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Abstract 
Introduction: Intraoral scanners are used for capturing the direct optical impressions in dentistry. The development of 3D technology and 

the rising trend of increased use of intra-oral scanners in dental office routine lead to the need to assess the accuracy of intraoral digital 

impressions  

Aim: The aim of this review was to assess the accuracy of the different intraoral scanners and the effect of different variables on the 

accuracy outcome. 

Materials and Methods: An electronic search using Pubmed with specific keywords were used to obtain potential references for the 

review. 

Results: Total 21 articles were selected according to the inclusion criteria of which 18 were in vitro studies and 3 were in vivo, 15 articles 

had studied full arch scanning. 

Conclusion: The studies indicated variable outcome of the different intraoral scanner systems. While the accuracy of intraoral scanner 

systems appears to be promising and comparable to conventional methods, they are still vulnerable to inaccuracies. 
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Introduction 
With the advancement in digital dentistry, computer-aided 

design and computer-aided manufacturing (CAD-CAM) 

technology has increased in popularity and provides more 

efficient and predictable treatment outcomes. 

The acquisition of 3-dimensional (3D) images has 

improved conventional prosthetic approaches and has made 

it possible to virtually define treatment planning, to design 

and mill restorations. Different technologies and principles 

are used to create this virtual image, and their application 

differs according to the scanned tissue. With the demand for 

simplification of cumbersome conventional impression 

procedures, the use of intraoral scanners (IOSs) has 

increased. The intraoral digital scanning technique is more 

rapid and convenient, from the perspective of both, the 

dentist and the patient.
1
 

Numerous advantages are offered by digital intraoral 

scanning, such as: real-time visualization, easy repeatability, 

selective capture of the relevant areas, no need to disinfect 

and clean dental impressions and impression trays, no wear 

of the model, rapid communication and availability.
2
 

Different intraoral scanners by the numbers of company are 

increasing that offer user friendly, perceived as pleasant for 

the patient
3,4

 and time efficient.
5,6

 

Dental impressions, either conventional or digital, are 

intended to obtain a copy (imprint) of one or several 

prepared teeth, adjacent and antagonist with the 

interocclusal relationship.
7
 Therefore the accuracy of the 

impression is the key aspect that reflects the definitive 

outcome of the restoration. Beyond the operational and 

clinical differences (speed of use, need of powder, size of 

the tips) and cost (purchase and management) between 

different machines, the most important element to be 

considered should be the quality of the data derived from 

scanning, which is  defined as “Accuracy”.
8 

Accuracy is the 

combination of two elements, both important and 

complementary: "trueness" and “precision”
8
. The term 

“trueness” refers to the ability of a measurement to match 

the actual value of the quantity being measured
8
. Precision 

is defined as the ability of a measurement to be consistently 

repeated: in other words, the ability of the scanner to ensure 

repeatable outcomes, when employed in different 

measurements of the same object.
8
  

Different scanning techniques are being implemented in 

different intraoral scanners, that may yield different 

scanning accuracies. Therefore, the purpose of this review 

was to compare the accuracy of different intraoral scanners 

and the effect of different variables on the accuracy 

outcome. 
 

Study design and methods 

An electronic search of published scientific papers was 

performed using the PubMed database of Medline  

incorporating specific keywords: digital impression, optical 

impression, intraoral scanner and accuracy in various 

combinations to obtain potential references for review. 

Articles were collected according to the inclusion criteria, 

which include studies, in-vitro or in-vivo orin-vivo, 

quantitative results provided, articles in English language, 

excluding the articles other than  in English, literature 

review, article that evaluate the marginal adaptation of the 

fabricated restoration, scanning done for  digital implant 
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impression or implant supported prosthesis  and duplicates 

were discarded. 
 

Results 
A search of MEDLINE (PubMed) identified 507 articles. 

After title and abstract screening, 412 articles were excluded 

for not meeting the inclusion criteria or because the data 

could not be extracted and discarding duplicate references. 

95 articles were followed for full screening; only 21 were 

included in the final analysis. (Table 1) 
 

Discussion 
The purpose of the present review was to determine the 

accuracy of the different intraoral scanners and the effect of 

different variables on the accuracy outcome. There are 

various factors that affect the reproducibility of an intraoral 

scanner, including the scanning technology, data processing 

algorithm, whether or not to use powder and image 

acquisition method. Active triangulation is a traditional 

scanning technology and has been frequently applied, which 

offers the highest trueness if the condition is right.
21

 In 

comparison, the parallel confocal technology does not 

require a certain distance for focusing, and thus images can 

be acquired regardless of whether the scanner tip is attached 

to the teeth when the oral cavity is scanned.
21

 On the other 

hand, the optical coherence tomography has a high 

resolution that can create an image of the micromorphology 

of the abutment by combining the optical interference 

phenomenon and the confocal microscopy technology.
21

 

Park
21

 reported that the type of restoration, the preparation 

out line form, the scanning technology and the application 

of powder have an influence on the accuracy of the intraoral 

scanner. 

