewers conducted a systematic electronic search in the PubMed,
Web of Science and Scopus databases. Some of the employed key terms, combined with the help
of Boolean operators, were: “dental implants”, “impression accuracy”, “digital impression” and
“conventional impression”. Publication dates ranged from the earliest article available until 31 July
2021. A total of 26 articles fulfilled the inclusion criteria: 14 studies simulated complete edentation
(CE), nine partial edentation (PE) and only two simulated a single implant (SI); One study simulated
both CE and SI. In cases of PE and SI, most of the studies analyzed found greater accuracy with
conventional impression (CI), although digital impression (DI) was also considered adequate. For
CE the findings were inconclusive as six studies found greater accuracy with DI, five found better
accuracy with CI and four found no differences. According to the results of this systematic review, DI
is a valid alternative to CI for implants in PE and SI, although CI appear to be more accurate. For CE
the findings were inconclusive, so more studies are needed before DI can be recommended for all
implant-supported restorations.

Keywords: accuracy; conventional impression; dental implant; digital impression; in vitro studies;
systematic review

1. Introduction

Passive fit between prosthetic structure and supporting implants is considered as the
key factor in preventing subsequent mechanical and biological complications and, therefore,
in the long-term success of implant-supported prosthodontic treatments. Among the
mechanical complications, the tension, compression and flexion forces derived from poor
passive fit can result in screw loosening or fracture, unfavorable movements, prosthesis
breakage, or even implant fracture. Biological complications may also be caused by poor
fit due to the gap between the prosthesis and the implant, that hosts an accumulation of
microorganisms causing biological problems in the supporting tissues [1,2].

Various authors have pointed out that obtaining absolute passive fit is almost impos-
sible due to the number of steps involved in the prosthetic fabrication process, especially
in full-arch and partial restorations, supported by several implants [3,4]. Nevertheless,
there is a small margin of error that can be tolerated without occasioning future complica-
tions [2,5]. So passive fit is defined as the level of fit that does not lead to long-term clinical
complications [6]. While some authors claim that the maximum acceptable lack of fit is 150
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µm [6], others place the limit at 60 µm [2]. Others argue that implants present a maximum
mobility of 50 µm in bone [7], so this value can be considered the maximum lack of fit for
each implant/restoration complex [8].

The advent of Computer-aided design/computer-aided manufacturing (CAD/CAM)
systems has been accompanied by the introduction of digital impression (DI) using intraoral
scanners (IOSs) within a fully digital workflow. DIs are taken by IOSs, which, such as
an ordinary camera, collect information about projecting light. Reproducible tissues are
shown on the hardware display as natural looking. Intraoral cameras use video technique
or still photo technique for scanning [9]. DIs bring certain advantages including lower risk
of distortion during the impression taking and model fabrication and increased patient
comfort [10–12].

Both early and most recent systematic reviews analyzing marginal fit of fixed dental
prosthesis (FDPs) manufactured from CIs versus DIs show greater marginal accuracy in
DIs group [13,14]. However, few studies have compared these impressions in implants,
leading to a lack of consensus about which of these two techniques is more accurate.

The objective of this systematic review was to evaluate and compare the in vitro
accuracy of dental implants impressions taken with IOSs compared with impressions
taken with conventional techniques. As far as the authors know, this is the first attempt
to summarize exclusively in vitro studies that compare accuracy of CI and DI of dental
implants. The null hypothesis was that there is no difference between CIs and DIs of dental
implants in terms of impression accuracy.

2. Materials and Methods
2.1. Protocol Development and PICO Question

Two independent reviewers (MIAG and JCBB) conducted a systematic literature search
following PRISMA (Preferred Reporting Items for Systematic Reviews and Meta-Analyses)
guidelines (see PRISMA checklists in Supplmentary Materials in [15]). The review was
not registered. The PICO (Population, Intervention, Comparison, Outcome) question was:
“Are DIs taken with IOS more accurate than CIs for implant-supported prostheses?”

• Population: edentulous and partially edentulous patients in need of implant-supported
prostheses.

• Intervention: DI taken with IOS.
• Control: CI.
• Outcome: accuracy of impressions.

2.2. Search Strategy

The systematic search was conducted in the electronic databases PubMed, Web of
Science and Scopus. The MeSH terms and the search strategy according to the focused PICO
question are presented in Table 1. No limits were placed on publication date, so the review
included reports dated from the first available article until 31 July 2021. Inter-reviewer
reliability was assessed obtaining a Kappa coefficient of 0.74 after the selection by title and
0.85 after the full-text reading of the articles selected by abstract, in which values above
0.8 are considered a good level of agreement [16]. When disagreement arose between the
two main reviewers (MIAG and JCBB), it was resolved through discussion and consensus
between them and a third reviewer (MJSG).

The first selection of articles was based on titles and abstracts, and a second selection
was performed after reading the full text (Figure 1). Initial electronic search was compli-
mented by manual search in the references section of the selected articles after the full text
reading. Manual search was also performed in the next relevant journals: Journal of Dental
Research, Clinical Oral Implants Research, Journal of Dentistry, Clinical Implant Dentistry
and Related Research, Journal of Prosthetic Dentistry, Journal of Prosthodontic Research,
European Journal of Oral Implantology, Journal of Prosthodontics, International Journal
of Oral and Maxillofacial Implants, International Journal of Prosthodontics, Quintessence
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International, Journal of Evidence-Based Dental Practice, Implant Dentistry, International
Journal of Computerized Dentistry and Journal of Oral Implantology.
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Table 1. Search strategy according to the focused question (PICO).

Focused Question
(PICO)

Are DIs Taken with IOS More Accurate than CIs for
Implant-Supported Prostheses?

Search strategy Population

Edentulous and partially edentulous patients in need of
implant-supported prostheses.

#1-((dental implants [MeSH]) OR (edentulous patients
[MeSH]) OR (single implant [MeSH]) OR (multiple

implants [MeSH]) OR (partially edentulous arch
[MeSH]) OR (complete arch [MeSH]) OR (full

arch [MeSH]))

Intervention

Digital impression (DI) with intraoral scanner (IOS)
#2-((digital impression [MeSH]) OR (intraoral scanner

[MeSH]) OR (dental scanner [MeSH]) OR (implant
impressions [MeSH]) OR (impression making [MeSH])

OR (implant rehabilitation [MeSH]) OR (implant
restoration [MeSH]) OR (digital techniques [MeSH]))
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Table 1. Cont.

Focused Question
(PICO)

Are DIs Taken with IOS More Accurate than CIs for
Implant-Supported Prostheses?

Comparison

Conventional impression (CI)
#3-((conventional impression [MeSH]) OR (traditional
impression MeSH]) OR (open-tray impression [MeSH])
OR (closed-tray impression [MeSH]) OR (conventional

techniques [MeSH]))

Outcome
Accuracy of impressions

#4-((impression accuracy [MeSH]) OR (trueness [MeSH])
OR (precision [MeSH]) OR (in vitro study [MeSH]))

Search
combination(s) (#1) AND (#2) AND (#3) AND (#4)

2.3. Inclusion Criteria

Inclusion criteria were as follows:

• Studies in vitro as only in vitro research can directly compare the accuracy of two
impression techniques.

