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List of Research publications evaluating the iTero™ scanner

• Digital vs. conventional implant prosthetic workflows: a cost/time analysis

• Patient-centered outcomes comparing digital and conventional implant impression procedures

• Time-Efficiency Analysis Comparing Digital and Conventional workflows for Implant Crowns

• Accuracy of full-arch digital impressions: an in vitro and in vivo comparison

• A new method to measure the accuracy of intraoral scanners along the complete dental arch:
A pilot study

• Randomized controlled clinical trial of digital and conventional workflows for the fabrication
of zirconia-ceramic fixed partial dentures.

• Trueness of 12 intraoral scanners in the full-arch implant impression: a comparative in vitro study

• Diagnostic validity of early proximal caries detection using near‑infrared imaging technology
on 3D range data of posterior teeth

• In Vitro Comparison of Three Intraoral Scanners for Implant—Supported Dental Prostheses

• Intraoral scanning reduces procedure time and improves patient comfort in fixed
prosthodontics and implant dentistry: a systematic review

• Reflected near-infrared light versus bite-wing radiography for the detection of proximal caries

• Accuracy of the Intraoral Scanner for Detection of Tooth Wear

• Clinical validation of near-infrared imaging for early  detection of proximal caries in primary molars

• 	�Differences in maxillomandibular relationship recorded at centric relation when using a conventional
method, four intraoral scanners, and a jaw tracking system: A clinical study

• 	�Trueness and precision of complete arch dentate digital models produced by intraoral and desktop
scanners: an ex-vivo study

• 	�Comparison of treatment time for single implant crowns between digital and conventional
workflows for posterior implant restorations: A randomized controlled trial

• 	�Accuracy, Time, and Comfort of Different Intraoral Scanners: An In Vivo Comparison Study

• 	�Full arch accuracy of intraoral scanners with different acquisition technologies: An in vitro study
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List of Research publications evaluating the iTero™ scanner

Below is a list of external articles evaluating the iTero™ scanner, the following pages focus on the 17 articles highlighted below. 

Publication Topic Author Reference Conclusion

1 Digital vs. conventional 
implant prosthetic 
workflows: a cost/time 
analysis.

Efficiency Tim Joda, Urs 
Brägger

Clin. Oral Impl. Res. 
26, 2015, 1430–
1435 doi: 10.1111/
clr.12476

The digital workflow was more efficient than the well-established conventional pathway.

2 Patient-centered outcomes 
comparing digital and 
conventional implant 
impression procedures: a 
randomized crossover trial.

Efficiency Tim Joda, Urs 
Brägger

Clin. Oral Impl. Res., 
00, 2015, 1–5. doi: 
10.1111/clr.12600.

The digital technique emerges as the most preferred one according to patientcentered 
outcomes and was more time-effective compared to conventional impressions.

3 Time-Efficiency Analysis 
Comparing Digital and 
Conventional Workflows 
for Implant Crowns: A 
Prospective Clinical 
Crossover Trial.

Efficiency Tim Joda, Urs 
Brägger

The International 
journal of oral 
& maxillofacial 
implants. 30. 1047-
1053. DOI :10.11607/
jomi.3963.

The digital workflow seems to be more time-efficient than the established conventional 
production pathway for fixed implant-supported crowns. Both clinical chair time and 
laboratory manufacturing steps could be effectively shortened with the digital process.

4 Accuracy of full-arch digital 
impressions: an in vitro and 
in vivo comparison.

Full-arch, 
accuracy

Keul C, et al. Clin Oral Investig. 
2019 May 27.

Within the limitations of this study, the iTero™ scan seems to be a valid alternative to 
conventional impressions for full arches

5 A new method to measure 
the accuracy of intraoral 
scanners along the 
complete dental arch: A 
pilot study.

Full-arch, 
accuracy

Iturrate M,  
et al.

J Adv Prosthodont. 
2019 Dec;11(6): 
331- 340.

iTero Element™ was more accurate than the 3shape Trios 3 scanner and 3M True 
Definition. Importantly, the proposed methodology is considered reliable for analyzing 
accuracy in any dental arch length and valid for assessing both trueness and precision in 
an in vivo study.

6 Randomized controlled 
clinical trial of digital and 
conventional workflows for 
the fabrication of zirconia-
ceramic fixed partial 
dentures. Part III: Marginal 
and internal fit.

Marginal fit Benic GI,  
et al.

J Prosthet Dent. 
2019 Mar;121(3): 
426-431.

In terms of frameworks presented similar or better fit than the conventionally fabricated 
metal frameworks. In the occlusal regions, the conventionally fabricated metal 
frameworks achieved a more favorable fit than the CAD-CAM zirconia frameworks.

7 Trueness of 12 intraoral 
scanners in the full-arch 
implant impression: a 
comparative in vitro study

Full-arch, 
accuracy

Francesco 
Guido et al.

BMC Oral Health. 
2020; 20 (1): 263.

Different levels of trueness were found among the Intraoral scanners evaluated in this 
study. Further studies are needed to confirm these results.

8 Diagnostic validity of early 
proximal caries detection 
using near‑infrared imaging 
technology on 3D range 
data of posterior teeth

NIRI, caries 
diagnostics

Friederike 
Litzenburge, 
et al.

Clin Oral Investig . 
2022 Jan;26(1): 
543-553.

The iTero Element 5D imaging system scanner achieved diagnostic results comparable 
to those of BWR. NIRR with and without the trilateral information can detect initial 
defects in the enamel with higher sensitivity than BWR

9 In Vitro Comparison of 
Three Intraoral Scanners 
for Implant—Supported 
Dental Prostheses

Full-arch, 
accuracy

Costa V, et al. Dent J (Basel). 2022 
Jun 15;10(6):112.

iTero™ intraoral scanner was found to be the most accurate (26.00 µm), followed by the 
Medit scanner (35.90 µm) and Planmeca PlanScan scanner (57.30 µm)

10 Intraoral scanning reduces 
procedure time and 
improves patient comfort 
in fixed prosthodontics 
and implant dentistry: a 
systematic review

Efficiency, 
patient 
comfort

Siqueira R,  
et al.

Clin Oral Investig. 
2021 Dec;25(12): 
6517-6531.

Intraoral scanner is faster than conventional impressions, independent of the size of the 
scanned area

11 Reflected near-infrared 
light versus bite-wing 
radiography for the 
detection of proximal caries: 
A multicenter prospective 
clinical study conducted in 
private practices

NIRI, caries 
diagnostics

Metzger Z,  
et al.

J Dent. 2022 
Jan;116:103861.

NILR had higher sensitivity than BWR in the detection of early enamel lesions and 
comparable sensitivity to BWR in detecting lesions that involved the DEJ

12 Accuracy of the Intraoral 
Scanner for Detection of 
Tooth Wear

Patient 
monitoring

Somsak  
Mitrirattanakul 
et al.

Int Dent J. 2022 
Aug 2:S0020-
6539(22)00116-2.

Findings suggest that an intraoral scanner is a reliable tool for detecting tooth wear in 
a clinical setting. Its high accuracy supports its suitability as a screening instrument for 
tooth wear during routine dental examinations, potentially enhancing the early diagnosis 
and management of dental erosion.
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2019 May 27.
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conventional impressions for full arches

5 A new method to measure 
the accuracy of intraoral 
scanners along the 
complete dental arch: A 
pilot study.

Full-arch, 
accuracy

Iturrate M,  
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J Adv Prosthodont. 
2019 Dec;11(6): 
331- 340.

iTero Element™ was more accurate than the 3shape Trios 3 scanner and 3M True 
Definition. Importantly, the proposed methodology is considered reliable for analyzing 
accuracy in any dental arch length and valid for assessing both trueness and precision in 
an in vivo study.

6 Randomized controlled 
clinical trial of digital and 
conventional workflows for 
the fabrication of zirconia-
ceramic fixed partial 
dentures. Part III: Marginal 
and internal fit.

Marginal fit Benic GI,  
et al.

J Prosthet Dent. 
2019 Mar;121(3): 
426-431.

In terms of frameworks presented similar or better fit than the conventionally fabricated 
metal frameworks. In the occlusal regions, the conventionally fabricated metal 
frameworks achieved a more favorable fit than the CAD-CAM zirconia frameworks.

7 Trueness of 12 intraoral 
scanners in the full-arch 
implant impression: a 
comparative in vitro study

Full-arch, 
accuracy

Francesco 
Guido et al.

BMC Oral Health. 
2020; 20 (1): 263.

Different levels of trueness were found among the Intraoral scanners evaluated in this 
study. Further studies are needed to confirm these results.

8 Diagnostic validity of early 
proximal caries detection 
using near‑infrared imaging 
technology on 3D range 
data of posterior teeth

NIRI, caries 
diagnostics

Friederike 
Litzenburge, 
et al.

Clin Oral Investig . 
2022 Jan;26(1): 
543-553.

The iTero Element 5D imaging system scanner achieved diagnostic results comparable 
to those of BWR. NIRR with and without the trilateral information can detect initial 
defects in the enamel with higher sensitivity than BWR

9 In Vitro Comparison of 
Three Intraoral Scanners 
for Implant—Supported 
Dental Prostheses

Full-arch, 
accuracy

Costa V, et al. Dent J (Basel). 2022 
Jun 15;10(6):112.

iTero™ intraoral scanner was found to be the most accurate (26.00 µm), followed by the 
Medit scanner (35.90 µm) and Planmeca PlanScan scanner (57.30 µm)

10 Intraoral scanning reduces 
procedure time and 
improves patient comfort 
in fixed prosthodontics 
and implant dentistry: a 
systematic review

Efficiency, 
patient 
comfort

Siqueira R,  
et al.

Clin Oral Investig. 
2021 Dec;25(12): 
6517-6531.

Intraoral scanner is faster than conventional impressions, independent of the size of the 
scanned area

11 Reflected near-infrared 
light versus bite-wing 
radiography for the 
detection of proximal caries: 
A multicenter prospective 
clinical study conducted in 
private practices

NIRI, caries 
diagnostics

Metzger Z,  
et al.

J Dent. 2022 
Jan;116:103861.

NILR had higher sensitivity than BWR in the detection of early enamel lesions and 
comparable sensitivity to BWR in detecting lesions that involved the DEJ

12 Accuracy of the Intraoral 
Scanner for Detection of 
Tooth Wear

Patient 
monitoring

Somsak  
Mitrirattanakul 
et al.

Int Dent J. 2022 
Aug 2:S0020-
6539(22)00116-2.

Findings suggest that an intraoral scanner is a reliable tool for detecting tooth wear in 
a clinical setting. Its high accuracy supports its suitability as a screening instrument for 
tooth wear during routine dental examinations, potentially enhancing the early diagnosis 
and management of dental erosion.

13 Clinical validation of  
near-infrared imaging for 
early detection of proximal 
caries in primary molars

Caries 
detection in 
primary teeth

Jingwei Cao 
et al.

Journal of Dentistry. 
2023 Aug.

iTero™ NIRI technology (Near Infra-Red Imaging)  offers a non-invasive, radiation-free, 
and potentially more sensitive alternative to visual inspection for early caries detection.

14 Differences in 
maxillomandibular 
relationship recorded at 
centric relation when using 
a conventional method, four 
intraoral scanners, and a jaw 
tracking system: A clinical 
study

Jaw relation 
registration

Marta Revilla-
León et al.

The Journal of 
Prosthetic 
Dentistry. 2023 Jan.

The study concluded that the iTero scanner exhibited superior accuracy in bite 
registration for CR, with a deviation of only 0.14 ±0.09 mm, showcasing comparable 
trueness to the Modjaw and TRIOS4, and significantly outperforming the i700 and 
Primescan. This underlines iTero's potential as a reliable tool for precise CR recording 
in dental practices, offering an effective alternative to traditional methods and other 
intraoral scanners.

15 Trueness and precision 
of complete arch dentate 
digital models produced 
by intraoral and desktop 
scanners: an ex-vivo study.

Palatal 
scanning 
accuracy.

Janos Vag  
et al.

Journal of Dentistry 
2023 Oct 
26:139:104764.

All investigated IOSs, and indirect digitization could be used for complete arch scanning 
in mandibular and maxillary dentate arches. However, direct optical digitization is 
preferable for the palate due to the low accuracy of physical impression techniques for 
soft tissues.

16 Comparison of treatment 
time for single implant 
crowns between digital and 
conventional workflows 
for posterior implant 
restorations: A randomized 
controlled trial.

Efficiency Worapat 
Jarangkul  
et al.

Int J Oral Maxillofac 
Implants 2023 Nov 
1;0(0).

According to this study, digital workflows for single-implant crowns using iTero intraoral 
scanners are 39.2% faster than conventional workflows

17 Accuracy, Time, and 
Comfort of Different 
Intraoral Scanners: An 
In Vivo Comparison Study

Patient 
experience, 
Accuracy

Lione, R.,  
De Razza, F. C.,  
Gazzani, F.,  
Lugli, L., 
Cozza, P.,  
& Pavoni, C. 
(2024). 

Applied Sciences, 
14(17), 7731. Within the context of this study, the iTero Lumina scanner demonstrated superior patient 

comfort, reduced scanning time, and enhanced visualization compared to iTero Element 
5D, while demonstrating clinically acceptable accuracy in capturing full-arch digital 
impressions.

18 Full arch accuracy of 
intraoral scanners with 
different acquisition 
technologies: An in vitro 
study 

Full arch 
accuracy

Ingo Baresel, 
Jen Baresel

German Society 
for Digital Oral 
Impression 
(DGDOA), Germany

The iTero Lumina™ scanner, equipped with Multi Direct Capture (MDC) technology,  
demonstrated superior full-arch accuracy to other 4 intraoral scanners included in this 
study, demonstrating elevated trueness and precision under ADA/ANSI Standard 132 
guidelines for long-distance accuracy. Its innovative MDC technology decouples the 
field of view (FOV) from the wand size, allowing a larger FOV without increasing wand 
dimensions. A wider field of view of the iTero Lumina™ reduces the number of images 
needed to capture extended distances, thereby minimizing the stitching process and 
subsequent misalignment errors.

19 The effect different 
substrates have on the 
trueness and precision 
of eight different intraoral 
scanners.

Substrates Dutton E,  
et al. 

J Esthet Restor 
Dent. 2019 Sep 30.

Substrate type affects the trueness and precision of a scan. Active Triangulation 
scanners are more sensitive to substrate differences than their parallel confocal 
counterparts. Some scanners scan certain substrates better, but in general the new 
generation of scanners outperforms the old, across all substrates.

20 Comparison of two 
intraoral scanners based 
on three-dimensional 
surface analysis.

Accuracy Lee KM, et al. Prog Orthod. 2018 
Feb 12;19(1):6.

Although there were some deviations in visible inspection, there was no statistical 
significance between the two intraoral scanners.

21 Intraoral digital scans-Part 
1: Influence of ambient 
scanning light conditions 
on the accuracy (trueness 
and precision) of different 
intraoral scanners.

Light 
conditions

Revilla-León 
M, et al.

J Prosthet Dent. 
2019 Dec 18.

Ambient lighting conditions influenced the accuracy (trueness and precision) of the 
Intraoral scanners tested. The recommended lighting conditions depend on the Intraoral 
scanner selected. For iTero Element™ scanner, chair and room light conditions resulted 
in better accuracy mean values. For CEREC Omnicam scanner, zero light resulted in 
better accuracy, and for 3shape Trios 3 scanner, room light resulted in better accuracy.

22 Trueness of digital intraoral 
impression in reproducing 
multiple implant position.

Implants, 
trueness

Kim RJ, et al. PLoS One. 
2019 Nov 
19;14(11):e0222070.

Within the limitations of the present study, all the Intraoral scanners exhibited increasing 
deviation with an increasing distance from the start position of scanning. The direction 
and magnitude of deviation differed among jaw regions and Intraoral scanners. All the 
Intraoral scanners were similar for unilateral arch scanning, while i500 scanner, and 
Trios 3 scanner outperformed the other Intraoral scanners for partially edentulous 
scanning. The accuracy of Intraoral scanners requires additional improvement.
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Ambient lighting conditions influenced the accuracy (trueness and precision) of the 
Intraoral scanners tested. The recommended lighting conditions depend on the Intraoral 
scanner selected. For iTero Element™ scanner, chair and room light conditions resulted 
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22 Trueness of digital intraoral 
impression in reproducing 
multiple implant position.
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Kim RJ, et al. PLoS One. 
2019 Nov 
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Within the limitations of the present study, all the Intraoral scanners exhibited increasing 
deviation with an increasing distance from the start position of scanning. The direction 
and magnitude of deviation differed among jaw regions and Intraoral scanners. All the 
Intraoral scanners were similar for unilateral arch scanning, while i500 scanner, and 
Trios 3 scanner outperformed the other Intraoral scanners for partially edentulous 
scanning. The accuracy of Intraoral scanners requires additional improvement.

Publication Topic Author Reference Conclusion Publication Topic Author Reference Conclusion

23 Trueness and precision 
of 5 intraoral scanners 
for scanning edentulous 
and dentate complete-
arch mandibular casts: A 
comparative in vitro study.

Edentulous, 
precision, 
trueness

Braian M,  
et al.

J Prosthet Dent. 
2019 Aug;122(2): 
129- 136.e2.

Significant differences were found in scanning edentulous and dentate scans for short 
arches and complete arches. Trueness for complete-arch scans were <193 μm for 
edentulous scans and <150 μm for dentate scans. Trueness for short-arch scans were 
<103 μm for edentulous scans and <56 μm for dentate scans.

24 Trueness and Precision 
of Three-Dimensional 
Digitizing Intraoral Devices.

Edentulous, 
precision, 
trueness

Mutwalli H, et 
al

Int J Dent. 2018 Nov 
26;2018:5189761.

Within the limitations of this in vitro study, the results suggest significant differences between 
Intraoral scanner devices when scanning fully edentulous arch with multiple implants. ,e main 
observation was the low precision for all intraoral scanners, suggesting that the intraoral 
scanning devices are unreliable for scanning fully edentulous arch with multiple implants. 
Two scanners, however, 3shape Trios 3 mono scanner and iTero Element scanner showed 
fair trueness.

25 Local accuracy of actual 
intraoral scanning 
systems for single-tooth 
preparations in vitro.

Single tooth, 
accuracy

Zimmermann 
M,  
et al.

J Am Dent Assoc. 
2020 Feb;151(2): 
127- 135.

Intraoral scanner systems use different behaviors in terms of local accuracy. Preparation 
MA shows higher deviations than preparation SU for all test groups. Trueness and 
precision values for both MA and SU of single-unit preparations are equal or close to CO 
impressions for several Intraoral scanner systems

26 Investigation of the 
Accuracy of Four Intraoral 
Scanners in Mandibular 
Full-Arch Digital Implant 
Impression: A Comparative 
In Vitro Study

Full-arch, 
accuracy

Adolfo Di 
Fiore, et al.

Int J Environ Res 
Public Health. 2022 
Apr 13;19(8):4719

1. The 3D position analysis showed that all Intraoral scanners, including the iTero 
Element scanner, were able to execute digital impressions for a full arch, according to 
the clinically desirable value of the position errors reported in the literature (150 µm).  
2. The 3D distance analysis showed that the CEREC Primescan scanner, iTero™ scanner 
presented regression close and almost parallel to the x-axis, which meant that the 
systematic errors sources were negligible.

27 Effect of pulp chamber 
depth on the accuracy of 
endocrown scans made 
with different intraoral 
scanners versus an 
industrial scanner: An in 
vitro study

Endocrowns, 
accuracy

Bahar 
Gurpinar,  
et al.

J Prosthet 
Dent. 2022 
Mar;127(3):430-437.

1. iTero™ scanner is the second most accurate scanner for endocrowns after the CEREC 
Primescan scanner.  
2. Increasing the pulpal chamber extension depth of endocrown preparations can 
reduce scanning accuracy.

28 Comparison of the 
acquisition accuracy and 
digitizing noise of 9 intraoral 
and extraoral scanners: An 
objective method

Digitizing 
noise

Lucien 
Dupagne,  
et al.

J Prosthet 
Dent. 2021 Mar 
26:S0022-
3913(21)00076-7.

Primescan scanner, iTero Element™ 5D imaging system, CS3600 scanner, and 3Shape 
Trios 3 scanner showed minimally significant differences. Conclusions Significant 
differences were found among the intraoral scanners for small-scale scans. The 
objective methodology of using a gauge block provided coherent and repeatable 
results.

29 Comparison of 
conventional, 
photogrammetry, and 
intraoral scanning accuracy 
of complete-arch implant 
impression procedures 
evaluated with a coordinate 
measuring machine

Full-arch, 
accuracy

Marta Revilla-
León, et al.

J Prosthet 
Dent. 2021 
Mar;125(3):470-478.

The 2 Intraoral scanners - iTero Element scanner and 3Shape Trios 3 scanner, tested 
provided a reliable digitizing procedure as no significant differences were found 
between the linear discrepancy compared with the conventional impression technique.

30 Accuracy of Digital 
Impressions Obtained 
Using Six Intraoral 
Scanners in Partially 
Edentulous Dentitions 
and the Effect of Scanning 
Sequence

Partially 
edentulous, 
accuracy

Burcu Diker, 
et al.

Int J Prosthodont. 
2021 Jan-
Feb;34(1):101-108.

The accuracy of partially edentulous models was affected by the scanning sequence 
when using Virtuo vivo scanner, Emerald scanner, Primescan scanner, and iTero™ 
scanner. the effect of scanning sequence on the accuracy of digital impressions. Based 
on the results of the present study, scanner and scanning sequence have an important 
role in the success of digital scanning. it could be considered that deviation on the digital 
impression may affect the accuracy of RPD frameworks and, consequently, the success 
of the dentures in the digital workflow.

31 Effect of scan pattern on 
complete-arch scans with 
4 digital scanners

Full-arch, 
accuracy

Jason 
Latham, et al.

J Prosthet Dent. 
2020 Jan;123(1):85-
95.

1. Scan pattern affected the trueness, precision, and speed of digital scanners, and 
differences were found when different scanners were compared by using the same 
scan pattern.   
2. The iTero Element™ scanner, Planmeca PlanScan scanner, and 3Shape Trios 3 
scanner were close to equivalent regarding trueness and precision.

32 Full-arch accuracy of five 
intraoral scanners: In vivo 
analysis of trueness and 
precision

Full-arch, 
accuracy

Miran Kwon, 
et al.

Korean J Orthod. 
2021 Mar 
25;51(2):95-104.

Regarding trueness, Omnicam scanner showed greater dimensional errors followed by 
i500 scanner, CS3600 scanner, iTero™ scanner, and 3Shape Trios 3 scanner. CS3600 
scanner showed greater errors followed by Omnicam scanner, i500 scanner, iTero™ 
scanner, and 3Shape Trios 3 scanner in the linear distance from the canine to the 
molar in the same quadrant. Thus, the dimensional accuracy of intraoral scan data may 
differ significantly according to the type of scanner, with the amount of error in terms of 
trueness being clinically significant.
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Article summary of: 
“�Digital vs. conventional implant prosthetic workflows:  

a cost/time analysis”

Objectives: 

Prospective cohort trial to perform a cost/time analysis for implant-supported 
single-unit reconstructions in the digital workflow compared  
to the conventional pathway.

•	 20 patients 

•	 Rehabilitation with 2 x 20 implant crowns 

•	 Crossover study design 

•	� Test: customized titanium abutments plus CAD/CAM-zirconia-
suprastructures 

•	� Control: standardized titanium abutments plus PFM-crowns

•	� Starting with prosthetic treatment, analysis was estimated for clinical and 
laboratory work steps including measure of costs in Swiss Francs (CHF), 
productivity rates and cost minimization for first-line therapy. 

•	� Statistical calculations with Wilcoxon signed-rank test

Materials and methods: 
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Abstract

Objectives: The aim of this prospective cohort trial was to perform a cost/time analysis for

implant-supported single-unit reconstructions in the digital workflow compared to the

conventional pathway.

Materials and Methods: A total of 20 patients were included for rehabilitation with 2 9 20

implant crowns in a crossover study design and treated consecutively each with customized

titanium abutments plus CAD/CAM-zirconia-suprastructures (test: digital) and with standardized

titanium abutments plus PFM-crowns (control conventional). Starting with prosthetic treatment,

analysis was estimated for clinical and laboratory work steps including measure of costs in Swiss

Francs (CHF), productivity rates and cost minimization for first-line therapy. Statistical calculations

were performed with Wilcoxon signed-rank test.

Results: Both protocols worked successfully for all test and control reconstructions. Direct

treatment costs were significantly lower for the digital workflow 1815.35 CHF compared to the

conventional pathway 2119.65 CHF [P = 0.0004]. For subprocess evaluation, total laboratory costs

were calculated as 941.95 CHF for the test group and 1245.65 CHF for the control group,

respectively [P = 0.003]. The clinical dental productivity rate amounted to 29.64 CHF / min (digital)

and 24.37 CHF / min (conventional) [P = 0.002]. Overall, cost minimization analysis exhibited an

18% cost reduction within the digital process.

Conclusion: The digital workflow was more efficient than the established conventional pathway

for implant-supported crowns in this investigation.

Introduction

As the introduction of dental implants, the

evidence for the validity of this treatment

concept has been increased (Branemark et al.

1977; Albrektsson et al. 1986). Surgical and

prosthetic protocols improved over time,

resulting in predictable treatment outcomes

with well-documented high long-term sur-

vival rates of the implants (Buser et al. 2012;

Degidi et al. 2012) as well as the prosthetic

suprastructures (Jung et al. 2012; Pjetursson

et al. 2012).

The implementation of digital processing

can be regarded as the technological key

development for the next generation of

implant treatment protocols, including 3D

cone beam computed tomography (CBCT),

planning software, intraoral scanning (IOS),

and computer-assisted-design and computer-

assisted-manufacturing (CAD/CAM) (Ham-

merle et al. 2009). In general, it is assumed

that computer-aided technologies (CAx) open

the opportunity to streamline workflows in

implant rehabilitation concepts (Patel 2010;

Schoenbaum 2012). Moreover, the digitiza-

tion trend has been presented to potentially

reduce treatment costs (Fasbinder 2010; van

Noort 2012).

However, studies evaluating cost analyses

and economic parameters are still rare in the

dental literature. Important as challenging at

the same time, the development of eco-

nomic analyses integrating diverse treatment

protocols constitutes a complex mission

(Eaddy et al. 2012). Differences between ser-

vice delivery systems, such as a university

environment or a private practice setting,

and the variability of treatment approaches

combined with patient-based factors have to

be taken into account. Moreover, interna-

tional properties with dissimilar health care

systems, purchasing power, cultural, genera-

tional, and gender differences markedly
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Article summary of: 
“�Digital vs. conventional implant prosthetic workflows:  

a cost/time analysis”

Both protocols worked successfully for all test and control reconstructions. 

Results:	
Overall, cost minimization analysis exhibited an 18% cost reduction within the 
digital process.

Digital Workflow
Conventional 

Workflow
Statistic

Direct  
treatment  
costs

1815.35 CHF 2119.65 CHF Significant  
[P = 0.0004]

Total  
laboratory  
costs

941.95 CHF 1245.65 CHF Significant  
[P = 0.0003]

The clinical  
dental  
productivity rate

29.64 CHF / min 24.37 CHF / min [P = 0.0002]

Conclusion:	

The digital workflow was more efficient than the well-established  
conventional pathway.
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Abstract

Objectives: The aim of this prospective cohort trial was to perform a cost/time analysis for

implant-supported single-unit reconstructions in the digital workflow compared to the

conventional pathway.

Materials and Methods: A total of 20 patients were included for rehabilitation with 2 9 20

implant crowns in a crossover study design and treated consecutively each with customized

titanium abutments plus CAD/CAM-zirconia-suprastructures (test: digital) and with standardized

titanium abutments plus PFM-crowns (control conventional). Starting with prosthetic treatment,

analysis was estimated for clinical and laboratory work steps including measure of costs in Swiss

Francs (CHF), productivity rates and cost minimization for first-line therapy. Statistical calculations

were performed with Wilcoxon signed-rank test.

Results: Both protocols worked successfully for all test and control reconstructions. Direct

treatment costs were significantly lower for the digital workflow 1815.35 CHF compared to the

conventional pathway 2119.65 CHF [P = 0.0004]. For subprocess evaluation, total laboratory costs

were calculated as 941.95 CHF for the test group and 1245.65 CHF for the control group,

respectively [P = 0.003]. The clinical dental productivity rate amounted to 29.64 CHF / min (digital)

and 24.37 CHF / min (conventional) [P = 0.002]. Overall, cost minimization analysis exhibited an

18% cost reduction within the digital process.

Conclusion: The digital workflow was more efficient than the established conventional pathway

for implant-supported crowns in this investigation.

Introduction

As the introduction of dental implants, the

evidence for the validity of this treatment

concept has been increased (Branemark et al.

1977; Albrektsson et al. 1986). Surgical and

prosthetic protocols improved over time,

resulting in predictable treatment outcomes

with well-documented high long-term sur-

vival rates of the implants (Buser et al. 2012;

Degidi et al. 2012) as well as the prosthetic

suprastructures (Jung et al. 2012; Pjetursson

et al. 2012).

The implementation of digital processing

can be regarded as the technological key

development for the next generation of

implant treatment protocols, including 3D

cone beam computed tomography (CBCT),

planning software, intraoral scanning (IOS),

and computer-assisted-design and computer-

assisted-manufacturing (CAD/CAM) (Ham-

merle et al. 2009). In general, it is assumed

that computer-aided technologies (CAx) open

the opportunity to streamline workflows in

implant rehabilitation concepts (Patel 2010;

Schoenbaum 2012). Moreover, the digitiza-

tion trend has been presented to potentially

reduce treatment costs (Fasbinder 2010; van

Noort 2012).

