
 

 

TRABAJO DE FIN DE GRADO  

Grado en Odontología  

 

INFLUENCING FACTORS OVER THE ACCURACY OF 

INTRAORAL SCANNERS: SCANNING PROTOCOL 

AND OPERATOR EXPERIENCE. 

 

 

 

Madrid, curso 2020/2021   Número identificativo  182 



Resumen: 

En este artículo se repasan los diferentes factores que pueden afectar a la veracidad de los 

escáneres intraorales, bien sea debido a los materiales que estamos utilizando o por el 

operador. El objetivo es poder entender qué podría favorecer o reducir el rendimiento de 

nuestros escáneres para mejorar los resultados finales de nuestros flujos de trabajo. 

- Objetivos: 

Este estudio se ha orientado hacia la comprensión del concepto general de la exactitud de los 

escáneres intraorales, sus indicaciones, el propósito real de los diferentes protocolos de 

escaneo sobre la exactitud de estas dichas máquinas y también el efecto de la experiencia del 

operador sobre estas.  

- Metodología: 

La búsqueda del material se realizó a través de bases de datos científicas como son "Medline", 

"Cochrane" y "Mendeley" para asegurar una bibliografía con evidencia científica y actualizada. 

No se incluyeron casos clínicos por ser difíciles de reproducir y por carecer de evidencia 

científica. Un total de 29 estudios llegaron a la bibliografía final. Palabras clave como: 

"intraoral" "escáneres", "CAD/CAM", "precisión", "operador", "escanear" "protocolo", 

"digital", "influencia", "experiencia", "escanear" cuerpos" fueron utilizadas. 

- Resultados: 

Los resultados de este trabajo fueron encontrados en diferentes artículos con una antigüedad 

de 5 años o menos. 

- Conclusión: 

Múltiples factores pueden afectar a la exactitud general de los escáneres intraorales, hemos 

visto que muchos de los factores que influyen negativamente pueden ser eliminados o al 



menos controlados para poder mantener una exactitud aceptable. Se han extraído algunas 

conclusiones alentadoras e inesperadas, como el hecho de que el nivel de experiencia del 

operador no afecta realmente a la precisión general del escaneado final y que el protocolo de 

escaneado desempeña un papel clave sólo en algunos modelos. Podemos recomendar el uso 

del protocolo de escaneado indicado por el fabricante, ya que no se han encontrado 

discrepancias particulares entre las distintas técnicas. El diseño asistido por ordenador y la 

fabricación asistida por ordenador han evolucionado enormemente y todavía tienen un buen 

margen de progresión que podría corregir los pocos fallos encontrados.  



Abstract: 

This paper is going over the different factors that could potentially affect the accuracy of 

intraoral scanners, either being induced by the materials we are using or by the operator. The 

aim is to be able to understand what could increase or reduce the performance of our 

scanners in order to improve the final results of our workflows. 

- Objectives: 

This study has been oriented toward the understanding of the general accuracy concept of 

intraoral scanners, their indications, the real purpose of the different scanning protocols over 

the accuracy of those machines as well as the operator’s experience effect over it. 

- Methodology: 

The material was searched through scientific databases like "Medline", "Cochrane" and 

"Mendeley" to ensure a bibliography with scientific and updated evidence. Clinical cases were 

not included because they were difficult to reproduce and lacked scientific evidence. A total 

of 29 studies were included in the final bibliography. Key words such as: “intraoral” 

“scanners”, “CAD/CAM”, “accuracy”, “operator”, “scanning” “protocol”, “digital”, “influence”, 

“user”, “experience”, “scan” bodies” were used. 

- Results: 

The results from this paper were taken in different articles being 5 years old or less. 

- Conclusion: 

Multiple factors can affect the overall really performant accuracy of the intraoral scanners, 

we have seen that a lot of the bad influencing factors can be removed or at least controlled 

to be able to maintain an acceptable accuracy. Some encouraging and unexpected conclusion 

have been drawn like the fact that the operator’s experience level doesn’t really affect the 



overall accuracy of the final scan and that the scanning protocol plays a key role in only a few 

models. We may recommend if anything, the scanning protocol given by the manufacturer as 

no particular discrepancies were encountered in between the different techniques. Computer 

aided design and computer aided manufacturing have made a huge evolution and still have a 

good progression margin that might correct the few flaws encounter.  
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1. Introduction: 

During the 20th century, dentistry has seen a huge amount of progress in all its domain. 

Particularly with the arrival of computer-aided design and computer-aided manufacturing 

technology that we will refer as CAD/CAM Technology. Computer assisted processing 

technology existed since the 1970s in many industries.(1) Research and development of 

CAD/CAM in dentistry started in the 1980s with the manufacturers thinking wrongly that it 

would be simpler to do than the previous applications CAD/CAM had already seen. Effectively, 

dental restorations demand a high accuracy in order to avoid future problems like marginal 

filtration leakage and the lack of passive interactions between the prosthesis and the teeth or 

implant. The clinically acceptable value for marginal discrepancy in a CAD/CAM restauration 

has to be between 50 and 100 µm for a full coverage crown.(2,3) Nowadays, using a different 

technique, we are even able to scan and digitally prepare an implant supported crown.(4) This 

technique consists of scanning a “scan body” instead of the prepared tooth. This scan body is 

placed over the implant (using the implant connection) in order to give the necessaries 

landmarks needed to create the 3D model to the software. For implant fixed dental prosthesis 

there is a consensus that a marginal misfit of 120 µm is acceptable.(5) 

 

There is a common misconception around the word “accuracy”, thus, it is necessary to start 

by clarifying this term. Precision and accuracy don’t have the same meaning. If we look into 

the dictionary, accuracy corresponds to being true, exact or the absence of error. On the other 

hand, “precision” is all about the consistence of those results, the ability to have repeatable 

results. Ideally it looks like it would be better to have both combined, particularly when talking 

about a scientific element. This is where the ISO (International Organization of 
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Standardization) comes in with their definition: “The closeness of agreement between a test 

result and the accepted reference value” (ISO 5725-1:1994) where we can find that accuracy 

is described by “trueness” and “precision” at the same time. Accuracy has much more 

scientifical relevance as we are now looking for results that are true and that are repeatable 

at the same time. 

