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ABSTRACT  

Aim of the study The purpose of this study is to review the latest technologies and to present their operating 

principles in order to enable practitioners to have a clearer picture of the preferred technology for use in day-to-

day practice. Material and methods For this review, the literature was analysed online. The sites that were 

searched were PubMed, Web of Science. The keywords used to search for items of interest were: intraoral optic 

scanning, ultrasound impression, OCT impression. Results The multitude of available impression techniques 

have many advantages allowing  practitioners the opportunity to chose their prefered method. In recent years, 

various revolutionary impression methods and technologies have appeared on the market.  

Conclusions The digital impression techniques, regardless of the technology used, have a lot of qualities, 

being non-invasive, easy to work with for the practitioner, and easy to accept for the patient.  
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INTRODUCTION 

The first impressions made by 

conventional techniques appeared in the 

eighteenth century, but until now, no ideal 

impression technique has been found. A 

dental impression is the negative copy of the 

prosthetic field. In most cases, the impression 

is required in order to obtain a study or work 

cast in the prosthetic treatment of partial or 

total edentations, in implantology and 

orthodontic treatment.  

In order to obtain a satisfactory 

reproducibility, it is particularly important for 

the impression to be precise. For instance, in 

the case of fixed prosthetics, it is essential 

that the impression material and technique are 

able to precisely replicate the prepared 

collars. A poor adaptation of the future 

prosthetic restoration will result in therapeutic 

failure  due to the complications that may 

arise. The resulting complications can be 

mechanical or biological in nature.  

In several studies, the factors that affect 

the accuracy of the impression techniques 

have been analyzed. A very simple example 

is the use of metallic tabs, which have a 
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higher rigidity than plastic profiles. Other 

studies have controlled the thickness of the 

print material, using individual portraits [1]. 

As far as impression materials are 

concerned, the debates are endless. 

Depending on the purpose of the treatment, 

each practitioner may have their own justified 

preference for choosing a certain impression 

material.  Whether the impression technique 

is performed in two steps or if the materials 

are used in more than one consistency will 

ultimately influence the extent to which the 

socket contracts, and consequently, this will 

impact the end result of the impression.  

Every impression has its advantages and 

disadvantages. Consequently, conventional 

impression techniques, no matter how well 

they are made, leave room for errors due to 

the contraction, expansion and distortion of 

the impression material during and especially 

after the setting time of the socket. Such 

errors in the socket will lead to lack of 

precision in the gypsum model at the stage of 

model realization.  

In search of methods to provide the best 

precision, digital (optical impression) 

methods have been designed [2]. The 

implementation of intraoral scanning devices 

in medical practice coincided with the 

development of CAD / CAM. Computer 

Aided Design / Computer Aided Manufacture 

(CAD) has revolutionized the way that 

prosthetic treatment is designed to provide a 

precise prosthetic image. The design of the 

future restoration can be analyzed along with 

the patient at the same session where the scan 

was performed, and then the CAM 

component will cut the restorations. By this 

method, during a single session, the 

practitioner can make preparations, 

impression and cementing the final 

restoration. Syrek et al. [3] conducted an in-

vivo experiment in which he compared the 

adaptation of unidirectional prosthetic 

restorations made of zirconia, made by 

impression using both CAD/CAM technology 

and classic impression using silicones. The 

results showed that digital impression 

restorations had a better fit compared to 

classical impressions. Although it is 

understandable that the digital impression 

method is more accurate than the classical 

impression, there has not been enough 

clinical trials to show this. 

Optical impression techniques are not 

infallible methods. There are numerous 

drawbacks that limit the clinical situations in 

which prosthetic restorations can successfully 

adapt. After the preparation of the dentures, 

the area where the preparation limit occurs is 

often covered by blood or saliva. This is often 

the case of subgingival preparations. Thus, 

during impression, even if haemostasis or 

gingival removal techniques are used using 

retraction threads, artifacts may appear in the 

impression aspect. These may result in a poor 

adaptation of the future restoration. For an 

impression to be successful, it is imperative 

that the surfaces are clean and dried. 

This is why the use of ultrasound was 

attempted in making an ideal impression. 

Ultrasonic waves show the ability to scan 

non-invasively the tissue of interest, namely 

dental tissue, penetrating through the gingiva, 

blood, or saliva without affecting the final 

aspect of the scan. Thus, the work of the 

practitioner, which no longer requires the 

removal of traces of blood and saliva, or the 

use the most painful gum removal techniques 

to highlight the threshold of the preparation, 

is greatly facilitated. It also increases patient 

comfort. 