However, studies evaluating cost analyses

and economic parameters are still rare in the

dental literature. Important as challenging at

the same time, the development of eco-

nomic analyses integrating diverse treatment

protocols constitutes a complex mission

(Eaddy et al. 2012). Differences between ser-

vice delivery systems, such as a university

environment or a private practice setting,

and the variability of treatment approaches

combined with patient-based factors have to

be taken into account. Moreover, interna-

tional properties with dissimilar health care

systems, purchasing power, cultural, genera-

tional, and gender differences markedly
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Article summary of: 
“�Patient-centered outcomes comparing digital and conventional  

implant impression procedures: a randomized crossover trial”

Objectives: 

The aim of this randomized controlled trial was to compare patient-centered 
outcomes during digital and conventional implant impressions.

Intraoral scanning (IOS) [test] as well as classical polyether impressions 
[control] were both performed on

•	 20 patients 

•	� single-tooth replacement with  
implant-supported crowns

•	 Crossover study design 

•	� Test: Patients’ perception and satisfaction  
on the level of convenience-related factors  
were assessed with visual analogue scale  
(VAS) questionnaires. 

In addition, clinical work time was separately recorded for test and control 
procedures. 

•	� Statistical analyses with Wilcoxon signed-rank tests and corrected for 
multiple testing by the method of Holm.

Materials and methods: 

Results:	
On VAS (visual analogue scale) ranging from 0 to 100, patients scored a mean 
convenience level of 78.6 (SD ± 14.0) in favor of Intraoral scanner compared 
to conventional impressions with 53.6(SD ± 15.4)  [P = 0.0001]. All included 
patients would prefer the digital workflow if in the future they could choose 
between the two techniques. Secondary, Intraoral scanner was significantly 
faster with 14.8 min (SD ± 2.2) compared to the conventional approach with 
17.9 min  (SD ± 1.1) [P = 0.0001].
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Abstract

Objectives: The aim of this randomized controlled trial was to compare patient-centered outcomes

during digital and conventional implant impressions.

Material and methods: In a crossover study design, intraoral scanning (IOS) [test] as well as

classical polyether impressions [control] were both performed on 20 patients for single-tooth

replacement with implant-supported crowns. The sequential distribution of either starting with the

test or the control procedure was randomly selected. Patients’ perception and satisfaction on the

level of convenience-related factors were assessed with visual analogue scale (VAS) questionnaires.

In addition, clinical work time was separately recorded for test and control procedures. Statistical

analyses were performed with Wilcoxon signed-rank tests and corrected for multiple testing by the

method of Holm.

Results: On VAS ranging from 0 to 100, patients scored a mean convenience level of 78.6

(SD � 14.0) in favor of IOS compared to conventional impressions with 53.6 (SD � 15.4)

[P = 0.0001]. All included patients would prefer the digital workflow if in the future they could

choose between the two techniques. Secondary, IOS was significantly faster with 14.8 min

(SD � 2.2) compared to the conventional approach with 17.9 min (SD � 1.1) [P = 0.0001].

Conclusion: Based on the findings of this investigation, both impression protocols worked

successfully for all study participants capturing the 3D implant positions. However, the digital

technique emerges as the most preferred one according to patient-centered outcomes and was

more time-effective compared to conventional impressions.

Healthcare-related validation should be asso-

ciated with objective criteria to assess treat-

ment efficiency. The various stakeholders

representing patients, the healthcare provid-

ers, the industry or third-party players con-

centrate on different endpoints (Anderson

1998).

Treatment outcomes in implant therapy

can be distinguished into four subgroups: (i)

longevity and survival, (ii) physiological

impact, (iii) psychological effect, (iv) eco-

nomic factors (Guckes et al. 1996). This clas-

sification includes categories of primary

relevance to patients but also outcomes of

their indirect concern, though maybe of

greater interest to the clinician. Therefore,

the clinicians’ as well as the patients’

appraisals should be taken into account for

efficiency assessment of implant treatment

(Grogono et al. 1989).

However, studies are limited to dental

implant survival and clinical/radiographically

surrogate parameters (den Hartog et al. 2008).

In contrast, patient-centered outcomes of

implant treatment protocols have been unat-

tended for years and are only gradually inte-

grated into clinical trials (Pommer et al.

2011). Scientific information on patient satis-

faction levels as well as the investigation of

psychological and social effects following

implant therapy is still rare in the current lit-

erature (Abduo & Lyons 2013). Most studies

reported on edentulous patients with

implant-supported removable prostheses
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Article summary of: 

“�Patient-centered outcomes comparing digital and conventional  
implant impression procedures: a randomized crossover trial”

Conclusion:	

The digital technique emerges as the most preferred one according to patient-
centered outcomes and was more time-effective compared to conventional 
impressions. Within the limitations of this clinical crossover study, the following 
conclusions can be summarized:

•	 The digital workflow was significantly accepted as the most  
preferred and time effective implant impression procedure compared to 
the conventional technique with regard to the patients’ perception and 
satisfaction.

•	 With regard to treatment comfort, the digital impression protocol with Intraoral 
scanners was more  patient-friendly than the conventional approach when it 
was performed by an experienced team of dentist/dental assistance.

• 	Both workflows worked clinically successful restoring  single-tooth gaps with  
implant-supported crowns.

Questions on patient satisfaction with digital and conventional impression 
procedures and mean scores of the results.

VAS (visual analogue scale): unsatisfactory 0 – 100 excellent

12 Questions (2 x 6) Digital Impression Conventional impression

What is your opinion on the 
treatment time required for 
the impression procedure?

Mean 79.2; SD ± 12.1 median 
83.0; range 50–95

Mean 57.6; SD ± 15.6 
median 59.5; range 17–95

How convenient was  
the impression  
procedure for you?

Mean 78.6; SD ± 14.0median 
84.0; range 35–90

Mean 53.6; SD ± 15.4 
median 53.5; range 15–85

Was there a bad oral taste 
present and/or after the 
impression procedure?

Mean 10.9; SD ± 9.5 
median 6.5; range 0–36

Mean 71.3; SD ± 15.7 
median 77.5; range 25–87

Was there a bad oral taste 
present and/or after the 
impression procedure?

Mean 10.9; SD ± 9.5 
median 6.5; range 0–36

Mean 71.3; SD ± 15.7 
median 77.5; range 25–87

Did you experience a nausea 
sensation during impression 
procedure?

Mean 12.2; SD ± 11.4 
median 7.0; range 0–51

Mean 68.7; SD ± 18.0 
median 74.0; range 10–93

Did you experience 
pain during impression 
procedure?

Mean 13.9; SD ± 10.3median 
13.0; range 0–36

Mean 44.6; SD ± 20.7  
median 45.0; range 5–77
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Abstract

Objectives: The aim of this randomized controlled trial was to compare patient-centered outcomes

during digital and conventional implant impressions.

Material and methods: In a crossover study design, intraoral scanning (IOS) [test] as well as

classical polyether impressions [control] were both performed on 20 patients for single-tooth

replacement with implant-supported crowns. The sequential distribution of either starting with the

test or the control procedure was randomly selected. Patients’ perception and satisfaction on the

level of convenience-related factors were assessed with visual analogue scale (VAS) questionnaires.

In addition, clinical work time was separately recorded for test and control procedures. Statistical

analyses were performed with Wilcoxon signed-rank tests and corrected for multiple testing by the

method of Holm.

Results: On VAS ranging from 0 to 100, patients scored a mean convenience level of 78.6

(SD � 14.0) in favor of IOS compared to conventional impressions with 53.6 (SD � 15.4)

[P = 0.0001]. All included patients would prefer the digital workflow if in the future they could

choose between the two techniques. Secondary, IOS was significantly faster with 14.8 min

(SD � 2.2) compared to the conventional approach with 17.9 min (SD � 1.1) [P = 0.0001].

Conclusion: Based on the findings of this investigation, both impression protocols worked

successfully for all study participants capturing the 3D implant positions. However, the digital

technique emerges as the most preferred one according to patient-centered outcomes and was

more time-effective compared to conventional impressions.

Healthcare-related validation should be asso-

ciated with objective criteria to assess treat-

ment efficiency. The various stakeholders

representing patients, the healthcare provid-

ers, the industry or third-party players con-

centrate on different endpoints (Anderson

1998).

Treatment outcomes in implant therapy

can be distinguished into four subgroups: (i)

longevity and survival, (ii) physiological

impact, (iii) psychological effect, (iv) eco-

nomic factors (Guckes et al. 1996). This clas-

sification includes categories of primary

relevance to patients but also outcomes of

their indirect concern, though maybe of

greater interest to the clinician. Therefore,

the clinicians’ as well as the patients’

appraisals should be taken into account for

efficiency assessment of implant treatment

(Grogono et al. 1989).

However, studies are limited to dental

implant survival and clinical/radiographically

surrogate parameters (den Hartog et al. 2008).

In contrast, patient-centered outcomes of

implant treatment protocols have been unat-

tended for years and are only gradually inte-

grated into clinical trials (Pommer et al.

2011). Scientific information on patient satis-

faction levels as well as the investigation of

psychological and social effects following

implant therapy is still rare in the current lit-

erature (Abduo & Lyons 2013). Most studies

reported on edentulous patients with

implant-supported removable prostheses

Date:
Accepted 4 March 2015

To cite this article:
Joda T, Br€agger U. Patient-centered outcomes comparing
digital and conventional implant impression procedures: a
randomized crossover trial.
Clin. Oral Impl. Res., 00, 2015, 1–5.
doi: 10.1111/clr.12600

© 2015 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd 1

Article:

Authors:  
Tim Joda, Urs Brägger

Reference:  
Clin. Oral Impl. Res., 00, 
2015, 1–5. doi: 10.1111/
clr.12600

This text is lifted  
from the article.
To purchase and read 
the full article please 
click here

https://pubmed.ncbi.nlm.nih.gov/25864771/


Research publications    |    Learn more at  iTero.com

Article summary of: 
“�Time-Efficiency Analysis Comparing Digital and Conventional 

Workflows for Implant Crowns: A Prospective Clinical Crossover Trial”

Objectives: 

To compare time-efficiency in the production of implant crowns using a digital 
workflow versus the conventional pathway.

•	 20 patients 

•	 single-tooth replacements in posterior sites 

•	 Crossover study design 

•	 Test: Each patient received 

-	� for those in the test group, using digital workflow: a customized titanium 
abutment plus a computer-aided design/computer-assisted manufacture 
(CAD/CAM) zirconia suprastructure 

-	� for those in the control group, using a conventional pathway: 
a standardized titanium abutment plus a porcelain- fused- to- 
metal crown 

•	 The start of the implant prosthetic treatment was established as  
the baseline. 

•	 Time-efficiency analysis was defined as the primary outcome, and was 
measured for every single clinical and laboratory work step in minutes. 

•	 Statistical calculations with Wilcoxon rank sum test

Materials and methods: 
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Article summary of: 
“�Time-Efficiency Analysis Comparing Digital and Conventional 

Workflows for Implant Crowns: A Prospective Clinical Crossover Trial”

Results:	
All crowns could be provided within two clinical appointments, independent of  
the manufacturing process. 

The mean total production time, as the sum of clinical plus laboratory work 
steps, was significantly different. 

The mean ± standard deviation (SD) time was 185.4 ± 17.9 minutes for the 
digital workflow process and 223.0 ± 26.2 minutes for the conventional 
pathway (P = .0001). 

Therefore, digital processing for overall treatment was 16% faster.

Conclusion:	

This investigation shows that the digital workflow seems to be more 
time-efficient than the established conventional production pathway for 
fixed implant-supported crowns. Both clinical chair time and laboratory 
manufacturing steps could be effectively shortened with the digital process 
of intraoral scanning plus CAD/CAM technology.

Detailed analysis for the clinical treatment revealed a significantly reduced mean 
± SD chair time of 27.3 ± 3.4 minutes for the test group compared with 33.2 ± 4.9 
minutes for the control group (P = .0001). Similar results were found for the mean 
laboratory work time, with a significant decrease of 158.1 ± 17.2 minutes for the test 
group vs 189.8 ± 25.3 minutes for the control group (P = .0001).
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Article summary of: 
“�Accuracy of full-arch digital impressions:  
an in vitro and in vivo comparison.”

Objectives: 

Comparison of full-arch digital impressions to conventional impressions in vitro 
and in vivo.

Reference structure: A straight metal bar fixed between the second upper molars 
in the mouth of a voluntary patient and a corresponding polymer model. 

The following digitalization methods were applied: 

• �	 The maxilla was digitized in vivo 12 times with the iTero Element™ scanner 
(P-SCAN); 

• �	 The maxilla was captured in vivo 12 times by  conventional impression and the 
impression was digitized by a desktop scanner (P-IMP); 

• �	 The impressions were poured and the 12 referring gypsum master-casts were 
scanned with the same desktop scanner (P-CAST)

• �	 The polymer model was digitized in vitro 12 times with the iTero Element 
scanner (M-SCAN); 

• �	 The polymer model was captured in vitro 2 times by conventional impression 
and the impression was digitized by a desktop scanner (M-IMP); 

• �	 The impressions were poured and the 12 referring gypsum master-casts were 
scanned with the same desktop scanner (M-CAST). 

Datasets were exported and metrically analyzed (Geomagic Control X) to 
determine three dimensional length aberration and angular distortion versus 
the reference structure Mann-Whitney U test was implemented to detect 
differences (p < 0.05).

Materials and methods: 
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Abstract
Objectives Comparison of full-arch digital impressions to conventional impressions in vitro and in vivo.
Materials and methods A straight metal bar was fixed between the second upper molars as a reference structure in the mouth of a
voluntary patient and a corresponding polymer model. The following digitalization methods were applied: (1) the maxilla was
digitized in vivo 12 times with the iTero Element (P-SCAN); (2) the maxilla was captured in vivo 12 times by conventional
impression and the impression was digitized by a desktop scanner (P-IMP); (3) the impressions were poured and the 12 referring
gypsum master-casts were scanned with the same desktop scanner (P-CAST); (4) the polymer model was digitized in vitro 12
times with the iTero Element (M-SCAN); (5) the polymer model was captured in vitro 12 times by conventional impression and
the impression was digitized by a desktop scanner (M-IMP); (6) the impressions were poured and the 12 referring gypsum
master-casts were scanned with the same desktop scanner (M-CAST). Datasets were exported and metrically analyzed
(Geomagic Control X) to determine three-dimensional length aberration and angular distortion versus the reference structure.
Mann–Whitney U test was implemented to detect differences (p < 0.05).
Results For multiple accuracy parameters, P-SCAN and M-SCAN showed similar or superior results compared to the other
digitalization methods. The following length deviations were found: M-SCAN (− 55 to 80 μm), M-IMP (110 to 329 μm), M-
CAST (88 to 178 μm), P-SCAN (− 67 to 76 μm), P-IMP (125–320 μm), and P-CAST (92–285 μm).
Conclusions Within the limitations of this study, the iTero-scan seems to be a valid alternative to conventional impressions for full
arches.
Clinical relevance Intraoral scanners are more and more used in daily routine; however, little is known about their accuracy when
it comes to full-arch scans. Under optimum conditions, the direct digitalization using the iTero Element intraoral scanning device
results in the same and for single parameters (arch width and arch distortion) even in higher accuracy than the indirect digita-
lization of the impression or the gypsum cast using a desktop scanner.
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Introduction

Intraoral scanning supplements more and more the well-
established conventional impressions using elastomers and
the subsequent indirect digitalization of the impressions itself
or the resulting casts. Therefore it can be meanwhile

considered as a common entry to dental computer-aided
design/computer-aided manufacturing (CAD/CAM) process-
es [1]. Virtual models are the basis for all steps in the digital
workflow that enables a wide range of innovative diagnosis
and rehabilitation options for a patient-centered treatment
[2–4].

The available intraoral digitalization systems are
working on optical measuring principles [5, 6] to digi-
tize the intraoral structures directly in the patient’s
mouth [7, 8]. This avoids different working steps, like
the selection of the proper impression tray, application
of the adequate impression technique, disinfection,
transport, and fabrication of dental gypsum casts.
Besides the understandable enthusiasm for intraoral
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Results:	
For multiple accuracy parameters, P-SCAN (iTero scan) and M-SCAN (iTero™ 
scan of polymer model) showed similar or superior results compared to the 
other digitalization methods. 

Conclusion:	

Within the limitations of this study, the iTero™ scan seems to be a valid 
alternative to conventional impressions for full arches

Article summary of: 
“�Accuracy of full-arch digital impressions:  
an in vitro and in vivo comparison.”

CLINICAL RELEVANCE: 

Intraoral scanners are more and more used in daily routine; 
however, little is known about their accuracy when it comes 
to full-arch scans. Under optimum conditions, the direct 
digitalization using the iTero Element™ intraoral scanner 
results in the same and for single parameters (arch width 
and arch distortion) even in higher accuracy than the 
indirect digitalization of the impression or the gypsum cast 
using a desktop scanner.

Substrate Captured with Digitized with

M-SCAN Polymer model iTero N/A - 55 to 80 μm

M-IMP Polymer model Conventional impression Desktop scanner 110 to 329 μm

M-CAST Polymer model Casted conventional impression Desktop scanner 88 to 178 μm

P-SCAN Maxilla iTero N/A - 67 to 76 μm

P-IMP Maxilla Conventional impression Desktop scanner 125-320 μm

P-CAST Maxilla Casted conventional impression Desktop scanner 92-285 μm

The following length deviations were found: 
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Article summary of:
“�A new method to measure the accuracy of intraoral  
scanners along the complete dental arch: A pilot study.”

Purpose:

The purpose of this study is to assess the accuracy of three intraoral scanners 
along the complete dental arch and evaluate the feasibility of the assessment 
methodology for further in vivo analysis.

A specific measurement pattern was fabricated and measured using a coordinate 
measuring machine for the assessment of control distances and angles. 
Afterwards, the pattern was placed and fixed in replica of an upper jaw for their 
subsequent scans (10 times) using 3 intraoral scanners, namely iTero Element™ 
scanner, 3shape Trios 3 scanner, and 3M True Definition scanner. 4 reference 
distances and 5 angles were measured and compared with the controls. Trueness 
and precision were assessed for each Intraoral scanner: trueness, as the deviation 
of the measures from the control ones, while precision, as the dispersion of 
measurements in each reference parameter. These measurements were carried 
out using software for analyzing 3-dimensional data. Data analysis software was 
used for statistical and measurements analysis (a=.05).

Materials and methods: 

Results:	
Significant differences (P<.05) were found depending on the intraoral scanner 
used. Best trueness values were achieved with iTero Element scanner (mean 
from 10 ± 7 µm to 91 ± 63 µm) while the worst values were obtained with 
3shapeTrios 3 scanner (mean from 42 ± 23 µm to 174 ± 77 µm). Trueness 
analysis in angle measurements, as well as precision analysis, did not show 
conclusive results.
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PURPOSE. The purpose of this study is to assess the accuracy of three intraoral scanners along the complete 
dental arch and evaluate the feasibility of the assessment methodology for further in vivo analysis. MATERIALS 
AND METHODS. A specific measurement pattern was fabricated and measured using a coordinate measuring 
machine for the assessment of control distances and angles. Afterwards, the pattern was placed and fixed in 
replica of an upper jaw for their subsequent scans (10 times) using 3 intraoral scanners, namely iTero Element1, 
Trios 3, and True Definition. 4 reference distances and 5 angles were measured and compared with the controls. 
Trueness and precision were assessed for each IOS: trueness, as the deviation of the measures from the control 
ones, while precision, as the dispersion of measurements in each reference parameter. These measurements were 
carried out using software for analyzing 3-dimensional data. Data analysis software was used for statistical and 
measurements analysis (α=.05). RESULTS. Significant differences (P<.05) were found depending on the intraoral 
scanner used. Best trueness values were achieved with iTero Element1 (mean from 10 ± 7 μm to 91 ± 63 μm) 
while the worst values were obtained with Trios3 (mean from 42 ± 23 μm to 174 ± 77 μm). Trueness analysis in 
angle measurements, as well as precision analysis, did not show conclusive results. CONCLUSION. iTero 
Element1 was more accurate than the current versions of Trios3 and True Definition. Importantly, the proposed 
methodology is considered reliable for analyzing accuracy in any dental arch length and valid for assessing both 
trueness and precision in an in vivo study. [ J Adv Prosthodont 2019;11:331-40]
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INTRODUCTION

For intraoral scanners (IOS) to prevail over the conventional 
method, they must be easy-to-use and more efficient devices, 
and, especially, they must provide more accurate dental 
impressions for any restoration case. Accuracy is a require-
ment in any dental specialty, although it is certain that in 
some particular cases, the maximum allowable deviations are 
more restrictive. Prosthodontics is one of  these specialties in 
which accuracy requirements are most demanding. This 
means that restorations fabricated from digital impressions 
must fit without causing any long-term clinical complica-
tions, i.e. with passive fit.1 So far, the limits of  the passive fit The work was partially supported by the Country Council of Gipuzkoa (Grant 

number 70/19).
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Article summary of:
“�A new method to measure the accuracy of intraoral  
scanners along the complete dental arch: A pilot study.”

Conclusion:	

�iTero Element was more accurate than the 3shape Trios 3 scanner and 
3M True Definition scanner. Importantly, the proposed methodology is 
considered reliable for analyzing accuracy in any dental arch length and valid 
for assessing both trueness and precision in an in vivo study.
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Article summary of: 
“�Randomized controlled clinical trial of digital and conventional 

workflows for the fabrication of zirconia-ceramic fixed partial dentures. 
Part III: Marginal and internal fit”

Objectives: 

The purpose of the third part of this clinical study was to test whether the fit of 
zirconia 3-unit frameworks for fixed partial dentures fabricated with fully digital 
workflows differed from that of metal frameworks fabricated with the conventional 
workflow.

•	 10 patients 

•	� 4 fixed-partial-denture frameworks were fabricated for the same abutment 
teeth

•	� Digital workflows were applied for the fabrication of 3 zirconia frameworks with 
Lava, iTero™ scanner, and Cerec infiniDent systems

•	� Conventional workflow included a polyether impression, manual waxing, the 
lost-wax technique, and the casting of a metal framework.

•	 Test : For each participant

	 -	 3 FPDs were digitally fabricated, and 1 FPD was conventionally fabricated.

	 -	 The sequence of the FPD assessment was randomly allocated according to a 
computer-generated list. 

	 -	 To reduce operator bias, the investigators generated and evaluated the 
replicas without being able to distinguish among the digitally fabricated FPDs 
under investigation.

Materials and methods: 

CLINICAL RESEARCH

Randomized controlled clinical trial of digital and conventional
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The introduction of computer-
aided design and computer-
aided manufacturing (CAD-
CAM) systems to dentistry has
led to increased production ef-
ficiency and the introduction of
new restorative materials, such
as zirconia. Zirconia, because of
its excellent mechanical char-
acteristics, is a suitable alter-
native to the traditionally used
metal frameworks for posterior
fixed partial dentures (FPDs).1-4

An essential aspect of any
restorative workflow is the
marginal and internal fit of the
resulting prosthesis. Poorly
fitting margins are associated
with a risk of caries through
increased plaque accumulation
and microleakage.5,6 Internal
fit can influence the mechani-
cal stability of the ceramic
restoration, and an increased
internal discrepancy can
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ABSTRACT
Statement of problem. Trials comparing the overall performances of digital and conventional
workflows in restorative dentistry are lacking.

Purpose. The purpose of the third part of this clinical study was to test whether the fit of zirconia
3-unit frameworks for fixed partial dentures fabricated with fully digital workflows differed from that
of metal frameworks fabricated with the conventional workflow.

Material and methods. In each of 10 participants, 4 fixed-partial-denture frameworks were fabricated
for the same abutment teeth according to a randomly generated sequence. Digital workflows were
applied for the fabrication of 3 zirconia frameworks with Lava, iTero, and Cerec infiniDent systems. The
conventional workflow included a polyether impression, manual waxing, the lost-wax technique, and
the casting of a metal framework. The discrepancies between the frameworks and the abutment teeth
were registered using the replica technique with polyvinyl siloxane. The dimensions of the marginal
discrepancy (Discrepancymarginal) and the internal discrepancy in 4 different regions of interest
(Discrepancyshoulder, Discrepancyaxial, Discrepancycusp, and Discrepancyocclusal) were assessed using a
light microscope. Post hoc t tests with Bonferroni correction were applied to detect differences (a=.05).

Results. Discrepancyshoulder was 96.1 ±61.7 mm for the iTero, 106.9 ±96.0 mm for the Lava, 112.2 ±76.7 mm
for the Cerec infiniDent, and 126.5 ±91.0 mm for the conventional workflow. The difference between the
iTero and the conventional workflow was statistically significant (P=.029). Discrepancyocclusal was
153.5 ±66.8 mm for the iTero, 203.3 ±127.9 mm for the Lava, 179.7 ±63.1 mm for the Cerec infiniDent, and
148.8 ±66.8 mm for the conventional workflow. Discrepancyocclusal was significantly lower for the
conventional workflow than for the Lava and the Cerec infindent workflows (P<.01). The iTero resulted in
significantly lower values of Discrepancyocclusal than the Lava and the Cerec infiniDent workflows (P<.01).

Conclusions. In terms of framework fit in the region of the shoulder, digitally fabricated zirconia
3-unit frameworks presented similar or better fit than the conventionally fabricated metal
frameworks. In the occlusal regions, the conventionally fabricated metal frameworks achieved a
more favorable fit than the CAD-CAM zirconia frameworks. (J Prosthet Dent 2018;-:---)
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applied for the fabrication of 3 zirconia frameworks with Lava, iTero, and Cerec infiniDent systems. The
conventional workflow included a polyether impression, manual waxing, the lost-wax technique, and
the casting of a metal framework. The discrepancies between the frameworks and the abutment teeth
were registered using the replica technique with polyvinyl siloxane. The dimensions of the marginal
discrepancy (Discrepancymarginal) and the internal discrepancy in 4 different regions of interest
(Discrepancyshoulder, Discrepancyaxial, Discrepancycusp, and Discrepancyocclusal) were assessed using a
light microscope. Post hoc t tests with Bonferroni correction were applied to detect differences (a=.05).

Results. Discrepancyshoulder was 96.1 ±61.7 mm for the iTero, 106.9 ±96.0 mm for the Lava, 112.2 ±76.7 mm
for the Cerec infiniDent, and 126.5 ±91.0 mm for the conventional workflow. The difference between the
iTero and the conventional workflow was statistically significant (P=.029). Discrepancyocclusal was
153.5 ±66.8 mm for the iTero, 203.3 ±127.9 mm for the Lava, 179.7 ±63.1 mm for the Cerec infiniDent, and
148.8 ±66.8 mm for the conventional workflow. Discrepancyocclusal was significantly lower for the
conventional workflow than for the Lava and the Cerec infindent workflows (P<.01). The iTero resulted in
significantly lower values of Discrepancyocclusal than the Lava and the Cerec infiniDent workflows (P<.01).

Conclusions. In terms of framework fit in the region of the shoulder, digitally fabricated zirconia
3-unit frameworks presented similar or better fit than the conventionally fabricated metal
frameworks. In the occlusal regions, the conventionally fabricated metal frameworks achieved a
more favorable fit than the CAD-CAM zirconia frameworks. (J Prosthet Dent 2018;-:---)
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Conclusion:	

�In terms of frameworks presented similar or better fit than the conventionally 
fabricated metal frameworks.  In the occlusal regions, the conventionally 
fabricated metal frameworks achieved a more favorable fit than the CAD-
CAM zirconia frameworks.

Results: Conventional iTero Lava CEREC 
infiniDent

Discrepancy 
shoulder 126.5 ±91.0 mm 96.1 ±61.7 mm 106.9 ±96.0 mm 112.2 ±76.7 mm

The difference between the the iTero™ scanner and the conventional 
workflow was statistically significant (P=.029).

Discrepancy 
occlusal

148.8 ±66.8 mm 153.5 ±66.8 mm
203.3 ±127.9 
mm

179.7 ±63.1 mm

The iTero™ scanner resulted in significantly lower values of Discrepancy 
occlusal than the Lava and the Cerec infini Dent workflows (P<.01).The 
difference between iTero and Conventional was not statistically significant.
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Abstract

Background: The literature has not yet validated the use of intraoral scanners (IOSs) for full-arch (FA) implant
impression. Hence, the aim of this in vitro study was to assess and compare the trueness of 12 different IOSs in FA
implant impression.

Methods: A stone-cast model of a totally edentulous maxilla with 6 implant analogues and scanbodies (SBs) was
scanned with a desktop scanner (Freedom UHD®) to capture a reference model (RM), and with 12 IOSs (ITERO ELEM
ENTS 5D®; PRIMESCAN® and OMNICAM®; CS 3700® and CS 3600®; TRIOS3®; i-500®; EMERALD S® and EMERALD®;
VIRTUO VIVO® and DWIO®; RUNEYES QUICKSCAN®). Ten scans were taken using each IOS, and each was compared
to the RM, to evaluate trueness. A mesh/mesh method and a nurbs/nurbs method were used to evaluate the
overall trueness of the scans; linear and cross distances between the SBs were used to evaluate the local trueness
of the scans. The analysis was performed using reverse engineering software (Studio®, Geomagics; Magics®,
Materialise). A statistical evaluation was performed.

