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EPA Gonsensus Project Paper:
Optical Impression Accuracy
of Preparations for Fixed
Prosthodontics:

A Systematic Review

ABSTRACT

Introduction: This systematic review aimed to evaluate the accuracy of different opti-
cal impressions of tooth preparations. Methods: An electronic search in PubMed, Web
of Science, Scopus, Medline Complete, and ScienceDirect was performed to identify
articles comparing the accuracy of different optical impressions (Ol) published up to the
Ist of March 2022. The inclusion criteria enclosed the accuracy of optical impressions
acquired for tooth-supported fixed prosthodontics. Exclusion criteria were defined as
studies focused on orthodontic impressions and implant-supported restorations. This
review was registered to Prospero; CRD42021287758. Results: Eleven included stud-
ies had in vitro design and a low risk of bias. Considering scanned objects, 5 studies
evaluated the accuracy based on a single preparation, 2 studies evaluated the accuracy
of Ols based on fixed partial denture (FPD) restoration, 3 studies included both single
preparation and preparations to receive FPD restorations, and 1 article included a full-
arch scan. Mean values of the trueness and precision of Ol systems varied according
to methodological differences. Conclusions: Optical impression has certain advantages.
However, stating a particular optical impression system as the most accurate or superior
to conventional impression is not feasible because of the heterogeneity of the accuracy
results presented in this systematic review.

oooooooooooooooooooooooooooooooooooooooooooooooooo

INTRODUCTION

Computer-aided design (CAD) and computer-aided manufacturing (CAM)
applications began in the 1980s with the introduction of data acquisition
by digitizing the impression process and producing restorations with fast-
grinding milling machines.’? Recent advances in digital technology have
increased the popularity of these applications among dentists and dental
technicians.>* These systems provide comfortable, fast, efficient, and pre-
dictable treatment outcomes. Thus, CAD/CAM is utilized in a wide range
of applications from treatment planning for implant surgery, prosthetic
rehabilitation, and orthodontic treatments to makxillofacial prostheses.®

Scanning of the teeth and edentulous spans via optical impression (OI)
is the first step of the digital workflow."* OI can be acquired by two dif-
ferent methods: direct scanning and indirect scanning.® The first method is
applied by intraoral scanners (IOSs), which enables the clinician to obtain
data directly from the intraoral tissues.? The second method is utilized by
laboratory scanners (LS) which are designed for data capturing by scanning
physical impressions or gypsum casts.5’
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Laboratory scanners are available in various types includ-
ing white-light scanners, blue-light scanners, and laser scan-
ners.5® On the other hand, IOSs use individual photographic
techniques or video sequence systems based on the data cap-
ture mode.? According to the data collection principle, I0Ss
may also be defined as active triangulation, parallel confocal
laser scanning, confocal microscopy, optical coherence to-
mography, active wavefront sampling or optical cameras.>™
I0Ss can be further classified by the need for powder coating
as a contrast medium before scanning.'®"" Accuracy of I10Ss
may vary depending on these parameters.>3’

The success of fixed prosthodontics primarily depends on
its adaptation to the prepared teeth.5'? The adaptation is in-
terpreted by internal and marginal fit expressed in gap values
between the preparation and the restoration.'> Restoration
misfit and the marginal discrepancy may result in poor me-
chanical retention, plaque accumulation, secondary caries,
periodontal disease, and restoration fracture.”'? The adapta-
tion is directly related to the accuracy of the impression, thus
the scanner.’? An accurate digital scan is the first step for a
successful prosthesis in a digital workflow.'>

Accuracy evaluation has been performed by superimpos-
ing the standard tessellation language (STL) file of the tested
scan with the reference STL obtained by micro-computed to-
mography (micro-CT) or a high-precision scanner with known
precision.>>'° Precision and trueness parameters are employed
together to describe the accuracy.’® According to ISO Norm
5725-1, trueness refers to the closeness of agreement between
the arithmetic mean of the test results and the reference val-
ue.’” In other words, trueness is the ability to capture the real
entity of a measure. Therefore, a scanner with high trueness
indicates that the scanner delivers a result that is close to or
equal to the actual dimensions of the scanning object.'®'” The
term precision refers to the closeness between the test re-
sults.’ Precision represents the ability to catch the same meas-
ure with repetitive scans. Thus, a scanner with high precision
correlates to a more repeatable and consistent scan.'®'®

The accuracy of an OI is affected by many factors such as
the scanning technology and protocol, the scanning distance,
ambient light, he scan pattern, and the size of the scanners’
head.39111314161820 Also, the factors related to the prepared
teeth such as the geometry, outline form, undercuts, and
the divergence of axial walls on intracoronal and the conver-
gence on extracoronal preparations are critical to the scan-
ning accuracy.'®?22 Several in vivo and in vitro studies have
subjected the effect of these influencing factors on the accu-
racy of OIs. Previous reviews analyzing these studies exist,?+%
yet few have focused on the preparation related factors and
their influence on the accuracy. Moreover, considering that
technological advances in this field have accelerated recently,
an up-to-date review is required. Therefore, the aim of this
study was to systematically review the literature considering
the accuracy of optical impressions acquired for preparations
of fixed prosthodontics.

ARTICLE IN PRESS
MATERIALS AND METHODS

The protocol of this systematic review was developed ac-
cording to the “updated guidance and exemplars for reporting
systematic reviews; PRISMA 2020"?” and the Cochrane Hand-
book.?® The review was conducted to answer the following
question related to population, intervention, comparison, and
outcome (PICO): When used for preparations of fixed pros-
thodontic, does the optical impression using any kind of digi-
tal scanners provide different accuracy values in comparison
with each other or with conventional impressions? The popu-
lation consisted of prepared teeth but not implants or implant
scan bodies. The intervention was an OI of these prepared
teeth by using a digital scanner of any kind. The comparison
was different types of OIs (extraoral and/or intraoral) or con-
ventional impressions of prepared teeth. The examined out-
come was the accuracy of optical scanners considering both
trueness and precision values. This review is also registered to
Prospero and taken ID number as CRD42021287758.