 

Figure 1: Image representation of the accuracy definition. (6) 

 

Now that this technology can be find in more and more dental offices, with the really satisfying 

results it has, considering that in some cases we can even reduce the amount of appointment 

compared to the conventional methods, it is needless to say that it has revolutionized our 

daily practice, particularly in the prosthodontic domain but also in the orthodontic and surgery 

one.(6) 

 

Multiple companies have been working on these products trying to get the CAD/CAM combo 

faster, easier to use, more intuitive with a permanent amelioration in terms of definition and 

accuracy. From now on, we will refer to intraoral scanners as “IOS”.  
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The manufacturers that came out more often during the writing of this paper where: Sirona®; 

3M® and Cadent®. Those companies sell intraoral scanners, milling units and some companies 

even propose their CAD software that is making the link between the scanner and the milling 

unit, which we will see, have a major role in the overall final accuracy. (7) The software can 

either be made by the same brand as the CAD/CAM system, those are then called “closed 

systems” as the brand is at the two ends of the chain. This also means that it is exclusively 

reserved to work with the brand’s ecosystem. If the software isn’t made by the same brand, 

this is called an open system that, on the contrary of the previous one, can be used with any 

CAD/CAM set.  

 

Intraoral scanners have different technologies depending on the brand and the model. First 

of all, the aim of an intraoral scanner is to build a 3D representation of the object in order for 

the operator to be able to work on it digitally. It consists of building a 3D surfaces by using a 

point cloud that is projected and scanned by the device. The device recognizes the point cloud 

and register the number of points present on the surface. Then, it connects each point by 3 

connections with the adjacent points, thus creating a net of triangles. Once this is done, the 

software is now able to recreate the scanned object as it is placing back the points and 

triangles togethers in the correct order using the stored dimensions. This 3D representation 

will be stored as an STL file (standard tessellation language) that will then be opened on 

different software.(8)  
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Technically the scanner needs a system to project light on the surface that we want to scan 

and then an imaging system to record it. Here we start to have multiple options that have 

proven to be working and that are used by the manufacturers: (9,10) 

 

 

Figure 2: Comparisons of different in-office CAD/CAM systems. (10) 

 

It used to be more current when this technology appeared, but it is still an actual subject. 

Some of the scanners need a mandatory upstream application of powder (also called 

“scanning aid”) over the surfaces we want to scan (although, if desired, the powder could be 

used with any of the other scanners). The ambient light or the one produced by the scanning 

device could produce a reflection over the tooth or the scanned abutment. That could lead to 

a scanning error. Therefore, the goal of this powder, composed of titanium dioxide (TiO2), is 

to mattify the targeted surface in order to remove the potential light reflection, leading us to 

an ideal post scan result, also called, “digital workflow”.(11) Another way of applying TiO2 also 

exist and it is called, liquid scanning aid. Instead of being a powder spray it is applied like a 

varnish. The potential downside of using those accessories is that we won’t be able to use the 
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color selection tool that will be developed in the next paragraph. A dedicated section of this 

paper will investigate over the potential effects of those type of scanning aid, in order to see 

if they have any role around the accuracy results. 

 

Another characteristic that we could find in IOS units would be the “colored images”. When 

used with the correct software and a previous calibration, it aims to give us the tint needed 

for our restoration.(12) Compared to the naked eye, this system can give us the different 

hidden tones that are present throughout a single tooth surface, making the color selection 

process more accurate. 

 

 Finally, some manufacturers give the choice or not to either use their proprietary software or 

an external third party STL file software. We will also address the effects of this choice over 

the accuracy.  

 

Each manufacturer gives a sequence to follow in order to have the best results possible, once 

again, a full section in this paper is dedicated to this subject, as it is one of the most important 

fragments of the “scanning protocol” part.  

 

Finally, it is important to note that in the case of a tooth preparation, the impression will be 

realized over the prepared tooth directly. As far as scan bodies for implant impressions are 

concerned, each implant company manufacture their own units in adequation with the IOS 

companies. A lot of them already exist and they might not all be equal in term of results. 
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2. Objectives: 

The main objective is to determine: 

- The general accuracy of intraoral scanner and it’s indication. 

The secondary objectives are to determine: 

- The relevance of the scanning protocol on the accuracy of those intraoral scanners. 

- The relevance of the operator’s experience on the accuracy of those intraoral 

scanners. 
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3. Materials and Methods: 

This study was made only by using published articles in order to have the best scientific 

relevance possible. 29 articles were used to write it. The oldest publication is dated from 2009 

for historical background research only. The rest of them are spaced out over the course of 

the last five years, starting from 2015 to 2020, the year this paper was written. 

 

Key words such as: “intraoral” “scanners”, “CAD/CAM”, “accuracy”, “operator”, “scanning” 

“protocol”, “digital”, “influence”, “user”, “experience”, “scan” bodies” were used. Close to no 

exclusion factors were used apart from the exception that, clinical cases were avoided as they 

have one of the lowest scientific evidence and that they are not repeatable. In-vitro and in-

vivo studies were both of them selected as well as implant related and/or natural teeth 

studies. The selected articles on the other hand were extracted from reliable databases like 

“Medline”, “Cochrane”, “Mendeley” mostly using the “advance search” tool.  
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4. Results and Discussion: 

This discussion will be built in 2 main units, each of them divided in subsections. The first one 

will contain the non-operator dependent factors affecting the accuracy of intraoral scanners 

and the second one will cover the operator dependent factors affecting the accuracy of IOS. 