Results: With the mesh/mesh method, the best results were obtained by CS 3700® (mean error 30.4 μm) followed
by ITERO ELEMENTS 5D® (31.4 μm), i-500® (32.2 μm), TRIOS 3® (36.4 μm), CS 3600® (36.5 μm), PRIMESCAN® (38.4 μm),
VIRTUO VIVO® (43.8 μm), RUNEYES® (44.4 μm), EMERALD S® (52.9 μm), EMERALD® (76.1 μm), OMNICAM® (79.6 μm)
and DWIO® (98.4 μm). With the nurbs/nurbs method, the best results were obtained by ITERO ELEMENTS 5D® (mean
error 16.1 μm), followed by PRIMESCAN® (19.3 μm), TRIOS 3® (20.2 μm), i-500® (20.8 μm), CS 3700® (21.9 μm), CS
3600® (24.4 μm), VIRTUO VIVO® (32.0 μm), RUNEYES® (33.9 μm), EMERALD S® (36.8 μm), OMNICAM® (47.0 μm), EMER
ALD® (51.9 μm) and DWIO® (69.9 μm). Statistically significant differences were found between the IOSs. Linear and
cross distances between the SBs (local trueness analysis) confirmed the data that emerged from the overall trueness
evaluation.

Conclusions: Different levels of trueness were found among the IOSs evaluated in this study. Further studies are
needed to confirm these results.

Keywords: Intraoral scanner, Full-arch implant impression, Scanbody, Trueness, Comparative study
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Objectives: 

The aim of this in vitro study was to assess and compare the trueness of 12 
different Intraoral scanners in FA implant impression.

•	 A stone-cast model of a totally edentulous maxilla with 6 implant analogues and 
scanbodies (SBs) was scanned with a desktop scanner (Freedom UHD®) to 
capture a reference model (RM), and with 12 Intraoral scanners :

	 -	 ITERO ELEMENTS 5D®; 

	 -	 PRIMESCAN® and OMNICAM®; 

	 -	 CS 3700® and CS 3600®; 

	 -	 TRIOS3®; i-500®; 

	 -	 EMERALD S® and EMERALD® VIRTUO VIVO® and DWIO®; 

	 -	 RUNEYES QUICKSCAN®. 

•	 Ten scans were taken using each Intraoral scanner, and each was compared to 
the RM, to evaluate trueness.

•	 A mesh/mesh method and a nurbs/nurbs method were used to evaluate the 
overall trueness of the scans; 

•	 Linear and cross distances between the SBs were used to evaluate the local 
trueness of the scans. 

•	 The analysis was performed using reverse engineering software (Studio®, 
Geomagics Magics®,Materialise). 

•	 A statistical evaluation was performed.

Materials and methods: 

In this in vitro study, a type IV gypsum 
model was used. This model represented 
a totally edentulous maxilla with 6 implant 
analogues in positions #11, #14, #16, #21, 
#24 and #26 (right and left central incisors, 
first premolars and first molars) and high-
precision non-reflective polyether-ether-
ketone (PEEK) SBs (Megagen®, Daegu, 
South Korea) screwed on
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Results:

Two methods of comparison were used:   
1 - Mesh/mesh evaluation method   
2 - Nurbs/nurbs evaluation method 

Ranking 
(starting 
from best)

Mesh/Mesh Method Nurbs/Nurbs Method

1 CS 3700® (mean error 30.4 μm) ITERO ELEMENTS 5D®  
(mean error 16.1 μm)

2 ITERO ELEMENTS 5D® (31.4 μm), PRIMESCAN® (19.3 μm), 

3 i-500® (32.2 μm), TRIOS 3® (20.2 μm), 

4 TRIOS 3® (36.4 μm), i-500® (20.8 μm), 

5 CS 3600® (36.5 μm), CS 3700® (21.9 μm), 

6 PRIMESCAN® (38.4 μm), CS3600® (24.4 μm), 

7 VIRTUO VIVO® (43.8 μm), VIRTUO VIVO® (32.0 μm), 

8 RUNEYES® (44.4 μm), RUNEYES® (33.9 μm), 

9 EMERALD S® (52.9 μm), EMERALD S® (36.8 μm), 

10 EMERALD® (76.1 μm), OMNICAM® (47.0 μm), 

11 OMNICAM® (79.6 μm) EMERALD® (51.9 μm) 

12 DWIO® (98.4 μm). DWIO® (69.9 μm). 

Statistically significant differences were found between the Intraoral 
scanners.  Linear and cross distances between the SBs (local trueness 
analysis) confirmed the data that emerged from the overall  
trueness evaluation.
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Conclusion:	

Different levels of trueness were found among the Intraoral scanners 
evaluated in this study. Further studies are needed to confirm these results.

Fig. 3 Estimated mean errors (in μm, with 95% CIs) for mesh/mesh and nurbs/nurbs evaluations
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Abstract
Objectives This in vitro study analysed potential of early proximal caries detection using 3D range data of teeth consisting 
of near-infrared reflection images at 850 nm (NIRR).
Materials and methods Two hundred fifty healthy and carious permanent human teeth were arranged pairwise, examined 
with bitewing radiography (BWR) and NIRR and validated with micro-computed tomography. NIRR findings were evalu-
ated from buccal, lingual and occlusal (trilateral) views according to yes/no decisions about presence of caries. Reliability 
assessments included kappa statistics and revealed high agreement for both methods. Statistical analysis included cross 
tabulation and calculation of sensitivity, specificity and AUC.
Results Underestimation of caries was 24.8% for NIRR and 26.4% for BWR. Overestimation was 10.4% for occlusal NIRR 
and 0% for BWR. Trilateral NIRR had overall accuracy of 64.8%, overestimation of 15.6% and underestimation of 19.6%. 
NIRR and BWR showed high specificity and low sensitivity for proximal caries detection.
Conclusions NIRR achieved diagnostic results comparable to BWR. Trilateral NIRR assessments overestimated presence 
of proximal caries, revealing stronger sensitivity for initial caries detection than BWR.
Clinical relevance NIRR provided valid complement to BWR as diagnostic instrument. Investigation from multiple angles 
did not substantially improve proximal caries detection with NIRR.

Keywords X-ray microtomography · Sensitivity and specificity · Reproducibility of results · Dental caries · Near-infrared 
imaging · Near-infrared reflection

Introduction

The number of diagnostic methods available to dentists for 
caries detection has multiplied in recent years. Due to new 
preventive and microinvasive therapy strategies, there is an 
increasing need to be able to detect and correctly assess car-
ies at an early stage [1, 2]. With the established procedures 
of visual inspection and bitewing radiography, both healthy 
tooth structure and advanced cavitated lesions can be cor-
rectly identified [3–5]. However, early proximal caries is 
not detected adequately [6]. In the context of new thera-
peutic approaches, high sensitivity for early caries detec-
tion is desirable, necessitating other diagnostic methods 

for the detection and assessment of initial lesions with high 
accuracy.

Over the last three decades, numerous techniques have 
been developed and investigated to meet this challenge. 
Most techniques, such as quantitative light-induced fluores-
cence, laser fluorescence, electrical conductance, imped-
ance spectroscopy and photothermal radiometry, are well 
suited for the assessment of smooth surfaces [7]. Lesions in 
the proximal region can be visualized by transillumination 
with visible light or optical coherent tomography (OCT), 
although OCT devices are currently so expensive that there 
will be no system available for general dental practice under 
economic conditions in the foreseeable future. Transillumi-
nation with near-infrared (NIR) light is expected to make 
approximal caries visible and has been protected by a patent 
for wavelengths above 795 nm [8]. Theoretically, it should 
also be possible to visualize caries by reflection of NIR light. 
There are already commercially available devices for this 
method, e.g., VistaCam (Dürr Dental, Bietigheim-Bissingen, 
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Executive summary 
•  �This study analysed potential of early proximal caries detection using 3D range 

data of teeth consisting of near-infrared reflection(NIRR) images.

•  �iTero Element™ 5D imaging system with the iTero NIRI technology mode activated 
can detect initial defects in the enamel with higher sensitivity than BWR, but it 
cannot, in contrast to BWR, support a reliable recommendation for or against 
invasive therapy when the EDJ is exceeded.

•  �Unlike other devices for caries diagnosis that use 850 nm LEDs as an infrared  
light source, the iTero Element 5D imaging system does not show any reflection 
artefacts caused by a smooth dental surface. 

•  �Images acquired with the iTero NIRI technology  scanner present light 
scattered in depth mainly at dentin and irregularities in enamel, without being 
superimposed by superficial specular reflections. 

•  �The novel approach to entirely measure the dental arch from different directions 
can be an attractive option for the development of future diagnostic applications. 
It would be possible to calculate the complete surface texture for the entire 3D 
data set from the multitude of individual images.

Aim of the study
The aim of this study was to compare the diagnostic performance of the iTero Element 
5D imaging system for the detection of early proximal caries with that of bitewings.

Materials and methods
•  �Two hundred fifty extracted permanent molars and premolars were selected 

from a pool of extracted teeth of anonymous patients.

•  �The samples were cleaned of any residues using manual scalers and assigned a 
unique identification number (ID).

•  �Using a lock-and-key fixation method, the teeth were divided into pairs, the tooth pairs 
were arranged to mimic the natural proximal contact area as closely as possible.

•  �Coupled sample pairs were fixed on a metal plate and then scanned with the 
iTero Element 5D imaging system with the iTero NIRI technology.

•  �The tooth pairs were radiographed without proximal contact for this study, to 
avoid hindering the evaluation of the radiographs by overlapping in the area of 
the proximal contacts and to enable the best possible radiographic diagnosis. 
All radiographs were taken using a Heliodent DS Dental X-ray unit (Sirona, 
Bensheim, Germany, 60 kV, 7 mA, 200 mm FHA cone, 0.08 s) and a digital 
charged-coupled device (CCD) sensor (Intra-Oral II CCD sensor, Sirona, 
Bensheim, Germany, sensor size 30.93×40.96×7.0 mm).
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ated from buccal, lingual and occlusal (trilateral) views according to yes/no decisions about presence of caries. Reliability 
assessments included kappa statistics and revealed high agreement for both methods. Statistical analysis included cross 
tabulation and calculation of sensitivity, specificity and AUC.
Results Underestimation of caries was 24.8% for NIRR and 26.4% for BWR. Overestimation was 10.4% for occlusal NIRR 
and 0% for BWR. Trilateral NIRR had overall accuracy of 64.8%, overestimation of 15.6% and underestimation of 19.6%. 
NIRR and BWR showed high specificity and low sensitivity for proximal caries detection.
Conclusions NIRR achieved diagnostic results comparable to BWR. Trilateral NIRR assessments overestimated presence 
of proximal caries, revealing stronger sensitivity for initial caries detection than BWR.
Clinical relevance NIRR provided valid complement to BWR as diagnostic instrument. Investigation from multiple angles 
did not substantially improve proximal caries detection with NIRR.

Keywords X-ray microtomography · Sensitivity and specificity · Reproducibility of results · Dental caries · Near-infrared 
imaging · Near-infrared reflection

Introduction

The number of diagnostic methods available to dentists for 
caries detection has multiplied in recent years. Due to new 
preventive and microinvasive therapy strategies, there is an 
increasing need to be able to detect and correctly assess car-
ies at an early stage [1, 2]. With the established procedures 
of visual inspection and bitewing radiography, both healthy 
tooth structure and advanced cavitated lesions can be cor-
rectly identified [3–5]. However, early proximal caries is 
not detected adequately [6]. In the context of new thera-
peutic approaches, high sensitivity for early caries detec-
tion is desirable, necessitating other diagnostic methods 

for the detection and assessment of initial lesions with high 
accuracy.

Over the last three decades, numerous techniques have 
been developed and investigated to meet this challenge. 
Most techniques, such as quantitative light-induced fluores-
cence, laser fluorescence, electrical conductance, imped-
ance spectroscopy and photothermal radiometry, are well 
suited for the assessment of smooth surfaces [7]. Lesions in 
the proximal region can be visualized by transillumination 
with visible light or optical coherent tomography (OCT), 
although OCT devices are currently so expensive that there 
will be no system available for general dental practice under 
economic conditions in the foreseeable future. Transillumi-
nation with near-infrared (NIR) light is expected to make 
approximal caries visible and has been protected by a patent 
for wavelengths above 795 nm [8]. Theoretically, it should 
also be possible to visualize caries by reflection of NIR light. 
There are already commercially available devices for this 
method, e.g., VistaCam (Dürr Dental, Bietigheim-Bissingen, 
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Germany) or the iTero Element 5D scanner (Align, San José, 
CA, USA). VistaCam (Dürr Dental, Bietigheim, Bissingen) 
uses two light-emitting diodes (LEDs) at 850 nm for the 
detection of proximal caries of permanent molars and pre-
molars. Lederer et al. have shown that near-infrared reflec-
tion (NIRR), as applied in the form of the VistaCam system, 
has a weaker diagnostic performance than digital bitewing 
radiography (BWR), as its sensitivity values for the detection 
of enamel lesions did not even reach half the performance 
of radiography [9].

The iTero Element 5D scanner, which was launched in 
the dental market in 2019, is an alternative to the VistaCam 
system. The scanner allows three-dimensional (3D) data of 
the dentition to be collected while simultaneously taking 
images of the teeth with nearly confocal imaging. An addi-
tional integrated NIR LED, which emits light at 850 nm, 
enables the detection of proximal caries lesions by NIRR. 
Compared to a Class 1 red laser at 680 nm and a white LED 
at 530–600 nm, which are also incorporated into the scanner, 
only the NIR light source has the potential to increase the 
light optical diagnostic performance because of the different 
properties of light scattering of sound and carious enamel at 
wavelengths around 800 nm (Fig. 1) [8].

The combination of a 3D scanner and diagnostic func-
tion with confocal illumination is an innovation. The exact 
position of the two-dimensional (2D) images relative to the 
3D dataset using 3D range data makes it possible to project 
the 2D data onto the 3D surface reconstruction to perform 
so-called texture mapping [10]. Since images are taken from 
different angles, the tooth surface can be recorded from all 
sides. The area of interest can then be viewed on the monitor 
from all directions in an easy-to-read display. However, the 
2D projection is only the first step in the sense of a proof 
of concept. The data have the potential to enable true 3D 
localization of carious defects in the sense of optical tomog-
raphy [11–13].

The aim of this study was to compare the diagnostic per-
formance of the iTero Element 5D scanner for the detection 
of early proximal caries with that of BWR. Micro-computed 
tomography (µCT) was used as a reference to estimate the 
diagnostic potential of this scanner.

A hypothesis was formulated that the diagnostic perfor-
mance of the 3D intraoral scanner with NIRR at 850 nm as 
an additional diagnostic function would be comparable to 
that of BWR for the detection of early proximal caries [9].

Methods and materials

Tooth selection and sample preparation

The sensitivity for the detection of enamel caries with NIRR 
is assumed to be 15% [9]. This method aimed to increase 
sensitivity to 30%, with a power of over 90%, an alpha of 
less than 0.05 and a caries prevalence of 50% [14]. These 
assumptions required a minimum number of 250 samples. 
Two hundred fifty extracted permanent molars and premo-
lars were selected from a pool of extracted teeth of anony-
mous patients. The experimental procedures were approved 
by the Ethics Committee of the Medical Faculty, Ludwig 
Maximilians University in Munich, Germany (488–15 UE).

The teeth were visually examined according to the 
International Caries Detection and Assessment System II 
(ICDAS) without simulation of a proximal contact area 
between adjacent teeth [15]. To meet the inclusion crite-
ria, all samples were free of any kind of restoration and of 
clearly identifiable structural changes or damages other than 
proximal carious lesions. One proximal surface of each tooth 
was selected for the study with the goal of obtaining a nearly 
even distribution of healthy (n = 131) and carious proximal 
surfaces (n = 119) according to the assumed prevalence of 
50%. Of the carious surfaces, 112 were affected by enamel 
caries (ICDAS 1–3), and 7 were affected by dentin caries 
(ICDAS 4–5). The samples were cleaned of any residues 
using manual scalers and assigned a unique identification 
number (ID). The samples were randomly arranged in 125 
pairs with each pair containing odd and even IDs. This allo-
cation was performed in MS Excel (Microsoft Excel 2016, 
Redmond, WA, USA) with the “random numbers” formula. 
A sample holder specially designed for the study require-
ments was printed 250 times in 3D [14]. The teeth were ver-
tically mounted, and the roots were fixed with the lower half 

Fig. 1  The application of the three-dimensional near-infrared reflection scanner is visualized by a monitor with the appropriate software (a). The 
tooth is illuminated either with a white LED (b) or a red laser (c)
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fair discrimination; 0.7–0.8 = acceptable discrimination; 
0.8–0.9 = excellent discrimination; and AUC ≥ 0.9 = out-
standing discrimination [20]. Overall accuracy was calcu-
lated as the correctly classified sites divided by the total 
number of reference sites and expressed as a percentage. 
Likewise, overestimation was calculated as the proportion of 
false-positive (FP) values divided by the number of reference 
sites, while underestimation was calculated as the proportion 
of false-negative (FN) values divided by the number of refer-
ence sites. Reliability assessment was calculated using linear 
weighted Cohen’s kappa (wκ), where a 1-category difference 
could be considered less severe than a 2-category difference 
[21]. Weights ranged from 0 to 1, and the weight for cells 
where the examiners disagreed exactly equalled 1. For cells 
in the lower left or upper right corners with the largest disa-
greement, the weight equalled 0. Each weight (W) for any 
cell was calculated by the formula Wxy = 1-(|x–y|)/z, with x 
and y being the categories and z the total number of catego-
ries. A two-sided significance level was set at α = 0.05 for all 
tests. The overall accuracy was defined as the percentage of 
correctly classified diagnostic findings (both sound and cari-
ous) in relation to the total number of diagnostic findings.

Results

Caries classification based on µCT imaging showed almost 
perfect agreement between the two investigators (linear wκ 
0.99, confidence interval (CI): 0.97–1.00). Of the 250 sam-
ples, 63.2% (n = 158) were found to be sound, and 36.8% 
(n = 92) had caries in the proximal contact area (Table 1).

The unilateral NIRR imaging revealed an overall accu-
racy of 76.8%, an overestimation of 10.4% and an underes-
timation of 25.8%, while the trilateral assessment of NIRR 
resulted in an overall accuracy of 64.8%, an overestimation 
of 15.6% and an underestimation of 19.6%. For BWR, an 
overall accuracy of 71.2%, with no overestimation and an 
underestimation of 26.4%, was determined. In the latter 
analysis, 2.4% of all cases were not assessable due to overlap 

or anatomical artefacts. The inter- and intra-examiner reli-
ability analysis (linear-weighted κ values) showed almost 
perfect or rather substantial agreement for NIRR and BWR 
(Table 2) [22]. High specificity values were found for NIRR 
and BWR, with slightly worse results for NIRR. When pre-
molars and molars were analysed separately, the values for 
specificity remained consistently high. Low values (< 50%) 
for sensitivity were observed for all methods with slightly 
worse results for BWR. Occlusive NIRR achieved 6% higher 
sensitivity than BWR, and trilateral NIRR achieved 20% 
higher sensitivity than BWR. For premolars, the sensitivity 
values were slightly higher than for molars when assessed 
with NIRR from occlusal (Table 3). The sensitivity and 
specificity values are presented as ROC curves in Fig. 4. All 
AUC values for the different examination methods as well 
as further differentiation into tooth groups ranged between 
0.5 and 0.7 and were classified as poor (Table 3). Multiple 
comparisons of AUC values revealed no significant differ-
ence between NIRR and BWR or within tooth type groups 
(p < 0.05). Using NIRR, the boundary of enamel and den-
tin was assessable in 118 (47.2%) samples. This was the 
case in 75.4% of the premolars and 38.9% of the molars (χ2 
p < 0.001).

Discussion

Our study investigated a 3D scanner that produces 2D 
images with NIR light in addition to real 3D data. Since 
the geometry between the optical elements used for the 3D 
data and 2D images is fixed, it is possible to map the 2D 
images onto digital 3D surface reconstructions using 3D 
range data (texture mapping).

To evaluate the diagnostic potential of the iTero Element 
5D scanner, great care was taken to ensure an adequate study 
design. For example, the number of teeth to be examined 
was determined by estimating the number of cases, taking 
caries prevalence into account. For the sample size estima-
tion, caries prevalence was determined to be 50%. This value 

Table 1  Cross-table for the ratings of three-dimensional near-infra-
red reflection scans at 850  nm from the occlusal viewpoint (NIRR 
occlusal) and from trilateral evaluation (NIRR trilateral) as well 

as from digital bitewing radiography (BWR) and micro-computed 
tomography (µCT) using the Marthaler classification (score 0 to 4) 
and describing findings that were not assessable (na)

BWR NIRR occlusal NIRR trilateral

0 1 2 3 4 na 0 1 0 1 Total

µCT 0 154 0 0 0 0 4 132 26 119 39 158
1 19 0 0 0 0 0 14 5 12 7 19
2 23 2 2 1 0 1 19 10 16 13 29
3 24 4 7 6 0 1 27 15 19 23 42
4 0 0 1 0 1 0 2 0 2 0 2
Total 220 6 10 7 1 6 194 56 168 82 250

Fig. 1 – The application of the three-dimensional near-infrared reflection scanner is visualized by a monitor 
with the appropriate software (a). The tooth is illuminated either with a white LED (b) or a red laser (c)

Table 1  – Cross-table for the ratings of three-dimensional near-infrared reflection scans at 850 nm from 
the occlusal viewpoint (NIRR occlusal) and from trilateral evaluation (NIRR trilateral) as well as from digital 
bitewing radiography (BWR) and micro-computed tomography (μCT) using the Marthaler classification 
(score 0 to 4) and describing findings that were not assessable (na).

Fig. 2 – The teeth were fixed with composite 
material in three dimensionally printed specimen 
holders. (a) Maleholder, (b) female holder and (c) 
two specimens connected by amagnetic female-
male key-lockjoint

Fig. 3 – A non-cavitated caries lesion in a premolar 
that is visually undetectable (a). The caries lesion 
is visible with NIRR (white spot) and the black line 
marks the tooth that is not in the region of interest 
(b). The lesion was undetectable using X-rays and 
the arrow marks the side of interest (c). Micro-
computed tomography reveals the presence of an 
initial dentin lesion (d)
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in composite (Luxatemp Star, DMG, Hamburg, Germany) in 
the sample holder. Using a lock-and-key fixation method, the 
pairs were arranged to mimic the natural proximal contact 
area as closely as possible (Fig. 2). This connection was 
reproducibly fixable via a magnet that was polymerized at 
the bottom of the container. The ID was milled into the back 
of each sample holder. All samples and their holders were 
stored in Ringer’s solution at 4 °C between measurements.

Three‑dimensional near‑infrared reflection

The magnetically coupled sample pairs were fixed on a metal 
plate and then scanned with the iTero Element 5D scanner 
with NIRR mode activated.

The scanner software automatically projected the NIRR 
images onto the 3D range dataset (Fig. 1). The 3D dataset 
could be rotated as desired for visual assessment using the 
software, but this introduced a problem in that it was easy 
to inadvertently diagnose the wrong tooth when teeth within 
a tooth pair looked similar. To avoid this problem, which is 
unique to our experimental samples, the tooth that was not 
diagnosed in each case was marked using a thin black paper 
strip (Fig. 3b). The free rotation of the data sets could have 
negatively affected the test–retest variability, as well as the 
interrater reliability tests. For this reason, these tests were 
performed using screenshots. The 3D datasets populated 

with NIRR images were interactively aligned on the moni-
tor so that one setting each allowed viewing of the proximal 
contact from occlusal, buccal, or lingual views. The views 
adjusted in this manner were exported as portable network 
graphics files for further evaluation and saved with the cor-
responding IDs. The evaluation was performed in a darkened 
room (blinds were 2/3 closed, windows facing north) on a 
monitor calibrated using the test pattern for the daytime con-
stancy test according to DIN 6868–157 [16].

Digital bitewing radiography

The exact procedure of bitewing radiograph acquisition 
with the help of an X-ray phantom was recently published 
in detail [14]. This phantom enables radiography of the 
relevant surfaces with and without direct contact with an 
adjacent tooth. It also takes into account antagonistic and 
adjacent teeth to minimize the influence of the automatic 
exposure setting and to ensure a clinically relevant over-
all appearance of the radiographs. To avoid hindering the 
evaluation of the radiographs by overlapping in the area of 
the proximal contacts and to enable the best possible radio-
graphic diagnosis, the tooth pairs were radiographed without 
proximal contact for this study. All radiographs were taken 
using a Heliodent DS Dental X-ray unit (Sirona, Bensheim, 
Germany, 60 kV, 7 mA, 200 mm FHA cone, 0.08 s) and 

Fig. 2  The teeth were fixed with 
composite material in three-
dimensionally printed specimen 
holders. (a) Maleholder, (b) 
female holder and (c) two speci-
mens connected by amagnetic 
female-male key-lockjoint

Fig. 3  A non-cavitated caries lesion in a premolar that is visually 
undetectable (a). The caries lesion is visible with NIRR (white spot) 
and the black line marks the tooth that is not in the region of interest 

(b). The lesion was undetectable using X-rays and the arrow marks 
the side of interest (c). Micro-computed tomography reveals the pres-
ence of an initial dentin lesion (d)
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in composite (Luxatemp Star, DMG, Hamburg, Germany) in 
the sample holder. Using a lock-and-key fixation method, the 
pairs were arranged to mimic the natural proximal contact 
area as closely as possible (Fig. 2). This connection was 
reproducibly fixable via a magnet that was polymerized at 
the bottom of the container. The ID was milled into the back 
of each sample holder. All samples and their holders were 
stored in Ringer’s solution at 4 °C between measurements.

Three‑dimensional near‑infrared reflection

The magnetically coupled sample pairs were fixed on a metal 
plate and then scanned with the iTero Element 5D scanner 
with NIRR mode activated.

The scanner software automatically projected the NIRR 
images onto the 3D range dataset (Fig. 1). The 3D dataset 
could be rotated as desired for visual assessment using the 
software, but this introduced a problem in that it was easy 
to inadvertently diagnose the wrong tooth when teeth within 
a tooth pair looked similar. To avoid this problem, which is 
unique to our experimental samples, the tooth that was not 
diagnosed in each case was marked using a thin black paper 
strip (Fig. 3b). The free rotation of the data sets could have 
negatively affected the test–retest variability, as well as the 
interrater reliability tests. For this reason, these tests were 
performed using screenshots. The 3D datasets populated 

with NIRR images were interactively aligned on the moni-
tor so that one setting each allowed viewing of the proximal 
contact from occlusal, buccal, or lingual views. The views 
adjusted in this manner were exported as portable network 
graphics files for further evaluation and saved with the cor-
responding IDs. The evaluation was performed in a darkened 
room (blinds were 2/3 closed, windows facing north) on a 
monitor calibrated using the test pattern for the daytime con-
stancy test according to DIN 6868–157 [16].

Digital bitewing radiography

The exact procedure of bitewing radiograph acquisition 
with the help of an X-ray phantom was recently published 
in detail [14]. This phantom enables radiography of the 
relevant surfaces with and without direct contact with an 
adjacent tooth. It also takes into account antagonistic and 
adjacent teeth to minimize the influence of the automatic 
exposure setting and to ensure a clinically relevant over-
all appearance of the radiographs. To avoid hindering the 
evaluation of the radiographs by overlapping in the area of 
the proximal contacts and to enable the best possible radio-
graphic diagnosis, the tooth pairs were radiographed without 
proximal contact for this study. All radiographs were taken 
using a Heliodent DS Dental X-ray unit (Sirona, Bensheim, 
Germany, 60 kV, 7 mA, 200 mm FHA cone, 0.08 s) and 

Fig. 2  The teeth were fixed with 
composite material in three-
dimensionally printed specimen 
holders. (a) Maleholder, (b) 
female holder and (c) two speci-
mens connected by amagnetic 
female-male key-lockjoint

Fig. 3  A non-cavitated caries lesion in a premolar that is visually 
undetectable (a). The caries lesion is visible with NIRR (white spot) 
and the black line marks the tooth that is not in the region of interest 

(b). The lesion was undetectable using X-rays and the arrow marks 
the side of interest (c). Micro-computed tomography reveals the pres-
ence of an initial dentin lesion (d)
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In our study, we therefore performed caries diagnosis first 
from an occlusal viewpoint and second from trilateral 
images.

In our study, we found that decalcifications in enamel 
appeared perceptibly bright and almost radiant. Decalcifi-
cation bands in the buccal or lingual region appeared very 
bright and rich in contrast. This could be due to the slightly 
longer wavelength of 850 nm. Alternatively, the brightness 
of decalcifications could be caused by simultaneous illumi-
nation of the tooth with a 680 nm laser diode used for the 
3D scanner and with an 850 nm NIR LED. Red laser light 
could excite fluorescence in addition to illumination by pure 
reflection. Since the 1990s, diagnostic devices using laser 
fluorescence at a wavelength of 655 nm have been regarded 
as sensitive diagnostic tools for the detection of proximal 
caries [28]. The emitted light induces fluorescence of bacte-
rial porphyrins, with intensity increasing proportionally to 
the depth of demineralization or bacterial contamination. 
However, in the absence of detailed information on the illu-
mination strategy preferred by the manufacturer, this hypoth-
esis cannot be tested.