ELIGIBILITY CRITERIA

The publications were selected according to defined inclu-
sion and exclusion criteria. The inclusion criteria of this sys-
tematic review enclosed experimental and clinical studies
that evaluated the accuracy of optical impressions with both
trueness and precision values. Also, the optical impression
of only prepared teeth to receive any kind of fixed prostho-
dontics was included. Only English-language articles in peer-
reviewed journals were screened. Exclusion criteria were
defined as studies focused on orthodontic impressions, only
conventional impressions, only unprepared teeth, implant-
supported restorations, removable prostheses, and adap-
tation of restorations. Also, literature reviews, case reports,
editorial reports, and studies unpublished, unavailable in the
databases, and those that could not be accessed to read in full
or abstracts without a complete article were excluded.

INFORMATION SOURCES AND ELECTRONIC SEARCH
STRATEGY

Two reviewers of this study conducted the searches in the
following database: PubMed, Web of Science, Scopus, Medline
Complete, and ScienceDirect using study keywords, including
all articles published up to the 1st of March 2022.

The search strategy used a combination of controlled vocab-
ulary and free-text words and these terms used on informa-
tion sources except for ScienceDirect were as follows:

1. ("accuracy”[All Fields] OR “trueness”[All Fields] OR
“precision”[All Fields])

AND

2. (“optical impression”[All Fields] OR “digital impression”[All
Fields] OR “dental scanner”[All Fields] OR “digital scanner"[All
Fields] OR “optical scanner”[All Fields] OR “intraoral
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scanner”[All Fields] OR “extraoral scanner”[All Fields] OR
“model scanner”[All Fields]

AND

3. (“fixed partial denture”[All Fields] OR “fixed partial
dentures”[All Fields] OR “FPD"[AIl Fields] OR “FPDs"[All Fields]
OR “dental crown"[All Fields] OR “dental bridge”[All Fields] OR
“dental crowns"[All Fields] OR “dental bridges”[All Fields] OR
“full arch”[All Fields]))

NOT

4. (“implant”[Title] OR “cleft"[Title] OR “orthodontic"[Title] OR
“removable”[Title] OR “edentulous”[Title])

The terms used in ScienceDirect due to technical limitations
were: (“accuracy” OR “trueness” OR “precision”) AND (“optical
impression” OR “digital impression” OR “optical scanner” OR
“intraoral scanner” OR “extraoral scanner”) AND (“fixed partial
denture”).

DATA EXTRACTION

Two reviewers independently performed the eligibility evalu-
ation. Initially, the title and abstract of publications obtained
from the database search were selected according to these
criteria. The publications obtained by this search strategy
were imported to EndNote (X9; Clarivate Analytics) for dupli-
cate removal and reference management. Duplicates were
eliminated following the authors’ names, titles of studies, and
year of publication. Eligible studies were included in the sec-
ond step, in which the full text of all articles was read. At the
end of the final screening step, only studies fulfilling all the
inclusion and exclusion criteria were included and considered
for data extraction of this review. The electronic search was
complemented by a manual search from the references of the
selected articles that were read in full. Two reviewers (M.A.K.,
E.LO.) screened all articles independently and selected po-
tential studies. Then, the authors reviewed and read the full
texts of selected articles. At the final step, authors determined
the articles to be included together. After the selection of the
studies, the quality and risk of bias for the included studies
were assessed by 2 reviewers (M.A.K., E.LO.), independently.
The Quality Assessment of Diagnostic Accuracy Studies (QUA-
DAS-2) tool was used to assess the risk of bias.

RESULTS

A total of 595 articles were revealed from the initial search
in the online database search (Figure 7). (PubMed: 94 articles,
Web of Science: 104 articles, Scopus: 184 articles, Medline:
162 articles, and Science Direct: 51 articles). After duplicate
elimination, a total of 422 articles remained. Based on the
assessment of the titles and abstracts, 410 articles were ex-
cluded and the full texts of 12 articles were reviewed. Among
these, five studies did not meet inclusion criteria as the accu-
racy evaluation of optical impressions did not include tooth-
supported fixed restorations. Searching through the references
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lists of the included studies resulted in an addition of 4 rel-
evant articles. Consequently, a total of 11 articles were includ-
ed in this systematic review.?613.16:21-2329-32

Manufacturer details and abbreviations for the evaluated
digital scanner systems of included studies were given in Table
1. The studies included in this systematic review were summa-
rized in Table 2. All studies had in vitro design except the study
by Morsy et al32 in which both in vivo and in vitro experiments
were conducted. However, only in vitro results of this study
were included in this systematic review because the accuracy
evaluation of in vivo part did not meet the inclusion criteria.
All included articles were assessed with a low risk of bias (Ta-
ble 3). The in vivo part of the study by Morsy et al.>2 showed a
high risk of bias but only in vitro results were included in this
systematic review. Therefore, this study was also evaluated as
low risk of bias. Considering accuracy comparisons, 5 studies
compared OIs of direct scanning by 10S,%'3222331 2 studies com-
pared Ols obtained by LS vs direct scanning obtained by 10S,5%°
1 study compared LS vs LS,** 1 study compared conventional
impression vs IOS, and 2 studies compared conventional im-
pression vs LS vs 10S."62' All studies included different types of
prepared teeth to receive prosthetic restorations (extracoronal
and/or intracoronal) as the scanned object. Scanned surfaces
were typodont teeth made of plastic,'>% steel,’® acrylic,6%"2331
polyurethane,? and polyetheretherketone (PEEK).° One study
used a coordinate measuring machine with a touch probe,*®
while the others used a high-precision industrial, research,
or laboratory scanner for reference scanning. All studies em-
ployed reverse engineering software to superimpose and align
the reference data with the STL data of optical impressions for
the trueness evaluation or to superimpose STL data of optical
impressions within the same group to measure precision. The
included studies were divided into 3 groups according to the
outcome variables: OI of single restoration preparation, OI of
preparations for fixed partial denture (FPD), and OI of full-arch
preparations.