In order to adapt to the limitations 

imposed by the scan in the oral cavity, 

ultrasound, high frequency (HFUS) 

microscopes have been designed. These are 

the non-invasive scanning denture alternative. 

Since the technology is still under 

development, they are not yet seen in current 

medical practice. 
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New studies follow the use of tomography 

in optical coherence to impression intraoral 

preparations in order to obtain indirect 

restorations using CAD / CAM technique. 

The technology is under development and it 

aims to expand the clinical utility of the OCT 

in the field of Dental Medicine in order to 

obtain a three-dimensional digital impression. 

The impression will be integrated into the 

CAD / CAM workflow protocol for making 

indirect restorations. The topography of the 

three-dimensional surface before and after 

stump preparation is recorded using an 

intraoral cross-polarization swept source OCT 

(CP-OCT) system with a Micro-Electro-

Mechanical System (MEMS) scanning 

mirror. 

MATERIAL AND METHODS 

To carry out this study, a literature review 

has been carried out. Documentation has been 

done online on sites like PubMed, Web of 

Science. The keywords used to search for 

items of interest were: intraoral optic 

scanning, ultrasound impression, OCT 

impression. Initially, we wanted to apply a 

time limit of 5 years, but there were material 

of interest that did not fit in the 2013-2018 

period, which is why it was chosen not to 

have a time limit. 

From the materials extracted from 

searches in the first phase, out of the articles 

in extenso, those which presented data related 

to the optical impressions, impressions using 

ultrasound and impressions with the help of 

the OCT were selected. Due to the fact that 

not enough material has been found dealing 

with the last two subjects, also have been 

selected for the analysis abstracts considered 

to provide enough information to participate 

in the study.  

The materials were then divided into three 

files for each subject. Because there have 

been reviews of optical impression 

techniques, the optical impression document 

has been split into two subfolders: clinical 

cases and reviews. 

Then, the proper analysis of the 

documentation followed. The articles in each 

folder were read and the data was compared. 

Thus, the material and method chapters were 

analysed and the common data were 

extracted. The results and discussions were 

also compared in order to obtain the needed 

information 

.

 

RESULTS AND DISCUSSIONS 

After searching the literature, it was observed 

that there are a lot of articles in which optical 

impressions are analysed. Not all articles 

found were taken in consideration for the 

study but only those that corresponded to the 

subject studied. All articles found were in 

English and even most of the Romanian 

journals were found in English format. As a 

result, no article was excluded because of this 

criteria.  

It has been noticed that more and more 

intraoral scanning systems have been 

launched on the market over the last 10 years, 

each using different operating technologies. 

Thus, physicians can currently choose from a 

wide and varied range of models [4]. 

Regarding the material found about 

impressions using ultrasound, it consisted of 

only 5 articles. It was considered that there is 

not enough material, so it can not be 

compared to the large number of clinical 

trials analysing the optical impressions. 

 Regarding impression material using OCTs, 

there are still no clinical studies in this area as 

technology is still being developed. 

Since there is not enough scientific material 

to analyse impressions using ultrasounds or 
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using the OCT, these two technologies cannot 

yet be compared with existing technologies 

on the market, such as the digital optical 

impression. Only the concepts and 

functioning mechanism have been compared, 

and more clinical cases are required for the 

first two. 

 

OPERATING PRINCIPLES 

 

OPTICAL DEVICES FOR 

INTRAORAL SCANNING 

 

Optical scanning systems are made up of a 

hand piece featuring a camera at the end of 

the hand piece, a computer and a software. 

With the hand piece, images of the analysed 

field are captured, and the information is 

interpreted and stored in the computer with 

the help of the software. Most scanning 

systems use open or closed STL (Standard 

Tessellation Language) format. This format is 

already used in many industrial fields and 

describes a succession of triangular surfaces 

in which each triangle is defined by three 

points and a surface. Other file formats have 

been developed to record the colour, 

transparency or texture of dental tissues (such 

as Poligon File Format, PLY files). 

Regardless of the type of imaging technology 

used, all cameras take reflected light from 

dental surfaces, which is then recorded as 

individual or video images and compiled by 

software after POIs have been recognized. 

The first two coordinates (x and y) of each 

point are evaluated on the image, and the 

third coordinate (z) is then calculated 

according to the technology, the distance 

between the camera and the analysed object. 