Methodologically, it is also important to note the follow-
ing details regarding BWR. For our study, all 250 speci-
mens were radiographed once with and once without simu-
lated proximal contact in a specially designed radiographic 
phantom to mimic the setup of the standard BWR (Fig. 3). 
Approximately 20% of the images acquired with proximal 
contact were not assessable due to overlap with adjacent 
teeth in the outer enamel region, reflecting a realistic clinical 
scenario [14]; thus, it can be inferred that our radiographic 
this reason, radiographic analysis was performed without 
simulated contact so that the maximum possible diagnostic 
information could be derived from the radiographs. Clini-
cally, however, the results of the X-ray diagnostics would 
perform significantly worse than phantom generates clini-
cally relevant data. However, if 20% of the findings were 

excluded due to superimposition, this would distort a com-
parison with optical methods. In our in vitro analysis, a 
significantly higher proportion of false-negative findings of 
BWR would have been expected, taking into account the 
overlaps of proximal contacts.

Another unique aspect of this study is the high number of 
250 samples validated with µCT. Micro-computed tomogra-
phy has become an attractive reference in diagnostic studies 
because a specimen can be reproducibly assessed in different 
sections and planes. The deepest part of a lesion, represent-
ing a 3D event with an irregular propagation pattern, can 
thus be determined and evaluated. In addition, the valuable 
sample pool is preserved and can be evaluated for further 
experiments.

Comparing both unilateral and trilateral NIRR results 
with BWR, the optical findings do not differ significantly 
from the radiography-based findings when AUC is chosen 
as the comparison criterion. If the proportions for FP and 
FN are also taken into account, it can be seen that there 
were no false-positive findings, but merely false-negative 
findings observed for BWR. This can be explained by two 
aspects. First, concerning the NIRR image at 850 nm, 
light scattering caused by carious lesions cannot be dis-
tinguished from light scattering caused by structural 
anomalies in the enamel. Second, enamel demineralization 
must be evident for caries to be clearly identified in a two-
dimensional X-ray image [29]. Compared to X-ray images, 
optical methods are thus more sensitive to light scattering 
due to structural defects or even minimal demineralization 
defects. This has proven to be a general property of opti-
cal methods and is only confirmed here using the iTero 
Element 5D scanner as an example [30, 31]. Since these 
findings do not automatically lead to invasive therapeutic 
intervention, this sensitivity for proximal caries does not 
represent a disadvantage of the methods. If these find-
ings sensitize the patient and motivate him to engage in 

Fig. 4  Receiver operating characteristic curves (ROCs) for carious 
lesions for all tooth types and separated into premolar and molar 
groups. The graphs show equal area under the ROCs for near-infrared 

reflection assessment from the occlusal viewpoint (NIRR occlusal), 
from three angles (NIRR trilateral) and for evaluation of bitewing 
radiography (BWR) (p < 0.05)
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Abstract
Objectives This in vitro study analysed potential of early proximal caries detection using 3D range data of teeth consisting 
of near-infrared reflection images at 850 nm (NIRR).
Materials and methods Two hundred fifty healthy and carious permanent human teeth were arranged pairwise, examined 
with bitewing radiography (BWR) and NIRR and validated with micro-computed tomography. NIRR findings were evalu-
ated from buccal, lingual and occlusal (trilateral) views according to yes/no decisions about presence of caries. Reliability 
assessments included kappa statistics and revealed high agreement for both methods. Statistical analysis included cross 
tabulation and calculation of sensitivity, specificity and AUC.
Results Underestimation of caries was 24.8% for NIRR and 26.4% for BWR. Overestimation was 10.4% for occlusal NIRR 
and 0% for BWR. Trilateral NIRR had overall accuracy of 64.8%, overestimation of 15.6% and underestimation of 19.6%. 
NIRR and BWR showed high specificity and low sensitivity for proximal caries detection.
Conclusions NIRR achieved diagnostic results comparable to BWR. Trilateral NIRR assessments overestimated presence 
of proximal caries, revealing stronger sensitivity for initial caries detection than BWR.
Clinical relevance NIRR provided valid complement to BWR as diagnostic instrument. Investigation from multiple angles 
did not substantially improve proximal caries detection with NIRR.

Keywords X-ray microtomography · Sensitivity and specificity · Reproducibility of results · Dental caries · Near-infrared 
imaging · Near-infrared reflection

Introduction

The number of diagnostic methods available to dentists for 
caries detection has multiplied in recent years. Due to new 
preventive and microinvasive therapy strategies, there is an 
increasing need to be able to detect and correctly assess car-
ies at an early stage [1, 2]. With the established procedures 
of visual inspection and bitewing radiography, both healthy 
tooth structure and advanced cavitated lesions can be cor-
rectly identified [3–5]. However, early proximal caries is 
not detected adequately [6]. In the context of new thera-
peutic approaches, high sensitivity for early caries detec-
tion is desirable, necessitating other diagnostic methods 

for the detection and assessment of initial lesions with high 
accuracy.

Over the last three decades, numerous techniques have 
been developed and investigated to meet this challenge. 
Most techniques, such as quantitative light-induced fluores-
cence, laser fluorescence, electrical conductance, imped-
ance spectroscopy and photothermal radiometry, are well 
suited for the assessment of smooth surfaces [7]. Lesions in 
the proximal region can be visualized by transillumination 
with visible light or optical coherent tomography (OCT), 
although OCT devices are currently so expensive that there 
will be no system available for general dental practice under 
economic conditions in the foreseeable future. Transillumi-
nation with near-infrared (NIR) light is expected to make 
approximal caries visible and has been protected by a patent 
for wavelengths above 795 nm [8]. Theoretically, it should 
also be possible to visualize caries by reflection of NIR light. 
There are already commercially available devices for this 
method, e.g., VistaCam (Dürr Dental, Bietigheim-Bissingen, 
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Results
Table 2  – Inter- and intra-examiner reliability (linear weighted K values) for ratings of three-dimensional 
near-infrared reflection scans at 850 nm from the occlusal viewpoint (NIRR occlusal) and from trilateral 
evaluation (NIRR trilateral) as well as from digital bitewing radiography (BWR) with 0.95 confidence 
intervals (CI)

Table 3  – Sensitivity, specificity, false-positive (FP) value, false-negative (FN) value and area under the 
receiver operating characteristic curve (AUC) for evaluation of three-dimensional near-infrared reflection 
scans at 850 nm from the occlusal viewpoint (NIRR occlusal)

Fig. 4 – Receiver operating characteristic curves (ROCs) for carious lesions for all tooth types and 
separated into premolar and molar groups. The graphs show equal area under the ROCs for near-infrared

reflection assessment from the occlusal viewpoint (NIRR occlusal), from three angles (NIRR trilateral) and 
for evaluation of bitewing radiography (BWR) (p < 0.05)
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may appear high at first glance when compared with the 
low DMFT values from epidemiological studies [23, 24]. 
Looking at the DMFT values across all age cohorts in Ger-
many, the DMS V study showed a DMFT value of 11.2 in 
the 35–44 age cohort, and the DMFT value increased to 21.6 
in the 75 + age group. However, it is important to note that 
these data only consider D3 and D4 lesions. The number of 
D1 or D2 lesions, which are a necessary prerequisite for the 
development of D3 and D4 lesions, is much higher, but there 
are hardly any population-representative studies for all age 
groups at the D1/D2 level. Recent studies in children found 
prevalence values on the order of over 70% in primary and 

mixed dentition [25, 26]. Because of the different systems of 
care, a conservative value of 50% for caries prevalence for 
initial defects seemed to be a good estimate for case number 
calculation. At this point, it is important to emphasize that 
we included only normally structured and restoration-free 
proximal surfaces of posterior teeth in this study. The reason 
was that we wanted to use the optical method primarily to 
detect initial defects whose progression could be delayed by 
non-invasive, preventive or microinvasive procedures, e.g., 
remineralization or infiltration [2, 27].

Until now, optical methods for caries diagnosis have often 
stored individual images in a database, and these images 
were used to uniquely identify the examined tooth. The 
combination of 3D data with diagnostic 2D information is 
novel. A significant advantage of this combination is that the 
examiners can easily orientate themselves in the process of 
diagnostic analysis by the tooth position in the dental arch 
and the tooth shape, which is not possible with database 
images. Especially with similar looking teeth, this is a sim-
plification. This simplification became clear in our study, as 
we digitized only two teeth instead of an entire dental arch. 
Especially when the tooth shape was similar, orientation was 
not trivial on either the 3D datasets or the 2D images, so we 
had to mark the neighbouring tooth that was not evaluated 
with a dark stripe. However, as soon as the dental arch was 
available, this problem was eliminated, and the orientation 
corresponded to the information provided by the oral cavity.

However, this intuitive documentation is a minor aspect 
of the iTero Element 5D scanner in our research question. 
Numerous NIRR images acquired from different directions 
are saved at the same time as 3D measurements of the den-
tal arch so that more information is available compared to 
the information provided by other NIRR scanners in which 
individual images are saved [9].

One of our objectives was therefore to assess whether the 
diagnostic performance of NIRR gains reliability if the teeth 
are evaluated from more than one preferred direction, for 
example, from the occlusal viewpoint but from all surfaces. 

Table 2  Inter- and intra-examiner reliability (linear weighted κ val-
ues) for ratings of three-dimensional near-infrared reflection scans at 
850  nm from the occlusal viewpoint (NIRR occlusal) and from tri-
lateral evaluation (NIRR trilateral) as well as from digital bitewing 
radiography (BWR) with 0.95 confidence intervals (CI)

Inter-exam-
iner

Intra-examiner

Examiner 1 
vs. Exam-
iner 2

Examiner 1 Examiner 2

NIRR 
occlusal

κ 0.97 0.82 0.76
Lower 0.95 

CI
0.93 0.74 0.66

Upper 0.95 
CI

1.00 0.91 0.86

NIRR trilat-
eral

κ 0.96 0.69 0.65
Lower 0.95 

CI
0.92 0.59 0.55

Upper 0.95 
CI

0.99 0.79 0.75

BWR κ 0.85 0.90 0.91
Lower 0.95 

CI
0.76 0.85 0.85

Upper 0.95 
CI

0.93 0.96 0.97

Table 3  Sensitivity, specificity, false-positive (FP) value, false-nega-
tive (FN) value and area under the receiver operating characteristic 
curve (AUC) for evaluation of three-dimensional near-infrared reflec-
tion scans at 850  nm from the occlusal viewpoint (NIRR occlusal) 

and from trilateral evaluation (NIRR trilateral) and of digital bitewing 
radiography (BWR) using micro-computed tomography as a reference 
standard (lower and upper 0.95 confidence interval (CI) in parenthe-
ses)

Sensitivity Specificity FP FN AUC 

NIRR occlusal All samples 0.33 (0.23–0.42) 0.84 (0.78–0.89) 0.16 (0.11–0.22) 0.67 (0.57–0.74) 0.58 (0.51–0.66)
Premolars 0.42 (0.26–0.58) 0.89 (0.76–1.03) 0.11 (− 0.03–0.24) 0.58 (0.42–0.73) 0.66 (0.51–0.80)
Molars 0.26 (0.14–0.38) 0.83 (0.76–0.89) 0.17 (0.11–0.24) 0.74 (0.62–0.81) 0.54 (0.45–0.64)

NIRR trilateral All samples 0.47 (0.37–0.57) 0.75 (0.69–0.82) 0.25 (0.18–0.31) 0.53 (0.43–0.61) 0.61 (0.54–0.68)
Premolars 0.50 (0.34–0.66) 0.79 (0.61–0.97) 0.21 (0.03–0.39) 0.50 (0.34–0.67) 0.65 (0.50–0.79)
Molars 0.44 (0.31–0.58) 0.75 (0.68–0.82) 0.25 (0.18–0.32) 0.56 (0.42–0.64) 0.60 (0.51–0.69)

BWR All samples 0.27 (0.17–0.36) 1.00 (1.00–1.00) 0.00 (0.00–0.00) 0.73 (0.64–0.80) 0.63 (0.55–0.70)
Premolars 0.33 (0.18–0.49) 1.00 (1.00–1.00) 0.00 (0.00–0.00) 0.67 (0.51–0.81) 0.65 (0.50–0.80)
Molars 0.22 (0.11–0.33) 1.00 (1.00–.100) 0.00 (0.00–0.00) 0.78 (0.67–0.84) 0.60 (0.50–0.69)
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were used to uniquely identify the examined tooth. The 
combination of 3D data with diagnostic 2D information is 
novel. A significant advantage of this combination is that the 
examiners can easily orientate themselves in the process of 
diagnostic analysis by the tooth position in the dental arch 
and the tooth shape, which is not possible with database 
images. Especially with similar looking teeth, this is a sim-
plification. This simplification became clear in our study, as 
we digitized only two teeth instead of an entire dental arch. 
Especially when the tooth shape was similar, orientation was 
not trivial on either the 3D datasets or the 2D images, so we 
had to mark the neighbouring tooth that was not evaluated 
with a dark stripe. However, as soon as the dental arch was 
available, this problem was eliminated, and the orientation 
corresponded to the information provided by the oral cavity.

However, this intuitive documentation is a minor aspect 
of the iTero Element 5D scanner in our research question. 
Numerous NIRR images acquired from different directions 
are saved at the same time as 3D measurements of the den-
tal arch so that more information is available compared to 
the information provided by other NIRR scanners in which 
individual images are saved [9].

One of our objectives was therefore to assess whether the 
diagnostic performance of NIRR gains reliability if the teeth 
are evaluated from more than one preferred direction, for 
example, from the occlusal viewpoint but from all surfaces. 

Table 2  Inter- and intra-examiner reliability (linear weighted κ val-
ues) for ratings of three-dimensional near-infrared reflection scans at 
850  nm from the occlusal viewpoint (NIRR occlusal) and from tri-
lateral evaluation (NIRR trilateral) as well as from digital bitewing 
radiography (BWR) with 0.95 confidence intervals (CI)
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tive (FN) value and area under the receiver operating characteristic 
curve (AUC) for evaluation of three-dimensional near-infrared reflec-
tion scans at 850  nm from the occlusal viewpoint (NIRR occlusal) 

and from trilateral evaluation (NIRR trilateral) and of digital bitewing 
radiography (BWR) using micro-computed tomography as a reference 
standard (lower and upper 0.95 confidence interval (CI) in parenthe-
ses)

Sensitivity Specificity FP FN AUC 

NIRR occlusal All samples 0.33 (0.23–0.42) 0.84 (0.78–0.89) 0.16 (0.11–0.22) 0.67 (0.57–0.74) 0.58 (0.51–0.66)
Premolars 0.42 (0.26–0.58) 0.89 (0.76–1.03) 0.11 (− 0.03–0.24) 0.58 (0.42–0.73) 0.66 (0.51–0.80)
Molars 0.26 (0.14–0.38) 0.83 (0.76–0.89) 0.17 (0.11–0.24) 0.74 (0.62–0.81) 0.54 (0.45–0.64)

NIRR trilateral All samples 0.47 (0.37–0.57) 0.75 (0.69–0.82) 0.25 (0.18–0.31) 0.53 (0.43–0.61) 0.61 (0.54–0.68)
Premolars 0.50 (0.34–0.66) 0.79 (0.61–0.97) 0.21 (0.03–0.39) 0.50 (0.34–0.67) 0.65 (0.50–0.79)
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BWR All samples 0.27 (0.17–0.36) 1.00 (1.00–1.00) 0.00 (0.00–0.00) 0.73 (0.64–0.80) 0.63 (0.55–0.70)
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Conclusion:	

• �The iTero Element™ 5D imaging system achieved diagnostic results 
comparable to those of BWR. NIRR with and without the trilateral information 
can detect initial defects in the enamel with higher sensitivity than BWR, but it 
cannot, in contrast to BWR, support a reliable recommendation for or against 
invasive therapy when the EDJ is exceeded.

• �Enamel cracks do not result in a therapeutic consequence, this observation 
is of secondary clinical importance.

• �Unlike other NIRR devices for caries diagnosis that use 850 nm LEDs as 
a light source, the iTero Element 5D imaging system does not show any 
reflection artefacts caused by a smooth dental surface.

• �Images acquired from the NIRR scanner present light scattered in depth 
mainly at dentin and irregularities in enamel, without being superimposed 
by superficial specular reflections, as has been observed for other NIRR 
diagnostic devices.

• �The novel approach to entirely measure the dental arch from different 
directions can be an attractive option for the development of future 
diagnostic applications.

• �It would be possible to calculate the complete surface texture for the entire 
3D data set from the multitude of individual images.

Article summary of: 
“�Diagnostic validity of early proximal caries detection using near‑ 

infrared imaging technology on 3D range data of posterior teeth”
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Abstract
Objectives This in vitro study analysed potential of early proximal caries detection using 3D range data of teeth consisting 
of near-infrared reflection images at 850 nm (NIRR).
Materials and methods Two hundred fifty healthy and carious permanent human teeth were arranged pairwise, examined 
with bitewing radiography (BWR) and NIRR and validated with micro-computed tomography. NIRR findings were evalu-
ated from buccal, lingual and occlusal (trilateral) views according to yes/no decisions about presence of caries. Reliability 
assessments included kappa statistics and revealed high agreement for both methods. Statistical analysis included cross 
tabulation and calculation of sensitivity, specificity and AUC.
Results Underestimation of caries was 24.8% for NIRR and 26.4% for BWR. Overestimation was 10.4% for occlusal NIRR 
and 0% for BWR. Trilateral NIRR had overall accuracy of 64.8%, overestimation of 15.6% and underestimation of 19.6%. 
NIRR and BWR showed high specificity and low sensitivity for proximal caries detection.
Conclusions NIRR achieved diagnostic results comparable to BWR. Trilateral NIRR assessments overestimated presence 
of proximal caries, revealing stronger sensitivity for initial caries detection than BWR.
Clinical relevance NIRR provided valid complement to BWR as diagnostic instrument. Investigation from multiple angles 
did not substantially improve proximal caries detection with NIRR.

Keywords X-ray microtomography · Sensitivity and specificity · Reproducibility of results · Dental caries · Near-infrared 
imaging · Near-infrared reflection

Introduction

The number of diagnostic methods available to dentists for 
caries detection has multiplied in recent years. Due to new 
preventive and microinvasive therapy strategies, there is an 
increasing need to be able to detect and correctly assess car-
ies at an early stage [1, 2]. With the established procedures 
of visual inspection and bitewing radiography, both healthy 
tooth structure and advanced cavitated lesions can be cor-
rectly identified [3–5]. However, early proximal caries is 
not detected adequately [6]. In the context of new thera-
peutic approaches, high sensitivity for early caries detec-
tion is desirable, necessitating other diagnostic methods 

for the detection and assessment of initial lesions with high 
accuracy.

Over the last three decades, numerous techniques have 
been developed and investigated to meet this challenge. 
Most techniques, such as quantitative light-induced fluores-
cence, laser fluorescence, electrical conductance, imped-
ance spectroscopy and photothermal radiometry, are well 
suited for the assessment of smooth surfaces [7]. Lesions in 
the proximal region can be visualized by transillumination 
with visible light or optical coherent tomography (OCT), 
although OCT devices are currently so expensive that there 
will be no system available for general dental practice under 
economic conditions in the foreseeable future. Transillumi-
nation with near-infrared (NIR) light is expected to make 
approximal caries visible and has been protected by a patent 
for wavelengths above 795 nm [8]. Theoretically, it should 
also be possible to visualize caries by reflection of NIR light. 
There are already commercially available devices for this 
method, e.g., VistaCam (Dürr Dental, Bietigheim-Bissingen, 
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Abstract: With continuing technological developments, there have been advances in the field of fixed
prosthetics, particularly in impression-taking techniques. These technological advances mean that a
wide variety of diagnostic and/or rehabilitation possibilities can be explored without the need for
physical models. The aim of this study was to evaluate the accuracy of three intraoral scanners used
in oral implant rehabilitation using an extraoral scanner as a reference and varying the scanning area.
Three models representing different clinical scenarios were scanned 15 times by each intraoral scanner
and three times by the extraoral scanner. The readings were analyzed and overlaid using engineering
software (Geomagic® Control X software (Artec Europe, Luxembourg)). Statistically significant
differences in accuracy were found between the three intraoral scanners, iTero® (Align Technology
Inc., San Jose, CA, USA), Medit® (Medit®: Seoul, Korea), and Planmeca® (Planmeca®: Helsinki,
Finland). In all clinical scenarios, the iTero® scanner had the best trueness (24.4 µm), followed by
the Medit® (26.4 µm) and Planmeca® (42.1 µm). The Medit® showed the best precision (18.00 µm)
followed by the iTero® (19.20 µm) and Planmeca® (34.30 µm). We concluded that the iTero® scanner
had the highest reproducibility and accuracy in the clinical setting.

Keywords: precision; accuracy; dental implants; impressions; implant-supported prosthesis; computer-aided
design; computer-aided manufacturing

1. Introduction

Developments in digital technology and the recent introduction of the first intraoral
scanner in dentistry have led to advances in the field of fixed prosthetics, particularly in
impression-taking techniques [1,2]. This ongoing evolution has resulted in a wide variety
of diagnostic and rehabilitation possibilities without the need to use physical models [3,4].
These devices have allowed us to digitize the oral cavity and create three-dimensional
virtual models [4].

In the 1980s, a Swiss dentist, in collaboration with a Swiss electrical engineer, devel-
oped the first marketable impression-taking device (CEREC), which boosted the growth of
computer-aided design (CAD) and computer-aided manufacturing (CAM) technology in
dentistry [5,6]. This had the advantage of simplifying and improving previously complex
and time-consuming techniques involved in the field of fixed prostheses during oral rehabil-
itation [7]. In dentistry, conventional impression-taking still requires scanning of a plaster
model [6,8,9]. However, using CAD/CAM, it is possible to design a prosthesis and send the
file directly to a milling machine [6]. The prosthesis produced is then placed and adjusted
in the patient’s oral cavity by a dentist [6]. The advent of intraoral scanners means that it is
now possible to acquire impressions directly without the need for conventional impression-
taking [10]. The data obtained are electronically sent to the milling unit where the model
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Executive summary 
Comparison study of three intraoral scanners used in oral implant rehabilitation: 
Planmeca Planscan scanner, Medit i500 scanner, iTero Element™ Plus series.

•	� iTero scanner shows the best results, which confirmed a high stability pattern in 
this comparison of the quality of the different readings randomized to specific 
clinical situations.

•	 iTero™ scanner was found to be the most accurate (26.00 µm), followed by the 		
	 Medit scanner (35.90 µm) and Planmeca Planscan scanner (57.30 µm). 

•	� Trueness was slightly better for total rehabilitation than for partial rehabilitation 
iTero™ scanner, reflecting the great progress made by the latest generation of 
intraoral scanners.

Aim of the study
The aim of this study was to evaluate the accuracy of three intraoral scanners used 
in oral implant rehabilitation, using an extraoral scanner as a reference and varying 
the scanning area.

Planmeca PlanScan 

scanner

iTero Element Plus Series Medit i500 scanner
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Abstract: With continuing technological developments, there have been advances in the field of fixed
prosthetics, particularly in impression-taking techniques. These technological advances mean that a
wide variety of diagnostic and/or rehabilitation possibilities can be explored without the need for
physical models. The aim of this study was to evaluate the accuracy of three intraoral scanners used
in oral implant rehabilitation using an extraoral scanner as a reference and varying the scanning area.
Three models representing different clinical scenarios were scanned 15 times by each intraoral scanner
and three times by the extraoral scanner. The readings were analyzed and overlaid using engineering
software (Geomagic® Control X software (Artec Europe, Luxembourg)). Statistically significant
differences in accuracy were found between the three intraoral scanners, iTero® (Align Technology
Inc., San Jose, CA, USA), Medit® (Medit®: Seoul, Korea), and Planmeca® (Planmeca®: Helsinki,
Finland). In all clinical scenarios, the iTero® scanner had the best trueness (24.4 µm), followed by
the Medit® (26.4 µm) and Planmeca® (42.1 µm). The Medit® showed the best precision (18.00 µm)
followed by the iTero® (19.20 µm) and Planmeca® (34.30 µm). We concluded that the iTero® scanner
had the highest reproducibility and accuracy in the clinical setting.

Keywords: precision; accuracy; dental implants; impressions; implant-supported prosthesis; computer-aided
design; computer-aided manufacturing

1. Introduction

Developments in digital technology and the recent introduction of the first intraoral
scanner in dentistry have led to advances in the field of fixed prosthetics, particularly in
impression-taking techniques [1,2]. This ongoing evolution has resulted in a wide variety
of diagnostic and rehabilitation possibilities without the need to use physical models [3,4].
These devices have allowed us to digitize the oral cavity and create three-dimensional
virtual models [4].

In the 1980s, a Swiss dentist, in collaboration with a Swiss electrical engineer, devel-
oped the first marketable impression-taking device (CEREC), which boosted the growth of
computer-aided design (CAD) and computer-aided manufacturing (CAM) technology in
dentistry [5,6]. This had the advantage of simplifying and improving previously complex
and time-consuming techniques involved in the field of fixed prostheses during oral rehabil-
itation [7]. In dentistry, conventional impression-taking still requires scanning of a plaster
model [6,8,9]. However, using CAD/CAM, it is possible to design a prosthesis and send the
file directly to a milling machine [6]. The prosthesis produced is then placed and adjusted
in the patient’s oral cavity by a dentist [6]. The advent of intraoral scanners means that it is
now possible to acquire impressions directly without the need for conventional impression-
taking [10]. The data obtained are electronically sent to the milling unit where the model

Dent. J. 2022, 10, 112. https://doi.org/10.3390/dj10060112 https://www.mdpi.com/journal/dentistry

Article:

Authors:  
Costa V, Silva AS,  
Costa R, Barreiros P, 
Mendes J, Mendes JM.

This text is lifted  
from the article. 
To purchase and read 
the full article please 
click here

Materials and methods

Three representative plaster models made in the laboratory. (A) Completely 
edentulous jaw rehabilitated with four implants. (B) Partially edentulous jaw 
rehabilitated with two implants. (C) Partially edentulous jaw rehabilitated with 
one implant. Three ZrGEN-MegaGen AANISR4013, four ZrGEN-MegaGen, 
and AMUASR4013 scan bodies were used in the respective analogs to enable 
scanning and location of the implants.
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However, despite these advantages, intraoral scanners require an initial investment and
that the clinician has the ability to ensure adequate scanning [34]. Studies have reported
that inexperienced operators had worse scans than experienced users [38–40]. A more
accurate scanning strategy minimizes inaccuracies in the digital fabrication workflow and
yields accurate virtual 3D datasets [38–40].

Several methods have been developed to assess the precision and trueness of scanner
devices. Some have either compared these devices to other intra-oral scanners or to
traditional impression techniques [41,42]. A considerable number of researchers have either
used an extraoral scanner or employed a master cast that has been measured by tactile
computer metric measurements (CMM) to obtain reference data as a virtual 3D file [19,43].
The master model is then scanned by different intra-oral scanners, obtaining a virtual
model [19,43]. These files are measured and compared to the reference date [19,43]. We
have used the best-fit algorithm in our study.

The primary aim of this study was to compare the accuracy and veracity of three
intraoral scanners (iTero® Element Plus Series, Medit® i500, and Planmeca® PlanScan) in
oral implant rehabilitation using an extraoral scanner as a reference. A secondary aim
was to determine whether the area scanned influences the accuracy of the data obtained
by the scanner and whether the values obtained are within the reference range. The null
hypothesis was that there would be no significant differences among the intraoral scanner
devices and with the extraoral scanner.

2. Materials and Methods

The following three representative plaster models with artificial gingiva were made in
the laboratory: model A, a total edentulous maxilla with four analog implants in positions
12, 15, 22, and 25 (Multi-unit/MegaGen® analogs, MegaGen Implant Co., Ltd., Gyeongsan,
Korea); model B, a partially edentulous maxilla with two analog implants in positions 12
and 22 (Analog/MegaGen AnyRidge); and model C, a partially edentulous maxilla with
one analog implant in position 15 (Analog/MegaGen AnyRidge) (Figure 1).
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Figure 1. Three representative plaster models made in the laboratory. (A) Completely edentulous
jaw rehabilitated with four implants. (B) Partially edentulous jaw rehabilitated with two implants.
(C) Partially edentulous jaw rehabilitated with one implant.

Three ZrGEN-MegaGen AANISR4013, four ZrGEN-MegaGen, and AMUASR4013
scan bodies were used in the respective analogs to enable scanning and location of the
implants.
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Table 1. Information about the intraoral scanner systems.

System Manufacturer Scanning
Technology Scan Protocol Acquisition Powder

Application Export

iTero- Element
Plus Series

Align
Technology

Parallel
confocal

microscopy
OPB Video Sequence No STL/OBJ/PLY

i500 Medit Triangulation
technique OPB Video Sequence No STL/OBJ/PLY

Planscan Planmecca

Confocal
microscopy and

optical
coherence

tomography

OPB Video Sequence No STL/OBJ/PLY

O = Occlusal; P = Palatal; B = Bucal.
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2.2.2. Medit® i500

Using the triangulation technique to acquire 3D images, MEDIT® was introduced
in the market in order to improve and revolutionize 3D technology. The image is based
on a color video enabling the distinction between teeth, soft tissue and tartar. It does not
require the use of powder for scanning, which makes the procedure more comfortable for
the patient. This allows data to be exported in several formats (STL/OBJ/PLY), giving the
operator freedom of choice. The scanning strategy for the Medit group was performed by
zigzag movement, from oclusal to palatal and buccal surface.