OUTCOME

Ol of Single Restoration Preparation

Eight studies included the accuracy evaluation of OIs of sin-

gle prosthetic restorations based on different parameters (Ta-
ble 2).61621-23.293032

Ashraf et al.® compared the accuracy of three IOSs based on
6° and 12° divergent and convergent angles for inlay and full-
crown preparations, respectively. They indicated that T3 (true-
ness 35.70 +14.12; precision 44.7 +32) and i500 (trueness 44.7
+32; precision 45.3 £32) showed similar trueness and precision
values, but both had better results than CO (trueness57.83
+22.14; precision 72.0 £51). Preparation variables had signifi-
cant effects on both trueness and precision. OI accuracy for
crown preparations (trueness 32.30 £11.23; precision 16.3 5)
was better than inlay preparations (trueness 59.61 +16.42; pre-
cision 91.7 +21). Considering opposing wall angles, trueness

Copyright ©2023 by Dennis Barber Ltd. All rights reserved.
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Figure 1: Flowchart of the literature search according to PRISMA guidelines.

increased as the convergence or divergence between opposing and indirect (casts were scanned with KAV) optical impres-
walls increased for both inlay and crown preparations. How- sions for single crown preparations. Considering different
ever, precision did not change according to this parameter. OIs, the highest trueness and precision values were obtained
for direct OI with TR (trueness 19.1 +2.0; precision 11.9 £2.3).
The trueness of conventional OI (26.2 +6.6) was lower than
indirect OI (23.5 £5.5). However, the opposite was found for
precision (conventional OI 18.0 +3.9; indirect OI 20.7 +4.4).
When the occlusal convergence angle was below 8°, direct

Carbajal Mejia et al.?' evaluated the effect of different oc-
clusal convergence angles (-8, -6, -4, 0, 4, 8, 12, 16, and 22
degrees) on the accuracy of direct (master dies were scanned
with TR), conventional (polyvinyl siloxane impressions of mas-
ter dies were poured and scanned with a reference scanner),

secereseeseeseseeeeeeeeseeseee Accuracy of The Optical Impressions for Preparations...
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Tahle 1. Details of scanners tested in the included articles and abbreviations used in this systematic review.

Manufacturer

Scanner type Scanner name Abbreviation
Cerec Bluecam CB
Cerec Omnicam co
Cerec Primescan CcP
Cadent iTero CiT
Lava C.0.S Cos
Lava True Definition TD
TRIOS TR
TRIOS 2nd Generation T2
TRIOS 3 T3
Int | Medit i500 i500
(:o';ma E4D E4D
PlanScan PS
Carestream 3500 CS3500
Carestream 3600 CS3600
iTero Element 2 iT2
ITero 1st Genaration iT1
Zfx intrascan ZFX
Planmeca Emerald PE
Virtuo Vivo W
i700 i700
Fastscan FS
KaVo Arctica Scan KAV
iSeries iS
Renishaw Incise RI
D640 D640
Extraoral Activity 101 AC
(EO) ZENO Scan S100 ZS
Imetric IScan D101 M
Lava Scan ST ST
Identica Blue 1B
Ceramill map 400 C400

OI was the most accurate technique. Also, direct OI showed
the best precision irrespective of occlusal convergence angle.
Moreover, direct OI showed a homogenous deviation pattern
compared to other OI types. Conventional and indirect OIs
showed inaccuracies when the occlusal convergence angles
were below 0°. However, they indicated that occlusal conver-
gence of the prepared abutment teeth did not affect the ac-
curacy of impressions.

The study by Ender and Mehl'® compared the accuracy of
4 conventional impressions (POE, VSES, VSE, and ALG) of a
model with two full crowns and one inlay preparation which
were poured and scanned with a reference scanner, 4 direct
OIs (CB, CO, CiT, and COS), and an indirect OI (VSES impression

EJPRD
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Sirona, Bensheim, Germany
Sirona, Bensheim, Germany
Sirona, Bensheim, Germany
Cadent Inc., Carstadt, New Jersey, USA
3M ESPE, Seefeld, Germany
3M ESPE, Seefeld, Germany
3Shape, Copenhagen, Germany
3Shape, Copenhagen, Germany
3Shape, Copenhagen, Germany
Medit Corp, Seoul, Korea
D4D Technologies, Texas, USA
Planmeca, Richardson, Texas, USA
Carestream Dental, Atlanta, Georgia, USA
Carestream Dental, Atlanta, Georgia, USA
Align Technology Inc, Arizona, USA
Align Technology Inc, Arizona, USA
Zfx GmbH, Dachau, Germany
Planmeca Oy, Helsinki, Finland
Dental Wings Inc, Montréal, Canada
Medit Corp, Seoul, Korea
I0S Technologies, California, USA
Smart Optics, Bochum, Germany
Dental Wings Inc., Montréal, Canada
Renishaw, Gloucestershire, UK
3Shape, Copenhagen, Germany
Smart Optics, Bochum, Germany
Wieland, Pforzheim, Germany
Imetric 4D, Courgenay, Switzerland
3M ESPE, Seefeld, Germany
Dental Wings Inc, Montréal, Canada
Amann Girrbach AG, Koblach, Austria

was scanned by iS). Although the reference model contained
preparations for single restorations, the accuracy was evaluat-
ed based on a full-arch scan. They did not find any significant
difference between direct and indirect OIs considering true-
ness. The precision evaluation revealed that CB (19.5 +3.9)
was more precise than COS (63.0 +32.8).

A study conducted by Gonzales de Villaumbrosio®* com-
pared 6 different extraoral scanners (ZS, ST, AC, D640, IM,
and RI) based on a single crown preparation. ZS showed bet-
ter trueness and precision than D640, ST, and Im. Also, AC
showed better trueness and Incise showed better precision
than D640, ST, and IM.

Copyright ©2023 by Dennis Barber Ltd. All rights reserved.