• Studies that test impressions of dental implants in cases of complete edentation (CE),
partial edentation (PE) and/or single implant (SI).

• Studies that compare one or various CI techniques versus DI using one or various
IOSs. In other words, studies had to make a direct comparison of these two types of
impressions.

• Studies that evaluate the accuracy (trueness, precision, or both) of the compared
impression techniques, and provide complete information about the methods.

• Studies published in peer reviewed journals and in English.

2.4. Exclusion Criteria

In vivo studies, clinical case reports, articles about single techniques and articles that
did not match the objectives of the present review were excluded. The studies excluded
at the second selection stage (after full-text reading) and the reasons for exclusion are
summarized in Table 2.

Table 2. Studies excluded after reading the full text and reasons for exclusion.

Studies Reason for Exclusion

Eliasson et al., 2012 [17]; Howell et al.,
2013 [18]; Al-Abdullah et al., 2013 [19]; Ng

et al., 2014 [20]; Ajioka et al., 2016 [21]

Use of healing abutments instead of
scan-bodies

Karl et al., 2012 [22] Use of scannable cementable abutments
instead of scan-bodies

Mangano et al., 2016 [23]; Imburgia et al.,
2017 [24]; Pesce et al., 2018 [25]

No comparison between DI and CI, only
between different IOS

Stimmelmayr et al., 2012 [26]; Ono et al.,
2013 [27]; Bergin et al., 2013 [28]; Stimmelmayr

et al., 2013 [29]; Jokstad et al., 2015 [30]
Use of extraoral scanner, not IOS

Andriessen et al., 2014 [8]; Rhee et al., 2015 [31];
Gedrimiene et al., 2019 [32]; Chochlidakis et al.,

2020 [33]

No comparison between reference model and
test model, only between two different

test models
Lee et al., 2013 [34]; Wismeijer et al., 2014 [35];
Joda et al., 2015 [36]; Schepke et al., 2015 [37];

Joda et al., 2017 [38]

Evaluate efficiency of scanning, scanning
learning curve or patient preference.
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2.5. Data Extraction and Quality Evaluation

Descriptive analysis of the selected articles was performed. The extracted data was:

• Study design.
• Type of edentation.
• Number of implants.
• Implant angulation.
• Implant brand/model.
• Impression techniques compared.
• Sample size (number of impressions taken in each type of analyzed techniques).
• IOS used.
• Method of evaluation of the accuracy.
• Main accuracy results.

The parameter to analyze and compare was the accuracy of the impression techniques.
Accuracy is the key parameter to ensure passive fit between implants and the prosthetic
structure and is defined by two parameters (ISO 5725-1) [39]:

• Trueness: the impression’s proximity to measured reality, it is the main concept
associated with accuracy.

• Precision or reproducibility: similarity between a group of impressions of the same case.

It was not possible to perform statistical analysis to synthesize the results of the
different studies due to the different methods employed.

As clinical trials were not included in the review, quality evaluation such as CASP
(Critical Appraisal Skills Program) or similar could not be made. The CONSORT (Con-
solidated Standards of Reporting Trials) checklist adapted to in vitro studies of dental
materials by Flaggion et al. [40] was used to assess the quality of the articles; The authors of
the present review further adapted this checklist for studies that compare the accuracy of
dental implants impression techniques: items from 5 to 9 were eliminated due to selected
studies are in vitro, so there is a low risk of bias, no need for randomization and sample
size is not so determining (Table A1). Only studies obtaining a score of 80% or more were
included in the present review (Table A2).

3. Results
3.1. Study Selection

The initial electronic search identified 425 articles after removing the duplicates. On
the basis of the title alone, 215 articles were selected, of which 49 were selected on the
basis of the abstract. After reading the full text, 26 articles fulfilled the inclusion criteria
(Figure 1).

All the articles included in the review were in vitro studies (Table 3). Although
Alshabarty et al. [41] described itself as an in vivo study, it could be classified as in vitro
because the reference models used, although they proceeded from impressions taken in
patients, were effectively in vitro models. In this case, 14 articles investigated cases of CE
exclusively [11,42–54], nine of PE [41,55–62], two of SI [63,64] and another included both
CE and SI models [65].
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Table 3. Summary of selected studies.

Author and
Year Edentation Number of

Implants Angulation Implants Label Impression
Techniques Sample Size IOS Assessment of

Accuracy
Outcomes (Greater

Accuracy)

Abdel-Azim
et al., 2014 [65] CE and SI 4, 1 – Straumann TL

Closed tray
(abutment level)

DI (abutment level)
6 iTero

Marginal
discrepancy

(microscopy)

SI: CI
CE: DI

Papaspyridakos
et al., 2016 [42] CE 5 0◦, 10◦, 15◦ Straumann BL

Open tray
(with and without

splinting, abutment
and implant level)
DI (implant level)

10 Trios (3Shape)
3D deviation

(stl superimposi-
tion)

No differences (DI
more accurate than

non-splinted
implant level)

Angulation did not
affect any of them

Amin et al., 2017
[43] CE 5 0◦, 10◦, 15◦ Straumann BL

Open tray (splinted,
implant level)

DI (implant level)
10

CEREC
Omnicam 4.4.1

(Sirona)
True Definition
4.1 (3M ESPE)

3D deviation
(stl superimposi-

tion)

DI
True Definition
greater accuracy

Angulation did not
affect any of them

Menini et al.,
2018 [44] CE 4 – Biomet 3i

Open tray
(with and without

splinting, abutment
level)

Closed tray
(abutment level)

DI (abutment level)

5 True Definition
(3M ESPE)

Linear and
angular

deviation
(CMM)

Marginal
discrepancy

(Sheffield test,
microscopy)

DI

Alikhasi et al.,
2018 [45] CE 4 0◦, 45◦

Nobel Replace
Nobel

Branemark

Open tray
(non-splinted,
implant level)

Closed tray
(implant level)

DI (implant level)

15 Trios
(3Shape)

Linear and
angular

deviation
(CMM)

DI (no affected by
platform or
angulation)

Gintaute et al.,
2018 [53] CE 2, 4, 6 0◦, 45◦ Biomet 3i

Certain

Open tray
(non-splinted,
implant level)

DI (implant level)

5 True Definition
(3M ESPE)

3D deviation
(CMM) No differences
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Table 3. Cont.