2.2.3. Planmeca® PlanScan

Based on the principle of Confocal Microscopy and Optical Coherence Tomography,
this system uses a blue light with real-time and color streaming video. No opacification is
required for scanning. This open system facilitates the conversion of acquired files into STL
readable by all CAD systems. The scanning technique from Planmecca, Planscan started
first from the oclusal, rotating to the palatal and then rotating across the distal proximal to
reach the buccal side.

2.3. Alignment and Measurement Procedures

After gathering 15 impressions per scanner (iTero®, Medit®, and Planmeca®), the 3D
images were transformed into STL format files and then manipulated digitally using the
3D analysis program Geomagic Control X version 2018. Once imported into the software,
all the obtained images were cut according to planes to delimit only the area of interest.
The images were then superimposed two by two according to the best-fit algorithm to
assess trueness (superimposition of laboratory reference and intraoral scans) and precision
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Figure 1 – Three representative 

plaster models made in the 

laboratory. (A) Completely 

edentulous jaw rehabilitated 

with four implants. (B) Partially 

edentulous jaw rehabilitated 

with two implants. (C) Partially 

edentulous jaw rehabilitated 

with one implant.

The models were fixed to the rotating base 
that was moved so that the model could 
be read at various angles. This procedure 
was repeated three times for each model. 
The images obtained were named and 
saved in an STL file for subsequent analysis.
Subsequently, the readings were entered 
into Geomagic® Control X software (version 
2018. 1.1; Artec Europe, Luxembourg), 
where the structures were superposed to 
select a reference dataset.These models 
were used as a guide for measurement of 
the veracity of all intraoral scanner.
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2.1. S6OO ARTI Extraoral Scanner

We started by spraying the models with a white powder (Helling 3D; Willoughby,
NSW, Australia) from approximately 20 cm away and then placing them inside the reading
machine, where they were fixed to the rotating base that was moved so that the model could
be read at various angles. This procedure was repeated three times for each model. The
images obtained were named and saved in an STL file for subsequent analysis (Figure 2).
Subsequently, the readings were entered into Geomagic® Control X software (version
2018. 1.1; Artec Europe, Luxembourg), where the structures were superposed to select a
reference dataset. These models were used as a guide for measurement of the veracity of
all intraoral scanners.
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2.2. Intraoral Scanners

The three intraoral scanners evaluated were the iTero® Element Plus Series (Align
Technology Inc., San Jose, CA, USA), Medit i500 (Medit®; Seoul, Korea), and Planmeca®

PlanScan (Planmeca®: Helsinki, Finland). To evaluate the accuracy of these devices, the
models were scanned 15 times per scanner with a 10-min interval to allow for cooling,
resulting in a total of 135 virtual 3D models. (Table 1 and Figure 3). All measurements were
acquired by the same operator to reduce the risk of bias and ensure that the same environ-
mental conditions were maintained, in a room with a temperature of 22 ◦C. The calibration
of all intraoral scanners was performed according to the manufacturer’s recommendations.

2.2.1. iTero® Element Plus Series

The iTero® Element Plus Series is a device that does not require opacification and
features color scanning. The acquisition method of this device is based on parallel confocal
microscopy. The scanning procedure with iTero® started from the oclusal surface, rolling to
palatal and buccal surface.
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Abstract: With continuing technological developments, there have been advances in the field of fixed
prosthetics, particularly in impression-taking techniques. These technological advances mean that a
wide variety of diagnostic and/or rehabilitation possibilities can be explored without the need for
physical models. The aim of this study was to evaluate the accuracy of three intraoral scanners used
in oral implant rehabilitation using an extraoral scanner as a reference and varying the scanning area.
Three models representing different clinical scenarios were scanned 15 times by each intraoral scanner
and three times by the extraoral scanner. The readings were analyzed and overlaid using engineering
software (Geomagic® Control X software (Artec Europe, Luxembourg)). Statistically significant
differences in accuracy were found between the three intraoral scanners, iTero® (Align Technology
Inc., San Jose, CA, USA), Medit® (Medit®: Seoul, Korea), and Planmeca® (Planmeca®: Helsinki,
Finland). In all clinical scenarios, the iTero® scanner had the best trueness (24.4 µm), followed by
the Medit® (26.4 µm) and Planmeca® (42.1 µm). The Medit® showed the best precision (18.00 µm)
followed by the iTero® (19.20 µm) and Planmeca® (34.30 µm). We concluded that the iTero® scanner
had the highest reproducibility and accuracy in the clinical setting.

Keywords: precision; accuracy; dental implants; impressions; implant-supported prosthesis; computer-aided
design; computer-aided manufacturing

1. Introduction

Developments in digital technology and the recent introduction of the first intraoral
scanner in dentistry have led to advances in the field of fixed prosthetics, particularly in
impression-taking techniques [1,2]. This ongoing evolution has resulted in a wide variety
of diagnostic and rehabilitation possibilities without the need to use physical models [3,4].
These devices have allowed us to digitize the oral cavity and create three-dimensional
virtual models [4].

In the 1980s, a Swiss dentist, in collaboration with a Swiss electrical engineer, devel-
oped the first marketable impression-taking device (CEREC), which boosted the growth of
computer-aided design (CAD) and computer-aided manufacturing (CAM) technology in
dentistry [5,6]. This had the advantage of simplifying and improving previously complex
and time-consuming techniques involved in the field of fixed prostheses during oral rehabil-
itation [7]. In dentistry, conventional impression-taking still requires scanning of a plaster
model [6,8,9]. However, using CAD/CAM, it is possible to design a prosthesis and send the
file directly to a milling machine [6]. The prosthesis produced is then placed and adjusted
in the patient’s oral cavity by a dentist [6]. The advent of intraoral scanners means that it is
now possible to acquire impressions directly without the need for conventional impression-
taking [10]. The data obtained are electronically sent to the milling unit where the model
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Scanning technique 
1:   �iTero Element™ Plus Series: The iTero Element Plus Series is a device that 

does not require opacification and features color scanning. The acquisition 
method of this device is based on parallel confocal microscopy. The scanning 
procedure with iTero started from the occlusal surface, rolling to palatal and 
buccal surface.

2:   �Medit i500 scanner: Using the triangulation technique to acquire 3D images. 
The image is based on a color video enabling the distinction between teeth, soft 
tissue and tartar. It does not require the use of powder for scanning. This allows 
data to be exported in several formats (STL/OBJ/PLY), giving the operator 
freedom of choice. The scanning strategy for the Medit scanner group was 
performed by zigzag movement, from occlusal to palatal and buccal surface.

3:   �Planmeca PlanScan scanner: Based on the principle of confocal microscopy 
and optical coherence tomography, this system uses a blue light with real-time 
and color streaming video. No opacification is required for scanning. This open 
system facilitates the conversion of acquired files into STL readable by all CAD 
systems. The scanning technique from Planmeca Planscan started first from 
the occlusal, rotating to the palatal and then rotating across the distal proximal 
to reach the buccal side.
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Table 1. Information about the intraoral scanner systems.

System Manufacturer Scanning
Technology Scan Protocol Acquisition Powder

Application Export

iTero- Element
Plus Series

Align
Technology

Parallel
confocal

microscopy
OPB Video Sequence No STL/OBJ/PLY

i500 Medit Triangulation
technique OPB Video Sequence No STL/OBJ/PLY

Planscan Planmecca

Confocal
microscopy and

optical
coherence

tomography

OPB Video Sequence No STL/OBJ/PLY

O = Occlusal; P = Palatal; B = Bucal.
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2.2.2. Medit® i500

Using the triangulation technique to acquire 3D images, MEDIT® was introduced
in the market in order to improve and revolutionize 3D technology. The image is based
on a color video enabling the distinction between teeth, soft tissue and tartar. It does not
require the use of powder for scanning, which makes the procedure more comfortable for
the patient. This allows data to be exported in several formats (STL/OBJ/PLY), giving the
operator freedom of choice. The scanning strategy for the Medit group was performed by
zigzag movement, from oclusal to palatal and buccal surface.

2.2.3. Planmeca® PlanScan

Based on the principle of Confocal Microscopy and Optical Coherence Tomography,
this system uses a blue light with real-time and color streaming video. No opacification is
required for scanning. This open system facilitates the conversion of acquired files into STL
readable by all CAD systems. The scanning technique from Planmecca, Planscan started
first from the oclusal, rotating to the palatal and then rotating across the distal proximal to
reach the buccal side.

2.3. Alignment and Measurement Procedures

After gathering 15 impressions per scanner (iTero®, Medit®, and Planmeca®), the 3D
images were transformed into STL format files and then manipulated digitally using the
3D analysis program Geomagic Control X version 2018. Once imported into the software,
all the obtained images were cut according to planes to delimit only the area of interest.
The images were then superimposed two by two according to the best-fit algorithm to
assess trueness (superimposition of laboratory reference and intraoral scans) and precision
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To evaluate the accuracy of these devices, the models were scanned 15 times per 
scanner with a 10-min interval to allow for cooling, resulting in a total of 135 virtual 
3D mod.
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Abstract: With continuing technological developments, there have been advances in the field of fixed
prosthetics, particularly in impression-taking techniques. These technological advances mean that a
wide variety of diagnostic and/or rehabilitation possibilities can be explored without the need for
physical models. The aim of this study was to evaluate the accuracy of three intraoral scanners used
in oral implant rehabilitation using an extraoral scanner as a reference and varying the scanning area.
Three models representing different clinical scenarios were scanned 15 times by each intraoral scanner
and three times by the extraoral scanner. The readings were analyzed and overlaid using engineering
software (Geomagic® Control X software (Artec Europe, Luxembourg)). Statistically significant
differences in accuracy were found between the three intraoral scanners, iTero® (Align Technology
Inc., San Jose, CA, USA), Medit® (Medit®: Seoul, Korea), and Planmeca® (Planmeca®: Helsinki,
Finland). In all clinical scenarios, the iTero® scanner had the best trueness (24.4 µm), followed by
the Medit® (26.4 µm) and Planmeca® (42.1 µm). The Medit® showed the best precision (18.00 µm)
followed by the iTero® (19.20 µm) and Planmeca® (34.30 µm). We concluded that the iTero® scanner
had the highest reproducibility and accuracy in the clinical setting.

Keywords: precision; accuracy; dental implants; impressions; implant-supported prosthesis; computer-aided
design; computer-aided manufacturing

1. Introduction

Developments in digital technology and the recent introduction of the first intraoral
scanner in dentistry have led to advances in the field of fixed prosthetics, particularly in
impression-taking techniques [1,2]. This ongoing evolution has resulted in a wide variety
of diagnostic and rehabilitation possibilities without the need to use physical models [3,4].
These devices have allowed us to digitize the oral cavity and create three-dimensional
virtual models [4].

In the 1980s, a Swiss dentist, in collaboration with a Swiss electrical engineer, devel-
oped the first marketable impression-taking device (CEREC), which boosted the growth of
computer-aided design (CAD) and computer-aided manufacturing (CAM) technology in
dentistry [5,6]. This had the advantage of simplifying and improving previously complex
and time-consuming techniques involved in the field of fixed prostheses during oral rehabil-
itation [7]. In dentistry, conventional impression-taking still requires scanning of a plaster
model [6,8,9]. However, using CAD/CAM, it is possible to design a prosthesis and send the
file directly to a milling machine [6]. The prosthesis produced is then placed and adjusted
in the patient’s oral cavity by a dentist [6]. The advent of intraoral scanners means that it is
now possible to acquire impressions directly without the need for conventional impression-
taking [10]. The data obtained are electronically sent to the milling unit where the model
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Results
The color maps indicated the displacements between overlapped structures. The 
same colorimetric parameters were set for the different models; the maximum 
deviation ranged from 100 μm to–100 μm, with the best results ranging between 30 
μm and −30 μm (green; Figures 4 and 5).
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precision, 14 measurements per scanner and model were included for a total of 126 mea-
surements. Discrepancies between the reference measurements and the measurements
obtained by the scanners were calculated using the root mean square (RMS). This is often
used in cases in which there is an evaluation system with positive and negative discrep-
ancies, thus, preventing deviations from canceling out when they are summarized by
averaging or summation. Thus, the sum of the RMS for all deviations between the point
evaluated by the scanner and the reference point was calculated.

RMS =
1√
n

√
∑(x1,i − x2,i)

2

Point x(1,i) refers to the point on the scanner being tested and point x(2,i) refers to
the same point on the reference model. The squared sum of the differences reflects the
amount of error. The square root places this value on the scale of the original error distance.
Dividing by the number of observations reflects the average error between the reference
model and the scanners tested.

The RMS trueness and precision values were compared between the iTero®, Medit®,
and Planmeca® scanners and models A, B, and C using two-way analysis of variance. The
effect size was calculated using the eta2 (η2) value, considering cut-off points of 0.01 as a
mild effect, 0.06 as a moderate effect, and 0.14 as a high effect.

The Student’s one-sample t-test was used to evaluate the statistical significance and
magnitude of the mean difference evaluated by RMS with respect to “zero”, which means
total overlap between the reference model and the tested scanner. The effect size “d” was
evaluated according to cut-off points of 0.20 for a slight effect, 0.50 for a moderate effect,
and 0.80 for a high effect. The RMS values across the three scanners and three models
are summarized as the mean and standard deviation. All data were analyzed using SPSS
software version 22 (IBM Corp., Armonk, NY, USA). The significance level set for rejection
of the null hypothesis was 5%.

3. Results

Table 2 show the RMS values obtained for trueness and precision by the different
scanners and models using the Geomagic Control X software. Statistically significant
differences in veracity values were observed, namely, F(2,126) = 673.53, p < 0.001, η2 = 0.92,
as well as in the comparison per model [F(2,126) = 58.13, p < 0.001, η2 = 0.48] and the
interaction between them [F(4,126) = 17.77, p < 0.001, η2 = 0.36].

Table 2. Comparison of root mean square values for trueness according to type and model of scanner
by two-way analysis of variance.

Two-Way Analysis of Variance

Model A Model B Model C Scanner Model Interaction

iTero® 0.0244
(0.0017)

0.0244
(0.0047)

0.0249
(0.0012) F(2,126) = 675.53

p < 0.001
η2 = 0.92

F(2,126) = 58.13
p < 0.001
η2 = 0.48

F(4,126) = 17.77
p < 0.001
η2 = 0.36Medit® 0.0379

(0.0028)
0.0329

(0.0041)
0.0264

(0.0030)

Planmeca® 0.0507
(0.0028)

0.0469
(0.0017)

0.0421
(0.0019)

Data are presented as the mean and standard deviation in millimeters. p < 0.001, statistically significant difference
between scanners and between brands, Tukey’s test.

This table shows that the iTero® scanner achieved the best results in an edentulous jaw
rehabilitated with four implants (model A), an edentulous jaw partially rehabilitated with
two implants (model B). and an edentulous jaw partially rehabilitated with one implant
(model C) (24.40, 24.40, and 24.90 µm respectively). The next best veracity results were
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(superimposition of the scan with the best trueness on the different intraoral scanners
used). Next, using the “3D Deviation” function, the distance between specific points was
quantified. The color maps indicated the displacements between overlapped structures.
The same colorimetric parameters were set for the different models; the maximum deviation
ranged from 100 µm to–100 µm, with the best results ranging between 30 µm and −30 µm
(green; Figures 4 and 5). After completion of the analysis of all overlays, the numeric data
obtained were exported to a report.
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2.4. Datasets and Statistical Analysis

Fifteen trueness measurements were evaluated for the iTero®, Medit® and Planmeca®
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(superimposition of the scan with the best trueness on the different intraoral scanners
used). Next, using the “3D Deviation” function, the distance between specific points was
quantified. The color maps indicated the displacements between overlapped structures.
The same colorimetric parameters were set for the different models; the maximum deviation
ranged from 100 µm to–100 µm, with the best results ranging between 30 µm and −30 µm
(green; Figures 4 and 5). After completion of the analysis of all overlays, the numeric data
obtained were exported to a report.
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Table 2 – Comparison of root mean square values for trueness according to type and model of scanner by 

two-way analysis of variance.

In this study, the trueness values were lower (iTero™ scanner, 24.40 µm) in 
representative situations of fully edentulous patients rehabilitated with four 
implants than those in single implant rehabilitations (iTero™ scanner, 24.90 µm). 
Contrary to what some authors have reported, they found an increase in error with 
an increase in the area scanned.
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Conclusion:	

•	  iTero™ scanner was found to be the most accurate (26.00 µm), followed by 		
the Medit scanner (35.90 µm) and Planmeca PlanScan scanner (57.30 µm). 

• 	iTero scanner shows the best results, which confirmed a high stability
pattern in this comparison of the quality of the different readings randomized 
to specific clinical situations. Trueness was slightly better for total 
rehabilitation than for partial rehabilitation (iTero™ scanner), reflecting the 
great progress made by the latest generation of intraoral scanners. 
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Abstract: With continuing technological developments, there have been advances in the field of fixed
prosthetics, particularly in impression-taking techniques. These technological advances mean that a
wide variety of diagnostic and/or rehabilitation possibilities can be explored without the need for
physical models. The aim of this study was to evaluate the accuracy of three intraoral scanners used
in oral implant rehabilitation using an extraoral scanner as a reference and varying the scanning area.
Three models representing different clinical scenarios were scanned 15 times by each intraoral scanner
and three times by the extraoral scanner. The readings were analyzed and overlaid using engineering
software (Geomagic® Control X software (Artec Europe, Luxembourg)). Statistically significant
differences in accuracy were found between the three intraoral scanners, iTero® (Align Technology
Inc., San Jose, CA, USA), Medit® (Medit®: Seoul, Korea), and Planmeca® (Planmeca®: Helsinki,
Finland). In all clinical scenarios, the iTero® scanner had the best trueness (24.4 µm), followed by
the Medit® (26.4 µm) and Planmeca® (42.1 µm). The Medit® showed the best precision (18.00 µm)
followed by the iTero® (19.20 µm) and Planmeca® (34.30 µm). We concluded that the iTero® scanner
had the highest reproducibility and accuracy in the clinical setting.

Keywords: precision; accuracy; dental implants; impressions; implant-supported prosthesis; computer-aided
design; computer-aided manufacturing

1. Introduction

Developments in digital technology and the recent introduction of the first intraoral
scanner in dentistry have led to advances in the field of fixed prosthetics, particularly in
impression-taking techniques [1,2]. This ongoing evolution has resulted in a wide variety
of diagnostic and rehabilitation possibilities without the need to use physical models [3,4].
These devices have allowed us to digitize the oral cavity and create three-dimensional
virtual models [4].

In the 1980s, a Swiss dentist, in collaboration with a Swiss electrical engineer, devel-
oped the first marketable impression-taking device (CEREC), which boosted the growth of
computer-aided design (CAD) and computer-aided manufacturing (CAM) technology in
dentistry [5,6]. This had the advantage of simplifying and improving previously complex
and time-consuming techniques involved in the field of fixed prostheses during oral rehabil-
itation [7]. In dentistry, conventional impression-taking still requires scanning of a plaster
model [6,8,9]. However, using CAD/CAM, it is possible to design a prosthesis and send the
file directly to a milling machine [6]. The prosthesis produced is then placed and adjusted
in the patient’s oral cavity by a dentist [6]. The advent of intraoral scanners means that it is
now possible to acquire impressions directly without the need for conventional impression-
taking [10]. The data obtained are electronically sent to the milling unit where the model
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Results

Table 3 – Comparison of root mean square values for trueness according to type and model of scanner by 

two-way analysis of variance.

We obtained statistically significant differences in precision between the different 
scanners and models. For oral rehabilitation with one implant, Medit scanner had 
the lowest precision value at 18.00 µm, followed by the iTero™ scanner (19.2 µm) and 
Planmeca PlanScan scanner (34.3 µm). 
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obtained by the Medit® (model C, 26.4 µm; model B, 32.90 µm; model A, 37.90 µm) followed
by the Planmeca® (model C, 42.10 µm; model B, 46.90 µm; model A, 50.7 µm).

Table 3 shows the differences between the RMS value for trueness obtained for each
scanner and model and the “zero” point, which indicates total overlap between the reference
model and the scanners used. All tests were statistically significant (p < 0.001) with high
effect sizes, suggesting a significant departure from the zero point of total overlap. Table 3
suggests that the RMS distribution for the trueness of the scanner evaluations was higher,
particularly for the iTero® in model A and model C and for the Planmeca® in model A,
model B, and model C.

Table 3. Comparison of the root mean square values for trueness in relation to the “zero” error.

t-Test, H0: µ = 0

Model A Model B Model C

iTero® t(14) = 56.92 (p < 0.001)
d = 14.70

t(14) = 20.22 (p < 0.001)
d = 5.22

t(14) = 80.19 (p < 0.001)
d = 20.71

Medit® t(14) = 52.91 (p < 0.001)
d = 13.66

t(14) = 30.89 (p < 0.001)
d = 7.98

t(14) = 34.34 (p < 0.001)
d = 8.87

Planmeca® t(14) = 69.32 (p < 0.001)
d = 17.90

t(14) = 108.10 (p < 0.001)
d = 27.91

t(14) = 84.03 (p < 0.001)
d = 21.70

Comparisons were made using the t-test.

Table 4 shows the results of the comparison of RMD values for precision by scanner
type and model. Statistically significant differences were observed in the comparison by
scanner [F(2,117) = 593.52, p < 0.001, η2 = 0.91], comparison by model [F(2,117) = 218.95,
p < 0.001, η2 = 0.79], and in the interaction between scanner and model, [F(4,117) = 24.01,
p < 0.001, η2 = 0.45].

Table 4. Comparison of root mean square values for precision according to type and model of scanner
by two-way analysis of variance.

Two-Way Analysis of Variance

Model A Model B Model C Scanner Model Interaction

iTero® 0.0260
(0.0039)

0.0250
(0.0025)

0.0192
(0.0042) F(2,117) = 593.52

p < 0.001
η2 = 0.91

F(2,117) = 218.95
p < 0.001
η2 = 0.79

F(4,117) = 24.01
p < 0.001
η2 = 0.45Medit® 0.0359

(0.0052)
0.0268

(0.0052)
0.0180

(0.0020)

Planmeca® 0.0573
(0.0034)

0.0530
(0.0018)

0.0343
(0.0027)

Data are presented as the mean and standard deviation in millimeters. p < 0.001, statistically significant difference
between scanners and between brands, Tukey’s test.

Tukey’s multiple comparisons tests identified differences in the RMS between scanners
(p < 0.001) and between models (p < 0.001). Table 4 shows that the iTero® scanner obtained
the best precision in model B and model C. The Medit® scanner had the lowest RMS value
for precision in the model C whereas the Planmeca® scanner had the highest RMS value
for precision. The model C values for iTero® and Medit® were significantly higher than
those obtained in the other models (p < 0.001).

Table 5 shows the differences between the RMS values for precision obtained for
each scanner and model and the “zero” point that indicates total overlap between the
reference model and the scanners used. All tests were statistically significant (p < 0.001)
with high effect sizes, suggesting a significant departure from the “zero” point of total
overlap. The data in Table 5 suggest that the RMS values for the precision of the scan-
ner evaluations were high, particularly for the iTero® (model B), Medit® (model C) and
Planmeca® (model B) scanners.
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Abstract
Objectives The primary aim of this systematic review was to evaluate whether intraoral scanning (IOS) is able to reduce 
working time and improve patient-reported outcome measures (PROMs) compared to conventional impression (CI) tech-
niques, taking into account the size of the scanned area. The secondary aim was to verify the effectiveness of IOS procedures 
based on available prosthodontic outcomes.
Materials and methods Electronic and manual literature searches were performed to collect evidence concerning the out-
comes of IOS and CI performed during the treatment of partially and complete  edentulous patients for tooth- or implant-
supported restorations. Qualitative analysis was conducted to evaluate the time efficiency and PROMs produced by the two 
different techniques. Clinical prosthodontic outcomes were analyzed among the included studies when available.
Results Seventeen studies (9 randomized controlled trials and 8 prospective clinical studies) were selected for qualitative 
synthesis. The 17 included studies provided data from 430 IOS and 370 CI performed in 437 patients. A total of 7 different 
IOS systems and their various updated versions were used for digital impressions. The results demonstrated that IOS was 
overall faster than CI independent of whether quadrant or complete-arch scanning was utilized, regardless of the nature of 
the restoration (tooth or implant supported). IOS was generally preferred over CI regardless of the size of the scanned area 
and nature of the restoration (tooth- or implant-supported). Similar prosthodontic outcomes were reported for workflows 
implementing CI and IOS.
Conclusions Within the limitations of this systematic review, IOS is faster than CI, independent of whether a quadrant or 
complete arch scan is conducted. IOS can improve the patient experience measured by overall preference and comfort and 
is able to provide reliable prosthodontic outcomes.
Clinical relevance Reduced procedure working time associated with the use of IOS can improve clinical efficiency and the 
patient experience during impression procedures. Patient-reported outcome measures (PROMs) are an essential component 
of evidence-based dental practice as they allow the evaluation of therapeutic modalities from the perspective of the patient. 
IOS is generally preferred by patients over conventional impressions.

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

Introduction

The process of fabricating a dental prosthesis typically starts 
with impressions to capture the anatomy of the prepared 
teeth or location of the endosseous implants, as well as the 
morphology of the surrounding tissues. This critical step 
determines the accuracy of the models and ultimately that 
of the prostheses [1]. For decades, conventional impres-
sions have often used polyvinyl siloxane (PVS) impression 
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Executive summary 
•	� Intraoral scanner is faster than conventional impressions, independent of the size 

of the scanned area.
•	� Intraoral scanner can improve the patient experience in the dental office 

measured by overall preference and comfort.
•	� Intraoral scanner as part of a digital workflow can provide reliable prosthodontic 

outcomes.
•	� In this study  iTero Element™ scanner shows the highest results in patient comfort 

among the scanners tested.
•	� A recently published study showed that digital impressions are more efficient and 

cost-effective than standard impressions.

About the study 
The present study is a systematic review. It was conducted with the primary 
objective of assessing whether intraoral scanning can reduce working times and 
improve patient-reported outcomes compared to conventional impressions. The 
secondary objective of this review was to determine whether the Intraoral scanner 
procedure was effective, based on prosthodontic outcomes. The review included 
17 research papers with data from 430 intraoral scans and 370 conventional 
impressions performed on 437 patients.
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A B S T R A C T   

Objectives: The aim of the present prospective multicenter clinical study was to compare the detection of proximal 
caries with near-infrared light reflection (NILR) versus bitewing radiography (BWR). 
Materials and methods: Intraoral scans were performed on 100 patients in five dental clinics using an intraoral 
scanner (iTero Element 5D, Align Technology, Tempe, AZ, USA) that includes a near-infrared light source (850 
nm) and sensor. Reflected near-infrared light images of posterior teeth were used by the individual dentists to 
detect proximal caries and the results were compared to the BWRs. In a total of 3499 proximal surfaces of molars 
and premolars which were examined, 223 carious lesions were detected by BWR, while NILR detected 549 
carious lesions. Caries detection using both methods was also done by an expert team of five dentists, highly 
experienced in NILR image interpretation, who used the same sets of clinically-obtained data. Sensitivity, 
specificity, and accuracy were calculated for caries detection by both the dentists and the expert team. Fifty-nine 
of the detected carious lesions were clinically treated and the observations during caries excavation were 
compared with those done with NILR and BWR. Statistical analysis to compare between NILR and BWR diagnosis 
was performed using non-parametric two-sided McNemar’s Chi-Square test with the significance level set at p <
0.05. Kappa coefficients were calculated to assess the level of agreement between the two caries detection 
methods. 
Results: Accuracy of NILR detection of early enamel lesions was 88% and that of carious lesions involving the 
dentino-enamel junction (DEJ) was 97%. Accuracy was found to be higher at 96% and 99%, respectively, when 
the same data were examined by the expert team. Direct observation during caries-excavation treatment sug-
gested that NILR detected early enamel lesions that were not detectable with BWR alone. 
Conclusions: Within the limitations of the present study, NILR was more sensitive than BWR in detecting early 
enamel lesions and comparable to BWR in detecting lesions that involved the DEJ. 
Clinical relevance: Reflected near-infrared light images that are generated simultaneously with 3D intra-oral 
scanning may be used reliably for detection, screening, and monitoring of proximal caries, thus potentially 
minimizing the traditional use of ionizing radiation.   

1. Introduction 

Diagnosis of early carious lesions in pits and fissures is based mainly 
on visual-tactile detection of the lesions. Such methods are not effective 

when early lesions in proximal surfaces of molars and premolars are 
considered [1]. Bitewing radiography (BWR) has been used for many 
decades as the standard of care for the detection of early proximal le-
sions, yet this traditional method has its limitations. A meta-analysis 
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Executive summary 
•	� The non-inferiority hypothesis of NILR compared to BWR in detecting proximal 

caries was approved. 
•	� A team of observers experienced in NILR imaging evaluated the two methods 

with higher accuracy and agreement levels compared to individual dentists in 
their clinical settings, who were less experienced with the NILR method.

•	� NILR had higher sensitivity than BWR in the detection of early enamel lesions and 
comparable sensitivity to BWR in detecting lesions that involved the DEJ.

•	� Matching between the NILR findings and the clinical direct observation was 
found in 34/35 lesions that were limited to the enamel and in 23/24 of the lesions 
with DEJ involvement. This represents a sensitivity of 97% and 96%, respectively.  

Aim of the study
The aim of the clinical study was to compare the detection of proximal caries with 
near-infrared light reflection (NILR) versus bitewing radiography (BWR).

