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INTRODUCTION

A precise impression is an important
requirement for the fabrication of prosthetic
restorations [1-4], and any error in this
phase may compromise the accuracy of the
subsequent steps [2-8]. Passive fit is a key
factor in the long-term success of any prosthetic
restoration. Restoration misfit can increase the
risk of caries through enhancement of plaque
accumulation and microleakage in tooth-
supportedrestorations,and cancompromisethe
osseointegration process in implant-supported
restorations [9]. Recent technological advances
have modified the impression and restoration
fabrication techniques in prosthetic dentistry.
The digital impression systems are increasingly

used in clinical dental practice. The milling
technologies have also advanced to ensure more
accurate fabrication of restorations [5,6,10-12].
The main benefits of the digital workflow and
digital technology include elimination of the
fabrication steps that may cause misfit, fewer
laboratory steps, lower cost, and less patient
discomfort [13,14].

A standard treatment in the conventional
method includes impression making and using
the obtained gypsum cast for the fabrication of
final restoration in a laboratory. In the digital
method, the dental arch is initially scanned
by an intraoral scanner, the restoration is
designed by the respective software program
and is then fabricated in a milling machine.

Copyright © 2024 The Authors. Published by Tehran University of Medical Sciences.
This work is published as an open access article distributed under the terms of the Creative Commons Attribution 4.0 License
(http://creativecommons.org/licenses/by-nc/4). Non-commercial uses of the work are permitted, provided the original work is properly cited.


http://creativecommons.org/licenses/by-nc/4

Digital and Conventional Workflows

The selection of digital or conventional method
is a clinical challenge for dental clinicians and
requires attention to accuracy, fit, and passivity
[14]. Few clinical studies have compared the
digital and conventional workflows and their
outcomes [15,16].

In the present review, it was important to
evaluate the studies that assessed full digital
and full conventional workflows from the onset
to the end of treatment with the same workflow.
The purpose of this review was to compare the
digital and conventional workflows regarding
prosthetic outcomes, accuracy of implant
impressions, framework passivity and fit,
and clinical fabrication of multi-unit implant-
supported fixed restorations.

MATERIALS AND METHODS

This systematic review followed the guidelines
of the Preferred Reporting Items for Systematic
reviews and Meta-Analyses (http://prisma-
statement.org/). The population, intervention,
comparison, and outcome (PICO) framework
was formulated to answer the following
question:

In three-unit implant-supported restorations
(P), does the digital workflow (I) compared
with the conventional workflow (C) provide
better results in terms of accuracy of implant
impression, passivity, and fit (0)?

Four databases including the PubMed,
EMBASE, Scopus and Cochrane Library were
electronically searched to find relevant articles
published until September 2021. The search
strategy was assembled from a combination
of qualified medical subject headings (Mesh
terms) as well as unspecific free-text words in
simple or multiple conjunctions. Manual search
ofthe reference lists of the pertinent papers and
reviews was also conducted to find additional
articles. The search strategy for all databases
is shown in Table 1. The comparator terms
from the search strategy were abolished in an
additional search to confirm that no possibly
eligible studies were excluded.

Eligible studies included clinical trials that
compared full digital and conventional
workflows in fabrication of multi-unit implant-
supported restorations in the same study and
used the same methods of all digital and all
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conventional for the comparison. In addition,
studies had toreportatleastone of the following
outcomes: accuracy of implant impressions
and/or restoration fit. The exclusion criteria
were studies that made no comparison, or
used a mixed digital-conventional workflow,
duplicates, case reports, and articles containing
insufficient information. Therefore, studies
that did not compare full digital and full
conventional workflows from the beginning to
the end were excluded.

For screening and study selection, two
authors (A.M.H and M.H) initially reviewed
the titles independently. Next, the abstracts
of the selected titles were read, and if an
agreement was not reached, a third author
was consulted (M.A). The same two authors
retrieved and reviewed the full text of the
selected articles. Articles were chosen based
on a consensus between the two reviewers,
and in case of disagreement, a third author
(M.A.) was consulted. A protocol was designed
for data extraction, and two calibrated
reviewers (A.M.H. and M.H.) extracted the
data from the selected articles and tabulated
them in Microsoft Excel 2016 (Microsoft,
Redmond, WA). Disagreements were resolved
by discussion and consultation with a third
reviewer (M.A) until a consensus was reached.
The risk of bias of each study was assessed
using the Cochrane Collaboration tool
(http://ohg.cochrane.org).