Author and
Year Edentation Number of

Implants Angulation Implants Label Impression
Techniques Sample Size IOS Assessment of

Accuracy
Outcomes (Greater

Accuracy)

Moura et al.,
2019 [46] CE 6 0◦, 15◦

Implacil
(external

connection)

Open tray (splinted,
abutment level)

Closed tray
(abutment level)

DI (abutment level)

5
Dental Wings

3 series
(Straumann)

Digital caliper
(linear

deviation)

No differences
Angulation did not
affect any of them

Kim et al., 2019
[47] CE 5 – Warantec IU

Open tray (splinted,
implant level)

DI (implant level)
10 Trios 3

(3Shape)

Linear and
angular

deviation
(CMM)

CI

Rech-Ortega
et al., 2019 [48] CE 6 – Biomet 3i

Certain

Open tray
(non-splinted,
implant level)

DI (implant level)

20 True Definition
(3M ESPE)

Linear and
angular

deviation
(CMM)

No differences

Tan et al., 2019
[49] CE 6, 8 – Straumann BL

Open tray (splinted,
implant level)

DI (implant level)
5 Trios

True Definition

Linear, angular
and 3D

deviation
(CMM)

CI
TRIOS greater

accuracy

Ribeiro et al.,
2019 [50] CE 4 0◦, 15◦ Klockner KL

Closed tray
(implant level)

Open tray (with and
without splinting,

implant level)
DI (implant level)

10 True Definition
(3M ESPE)

3D deviation (stl
superimposi-

tion)

DI (in parallel
implants)

Angulated implants:
no differences

Huang et al.,
2020 [51] CE 4 – Straumann BL

Open tray (splinted,
abutment level)

DI (abutment level;
3 different scanbody

designs)

10 Trios 3
(3Shape)

3D deviation (stl
superimposi-

tion)
CI

Albayrak et al.,
2020 [52] CE 8 40◦, 20◦, 25◦,

15◦ Dyna Helix DC

Open tray
(non-splinted,

abutment level)
DI (abutment level)

10
Carestream 3500

Trios 3
Cerec Omnicam

Linear and
angular

deviation
(reverse

engineering
software)

DI
Carestream 3500
greater trueness
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Table 3. Cont.

Author and
Year Edentation Number of

Implants Angulation Implants Label Impression
Techniques Sample Size IOS Assessment of

Accuracy
Outcomes (Greater

Accuracy)

Revilla-León
et al., 2020 [11] CE 6 0◦, 4◦, 10◦ Straumann BL

Open tray (splinted,
abutment level)

DI with IOS
(abutment level)

DI with
photogrammetry
(abutment level)

10 iTero (Cadent)
Trios 3 (3Shape)

Linear, angular
and 3D

deviation
(CMM)

CI
Photogrammetry
the least accurate

Lyu et al., 2021
[54] CE 8 – Camlog

screw-line

Open tray (splinted,
implant level)

DI (implant level)
10 Trios 2

(3Shape)

Linear and 3D
deviation (stl su-
perimposition)

CI

Lin et al., 2015
[55] PE 2 0◦, 15◦, 30◦, 45◦ Straumann TL

Open tray
(non-splinted,
implant level)

DI (implant level)

10 iTero (Cadent)

Linear and
angular

deviation (stl su-
perimposition)

CI
DI: better behavior

at higher angulation

Basaki et al.,
2017 [56] PE 2 0◦, 10◦, 30◦ Straumann BL

Open tray
(non-splinted,
implant level)

DI (implant level)

10 iTero (Cadent)

Linear and
angular

deviation (stl su-
perimposition)

CI
Angulation did not
affect any of them

Chew et al.,
2017 [57] PE 2 – Straumann BL

Straumann TL

Open tray
(non-splinted,
implant level)

DI (implant level)

5
Trios
iTero

True Definition

Linear and
angular

deviation
(CMM)

CI (in BL)
TL no differences

TRIOS greater
accuracy

Chia et al., 2017
[58] PE 2 0◦, 10◦, 20◦ Straumann BL

Open tray
(non-splinted,
implant level)

DI (implant level)

5 Trios (3Shape)

Linear, angular
and 3D

deviation
(CMM)

CI (in parallel
implants)

No differences in
angulated implants
Angulation affected

both impressions

Marghalini et al.,
2018 [59] PE 2 30◦ Nobel Replace

Straumann TL

Open tray (splinted,
implant level)

DI (implant level)
10 Cerec Omnicam

True Definition

3D deviation
(stl superimposi-

tion)

DI
True Definition
greater accuracy

Alshawaf et al.,
2018 [60] PE 2 30◦ Nobel Replace

Open tray (splinted,
implant level)

DI (implant level)
10 Cerec Omnicam

True Definition

3D deviation
(stl superimposi-

tion)

CI
CEREC Omnicam
greater accuracy
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Table 3. Cont.

Author and
Year Edentation Number of

Implants Angulation Implants Label Impression
Techniques Sample Size IOS Assessment of

Accuracy
Outcomes (Greater

Accuracy)

Bohner et al.,
2019 [61] PE 3 – S.I.N Implant

System

Open tray (splinted,
implant level)

DI (implant level)
10 Dental Wings

(Straumann)

3D deviation
(stl superimposi-

tion)
CI (in cusps)

Alsharbaty et al.,
2019 [41] PE 2 –

Implantium
internal

connection

Open tray (splinted,
implant level)

Closed tray
(implant level)

DI (implant level)

36 Trios 3 (3Shape)

Linear and
angular

deviation,
interimplant

distances
(CMM)

CI

Abduo et al.,
2021 [62] PE 2 0◦, 15◦ Straumann TL

Open tray (splinted,
implant level)

Closed tray
(non-splinted,
implant level)

DI (implant level)

10
Trios 4

Medit i500
True Definition

Linear and
angular

deviation (stl su-
perimposition)

DI
DI less affected by

angulation
True Definition less

accuracy

Lee et al., 2015
[63] SI 1 – Straumann BL

Closed tray
(implant level)

DI (implant level)
30 iTero (Cadent)

3D deviation
(stl superimposi-

tion)

CI (most favorable
implant vertical

position)

Yilmaz et al.,
2021 [64] SI 1 – Neoss Proactive

Straight

Open tray (implant
level)

DI with scan body
(implant level)
DI with healing

abutment-scanpeg
system

(implant level)

10 Trios 3 (3Shape)

Linear and
angular

deviation (stl su-
perimposition)

DI

CE: complete edentation. PE: partial edentation. SI: single implant. TL: tissue level. BL: bone level. CMM: coordinate measure machine. STL: standard tessellation language.
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3.2. Study Characteristics

The information extracted from the articles, included the number of implants, presence
or not of angulation or abutments and other data are summarized in Table 3. The excluded
studies and the reasons for exclusion are summarized in Table 2.

The parameter to analyze and compare was the accuracy of the impression techniques
(trueness and precision): to evaluate and compare the trueness of different impressions, the
intraoral position of the dental implants must be reproduced by a high precision instrument
to obtain a reference model [66]. However, because of the anatomical characteristics of the
oral cavity, this reproduction cannot be performed by high precision instruments such as
a coordinate measurement machine (CMM) or an extraoral laboratory scanner, which is
the reason why in vivo studies cannot compare trueness of different impression techniques
and were excluded from the present review. In vitro studies include reference models and
test models measured by the same high precision instruments (CMM, microscopes, etc.)
and so trueness can be measured by determining the deviation between these two sets
of models [66]. However, in vivo studies can only analyze the trueness of impressions
indirectly, for example, by analyzing the fit of prosthetic structures fabricated via CI versus
DI, which adds steps to the analysis process and gives more information about the feasibility
of the impression than on its accuracy itself.