This structure will help us to reach our objectives. A precision has to be made about the 

“discrepancy measurements”; in all the articles where it was measured, the protocol was the 

same and consisted of making a preliminary scan with an industrial scanner (considered as the 

gold standard in term of accuracy) that corresponds to the “control scan”, also called, the 

reference. Then the scans from the IOS were taken and compared using different CAD 

software, giving the different charts, tables and values to analyze. 

 

4.1 Non operator dependent:  

4.1.1 Oral environment: 

The oral medium is notorious for being a hostile environment to work with, both 

microscopically and macroscopically.(13) Here, the aspects that interests us the most are at 

the macro level since they are the ones that could interfere with the accuracy of our intraoral 

scanners and be measured. We will talk about elements such as saliva and blood, the opening 

amplitude and the anatomic limits we could encounter. 

 

4.1.1.1 Blood and saliva: 

They are elements that are practically always present while we are working in the mouth, 

particularly the saliva. In some cases when making juxta or sub-gingival preparations for 

example, it will be joined by the presence of blood, forcing in some cases, the use of 
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preliminary isolation when possible or when it’s not, some waiting time in between 

appointments in order to get a good impression. So far, with the current impression materials 

we wanted to avoid them a maximum as the impression materials tended to be hydrophilic 

and with the presence of liquids in the mouth, there would be a discrepancy between the 

tooth preparation and the final model.(14) Unfortunately, for intraoral scanners so far, they 

are also prone to discrepancies in the presence of blood or saliva due to the light refraction 

effect: 

 

  

Figure 3: schematic representation of the refraction effect. (P1= predicted point, P2= real 
point)(15) 
 

As all the IOS on the market use a system based on collecting data threw light reflection 

so far, they are subjected to this error, thus, we will see some discrepancies that could go up 

to 1.5mm which in the oral cavity are considered too Large to be accepted.(16) This effect can 

even be seen over the 3D representation of a scan. (figure 4) 
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Figure 4: image of a 3D model scanned with saliva. (16) 

 

On figure 4, we can observe that bubbles have been represented by the system as a concave 

surface rather than a convex one. The presence of such errors over the working model makes 

the manufacturing process too hard and unstable for achieving a good fit of the prosthesis. 

Considering this information, we could say that IOS have to be used with care in the presence 

of body fluids such as blood and saliva, because in some cases, due to the light reflection’s 

behavior unpredictability the results might get far off acceptability. (16) 

 

In the article from Camci H and cols where they studied the effect of saliva over the 

performances of an intraoral scanner by comparing a scan with the presence of saliva to the 

controlled scan, where isolation was used, they explain that it is difficult to predict whether 

the deviation would be positive or negative due to the different environmental conditions as 

scanning the mouth without isolation gave different discrepancies every time. They founded 

that saliva alone could cause up to 13% deviation, potentially making the result far off the 

acceptable limit. (15) 
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4.1.1.2 Access and range:  

The oral environment also has other obstacles to offer due to its shape as some articles have 

proven that some parts of tooth anatomy are harder to access than others. (7) Having an 

accurate full arch impression have been proven to be harder to obtain accurately than a 

smaller arch sections.(17) The accuracy decreases as the arch gets bigger. This can be 

encountered in the article from Giménez B and cols working on the accuracy of a digital 

impression system and explained by the fact that the system makes a lot of overlap 

throughout the scan to put all the pieces back together, leading to some error.(18)  

 

Nedelcu R and cols when testing the accuracy and the precision of 3 different intraoral scanner 

over conventional ones went further into the explanation of the origins of this phenomenon. 

These errors caused by “overlapping” are linked to the unattached surrounding tissues of the 

scanned teeth that are taken into the data (see figure 8). If there is any movement of those, 

in between the different measurements, even a slight shift, it could cause an improper 

stitching of the scan.(19)  

 

In other words, as the scanner head can’t take the hole arch in a single frame, it needs to build 

it from multiple smaller ones. In order for the IOS to do that, it is permanently taking reference 

points. If there is a movement of these reference points, in the case one or more would be 

over those tissues, when building the final image, it will have some errors in it. This brings us 

back to Gimenez B and cols conclusion that we could adapt saying that the less potential 

moving reference points we have the better will the results be.(19) 
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Figure 8: Picture of an arch with implant abutments.(9) 

 

As far as tooth surfaces are concerned, the scanning accuracy of each one of them have been 

put to the test by Chiu A and cols with their study comparing CAD/CAM accuracy using 

different intraoral scanner settings. It proved to be significantly affected by them. As showed 

on figure 5, the surface with the highest discrepancy came out to be the Distal one, whatever 

the chosen resolution.(7) Not only it is the one with the highest discrepancy, but it is doing it 

by more than twice the amount that some of the other surfaces have. 
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Figure 5: Vertical bar chart representing the mean discrepancy in µm over a finish line 
preparation.(7) 
 

Special care to this distal area, particularly when working on posterior teeth, might be 

necessary in order to avoid worsening this already important discrepancy. 

 

4.1.2 Software & models: 

This section will address the effects over the accuracy when using different software, modes 

and even different intraoral system brands as some interesting studies have shown that not 

all of them are equal. (7,8,20,21) 

 

4.1.2.1 Software: 

They are the keys of the CAD/CAM world as they are linking the two ends of the chain. They 

receive the cloud point from the IOS, transform it into an STL file, they let us create and modify 
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the design of object we want to create and then, they send all the orders to the milling device 

in order to create a physical object in the desired material. 