RESULTS

The systematic search was completed on
September 2021. Of the 459 retrieved titles,
318 abstracts were selected; subsequently, 20
articles were chosen for the full-text review
(Table 2). Of the remaining 20 articles, 9
papers were excluded as they had an in vitro
design [17-25], 5 articles were excluded since
they assessed only single-unit restorations
[26-30], and one study investigated digital and
conventional workflows on natural teeth [31].
All clinical studies evaluated mixed workflows
for the fabrication of implant-supported partial
dentures and no study compared full digital
and conventional workflows [32-36] leaving
no study for the final analysis (Figure 1).
Based on the adopted search strategy and
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Table 1. Search strategy based on the PICO (population, intervention, comparison, and outcome) focused

question

Population #1

(CCCCCCCCC((“Denture, Partial, Fixed”[MeSH Terms]) OR “Denture, Partial, Fixed”[MeSH

Terms]) OR "Dental Prosthesis, Implant-Supported”[MeSH Terms])) OR “implant
supported partial denture”[Title/Abstract]) OR “implant-supported partial
denture”[Title/Abstract]) OR “implant supported partial denture”[Title/Abstract]) OR
“implant supported bridge”[Title/Abstract]) OR “implant-supported
bridge”[Title/Abstract]) OR “implant supported fixed partial denture”[Title/Abstract])
OR “implant-supported fixed partial denture”[Title/Abstract]) OR “Dental
implant”’[MeSH Terms]) OR “dental implant*”[Title/Abstract]

Intervention #2

CCCCCCeaCcCCdigital workflow”[Title/Abstract]) OR “cad/cam”[Title/Abstract]) OR

“cad-cam”[Title/Abstract]) OR “Cad cam”[Title/Abstract]) OR “computer aided design-
computer aided manufacturing”[Title/Abstract]) OR “computer aided
design/computer aided manufacturing”[Title/Abstract]) OR “intra oral
scanning”[Title/Abstract]) OR “intraoral scanning”[Title/Abstract]) OR “intra-oral
scanning”[Title/Abstract]) OR “digital impression”[Title/Abstract]) OR “Computer-
Aided Design”[MeSH Terms]) OR “digital implant impression” [Title/Abstract]) OR
“digital fabrication”[Title/Abstract]) OR “Optical impression”[Title/Abstract]

Comparison #3

((CCC((((“conventional impression”[Title/Abstract]) OR “conventional

workflow”[Title/Abstract]) OR “silicone impression”[Title/Abstract]) OR “siloxane
impression”[Title/Abstract]) OR “addition silicone”[Title/Abstract]) OR “additional
silicone”[Title/Abstract]) OR “conventional technique”[Title/Abstract]) OR
casting[Title/Abstract]) OR “traditional impression”[Title/Abstract]) OR “impression

technique”[Title/Abstract]
Outcome #4

(CCCCCereaeC(pPassivity[Title/Abstract]) OR “Framework fitness”[Title/Abstract]) OR

“Mechanical performance”[Title/Abstract]) OR “clinical performance”[Title/Abstract])
OR “clinical outcome”[Title/Abstract]) OR Survival[Title/Abstract]) OR
Accuracy[Title/Abstract]) OR “Dimensional Measurement Accuracy”’[MeSH Terms])
OR “Treatment Outcome”[MeSH Terms]) OR “Prosthesis Fitting”[MeSH Terms]) OR
“Data Accuracy”’[MeSH Terms]) OR “Prosthesis Failure"[MeSH Terms]) OR “Prostheses
complication”[MeSH Terms]) OR “patient satisfaction”’[MeSH Terms]) OR

Esthetic[MeSH Terms]
Database Query
PubMed #1 AND #2 AND #3 AND #4=54
Embase #1 AND #2 AND #3 AND #4=42
Scopus #1 AND #2 AND #3 AND #4=295
Cochrane #1 AND #2 AND #3 AND #4=13