Hack
16 

reported the Trios to be most accurate (trueness 

6.9 ± 0.9 µm and precision 4.5 ± 0.9 µm)  when scanned for 

single tooth compared  to the other scanners (True 

definition, ITero, CS3500, Omnicam and Planscan) and 

Omnicam and Planscan to be least accurate. Even a study 

conducted by Guth et al,
24 

showed that Cerec Bluecam and 

Omnicam were least accurate in terms of truness, compared 

to the other scanners (CS3500,  Zfx Intrascan  CEREC AC 

Bluecam, CEREC AC Omnicam, True Definition) with the 

True Definition and CS 3500 to be most accurate when used 

to scan a titanium model for four unit FPD. 

The most critical component in prosthodontics for fixed 

prosthesis is the finish line accuracy when intraoral scanners 

are used. Nedelcu et al
25 

studied the  finish line distinctness 

and finish line accuracy in 7 intraoral scanners (3M, 

CS3500 and CS3600, DWIO, Omnicam, Planscan and 

Trios.) TRIOS displayed the highest level of finish line 

distinctness and together with CS3600, the highest finish 

line accuracy, DWIO and PLAN on the other hand 

displayed a generally low level of finish line distinctness 

and finish line accuracy.
25

 Thus, the author
25 

concluded that 

there are sizeable variations between intraoral scanners with 

both higher and lower finish line distinctness and finish line 

accuracy. High finish line distinctness was more related to 

high localized finish line resolution and non-uniform 

tessellation, than to high overall resolution, Color output 

from some scanners may enhance the identification of the 

finish line due to contrasting colors, but is dependent on the 

underlying technology.
25

 

In vitro scanning done for complete arch by  Kim et al
1
 

using 9 intraoral scanners found  that median average 

trueness values  was better for Trios as compared to  the 

E4D and Zfx IntraScan scanners ,which were found to be  

least accurate for full arch scan. The authors  also observed 

that Fast Scan and True Definition IOSs, which require a 

powder coating before scanning, exhibited significantly 

better trueness than IOSs that did not require powdering.
1
 

Another study on scanning  complete arch model by 

Ender and Mehl
9
 compared  the accuracy of digital scanning 

(Lava COS and CEREC Bluecam) to conventional 

impressions (Impregum) and reported similar trueness 

between the digital and conventional impressions, whereas 

the CEREC Bluecam showed significantly higher precision 

than the conventional and Lava COS. However, Patzeldt et 

al,
10 

in their evaluation of 4 IOSs (CEREC Bluecam, iTero, 

Lava COS, and Zfx Intra Scan), demonstrated that the 

CEREC Bluecam was the least accurate (trueness 

332.9±64.8 μm; precision 99.1±37.4 μm)  and highest 

accuracy was observed with the Lava C.O.S. (trueness 

38.0±14.3 μm; precision 37.9±19.1 μm). Similar findings 

were observed by the same author in  2014 while 

determining  the accuracy of computer-aided design/ 

computer-aided manufacturing–generated dental casts based 

on intraoral scanner data.
12

 

A study by Jeong et al,
17

 based on complete arch model 

digital impressions proves that, the impressions obtained by 

the Omnicam intraoral video scanner were more accurate 

than those obtained by the Bluecam intraoral still image 

scanner.  

Ender and Mehl
13

 analyzed the accuracy  of 4  different 

intraoral scanners and 4 different impression materials. The 

results revealed that CEREC Bluecam was the most 

accurate (trueness 29.4±8.2 μm, and precision 19.5 ±3.9 

μm) followed by iTero (trueness 32.4±7.1 μm, precision 

36.4±21.6 μm), then Omnicam (trueness  37.3±14.3 μm , 

precision 35.5±11.4 μm), followed by Lava COS (trueness 

44.9±22.4 μm, precision  63.0 ±21.6 μm). The authors 

concluded that digital systems with single image stitching 

(iTero and CEREC Bluecam) showed local deviations at the 

terminal end of the arch, whereas the video-based systems 

(CEREC Omnicam and Lava COS) showed compression of 

the dental arch
13 

and also stated that deviations of 100 μm 

and above across the full arch may lead to inaccurate fitting 

of the maxilla and mandible, which can be problematic in 

the case of large rehabilitations.
13

 Even other studies have 

postulated that digital impressions show distortion of the 

distal aspect when used to scan a complete arch.
29,26,14

  

Treesh et al
26

 in his study of complete arch accuracy 

with 4 different intraoral scanners (CEREC Bluecam, CEREC 

Omnicam, TRIOS Color, and Carestream CS3500) found 

that Trios was most accurate among the scanners and 

CS3500 was the least whereas Renne et al
18

 had found that 

CS3500 performs better than the CEREC 
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Table 1: Studies including the accuracy of different intraoral scanner 

Study Study 

design 

Objective 

(parameter measured) 

Model Intraoral Scanner  used 

 

Andreas ender et 

al(2011)9 

In vitro Accuracy Complete arch model Cerec AC Bluecam 

Lava COS 

 

Sebastian B. M. 