The methods used to analyze the accuracy of the impressions in the reviewed studies
were diverse and included the following:

• Analysis of prosthetic fit, examining marginal gaps with an optical microscope.
• Analysis of deviations in the distance between implants with digital calipers.
• Analysis of linear, angular and/or three-dimensional deviation by superimposing

models as STL (surface tessellation language) files using softwares such as Geomagic
Control X (3D systems, Rock Hill, SC, USA). Conventional plaster models are trans-
formed into STL files by scanning them with an extraoral laboratory scanner. Best-fit
algorithm is one of the most common methodologies used to investigate accuracy
through STL superimposition. Other techniques include the “least squares method”
or the “zero method”.

• Analysis of linear, angular and/or three-dimensional deviations with a CMM and the
corresponding metrological software.

Most of the studies used the two latter methods listed above.
Results of quality assessment are summarized in Table A2. According to the modified

CONSORT checklist used, five articles obtained a score of 90% and the rest 100%.

3.3. CE Studies

Of the 15 in vitro studies that simulated CE, six reported greater accuracy with
DI [43–45,50,52,65], four found no difference [42,46,48,53] and five reported greater ac-
curacy with CI [11,47,49,51,54].

Two of these studies used similar methods [42,43] employing master models with
five identical implants with angulations of 0◦, 10◦ and 15◦ and comparing open tray CI
technique with splinting and DI. They analyzed accuracy by superimposing STL files.
Papaspyridakos et al. [42] found no differences between the techniques but Amin et al. [43]
found greater accuracy with DI. Neither article reported that impressions accuracy was
significantly affected by implant angulation.

Abdel-Azim et al. [65] used a master model with four parallel implants and compared
closed tray CI with DI, performed at abutment level. Accuracy was analyzed by observing
the marginal gap under a microscope between restorations fabricated using digital and
conventional workflows. DI obtained greater accuracy.

Menini et al. [44] also took impressions at abutment level, but compared three-
dimensional deviations by CMM, finding DI to be more accurate.



Int. J. Environ. Res. Public Health 2022, 19, 2026 11 of 18

Alikhasi et al. [45] compared CI and DI in implants with internal and external con-
nections. Three-dimensional deviations were measured with CMM, finding DI to be more
accurate and unaffected by angulation or connection type.

Taking the most recent studies [11,46–54], no consensus could be construed from the
results as three did not find differences between DI and CI [46,48,53], two found greater
accuracy of DI [50,52] and five found greater accuracy of CI [11,47,49,51,54]. Of this latter
five articles, three used similar methods [11,47,49] in terms of impression taking techniques
and accuracy evaluation (CMM). Of the three studies that did not find differences between
CI and DI, two took CIs without splinting [48,53].

Regarding implant angulation, three of the five CE studies that analyzed the effect of an-
gulation in both DI and CI found that angulation did not affect any of them. Alikhasi et al. [45]
found that CI are affected by angulation while DI not, and Ribeiro et al. [50] that DI had
better accuracy only in parallel implants, while there were no differences between CI and
DI in angulated implants.

Concerning the impression level (abutment vs. implant-level), CE studies are the
only group of studies that includes both studies with abutment-level and implant-level
impressions, while all the PE and SI studies performed implant-level impressions. Com-
paring the results of CE studies that performed implant-level impressions with those that
performed abutment-level impressions, no differences were observed since both present
the same proportion of studies that showed greater accuracy of DIs, CIs or that did not find
differences between them.

3.4. PE Studies

Among the nine studies that simulated PE, all used two implants, with the ex-
ception of one study with three implants [61]. Seven reported greater accuracy with
CI [41,55–58,60,61] and only two found greater accuracy with DI [59,62]. It should be noted
that Chew et al. [57] found greater accuracy with CI for bone level implants but not for
tissue level implants.

Regarding implant angulation, of the four PE studies that included implants with
varying angulation, no consensus can be found: one reported that angulation had an
influence on the accuracy of DI [55], another that it influenced accuracy of CI but not
DI [62], another that it influenced both techniques [58] and the other did not observe any
influence on either technique [56].

3.5. SI Studies

The two oldest studies that simulated SI [63,65] found greater accuracy with CI. Both
compared DI and CI with closed tray, but one took impressions at implant level [63] and
the other at abutment level [65].

Lee et al. [63] reported worse reproduction of secondary anatomy, sulci, and fossae
with DI. Regarding the vertical position of the implants, it was seen that in DI it tended to
be more coronal, which would produce a lack of contact of the final restoration, and more
apical in CI (due to the elasticity of the material), which would occasion premature contacts.
The latter circumstance would be more favorable as it could be corrected clinically, while a
lack of contact could not.

Nevertheless, the most recent study for SI found greater accuracy with DI than with
open-tray implant-level CI [64].

4. Discussion

This systematic review was set out to evaluate the accuracy of IOSs for dental implants
impressions compared with conventional techniques. The data extracted from the articles
were limited by the fact that the review only included in vitro studies. The main obstacle to
performing in vivo studies of impression taking is the lack of an established protocol for
evaluating the accuracy of intraoral impressions. The positions of implants in the mouth
must be reproduced by a high precision instrument to obtain a reference model, but because
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of the anatomical characteristics of the oral cavity this reproduction cannot be realized by
high precision instruments such as a CMM or an extraoral laboratory scanner. However,
in vitro studies include reference models and test models measured by these instruments.
In this way, trueness can be measured in terms of deviation between reference and test
models [66]. Nevertheless, since reference optical scanners cannot be used intraorally,
in vivo studies only can analyze trueness indirectly by Sheffield testing and microscopic
and/or radiographic evaluation of prosthetic structures fabricated from CIs or DIs [52].
Although in vivo studies are not able to compare trueness, they can measure precision
(reproducibility) by evaluating the deviations among a group of impressions taken with the
same technique within a single patient. In this sense, Mühlemann et al. [67] compared the
precision of DI and CI (closed tray impressions at implant level) by means of superimposing
STL files in five patients with SIs of the same brand in the posterior region; CI was found to
obtain greater precision.

Another limitation is the lack of homogeneity among the included studies in terms of
factors that can directly affect the accuracy of impressions such as the IOS working principle,
the scanning strategy, the scanned area, the splinting or not of CIs, the presence or not
of implants abutments, etc. In addition, there are differences in methodology regarding
methods of data analysis, data selection and impressions accuracy analysis and comparison.

Lack of homogeneity among the studies made it difficult to reach clear conclusions,
especially for implant-supported restorations in CE patients, in which the 15 CE studies
used obtained diverse results. According to six of these studies, DI was found to be more
accurate [43–45,50,52,65], while four articles did not find differences between the tech-
niques [42,46,48,53], and five found greater accuracy with CI [11,47,49,51,54]. One of the
reports that observed greater accuracy with DI [65] performed closed tray CI which, accord-
ing to the systematic review by Papaspyridakos et al. [68] is less accurate compared with
open tray technique. Moreover, the study compared CAD/CAM milled restorations with
conventional cast metal restorations. It should also be noted that among the four studies
that found no differences between DI and CI, one took impressions at abutment level [46]
and the other two took not-splinted CIs [48,53]. The studies by Papaspyridakos et al. [42]
and Amin et al. [43] employed similar methods; the fact that their results (the former found
no differences while the latter found greater accuracy with DI) could be attributed to various
factors: the IOSs and scan bodies used were different and in Papaspyridakos et al. [42] the
procedures were carried out by experienced clinicians while in Amin et al. [43] impressions
were carried out by interns of medium-term experience. Regarding the experience factor,
while Lee et al. [34] reported greater efficiency of DI realized by inexperienced students,
studies by Gimenez et al. [69–71] did not reach conclusive results about this factor.