Introduction 
Near infrared light imaging (NILR) to aid in early caries detection
• �When using NILR technology, teeth are illuminated with the near-infrared light and 

the reflection is registered and presented as a grayscale image. Within this image, 
sound enamel, which is transparent to light, appears dark and the carious lesion, 
which scatters and reflects the near-infrared light, appears brighter on the dark 
background of the surrounding enamel.

Figure 1 – Screenshot of the “View mode” of the iTero 

Element 5D scanner. When the simulated loupe is 

positioned over a given area of the color 3D model, 

the corresponding 2D NILR gray-tone image is 

presented next to the color 3D image of the same 

teeth.

Figure 2 – Mesial surface of tooth #15 with a 
carious lesion detected by NILR. The lesion 
(arrow) is of triangular shape and does not reach 
the DEJ and was recorded as an early enamel 
lesion. B. Mesial surface of tooth #16 with a 
carious lesion detected by NILR. The lesion is 
trapezoid in shape (arrow) reaching the DEJ and 
was recorded as a lesion involving the DEJ.
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scan generates both color and NILR images as opposed to other NILR 
devices, which often require changing of the device “head” and a 
separate additional scan for both sets of images. The “View mode” in-
cludes a “Review Tool” that enables the user to view an area of interest 
in both color 3D and gray scale NILR visualization (Fig. 1). While using 
the "Review Tool", the color and NILR images displayed in the view-
finder match the position of the simulated loupe over the 3D model 
display and are continuously updated when moving the simulated loupe 
along the display. NILR images of proximal surfaces with carious lesions 
are presented in Fig. 2. 

2.4. Diagnostic procedure and interpretation 

Data acquisition was performed by each of the five individual den-
tists (Fig. 3). The following interpretation of the NILR and BWR images 
was done (a) by each of the individual dentists and (b) by a expert team 
(see below). In 59 of the cases, validation of the extent of the lesion was 
done during caries excavation (Fig. 3). 

Clinical examination and BWRs used during this study were those 
that are used as the standard of care in the diagnosis of proximal caries in 
each of the participating clinics. Radiography was done in each clinic 
with the X-ray machine and setting that are routinely used in that clinic. 

The same standard of care was provided for all site patients, 
including the patients who did not participate in this clinical study. No 
additional radiographs were taken for the sole purpose of this trial. In 
addition to the standard of care, the subjects were scanned using the 
iTero Element 5D scanner system. The scanner operator received online 
directions on the use of the iTero Element 5D scanner and interpretation 
of the NILR results. 

At each of the study sites, a dental professional captured a full scan of 
the maxillary and mandibular arches of each subject using the iTero 
Element 5D scanner. The resulting 3D scan included a NILR image in 
gray scale, which was automatically presented next to the 3D image of a 
given tooth/pair of teeth (Fig. 1). 

2.4.1. Interpretation by the dentists 
NILR and BWR images were used to detect proximal caries. To 

minimize bias, NILR or BWR images were interpreted by the dentist in 
alternating order: either the NILR image first and the BWR second or 
vice versa. In each case, the operator assessed and documented the 
findings of the first diagnostic method (BWR or NILR imaging) before 
performing the second method. 

For each subject, the dentist graded carious lesions in the BWR and 
the NILR scan according to American Dental Association (ADA) staging 
guidelines for BWR [20]. The results of each diagnostic modality were 
documented using a Caries Evaluation Form. Analysis of sensitivity, 

specificity, and accuracy was done on the data as interpreted by the 
dentists independently of a similar analysis of the same data as inter-
preted by the expert team (see below) (Fig. 3). 

2.4.2. Interpretation by an expert team 
A team of experts also evaluated the same data that was clinically 

collected by the dentists (Fig. 3). The data that was clinically acquired by 
the dentists was transferred for parallel evaluation by the expert team as 
anonymized, unmatched NILR scan and BWR datasets. 

The expert team consisted of five dentists who had been recruited 

Fig. 1. Screenshot of the “View mode” of the iTero Element 5D scanner. When the simulated loupe is positioned over a given area of the color 3D model, the 
corresponding 2D NILR gray-tone image is presented next to the color 3D image of the same teeth. 

Fig. 2. A. Mesial surface of tooth #15 with a carious lesion detected by NILR. 
The lesion (arrow) is of triangular shape and does not reach the DEJ and was 
recorded as an early enamel lesion. B. Mesial surface of tooth #16 with a 
carious lesion detected by NILR. The lesion is trapezoid in shape (arrow) 
reaching the DEJ and was recorded as a lesion involving the DEJ. 
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Fig. 1. Screenshot of the “View mode” of the iTero Element 5D scanner. When the simulated loupe is positioned over a given area of the color 3D model, the 
corresponding 2D NILR gray-tone image is presented next to the color 3D image of the same teeth. 

Fig. 2. A. Mesial surface of tooth #15 with a carious lesion detected by NILR. 
The lesion (arrow) is of triangular shape and does not reach the DEJ and was 
recorded as an early enamel lesion. B. Mesial surface of tooth #16 with a 
carious lesion detected by NILR. The lesion is trapezoid in shape (arrow) 
reaching the DEJ and was recorded as a lesion involving the DEJ. 

Z. Metzger et al.                                                                                                                                                                                                                                 

Journal of Dentistry 116 (2022) 103861

3

scan generates both color and NILR images as opposed to other NILR 
devices, which often require changing of the device “head” and a 
separate additional scan for both sets of images. The “View mode” in-
cludes a “Review Tool” that enables the user to view an area of interest 
in both color 3D and gray scale NILR visualization (Fig. 1). While using 
the "Review Tool", the color and NILR images displayed in the view-
finder match the position of the simulated loupe over the 3D model 
display and are continuously updated when moving the simulated loupe 
along the display. NILR images of proximal surfaces with carious lesions 
are presented in Fig. 2. 

2.4. Diagnostic procedure and interpretation 

Data acquisition was performed by each of the five individual den-
tists (Fig. 3). The following interpretation of the NILR and BWR images 
was done (a) by each of the individual dentists and (b) by a expert team 
(see below). In 59 of the cases, validation of the extent of the lesion was 
done during caries excavation (Fig. 3). 

Clinical examination and BWRs used during this study were those 
that are used as the standard of care in the diagnosis of proximal caries in 
each of the participating clinics. Radiography was done in each clinic 
with the X-ray machine and setting that are routinely used in that clinic. 

The same standard of care was provided for all site patients, 
including the patients who did not participate in this clinical study. No 
additional radiographs were taken for the sole purpose of this trial. In 
addition to the standard of care, the subjects were scanned using the 
iTero Element 5D scanner system. The scanner operator received online 
directions on the use of the iTero Element 5D scanner and interpretation 
of the NILR results. 

At each of the study sites, a dental professional captured a full scan of 
the maxillary and mandibular arches of each subject using the iTero 
Element 5D scanner. The resulting 3D scan included a NILR image in 
gray scale, which was automatically presented next to the 3D image of a 
given tooth/pair of teeth (Fig. 1). 

2.4.1. Interpretation by the dentists 
NILR and BWR images were used to detect proximal caries. To 

minimize bias, NILR or BWR images were interpreted by the dentist in 
alternating order: either the NILR image first and the BWR second or 
vice versa. In each case, the operator assessed and documented the 
findings of the first diagnostic method (BWR or NILR imaging) before 
performing the second method. 

For each subject, the dentist graded carious lesions in the BWR and 
the NILR scan according to American Dental Association (ADA) staging 
guidelines for BWR [20]. The results of each diagnostic modality were 
documented using a Caries Evaluation Form. Analysis of sensitivity, 

specificity, and accuracy was done on the data as interpreted by the 
dentists independently of a similar analysis of the same data as inter-
preted by the expert team (see below) (Fig. 3). 

2.4.2. Interpretation by an expert team 
A team of experts also evaluated the same data that was clinically 
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Fig. 1. Screenshot of the “View mode” of the iTero Element 5D scanner. When the simulated loupe is positioned over a given area of the color 3D model, the 
corresponding 2D NILR gray-tone image is presented next to the color 3D image of the same teeth. 

Fig. 2. A. Mesial surface of tooth #15 with a carious lesion detected by NILR. 
The lesion (arrow) is of triangular shape and does not reach the DEJ and was 
recorded as an early enamel lesion. B. Mesial surface of tooth #16 with a 
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A B S T R A C T   

Objectives: The aim of the present prospective multicenter clinical study was to compare the detection of proximal 
caries with near-infrared light reflection (NILR) versus bitewing radiography (BWR). 
Materials and methods: Intraoral scans were performed on 100 patients in five dental clinics using an intraoral 
scanner (iTero Element 5D, Align Technology, Tempe, AZ, USA) that includes a near-infrared light source (850 
nm) and sensor. Reflected near-infrared light images of posterior teeth were used by the individual dentists to 
detect proximal caries and the results were compared to the BWRs. In a total of 3499 proximal surfaces of molars 
and premolars which were examined, 223 carious lesions were detected by BWR, while NILR detected 549 
carious lesions. Caries detection using both methods was also done by an expert team of five dentists, highly 
experienced in NILR image interpretation, who used the same sets of clinically-obtained data. Sensitivity, 
specificity, and accuracy were calculated for caries detection by both the dentists and the expert team. Fifty-nine 
of the detected carious lesions were clinically treated and the observations during caries excavation were 
compared with those done with NILR and BWR. Statistical analysis to compare between NILR and BWR diagnosis 
was performed using non-parametric two-sided McNemar’s Chi-Square test with the significance level set at p <
0.05. Kappa coefficients were calculated to assess the level of agreement between the two caries detection 
methods. 
Results: Accuracy of NILR detection of early enamel lesions was 88% and that of carious lesions involving the 
dentino-enamel junction (DEJ) was 97%. Accuracy was found to be higher at 96% and 99%, respectively, when 
the same data were examined by the expert team. Direct observation during caries-excavation treatment sug-
gested that NILR detected early enamel lesions that were not detectable with BWR alone. 
Conclusions: Within the limitations of the present study, NILR was more sensitive than BWR in detecting early 
enamel lesions and comparable to BWR in detecting lesions that involved the DEJ. 
Clinical relevance: Reflected near-infrared light images that are generated simultaneously with 3D intra-oral 
scanning may be used reliably for detection, screening, and monitoring of proximal caries, thus potentially 
minimizing the traditional use of ionizing radiation.   

1. Introduction 

Diagnosis of early carious lesions in pits and fissures is based mainly 
on visual-tactile detection of the lesions. Such methods are not effective 

when early lesions in proximal surfaces of molars and premolars are 
considered [1]. Bitewing radiography (BWR) has been used for many 
decades as the standard of care for the detection of early proximal le-
sions, yet this traditional method has its limitations. A meta-analysis 
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Materials and methods

•	� 100 patients were included in the study (n = 20 per each clinic). 

•	� The actual sample size that was used in the study was 3499 non-treated 
proximal surfaces of molars and premolars. Previously restored surfaces, non-
proximal surfaces and anterior teeth were excluded from the present study 
analysis.

•	� Clinical examination and BWRs used during this study were those that are 
used as the standard of care in the diagnosis of proximal caries in each of the 
participating clinics. 

•	� Full scans of the maxillary and mandibular arches of each subject using the iTero 
Element™ 5D imaging system were obtained. The resulting 3D scans included 
a NILR image in gray scale, which was automatically presented next to the 3D 
image of a given tooth/pair of teeth.

•	� The interpretation of the NILR and BWR images was done by each of the 
individual dentists and by the expert team.

•	� To minimize bias, NILR or BWR images were interpreted by the dentist in 
alternating order: either the NILR image first and the BWR second or vice versa. 
In each case, the operator assessed and documented the findings of the first 
diagnostic method (BWR or NILR imaging) before performing the second 
method.

•	� For each subject, the dentist graded carious lesions in the BWR and the NILR 
scan according to American Dental Association (ADA) staging guidelines for 
BWR.

•	� The data that was clinically acquired by the dentists was transferred for parallel 
evaluation by the expert team as anonymized, unmatched NILR scan and BWR 
datasets.

•	� The expert team consisted of five dentists who had been recruited and trained by 
the sponsor (Align Technology, Tempe, AZ, USA) for research and development 
purposes. They had 2 years of experience in evaluating thousands of NILR 
images of carious lesions, prior to the present study

•	� Analysis of sensitivity, specificity, and accuracy was done independently of a 
similar analysis of the data as interpreted by the individual dentists

•	� Sensitivity, specificity, and accuracy values were calculated for NILR scan vs. 
BWR, which was referred to as “ground truth”

•	� The non-parametric two-sided McNemar’s Chi-Square test was used for paired 
nominal data. This test enables the comparison of the detection proportions 
between the two methods.
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Study design1

1. �Metzger, Z., Colson, D. G., Bown, P., Weihard, T., Baresel, I., & Nolting, T. (2021). Reflected near-infrared light versus bite-wing radiography 
for the detection of proximal caries: a multicenter prospective clinical study conducted in private practices. Journal of dentistry, 103861. 
Advance online publication. https://doi.org/10.1016/j.jdent.2021.103861 (Accessed: 31 October 2021).

1.	  �Blumenstein BA, James KE, Lind BK, Mitchell HE. Functions and Organization of Coordinating Centers for Multicenter Studies. 
Controlled Clinical Trials 1995;16: 4S-29S Available at: https://media.tghn.org/articles/trialprotocoltool/SOURCE/Checklist/
StudyObjectives/Single%20or%20Multi.html (Accessed: 13 October 2021).

2.	� Lippi, G., von Meyer, A., Cadamuro, J., Simundic, A. & for the European Federation of Clinical Chemistry and Laboratory Medicine 
(EFLM) Working Group for Preanalytical Phase (WG-PRE) (2020). PREDICT: a checklist for preventing preanalytical diagnostic 
errors in clinical trials. Clinical Chemistry and Laboratory Medicine (CCLM), 58(4), 518-526. https://doi.org/10.1515/cclm-2019-1089. 
(Accessed: 31 October 2021).

Multicenter study

Real-world evidence

Phase I and phase II

- More relevant to daily clinical practice

- 5 sites in Canada and Germany

- 100 patients, 3499 proximal surfaces included 

- Broad inclusion: patients not pre-selected
- Study taking place under true clinical conditions

- Phase I: NIRI vs. BWX
- Phase II: NIRI and BWX vs. caries excavation

Multicenter study1

•	 ��15 sites in Canada and 
Germany 
(Doctor/Trial Site): 
– Dr. Dana Colson, Canada 
– Dr. Peggy Bown, Canada 
– Dr. Tim Nolting, Germany 
– Dr. Ingo Baresel, Germany 
– Dr. Timo Weihard, Germany

• 	�Advantage2 
– Quicker recruitment of 		  
	 patients 
– Larger sample sizes for more  
	 generalizable findings

Source: Wikipedia (2021) Canada-Germany relations. Available at: https://en.wikipedia.org/wiki/Canada%E2%80%93Germany_relations

Figure 3 – Source: Wikipedia (2021) Canada-

Germany relations. Available at: https://en.wikipedia.

org/wiki/Canada%E2%80%93Germany_relations
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A B S T R A C T   

Objectives: The aim of the present prospective multicenter clinical study was to compare the detection of proximal 
caries with near-infrared light reflection (NILR) versus bitewing radiography (BWR). 
Materials and methods: Intraoral scans were performed on 100 patients in five dental clinics using an intraoral 
scanner (iTero Element 5D, Align Technology, Tempe, AZ, USA) that includes a near-infrared light source (850 
nm) and sensor. Reflected near-infrared light images of posterior teeth were used by the individual dentists to 
detect proximal caries and the results were compared to the BWRs. In a total of 3499 proximal surfaces of molars 
and premolars which were examined, 223 carious lesions were detected by BWR, while NILR detected 549 
carious lesions. Caries detection using both methods was also done by an expert team of five dentists, highly 
experienced in NILR image interpretation, who used the same sets of clinically-obtained data. Sensitivity, 
specificity, and accuracy were calculated for caries detection by both the dentists and the expert team. Fifty-nine 
of the detected carious lesions were clinically treated and the observations during caries excavation were 
compared with those done with NILR and BWR. Statistical analysis to compare between NILR and BWR diagnosis 
was performed using non-parametric two-sided McNemar’s Chi-Square test with the significance level set at p <
0.05. Kappa coefficients were calculated to assess the level of agreement between the two caries detection 
methods. 
Results: Accuracy of NILR detection of early enamel lesions was 88% and that of carious lesions involving the 
dentino-enamel junction (DEJ) was 97%. Accuracy was found to be higher at 96% and 99%, respectively, when 
the same data were examined by the expert team. Direct observation during caries-excavation treatment sug-
gested that NILR detected early enamel lesions that were not detectable with BWR alone. 
Conclusions: Within the limitations of the present study, NILR was more sensitive than BWR in detecting early 
enamel lesions and comparable to BWR in detecting lesions that involved the DEJ. 
Clinical relevance: Reflected near-infrared light images that are generated simultaneously with 3D intra-oral 
scanning may be used reliably for detection, screening, and monitoring of proximal caries, thus potentially 
minimizing the traditional use of ionizing radiation.   

1. Introduction 

Diagnosis of early carious lesions in pits and fissures is based mainly 
on visual-tactile detection of the lesions. Such methods are not effective 

when early lesions in proximal surfaces of molars and premolars are 
considered [1]. Bitewing radiography (BWR) has been used for many 
decades as the standard of care for the detection of early proximal le-
sions, yet this traditional method has its limitations. A meta-analysis 
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What is real-world evidence (RWE)?
• 	�RWE is defined as “clinical evidence derived from analysis of data collected in

non-RCT setting”.1

Study design1

Data acquisition was performed by 5 dentists in their 
individual clinical settings. This included BWR and NILR 
scans. A total of 3499 proximal surfaces of molars and 
premolars were included in the present study. 
Caries detection was done 
a) by each of the individual dentists and
b) the same images were also examined by a team of
5 dentists who had a vast experience in interpretation
of NILR images and provided an agreed-upon
interpretation of the same data.
Analysis of sensitivity, specificity and accuracy was
performed for the results obtained by both evaluation
groups. In 59 of the cases direct observation was
possible during caries excavation, thus allowing
validation of the diagnosis made using BWR and NILR.

1. 	�Makady, A., de Boer, A., Hillege, H., Klungel, O., Goettsch, W., & (on behalf of GetReal Work Package 1) (2017). What Is Real-World Data?
A Review of Definitions Based on Literature and Stakeholder Interviews. Value in health : the journal of the International Society for
Pharmacoeconomics and Outcomes Research, 20(7), 858–865. https://doi.org/10.1016/j.jval.2017.03.008 (Accessed: 01 November
2021).

2. 	�Mantzoukas S. (2008). A review of evidence-based practice, nursing research and reflection: levelling the hierarchy. Journal of clinical
nursing, 17(2), 214–223. https://doi.org/10.1111/j.1365-2702.2006.01912.x (Accessed: 13 October 2021).

1. 	�Metzger, Z., Colson, D. G., Bown, P., Weihard, T., Baresel, I., & Nolting, T. (2021). Reflected near-infrared light versus bite-wing radiography
for the detection of proximal caries: a multicenter prospective clinical study conducted in private practices. Journal of dentistry, 103861.
Advance online publication. https://doi.org/10.1016/j.jdent.2021.103861 (Accessed: 31 October 2021).

Figure 4 – The hierarchy of evidence (source: Mantzoukas, 20122)
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Objectives: The aim of the present prospective multicenter clinical study was to compare the detection of proximal 
caries with near-infrared light reflection (NILR) versus bitewing radiography (BWR). 
Materials and methods: Intraoral scans were performed on 100 patients in five dental clinics using an intraoral 
scanner (iTero Element 5D, Align Technology, Tempe, AZ, USA) that includes a near-infrared light source (850 
nm) and sensor. Reflected near-infrared light images of posterior teeth were used by the individual dentists to 
detect proximal caries and the results were compared to the BWRs. In a total of 3499 proximal surfaces of molars 
and premolars which were examined, 223 carious lesions were detected by BWR, while NILR detected 549 
carious lesions. Caries detection using both methods was also done by an expert team of five dentists, highly 
experienced in NILR image interpretation, who used the same sets of clinically-obtained data. Sensitivity, 
specificity, and accuracy were calculated for caries detection by both the dentists and the expert team. Fifty-nine 
of the detected carious lesions were clinically treated and the observations during caries excavation were 
compared with those done with NILR and BWR. Statistical analysis to compare between NILR and BWR diagnosis 
was performed using non-parametric two-sided McNemar’s Chi-Square test with the significance level set at p <
0.05. Kappa coefficients were calculated to assess the level of agreement between the two caries detection 
methods. 
Results: Accuracy of NILR detection of early enamel lesions was 88% and that of carious lesions involving the 
dentino-enamel junction (DEJ) was 97%. Accuracy was found to be higher at 96% and 99%, respectively, when 
the same data were examined by the expert team. Direct observation during caries-excavation treatment sug-
gested that NILR detected early enamel lesions that were not detectable with BWR alone. 
Conclusions: Within the limitations of the present study, NILR was more sensitive than BWR in detecting early 
enamel lesions and comparable to BWR in detecting lesions that involved the DEJ. 
Clinical relevance: Reflected near-infrared light images that are generated simultaneously with 3D intra-oral 
scanning may be used reliably for detection, screening, and monitoring of proximal caries, thus potentially 
minimizing the traditional use of ionizing radiation.   

1. Introduction 

Diagnosis of early carious lesions in pits and fissures is based mainly 
on visual-tactile detection of the lesions. Such methods are not effective 

when early lesions in proximal surfaces of molars and premolars are 
considered [1]. Bitewing radiography (BWR) has been used for many 
decades as the standard of care for the detection of early proximal le-
sions, yet this traditional method has its limitations. A meta-analysis 

* Corresponding author. 
E-mail addresses: metzger.zvi@gmail.com (Z. Metzger), danacolson@me.com (D.G. Colson), peggy@smilesbybown.com (P. Bown), timo.weihard@gmx.de 

(T. Weihard), ingo.baresel@t-online.de (I. Baresel), nolting@drnolting.de (T. Nolting).  

Contents lists available at ScienceDirect 

Journal of Dentistry 

journal homepage: www.elsevier.com/locate/jdent 

https://doi.org/10.1016/j.jdent.2021.103861 
Received 5 September 2021; Received in revised form 12 October 2021; Accepted 19 October 2021   

Article:

Authors:  
Zvi Metzger, Dana G. Colson,  
Peggy Bown, Timo Weihard,  
Ingo Baresel,  Tim Nolting 

This text is lifted  
from the article. 
To purchase and read 
the full article please 
click here

Phase I
•	 ��Sample: 100 patients  

–  3,499 posterior proximal surfaces
•	 ��Comparison: NIRI vs. BWX
•	 ��Outcome measure: accuracy  

•	 ��Sensitivity: “the percent correctly predicted to have the disease”
•	 ��Accuracy: “how correct a diagnostic test identifies and excludes a given condition”
•	 ��Specificity: “the percent correctly predicted to be disease-free” 

Phase II
•	 ��Sample: 59 cases/lesions (carious 

teeth surfaces)
•	 ��Comparison: NIRI and BWX vs. caries 

excavation
•	 ��Outcome measure: sensitivity

Study design: Phase I and Phase II1

Accuracy, sensitivity, and specificity

100
patients

NIRI

BWX
After 1 month

59
cases Caries

excavation

1.	� Metzger, Z., Colson, D. G., Bown, P., Weihard, T., Baresel, I., & Nolting, T. (2021). Reflected near-infrared light versus bite-wing radiography 
for the detection of proximal caries: a multicenter prospective clinical study conducted in private practices. Journal of dentistry, 103861. 
Advance online publication. https://doi.org/10.1016/j.jdent.2021.103861 (Accessed: 31 October 2021).

*	 Positive: caries present, **Negative: caries absent

1. 	� Parikh, R., Mathai, A., Parikh, S., Chandra Sekhar, G., & Thomas, R. (2008). Understanding and using sensitivity, specificity and predictive 
values. Indian journal of ophthalmology, 56(1), 45–50. Available at: https://doi.org/10.4103/0301-4738.37595 (Accessed: 13 October 2021).
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and premolars which were examined, 223 carious lesions were detected by BWR, while NILR detected 549 
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experienced in NILR image interpretation, who used the same sets of clinically-obtained data. Sensitivity, 
specificity, and accuracy were calculated for caries detection by both the dentists and the expert team. Fifty-nine 
of the detected carious lesions were clinically treated and the observations during caries excavation were 
compared with those done with NILR and BWR. Statistical analysis to compare between NILR and BWR diagnosis 
was performed using non-parametric two-sided McNemar’s Chi-Square test with the significance level set at p <
0.05. Kappa coefficients were calculated to assess the level of agreement between the two caries detection 
methods. 
Results: Accuracy of NILR detection of early enamel lesions was 88% and that of carious lesions involving the 
dentino-enamel junction (DEJ) was 97%. Accuracy was found to be higher at 96% and 99%, respectively, when 
the same data were examined by the expert team. Direct observation during caries-excavation treatment sug-
gested that NILR detected early enamel lesions that were not detectable with BWR alone. 
Conclusions: Within the limitations of the present study, NILR was more sensitive than BWR in detecting early 
enamel lesions and comparable to BWR in detecting lesions that involved the DEJ. 
Clinical relevance: Reflected near-infrared light images that are generated simultaneously with 3D intra-oral 
scanning may be used reliably for detection, screening, and monitoring of proximal caries, thus potentially 
minimizing the traditional use of ionizing radiation.   
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Diagnosis of early carious lesions in pits and fissures is based mainly 
on visual-tactile detection of the lesions. Such methods are not effective 

when early lesions in proximal surfaces of molars and premolars are 
considered [1]. Bitewing radiography (BWR) has been used for many 
decades as the standard of care for the detection of early proximal le-
sions, yet this traditional method has its limitations. A meta-analysis 
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When compared to the “ground truth” of BWR, the sensitivity of NILR detection 
of early enamel caries was 51.6% and the specificity was 90.4%. The sensitivity of 
NILR detection of carious lesions with DEJ involvement was 84.8% and specificity 
was 97.1%. The findings represent an accuracy of 88.6% for early enamel lesions 
and 96.9% for lesions with DEJ involvement. A statistically significant difference 
was found between the detection ability of NILR and BWR (p < 0.0001)

Phase I results1

Phase I results1 – Dentist reported results

*	 DEJ: dentino-enamel junction 

1.	� Metzger, Z., Colson, D. G., Bown, P., Weihard, T., Baresel, I., & Nolting, T. (2021). Reflected near-infrared light versus bite-wing radiography 
for the detection of proximal caries: a multicenter prospective clinical study conducted in private practices. Journal of dentistry, 103861. 
Advance online publication. https://doi.org/10.1016/j.jdent.2021.103861 (Accessed: 31 October 2021).

Table 1 – NIRI demonstrated 96% accuracy in detecting dentinal interproximal caries when compared to BWX.

Table 2 – Numbers of carious (positive) and non-carious (negative) proximal surfaces of posterior teeth, as 

recorded by five dentists in their clinical environment.

Table 3 – Sensitivity, specificity, and accuracy of caries detection by NILR when compared to a “ground 

truth” of BWR. Evaluation by five individual dentists.

Accuracy

DEJ* involvement 96,9%

Early enamel lesions 88,6%

Journal of Dentistry 116 (2022) 103861
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sensitivity of 97% and 96%, respectively. 
Matching between the BWR findings and the clinical direct obser-

vation during caries excavation was found in 5/35 lesions that were 
limited to the enamel and in 13/24 of the lesions with DEJ involvement 
(Table 5). This represents a sensitivity of 14% and 54%, respectively. 

4. Discussion 

Intraoral scanners started as a technology to replace physical records 
taken using impression materials; however, in recent years a paradigm 
shift has occurred regarding the scope and role of intraoral scanning in 
the dental practice [25,26,27]. This multicenter clinical study investi-
gated the potential of caries detection of a 3D intraoral scanner with 
combined simultaneous NILR capabilities. 

The NILR device was found to be non-inferior to BWR, which has 
been the traditional “gold standard” for proximal caries detection in 
posterior teeth. Furthermore, the NILR device was more sensitive than 
BWR in the detection of early carious lesions in the enamel, which was 
verified in the cases that were subjected to caries excavation. 

The results of both the dentists and the expert team support the 
study’s null hypothesis: NILR was statistically non-inferior to BWR in 
detecting primary proximal carious lesions. One-sided binomial tests of 
the results reported by the expert team indicated that while NILR did 
detect more early enamel proximal lesions than BWR, it did not detect 
more of the advanced lesions reaching the DEJ and the dentin. 

When proximal caries detection was performed by the individual 
dentists, the agreement level between the two diagnostic modalities 

(NILR and BWR) was fair (Kappa = 0.24) for lesions limited to the 
enamel and moderate (Kappa = 0.50) for lesions reaching the DEJ. 
When evaluation of the same data was performed by the expert team, 
the agreement level was moderate (Kappa = 0.51) in the case of lesions 
limited to the enamel and high (Kappa = 0.86) in lesions reaching the 
DEJ. The difference between the evaluation by these two groups is most 
likely due to differences in experience/training related to the use of the 
NILR method. The difference between the results of the expert team and 
the dentists indicates that the operators’ expertise does have a moderate 
effect on their diagnostic abilities using NILR, as seen also with other 
imaging techniques [28]. 

Table 2 
Sensitivity, specificity, and accuracy of caries detection by NILR when compared 
to a “ground truth” of BWR. Evaluation by five individual dentists.   