ARTICLE IN PRESS

European Journal of Prosthodontics and Restorative Dentistry Mar 08 2023

Je31JaN0 PanuIuod Z d|qeL

€+ 8¢C L¥SVS A
8% €7 SEF EY dd
9L¥ G szezisze oy  suonesadad
_ o ad4 uun-y
¢ Tlf L& aL N|F+. Lot 3d oy oeinddy Y1991 paJedaud Kpmis 0J31A ur uy
Sl¥09 vZ+ 509 [4X 3y usamyaq sueds :saunuap |enJed
6% 67 ¥ S'/S €l , sueds uoneladaid gd4 Hun-  snojnjuspa pue ‘siejow . paxi} Iun-y pue
_.%M_u _\,_oo..ow pue ydJe 219|dwod uo paseq 1s1} pue saujued oL €€ _mwmwv___m_. yaJe-219|dwod
GT'67F S°'8S G/'GF 65 M J SOLV -Sy paJedwod a1am SSQOI XIS paJtedaid Ajjesaieiq P a Suiuueds Joy
C'6ET 689 67'9% 96 4 guiuieyuod japow sJauueds |eJoeiul
— . ueds-ya.e yuopodAy Aiejjixew v XIS 0 Aoeinddy
919|dwod
S'87* 778 6L¥9°G0L id 10} £oRINIDY
SL'8EF S0L S'LLF 09 [4l
STSF Ly ST'8% 8y €L
(Y1-8utuueds [eudip 12241Q)
SOI Ue yam yiaal d1jhioe jo suoissaidwi
Sujuueds 1a41p yum patedwod  (sea489p 7z pue ‘9| |ewuap Suluielqo
o o l- Sa pue (Ay)-8uiuueds [ensip ‘71’870 ‘- '9- '8-) 10 spoyiaw
ECF6LL 0cx L6l 122J1pul) Jauueds Aiojesoqe| e s3jSue 23ua8IaAU0D /102 “Ie [ensip pue
. D AV - Suluueds X|uoin|os %01
¥'vF 20T §'GFGET 181D 199IDU el UEIXDY - pue (sy-8uluueds uoissaidwi  [SN|II0 |10 JUSIBYIP o€ 19 elfay |eUOIIUSAUOD
657 0'8L 9'9% 797 €3121p 1adipul 5d d -5y |eUOIIUSAUODD) JaUURDS yam pasedaid siosipul *S |efeque) Jo foeandoe ayy
SY - SI 9DUDJ3J3.J B BIA PAUURIS dI9M |esuad Alejjixew uo A13swoad
suoissaidwi suexojis [Auinkjod uisaJ d1jAioe auIN 410031 Juswinge
dajs-z |euonuanuod urinod 10 9dUaN|JUT
Aq pauielqo sised winsdAo
LZF L'16 7’91+ 1965 Aejur sJauueds
SFEIL  ETLLFOETE umo.) I |eJ0B.IUI JUBIBHIP
9|8ue 9o3uadianuod pue . J0 Adesndoe ayy
euoJis Ajdsyuaq pue .9 yym suonesedaid 0z0z “|e
. o "oy SOTUT - 9d/y uonesedaid uo paseq Kewur oue umossting uum OV la 5 1eIUs uo Answoad
Ls¥0¢L  vlCex e8LS 02 -aX 03U -51 paJedwod a4am SSOT 93y L _ .mw o o%:;w%u. RIBIUSY | 100y pue adfy
CEFESY  LFLLF LETY 00! 1993 JUOPOCA INod uonesedaid
TEF LYY TUPLFOLGE €1 40 @2UaNjuI
(as¥ uea)  (as¥ ueain) sdnoup judwainseaw EERITEETEY 1eap
(wrl) (wrl) uosiiedwod Areandoy 123[qo pauueds N s Iy
|eauawiiadxy ERIIESETEN] J0 JaquinN Joyny
uoisidaid ssauaniy

"S91pn}s papnjaul Jo Alewwns yoriq e pue pajiodal sanjea uoisiaald pue ssauanlj “z ajqel

« ++ .+« Accuracy of The Optical Impressions for Preparations...

Copyright ©2023 by Dennis Barber Ltd. All rights reserved.

ejprd.org - Published by Dennis Barber Journals.



European Journal of Prosthodontics and Restorative Dentistry Mar 08 2023

ARTICLE IN PRESS

Je3lIaN0 panuuod Z a|qel

SJouueds }sed

71576 LY LL S - gl swia1sAs @€ NODIV pa.edwod a1am ($) uoneJoIsal a3elenod pue [esoenu
oz A : ‘GINVOSHewS  -3uluueds ised pue sg-|apow -|In} Joy paJedaud :
w N|+ m 2 F.ow m.mr Sa-dl Jauueds 3y} Jo Sujuueds 12341p) 4100} JejoW ISy seal i . mn _moww w:_Mhucwc_%So
Lexsel riFgel 5a-00 SupiaauiSua Jauueds Aiojesogej e pue  Auejjixew (ajejhneyiow *9 €19 991 cqu :_ M“m.mc_m
9CF LTl 8LFSLL Sa-4ao (Suluueds 12241p) SSOI oML 1Ayraw) Ajod v \ inge-sjsul

10 Aoeindoy

Apnis 0431n ul
aAnesedwod

y1o91 patedaud v ¢sisayisoad

L'SLF89  TY'8LF8GL 5d ay) usamaq ueds At —
8EF L6 S8°LF G9°GC 004! “d1od upaN ueds uoneuadaid gd3 snojmusps ue pue xSV Lzoz “1e ueds-110ys 1o}

.. ot : IPSIN -SY JILUEID) [[€ JUN-¢ € UO Paseq AE|OW puc o] pue 42 18 NdsaueAll |sJauueds |eJoeiiul
rryal 9'8F ece 0> -00SL paJedwod aJam sSOT 4no4 Jejowaud puz 43| £01 Sl it Mo
€1¥99 L6'EF QTET dD paJtedaid yum [spow 43