The different in vitro and in vivo studies that analyze the viability of DI in cases of CE
show that IOS may be apt in these cases [25,72–74]. This reflects the improvements in IOSs
over the years as less recent studies [8,71] reported they were not valid, partly due to the
accumulation of error caused by the lack of anatomical references for linking images. It
should be noted that the overlapping failures produced in the first in vivo studies of DI of
implants in CE [8] were not observed in subsequent in vitro studies, even when the same
IOS model was used [55,63,65,69,75]. To overcome the lack of intraoral features available
for overlapping images in cases of CE, various solutions have been proposed: splinting
scanbodies [12], adding landmarks to the residual ridge [76] or using scan bodies with
elongated extensions [51].

Despite the heterogeneity of the studies and the impossibility of making in vitro and
in vivo studies comparable, Papaspyridakos et al. [77] recently published a systematic re-
view and meta-analysis comparing digital and conventional implant impressions including
both in vitro and in vivo studies. However, we must take their results into account since
most in vitro studies selected coincide with those of the present review. For CE impres-
sions they found nominally less deviation for DI but no statistically significant differences.
Nonetheless, a prosthesis prototype try-in before the fabrication of the definitive prosthesis
is still recommended for complete digital workflows of CE cases.
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For simulated PE, all studies analyzed except two [59,62] reported greater accuracy of
CI [41,55–58,60,61]. One study found greater accuracy with CI of bone level implants but
no differences between CI and DI of tissue level implants [57]. Another report found greater
accuracy with CI for parallel implants but not for angulated implants [58]. Although the
number of analyzed studies was insufficient to reach significant conclusions, it was seen
that in cases of PE at the present time, CIs obtain greater accuracy. For SI, the two oldest
studies that simulated SI [63,65] found greater accuracy with CI. Nevertheless, the most
recent study for SI found better accuracy with DI than with CIs taken with open tray and
implant-level [64].

Numerous authors have observed the decreasing accuracy of IOSs as the area scanned
increases [9,24,33,73,78–83]. In this way, one of the factors cited as limiting the accuracy of DI
is the image processing software used, which joins images together and projects the implant
position on the basis of scan body images [71]. It should be noted that cases of CE involve
scanning larger areas and more image superimposition than cases of PE. Consequently, DIs
are considered clinically safer and more appropriate for cases of PE than CE, although the
in vitro studies included in the present review find greater accuracy with CI for PE. In the
systematic review and meta-analysis of Papaspyridakos et al. [77] CI had nominally less
deviation than DI for PE impressions, with statistically significant differences.

Regarding the impact of the impression level (abutment vs. implant-level) on the
accuracy, this parameter could only be analyzed in the group of CE studies since this
group included both studies with abutment-level and implant-level impressions, while
all the PE and SI studies performed exclusively implant-level impressions. In this context
comparing the results of CE studies that performed implant-level impressions with those
that performed abutment-level impressions, no differences were observed since both groups
present the same proportion of studies that showed greater accuracy either of DIs or CIs.
Therefore, it appears that the impression level did not influence the results of the analyzed
impressions accuracy. However, we must consider the inherent methodological differences
between the different studies. Papaspyridakos et al. study [42] was the only one that
includes both abutment-level and implant-level CIs in the same study, observing greater
accuracy of DIs compared to non-splinted implant-level CIs, while no differences were
observed between DIs and splinted implant-level, splinted abutment-level and non-splinted
abutment-level CIs. Therefore, performing implant-level impressions only influenced the
non-splinted group.

Concerning implants angulation, nine studies analyzed the effect of implant angulation
on the accuracy of impression taking. One affirmed that angulation exerted an influence
on both impression techniques [58], two reported that angulation only affected DI [50,55]
and other two found that angulation affected CI [45,62]. The rest of the studies found
that implant angulation had no influence on impression accuracy [42,43,46,56], a finding
that concurs with studies by Gimenez et al. [69–71], who did not observe that angulation
affected the accuracy of DI carried out with different scanners. The systematic review
published by Flügge et al. [12] in 2019 presents evidence that CI is less exact when taking
impressions of angulated implants, while DI showed no differences between angulated
and parallel implants.

An important limitation on the present review was the small number of studies that
have analyzed and compared the accuracy of DI and CI of implants, which points to the
need for further in vitro studies of the topic. The studies published to date used very
contrasting methods, so it is necessary to establish a consensual protocol for analyzing the
accuracy of impressions techniques in order to make reliable comparisons of the obtained
results. This need has already been highlighted in systematic reviews by Alikhasi et al. [84]
and Flügge et al. [12].
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5. Conclusions

For implant-supported restorations in cases of PE and SI, the scant evidence available
suggests that CI is more accurate. However, due to the lesser image superimposition
required and the smaller distances between the implants, IOSs are also considered suitable.

For implant-supported restorations in cases of CE, there is insufficient evidence to
reach firm conclusions. Nevertheless, most recent studies have reported they may be used
effectively in cases of CE, and some studies have found DI to be more accurate.

Further studies are needed, with more rigorous and consensual methods. IOSs require
improvement so that DI may be used with confidence in all cases requiring implant-
supported prostheses.
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Appendix A

Table A1. Modified CONSORT checklist for in vitro studies comparing different dental implant
impression techniques.

Section Checklist Item

Abstract Item 1. Structured summary of trial design, methods,
results, and conclusions

Introduction Item 2a. Scientific background and explanation
of rationale

Item 2b. Specific objectives and/or hypotheses

Methods Item 3. The intervention for each group with sufficient
detail to enable replication

Item 4. Completely defined measures of outcome,
including how and when they were assessed

Item 5. Statistical methods used to compare groups for
primary and secondary outcomes

Results
Item 6. For each primary and secondary outcome, results

for each group, and the estimated size of the effect and
its precision

Discussion Item 7. Trial limitations, addressing sources of potential
bias, imprecision and, if relevant, multiplicity of analyses

Other information Item 8. Sources of funding and other support
Item 9. Where the full trial protocol can be accessed,

if available
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Table A2. Results of the quality assessment of selected articles using the modified CONSORT checklist
for in vitro studies comparing different dental implant impression techniques.