Early Enamel 
Lesions 

DEJ 
Involvement 

Sensitivity 51.6% 84.8% 
Specificity 90.4% 97.1% 
Accuracy 88.6% 96.9% 
Two-Sided McNemar’s 

Chi-Square test (p-value)  < 0.0001a  < 0.0001a 

Asymptotic Non-Inferiority Test (p- 
value)  < 0.0001b  < 0.0001b 

One-Sided 
Binominal test (p-value)  < 0.0001c  < 0.0001c 

Kappa Coefficient  
0.24d  0.50e  

a Indicating a statistically significant difference between the detection ability 
of NILR and BWR;. 

b The false positive (FP) rate is non-inferior to false negative (FN) rate with 
non-inferiority margin as 0.05, which indicates that NILR is non-inferior to BWR 
in detecting proximal caries;. 

c The false positive (FP) count is significantly higher than false negative (FN) 
count, which indicates NILR can detect more proximal caries than BWR;. 

d Fair agreement is observed between NILR and BWR for early enamel lesion 
detection;. 

e Moderate agreement is observed between NILR and BWR for detection of 
lesions that involve the DEJ. 

Table 3 
Numbers of carious (positive) and non-carious (negative) proximal surfaces of 
posterior teeth as detected and recorded by a expert team using the same 
database as collected and used by the five individual dentists (Table 1).  

Type of Lesion NILR Positive NILR Negative 

Early Enamel BWR Positive 76 28 
BWR Negative 106 3216 

DEJ involvement BWR Positive 62 8 
BWR Negative 11 3418 

Note: 73 surfaces that the adjudication team found to present in the BWR with 
deep carious lesions in the dentin were not included in the NILR analysis. 

Table 4 
Sensitivity, specificity, and accuracy of caries detection by NILR when compared 
to a “ground truth” of BWR. Evaluation by a expert team, using the same 
database as collected and used by the 5 dentists (Tables 1,2).   

Early Enamel 
Lesions 

DEJ 
Involvement 

Sensitivity 73.0% 88.5% 
Specificity 96.8% 99.6% 
Accuracy 96.0% 99.4% 
Two-Sided McNemar’s 

Chi-Square test (p-value)  <0.0001a  0.65 (>0.05)b 

Asymptotic Non-Inferiority Test (p- 
value)  <0.0001c  <0.0001c 

One-Sided 
Binominal test (p-value)  <0.0001d  0.32 (>0.05)e 

Kappa Coefficient  
0.51f  0.86g  

a There is a statistically significant difference between the detection ability of 
NILR and BWR when evaluated by the expert team;. 

b There is no statistically significant difference between the detection ability 
of the NILR and BWR when evaluated by the expert team;. 

c The false positive (FP) rate is non-inferior to the false negative (FN) rate with 
non-inferiority margin as 0.05, which means NILR is non-inferior to BWR in 
detecting proximal caries when evaluated by the expert team;. 

d The false positive (FP) count is significantly higher than the false negative 
(FN) count, which means NILR can detect more proximal caries than BWR;. 

e The false positive (FP) count is not significantly higher than the false 
negative (FN) count, which means NILR cannot detect more proximal caries than 
BWR;. 

f Moderate agreement was observed between NILR and BWR after 
adjudication;. 

g Almost perfect agreement was observed between the NILR and BWR after 
adjudication. 

Table 5 
Clinical observations during caries excavation: Match vs. mismatch with NILR 
and BWR caries detection.   

Lesions observed to be limited 
to enamel while conducting 
caries excavation 

Lesions observed to reach 
dentin while conducting 
caries excavation 

NILR Detection 
Match 

34 23 

NILR Detection 
Mismatch 

1 1 

NILR Sensitivity 97% 96% 
BWR Detection 

Match 
5 13 

BWR Detection 
Mismatch 

30 11 

BWR Sensitivity 14% 54% 
P-value of One- 

Sided 
Proportional 
Test  

< 0.0001a  =0.0014b  

a Significant difference between NILR and BWR in detecting lesions limited to 
the enamel;. 

b Significant difference between NILR and BWR in detecting lesions involving 
the DEJ. 

Z. Metzger et al.                                                                                                                                                                                                                                 

Journal of Dentistry 116 (2022) 103861

5

a diagnosis of the presence or absence of proximal caries. Later, if ma-
jority agreement for a given NILR scan or BWR was not reached, a fifth 
team member evaluated the data and provided a majority decision. In 
order to avoid as far as possible any bias in interpretation, the NILR and 
BWR images were viewed as isolated independent images with no 
connection possible between an individual NILR image and the BWR 
image of the same tooth. Analysis of sensitivity, specificity, and accuracy 
was done independently of a similar analysis of the data as interpreted 
by the individual dentists (Fig. 3). 

2.4.3. Validation during caries excavation 
A follow-up call to the dental office took place one month after the 

initial visit to review patient records and capture any clinical informa-
tion recorded since the trial visit was concluded. Treatment of carious 
lesions was performed in accordance with the clinical decision of the 
dentist, as part of the patient’s routine dental treatment. Fifty-nine of the 
surfaces included in the study underwent restorative procedures. In the 
cases in which restorative treatment was performed, the dentists were 
asked to document the true extent of the lesions as observed during 
caries excavation. 

2.5. Outcome measures 

The primary goal of this study was to test a non-inferiority hypoth-
esis of the iTero Element 5D NILR technology compared to BWR in 
detecting proximal caries. Sensitivity, specificity, and accuracy values 
were calculated for NILR scan vs. BWR, which was referred to as “ground 
truth”. Analysis of the results was also categorized and dichotomized by 
the extent of the lesion as determined by the “ground truth”. This was 
done to differentiate the detection ability of lesions extending into the 
dentin from lesions limited to the enamel. Lesions that presented with a 
triangular shape and did not reach the dentino-enamel junction (DEJ) in 
either the BWR or the NILR image were categorized as “early enamel 
lesions” while those reaching the DEJ and having a more trapezoid form 
were categorized as “lesions with DEJ involvement”. The latter were 
assumed to be lesions penetrating the dentin [22]. 

Secondary goals of the study were (a) to evaluate the caries detection 
ability of a dentist under clinical conditions using the NILR system and 
compare it to that of a team with vast experience with reading NILR 
images and (b) to compare the results observed and registered during 
caries excavation in a follow-up treatment, when available, with the 
results of the BWR and the NILR system. 

2.6. Statistical analysis 

Data was analyzed and presented as sensitivity, specificity, and ac-
curacy. Sensitivity evaluates how good the test is at detecting a positive 
disease, specificity estimates how likely patients without disease can be 
correctly ruled out and accuracy measures how correct a diagnostic test 
identifies and excludes a given condition [23]. 

Sensitivity was calculated as the number of true positive assessments 
divided by the number of all positive assessments, specificity was 
calculated as the number of true negative assessments divided by the 
number of all negative assessments and accuracy was calculated as the 
number of correct assessments divided by the number of all assessments. 

The non-parametric two-sided McNemar’s Chi-Square test was used 
for paired nominal data. This test enables the comparison of the detec-
tion proportions between the two methods. 

Kappa coefficients were calculated to assess the agreement between 
the two methods [24]. 

Differences in detecting the existence of primary proximal carious 
lesions (sensitivity and specificity) between the iTero Element 5D 
scanner and BWR and the corresponding 90% confidence interval for the 
differences were calculated. 

A minimum of 154 tooth surfaces was initially calculated as a sample 
size that will ensure a power of 0.8, with an alpha = 0.05. 

Moderate agreement (Kappa≥0.4) was expected between the iTero 
Element 5D scanner and BWR. Non-inferiority of the iTero Element 5D 
scanner was expected as compared with BWR and evaluated by the 
McNemar’s Chi-Square test. 

Statistical evaluation was first performed for the caries detection 
carried out by the clinical site dentists followed by caries detection of the 
same clinically obtained data carried out by the expert team. 

3. Results 

3.1. Dentist reported results 

The results of proximal caries detection by the dentists are presented 
in Table 1 and Table 2. 

From a total of 3499 proximal surfaces of molars and premolars 
which were examined, 223 carious lesions were detected by BWR (157 
early lesions and 66 lesions involving the DEJ) while NILR detected 549 
carious lesions (395 early lesions and 154 lesions involving the DEJ) 
(Table 1). 

When compared to the “ground truth” of BWR, the sensitivity of 
NILR detection of early enamel caries was 51.6% and the specificity was 
90.4%. The sensitivity of NILR detection of carious lesions with DEJ 
involvement was 84.8% and specificity was 97.1%. These findings 
represent an accuracy of 88.6% for early enamel lesions and 96.9% for 
lesions with DEJ involvement. A statistically significant difference was 
found between the detection ability of NILR and BWR (p < 0.0001) 
(Table 2). 

Non-inferiority of the NILR detection when compared to BWR was 
established and was highly significant (p < 0.0001, Table 2). 

3.2. Expert team results 

The results of proximal caries detection by the expert team are pre-
sented in Table 3 and Table 4. The expert team evaluation presented a 
higher NILR sensitivity for early enamel lesions (73.0%) and lesions with 
DEJ involvement (88.5%) when compared to the dentists at the clinical 
sites (Table 4). NILR specificity was also reported to be slightly higher 
from the expert team compared to the dentists from the clinical sites, 
with a resultant accuracy of 96.0% for the early enamel lesions and 
99.4% for lesions with DEJ involvement. A statistically significant dif-
ference between the detection ability of NILR and BWR was found when 
evaluated by the expert team (p<0.0001) (Table 4). 

The non-inferiority of the NILR detection compared to the BWR re-
sults as reported by the expert team was statistically significant 
(Table 4). 

3.3. Validation during caries excavation 

Direct observation of the lesions during caries excavation occurred 
during restorative treatment of 59 of the lesions. The treatment was 
scheduled and carried out as part of the patient’s routine dental care. 

Matching between the NILR findings and the clinical direct obser-
vation was found in 34/35 lesions that were limited to the enamel and in 
23/24 of the lesions with DEJ involvement (Table 5). This represents a 

Table 1 
Numbers of carious (positive) and non-carious (negative) proximal surfaces of 
posterior teeth, as recorded by five dentists in their clinical environment.  

Depth of Lesion Detection Method NILR Positive NILR Negative 

Early Enamel BWR Positive 81 76 
BWR Negative 314 2965 

DEJ involvement BWR Positive 56 10 
BWR Negative 98 3335 

Note: 63 surfaces that presented in the BWR with deep carious lesions in the 
dentin were not included in the NILR analysis. 
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A B S T R A C T   

Objectives: The aim of the present prospective multicenter clinical study was to compare the detection of proximal 
caries with near-infrared light reflection (NILR) versus bitewing radiography (BWR). 
Materials and methods: Intraoral scans were performed on 100 patients in five dental clinics using an intraoral 
scanner (iTero Element 5D, Align Technology, Tempe, AZ, USA) that includes a near-infrared light source (850 
nm) and sensor. Reflected near-infrared light images of posterior teeth were used by the individual dentists to 
detect proximal caries and the results were compared to the BWRs. In a total of 3499 proximal surfaces of molars 
and premolars which were examined, 223 carious lesions were detected by BWR, while NILR detected 549 
carious lesions. Caries detection using both methods was also done by an expert team of five dentists, highly 
experienced in NILR image interpretation, who used the same sets of clinically-obtained data. Sensitivity, 
specificity, and accuracy were calculated for caries detection by both the dentists and the expert team. Fifty-nine 
of the detected carious lesions were clinically treated and the observations during caries excavation were 
compared with those done with NILR and BWR. Statistical analysis to compare between NILR and BWR diagnosis 
was performed using non-parametric two-sided McNemar’s Chi-Square test with the significance level set at p <
0.05. Kappa coefficients were calculated to assess the level of agreement between the two caries detection 
methods. 
Results: Accuracy of NILR detection of early enamel lesions was 88% and that of carious lesions involving the 
dentino-enamel junction (DEJ) was 97%. Accuracy was found to be higher at 96% and 99%, respectively, when 
the same data were examined by the expert team. Direct observation during caries-excavation treatment sug-
gested that NILR detected early enamel lesions that were not detectable with BWR alone. 
Conclusions: Within the limitations of the present study, NILR was more sensitive than BWR in detecting early 
enamel lesions and comparable to BWR in detecting lesions that involved the DEJ. 
Clinical relevance: Reflected near-infrared light images that are generated simultaneously with 3D intra-oral 
scanning may be used reliably for detection, screening, and monitoring of proximal caries, thus potentially 
minimizing the traditional use of ionizing radiation.   

1. Introduction 

Diagnosis of early carious lesions in pits and fissures is based mainly 
on visual-tactile detection of the lesions. Such methods are not effective 

when early lesions in proximal surfaces of molars and premolars are 
considered [1]. Bitewing radiography (BWR) has been used for many 
decades as the standard of care for the detection of early proximal le-
sions, yet this traditional method has its limitations. A meta-analysis 
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Table 4 – Numbers of carious (positive) and non-carious (negative) proximal surfaces of posterior teeth 

as detected and recorded by a expert team using the same database as collected and used by the five 

individual dentists (Table 2).

Table 5 – Sensitivity, specificity, and accuracy of caries detection by NILR when compared to a “ground 

truth” of BWR. Evaluation by a expert team, using the same database as collected and used by the 5 dentists 

(Tables 2,3).
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sensitivity of 97% and 96%, respectively. 
Matching between the BWR findings and the clinical direct obser-

vation during caries excavation was found in 5/35 lesions that were 
limited to the enamel and in 13/24 of the lesions with DEJ involvement 
(Table 5). This represents a sensitivity of 14% and 54%, respectively. 

4. Discussion 

Intraoral scanners started as a technology to replace physical records 
taken using impression materials; however, in recent years a paradigm 
shift has occurred regarding the scope and role of intraoral scanning in 
the dental practice [25,26,27]. This multicenter clinical study investi-
gated the potential of caries detection of a 3D intraoral scanner with 
combined simultaneous NILR capabilities. 

The NILR device was found to be non-inferior to BWR, which has 
been the traditional “gold standard” for proximal caries detection in 
posterior teeth. Furthermore, the NILR device was more sensitive than 
BWR in the detection of early carious lesions in the enamel, which was 
verified in the cases that were subjected to caries excavation. 

The results of both the dentists and the expert team support the 
study’s null hypothesis: NILR was statistically non-inferior to BWR in 
detecting primary proximal carious lesions. One-sided binomial tests of 
the results reported by the expert team indicated that while NILR did 
detect more early enamel proximal lesions than BWR, it did not detect 
more of the advanced lesions reaching the DEJ and the dentin. 

When proximal caries detection was performed by the individual 
dentists, the agreement level between the two diagnostic modalities 

(NILR and BWR) was fair (Kappa = 0.24) for lesions limited to the 
enamel and moderate (Kappa = 0.50) for lesions reaching the DEJ. 
When evaluation of the same data was performed by the expert team, 
the agreement level was moderate (Kappa = 0.51) in the case of lesions 
limited to the enamel and high (Kappa = 0.86) in lesions reaching the 
DEJ. The difference between the evaluation by these two groups is most 
likely due to differences in experience/training related to the use of the 
NILR method. The difference between the results of the expert team and 
the dentists indicates that the operators’ expertise does have a moderate 
effect on their diagnostic abilities using NILR, as seen also with other 
imaging techniques [28]. 

Table 2 
Sensitivity, specificity, and accuracy of caries detection by NILR when compared 
to a “ground truth” of BWR. Evaluation by five individual dentists.   

Early Enamel 
Lesions 

DEJ 
Involvement 

Sensitivity 51.6% 84.8% 
Specificity 90.4% 97.1% 
Accuracy 88.6% 96.9% 
Two-Sided McNemar’s 

Chi-Square test (p-value)  < 0.0001a  < 0.0001a 

Asymptotic Non-Inferiority Test (p- 
value)  < 0.0001b  < 0.0001b 

One-Sided 
Binominal test (p-value)  < 0.0001c  < 0.0001c 

Kappa Coefficient  
0.24d  0.50e  

a Indicating a statistically significant difference between the detection ability 
of NILR and BWR;. 

b The false positive (FP) rate is non-inferior to false negative (FN) rate with 
non-inferiority margin as 0.05, which indicates that NILR is non-inferior to BWR 
in detecting proximal caries;. 

c The false positive (FP) count is significantly higher than false negative (FN) 
count, which indicates NILR can detect more proximal caries than BWR;. 

d Fair agreement is observed between NILR and BWR for early enamel lesion 
detection;. 

e Moderate agreement is observed between NILR and BWR for detection of 
lesions that involve the DEJ. 

Table 3 
Numbers of carious (positive) and non-carious (negative) proximal surfaces of 
posterior teeth as detected and recorded by a expert team using the same 
database as collected and used by the five individual dentists (Table 1).  

Type of Lesion NILR Positive NILR Negative 

Early Enamel BWR Positive 76 28 
BWR Negative 106 3216 

DEJ involvement BWR Positive 62 8 
BWR Negative 11 3418 

Note: 73 surfaces that the adjudication team found to present in the BWR with 
deep carious lesions in the dentin were not included in the NILR analysis. 

Table 4 
Sensitivity, specificity, and accuracy of caries detection by NILR when compared 
to a “ground truth” of BWR. Evaluation by a expert team, using the same 
database as collected and used by the 5 dentists (Tables 1,2).   

Early Enamel 
Lesions 

DEJ 
Involvement 

Sensitivity 73.0% 88.5% 
Specificity 96.8% 99.6% 
Accuracy 96.0% 99.4% 
Two-Sided McNemar’s 

Chi-Square test (p-value)  <0.0001a  0.65 (>0.05)b 

Asymptotic Non-Inferiority Test (p- 
value)  <0.0001c  <0.0001c 

One-Sided 
Binominal test (p-value)  <0.0001d  0.32 (>0.05)e 

Kappa Coefficient  
0.51f  0.86g  

a There is a statistically significant difference between the detection ability of 
NILR and BWR when evaluated by the expert team;. 

b There is no statistically significant difference between the detection ability 
of the NILR and BWR when evaluated by the expert team;. 

c The false positive (FP) rate is non-inferior to the false negative (FN) rate with 
non-inferiority margin as 0.05, which means NILR is non-inferior to BWR in 
detecting proximal caries when evaluated by the expert team;. 

d The false positive (FP) count is significantly higher than the false negative 
(FN) count, which means NILR can detect more proximal caries than BWR;. 

e The false positive (FP) count is not significantly higher than the false 
negative (FN) count, which means NILR cannot detect more proximal caries than 
BWR;. 

f Moderate agreement was observed between NILR and BWR after 
adjudication;. 

g Almost perfect agreement was observed between the NILR and BWR after 
adjudication. 

Table 5 
Clinical observations during caries excavation: Match vs. mismatch with NILR 
and BWR caries detection.   

Lesions observed to be limited 
to enamel while conducting 
caries excavation 

Lesions observed to reach 
dentin while conducting 
caries excavation 

NILR Detection 
Match 

34 23 

NILR Detection 
Mismatch 

1 1 

NILR Sensitivity 97% 96% 
BWR Detection 

Match 
5 13 

BWR Detection 
Mismatch 

30 11 

BWR Sensitivity 14% 54% 
P-value of One- 

Sided 
Proportional 
Test  

< 0.0001a  =0.0014b  

a Significant difference between NILR and BWR in detecting lesions limited to 
the enamel;. 

b Significant difference between NILR and BWR in detecting lesions involving 
the DEJ. 
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sensitivity of 97% and 96%, respectively. 
Matching between the BWR findings and the clinical direct obser-

vation during caries excavation was found in 5/35 lesions that were 
limited to the enamel and in 13/24 of the lesions with DEJ involvement 
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the dental practice [25,26,27]. This multicenter clinical study investi-
gated the potential of caries detection of a 3D intraoral scanner with 
combined simultaneous NILR capabilities. 

The NILR device was found to be non-inferior to BWR, which has 
been the traditional “gold standard” for proximal caries detection in 
posterior teeth. Furthermore, the NILR device was more sensitive than 
BWR in the detection of early carious lesions in the enamel, which was 
verified in the cases that were subjected to caries excavation. 

The results of both the dentists and the expert team support the 
study’s null hypothesis: NILR was statistically non-inferior to BWR in 
detecting primary proximal carious lesions. One-sided binomial tests of 
the results reported by the expert team indicated that while NILR did 
detect more early enamel proximal lesions than BWR, it did not detect 
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the dentists indicates that the operators’ expertise does have a moderate 
effect on their diagnostic abilities using NILR, as seen also with other 
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non-inferiority margin as 0.05, which indicates that NILR is non-inferior to BWR 
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c The false positive (FP) count is significantly higher than false negative (FN) 
count, which indicates NILR can detect more proximal caries than BWR;. 

d Fair agreement is observed between NILR and BWR for early enamel lesion 
detection;. 

e Moderate agreement is observed between NILR and BWR for detection of 
lesions that involve the DEJ. 
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posterior teeth as detected and recorded by a expert team using the same 
database as collected and used by the five individual dentists (Table 1).  
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Conclusion:	

• �The non-inferiority hypothesis of NILR compared to BWR in detecting 
proximal caries was approved

• �NILR had higher sensitivity than BWR in the detection of early enamel lesions 
and comparable sensitivity to BWR in detecting lesions that involved the DEJ
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A B S T R A C T   

Objectives: The aim of the present prospective multicenter clinical study was to compare the detection of proximal 
caries with near-infrared light reflection (NILR) versus bitewing radiography (BWR). 
Materials and methods: Intraoral scans were performed on 100 patients in five dental clinics using an intraoral 
scanner (iTero Element 5D, Align Technology, Tempe, AZ, USA) that includes a near-infrared light source (850 
nm) and sensor. Reflected near-infrared light images of posterior teeth were used by the individual dentists to 
detect proximal caries and the results were compared to the BWRs. In a total of 3499 proximal surfaces of molars 
and premolars which were examined, 223 carious lesions were detected by BWR, while NILR detected 549 
carious lesions. Caries detection using both methods was also done by an expert team of five dentists, highly 
experienced in NILR image interpretation, who used the same sets of clinically-obtained data. Sensitivity, 
specificity, and accuracy were calculated for caries detection by both the dentists and the expert team. Fifty-nine 
of the detected carious lesions were clinically treated and the observations during caries excavation were 
compared with those done with NILR and BWR. Statistical analysis to compare between NILR and BWR diagnosis 
was performed using non-parametric two-sided McNemar’s Chi-Square test with the significance level set at p <
0.05. Kappa coefficients were calculated to assess the level of agreement between the two caries detection 
methods. 
Results: Accuracy of NILR detection of early enamel lesions was 88% and that of carious lesions involving the 
dentino-enamel junction (DEJ) was 97%. Accuracy was found to be higher at 96% and 99%, respectively, when 
the same data were examined by the expert team. Direct observation during caries-excavation treatment sug-
gested that NILR detected early enamel lesions that were not detectable with BWR alone. 
Conclusions: Within the limitations of the present study, NILR was more sensitive than BWR in detecting early 
enamel lesions and comparable to BWR in detecting lesions that involved the DEJ. 
Clinical relevance: Reflected near-infrared light images that are generated simultaneously with 3D intra-oral 
scanning may be used reliably for detection, screening, and monitoring of proximal caries, thus potentially 
minimizing the traditional use of ionizing radiation.   

1. Introduction 

Diagnosis of early carious lesions in pits and fissures is based mainly 
on visual-tactile detection of the lesions. Such methods are not effective 

when early lesions in proximal surfaces of molars and premolars are 
considered [1]. Bitewing radiography (BWR) has been used for many 
decades as the standard of care for the detection of early proximal le-
sions, yet this traditional method has its limitations. A meta-analysis 
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Phase II results1 validation during excavation

Table 6 – NIRI showed 66% higher sensitivity than BWX when compared against the clinical evaluation of 

posterior proximal lesions observed during caries debridement.

The iTero™ NIRI technology of the iTero Element 5D imaging system was 66% more 
sensitive* than bite-wing X-rays (BWX) for proximal lesions detection

NIRI sensitivity BWX sensitivity

All lesions 
(average) 96% 30%

DEJ* 
involvement 97% 54%

Early enamel 
lesions 96% 14%

Reference:  
J Dent. 2022 Jan; 
116:103861.
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A B S T R A C T

Objective: The aim of this work was to study the accuracy of the intraoral scanner for detec-

tion of tooth wear in natural teeth by using micro-computed tomography (micro-CT) as a

gold standard.

Materials and methods: Twenty premolars were prepared, fixed in acrylic blocks, and

scanned with an intraoral scanner (iTero Element� 2) and micro-CT for baseline reference

images before artificial tooth wear induction. The samples were then scrubbed with abra-

sive sandpaper 20 times and scanned with the intraoral scanner. They were then superim-

posed with the reference images utilising the “TimeLapse” feature of the scanner until the

abraded area appeared yellow, indicating tooth surface loss in the 50-200 mm range. The

same samples were then rescanned by micro-CT to measure the actual tooth surface loss.

This procedure was repeated for the subsequent experimental tooth surface loss of 200-

400 mm range (orange areas) and 400-750 mm range (red areas). The collected data were

analysed for sensitivity, positive predictive value (PPV), and accuracy. Level of statistical

significance was set at .05.

Results: In the detection of experimental tooth surface loss, the specificity, PPV, and accu-

racy of the intraoral scanner were 98%, 98%, and 97%, respectively.

Conclusions: The iTero� intraoral scanner can be recommended to be a suitable screening

tool for tooth wear in routine dental practice.

� 2022 The Authors. Published by Elsevier Inc. on behalf of FDI World Dental Federation.

This is an open access article under the CC BY-NC-ND license

(http://creativecommons.org/licenses/by-nc-nd/4.0/)
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Introduction

Tooth wear is a prevalent issue commonly encountered in the

oral health care system.1,2 It is a general condition caused by

many factors such as ageing, behaviour, and socioeconomic

status, leading to the loss of dental hard tissue (enamel and

dentine).3 The aetiology of tooth wear can be classified into

mechanical wear, which encompasses abrasion, attrition,

and abfraction, and chemical wear in the form of erosion.4

Abrasion is a type of extrinsic mechanical wear caused by

non-tooth objects. It is usually due to incorrect or excessive

oral hygiene practices, a coarse diet, or habits such as nail or

pen biting.5,6 The clinical characteristics of abrasion are

scooping or pitting of the tooth surface, most often seen in

the cervical areas. Normally, functional cusps (ie, palatal

cusps of upper molars and buccal cusps of lower molars) are

more likely to be worn out from function faster than other

surfaces.7

Conversely, attrition is a form of intrinsic mechanical

wear, caused by tooth-to-tooth contact during clenching and/

or bruxism,1 resulting in the loss of dental hard tissue.6 Clini-

cal characteristics of attrition appear as flat occlusal surfaces

corresponding to the morphology of an opposing tooth, with-

out a cupping or scooping pattern.8

Abfraction, another form of intrinsic mechanical wear,

propagates from flexural stresses at the cervical area of tooth

structure. It is exacerbated by harmful occlusal forces that do

not pass through the long axis of the tooth.5,9 Abfraction may
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Results

Executive summary 

•	� Background: Tooth wear is often discovered when it has progressed to such an 
extent that it can be observed clinically. At this point, though, more conservative 
or preventive measures to halt its progression are usually no longer feasible

•	� Aim: Study the accuracy of the intraoral scanner for detection of dimensional 
changes in natural enamel by using micro-computed tomography (micro-CT) as 
a gold standard

•	� Methodology: Minimal (50-750 µm) tooth wear was simulated in 20 extracted 
sound human first upper premolars

•	� Results: In the detection of experimental tooth surface loss in-vitro, the 
specificity, PPV, and accuracy of the iTero intraoral scanner was 98%, 98%, and 
97% respectively

Materials and methods

Twenty upper premolars were extracted in sound condition. They were then 
abraded to simulate tooth wear using 200-grit silicon carbide paper (20 strokes 
per tooth). iTero™ TimeLapse technology feature was used to overlay this record 
with the reference scan

Micro-CT was chosen as the gold standard due to its low discrepancy and small 
voxel size (18.313 mm). All samples were initially imaged with a micro-CT scanner 
(SkyScan 1173, Bruker) and an intraoral scanner (iTero Element™ 2 scanner) for 
reference data

Results

https://www.sciencedirect.com/science/article/pii/S0020653922001162
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Executive summary 

The study aimed to validate the effectiveness of iTero™ NIRI technology (Near 
Infra-Red Imaging) against visual inspection (VI) for detecting early-stage proximal 
caries in primary molars among 126 patients aged 3–12 years

•	� Results: iTero™ NIRI exhibited higher accuracy (82.89%) and sensitivity (74.10%), 
but lower specificity (90.97%) compared to VI, which had 71.64% accuracy, 
43.88% sensitivity, and 97.14% specificity

•	� Conclusions: Given iTero™ NIRI’s high sensitivity in detecting proximal caries, it 
may improve detection rate in primary molars vs. VI

•	� Clinical implications: The authors recommends using iTero™ NIRI in conjunction 
with bite-wing radiography to enhance the detection of proximal caries in primary 
molars

Aims of the study

The aim of this study was to validate iTero™ NIRI technology (Near Infra-Red 
Imaging) in comparison with visual inspection (VI) for early detection of proximal 
caries in primary molars

Introduction

•	� Proximal caries, a common chronic disease in children, is typically identified 
by pediatric dentists through clinical examination, often in advanced stages. 
Detection relies on dentists’ experience and skills

•	� The most common diagnostic method is bite-wing radiography (BWR), which 
provides clear images of proximal caries. However, excessive use of BWR can 
lead to potential health risks from ionizing radiation

•	� iTero™ NIRI technology (Near Infra-Red Imaging) is a promising new technology 
that uses specific near-infrared light to create digital images of enamel, dentin, 
and caries at different brightness levels. In previous studies iTero™ NIRI showed 
potential for improving diagnostic accuracy in caries detection
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A B S T R A C T   

Objectives: The aim of this study was to validate the near-infrared imaging (NIRI) in comparison with visual 
inspection (VI) for early detection of proximal caries in primary molars. 
Methods: VI and intraoral scans were performed on 126 patients aged 3–12 years with at least one non-cavitied 
and non-restored proximal tooth surface, who were scheduled for bite wing radiography (BWR) as part of their 
standard care. Teeth with signs of proximal cavities, restorations or residual caries were excluded in this study. 
BWR, a gold standard to diagnose proximal caries in primary molars, was used to validate the findings of NIRI 
and VI. The accuracy, sensitivity, specificity and the area under the curve (AUC) of NIRI and VI were calculated. 
Results: The accuracy, sensitivity and specificity of NIRI were 82.89%, 74.10% and 90.97%, while those of VI 
were 71.64%, 43.88% and 97.14%, respectively. NIRI showed higher accuracy and sensitivity, and lower 
specificity (P < 0.001). The AUC of NIRI was higher than that of VI (0.826 vs 0.706; P < 0.05). 
Conclusions: NIRI showed higher sensitivity and lower specificity compared with VI when detecting proximal 
caries in primary molars. Therefore, it is recommended to use NIRI in combination with BWR to improve the 
detection rate of proximal caries in primary molars. 
Clinical significance: In children, there is a high incidence of proximal caries in primary molars, which require 
high technical sensitivity for detection. NIRI shows high sensitivity in detecting proximal caries, which may 
improve their detection rate in primary molars. 
The clinical trial registration number: ChiCTR2300070916   

1. Introduction 

Proximal caries is one of the most common chronic diseases in 
children [1]. The detection of proximal caries in primary molars is 
mostly based on pediatric dentists’ clinical examination and generally 
happens when they progress to chalky or ink-dip stage. Therefore, 
proximal caries are occult and their detection is highly dependent on the 
experience of dentists, which require high technical skills [2]. 