Items Found
77
51
315
16

the eligibility criteria, no clinical article was
found on the comparison of full digital and
conventional workflows for the accuracy of
implant impressions, and the passivity and fit
of frameworks. Other articles used digital and
conventional methods only for impressions,
and used one method for the frameworks
[17,32-34,36]. Assessment of the risk of bias
and data extraction were not possible because
there was no eligible study for inclusion.
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DISCUSSION

The digitalization trend 1is a universal
phenomenon in all aspects of life as well as in
dental practice in today’s world [37,38]. Dental
clinicians can use intraoral scanners instead of
conventionalimpressionmaking. Thecomputer-
aided design/computer-aided manufacturing
technology systems offer some benefits such
as simplicity of the process, reduced storage
requirement, higher patient comfort, easy
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Table 2. Studies excluded at the full-text level with reasons

1 Abdel-Azim et al. (2014) [17]
2  Aktasetal. (2014) [26]

3 AlQuranetal. (2012) [18]

4  Al-Faddaetal. (2007) [19]

5 Benicetal. (2019)[31]

6 Cappareetal. (2019) [32] workflows
7 Difioreetal. (2018) [27]

8 Dragoetal. (2010) [20]

9  Ferrini etal. (2018) [33] workflows

10 Gherlone etal. (2016) [34] workflows

11 Jemtetal. (1999) [35] workflows

12 Jiangetal. (2019)[36] workflows
13 Jodaetal. (2015)[28]
14 Jodaetal. (2015)[29]
15 Karletal. (2012) [21]

16 Karletal. (2008)[22]

17 Mello etal. (2019) [23]

18 Pescoetal. (2018)[24]
Rattanapanich et al. (2019)

19 [30]

20 Tahmaseb etal. (2010) [25]

In vitro design

Single unit restoration

In vitro design. No comparison made between fully conventional
and digital workflows

In vitro design. No comparison made between fully conventional
and digital workflows

Comparison of full digital and full conventional workflows on teeth.
No comparison made between fully conventional and digital

Single unit restoration

In vitro design. No comparison made between fully conventional
and digital workflows

No comparison made between fully conventional and digital

No comparison made between fully conventional and digital
No comparison made between fully conventional and digital
No comparison made between fully conventional and digital

Single unit restoration

Single unit restoration

In vitro design

In vitro design. No comparison made between fully conventional
and digital workflows

In vitro design. No comparison made between fully conventional
and digital workflows

In vitro design

Single unit restoration

In vitro design. No comparison made between fully conventional
and digital workflows

data transfer, and reduced requirement for
manpower [39,40]. However, selection of a full
digital or conventional workflow remains a
challenging decision for many dental clinicians.
The accuracy of impressions and fit and
passivity of the frameworks are among the
factors to consider when making a decision
regarding selection of digital or conventional
workflow. The fully digital and conventional
methods have not been previously compared
in the literature. The comprehensive literature
search conducted in the present review
revealed no in vivo study comparing the
accuracy of implant impressions, and passivity
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and fit of the frameworks fabricated by the
full digital and conventional workflows. Many
studies compared the digital and conventional
methods only at the impression level [1-4, 6]
or compared the framework fabrication alone
[5,7,17,19]. The majority of the retrieved
articles were in vitro studies [6-8, 11, 13]
or compared the digital and conventional
methods only regarding single-unit implant-
supported restorations [29, 30]. The results of
the present empty review indicated that there
was no study clinically comparing the digital
and conventional methods for multi-unit
implant-supported restorations.
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Records identified through
database searching

(n=459)
PubMed=77
Embase=51
Scopus=315

Additional records identified
through other sources

(n=0)

Cochrane=16

$ ¥

Fig. 1. Consort flow diagram of the study

One example of an excluded study was a
clinical trial published by Gherlone et al, [34]
in 2016, who compared the digital versus the
conventional impression techniques for “all-
on-four” restorations. Gherlone et al, [34] only
assessed the impression accuracy (digital and
conventional pickupimpressions)and onlyused
one method for the fabrication of milled screw-
retained frameworks. There were several other
articles that compared the two workflows only
at the impression level, but adopted only one
framework fabrication technique [17,18,32-
34,36]. Despite the variety of such studies,
most of the studies that compared the digital
and conventional impression methods did
not find a statistically significant difference in
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Records screened
(n=318)

Studies fulfilled inclusion
(n=0)

Records after duplicates removed
(n=318)

Record excluded after
title/abstract screening

(n=292)