Author Abstract Introduction Methods Results Discussion Other Result

1 2a 2b 3 4 5 6 7 8 9

Abdel-Azim et al., 2014 [65] YES YES YES YES YES YES YES YES YES YES 10/10
Papaspyridakos et al., 2016 [42] YES YES YES YES YES YES YES YES YES YES 10/10

Amin et al., 2017 [43] YES YES YES YES YES YES YES YES YES YES 10/10
Menini et al., 2018 [44] YES YES YES YES YES YES YES YES YES YES 10/10

Alikhasi et al., 2018 [45] YES YES YES YES NO YES YES YES YES YES 9/10
Gintaute et al., 2018 [53] YES YES YES YES YES YES YES YES YES YES 10/10
Moura et al., 2019 [46] YES YES YES YES NO YES YES YES YES YES 9/10

Kim et al., 2019 [47] YES YES YES YES YES YES YES YES YES YES 10/10
Rech-Ortega et al., 2019 [48] YES YES YES YES YES YES YES YES YES YES 10/10

Tan et al., 2019 [49] YES YES YES YES YES YES YES YES YES YES 10/10
Ribeiro et al., 2019 [50] YES YES YES YES YES YES YES YES YES YES 10/10
Huang et al., 2020 [51] YES YES YES YES YES YES YES YES YES YES 10/10

Albayrak et al., 2020 [52] YES YES YES YES NO YES YES YES YES YES 9/10
Revilla-León et al., 2020 [11] YES YES YES YES YES YES YES YES YES YES 10/10

Lyu et al., 2021 [54] YES YES YES YES YES YES YES YES YES YES 10/10
Lin et al., 2015 [55] YES YES YES YES NO YES YES YES YES YES 9/10

Basaki et al., 2017 [56] YES YES YES YES YES YES YES YES YES YES 10/10
Chew et al., 2017 [57] YES YES YES YES YES YES YES YES YES YES 10/10
Chia et al., 2017 [58] YES YES YES YES YES YES YES YES YES YES 10/10

Marghalini et al., 2018 [59] YES YES YES YES YES YES YES YES YES YES 10/10
Alshawaf et al., 2018 [60] YES YES YES YES NO YES YES YES YES YES 9/10

Bohner et al., 2019 [61] YES YES YES YES YES YES YES YES YES YES 10/10
Alsharbaty et al., 2019 [41] YES YES YES YES NO YES YES YES YES YES 9/10

Abduo et al., 2021 [62] YES YES YES YES NO YES YES YES YES YES 9/10
Lee et al., 2015 [63] YES YES YES YES YES YES YES YES YES YES 10/10

Yilmaz et al., 2021 [64] YES YES YES YES YES YES YES YES YES YES 10/10

References
1. Tan, K.B. The Clinical Significance of Distortion in Implant Prosthodontics: Is There Such a Thing as Passive Fit? Ann. Acad. Med.

Singap. 1995, 24, 138–157. [PubMed]
2. Sahin, S.; Cehreli, M.C. The Significance of Passive Framework Fit in Implant Prosthodontics: Current Status. Implant Dent. 2001,

10, 85–92. [CrossRef] [PubMed]
3. Wennerberg, A.; Albrektsson, T. Current Challenges in Successful Rehabilitation with Oral Implants. J. Oral Rehabil. 2011, 38,

286–294. [CrossRef]
4. Aglietta, M.; Siciliano, V.I.; Zwahlen, M.; Brägger, U.; Pjetursson, B.E.; Lang, N.P.; Salvi, G.E. A Systematic Review of the Survival

and Complication Rates of Implant Supported Fixed Dental Prostheses with Cantilever Extensions after an Observation Period of
at Least 5 Years. Clin. Oral Implant. Res. 2009, 20, 441–451. [CrossRef] [PubMed]

5. Kan, J.Y.; Rungcharassaeng, K.; Bohsali, K.; Goodacre, C.J.; Lang, B.R. Clinical Methods for Evaluating Implant Framework Fit. J.
Prosthet. Dent. 1999, 81, 7–13. [CrossRef]

6. Jemt, T.; Lie, A. Accuracy of Implant-Supported Prostheses in the Edentulous Jaw: Analysis of Precision of Fit between Cast
Gold-Alloy Frameworks and Master Casts by Means of a Three-Dimensional Photogrammetric Technique. Clin. Oral Implant. Res.
1995, 6, 172–180. [CrossRef]

7. Kim, Y.; Oh, T.-J.; Misch, C.E.; Wang, H.-L. Occlusal Considerations in Implant Therapy: Clinical Guidelines with Biomechanical
Rationale. Clin. Oral Implant. Res. 2005, 16, 26–35. [CrossRef]

8. Andriessen, F.S.; Rijkens, D.R.; van der Meer, W.J.; Wismeijer, D.W. Applicability and Accuracy of an Intraoral Scanner for
Scanning Multiple Implants in Edentulous Mandibles: A Pilot Study. J. Prosthet. Dent. 2014, 111, 186–194. [CrossRef]

9. Ahlholm, P.; Sipilä, K.; Vallittu, P.; Jakonen, M.; Kotiranta, U. Digital Versus Conventional Impressions in Fixed Prosthodontics: A
Review. J. Prosthodont. 2018, 27, 35–41. [CrossRef]

10. Yuzbasioglu, E.; Kurt, H.; Turunc, R.; Bilir, H. Comparison of Digital and Conventional Impression Techniques: Evaluation of
Patients’ Perception, Treatment Comfort, Effectiveness and Clinical Outcomes. BMC Oral Health 2014, 14, 10. [CrossRef]

11. Revilla-León, M.; Att, W.; Özcan, M.; Rubenstein, J. Comparison of Conventional, Photogrammetry, and Intraoral Scanning
Accuracy of Complete-Arch Implant Impression Procedures Evaluated with a Coordinate Measuring Machine. J. Prosthet. Dent.
2021, 125, 470–478. [CrossRef] [PubMed]

12. Flügge, T.; van der Meer, W.J.; Gonzalez, B.G.; Vach, K.; Wismeijer, D.; Wang, P. The Accuracy of Different Dental Impression
Techniques for Implant-Supported Dental Prostheses: A Systematic Review and Meta-Analysis. Clin. Oral Implant. Res. 2018, 29
(Suppl. 16), 374–392. [CrossRef] [PubMed]

http://www.ncbi.nlm.nih.gov/pubmed/7605083
http://doi.org/10.1097/00008505-200104000-00003
http://www.ncbi.nlm.nih.gov/pubmed/11450418
http://doi.org/10.1111/j.1365-2842.2010.02170.x
http://doi.org/10.1111/j.1600-0501.2009.01706.x
http://www.ncbi.nlm.nih.gov/pubmed/19522975
http://doi.org/10.1016/S0022-3913(99)70229-5
http://doi.org/10.1034/j.1600-0501.1995.060306.x
http://doi.org/10.1111/j.1600-0501.2004.01067.x
http://doi.org/10.1016/j.prosdent.2013.07.010
http://doi.org/10.1111/jopr.12527
http://doi.org/10.1186/1472-6831-14-10
http://doi.org/10.1016/j.prosdent.2020.03.005
http://www.ncbi.nlm.nih.gov/pubmed/32386912
http://doi.org/10.1111/clr.13273
http://www.ncbi.nlm.nih.gov/pubmed/30328182