 

Multiple resolutions can be used when using a scanning device, we will try to understand what 

makes the difference between each other’s and see if they can have any effect over the 

accuracy.  

 

From the encountered studies, the difference between the different resolutions would be that 

the higher the chosen definition, the more images are necessary, therefore, they are filling a 

bigger storage file. In order to make that, the high resolution (HR) takes more time than the 

standard resolution (SR). Figure 5 also illustrates the results obtained measuring all teeth 

surfaces with 3 different resolutions. The conclusion from this study wasn’t the one expected 

as the highest resolution didn’t necessarily got the best results (the lowest discrepancy).(7,20)  

The longer time required, and the higher number of images might have been working against 

the intended purpose.  

 

Now that we have seen how the software compares against itself in his different parameters, 

we will now have a look at comparing the different software, particularly the ones branded by 

the manufacturers and the open access ones.  

 

It was important to determine whether we should be using the branded software of our IOS 

or not. Studies have compared IOS brands between each other’s and at the same time, using 
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different software. The conclusion was clear, using the CAD software associated with the IOS 

by manufacturers exhibit less discrepancy than using an open software.(8,21)  

 

 

Figure 6: table of the combo used by the study to record the data.(8) 

 

Thanks to this study from Erozan C and cols where they evaluate the precision of different 

intraoral scanner-computer, we are able to understand why the results are less satisfying 

when using an open software than a closed one. It is due to the conversion from the 

“proprietary format” to the “STL format”. During this process there is a loss of data, 

conducting to discrepancies. There is no way to correct that right now because, as we saw, 

the STL format is the way that CAD/CAM files can be used and worked on.  

 

This situation might force the laboratory team and dentist to unify their systems in order to 

obtain the best results possible as working on different platforms have proved to be less 

accurate. 
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4.1.2.2 Scanners:  

This section is dedicated to the scanners themselves and their capacity to be accurate or not. 

In this section, we will try to see if there are differences in accuracy in between the different 

units, keeping in mind that the results were encountered in studies with different approaches 

than those made by the manufacturers and that some results may not be representative of 

the quality. 

 

 

Figure 7: Deviation data of 10 different Intraoral scanners.(22) 

 

These results obtained by Bilmenoglu C and cols in their study comparing the trueness of ten 

intraoral scanners have been obtained under similar conditions, meaning they were done in 

vitro over a model poured from a Kavo® typodont with ten different scanners. As we can see, 

in general there is a good uniformity of results. Over those ten tested IOS, seven are 

consistently under 100 µm of discrepancy which would permit us to do fixed prosthesis over 



 - 17 - 

implant as well as tooth supported without any particular risk, as we said that the upper limit 

is 100 µm of discrepancy for a full coverage crown and 120 µm for implant fixed 

prosthesis.(2,3,5) 

 

4.2 Operator/ choice dependent:  

This part of the work will be dedicated to the factors affecting the accuracy on which the 

operator could have an impact. We will talk about the operator’s experience overall, the 

protocols we can choose to follow and their impact over the accuracy. Here a multitude of 

criteria have been taken into account in order to have all the keys to understand what could 

affect, reduce or enhance the accuracy we could reach using IOS systems. 

 

4.2.1 Implants and their affectations over the IOS accuracy: 

4.2.1.1 Scan bodies: 

In dentistry, making an implant impression has always been slightly different than making one 

over a natural tooth. It is true for the conventional impressions as well as the digital ones. In 

the introduction, we’ve seen the existence of implant scan bodies (ISB) that have to be placed 

over the implant in order to act as a clear reference for our IOS.  

 

Mizumoto RM and cols, in their study over intraoral scan bodies, tell us that part of the good 

accuracy results obtained by those ISB are explained by the fact that they have multiple scan 

areas (see figure 8) compared to a conventional cylindrical abutment that have less surface 

area.(23) Furthermore, they can also be made of different materials such as PEEK 

(Polyétheréthercétone) or even various resins that are less reflective thanks to a mattified 



 - 18 - 

finish than what would be a bare titanium classic abutment. To confirm this last point, 

Bilmenoglu C and cols found out, when comparing different IOS, that implant collars made of 

titanium could reflect the light of the scanners, therefore appearing as an artifact on the final 

3D image, reducing the overall accuracy.(22) In this case, titanium doesn’t have the advantage 

over the other materials like PEEK. According to the readings, the ideal abutment should have 

a multifaceted shape in order to present multiple scan areas and it should be made of a non-

reflective material, such as the previously mentioned PEEK. 

 

 

Figure 8: Picture of different scan bodies present on the market.(23) 

 

4.2.1.2 Implant scanning sequence: 

Once again digital impressions are following the guidelines of conventional ones, so there is 

also the possibility of making a one-step impression (scanning both the arch and the 

integrated scan bodies) or a two-step impression (make a first scan of the ridge, add the scan 

bodies and scan it once over to complete the 3D image). These 2 steps aim at getting better 

emergence profile out on the digital workflow. Trying to know if whether or not one was 

better than the other was the goal of a study made in 2019 by Motel C and cols where they’ve 

compared those two techniques in vitro and took different measurements.(24) 
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Figure 9: Box-whisker-plots of deviance of the 2 scan strategies over 3 different ISB(24) 

 

Overall, by looking at figure 9 and following the study’s conclusion, the one-step strategy 

proved to be more accurate than the two-step one. Although, it is important to note that both 

were well under the exigent accepted discrepancy set in the case of this particular study at 44 

µm.(24) 

 

4.2.1.3 Implant positioning and its potential IOS affectations: 

Here, we will focus over two aspects of the implant placement, one will be the angulation and 

the other one will be the deepness. To be able to discuss this subject, we will use an article 

from Gimenez B and cols that wrote about the accuracy of digital impression systems where 

the goal was to experiment what could be the effects over the accuracy of a digital impression 

system under different clinical conditions, such as misplaced or misoriented implants for 

instance. In the paper, it is clear and favorable for the IOS that as far as the angulation is 

concerned, there are no significant discrepancies.(18) On the other hand, for the implant’s 
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depth, the results were that placing an implant at 0mm gets less accurate numbers than 

placing it at 2 to 4mm subgingival as shown on figure 10.  