Full-text article assesed for eligibility
(n=20)

Full text
articles
excluded with
reasons

(n=20)

their accuracy; however, the digital technique
had a shorter chair time [32-34]. Another
reason of exclusion was in vitro design of
most studies [17-25]. Abdel-azim et al. [17]
investigated both the impression accuracy and
misfit of the frameworks that were built with
two workflows in an in vitro study. Mello et al.
[23] compared the digital and conventional
workflows for the resin casts for fabrication
of digital and conventional frameworks, and
then compared the framework fit. Benic et
al, [31] clinically compared full digital and
conventional workflows. There were 10
participants, each with 4 fixed partial denture
frameworks fabricated for the same abutment
teeth through the digital and conventional
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methods. The conventionally fabricated 3-unit
zirconia frameworks showed the same or
less fit than the digitally fabricated metal
frameworks. One study compared the digital
and conventional workflows in 50 patients
but all restorations were single-unit implant-
supported restorations [30].

Researchers use the term ‘empty’ review when
a search to address a research question yields
no eligible studies. Systematic reviews are
implemented for various reasons. For instance,
authors may very well be aware that there are
very few (if any) randomized clinical trials in
a specific subject area, yet they cannot claim
this for a fact until they carry out a systematic
search. Once this effort results in no eligible
studies found, they can use this evidence to
empirically demonstrate “the need for future
high-quality research” and pursue funding to
carry out such primary research [41].

The current review was an empty review with
no studies meeting the eligibility criteria. Lang
et al. [42] introduced the term empty review
to the literature in 2007. They highlighted
the need for a guideline for reporting empty
reviews in order to prevent investigators from
deriving unsubstantiated implications for
practice, or from simply concluding that no
eligible studies were found [42]. Although the
definite reason for this finding is not obvious,
some potential reasons could be cited. First, the
research field is new and clinical studies have
not yet been conducted. Second, fabrication
of multi-unit implant-supported restorations
with a fully digital workflow might be limited
to pioneer practitioners as it needs advanced
technology and expertise. Third, during the
scanning process, the accuracy of intraoral
scanner decreases by an increase in the arch
span, which increases the susceptibility to
distortion [43-46]. As an intraoral scanner
cannot capture the whole arch with one single
scan, multiple overlapping scans have to be
taken and combined via the stitching algorithm.
Eventually, errors will be propagated for every
stitching process [47-49]. Such factors can
serve as limitations for clinicians that would
like to adopt a fully digital workflow for the
fabrication of fixed partial dentures.

According to another hypothesis, not finding
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any eligible article in empty reviews may be
related to a highly specific PICO question.
However, the inclusion criteria of the present
study were simple and the search strategy
was clear, broad, and comprehensive to find
relevant articles. Many empty reviews might
come out as a result of overly strict inclusion
criteria that are imposed in favor of higher
quality evidence. Such criteria may include
the choice of study based on specific designs,
conclusions, or comparison conditions that
may not be available in preliminary studies
[50]. In the current review, the main inclusion
criterion was studies that compared the digital
and conventional techniques, and no limitation
was set in article enrollment based on the
quality of studies.

Empty reviews are valuable for publication
from two aspects. First, in cases that the focused
question is derived from a clinical scenario,
reporting no evidence indicates that it is hard
to make a solid informed decision. Therefore,
an optimal technique for the fabrication of
multi-unit implant-supported restorations
could not be introduced. Second, this study
demonstrated a knowledge gap in the current
status of digital implant dentistry and provided
a direction for future research.

Reaching a conclusion based on the excluded
studies was offered by Lang et al [42].
However, Green et al. [51] argued that basing
conclusions on studies that did not meet the
defined inclusion criteria in a review protocol
would increase the risk of bias of the review
and may indeed, mislead the readers. Although
no conclusion could be drawn from this
systematic review regarding the superiority
of digital versus the conventional workflow, it
highlighted the need for future research in this
regard.

CONCLUSION

The purpose of this study was to systematically
collect, review, and appraise the studies
that compared the digital and conventional
workflows regarding impression accuracy,
framework fit, and clinical fabrication of multi-
unit implant-supported restorations. There
were no relevant publications comparing the
digital and conventional methods clinically.
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This empty review highlighted the need for
clinical research comparing the full digital and
full conventional workflows.
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