Ul 9dUJa4Ip
uedugis
CEIEINES|

JuopodAy Jejngipuew v

salgojouydal

905 9 1S Suluueds
) . ASojon8N JUBIBHIP YHM
¢0s cey I uo8exaH 4S £°0L°L Jejowsid pasedaud e jo g | SI9UUEIS [RIUBP
99 L¢y 019d 9dUBWI0IRd adeys ayj ui alp Ja1sew 910¢ "Ied |eJ0BIIXD XIS
) ) paJedwod aJaM S5 XIS ol VA% eIsolquine|(iA
g'cy L'/ o |eqo|o aulydew auolaylaylalayiafjod 1o (uoispaud
ap za|ezuon
v /ce W Sulnseaw 9|8uIs v pue ssauan.y)
9)eulploo) Aoeandoe sy
S'LE 6¢ Sz 0 uostiedwod
0J3IA UT
gzFeel 6'CF0EL (JeuoBuaAUG)) SY-3SA ‘paJsedwod a1am sdnous
cgLT/99  0CzFzog BUORUSAUOD) S¥-30d 950U ‘|9pOW 22U3J3)9] WO}

OErFOes  GrEF oL HOBUANIO) SEOTY G A F suonesedaid Aejuy 40 spoyyaw
= o R (leuonusAu0d) 550 4N04 "sULIBNNGS Joe 3UO0 pue UMOoJ [N} [ensip pue
geFavl Elrsil SY-S3SA 3uIBeLW BUODIY Sy 3UI YlIm pauueds puesy yum uoissaiduw SL0Z US| |BUORUSAUOD
L6 _w 9'6e s H|_.mm SI-SI-S3SA -piepUBIS w:uou_ e yum Apoaip vwccmum.m@s \cm___me mp.cm:ma e E ce pueJapui | jo foeanaoe ay)
8'7EF0'E9 V'CcF 6y a SHUBUL -5y S3ISA Upm uoissaudul] 'Sy woJj pajedliqges |opow JO uonen|ead
9177 bog P Sad-s0od € U}IM Pauueds 949M S)sed 97U213J91 (9915 o1IA-U]

sg-1n pue painod aJam (SISA pue
7 LLF GGE EVLFELE sa- o) ‘ISA ‘30d 'O1Y) suoissaidwii
6'SFS6L 78T V67 -8 [eUOIIUSAUOD 934y ]

“'panuljuoy “gajqer

Copyright ©2023 by Dennis Barber Ltd. All rights reserved.

ejprd.org - Published by Dennis Barber Journals.



ARTICLE IN PRESS

European Journal of Prosthodontics and Restorative Dentistry Mar 08 2023

*sanjeA uoisidaid 03 S13J9Y xxSIN|LA SS2UINIY 03 SI3JY «

L9+ T°06
L'6L*6°LE
V'LEF 166
LI S0r
ELLF VoY

vyl ¥ €CEL
LZL*0¢€L
§CC*8'aC
V'¥vZF 0°9¢
Z'60LF 9°L6

8'G¢E
6Ly
0ol

LTF [V79S
SYL+6°09

‘Suluueds uoissasdwi ;ST ‘Suuueds 3sed :s) ‘a4njuap |ennied paxiy :add

1

ISA 9|qeuueds :

S3SA ‘43y3auexo|isjAuIA :ISA

13y39£jod :304d ‘a1euiS|e :D7y ‘Jauueds 33uaIaaJ :SY ‘Jauueds L1ojeloqe] ;57 ‘Suiuueds 12341p :SQ ‘4dUueIS [eioRIIUl [SOT# ‘T d]qeL 33s asea|d ‘suoireirligqe Jauueds 104

9'9¢* L'EL
EvLF 0°8E
89+ 6'CEE
0vL* 96y
9'€lF 0’61

[ACERAY
99¢E* L6V
8'8EFL'CS
8'6CF 'SV
L08FCPLL

[ARE A2
L6’V * ¥€99
9691l ¥ ££'68

SV'q+ 879
L0"CLl*2L729

X4z
SO
4
a|qnedwod
s3uiM |ewuaq -11D
LS 3jqnedwod
adeyse -11D

X4z
al
L1
S4

ari

SI-dl
SO -4l
SAa-009€SD

$J-00%D
SA-005€SD

HQWDH gg dLvWI
‘1010 uesst
‘Jauueds |ersnpul

U1 S8UIp |eIURQ
!S9119S/ - S

HqWDH ANOD
‘ueas 9duiL
SOLY ‘4auueds
|eando |eliasnpul

001D Yim |spowl
Ja1sew ay3 Jo sa

Y1991 paJtedaid |
yum |apow Asejjixew
aueyiainAjod youe |n4

paJedwod a1am sSQT 4no4

Jejow puodas 1ysi uo
uoneJtedatd umotd-j|ny
e Yy3m [apow yuopodAy
Je|ngipuew e ‘iejow
puodas Aiejjixew Y311 uo
Rined Kejur ue yum pue
‘Jujued pue |ediudd s
uo suoneJtedaid umoud
-|IN} Yyum pue |eaaie|
Y311 INOYIIM [2powl
juopodAy Kiejjixew v

paJedwod aiam
SSOI S yum sa

Jejow puodas 13|
pue ‘siejowa.id puodas
13| pue Y31 ay1 uo
suopesedasd umoud-||ny
pue Jejow puodas ysu
9y1 uo uonesedaid Aejui
Y3m pue Jejow Isiiy
193] 9Y3 IN0Y}M [9pow
juopodAy Asejjixew v

ueds ydJe-219|dwod uo
paseq paJedwod aIam S
pue ST Ag Jauueds Aiojeloge|
e pue [9pow 3y} 40 Sa Aq
SOI ue jo Aoeandde ay

(suoneseda.d agpuiq
Z pue umo.d e) Jejow
puolas Jaddn pue
‘siejowa.d puodas
Jaddn ‘auiued Jaddn
‘lesyuad Jaddn pasedaud
yum uisal anbedo wouy
|]opow Jaisew Alejjixew
paJniejnuew AjRARIPPY