Patzelt et al 

(2013)10 

In vitro Accuracy of intraoral 

scanners in full-arch 

scans 

Model with 14 pre- pared abutments iTero, CEREC AC Bluecam, 

Lava C.O.S., and Zfx IntraScan 

Sebastian B.M. 

Patzelt et al 

(2013)11 

In vitro Feasibility 

and accuracy of 

digitizing edentulous 

jaw models  

Edentulous jaw models CEREC AC Bluecam, 

Lava Chairside Oral Scanner 

C.O.S., 

iTero, Zfx IntraScan 

Sebastian B.M. 

Patzelt et al 

(2014)12 

In vitro Accuracy of full-arch  Full-arch polyurethane cast iTero Lava Chairside Oral 

Scanner  

CEREC AC Bluecam  

Andreas Ender et 

al(2015) 13 

In vitro Accuracy  Steel reference model fabricated from 

maxillary impression with two full crown and 

one inlay preparation 

CEREC Bluecam,  CEREC 

Omnicam, Cadent iTero,   Lava 

COS,  

Andreas Ender et 

al (2015)14 

In vivo Precision  Five participants with a complete dentition CEREC Bluecam CEREC 

Omnicam Cadent iTero, 

 Lava COS True Definition 

Scanner 3Shape Trios 3Shape 

Trios Color 

Ting-shu Su et al 

(2015) 15 

In vitro Repeatability of 

intraoral digital 

impression scanning 

with the repeatability of 

extraoral scanning 

Nissin Dental Study Model (upper jaw) with 

prepared abutments designed to form 5 set of 

arrangements arrangement 1: single prepared 

maxillary central incisor; arrangement 2: 

single prepared maxillary first molar; 

arrangement 3: prepared central incisor and 

canine with the lateral incisor absent; 

 arrangement 4: half of upper arch with 7 

prepared teeth; arrangement 5: entire upper 

arch with 14 prepared teeth 

TRIOS intraoral digital scanner 

Gary D. Hack et 

al(2015)16 

In vitro Accuracy  Typodont teeth - first right maxillary molar 

prepared for all- ceramic crown 
iTero True Definition PlanScan 

CS 3500 TRIOS CEREC AC 

Omnicam 

Il-Do Jeong et 

al(2015)17 

In vitro Accuracy of complete-

arch model  

Complete-arch model CEREC Omnicam, 

CEREC Bluecam 

Walter Renne et 

al (2016)18 

In vitro Accuracy(trueness and 

precision) 

Custom complete-arch model scanned for 

posterior sextant and complete arch. 

CEREC omnicam, 

CEREC Bluecam, Planmeca, 

Planscan, Cadent iTero, 

Carestream 3500, 3Shape 

TRIOS 3  

Balint Vecsei et 

al (2016)19 

In vitro accuracy  Partially edentulous PMMA maxillary master 

cast  with four full crown preparations with a 

shoulder finishing line  

iTero ,Trios and CEREC 

Omnicam  

Jong-Eun 

Kim(2016)20 

In vitro Accuracy  Mandibular model containing 4 prepared teeth 

and an edentulous space of 26 mm in length  

CS3500 Cerec Omnicam 

Trios 

Ji-Man Park 

(2016)21 

In vitro Reproducibility among  

intraoral scanners 

phantom  model containing five prepared teeth E4D dentist, Fastscan, iTero, 

Trios and Zfx Intrascan 

F. Kuhr et al 

(2016)22 

In vivo Accuracy of full arch 

impressions in patients 

Four metal spheres fixed with composite using 

a metal application aid to the lower teeth of 50 

test subjects as reference structures 

Sirona CEREC Omnicam , 3 M 

True Definition , Heraeus Cara 

TRIOS  

Ji-won Anh et al 

(2016)23 

In vitro Precision  Maxillary models  of 4 different arch length 

with resin teeth 

iTero and  Trios 

Jan-Frederik 

Güth et al 

(2017)24 

In vitro Accuracy  A titanium model with a premolar and molar 

with a chamfer preparation representing the 

base for a four-unit FDP  

 CS 3500,  

Zfx Intrascan, CEREC AC 

Bluecam, CEREC AC 

Omnicam, True Definition  

Robert Nedelcu 

et al (2018)25 

In vitro Finish line distinctness, 

and finish line accuracy 

Dental model with a crown preparation 

including supra and subgingival finish line 

3M True Definition, 

Care- stream CS3500 CS3600, 

Dentalwings Intraoral 
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Scanner,Omnicam, Planscan 