Int. J. Environ. Res. Public Health 2022, 19, 2026 16 of 18

13. Chochlidakis, K.M.; Papaspyridakos, P.; Geminiani, A.; Chen, C.-J.; Feng, I.J.; Ercoli, C. Digital versus Conventional Impressions
for Fixed Prosthodontics: A Systematic Review and Meta-Analysis. J. Prosthet. Dent. 2016, 116, 184–190. [CrossRef] [PubMed]

14. Tabesh, M.; Nejatidanesh, F.; Savabi, G.; Davoudi, A.; Savabi, O.; Mirmohammadi, H. Marginal Adaptation of Zirconia
Complete-Coverage Fixed Dental Restorations Made from Digital Scans or Conventional Impressions: A Systematic Review and
Meta-Analysis. J. Prosthet. Dent. 2021, 125, 603–610. [CrossRef]

15. Page, M.J.; McKenzie, J.E.; Bossuyt, P.M.; Boutron, I.; Hoffmann, T.C.; Mulrow, C.D.; Shamseer, L.; Tetzlaff, J.M.; Akl, E.A.;
Brennan, S.E.; et al. The PRISMA 2020 Statement: An Updated Guideline for Reporting Systematic Reviews. BMJ 2021, 372, n71.
[CrossRef]

16. Landis, J.R.; Koch, G.G. The Measurement of Observer Agreement for Categorical Data. Biometrics 1977, 33, 159–174. [CrossRef]
17. Eliasson, A.; Ortorp, A. The Accuracy of an Implant Impression Technique Using Digitally Coded Healing Abutments. Clin.

Implant Dent. Relat. Res. 2012, 14 (Suppl. 1), e30–e38. [CrossRef]
18. Howell, K.J.; McGlumphy, E.A.; Drago, C.; Knapik, G. Comparison of the Accuracy of Biomet 3i Encode Robocast Technology

and Conventional Implant Impression Techniques. Int. J. Oral Maxillofac. Implant. 2013, 28, 228–240. [CrossRef]
19. Al-Abdullah, K.; Zandparsa, R.; Finkelman, M.; Hirayama, H. An in Vitro Comparison of the Accuracy of Implant Impressions

with Coded Healing Abutments and Different Implant Angulations. J. Prosthet. Dent. 2013, 110, 90–100. [CrossRef]
20. Ng, S.D.; Tan, K.B.; Teoh, K.H.; Cheng, A.C.; Nicholls, J.I. Three-Dimensional Accuracy of a Digitally Coded Healing Abutment

Implant Impression System. Int. J. Oral Maxillofac. Implant. 2014, 29, 927–936. [CrossRef]
21. Ajioka, H.; Kihara, H.; Odaira, C.; Kobayashi, T.; Kondo, H. Examination of the Position Accuracy of Implant Abutments

Reproduced by Intra-Oral Optical Impression. PLoS ONE 2016, 11, e0164048. [CrossRef] [PubMed]
22. Karl, M.; Graef, F.; Schubinski, P.; Taylor, T. Effect of Intraoral Scanning on the Passivity of Fit of Implant-Supported Fixed Dental

Prostheses. Quintessence Int. 2012, 43, 555–562.
23. Mangano, F.G.; Veronesi, G.; Hauschild, U.; Mijiritsky, E.; Mangano, C. Trueness and Precision of Four Intraoral Scanners in Oral

Implantology: A Comparative in Vitro Study. PLoS ONE 2016, 11, e0163107. [CrossRef] [PubMed]
24. Imburgia, M.; Logozzo, S.; Hauschild, U.; Veronesi, G.; Mangano, C.; Mangano, F.G. Accuracy of Four Intraoral Scanners in Oral

Implantology: A Comparative in Vitro Study. BMC Oral Health 2017, 17, 92. [CrossRef] [PubMed]
25. Pesce, P.; Pera, F.; Setti, P.; Menini, M. Precision and Accuracy of a Digital Impression Scanner in Full-Arch Implant Rehabilitation.

Int. J. Prosthodont. 2018, 31, 171–175. [CrossRef]
26. Stimmelmayr, M.; Güth, J.-F.; Erdelt, K.; Edelhoff, D.; Beuer, F. Digital Evaluation of the Reproducibility of Implant Scanbody

Fit—An in Vitro Study. Clin. Oral Investig. 2012, 16, 851–856. [CrossRef]
27. Ono, S.; Yamaguchi, S.; Kusumoto, N.; Nakano, T.; Sohmura, T.; Yatani, H. Optical Impression Method to Measure Three-

Dimensional Position and Orientation of Dental Implants Using an Optical Tracker. Clin. Oral Implant. Res. 2013, 24, 1117–1122.
[CrossRef]

28. Bergin, J.M.; Rubenstein, J.E.; Mancl, L.; Brudvik, J.S.; Raigrodski, A.J. An in Vitro Comparison of Photogrammetric and
Conventional Complete-Arch Implant Impression Techniques. J. Prosthet. Dent. 2013, 110, 243–251. [CrossRef]

29. Stimmelmayr, M.; Güth, J.-F.; Erdelt, K.; Happe, A.; Schlee, M.; Beuer, F. Clinical Study Evaluating the Discrepancy of Two
Different Impression Techniques of Four Implants in an Edentulous Jaw. Clin. Oral Investig. 2013, 17, 1929–1935. [CrossRef]

30. Jokstad, A.; Shokati, B. New 3D Technologies Applied to Assess the Long-Term Clinical Effects of Misfit of the Full Jaw Fixed
Prosthesis on Dental Implants. Clin. Oral Implant. Res. 2015, 26, 1129–1134. [CrossRef]

31. Rhee, Y.-K.; Huh, Y.-H.; Cho, L.-R.; Park, C.-J. Comparison of Intraoral Scanning and Conventional Impression Techniques Using
3-Dimensional Superimposition. J. Adv. Prosthodont. 2015, 7, 460–467. [CrossRef] [PubMed]

32. Gedrimiene, A.; Adaskevicius, R.; Rutkunas, V. Accuracy of Digital and Conventional Dental Implant Impressions for Fixed
Partial Dentures: A Comparative Clinical Study. J. Adv. Prosthodont. 2019, 11, 271–279. [CrossRef] [PubMed]

33. Chochlidakis, K.; Papaspyridakos, P.; Tsigarida, A.; Romeo, D.; Chen, Y.-W.; Natto, Z.; Ercoli, C. Digital Versus Conventional
Full-Arch Implant Impressions: A Prospective Study on 16 Edentulous Maxillae. J. Prosthodont. 2020, 29, 281–286. [CrossRef]
[PubMed]

34. Lee, S.J.; Gallucci, G.O. Digital vs. Conventional Implant Impressions: Efficiency Outcomes. Clin. Oral Implant. Res. 2013, 24,
111–115. [CrossRef] [PubMed]

35. Wismeijer, D.; Mans, R.; van Genuchten, M.; Reijers, H.A. Patients’ Preferences When Comparing Analogue Implant Impressions
Using a Polyether Impression Material versus Digital Impressions (Intraoral Scan) of Dental Implants. Clin. Oral Implant. Res.
2014, 25, 1113–1118. [CrossRef]