SOI YHm [apow Jaisew ay)
10 5@ Yyum paledwod atam
e1Ep JURYNS3J By} pue ST B
YIIM pauueds sem 1sed ayl
pue painod sem Jayrakjod
aseydouow Suisn anbiuydan
dais-auo e yim uayey
uolissaldwi [eUOIIUBAUOD

n

€e

ol 6¢

Loz “le
19 1|3Z38d

9102 ed

6102
“Ie 33 4o

Lzoz “le
18 Asio|N

sJauueds |ejoeiiul
Suisn sueds yo.e
-||n4 Jo Aoeandoy

w.ioj dulno
uonesedaid pue
2dA) uoneloysal
01 SuipJodde
siskjeue |euoidas
:slauueds
|eJoeaul g Suowe
Ajigipnpoadau
uo siskjeue
aAnesedwo)

Apmis 0317
ug uy :suisaqg
uonesedald
4100] snoliep
UM Uyday [eauaqg
dy3 40} SPOYIN
uoneznidiqg a4yl
10 foeandoy

suonednsanul
Kiolesoqe|
pue |eaulpd e
:uolssaiduwi
1endip snsian
|eUOIIUSAUOD
Kq paiedliqe}
saJnjuap [enJed
pax1} eluod.Iz
J9Kejynw
dlyijouow Jo 14

“'panuljuoy “gajqer

« ++ .+« Accuracy of The Optical Impressions for Preparations...

Copyright ©2023 by Dennis Barber Ltd. All rights reserved.

ejprd.org - Published by Dennis Barber Journals.



ARTICLE IN PRESS

Table 3. Risk of bias evaluation according to Quadas-2 domains.

European Journal of Prosthodontics and Restorative Dentistry Mar 08 2023

Risk of bias
Study
Patient selection Index test Reference standard Flow and timing

Ashraf et al. + + + +
Carbajal Mejia et al. + + + +
Diker and Tak + + + +
Ender and Mehl + + + +
Gonzalez de Villaumbrosia et al. + + + +
Jivanescu et al. + + + +
Lee et al. + + + +
Morsy et al. in vivo/ in vitro ?/+ ?/+ -/+ +/+
Oh et al. + + + +
Park + + + o
Patzelt et al. + + + +

+ Low Risk; - High Risk; ? Unclear Risk

A single abutment was selected in the study by Lee et al.® for
the accuracy evaluation of direct scanning with 2 I0Ss (CB and
CO) and 1 LS (IB), and indirect scanning with LS of stone casts
obtained by pouring PVS impressions of the abutment tooth.
Direct scanning with CO (13.8+1.4) and LS (12.3 +0.1) yielded
similar trueness values which were better than other groups.
However, direct scanning with LS showed the best precision
(6.9 £2.6) among all groups.

The study by Morsy et al.*2 included a clinical trial in addition
to in vitro part. However, the clinical trial evaluated the fit of
zirconia crowns and did not evaluate the accuracy based on
trueness and precision. Therefore, only the in vitro part of this
study was included in this review. This study included a model
with a crown and two 3-unit FPD preparations, but the accu-
racy evaluation was made based on the full-arch scans. The
accuracy comparison of DS of the model with an I0S (CS3500)
and indirect scanning with a LS (C400) of the casts obtained
by pouring monophase polyether impression resulted in no
difference considering both trueness and precision.

A study by Oh et al?° also evaluated the accuracy of 3 digi-
tization methods using a maxillary typodont with a single
crown and a disto-occlusal inlay preparation in addition to a
3-unit FPD. Digitization methods included DS with an intraoral
scanner (CS3600), monophase polyether IS with a LS (IB), and
CS with the same LS. The authors provided both trueness and

EJPRD
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precision results for full-arch evaluation. However, only true-
ness values were given for individual abutments. Considering
full-arch evaluation, the lowest and the highest trueness and
precision values were obtained for DS (trueness 89.73 + 16.96;
precision 104) and IS (trueness 54.4 +3.62; precision 35.8),
respectively. For inlay preparation, direct scanning (97.76
+19.63) resulted in lower trueness than impression (41.08
+2.83) and cast scanning (54.87 + 8.19) which was not statisti-
cally different. Also, DS of crown preparation resulted in bet-
ter trueness with a mean of 70.62 +13.62 than that of inlay
preparation while CS and IS did not generate any difference.
Trueness comparison for the FPD preparation is given in the
next subtitle of the results section.

Park? compared direct scanning of a mesiodistal inlay, a sin-
gle crown, and 3-unit FPD preparations with five intraoral scan-
ners (iT1, E4D, ZFX, T2, and FS) and provided accuracy results
for overall evaluation and trueness results for individual abut-
ment preparations. The overall comparison revealed that the
lowest trueness was obtained for E4D (114.2 +80.7) followed
by ZFX (89.4 + 64.2). The trueness values of other groups were
comparable to each other. T2 (13.0 £ 12.1) showed the highest
and ZFX (132.3 = 124.4) showed the lowest precision values.
In comparison to the restoration type, T2 and ZFX showed
better trueness for crown preparation compared to inlay. The
trueness of other groups did not differ regarding the type of
single-unit preparation.

Copyright ©2023 by Dennis Barber Ltd. All rights reserved.
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Ol of Preparations for Fixed Partial Denture Preparation

Five studies compared the accuracy of OIs based on FPD
restorations.’>?22°3132 Al studies provided accuracy results
of scanners for both complete-arch and individual prepara-
tions, but Morsy et al.3* evaluated the accuracy only for the
complete-arch scan. The results for overall evaluations for 3
studies???>32 were given in the previous section. Therefore,
only the results related to FPD preparations are provided in
this part for these studies.

Diker and Tak' investigated the accuracy of 6 10Ss (T3, iT2,
CO, PE, CP, and VV) for two pieces of 4-unit FPD based on bi-
laterally prepared maxillary canine and first molar teeth. Ac-
curacy results for both complete-arch and individual prepared
teeth were provided. Considering complete-arch trueness
evaluation; T3, iT2, CP, and VV were not statistically different
from each other, but they showed higher trueness than CO
and PE which were also statistically comparable. Differences
between the precision comparison of complete-arch scans
were not significant irrespective of IOS type. Evaluation for
prepared teeth showed that CP had the highest trueness (43
+3.5). However, precision values for prepared teeth were not
statistically different for CP, CO, VV, and T3.