and Trios 

Joshua C. Treesh 

et al (2018)26 

In vitro Accuracy for complete 

arch 

 Maxillary complete-arch reference cast  CEREC Bluecam, CEREC 

Omnicam, 3Shape TRIOS 

Carestream CS 3500 

Ryan Jin-Young 

Kim et al (2018)1 

In vitro trueness and precision 

of complete- arch  

Bimaxillary complete-arch model with various 

cavity preparations 

CEREC Omnicam  

CS 3500 E4D Dentist iTero 

PlanScan Trios True Definition 

Zfx IntraScan FastScan 

Kyung-Min Lee 

(2018)27 

In vivo Accuracy 32 participates were scan for Maxillary as well 

as mandibular arch 

TRIOS and iTero 

Junaid Malik et 

al (2018)28 

In vitro Accuracy (ie, precision 

and trueness) of full-

arch  

Model of a maxillary arch form Trios, 3Shape, and CEREC 

Omnicam, Sirona 

 

Bluecam, CEREC Omnicam for full arch scan but when the 

same scanner were used to scan the sextants, CS3500 was 

less accurate than the two. Authors gave the conclusion that 

scanners differ with respect to, the speed, trueness, and 

precision of sextant scans, with the Planscan and the 

CEREC Omnicam providing the best combination of speed, 

trueness, and precision and 3Shape TRIOS for the complete 

arch scan.
18

  

Kyung-Min Lee
27

 found  no statistically significant 

difference between the Trios and iTero scanners. Even  Anh  

et al
23

 in their results  showed the same when comparing the 

precision of the Trios and iTero. But the scanning strategies  

shown to affect  the accuracy.
23,30,31

 

In 2018 Malik et al
28

 observed that conventional full-

arch polyvinyl siloxane impressions exhibited higher 

accuracy compared to two direct optical scanners (Trios, 

3Shape, and CEREC Omnicam, Sirona). Similar results 

were found in various in-vivo and in-vitro studies
14,22,29,13

, 

where different scanners were used to scan complete arch 

impressions and compared against the conventional 

technique. So, an optical scanner seems to perform better in 

an in vitro environment, and their accuracy seems to be 

reduced in vivo as patient- specific factors, such as anatomic 

restrictions, movement, saliva, and soft tissue, affect the 

accuracy of scan.
32,14

 

Software version used for scanning can have a 

significant impact on the accuracy of an  intraoral scanner 

has also been  reported.
33 

Nedelcu and Persson
34

 observed 

that even  the type of material being scanned has a 

significant impact on the accuracy of the scanner. 

Su and Sun
15

 reported decline in  precision of intraoral 

digital impression with the  increase in area of scanned  

arch. Precision was clinically acceptable when scanning 

scope was less than half arch, that means the larger and 

more complicated the scan area, the lower the accuracy.
19,15

 

Therefore, it is difficult to compare individual studies 

directly, in order to arrive at a general conclusion regarding 

the accuracy of intraoral scanners. Studies done in an in-

vitro set-up , for the digitization of an edentulous arch using 

intra-oral scanners, proved feasible yet research needs to be 

propagated to recommend using them in-vivo.
20,11

 

Indeed,  studies
35-38

 have demonstrated that fabrication 

of  single unit and short span prostheses using an intraoral 

scanner lead to equal or even improved adaptation of 

prostheses compared to conventional impressions. 

Digital dentistry is gaining increasing popularity and is 

showcasing good potential; however further studies are 

needed to assess and compare the clinical accuracy of digital 

impression technique for complete arch. An amalgamation 

of the digital and conventional approach may provide the 

added benefits in clinical practice, in specific relation to the 

treatment strategies planned for each case.  

 

Conclusion 
Digital intraoral impression systems continue to undergo 

rapid development. The accuracy of intraoral scanner is 

affected by several factors including the scanner technology, 

use of powder material being scanned, software for 

scanning, scanning strategy. Intraoral scanning systems in 

comparison to conventional impressions can be reliably 

used for diagnostic purposes and short-span scanning. 

However, for whole arch scanning, the intraoral scanner is 

susceptible to more deviation. The studies indicated variable 

outcomes for the different intraoral scanner systems. While 

the accuracy of intraoral scanner systems appears to be 

promising and comparable to conventional methods, they 

are still vulnerable to inaccuracies. 
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