The most commonly used method to diagnose proximal caries is bite 
wing radiography (BWR). BWR has the advantage of clearly displaying 
proximal caries. The average young child or adolescent has 4.5 intraoral 
exposures per examination, mostly due to the use of BWR. However, up 

to 75% of cancer cases attributed to dental radiography are caused by 
lax collimation and noncompliance with selection criteria [3]. There-
fore, the use of X-ray detection is not recommended as a routine dental 
examination procedure because of potential health risks associated with 
ionizing radiation [4,5]. 

Near-infrared imaging (NIRI) is a new technology and has the po-
tential to improve the diagnostic accuracy of caries detection [6]. The 
principle of NIRI involves the use of near-infrared light of specific band 
that can penetrate the sound enamel but is scattered and reflected by 
dentin and unsound enamel. The reflected light is captured by a sensor 
to create a digital image of the enamel, dentin and caries in different 
brightness levels [7]. Zvi Metzger et al. demonstrated that the sensitivity 
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Materials and methods

•	� 126 patients aged 3–12, with non-cavitied and non-restored proximal teeth, 
underwent visual inspection and intraoral scans prior to bite wing radiography 
(BWR) as part of standard care

•	� BWR, the gold standard for diagnosing proximal caries in primary molars, was 
used for validation

•	� Accuracy, sensitivity, specificity, and AUC of iTero™ NIRI and VI were assessed

Results

•	� The accuracy, sensitivity and specificity of NIRI were 82.89%, 74.10% and 
90.97%, while those of VI were 71.64%, 43.88% and 97.14%, respectively

•	� NIRI showed higher accuracy and sensitivity than VI (P < 0.001)

Conclusion & Clinical Implications

•	� iTero™ NIRI technology (Near Infra-Red Imaging) offers high accuracy and 
sensitivity in early proximal caries detection without radiation

•	� It’s recommended to combine iTero™ NIRI with BWR for more precise 
diagnosis and treatment, preventing potential overtreatment due to iTero™ 
NIRI’s high sensitivity
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A B S T R A C T   

Objectives: The aim of this study was to validate the near-infrared imaging (NIRI) in comparison with visual 
inspection (VI) for early detection of proximal caries in primary molars. 
Methods: VI and intraoral scans were performed on 126 patients aged 3–12 years with at least one non-cavitied 
and non-restored proximal tooth surface, who were scheduled for bite wing radiography (BWR) as part of their 
standard care. Teeth with signs of proximal cavities, restorations or residual caries were excluded in this study. 
BWR, a gold standard to diagnose proximal caries in primary molars, was used to validate the findings of NIRI 
and VI. The accuracy, sensitivity, specificity and the area under the curve (AUC) of NIRI and VI were calculated. 
Results: The accuracy, sensitivity and specificity of NIRI were 82.89%, 74.10% and 90.97%, while those of VI 
were 71.64%, 43.88% and 97.14%, respectively. NIRI showed higher accuracy and sensitivity, and lower 
specificity (P < 0.001). The AUC of NIRI was higher than that of VI (0.826 vs 0.706; P < 0.05). 
Conclusions: NIRI showed higher sensitivity and lower specificity compared with VI when detecting proximal 
caries in primary molars. Therefore, it is recommended to use NIRI in combination with BWR to improve the 
detection rate of proximal caries in primary molars. 
Clinical significance: In children, there is a high incidence of proximal caries in primary molars, which require 
high technical sensitivity for detection. NIRI shows high sensitivity in detecting proximal caries, which may 
improve their detection rate in primary molars. 
The clinical trial registration number: ChiCTR2300070916   

1. Introduction 

Proximal caries is one of the most common chronic diseases in 
children [1]. The detection of proximal caries in primary molars is 
mostly based on pediatric dentists’ clinical examination and generally 
happens when they progress to chalky or ink-dip stage. Therefore, 
proximal caries are occult and their detection is highly dependent on the 
experience of dentists, which require high technical skills [2]. 

The most commonly used method to diagnose proximal caries is bite 
wing radiography (BWR). BWR has the advantage of clearly displaying 
proximal caries. The average young child or adolescent has 4.5 intraoral 
exposures per examination, mostly due to the use of BWR. However, up 

to 75% of cancer cases attributed to dental radiography are caused by 
lax collimation and noncompliance with selection criteria [3]. There-
fore, the use of X-ray detection is not recommended as a routine dental 
examination procedure because of potential health risks associated with 
ionizing radiation [4,5]. 

Near-infrared imaging (NIRI) is a new technology and has the po-
tential to improve the diagnostic accuracy of caries detection [6]. The 
principle of NIRI involves the use of near-infrared light of specific band 
that can penetrate the sound enamel but is scattered and reflected by 
dentin and unsound enamel. The reflected light is captured by a sensor 
to create a digital image of the enamel, dentin and caries in different 
brightness levels [7]. Zvi Metzger et al. demonstrated that the sensitivity 
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Executive summary 

•	� Digital systems including intraoral scanners (IOSs) and optical jaw tracking 
systems can be used to acquire the maxillomandibular relationship at the centric 
relation (CR). However, the discrepancy of the maxillomandibular relationship 
recorded at the CR position when using digital methods remains uncertain

•	� The purpose of this clinical study was to compare the accuracy of the 
maxillomandibular relationship recorded at the CR position using a conventional 
procedure, 4 different IOSs, and an optical jaw tracking system

•	� The results showed that the iTero™ intraoral scanner had the highest trueness 
value (0.14 ±0.09 mm)

Materials and methods

•	� A fully dentate volunteer was chosen

•	� Six groups were created: conventional procedures (CNV) and four intraoral 
scanner (IOS) groups (TRIOS4, iTero intraoral scanner, i700, Primescan), along 
with a group using a jaw tracking system (Modjaw)

•	� CR record obtained for mandibular cast mounting, which was then digitized using 
a scanner (T710) for reference scans

•	� Virtual casts were created for each group, and 36 measurements were taken on 
both reference and experimental scans to calculate discrepancies

Results 

Trueness rankings from high to low for the scanners were as follows:

•	� iTero intraoral scanner (0.14 ± 0.09 mm) > Modjaw (0.20 ± 0.04 mm) >  
TRIOS4 (0.22 ± 0.09 mm)  > i700 (0.40 ± 0.22 mm) > Primescan (0.26 ± 0.13 mm)

•	� iTero intraoral scanner, Modjaw, and TRIOS4 groups showed no significant 
difference in trueness (P > .05)

•	� The i700 and Primescan groups demonstrated significantly lower trueness 
compared to the iTero intraoral scanner group (P < .05)
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Executive summary 
•	� The research aimed to evaluate the accuracy of different intraoral scanners and 

two other digitization methods when scanning teeth and soft tissue in human jaws
•	� For mandibular teeth, the PVS method had significantly better trueness than Medit 

i700 and Primescan
•	� For maxillary teeth, the PVS method and iTero Element™ 5D Intraoral scanner had 

significantly better precision than Medit i700
•	� For the palate, the iTero Element™ 5D and Trios 4 had significantly better trueness 

than PVS and stone

Aim of the study
The study aimed to compare the trueness and precision of intraoral scanners 
(Emerald S, iTero Element™ 5D, Medit i700, Primescan, and Trios 4) and two indirect 
digitization techniques for both teeth and soft tissue on fresh mandibular and 
maxillary cadaver jaws. 

Materials and methods
•	� A fully dentate cadaver’s maxilla and mandible were scanned using an ATOS 

industrial scanner to create a master model
•	�� These jaws were then scanned 8 times by each intraoral scanner (IOS)
•	� Additionally, eight polyvinylsiloxane (PVS) impressions were taken and digitized 

with a Medit T710 desktop scanner
•	� Stone models were then produced and scanned with the desktop scanner
•	� All IOS, PVS, and stone models were compared to the master model to calculate 

surface deviations for mandibular teeth, maxillary teeth, and palate

Results
•	� For mandibular teeth, the PVS method’s trueness was only significantly better 

than the Medit i700  and Primescan
•	� The iTero Element™ 5D scanner and Trios 4 exhibited significantly higher trueness 

in the palate compared to digitized PVS impressions and stone models
•	� The iTero Element™ 5D scanner demonstrated higher precision for maxillary teeth 

compared to the Medit i700
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A B S T R A C T   

Objectives: The study aimed to compare the trueness and precision of five intraoral scanners (Emerald S, iTero 
Element 5D, Medit i700, Primescan, and Trios 4) and two indirect digitization techniques for both teeth and soft 
tissues on fresh mandibular and maxillary cadaver jaws. 
Methods: The maxilla and mandible of a fully dentate cadaver were scanned by the ATOS industrial scanner to 
create a master model. Then, the specimens were scanned eight times by each intraoral scanner (IOS). In 
addition, 8 polyvinylsiloxane (PVS) impressions were made and digitized with a Medit T710 desktop scanner. 
Stone models were then poured and again scanned with the desktop scanner. All IOS, PVS, and stone models 
were compared to the master model to calculate the mean absolute surface deviation for mandibular teeth, 
maxillary teeth, and palate. 
Results: For mandibular teeth, the PVS trueness was only significantly better than the Medit i700 (p < 0.001) and 
Primescan (p < 0.05). In maxillary teeth, the PVS trueness was significantly better than all IOSs (p < 0.05–0.001); 
the stone trueness was significantly better than Emerald S (p < 0.01), Medit i700 (p < 0.001) and Primescan (p <
0.01). In the palate, PVS and stone trueness were significantly lower than the iTero Element 5D (p < 0.01) and 
Trios 4 (p < p < 0.01). Stone trueness was significantly lower than the Medit i700 (p < 0.05). The precision in the 
palate was significantly lower for PVS and stone than for Emerald S (p < 0.01, p < 0.05), iTero Element 5D (p <
0.01, p < 0.01), Primescan (p < 0.001, p < 0.001), and Trios 4 (p < 0.001, p < 0.01). Significant differences in 
trueness between the IOSs were observed only in the mandibular teeth. The Medit i700 performed worse than 
Emerald S (p < 0.01) and iTero Element 5D (p < 0.01). For mandibular teeth, the Medit i700 was significantly 
more precise than Primescan (p < 0.01) and the Emerald S (p < 0.05). The Trios 4 was significantly less precise 
than Emerald S (p < 0.05). The precision of Medit i700 was significantly worse than iTero Element 5D (p < 0.01) 
for maxillary teeth, as well as the Primescan (p < 0.01) and Trios 4 (p < 0.05) for the palate. 
Conclusions: In general, indirectly digitized models from PVS impressions had higher trueness than IOS for 
maxillary teeth; precision between the two methods was similar. IOS was more accurate for palatal tissues. The 
differences in trueness and precision for mandibular teeth between the various techniques were negligible. 
Clinical significance: All investigated IOSs and indirect digitization could be used for complete arch scanning in 
mandibular and maxillary dentate arches. However, direct optical digitization is preferable for the palate due to 
the low accuracy of physical impression techniques for soft tissues.   
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Conclusion:	

All investigated IOSs and indirect digitization could be used for complete arch 
scanning in mandibular and maxillary dentate arches. However, direct optical 
digitization is preferable for the palate due to the low accuracy of physical 
impression techniques for soft tissues. 

https://www.sciencedirect.com/science/article/pii/S0300571223003500?via%3Dihub
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Executive summary 

Digital workflows with iTero Element™ 5D® were 39.2% more timesaving than the 
conventional protocol for the implant single crown treatment in data acquisition 
and laboratory steps.

Aim of the study

•	� This randomized controlled trial aimed to compare the treatment time of single-
implant crowns for both digital and conventional workflows

•	� In addition, prostheses made of polymer-infiltrated ceramic-network and lithium 
disilicate were compared in each group

Materials and methods

•	� A total of 40 patients (n=40) who needed a single-implant crown on posterior 
regions were considered and randomly divided into digital workflows (n=20) 
with an intraoral scanner (IOS, iTero Element™ 5D®, Align Technology) and 
conventional workflows (n=20) with impressions using polyether (Impregum™ 
Penta™, 3M ESPE)

•	� Each group was again distributed into 2 subgroups based on the crown materials 
used: PICN (n=10) and LS2 (n=10)

•	� Treatment time was calculated for both digital and conventional workflows
•	� Analysis was done at 5% confidence interval (p-value <0.05). An independent 

two-sample t-test was used to compare treatment time between the groups
•	� Any of the implant crowns that had to be remade in each subgroup, were 

evaluated by the Fisher Exact test

Results

•	� The entire process of digital workflows required 104.31 ± 20.83 minutes and 
conventional workflows required 153.48 ± 16.35 minutes

 •	�Digital workflows were 39.2% more timesaving than the conventional protocol 
for the implant single crown treatment

Conclusion:	

•	� Both digital and conventional workflow protocols can achieve a successful 
outcome of single-implant monolithic crowns in posterior areas

•	� The digital protocol using iTero Element™ 5D® yielded a greater time saving 
over the conventional procedure in data acquisition and laboratory steps

 •	�In contrast, the time for a clinical try-in and delivery were similar

https://www.quintessence-publishing.com/usa/en/article/4588727/the-international-journal-of-oral-maxillofacial-implants/preprint/comparison-of-treatment-time-for-single-implant-crowns-between-digital-and-conventional-workflows-for-posterior-implant-restorations-a-randomized-controlled-trial
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Abstract: Background: The purpose of this study was to compare the accuracy of three different
intraoral scanners (IOSs) and to evaluate the patients’ experience. Methods: Thirty subjects were
scanned with three different IOSs (TRIOS Color®, iTero Element 5D®, and iTero Lumina®): a sample
of 90 maxillary casts was collected. The inclusion criteria were permanent dentition, absence of defects
during the dental impression, and complete record of the palatal vault. After the scanning procedure,
patients were asked to answer a questionnaire (10 answers, scale from 1 to 10) to compare their
experiences with iTero Element and iTero Lumina in the scanning procedure. Results: Differences
were recorded in the upper central incisor region (f-ratio of 4.186 for Mesiodistal 1.1 and f-ratio
of 4.222 for Mesiodistal 2.1, p < 0.05), while intercanine width Upper 13–23 showed the smallest
f-ratio (0.226) when compared to the other results, followed by Mesiodistal 1.4 (0.433). Patients
reported more comfort, less pain, decreased duration, and a better technology visualization of the
impression with iTero Lumina. No significant differences concerning dryness of the mouth and gag
reflex were found. Conclusions: The examined IOSs offer comparable accuracy in capturing dental
arch dimensions. The interviewed patients expressed an overall preference for digital impressions
performed with iTero Lumina, linked to increased comfort, painless practice, and a better technology
visualization of the impression.

Keywords: digital dentistry; digital cast analysis; clinical practice; digital impressions

1. Introduction

A dental impression is a crucial procedure that reproduces the patient’s oral cavity for
diagnosis, treatment planning, and the fabrication of dental appliances. To ensure a model
that is as close to reality as possible, it is essential to accurately capture the dental anatomy,
the correct position of the teeth, and the morphology of surrounding tissues [1,2].

Traditionally, the accuracy of the impressions depended on the materials used, the
types of impression trays, and the specific techniques employed. Each step in the process
introduced potential human and material errors [3]. Additionally, conventional impressions
were often uncomfortable for patients, leading to poor tolerance and complicating the
procedure [4,5].

The advent of intraoral scanners (IOSs) and digital dentistry offers an innovative
solution in modern dental practice. Unlike conventional methods, IOSs produce dental
impressions by stitching together multiple three-dimensional images to create a complete
3D model [6]. The concept of digital impressions emerged in the late 1980s. The early
scanners were bulky and expensive, which restricted their use to a limited number of
pioneering dental practices. It was not until the early 2000s that this technology became
more widespread [5,6].

Intraoral scanners capture dental impressions through optical acquisitions. This
involves detecting numerous individual images, which are then processed collectively,
along with the continuous streaming of optical data [7].

Appl. Sci. 2024, 14, 7731. https://doi.org/10.3390/app14177731 https://www.mdpi.com/journal/applsci

Executive summary*,**

•	� Patients reported that the iTero Lumina™ scanner provided a more comfortable and 
painless scanning experience compared to the iTero Element™ 5D imaging system. 

•	� The iTero Lumina scanner was associated with a perceived decrease in scanning 
duration, enhancing overall patient satisfaction compared to iTero Element 5D 
scanner.

•	� The advanced technology of the iTero Lumina scanner offered better 
visualization of dental impressions, contributing to higher patient preference.

•	� All three evaluated intraoral scanners (IOSs) - iTero Lumina scanner, iTero 
Element 5D imaging system, and TRIOS Color – demonstrated acceptable 
accuracy in capturing dental arch measurements with minimal differences. 

Aim of the study

The study aimed to compare the accuracy of three intraoral scanners—iTero 
Lumina scanner, iTero Element 5D imaging system, and TRIOS Color—in 
capturing full-arch digital impressions and to evaluate patient experiences during 
the scanning procedures.

Materials and methods

•	� Thirty adults (15 males, 15 females; mean age 24.5 ± 4.3 years) with complete 
permanent dentition were selected for the study. Each participant underwent 
maxillary arch scanning using three different IOSs: TRIOS Color, iTero Element 
5D imaging system, and iTero Lumina scanner, resulting in a total of 90 digital 
dental casts. The inclusion criteria ensured the absence of caries, periodontal 
diseases, supernumerary teeth, and required complete records of the palate. 

•	� The scanning protocol was standardized to ensure consistency. Each scan 
began from the occlusal surface of the left second upper molar, progressing 
across the occlusal, palatal, and buccal surfaces, and concluding at the right 
second molar. The palatal vault was fully recorded in each scan. An experienced 
examiner with five years of orthodontic practice performed all scans. 

•	� Patient experience was assessed by administering a questionnaire immediately 
following scanning with iTero Lumina scanner and iTero Element 5D scanner. 
3Shape TRIOS was not included in this part of the study. This questionnaire 
included 10 questions about patient comfort, pain levels, scanning duration, and 
visualization quality for both the iTero Element 5D imaging system and iTero Lumina 
scanner. Using the data from the patients’ satisfaction surveys, a paired t-test was 
used to analyze the differences between iTero Element and iTero Lumina.

*	 Please refer to the full text for claims substantiation and complete study information. 
**	 The study included testing iTero Element scanner, iTero Lumina scanner and 3Shape Trios for accuracy, and only compared iTero 		
	 Element scanner and iTero Lumina scanner for patient satisfaction scores

https://doi.org/10.3390/app14177731
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Abstract: Background: The purpose of this study was to compare the accuracy of three different
intraoral scanners (IOSs) and to evaluate the patients’ experience. Methods: Thirty subjects were
scanned with three different IOSs (TRIOS Color®, iTero Element 5D®, and iTero Lumina®): a sample
of 90 maxillary casts was collected. The inclusion criteria were permanent dentition, absence of defects
during the dental impression, and complete record of the palatal vault. After the scanning procedure,
patients were asked to answer a questionnaire (10 answers, scale from 1 to 10) to compare their
experiences with iTero Element and iTero Lumina in the scanning procedure. Results: Differences
were recorded in the upper central incisor region (f-ratio of 4.186 for Mesiodistal 1.1 and f-ratio
of 4.222 for Mesiodistal 2.1, p < 0.05), while intercanine width Upper 13–23 showed the smallest
f-ratio (0.226) when compared to the other results, followed by Mesiodistal 1.4 (0.433). Patients
reported more comfort, less pain, decreased duration, and a better technology visualization of the
impression with iTero Lumina. No significant differences concerning dryness of the mouth and gag
reflex were found. Conclusions: The examined IOSs offer comparable accuracy in capturing dental
arch dimensions. The interviewed patients expressed an overall preference for digital impressions
performed with iTero Lumina, linked to increased comfort, painless practice, and a better technology
visualization of the impression.

Keywords: digital dentistry; digital cast analysis; clinical practice; digital impressions

1. Introduction

A dental impression is a crucial procedure that reproduces the patient’s oral cavity for
diagnosis, treatment planning, and the fabrication of dental appliances. To ensure a model
that is as close to reality as possible, it is essential to accurately capture the dental anatomy,
the correct position of the teeth, and the morphology of surrounding tissues [1,2].

Traditionally, the accuracy of the impressions depended on the materials used, the
types of impression trays, and the specific techniques employed. Each step in the process
introduced potential human and material errors [3]. Additionally, conventional impressions
were often uncomfortable for patients, leading to poor tolerance and complicating the
procedure [4,5].

The advent of intraoral scanners (IOSs) and digital dentistry offers an innovative
solution in modern dental practice. Unlike conventional methods, IOSs produce dental
impressions by stitching together multiple three-dimensional images to create a complete
3D model [6]. The concept of digital impressions emerged in the late 1980s. The early
scanners were bulky and expensive, which restricted their use to a limited number of
pioneering dental practices. It was not until the early 2000s that this technology became
more widespread [5,6].

Intraoral scanners capture dental impressions through optical acquisitions. This
involves detecting numerous individual images, which are then processed collectively,
along with the continuous streaming of optical data [7].

Appl. Sci. 2024, 14, 7731. https://doi.org/10.3390/app14177731 https://www.mdpi.com/journal/applsci

Satisfaction survey responses for iTero Element and iTero Lumina.

iTero Element iTero Lumina
p Difference

95% Confidence

M SD M SD Lower Upper

Q1: “Comfort” 5.1 0.9 7.3 1.3 ** −2.2 −3.2 −1.2

Q2: “Stress” 2.5 1.1 2.3 1.2 NS 0.2 −0.9 1.3

Q3: “Pain” 4.1 1.0 2.6 0.9 ** 1.5 0.6 2.4

Q4: “Mouth dryness” 4.6 1.1 4.3 1.0 NS 0.3 −0.7 1.3

Q5: “Gag reflex” 4.5 2.8 3.8 2.6 NS 0.7 −19 3.3

Q6: “Experience” 7.2 0.9 8.4 1.2 * −1.2 −2.2 0.2

Q7: “Duration” 6.1 0.8 8.1 0.7 *** −2.0 −2.8 −1.2

Q8: “Technology” 6.0 1.1 7.9 0.8 ** −1.9 −2.8 −0.9

Q9: “Communication” 6.1 0.7 7.0 1.1 * −0.9 −1.8 −0.1

Q10: “General satisfaction” 8.1 0.7 8.9 0.4 * −0.8 −1.5 −0.1

M: media, SD: standard deviation, p: p-value, * <0.5, ** <0.01 *** <0.001, NS: not significant. 

Results

•	� Accuracy: Statistical analysis revealed minimal differences in accuracy among 
the three IOSs. Slight variations were observed in the upper central incisor 
region, but these differences were not clinically significant. Overall, all scanners 
provided clinically acceptable accuracy in capturing dental arch dimensions. 

•	� Patient experience: Survey responses indicated a clear preference for the iTero 
Lumina scanner compared to the iTero Element 5D imaging system. Patients 
reported higher comfort levels, less pain, shorter perceived scanning durations, 
and better visualization of impressions with the iTero Lumina scanner. No 
significant differences were noted between the two iTero models regarding mouth 
dryness and gag reflex. 

Conclusion:	

The study concluded that while the iTero Lumina scanner, iTero Element 5D 
imaging system, and TRIOS Color intraoral scanners exhibit clinically acceptable 
accuracy in capturing dental arch dimensions. The iTero Lumina scanner and 
iTero Element 5D scanner were compared in terms of patient comfort and 
satisfaction. Patients showed a distinct preference for the impressions taken with 
the iTero Lumina scanner, citing increased comfort, a painless experience, and 
enhanced visualization of the impression as key reasons for their preference.

https://doi.org/10.3390/app14177731


Research publications    |    Learn more at  iTero.com

Article summary of: 
“�Full arch accuracy of intraoral scanners with different acquisition 

technologies: an in vitro study”

Article:

Authors: 

Ingo Baresel,  
Jen Baresel

This text is lifted  
from the article. 
To read the full article 
please click here  

Topic: 

Full arch accuracy

Reference:  

Journal of Dentistry,
Volume 156,
2025,
105703,
ISSN 0300-5712

Executive summary*

•	� iTero Lumina™ scanner showed the lowest trueness error (0.04%) and precision 
error (0.0320%) among all tested scanners.

•	� According to ADA/ANSI 132 guidelines, iTero Lumina™ scanners achieved a 
99.6% acceptable scan ratio for long-span restorations, outperforming other 
scanners included in the study. Improved ratio of acceptable scans may reduce 
retakes, thereby minimizing patient discomfort, enhancing patient experience, 
and lowering the time and costs associated with repeated procedures.

•	� iTero Multi-Direct Capture™ (MDC) technology decouples the scanner’s field of 
view (FOV) from the wand size, enabling a larger FOV without increasing size of 
the wand. Increased FOV minimizes stitching and reduces potential misalignment 
errors. This improves scan reliability for long-span restorations compared to 
scanners using confocal and structured-light technologies.

Aim of the study

This in vitro study, conducted on a dentate stone model, aimed to evaluate and 
compare the trueness, precision, and overall accuracy of intraoral scanners 
(IOS) using Multi-Direct Capture (MDC), confocal imaging, and structured light 
technologies. The objective was to determine their performance in full-arch 
scanning under controlled conditions based on ADA/ANSI Standard 132 protocols 
for “long-distance accuracy”. 

Materials and methods

This in vitro study assessed five IOSs: 

Manufacturer Technology Field of view

iTero Lumina™
Align Technologies, San 

Jose, CA, USA Multi-direct capture 21×15mm @0mm
36×27mm @10mm

TRIOS 5 3Shape, Copenhagen, 
Denmark Confocal imaging 15.9×15.3mm@ Near focus

19.5×18.8mm @Far focus

CS3800 Carestream Dental, 
Atlanta, GA Confocal imaging 16×14mm

i700 Medit, Seoul, South Korea Structured light 15×13mm (Standard tip)

AS260 Alliedstar, Shanghai, China Structured light 16×14mm (L)
12x12mm (S)

Table 1. Optical technology and field of view specifications of the included scanners. 

*	 Please refer to the full text for claims substantiation and complete study information.
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A dentate cast model embedded with metal spheres was scanned to evaluate 
accuracy against coordinate measuring machine (CMM) reference data.

 

�Fig 1. Dentate cast model with four metal spheres. 

Metrics: Linear deviation, total bias, and plane deviation were analyzed. Operator 
variability was also studied using statistical models to compare performance 
across different users. 

Dataset: A total of 441 STL files were generated, comprising scans from three 
operators for each scanner, and evaluated using statistical software with 
significance set at p < 0.05.

Results

Linear deviation: iTero Lumina™ scanner showed the lowest trueness error (0.04%) 
and precision error (0.0320%), surpassing all other scanners. 

Fig. 2. Relative error of trueness of linear dimensions 
measured from intraoral scan data (relative error in 
percentage).

Fig. 3. Shows the relative error of precision, representing 
consistency across repeated measurements. Inter-
operator variability: The iTero Lumina™ scanner displayed 
minimal variability between different operators.

https://www.sciencedirect.com/science/article/abs/pii/S0300571225001484
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Fig. 4. Inter-operator variability comparison of relative error of trueness. 

Conclusion:	

The iTero Lumina™ scanner, powered by iTero Multi-Direct Capture™ technology, 
demonstrated lower linear relative errors in trueness and precision compared 
to confocal and structured-light technologies, particularly for long-span scans. 
MDC technology is a shift from conventional IOS limitations, suggesting that 
future intraoral scanners could achieve desktop-scanner-level precision while 
preserving ergonomic compact wand designs.

https://www.sciencedirect.com/science/article/abs/pii/S0300571225001484
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