Jivanescu et al®' reported accuracy levels of 4 I0Ss in in-
creased order as PS, CO, i700, and CP for a full-arch maxil-
lary scan containing a 3-unit FPD preparation. Oh et al.®
compared DS and CS with CS3600, and IS with IB of a 3-unit
maxillary FPD preparation. Considering individual abutment-
based evaluation of the FPD preparations, they reported that
DS showed lower accuracy than CS and IS groups for which
comparable results were obtained for the anterior abutment.
However, for the distal abutment, the highest and the lowest
trueness values were obtained for IS (37.24 + 6.68) and DS
(138.76 £ 38.19), respectively. When comparing anterior and
distal abutments, CS and IS did not differ in terms of trueness.
However, DS of the distal abutment resulted in lower trueness
than the anterior abutment tooth.

Park?? compared the accuracy based on both a single (crown
and inlay) and a 3-unit FPD preparation and the results for sin-
gle-unit preparations were provided in the previous section.
Unlike other studies, they compared single-unit and FPD prep-
arations. The results showed that significantly lower trueness
was observed for the FPD than for single-unit preparations in
E4D, FS, and iT1. On the other hand, T2 and ZFX provided high-
er trueness for single crown preparation compared to inlay
and FPD preparations for which the results were comparable.

Ol of Full-Arch Preparations

Among the studies included in this systematic review, only
Patzelt et al.? evaluated accuracy based on full-arch prepara-
tion. Fourteen prepared teeth of an upper-jaw study model
were scanned directly with 4 10Ss (CB, COS, CiT, and ZFX).
The authors reported the highest and the lowest accuracy for
COS (38.0 +14.3) and CB (332.9 +64.8), respectively. Also, the
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authors compared the trueness of CiT scanner by STLs com-
patible with 3shape and Dentalwings; however, they did not
report any significant differences between them.

DISCUSSION

In this systematic review, the included articles evaluated
the accuracy of optical impressions for fixed prosthodontics
based on distinct variables and conducted different method-
ologies. Performing a meta-analysis was not rational due to
the heterogeneity of the outcomes. However, it was evident
that regardless of the scanner type used, all forms of optical
impressions resulted in varying amounts of inaccuracy.

Reports of OI for prepared teeth to receive fixed prostho-
dontics were systematically searched up to March 2022 from
the Pubmed, Web of Science, Scopus, and Medline databases.
The search parameters and design for each database were
clearly explained based on certain inclusion and exclusion
criteria. A total of 11 articles were included in this systematic
review. The reason for the relatively low number of articles
was that inclusion criteria required OI of prepared abutment
teeth to receive fixed prosthodontics and that both trueness
and precision parameters were sought for accuracy evalua-
tion according to ISO.™

Optical impressions can be performed by the direct scanning
of the intraoral structures or indirect scanning of the impression
or cast. Optical impression by direct scanning is performed using
intraoral scanners. On the other hand, indirect scanning can be
performed by scanning the conventional impression or scanning
the cast after pouring the impression using a laboratory scan-
ner. Therefore, indirect digitization possesses limitations related
to impression materials because the duplicating stage was re-
ported to cause inaccuracies in contrast to direct scanning of the
area.®® A fully digital restorative workflow with direct scanning
has become popular in the dental field due to its advantages as
avoiding multistep data acquisition and the production process
of conventional methods.2"?*33 However, errors related to direct
intraoral scanning were also reported when the camera tilt angle
exceeded the axial wall angle of convergence of the prepared
tooth.?'34 Such errors are less likely to occur with indirect data
capturing because scanning the tooth from different directions
is possible.”’ Among the 5 studies that compared direct vs in-
direct scanning, 2 studies®?' reported better accuracy for direct
scanning and 2 studies'®*2 did not find any difference between
them, while 2 studies®® found indirect scanning more accurate
than direct scanning. The difference between results may have
derived from the difference in scanned objects. The studies that
reported better accuracy for direct scanning evaluated single die
preparations while the other studies included full-arch scanning
of models containing single crown preparations in combination
with inlay or FPD preparations. Scanning single-die preparation
without adjacent teeth may have eliminated the limitations of
scanners.'>? However, scanning the prepared tooth away from
the intraoral soft tissues and adjacent teeth is not possible in-
traorally. Also, the accuracy of direct full-arch scanning is limited
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with IOS due to the lack of fixed references and overlapping
problems of the subsequent images.?'=2% Stitching problems
that occur locally may derive cumulative errors for IOSs when the
scanned area exceeds a 4-unit span or quadrant.’>2"32 Such error
is not reported for laboratory scanners which take multiple large
field images of the full-arch and automatically process them into
a single 3D image.* On the other hand, contradictory results for
different IOS were reported by Lee et al.® who stated that direct
scanning of a single abutment with the CEREC Bluecam resulted
in lower trueness than indirect scanning, but higher trueness val-
ues were obtained for direct scanning with the CEREC Omnicam.
It can be assumed that each system has individual advantages
and disadvantages that differ according to variables related to
scanning technology or parameters. Therefore, considering di-
rect scanning with IOS or indirect scanning with laboratory scan-
ners superior to one another would be misleading.

All authors except Gonzalez de Villaumbrosio®* compared
the accuracy of I0Ss with each other, with conventional im-
pressions, and/or with LSs. I0Ss possess several advantages
over conventional impressions including less discomfort for
the patient, time efficiency, simplified clinical and laboratory
procedures, and better communication with both patient and
dental technician.*® On the other hand, superior accuracy over
conventional PVS or polyether impressions is not among the
advantages of 10S.%32 However, Carbajal Mejia et al.*' stated
lower accuracy for PVS impression compared to OI with Tri-
os. Although there is no consensus regarding the superiority
of accuracy for conventional impressions or OIs, material-
dependent dimensional changes and error-prone multistep
manufacturing processes in the conventional methods would
lead to a misfit of the definitive restoration.?’