 

 

Figure 10: table presenting the errors in implant distance with different implant depths.(18) 

 

These results led to further investigations in order to understand the cause of this discrepancy 

and it was found that the implant depth in itself wasn’t the direct cause of the error, but it 

was a collateral damage of the overlap made by the system, bringing us back to the same 

results from the first part of the discussion, where we said that an increased scan section 

length was detrimental to the truthiness of the scan. 

 

4.2.2 The operator’s related effects over the final accuracy: 

In this section we will have a look over the studies that have taken into account the person 

manipulating the intraoral scanner, that when doing so, is called “the operator”, in order to 

see if whether or not the machine in itself could performed differently whenever it is placed 

in different persons hand, thus, being subjected to more or less agility (experience related) 

and subjective decisions. Thanks to different studies that have already been looking into the 
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user-friendliness of those systems, we have been able to come out with some conclusions 

about this question. 

 

4.2.2.1 Scan strategies’ choice: 

As we have seen in the previous sections, in order to have a completed scan, the operator will 

have to go over the teeth by moving the IOS inside the patient’s mouth. Some manufacturers 

and users have been subjecting different ways of doing those so called “scan strategies” like 

presented in figure 11. 

 

 
Figure 11: Schematic representation of different possible scan strategies: (A)Exterior-
Interior, (B)Quadrants, (C)Sextants, (D)Sequential. (9) 
 

 
As Figure 11 is coming from this article, we are going to start by discussing about the results 

encountered in this study from Sotomayor M and cols that was realized comparing different 

scan strategies. Furthermore, a nuance was added as four IOS are used in order to have 
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representative results. The brand used were 3 shape® (Trios), Cadent® (iTero), Sirona® 

(Omnicam) and 3M® (True definition) 

 

 
Figure 12: table of the precision data in µm from Sotomayor M. study.(9) 
 

 
The study was realized over the same opaque epoxy resin cast, doing the same number of 

scans (10) for every strategy. It is important to note that those scans were considered long 

span because a complete arch was registered every time. What came out from this study was 

that apart from the Cadent® IOS, the scan strategies didn’t have a significant influence over 

the accuracy of the other IOS. For the iTero, the sequential strategy proved to be the best one 

in this particular condition.(24) 

 

Another study conducted 2 years earlier by Müller P. and cols, using a similar study design 

than the one mentioned before, pulled out slightly different result. They compared a total of 

3 different scan strategies being: A: exterior-interior, B: interior-exterior, C: sequential (figure 

13). Here the results turned out being slightly more favorable for the strategy B (starting from 

occlusal), but it is not an absolute criterion as the difference is close to being negligeable. It is 

mentioned that it “may” be advisable for full arch workflow.(25) 
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Figure 13: Illustrations representing the 3 scan strategies used in Muller P and cols study.(25) 

 

To cloture this section, it is safe to say that so far, there isn’t a consensus about which scan 

strategies should be used over the others, but it is clear that in long arch span scan, in certain 

cases some discrepancies might appear. Using either the manufacturer’s recommended one 

or the operator’s most comfortable one can be advised, particularly when working on smaller 

sections where the scan strategy doesn’t have much importance. 

  

4.2.2.2 Experience effect: 

The question for this part is whether or not an experienced operator can achieve a better 

scanning accuracy than a novice. It is worth noting that in order to start noticing a “learning 

curve” and being considered with the minimum amount of experience, it is necessary to do at 

least around fifteen to sixteen scans if we follow the manufacturers words.(18)  

 

In the article we’ve seen previously about the Accuracy of digital impression systems from 

Gimenez B and cols, differences between operators were encountered:(18) 
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Figure 14: Deviation for implant distance (µm) in relation with the operators’ experience.(18) 
 

Huge discrepancies between the different operators appeared but not in the expected way. 

Both the experimented and unexperimented group managed to have an overall good accuracy 

result and a really bad one. This can help discarding the unexperienced-high discrepancies 

relationship. On the other hand, the fact that the operator can affect the results can’t be 

discarded.  

 

Resend C and cols published an article in 2020 focusing only over the influence of operators’ 

experience. An “irrelevant” as said in the article 6 µm average of lower precision where 

measured when comparing the precision between experienced operator scans and 

unexperienced ones. Again, experience didn’t prove to be an advantage for a better accuracy 

confirming our previous statement(26) 
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Figure 15: table representing the average number of images taken by the IOS.(26) 

 

Still in the same article, an advantage of the experienced group was highlighted thanks to the 

table from figure 15. the experienced operators tend to need less images to make a complete 

scan, reducing the risk of overlapping, reducing the total weight of the folder and they have a 

highly increased scanning speed.(26) 

 

To close this section, A final comparison will be used, coming from an article written by Canulo 

L and cols where scans over plaster cast were performed, once again by an experienced group 

(more than two years of experience) and a non-experienced one.(17) 
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Figure 16: Chart of the mean deviation of 2 systems when used by different level of experience 
group.(17) 
 

The same results can be observed on this chart from figure 16. The experience in itself doesn’t 

constitute a major factor in order to reach good levels of accuracy when using an IOS device 

but it can help the operator to do it more efficiently. 