36. Joda, T.; Brägger, U. Time-Efficiency Analysis Comparing Digital and Conventional Workflows for Implant Crowns: A Prospective
Clinical Crossover Trial. Int. J. Oral Maxillofac. Implant. 2015, 30, 1047–1053. [CrossRef]

37. Schepke, U.; Meijer, H.J.A.; Kerdijk, W.; Cune, M.S. Digital versus Analog Complete-Arch Impressions for Single-Unit Premolar
Implant Crowns: Operating Time and Patient Preference. J. Prosthet. Dent. 2015, 114, 403–406.e1. [CrossRef]

38. Joda, T.; Lenherr, P.; Dedem, P.; Kovaltschuk, I.; Bragger, U.; Zitzmann, N.U. Time Efficiency, Difficulty, and Operator’s Preference
Comparing Digital and Conventional Implant Impressions: A Randomized Controlled Trial. Clin. Oral Implant. Res. 2017, 28,
1318–1323. [CrossRef]

39. Ender, A.; Mehl, A. Full Arch Scans: Conventional versus Digital Impressions—An in-Vitro Study. Int. J. Comput. Dent. 2011, 14,
11–21.

http://doi.org/10.1016/j.prosdent.2015.12.017
http://www.ncbi.nlm.nih.gov/pubmed/26946916
http://doi.org/10.1016/j.prosdent.2020.01.035
http://doi.org/10.1136/bmj.n71
http://doi.org/10.2307/2529310
http://doi.org/10.1111/j.1708-8208.2011.00344.x
http://doi.org/10.11607/jomi.2546
http://doi.org/10.1016/S0022-3913(13)60346-7
http://doi.org/10.11607/jomi.3433
http://doi.org/10.1371/journal.pone.0164048
http://www.ncbi.nlm.nih.gov/pubmed/27706225
http://doi.org/10.1371/journal.pone.0163107
http://www.ncbi.nlm.nih.gov/pubmed/27684723
http://doi.org/10.1186/s12903-017-0383-4
http://www.ncbi.nlm.nih.gov/pubmed/28577366
http://doi.org/10.11607/ijp.5535
http://doi.org/10.1007/s00784-011-0564-5
http://doi.org/10.1111/j.1600-0501.2012.02519.x
http://doi.org/10.1016/S0022-3913(13)60370-4
http://doi.org/10.1007/s00784-012-0885-z
http://doi.org/10.1111/clr.12490
http://doi.org/10.4047/jap.2015.7.6.460
http://www.ncbi.nlm.nih.gov/pubmed/26816576
http://doi.org/10.4047/jap.2019.11.5.271
http://www.ncbi.nlm.nih.gov/pubmed/31754417
http://doi.org/10.1111/jopr.13162
http://www.ncbi.nlm.nih.gov/pubmed/32166793
http://doi.org/10.1111/j.1600-0501.2012.02430.x
http://www.ncbi.nlm.nih.gov/pubmed/22353208
http://doi.org/10.1111/clr.12234
http://doi.org/10.11607/jomi.3963
http://doi.org/10.1016/j.prosdent.2015.04.003
http://doi.org/10.1111/clr.12982


Int. J. Environ. Res. Public Health 2022, 19, 2026 17 of 18

40. Faggion, C.M., Jr. Guidelines for Reporting Pre-Clinical in Vitro Studies on Dental Materials. J. Evid.-Based Dent. Pract. 2012, 12,
182–189. [CrossRef]

41. Alsharbaty, M.H.M.; Alikhasi, M.; Zarrati, S.; Shamshiri, A.R. A Clinical Comparative Study of 3-Dimensional Accuracy between
Digital and Conventional Implant Impression Techniques. J. Prosthodont. 2019, 28, e902–e908. [CrossRef] [PubMed]

42. Papaspyridakos, P.; Gallucci, G.O.; Chen, C.-J.; Hanssen, S.; Naert, I.; Vandenberghe, B. Digital versus Conventional Implant
Impressions for Edentulous Patients: Accuracy Outcomes. Clin. Oral Implant. Res. 2016, 27, 465–472. [CrossRef] [PubMed]

43. Amin, S.; Weber, H.P.; Finkelman, M.; El Rafie, K.; Kudara, Y.; Papaspyridakos, P. Digital vs. Conventional Full-Arch Implant
Impressions: A Comparative Study. Clin. Oral Implant. Res. 2017, 28, 1360–1367. [CrossRef] [PubMed]

44. Menini, M.; Setti, P.; Pera, F.; Pera, P.; Pesce, P. Accuracy of Multi-Unit Implant Impression: Traditional Techniques versus a
Digital Procedure. Clin. Oral Investig. 2018, 22, 1253–1262. [CrossRef]

45. Alikhasi, M.; Siadat, H.; Nasirpour, A.; Hasanzade, M. Three-Dimensional Accuracy of Digital Impression versus Conventional
Method: Effect of Implant Angulation and Connection Type. Int. J. Dent. 2018, 2018, 3761750. [CrossRef]

46. Moura, R.V.; Kojima, A.N.; Saraceni, C.H.C.; Bassolli, L.; Balducci, I.; Özcan, M.; Mesquita, A.M.M. Evaluation of the Accuracy of
Conventional and Digital Impression Techniques for Implant Restorations. J. Prosthodont. 2019, 28, e530–e535. [CrossRef]

47. Kim, K.R.; Seo, K.-Y.; Kim, S. Conventional Open-Tray Impression versus Intraoral Digital Scan for Implant-Level Complete-Arch
Impression. J. Prosthet. Dent. 2019, 14, 43. [CrossRef]

48. Rech-Ortega, C.; Fernández-Estevan, L.; Solá-Ruíz, M.-F.; Agustín-Panadero, R.; Labaig-Rueda, C. Comparative in Vitro Study of
the Accuracy of Impression Techniques for Dental Implants: Direct Technique with an Elastomeric Impression Material versus
Intraoral Scanner. Med. Oral Patol. Oral Cirugia Bucal 2019, 24, e89–e95. [CrossRef]

49. Tan, M.Y.; Yee, S.H.X.; Wong, K.M.; Tan, Y.H.; Tan, K.B.C. Comparison of Three-Dimensional Accuracy of Digital and Conventional
Implant Impressions: Effect of Interimplant Distance in an Edentulous Arch. Int. J. Oral Maxillofac. Implants 2019, 34, 366–380.
[CrossRef]

50. Ribeiro, P.; Herrero-Climent, M.; Díaz-Castro, C.; Ríos-Santos, J.V.; Padrós, R.; Mur, J.G.; Falcão, C. Accuracy of Implant Casts
Generated with Conventional and Digital Impressions-An In Vitro Study. Int. J. Environ. Res. Public. Health 2018, 15, 1599.
[CrossRef]

51. Huang, R.; Liu, Y.; Huang, B.; Zhang, C.; Chen, Z.; Li, Z. Improved Scanning Accuracy with Newly Designed Scan Bodies: An in
Vitro Study Comparing Digital versus Conventional Impression Techniques for Complete-Arch Implant Rehabilitation. Clin. Oral
Implants Res. 2020, 31, 625–633. [CrossRef] [PubMed]
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