Included studies subjected to several different I0Ss and re-
ported various accuracy values even for the same IOS. In gen-
eral, the most recent 10Ss in terms of software and release
date resulted in better accuracy than older versions;26132231
however, making a definite deduction would be misleading.
Therefore, the superiority of a particular system regarding
current IOSs is debatable and no recommendations can be
made according to the present systematic review.

There is no consensus regarding a clinically acceptable range
for the accuracy of I0Ss but previous studies considered up to
the 200 uym threshold as acceptable.?3”38 Most of the included
studies reported trueness and precision levels below this value,
except the study by Patzelt et al? The authors specified a true-
ness value of 332.9 +64.8 pm for CEREC Bluecam. They assumed
that this difference may have derived from the scanning tech-
nologies and data processing algorithms as CEREC Bluecam is
based on confocal microscopy and triangulation technique with
blue light-emitting diodes and requires reflective powder coat-
ing on the scanned area.® However, Ender and Mehl'® and Lee
et al.® reported considerably higher accuracy for the same scan-
ner. The main difference between these studies was the scanned
objects as the later studies evaluated the accuracy based on sin-
gle preparations but Patzelt et al2 scanned a full-arch maxillary
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model with 14 prepared teeth. As mentioned earlier, accuracy
decreases with the increased scanned area which was attributed
to matching or stitching errors that increases with the lengthen-
ing of the scan.3'*%% In light of this information, scanning tech-
nology and the length of the scanned span are important param-
eters in comparison of IOSs accuracy.

The scanning technology affects the accuracy of not only in-
traoral scanners but also laboratory scanners. Gonzalez de Vil-
laumbrosia et al.*® reported higher accuracy for laser scanners
compared to contact scanners and structured light scanners
at the axial surfaces. However, they specified that this was not
valid for all aspects of the scanned surface and that the over-
all reliability was not related to the scanning technology. Also,
Carbajal Mejia et al.*' stated that the lower accuracy values for
the laboratory scanner used may have derived from the scan-
ner type which was white-light for this study. Nevertheless, the
same confusion regarding the best accuracy is also regnant for
extraoral scanners as well as intraoral scanners.

According to the outcomes of this systematic review, prepa-
ration parameters of abutment teeth influence OI accuracy.
Ashraf et al.?® indicated that the occlusal convergence angle
of the preparation is an important factor for accuracy. Gener-
ally, undercuts or negative angles of the opposite walls may
exceed the camera tilt angle and restrict an accurate impres-
sion in areas under the undercuts.*'*? Although Carbajal Mejia
et al?' reported otherwise, they found inaccuracy for indirect
impressions below 8 degrees of occlusal convergence angles.
Nevertheless, undercuts should be avoided during prepara-
tion and a tapered preparation should be performed to en-
able an accurate digital impression.

Another factor that influences OI accuracy for I0S regarding
preparations is the type of restoration to be received. Ashraf
et al.2 reported better accuracy and Oh et al.?® and Park??
reported better trueness for single crown preparations than
for inlay preparations. Crown and inlay preparations differ
in terms of preparation guidelines, design, and preparation
walls. Crowns are extracoronal restorations, whereas inlays
are intracoronal restorations which means that they possess
inner cavity walls.** Beveling or rounding axio-pulpal angles
and internal line angles that do not exist with crown prepara-
tions are of importance for inlay preparations considering the
success of OI of such preparations as much as the longevity of
the restoration.* Gonzalez de Villiaumbrosia et al.*° reported
that sharp edges of the preparation lower the scanning ca-
pacity and result in inaccuracies. Therefore, preparations with
complex designs like inlays require extreme caution. Also,
the scan distance or depth recognized by the scanner was re-
ported to differ according to the scanner system used.* Stud-
ies showed that different scanner systems might provide dif-
ferent results for the pulpal floor depths of the inlay cavities
from the actual depths.*#¢ Therefore, the accuracy of single
preparations may vary depending on cavity and preparation
variables and as the complexity of the design increases, the
accuracy decreases due to scan errors.?#

Copyright ©2023 by Dennis Barber Ltd. All rights reserved.
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On the other hand, Park?? found better accuracy for single
crown preparations than for FPD preparations. This can also be
attributed to the complexity of the scanned object as camera
misalignment errors may occur due to conflicting opposing wall
angles with FPD preparations.?*?* Moreover for the OI of FPD
preparations with I0S, Oh et al.?® indicated that distal abutment
resulted in lower trueness. Patzelt et al.? reported horizontal
deviations in the distal parts of the arch which is in line with
the findings of Ender and Mehl.'® They attributed these findings
to errors in software stitching processes and matching errors
of the captured data during processing in the posterior areas.
These results regarding different preparation parameters such
as occlusal convergence angle, preparation type, and abutment
location point out that the functional and technical challenges
may differentiate the accuracy of OI with 10S.¢

The included studies and the present systematic review have
certain limitations. Digital optical impression devices update
hardware and software frequently. However, not all the stud-
ies included in this systematic review evaluated the latest soft-
ware. Also, ensuring the homogeneity of the scanned object,
scanning device, and the software of the OI device used was
not applicable. The data provided in this systematic review
should be interpreted in clinical practice with caution since
all the articles included had in vitro setups with low evidence.
Further studies evaluating clinical adaptation based on digital
findings should be warranted.

CONCLUSIONS

Although Ol is attractive considering the advantages of digi-
tal systems, stating superior accuracy for a type of Ol over con-
ventional impressions or recommending a particular system
for either direct or indirect scanning is not feasible. However,
all types of optical impressions resulted in varying amounts
of inaccuracy. Clinicians should choose a suitable scanning
device and technique in accordance with the specific clinical
requirements of the case. The accuracy of the OI depends on
multiple variables such as the scanner type, scanned object,
preparation parameters, the length of the scanned area, and
hardware and software updates. Included articles not only
differed in terms of these variables but also employed distinct
methodologies. Therefore, the outcomes of the included stud-
ies were different from each other, making it hard to dedicate
a most accurate system. The variety in outcomes restricted
drawing strong conclusions. A standardized methodology for
the accuracy assessment should be warranted to better com-
pare future results.
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