 

4.2.2.3 Lighting and shade selection tool: 

We have seen that reflected light could create unwanted artifact and disturb the digital 

workflow, so it might be necessary to make some research to understand if whether or not 

there is a more suitable ambient lighting level that could be used by the IOS operators when 

trying to achieve a high accuracy work. After determining it, we will also look at whether the 

shade selection tool can really help the operator to determine a good prosthesis shade.  

 

Ambient lighting and its influence have been studied in 2018 by Arakida T and cols under 

controlled conditions where the only variant element was the lighting.(27) The studied 

lightning was registered threw two parameters both Kelvin (K) and Lux. Kelvin correspond to 
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the light temperature and Lux is the illuminance level. Four kelvin settings were tested. 3900 

K correspond to a yellow light, 4100 K to orange, 7500 K to white and 19000 K to blue  

Three Lux levels were tested: 

- 0 Lux, 500 Lux and 2500 Lux 

 

 

 Figure 17: Graph of the mean deviation results correlating the tested illuminance and 
temperature.(27) 
 

One particular lighting condition proved to have at least a mean discrepancy 2 µm inferior to 

the other ones. 3900 K at 500 Lux is the ideal correlation.  

 

Although a 2 µm improve would be insufficient to justify a complete change of the clinic 

lighting, it is an ideal correlation as the average light levels of a clinic are around those 

values.(27) On the other hand, a 2500 Lux represented the average dental unit light so it is 

advisable to switch this one off before using any of the scanning devices. 
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Talking about ideal lighting conditions, something that had to be performed in good ones was 

having to make the crucial shade selection in order to have a harmonious final prosthetic 

result. Nowadays some Intraoral scanners integrate this function, we will have a look to it in 

order to know if it is more or less accurate than the conventional method and if the operator 

can affect the truthiness of the software. 

 

A study conducted by Yilmaz B and cols was published in 2019 where the IOS software is 

compared against 25 observers doing a conventional visual shade selection, using a Vita® 3D 

master shade guide. The reference group is done with a spectrophotometer (VES) considered 

as the gold standard so far (All registration were made under the same controlled light 

conditions).(28) 
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Figure 18: Table of the results from Yilmaz B. study.(28) 

 

The outcomes of this study are that the IOS shade selection isn’t affected by the light 

conditions, neither by the operator. Line by line it kept consistent throughout its measures. 

The IOS came out to be at least equal or even better than the visual shade selection done by 

the observers. In a clinical practice, it could be used as a spectrophotometer replacement.(28)  

 

This integrated function turned out to be a really accurate and is a real function to help the 

dentist to achieve a high-quality prosthetic or esthetic result. 
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4.2.2.4 Scanning aids: 

In this final section of our discussion, we will investigate over the “scanning aids” that can be 

applied by the operator over the scanned object. As mentioned previously in the introduction, 

depending on the IOS brand and model, they are mandatory, but in the case that it isn’t 

required, the operator can feel free to use it or not. We will see if whether or not they can 

affect the accuracy or not. 

 

Determining whether it is advisable or not to apply a scanning aid in order to reach a higher 

accuracy result has proven to be fairly difficult, as not all the authors do agree on the subject. 

Authors like Nedelcu R and cols when comparing the accuracy of 3 IOS said that he could not 

point out any difference in between the coating and non-coating mechanisms.(19) This would 

pull the scale toward the non-coating method as no time should be wasted by having more 

steps if there are no benefits. 

 

On the other hand, Prudente M and cols made a complete study over the powder application 

as a scanning aid, and a different conclusion from the previous one was pulled out from it.(11) 

First of all, multiple IOS brand and model were used and not all of them reacted equally to the 

powder application. (figure 19)  
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Figure 19: Table of results comparing IOS accuracy when TiO2 powder was used.(11) 

 

Marginal discrepancies values were clearly affected by the presence of powder. We can either 

see an improvement in terms of accuracy in some brand and models, but in some others, we 

can get detrimental values. This also depend on the different surfaces of the preparation. 

Looking at the Omnicam® for example, the vertical fit got better, but the overall 3D internal 

fit got worst. No particular benefit can be pulled out from these results. (11) 

 

Whether or not there should be a scanning aid application, it is free to the operator’s choice, 

knowing the previous results it got. Multiple aids are disponible on the market, particularly 

the powder ones and the liquid application ones so it sounds legitimate to look for potential 

differences in between those two. 
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It is exactly the aim of the design of Oh H and cols study.(29) Two powder sprays were 

compared to a liquid painting scanning aid. In all of them, the main component was TiO2. 

Different types of restoration were taken into account like: inlay, onlay and bridges. 

 

 

Figure 20: Chart of the results comparing the discrepancies when using the application of 
different types of scanning aid in different clinical conditions.(29) 
 

The results are clear. Whatever the chosen type of restauration, the liquid scan aid (ScanCure® 

in this case) always gives more accurate results than the classical powder spray ones. But when 

compared with the non-application of scanning aid group, the discrepancies were close to 

none. The improved results of the liquid over the powder are due to the fact that the operator 

can perfectly control the thickness and extend of the material thanks to a brush.(29)  

 

The application of a scanning aid doesn’t present itself as a mandatory tool when trying to 

reach for the most accurate result. In the case the operator feels like it is needed, the “liquid 

painting” form can be recommended over the others   
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5. Conclusion: 

1- The general accuracy of intraoral scanners is highly satisfying, it can be indicated in all 

sorts of restorations as soon as body fluids can be under control, that the scanned arch 

length is reasonable, and it is advisable to use the manufacturer’s software. 