One of the major challenges of generating 

a 3D numeric model is the matching of points 

of interest taken at different angles. Distances 

between different images can be calculated 

using an integrated room accelerometer, but a 

similarity calculation is used more often to 

determine the image. Using algorithms, 

similitude calculus defines coincident points 

of interest in different images [5]. These 

points of interest can be found by detecting 

transition areas, such as strong curves, 

physical limits, or grey differences ("Shape 

from Silhouette") [6]. A transform matrix is 

then calculated to evaluate the similarity 

between all images, such as rotation or 

homothete. Extreme points can also be 

eliminated statistically to reduce noise. Each 

coordinate (x, y, and z) is extracted from the 

projection matrix and then a file is generated. 

Recent studies have shown that the digital 

impression technique was more comfortable 

and faster than the classic impression 

technique [7-10]. Lee and Gallucci reported 

that impression using intraoral scanners using 

confocal technology was a more efficient 

technique with a shorter training time and 

shorter procedure than conventional 

impressions for inexperienced students [11]. 

In two other clinical trials, intraoral 

scanners using confocal technology were 

significantly preferred over the conventional 

impression, being more effective in terms of 

time, patient comfort, and the effect of the 

impression itself [10, 12]. 

Each scanner also includes a specific 

capture technology that influences the size 

and weight of the hand piece. For example, 

confocal technology is mainly based on 

hardware that requires bulky components. 

 

ULTRASOUND SCANNING 

SYSTEMS 

 

These devices use acoustic waves with 

frequencies of 20KHz, the frequency 

representing the upper limit the human ear 

can perceive [13]. They cross the tissues and, 

depending on their density, the wave velocity 

is higher or lower. The denser the tissue is, 

the faster the ultrasound moves. Thus, to 

obtain the image of a structure, ultrasound 
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systems transmit within the tissues, where 

they are in the form of pulses with a 

frequency in the range of 2-20 MHz. At the 

boundary between two tissues with different 

densities, some of the emitted waves cross the 

tissue, while part is reflected. For example, at 

the boundary between soft tissue and bone 

tissue, about 40% of the body is reflected and 

captured by the hand piece, then converted 

into radio frequency waves. These are then 

interpreted by the device and are transformed 

into an image of the analysed tissue. 

The first time ultrasound was used in 

dentistry was in 1963, when Baum et. al. used 

a 15 MHz transducer was used to visualize 

the components of the teeth. The results were 

not the desired ones [14]. Since then, many 

ultrasound applications have been reported in 

dentistry [15-23]. 

Ultrasounds can travel up to 10 cm in 

tissues. In the case of ultrasounds, electronic 

detectors can be used to capture the waves 

reflected by the object under consideration. 

 

IMPRESSION SYSTEMS USING OCT 

TECHNOLOGY 

 

The OCT (Optical Coherence 

Tomography) system is a modular device. It 

consists of hardware components that are 

coupled together. The OCT image is possible 

by measuring the intensity of reflected light. 

The OCT measures the speed of light as it 

crosses the structure of interest. 

OCT has a tissue penetration capacity of 2 

mm thick. The phenomenon of OCT 

operation is the interference of two coherent 

partial light from the same source: the 

reference beam and the beam of the probe. 

Analysis of the interference signal allows 

locating the points where the refractive index 

changes. These points are located along the 

beam propagation direction [24]. 

It is noted that each of the three 

technologies has the major advantage of 

being non-invasive. Each device has a hand 

piece, the dimensions of which are designed 

in such a way that they can be inserted into 

the mouth. Comparing this state-of-the-art 

technology with classic impression methods, 

the patients’ comfort is greatly increased. The 

data can be stored digitally, leaving it 

unnecessary for the dentist to have a physical 

storage space for the plaster models. Due to 

the fact that the impression is executed 

digitally, it is necessary to purchase 

consumables, imprint materials necessary for 

the procedure. 

 

 

CONCLUSIONS 

1. Until now, specialized studies have 

shown that the optical impressions 

method cannot be implemented in all 

clinical situations due to its limitations. 

At the same time, there is no evidence 

showing a large discrepancy between 

classical and optical impressions. 

2. With regard to revolutionary impression 

technologies, studies conducted so far are 

not enough to assert that by using OCT or 

ultrasound we will get the ideal 

impression. However, the two methods 

present a tremendous potential by 

offering an easy use and improving 

patient comfort. 
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