 

2- The scanning protocol proved to be of low importance as in the majority of the cases. 

However, as some models could be affected by it, we could recommend using the 

corresponding protocol given by the manufacturer. 

 

3- Operator’s experience proved to affect only the time needed to perform a scan and 

the file size. Apart from that, no particular discrepancies were encountered. It turned 

out to be a negligeable factor. 
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6. Responsibility: 

As far as the economic sustainability is concerned, for this paper, it is subjective to the reader. 

If we consider the IOS as a direct concurrent to the conventional impression methods, it is 

clear that switching to a full digital system like this subject could encourage to do, correspond 

to an important investment, both when buying and maintaining it. However, once the 

investment is made, we could find it multiple advantages that could enhance the clinic’s 

finances such as the higher working speed with a 100% digital workflow, the long-term 

economies made over the laboratories expanses and the publicity made thanks to these 

machines. However, working with this type of material can probably be an interesting long-

term investment. Otherwise, the conventional tray impressions are cheaper to use. This 

overall aspect could even be the subject of a full study. 

 

For the environmental sustainability, it is true that working digitally, directly in the office can 

be beneficial as close to zero consumables are used, thus, leaving nothing to waste. This high-

end material can potentially be recycled in its majority as more and more companies tend to 

be eco-friendly. 

 

Finally, the social sustainability aspect, which is the most accurate one, particularly during the 

period in which this paper is written. Once again, a digital workflow in an epidemic like COVID-

19 is favorable as cross contamination is limited because exchanges between dental 

technician, the dentist and the patients are reduced or inexistant. Machine materials can all 

be disinfected, and some pieces of the IOS can even be sterilized. The workplace is then made 

safer.  



 - 35 - 

7. References: 

1.  Miyazaki T, Hotta Y, Kunii J, Kuriyama S, Tamaki Y. A review of dental CAD/CAM: Current 

status and future perspectives from 20 years of experience. Dent Mater J. 

2009;28(1):44–56.  

2.  Persson ASK, Odén A, Andersson M, Sandborgh-Englund G. Digitization of simulated 

clinical dental impressions: Virtual three-dimensional analysis of exactness. Dent 

Mater. 2009;25(7):929–36.  

3.  Att W, Komine F, Gerds T, Strub JR. Marginal adaptation of three different zirconium 

dioxide three-unit fixed dental prostheses. J Prosthet Dent [Internet]. 2009;101(4):239–

47. Available from: http://dx.doi.org/10.1016/S0022-3913(09)60047-0 

4.  Kim J, Son K, Lee K-B.  Displacement of scan body during screw tightening: A 

comparative in vitro study . J Adv Prosthodont. 2020;12(5):307.  

5.  Katsoulis J, Mericske-Stern R, Enkling N, Katsoulis K, Blatz MB. In vitro precision of fit of 

computer-aided designed and computer-aided manufactured titanium screw-retained 

fixed dental prostheses before and after ceramic veneering. Clin Oral Implants Res. 

2015;26(1):44–9.  

6.  Renne W, Ludlow M, Fryml J, Schurch Z, Mennito A, Kessler R, et al. Evaluation of the 

accuracy of 7 digital scanners: An in vitro analysis based on 3-dimensional comparisons. 

J Prosthet Dent [Internet]. 2017;118(1):36–42. Available from: 

http://dx.doi.org/10.1016/j.prosdent.2016.09.024 

7.  Chiu A, Chen YW, Hayashi J, Sadr A. Accuracy of CAD/CAM digital impressions with 

different intraoral scanner parameters. Sensors (Switzerland). 2020;20(4).  

8.  Erozan Ç, Ozan O. Evaluation of the precision of different intraoral scanner-computer 



 - 36 - 

aided design (CAD) software combinations in digital dentistry. Med Sci Monit. 

2020;26:1–9.  

9.  Medina-Sotomayor P, Pascual-Moscardó A, Camps I. Correction: Accuracy of four digital 

scanners according to scanning strategy in completearch impressions (PLoS ONE (2018) 

13:9 (e0202916) DOI: 10.1371/journal.pone.0202916). PLoS One. 2018;13(12):1–15.  

10.  Alghazzawi TF. Advancements in CAD/CAM technology: Options for practical 

implementation. J Prosthodont Res [Internet]. 2016;60(2):72–84. Available from: 

http://dx.doi.org/10.1016/j.jpor.2016.01.003 

11.  Prudente MS, Davi LR, Nabbout KO, Prado CJ, Pereira LM, Zancopé K, et al. Influence of 

scanner, powder application, and adjustments on CAD-CAM crown misfit. J Prosthet 

Dent. 2018;119(3):377–83.  

12.  Rutkūnas V, Dirsė J, Bilius V. Accuracy of an intraoral digital scanner in tooth color 

determination. J Prosthet Dent. 2020;123(2):322–9.  

13.  Li Q, Hu Y, Zhou X, Liu S, Han Q, Cheng L. Role of oral bacteria in the development of 

oral squamous cell carcinoma. Cancers (Basel). 2020;12(10):1–18.  

14.  Lu H, Nguyen B, Powers JM. Mechanical properties of 3 hydrophilic addition silicone 

and polyether elastomeric impression materials. J Prosthet Dent. 2004;  

15.  Camcı H, Salmanpour F. Effect of saliva isolation and intraoral light levels on 

performance of intraoral scanners. Am J Orthod Dentofac Orthop. 2020;158(5):759–66.  

16.  Song J, Kim M. Accuracy on Scanned Images of Full Arch Models with Orthodontic 

Brackets by Various Intraoral Scanners in the Presence of Artificial Saliva. Biomed Res 

Int. 2020;2020.  

17.  Canullo L, Colombo M, Menini M, Sorge P, Pesce P. Trueness of Intraoral Scanners 



 - 37 - 

Considering Operator Experience and Three Different Implant Scenarios: A Preliminary 

Report. Int J Prosthodont. 2020;1–4.  

18.  Giménez B, Özcan M, Martínez-Rus F, Pradíes G. Accuracy of a digital impression system 

based on active wavefront sampling technology for implants considering operator 

experience, implant angulation, and depth. Clin Implant Dent Relat Res. 

2015;17(S1):e54–64.  

19.  Nedelcu R, Olsson P, Nyström I, Rydén J, Thor A. Accuracy and precision of 3 intraoral 

scanners and accuracy of conventional impressions: A novel in vivo analysis method. J 

Dent [Internet]. 2018;69(December 2017):110–8. Available from: 

https://doi.org/10.1016/j.jdent.2017.12.006 

20.  Lee SJ, Kim SW, Lee JJ, Cheong CW. Comparison of intraoral and extraoral digital 

scanners: Evaluation of surface topography and precision. Dent J. 2020;8(2).  

21.  Zimmermann M, Ender A, Mehl A. Local accuracy of actual intraoral scanning systems 

for single-tooth preparations in vitro. J Am Dent Assoc. 2020;  

22.  Bilmenoglu C, Cilingir A, Geckili O, Bilhan H, Bilgin T. In vitro comparison of trueness of 

10 intraoral scanners for implant-supported complete-arch fixed dental prostheses. J 

Prosthet Dent [Internet]. 2020;124(6):755–60. Available from: 

https://doi.org/10.1016/j.prosdent.2019.11.017 

23.  Mizumoto RM, Yilmaz B. Intraoral scan bodies in implant dentistry: A systematic review. 

J Prosthet Dent [Internet]. 2018;120(3):343–52. Available from: 

https://doi.org/10.1016/j.prosdent.2017.10.029 

24.  Motel C, Kirchner E, Adler W, Wichmann M, Matta RE. Impact of Different Scan Bodies 

and Scan Strategies on the Accuracy of Digital Implant Impressions Assessed with an 



 - 38 - 

Intraoral Scanner: An In Vitro Study. J Prosthodont. 2020;29(4):309–14.  

25.  Müller P, Ender A, Joda T, Katsoulis J. Impact of digital intraoral scan strategies on the 

impression accuracy using the TRIOS Pod scanner. Quintessence Int (Berl). 

2016;47(4):343–9.  

26.  Resende CCD, Barbosa TAQ, Moura GF, Tavares L do N, Rizzante FAP, George FM, et al. 

Influence of operator experience, scanner type, and scan size on 3D scans. J Prosthet 

Dent [Internet]. 2020;1–6. Available from: 

https://doi.org/10.1016/j.prosdent.2019.12.011 

27.  Arakida T, Kanazawa M, Iwaki M, Suzuki T, Minakuchi S. Evaluating the influence of 

ambient light on scanning trueness, precision, and time of intra oral scanner. J 

Prosthodont Res [Internet]. 2018;62(3):324–9. Available from: 

http://dx.doi.org/10.1016/j.jpor.2017.12.005 

28.  Yılmaz B, Irmak Ö, Yaman BC. Outcomes of visual tooth shade selection performed by 

operators with different experience. J Esthet Restor Dent. 2019;31(5):500–7.  

29.  Oh HS, Lim YJ, Kim B, Kim WH, Kim MJ, Kwon HB. Influence of applied liquid-type 

scanning-aid material on the accuracy of the scanned image: An in vitro experiment. 

Materials (Basel). 2020;13(9).  

 

  



 - 39 - 

8. Annexes: 

 

 



 - 40 - 

 

 

 



 - 41 - 

 

 

 



 - 42 - 

 

 

 



 - 43 - 

 

 

 



 - 44 - 

 

 

 



 - 45 - 

 

 



 - 46 - 

 

 



 - 47 - 

 

 

 



 - 48 - 

 

 

 



 - 49 - 

 

 

 



 - 50 - 

 

 

 



 - 51 - 

 

 



 - 52 - 

 

 

 



 - 53 - 

 

 

 



 - 54 - 

 

 

 



 - 55 - 

 

 

 



 - 56 - 

 

 

 



 - 57 - 

 

 

 



 - 58 - 

 

 



 - 59 - 

 

 

 



 - 60 - 

 

 

 



 - 61 - 

 

 

 



 - 62 - 

 

 

 



 - 63 - 

 

 

 



 - 64 - 

 

 

 



 - 65 - 

 

 

 



 - 66 - 

 

 

 



 - 67 - 

 


	1. Introduction:
	2. Objectives:
	3. Materials and Methods:
	4. Results and Discussion:
	4.1 Non operator dependent:
	4.1.1 Oral environment:
	4.1.1.1 Blood and saliva:
	4.1.1.2 Access and range:

	4.1.2 Software & models:
	4.1.2.1 Software:
	4.1.2.2 Scanners:


	4.2 Operator/ choice dependent:
	4.2.1 Implants and their affectations over the IOS accuracy:
	4.2.1.1 Scan bodies:
	4.2.1.2 Implant scanning sequence:
	4.2.1.3 Implant positioning and its potential IOS affectations:

	4.2.2 The operator’s related effects over the final accuracy:
	4.2.2.1 Scan strategies’ choice:
	4.2.2.2 Experience effect:
	4.2.2.3 Lighting and shade selection tool:
	4.2.2.4 Scanning aids:


	5. Conclusion:
	6. Responsibility:
	7. References:
	8. Annexes:

