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Abbreviations used in the text: 

VE – Vinylsiloxane Ethers 

VPS - Vinyl Polysiloxane(s) 

LJ – Lower Jaw 

MS – Maxillary Sinus 

IOSS - Intra Oral Scanning Systems 

IA – implant(s) and abutment(s) 

CAD/CAM - short for Computer-Aided Design (CAD) and Computer-Aided Manufacturing 

(CAM). 

WHO - World Health Organization 

SIB-scanning implant bodies 

PEEK – polyether ether ketone 

QL - quality of life 

ZrO2 - ceramics of zirconium dioxide 

CI– Conventional Impression(s) 

DI - digital Impression 

IT – Impression Transfer(s) 

PE – Poly Ether(s) 

3D (3D) – Three Dimensional 

MM – Master Model 

OTT - open tray technique 

CTT - closed tray technique 

IOS - intraoral scan, intraoral scanner 

PM - plaster model 

LS - laboratory scanner 

M1- M20 – Model (from 1 to 20) 

 

 

 



INTRODUCTION 

One of the main goals of modern medicine, and dental medicine in particular, is to 

improve the quality of life of the population. 

An important direction in this field is the replacement of movable prosthetic structures 

with fixed ones by using implant supports, on which fixed prosthetic structures are made. The 

precision of implant prosthetic structures is decisive for their clinical durability, and it is 

dependent on the skillful combination of many clinical and technological factors. Of the many 

stages, the transfer of clinical information, which takes place by taking an impression of the 

clinical situation, is of primary importance. 

A traditional impression is a negative image or reverse copy of the surface of an 

object. In dental practice, it is the main carrier of information, without which it is impossible 

to carry out subsequent clinical and laboratory manipulations, and to complete the prosthetic 

restoration of the masticatory apparatus. 

A traditional impression with a tray and impression material is used to make a working 

model, where the impression is often destroyed. Obtaining a detailed and deformation-free 

impression requires a perfect choice of material, tray and impression technique. The final 

result depends on the good processing of the impression material and on the durable 

impression technique. Weaknesses from the inept combination of so many factors are found 

in the adjustment of prosthetic structures, and the inaccuracies found cannot always be 

corrected. 

In the last years of the 20th century, with the development and improvement of the so-

called CAD/CAM technologies in dentistry, the tendency to rationalize the clinical protocol 

through the use of digital impression methods was born. Digital methods have facilitated 

implant prosthetics and catalyzed a drive for improvement in all areas of dental practice as 

well. Scanning and obtaining an intraoral digital impression is done with the help of 

continuously improved intraoral scanners, and special scanning pins (scan bodies) were 

developed for implantology, which are fixed on each implant. The digital impression allows 

the creation of a virtual model, with the help of which the design of the implant-supported 

prosthetic structure and its subsequent manufacture are created. Digital impressions also allow 

the creation of material models from resins by carving or printing. 

The drive to rationalize the clinical and laboratory protocol of implantological 

treatment in order to reduce the time of preparation and the consumption of materials has led 



to extremes in the preferences of practitioners, as well as to the combination of traditional and 

virtual methods. All this has given rise to many hypotheses regarding the individual aspects of 

this complex clinical activity and has prompted numerous experimental and comparative 

studies to accept or reject them. 

The clinical practice concerning prosthetics on multiple implants with different 

inclination and distance between them poses the question of how and with what impression 

methods to provide the laboratory with the most accurate and detailed information for the 

creation of the perfect prosthetic construction. The question of which of the developed 

traditional impression techniques is the most reliable and which impression to prefer: 

traditional or digital requires further experimental re-evaluations to be resolved. 

AIM AND TASKS 

The aim of the dissertation work is to compare and evaluate the accuracy of 

conventional and digital impressions in prosthetics on implants. 

Null hypothesis 

1. There is no significant difference in the accuracy of digital impressions taken with 

the help of an intraoral scanner and impressions taken in the classic way with polyethers at 

concept all on 4 for the anterior parallel implants 

2. There is no significant difference in the accuracy of digital impressions taken using 

an intraoral scanner and impressions taken in the classical way with polyethers at concept all 

on 4 for the distally placed implants at different inclinations. 

To solve this goal, we set ourselves the following tasks: 

1. Questionnaire survey of the popularity of digital impression methods and 

established conventional impression methods in prosthetics on implants in the practice of 

dentists in Bulgaria and Germany; 

2. Development of an experimental output model representing concept all on 4 (master 

model) on which the experimental studies for comparing the accuracy will be performed. 

Standardization of the source model by scanning with a laboratory scanner and 

converting it into a digital form that will be used for comparison (master model). 



3. Taking 40 conventional impressions from the initial model (master model) with the 

technique of open (20) and closed tray (20) and polyether impression material, casting them 

and obtaining plaster models. 

Scanning the conventional plaster models with a laboratory scanner and transforming 

the data into digital form (20 scans with an open tray and 20 scans with a closed tray). 

Scanning of the original model with an intraoral scanner (20 scans) 

 

4. Importing the digital data from the intraoral and laboratory scanners into a specially 

developed program for 2D/3D analysis of objects and CAD projects. Specifying parameters to 

compare: 

- deviation of each implant along the three axes of the model. 

- distance between implants 

- The sagittal angle of each implant 

- Entering the data into tables and statistical processing of the data. 

 

 

 

MATERIALS AND METHODS 

Materials and methods task 1 

Questionnaire survey of the popularity of digital impression methods and established 

conventional impression methods in prosthetics on implants in the practice of dentists in 

Bulgaria and Germany. 

A questionnaire surveying the opinion of dentists regarding the popularity and frequency of 

use of the virtual impression technique and the different methods of the conventional 

impression technique with their advantages and disadvantages in clinical practice as well as 

the knowledge of the impression materials for this purpose. The survey card contains 12 

questions, of which 3 are personal and 9 professional. The surveyed colleagues are in most 

cases participants in various congresses and dental events during which the surveys were 



conducted. All colleagues who were asked to fill out surveys agreed and did so voluntarily. 

The study was conducted in the period from 01.03.2018 to 01.05.2018 during forums of the 

Bulgarian Academy of Aesthetic Dentistry (BAED) and various congresses in Germany. 

The survey was prepared personally by the PhD student. The questions and their structuring 

were agreed with the scientific director. After completing the paper surveys, they were 

checked for adequacy of responses, individual questions were coded and entered into a 

spreadsheet for subsequent statistical processing. 

Results were broken down into demographic and specialty indicators. The collected primary 

information was coded, entered into a computer database and processed using the specialized 

statistical product SPSS, version 17. Microsoft Office products were used for tabular and 

graphical processing. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Materials and methods task 2 

Development of an experimental output model representing concept all on 4 

(master model) on which the experimental studies for comparing the accuracy will be 

performed. 

 

Standardization of the source model by scanning with a laboratory scanner and converting it 

into a digital form that will be used for comparison (master model). 

In order to simulate a clinical situation of an edentulous upper jaw from a patient, several 

options were considered including: a plastic standard upper jaw model, a printed edentulous 

jaw model on a 3D printer, and a standard metal model that could be used as an upper and lower 

jaw edentulous. 

Due to certain considerations that will be addressed in the discussion, we settled on a standard 

metal model (cobalt chrome alloy) with four holes. 

The model was made by the German company SAEDental (Metalprüfmodell, 

SAEDentalVertriebsGmbHinternational, Bremerhaven, Germany). (Fig. 2) 

 

Fig. 2. Standard metal model of cobalt chrome alloy 

For the purpose of the study, it was planned to place four implants along consepr all on 4, of 

which two anterior ones perpendicular to the horizontal plane and parallel to each other in the 



area of teeth 11 and 21 and of two distally located implants in the area of tooth 15 under an 

inclination of 17 º and in the area of 25 tooth at an inclination of 30 º to the horizontal plane. 

Using a special Hufschmied Engineering, (Augsburg, Germany) industrial milling machine, 

four channels were made in the model with a diameter of 4.2 mm and a depth of 11 mm, 

respectively, at the locations of the planned implants. (Fig. 3) 

On the side of each canal, small threaded channels were made, in which small screws were 

placed for the final fixation of the implants. 

 

Fig. 3. Hufschmied Engineering special industrial milling machine 

For the purpose of the study, we chose the Champions implant system (Champions(R) 

Evolution, Flohnheim, Germany) which has all the necessary components and is certified 

according to concept all on 4. Standard implants with a length of 10 millimeters and a 

diameter of 4 millimeters were used. 

The implants of this system are composed of three components: 

- active main thread and the micro thread in the neck part, 

- the so-called carrier (Gingiva Shuttle, Champions, Flonheim, Germany) which serves to 

bring the implant into the bed, to fix the impression transfers as well as a gingiva former 

- a screw that fixes the carrier to the implant. 

The principle of the implant-crown connection is the so-called narrowed platform (platform 

switching) connection with a taper of 9.5 degrees. The material these implants are made of is 

99 percent grade 4 titanium. (Fig. 4) 



 

Fig. 4. Champions (R)evolution implant with its components 

 

Fig. 5. The Champions (R)evolution implant with the factory (carrier) holder 

After preparing the four canals in the model, a passively unused implant was placed in each. 

All four implants were 10 mm in length and 4 mm in diameter. Since the canals in the model 

were 4.2 mm in diameter and 11 mm in length, the placement of the implants was performed 

by manual screwing (10 Newtons) using a special system key (Einbringhilfe Champions 

(R)Evolutionlang, Ricci II, Flohnheim, Germany) . The implants were positioned slightly 

below the level of the horizontal metal surface (Fig. 6). 



 

Fig. 6. Positioning the implant slightly below the level of the horizontal metal surface. 

 

Fig. 7. Lateral screws for fixing the implants 

Each implant was finally fixed with a specified force of 70 Newtons and a torque wrench 

using small lateral screws (Fig. 8). 

The stability of each implant was checked with the Osstell system (W&H Dentalwerk 

Bürmoos GmbH, Postfach, Austria) at two points according to the manufacturer's 

recommendation. A stability of 90 ISQ units was reached at each point. 

 

  



Fig. 8. Model with fixirin 4 implants according to concept all on 4 

After placing the implants, in order to create conditions as close as possible to the clinical 

situation, an artificial gingiva and alveolar ridge were made. A thermosetting plastic (Paladon 

65, HeraeusKulzer GmbH, Hanau, Germany) was used for this purpose. The plastic alveolar 

ridge was fixed in the holes of the model mechanically and additionally to the metal with a 

primer (GC Metal PrimerZ 5ml, Tokyo, Japan). 

Finally, the model was processed with a sandblaster (Basic Master, Renfert GmbH, Hilzingen, 

Germany) and a sand size of 50 µ; (Cobra, 50µm, Renfert, Hilzingen, Germany) and a pressure 

of 1.6 bar, until a matte surface is obtained (fig. 10). 

  

Fig. 9. The model with a matte surface after sandblasting 

After sandblasting, the model was scanned using a Mediti 710 high-precision laboratory 

scanner (Medit, Seoul, South Korea) and converted to digital stl format. For this purpose, 

scanning implant bodies of the Champions system (Champions scanabutment, Flonheim, 

Germany) were used (Fig. 11). 

 

Fig. 10. Medit 710 high-precision laboratory scanner and Champions system scanning implant 

body 



 

Fig. 11. The master model with scanning implant bodies of the Champions system 

Materials and methods for task 3 

Taking 40 conventional impressions from the original model (master model) with the technique 

of open (20) and closed spoon (20) and polyether impression material, casting them and 

obtaining plaster models. 

Scanning the conventional plaster models with a laboratory scanner and transforming the data 

into digital form (20 scans with an open spoon and 20 scans with a closed spoon). 

Scanning of the source model with an intraoral scanner (20 scans) 

After the master model was made, 20 open and 20 closed individual acrylic plastic trays were 

made to take the traditional impressions. 

To construct the individual spoons the MM was scanned and in a special program the individual 

trays were constructed (Sheraeasy-base, Lemförde, Germany) (Fig. 14) and then the spoons 

were printed on a 3D printer (Sheraprint 20, Lemförde, Germany) (Fig. 13). 

The open spoons were printed with white resin while the closed spoons were printed with black 

resin (Sheraprint-trayclear, Lemförde, Germany). 

In the construction of the spoons, stops were made along the edge of the entire spoon in order 

to precisely fit the spoon regardless of the pressure exerted on it. 

The distance between the spoon and the model was 4 mm everywhere. 



 

Fig. 12. 3D printer (Sheraprint 20, Lemförde, Germany) 

 

   

 

 

Fig. 13. Ready designed trays ensure an even layer of the impression material. 

 

Fig. 14. The printed spoons for the open and closed spoon techniques 



Each spoon was checked on MM for accuracy and tight fit, then numbered. 

The MM was fixed tightly in a hand-operated vise in a horizontal position. 

First group - conventional prints using the closed spoon technique 

 A so-called carrier adapter (Gingiva Shuttle, Champions, Flonheim, Germany) was placed on 

each implant, which was fixed using a 10 Newton screw (Schraube, Champions, Flonheim, 

Germany) (Fig. 17) 

 Click/click-to-resistance (PEEK Abdruckpfosten, Champions, Germany) impression transfers 

were affixed to the carriers (Fig. 15). 

The carriers remained fixed on the implants until all 20 impressions were taken using the 

closed spoon technique. New PEEK impression transfers were used for each new individual 

impression. A total of 80 new transfers were used. After the impressions were taken, the 

carrier adapters were removed from the implants. 

 

 

Fig. 15. The placed PEEK transfers for TZL on the model. 

 

Fig. 16. Adapter - carrier with screw and PEEK transfer for TZL 

Second group - conventional prints with the open spoon technique 



An impression transfer was fixed on each implant, which consisted of two parts: a fixation 

screw and a transfer housing. First, the transfer case was placed on the implant, and then the 

fixing screw was inserted into it, which was screwed in with a force of 10 Newtons (Fig. 19). 

A torque wrench (Champions Ratsche, Flonheim, Germany) was used for this purpose. After 

elasticizing the impression material, the set screw is unscrewed and the impression spoon is 

removed. 

New impression transfers were used for each new impression. A total of 80 transfers were used. 

 

Fig. 17. Metal impression transfers placed on the model with OT. 

                         

Fig. 18. Two-part metal imprint transfers with OL 

Taking a conventional closed and open tray impression 

The taking of both sets of impressions, 20 impressions with an open tray and 20 impressions 

with a closed tray, was carried out in one day. All trays on the inside together with the edges 

were treated with an adhesive varnish for polyethers (3M™ Polyether Contact Tray Adhesive, 

Neuss, Germany). Polyether (3M Impregum Penta Polyether, Neuss, Germany) was used as 

impression material. It was mixed using a mixer (Renfert duomix, Hilzingen, Germany) and 

applied with an elastomer syringe (3M Penta Spritze, Neuss, Germany). 

We used a new mixing cannula (Penta, mixing Tips-red, Neuss, Germany) and a new syringe 

to take each impression. After machine mixing the material, the syringe was half-filled, the 



polyether was applied circumferentially to each transfer until it was completely covered. This 

was followed by the uniform spreading of the material by gentle blowing with air. At the same 

time, the spoon was filled with a thin layer of the material and placed on the model to a tight fit 

on the stops. After 6 minutes, applying even and moderate force, the tray with the impression 

transfers was removed from the model. The impression was removed in an anterior-posterior, 

distal-to-distal direction. In the open tray technique, the impression was removed after 

unscrewing the transfer fixing screws. 

All impressions were taken at the same temperature and humidity in a pre-conditioned room 

with a temperature of 23 ºC and humidity of 32 percent. 

  

Fig. 19. Screwing the transfers with a torque wrench in the OL technique 

  

Fig. 20. Treatment of impression trays with adhesive for polyethers 

    



Fig. 21. Filling the elastomer syringe, applying the mixed polyether to the spoon, and placing 

it on the model 

 

          

Fig. 22. Application of the mixed polyether material to the impression transfers was 

standardized in time 

   

Fig. 23. A key and a force of 15 Newtons were used to fix the transfers 

  

Fig. 24. Temperature and humidity control 

  



Fig. 25. Laboratory analog with adapter-carrier and screw 

  

Fig. 26. The taken impressions with the laboratory analogs 

  

Fig. 27. Box for transporting the polyether impressions 

Eight hours after the last impression of the impression transfers was taken, the laboratory 

analogues of the implants were placed. A new laboratory counterpart was used for each transfer. 

160 laboratory analogs (Laboralog, Champions, Flonheim, Germany) were used (Fig. 26). 

All impressions were placed in a thermobox and transported to the dental laboratory (Fig. 28). 

Preparation and casting of impressions 

Before casting the impressions, so-called individual splints or splints were constructed for the 

laboratory analogs (Fig. 29). On each impression, all 4 laboratory analogs were splinted with a 

one-piece splint that was fixed to each analog using a self-curing resin (GC PATTERN RESIN 

LS, Tokyo, Japan) (Fig. 30). In this way, deviations in the position of transfers due to the 

outflow of working models were excluded. 



            

Fig. 28. Splinting of the laboratory analogues 

              

Fig. 29. Fixing the splint with self-polymerizing plastic 

A gingival mask (Zhermack, Gingifast Rigid, Marl, Germany) was added to each analog 

cervically and circumferentially. 

All impressions were cast using super hard plaster (Briegel Rock Special, Briegel Dental, 

Sauerlach, Germany) according to a standard protocol and at the same temperature and 

humidity (23 º and 35 percent humidity) (Fig. 31). 

              

Fig. 30. The materials used to make the plaster models 

             



Fig. 31. Cast plaster casts without and with gingival mask 

  

Fig. 32. The twenty plaster models obtained after casting impressions taken with the OT 

technique 

  

Fig. 33. The twenty plaster models obtained after casting impressions taken with the CT 

technique 

  

Fig. 34. A force of 15 newtons per centimeter was used to tighten  



  

Fig. 35. All SITs were fixed with the same force 

  

Fig. 36. The torque wrench with which all transfer elements were fixed 

  

Fig. 37. Scanning the plaster models with a laboratory scanner 

  

Fig. 38. Digital format of the plaster model (top view) 

 



 

  

Fig. 39. Digital format of the plaster model (side view) 

After casting all the impressions, we waited 12 hours and then scanned all the models. Scanning 

was done with the Medit T710 scanner. The scanner was calibrated before each scan. 

The SITs on each implant were fixed using a torque wrench with a force of 15 Newtons. 

Each model was marked with a number that corresponded to the print number. In this way, all 

the models were converted into a digital form (fig. 39, 40). 

Scanning the master model with an intraoral scanner 

SITs were fixed on the MM implants. Using an intraoral scanner (TRIOS 3 3Shape, 

Kopenhagen, Denmark), 20 scans were taken. Before each scan, the scanner was calibrated. 

Scanning was done according to the TRIOS protocol for the edentulous jaw, always starting 

from implant 15 versus 11, 21, 25. 

 

Fig. 40. Scanning protocol for an edentulous jaw 



 

Fig. 41. Tips for color and 3D scanner calibration 

 

Fig. 42. Scanned MM with Trios3 

Materials and methods for task 4 

Importing the digital data from the intraoral and laboratory scanners into a specially 

developed program for 2D/3D analysis of objects and CAD projects. Specifying 

parameters to compare: 

- deviation of each implant along the three axes of the model. 

- the inter-implant distance 

- The sagittal angle of each implant 

Entering the data into tables and statistical processing of the data. 

All scans were exported in stl format. format for further processing and analysis. Analysis and 

interpretation were organized into three groups. 

1. Position in space along the x, y, z axis (coordinate system) of each implant, from each model 

in relation to the analog implant from MA; 

2. Six inter-implant distances. P15-11, P11-21, P21-25, P15-25, P11-25, P21-15; 



3. The sagittal angle - inclination of each implant in relation to the occlusal plane (y-z axis); 

The measurements and analyzes were done in the GOM Inspect Suite 2020 software. It is an 

industrial software that can perform three-dimensional analysis of surfaces and also two-

dimensional analysis of points and sections. From data from CAD sources, geometric structures 

such as lines, planes, circles or cylinders can be created and processed. 

The results of the processed data can be interpreted in the form of reports that include photos, 

images, tables, charts, text and graphics, and exported in the form of PDF format. 

To perform the comparative analyses, we scanned the MM and CIT using the laboratory scanner 

at maximum resolution and exported the data in stl format. format. The MM data were entered 

into the GOMI nspect Suite 2020 software. The MM with SIT was entered into the coordinate 

system and set as a zero base, which during the measurements does not change. 

A test fit (overlay) of one of the scanned plaster models was then made with the MM in order 

to determine the measurement points and determine the measurement accuracy. On each CIT 

of the two models, random points were selected that were located on the flat surfaces of the 

CIT. With the help of the automatic function "fitting" or local best fit, we obtained a general 

overlay of the objects. Since only CITs are of interest for the measurement, we made an 

additional fit with respect to them. At this stage we determined the area or the exact object that 

would be analyzed ie in the case 15, 11, 21, 25. 

  

Fig. 43. Trial matching of one of the scanned plaster models with MM 

 



  

Fig. 44. Determination of the area or the exact object to be analyzed i.e. in the case of 15, 11, 

21, 25. 

The second stage included the selection of a permanent measurement point on the CIT, which 

will be determined by coordinates along the x, y, z axis. For this purpose, we chose a cylinder 

object, which we fitted to the CIT using the Gauss Best Fit method, which means, in practice, 

that the cylinder and the scanning marker become one. The middle axis of the cylinder, i.e. of 

the CIT, was also determined automatically. 

   

Fig. 45. Fitting the cylinder on the CIT and determining the central axis 

Based on the constructed cylinder and the upper flat surface of the CIT, we constructed a plane 

(Fitting Surface), which represented the upper part of the CIT, and through which the middle 

axis of the cylinder passed. We chose this intersection point with the square plane as the 

measuring point with its coordinates. 

For all measurements, this point on each CIT will serve as the zero point and the difference in 

the overlay matches will be reported as a deviation. 

SIT inclination was defined as the angle between the central axis (z) of the SIT and the 

horizontal plane (y). 

 



   

Fig. 46. The middle axis of CIT and choosing a rectangular flat plane 

   

Fig. 47. Intersection of the central axis and the plane 

   

Fig. 48. Selection and fixing of the measuring point 

  

Fig. 49. Determination of the slope of SIT 

 

The measurements were grouped into three groups: 

1. Determination of the position of all implants (IM 15, 11, 21, 25) along the x, y, z axes. 



  

Fig. 50. Correspondence of the three axes with the three generally known planes 

 

Fig. 51. Location of SIT in the coordinate system 

 

 

 

  

Fig. 52. Determination of the position of each SIT along the three axes 

 

 



2. Determination of the inter-implant distance (P 11-21, P 11-25, P 15-11, P 15-21, P 15-25, P 

21-25) 

 

  

 Fig. 53. Six inter-implant distances 

3. Determination of the slope of each implant along the x-y direction 

 

  

Fig. 54. Determination of the slope of each SIT 

Data from the first two measurements were tabulated in micrometers and from the third 

measurement in degrees and separately as schematic images. (Appendix) 

The measurements were made by BOMETRIC Industrielle Messtechnik, (Augsburg, 

Germany). 

Statistical data processing was done using SPPSS 21 and the results were interpreted in tables 

in MS excel 2016. 

 

 

 



Results and discussion 

 

Results and discussion of Task #1 

Questionnaire survey of the popularity of digital impression methods and established 

conventional impression methods in prosthetics on implants in the practice of dentists in 

Bulgaria and Germany. 

An anonymous survey was conducted among 2 groups of dentists: Bulgarians - 63 

respondents and Germans - 30 respondents. The survey data shows the following: 

The distribution of Bulgarians by gender is 22 men – 34.92% and 41 women – 65.08%, (fig. 

56), 

  

Fig. 55. Distribution among Bulgarians by gender 

and the Germans - 21 men - 70% and 9 women - 30%. (fig. 83). 

 

  

Fig. 56. Distribution of Germans by sex 

By place of residence - 62% of the surveyed Bulgarians live in cities - 98.41% and only 1 of 

the surveyed lives in a village. All surveyed Germans live in cities – 100% (Fig. 57). 

 



  

 Fig. 57. Distribution of Bulgarians by place of residence 

According to the years of practice, among Bulgarians the largest share is with work 

experience of more than 25 years - 54.92% (35), in second place are those with work 

experience of 5-15 years - 27.46% (17) and in third place with 17.62 % (11) work experience 

of 15-25 years (Fig. 58). 

  

Fig. 58. Distribution among Bulgarians according to years of practice 

Among the German group of respondents, the largest share is with work experience over 25 

years - 50% (15), followed by 42.7% (13) work experience from 5-15 years and from 15-25 

years - 7.30% ( 2) (fig. 59). 

  

Fig. 59. Distribution among Germans according to years of practice 

 

According to the specialty held, 38.10% (24) of Bulgarians have such a specialty and 61.90% 

do not have a specialty. 



  

Fig. 60. Distribution among Bulgarians according to the specialty held 

and among the German group - 63.33% (19) have a specialty and 36.67% (11) - none (fig. 61, 

fig. 62). 

  

Fig. 61. Distribution among Germans according to the specialty held 

According to whether the respondents wear prosthetics on implants regularly, the respondents 

answer – 12.70% (8), sometimes – 28.57% (18) and do not practice – 58.73% (37), 

  

Fig. 62. Distribution among the Bulgarians according to this 

whether prosthetics on implants 

and among the Germans, 43.33% regularly practice (13), sometimes - 46.67% (14) and do not 

practice - 10% (3) (fig. 63, 64). 

 



  

Fig. 63. Distribution among the Germans according to this 

whether prosthetics on implants 

According to the preferred impression technique in implantology, 28.57% (18) of Bulgarians 

indicated – closed spoon, 23.80% (15) open spoon and 47.63% (30) - another technique (fig. 

65). 

  

Fig. 64. Distribution among Bulgarians according to the preferred printing technique 

Among the Germans, 66.67% (20) preferred the impression technique with an open spoon, 

16.67 (5) the technique with a closed spoon and only 16.66% (5) another technique (Fig. 65a). 

  

Fig. 64a. Distribution among Germans according to preferred impression technique 

The distribution of the respondents according to the impression material used is as follows: for 

Bulgarians, A-silicones are in first place in preference - 41.27% (26), in second place are C-

silicones 31.75% (20) and in third place are polyethers - 26.98% (17 ) (fig. 65). 

  



 

Fig. 65. Distribution among the Bulgarians according to the printing material used 

In Germany, 70% (21) used polyethers and 30% (9) A-silicones (Fig. 66). 

 

  

Fig. 65a. Distribution among the Germans according to the impression material used 

According to the technique they apply in case of misalignment between implants, 67.62% (43) 

of Bulgarians use an open spoon, 17.94% (11) - a closed spoon and only 14.44% (9) another 

technique (fig. 67). 

  

Fig. 66. Distribution in Bulgarians according to the technique they apply in case of non-

parallelism between the implants 

 

Among the Germans, 80% (24) use the open spoon impression technique and only 20% (6) 

another technique (Fig. 68). 
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Fig. 67. Distribution in the Germans according to the technique they apply in case of 

asymmetry between the implants 

According to the use of an intraoral scanner for taking a digital impression - 50% (46) of 

Bulgarians do not use it, 33% (14) used it and 17% (3) - sometimes (fig. 69) 

  

Fig. 68. Distribution among Bulgarians according to the use of an intraoral scanner for taking 

a digital impression 

 

An intraoral scanner is used by 73% (15) of Germans, while 22% (10) of them do not use it, 

and 5% (5) sometimes (Fig. 96). 

  

Fig. 69. Distribution in Germans according to the use of an intraoral fingerprint scanner 

Bulgarians prefer the digital imprint in 34.92% (22) and consider it to have advantages over 

traditional ones, while 65.08% (41) of them have no opinion (fig. 71). 



  

Fig. 70. Distribution among Bulgarians according to whether they prefer a digital fingerprint 

In Germans, the digital impression is preferred by 90% (27) (Fig. 72) . 

 

Fig. 71. Distribution among Germans according to whether they prefer a digital fingerprint 

A greater part of Bulgarians and Germans would buy an intraoral scanner at an approximate 

price of 50,000 euros. 

 

 

Results and discussion on Task #2 

Development of an experimental output model representing the concept all on4 (master 

model) on which the experimental studies to compare the accuracy will be performed. 

Standardization of the source model by scanning with a laboratory scanner and converting it 

into a digital form that will serve for comparison (master model). 

In the literature, there are several variants of basic master models according to concept all on 

4, on which studies of the accuracy of one or other impression methods are conducted. Some 

authors conduct research on implants on plastic models, other authors use plaster models, and 

very few authors prefer metal models, precisely metal blocks. Some similar research has also 

been done on printed models of a special 3D printer. 



In the available literature, no data were found on the distribution of the implants according to 

concept all on 4 15-11-21-25 on a metal model at a different angle. 

The study on a metal model was preferred because during the study there is no danger of any 

volumetric or linear changes that would be possible with plaster or plastic models. 

When the implants are actively screwed into the metal model, there is a risk of damage to the 

external geometry of the implant, which consists of a hexagon and a cone. With such damage, 

the exact fit of the superstructures would be impossible and this would affect the final results 

of the study. 

Therefore, it was preferred to passively place the implants in a socket that is wider than the 

diameter of the implant. 

The placement of the implants in the area of the second premolars and incisors was done in 

order to increase the distance between the distal and anterior implants, and thus to determine its 

effect on the accuracy of the compared impression techniques. 

On the other hand, the different spatial arrangement of the implants was preferred in order to 

evaluate whether there is a difference in the accuracy of the different impression techniques. 

The anterior implants were at an angle of 90º to the occlusal plane, while the distal implants 

were at an angle of 30 and 17º. These are the angles at which the CV4 implants could be placed 

and then, with the corresponding multiunits, leveled in the mouth (Fig. 73). 

 

 

Fig. 72. The three different inclinations of implant placement for which there are 

corresponding multiunits 



 

Fig. 73. Certified protocol of Champions implants according to concept all on 44 

 

To mimic a condition similar to the oral cavity, the alveolar ridge was made of pink plastic with 

anatomical tubercles, papillae, and palatal folds. This also gives additional volumetric geometry 

to the working setup, making the object suitable for scanning with an intraoral scanner. 

Otherwise, the same pattern from the comb side is flat and this makes scanning difficult or 

impossible. 

Another factor that is important for scanning is the surface of the model itself. Initially, the 

model was smooth and shiny, which would worsen the scanning process, since the surface acts 

as a mirror and the information that the scanner tip receives as feedback is inaccurate. 

To improve this situation, the model was sandblasted with 50 µm fine sand, which made the 

surface matte and slightly uneven (Fig. 75). 

 

Fig. 75. View of the surface of the model after processing with a sandblasting apparatus 

CITs were placed on the model, which are characterized by a special cylinder shape and a flat 

surface along the entire length. 

The flat surface at placement was always oriented vestibular. Fastening was done with a special 

screwdriver and torque wrench with a force of 15 Newtons. 



We chose a lab scanner to scan the master model and convert it into digital form. The criterion 

for choosing the scanner was that it should be of the latest generation and that the accuracy was 

as high as possible. 

For this purpose, we chose the Medit T710 laboratory scanner. The scanner has a system with 

4 cameras with 5 megapixels each for a total of 20 megapixels, which guarantees the absence 

of so-called blind areas even after a single scan. The scanning accuracy according to the 

manufacturer's data is 4 µm (ISO 12836). The scanning time of an entire row of teeth is 8 

seconds. 

The scanning of one model is in 20 seconds without the need for additional scanning. The 

scanner was calibrated before the start of the scan. 

The original digital model was saved in stl format. format that was archived on electronic 

media. 

 

 

Results and discussion on Task #3 

Taking 40 conventional impressions from the MA technique with open (20) and closed 

tray (20) and impression material polyether, their casting and obtaining plaster models. 

Scanning the conventional plaster models with a laboratory scanner and transforming the 

data into digital form (20 scans with an open spoon and 20 scans with a closed tray). 

MM scan with intraoral scanner (20 scans) 

The two imprinting techniques, both open and closed tray, were performed with individual trays 

that were printed with a 3D printer. 

Two scans of the master model were taken to construct the individual trays. One scan with 

impression transfers for an open tray and one scan with impression transfers for a closed tray. 

The two scans were imported into the Sheraeasy-base custom tray construction program 

(Sheradigital Software, Lemförde, Germany) 

The construction and preparation of the spoons had to meet two important criteria: 

- First, the tray must have stops, with which, every time an impression is taken, it will be in the 

same position and will always remain stable under the action of pressure. 



For this purpose, when placing the plastic alveolar crest on the master model, four small 

surfaces were provided on the vestibular part of the model exactly on the corners of the model. 

The metal threshold was used as a limiter on the palate. In this way, all impression spoons were 

standardized (Fig. 76). 

 

Fig. 76. Stops on the model 

 

 

Fig. 77. Stops on the spoon 

- The second criterion that the spoons must meet is to ensure sufficient thickness and uniform 

distribution of the impression material. 

For this purpose, in the program construction of the trays, a distance of 4 mm was left on the 

entire surface of the spoon except for the stops and the inner edge. 

After the spoons were printed and cleaned, they were further polymerized for 15 min in an 

ultraviolet light and vacuum apparatus (Fig. 78). 

  



 

Fig. 78. Apparatus for light polymerization and vacuum 

In order to objectify and standardize the study, placing the impression transfers on the exposed 

technique and fixing them was done with the help of a single key 1.8 Short (Schlusselkurz, 

Champions, Flonheim, Germany), which was used to screw and unscrew all the screws 

elements during the study. The same torque wrench was used to achieve a specified screwing 

force. 

It is reported in the literature that when using different screwdriver lengths, the tightening force 

of the screw may vary. The same goes for torque wrenches. 

In the closed spoon technique, the fixation of the carriers on the implants was with a force of 

15 Newtons and all four adapters remained fixed during the taking of 20 impressions. 

The impression material mixing time was standardized as the working time. On average, it was 

90 seconds, which included filling the special syringe with polyether, applying it around each 

transfer, filling the impression tray and placing it on the model. After 5 minutes, the tray was 

removed, and the removal direction was from front to back, i.e. from mesial to distal. 

Impressions were not washed and disinfected because they were not in contact with a biological 

environment. 

All prints were taken in one day and stored in a special thermal box. During impression taking, 

the room was tempered to 23º and 35 percent humidity. 

Literature data show that the consistency and elasticity of the impression material polyether 

directly depends on the ambient temperature. 

Placement of the laboratory analogs occurred immediately prior to casting. 

  



 

 

 

 

Fig. 79. Room temperature control 

After 12 hours, all impressions were cast in one day. Before casting 

 

Fig. 80. Section of a closed tray 

 

 

Fig. 81. Section of an open tray 

 



Results and discussion on Task #4. 

Importing the digital data from the intraoral and laboratory scanners into a specially 

developed program for 2D/3D analysis of objects and CAD projects. Specifying 

parameters to compare: 

- deviation of each implant along the three axes of the model; 

- the inter-implant distance; 

- The sagittal angle of each implant; 

Entering the data into tables and statistical processing of the data. 

For the needs of the study and to test the hypotheses of equality between more than two means, 

the analysis of variance (One Way Anova) was used. Differences are considered statistically 

significant when they exceed a critical value of u for α=0.05. 

First group comparative evaluation of the placement of each implant along the x, y, z axes 

Comparison of impression techniques, vs. implant 11 (x) 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3L), in relation to the placement of implant 11, in relation to the x-axis, it was found that the 

greatest deviation value was for 3L with -31.71 µm , the smallest at OL with - 6.67 µm. The 

minimum deviation value for the three impression techniques is -232.17 µm, and the maximum 

is 145.61 µm, for 3D (Table 1). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three groups of impression techniques 

(IOS, OL, 3L) studied, according to the placement of implant 11 in relation to the x axis in µm, 

no statistically significant difference was found (F=1.106; p>0.05) (table 2 and diagram 1) 

Diagram 1. Comparison of the average values of IOS, OL, ZL, compared to IM 11 (x) 

 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), 

no statistical difference was found between the studied groups of impression techniques (IOS, 

OL, 3L), in relation to the placement of implant 11 in relation to the x-axis. 

When comparing the average values of IOS with the other two groups of impression techniques, 

no statistically significant difference was found between them, OL (P>0.05) and TL (P>0.05). 

This result is also confirmed when comparing the mean values of HL with IOS (P>0.05) and 

OL (P>0.05). 

Comparison of impression techniques, vs. implant 11 (y) 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

HL), in relation to the placement of implant 11, in relation to the y-axis, it turned out that the 

deviation was the largest with the technique with HL (67.48 µm), a least in the prints with OL 

(29.02 µm). The minimum deviation value for the three impression techniques is -201.08 µm, 

and the maximum is 266.34 µm, at 3L (Table 3). 

 

From the analysis of variance performed (One Way Anova) and the test for unequal distribution 

of mean values (Welch's t-test), in the comparison of the three studied groups of impression 

techniques (IOS, OL, 3L), according to the placement of implant 11 in relation to the y-axis in 

µm, no statistically significant difference was found (F=1,398; p>0.05). (table 4 and diagram 

2) 

Diagram 2. Comparison of the average values of IOS, OL, ZL, compared to IM 11 (y) 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), 

no statistical difference was found between the studied groups of impression techniques (IOS, 

OL, 3L), in relation to the placement of implant 11 in relation to the y-axis. 

When comparing the mean values of IOS with the other two groups of impression techniques, 

it was found that there was no statistically significant difference between them, OL (P>0.05) 

and TL (P>0.05). This result is also confirmed when comparing the mean values of HL with 

IOS (P>0.05) and OL (P>0.05). 

Comparison of impression techniques, vs. implant 11 (z) 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3D), in relation to the placement of implant 11, in relation to the z axis, it is found that the 

deviation is the largest in impressions with 3D (49.68µm), a it is least at OL (5.83 µm). The 

minimum deviation value for the three impression techniques is 150.39 µm, and the 

maximum is 189.99 µm, at 3L. (Table 5). 

From the analysis of variance performed (One Way Anova) and the test for uneven 

distribution of mean values (Welch's t-test), when comparing the three studied groups of 

impression techniques (IOS, OL, 3L), according to the placement of implant 11 in relation to 

the z-axis in µm, a statistically significant difference was found (F=3,873; p<0.01) (table 6 

and diagram 3) 

Diagram 3. Comparison of the average values of IOS, OL, ZL, compared to IM 11 (z) 



 

  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was established between the studied groups of impression techniques (IOS, 

OL, 3L), in relation to the placement of implant 11 in relation to the z axis. 

When comparing the average values of the impressions taken with the ZL technique compared 

to the other two groups of impression techniques, a statistically significant difference was found 

between them, IOS (P<0.05) and OL (P<0.01). 

Comparison of impression techniques, vs. implant 15 (x) 

When comparing the mean values of the three groups impression techniques (IOS, OL, HL), in 

relation to placement of implant 15 in relation to the x-axis, we note that the deviation is the 

largest for HL with -89.99 µm, and the smallest for OL with -24.31 µm . The minimum value 

of deviation for the three impression techniques is -440.20 µm for HL, and the maximum is 

56.38 µm for OL (table 7). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), in relation to the placement of implant 15 in relation to the x axis in 

µm, a statistically significant difference was found (F=3.389; p<0.001) (table 8 and diagram 4). 

Diagram 4. Comparison of the average values of IOS, OL, ZL, compared to IM 15 (x) 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

HL), in relation to the placement of implant 15 in relation to the x-axis. 

When comparing the average values of OL compared to the other two groups of impression 

techniques, it is found that there is a statistically significant difference between them, IOS 

(P<0.05) and TL (P<0.05). 

Comparison of impression techniques, vs. implant 15 (y) 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

HL), in relation to placement of implant 15, in relation to the y-axis, we note that the greatest 

value is the deviation for HL with -96.01 µm, a with the smallest at OL with -27.00 µm. The 

minimum deviation value for the three impression techniques is -368.14 µm, and the maximum 

is 121.20 µm, at 3L (Table 9). 

From the analysis of variance performed (One Way Anova) and the test for unequal distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), in relation to implant placement 15 in relation to the y-axis in µm, a 

statistically significant difference was found (F=5,983; p<0.05).(table. 10 and diagram. 5). 

Diagram 5. Comparison of the average values of IOS, OL, ZL, compared to IM 15 (y) 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistically significant difference was found between the studied groups of impression 

techniques (IOS, OL, HL), in relation to the placement of implant 15 in relation to the y axis. 

When comparing the average values of HL compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, IOS (P<0.01) and OL 

(P<0.01). 

Comparison of impression techniques, vs. implant 15 (z) 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3D), in relation to placement of implant 15, in relation to the z axis, it is found that the deviation 

is the largest for 3D with 33.43 µm, and the most little at IOS with 11.67 µm. The minimum 

deviation value for the three impression techniques is -220.64 µm, and the maximum is 245.90 

µm, at 3L (Table 11). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), in relation to the placement of implant 15 in relation to the z-axis in 

µm, no statistically significant difference was found (F=0.978; p>0.05). (table. 12 and diagram. 

6). 

Diagram 6. Comparison of the average values of IOS, OL, ZL, compared to IM 15 (z) 



  

By means of the analysis for multiple comparisons (Post Hos: Multiple comparisons - LSD), 

no statistical difference was found between the studied groups of impression techniques (IOS, 

OL, 3L), in relation to the placement of implant 15 in relation to the z axis. 

When comparing the average values of IOS with the other two groups of impression techniques, 

no statistically significant difference was found between them, OL (P>0.05) and TL (P>0.05). 

This result is also confirmed when comparing the mean values of HL with IOS (P>0.05) and 

OL (P>0.05). 

Comparison of impression techniques, vs. implant 21 (x) 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3L), in relation to the placement of implant 21, in relation to the x axis, we note that the 

deviation is the largest at 3L with 145.22 µm, and the least at OL with -1.29 µm. The minimum 

deviation value for the three impression techniques is -167.11 µm, and the maximum is 462.25 

µm, at 3L (Table 13). 

From the analysis of variance performed (One Way Anova) and the test for unequal distribution 

of the mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), according to the placement of implant 21 in relation to the x-axis in 

µm, a statistically significant difference was found (F=13,613; p<0.01) (Table 14 and Diagram 

7). 

Diagram 7. Comparison of the average values of IOS, OL, ZL, compared to IM 21 (x) 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

3L), in relation to the placement of implant 21 in relation to the x-axis. 

When comparing the averagesand on HL compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, IOS (P<0.001) and 

OL (P<0.001). 

Comparison of impression techniques, versus implant 21 (y) 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3L), relative to implant placement 21, in relation to the y-axis, the greatest deviation was found 

for 3L with 131.84 µm, and the least for OL with 2.20 µm. The minimum deviation value for 

the three impression techniques is -115.27 µm, and the maximum is 395.92 µm, at 3L (Table 

15). 

From the analysis of variance performed (One Way Anova) and the test for unequal distribution 

of the mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), according to the placement of implant 21 in relation to the y axis in 

µm, a statistically significant difference was found (F=12,696; p<0.001). (table 16 and diagram. 

8). 

Diagram 8. Comparison of the average values of IOS, OL, ZL, compared to IM 21 (y) 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

3L), in relation to the placement of implant 21 in relation to the y-axis. 

When comparing the mean values of HL compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, IOS (P<0.01) and OL 

(P<0.001). 

Comparison of impression techniques, vs. implant 21 (z) 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

HL), in relation to placement of implant 21, in relation to the z-axis, it was found that the 

greatest value was the deviation for HL with -45.43µm, a smallest at OL with 10.32 µm. The 

minimum deviation value for the three impression techniques is -551.17 µm, and the maximum 

is 202.05 µm, at 3L (Table 17). 

From the analysis of variance performed (One Way Anova) and the test for unequal distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), according to the placement of implant 21 in relation to the z-axis in 

µm, a statistically significant difference was found (F=2,381; p<0.05). (table. 18 and diagram. 

9). 

Diagram 9. Comparison of the average values of IOS, OL, ZL, compared to IM 21 (z) 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

3L), in relation to the placement of implant 21 in relation to the z-axis. 

When comparing the mean values of HL compared to the other two groups of impression 

techniques, a statistically significant difference with IOS was found (P<0.05). 

Comparison of impression techniques, vs. implant 25 (x) 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3L), in relation to placement of implant 25, in relation to the x-axis, the largest deviation was 

reported for 3L with 144.31 µm, and the least for OL with 40.00 µm. The minimum deviation 

value for the three impression techniques is -35.99 µm, and the maximum is 450.51 µm, at 3L 

(Table 19). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), in relation to implant placement 25 in relation to the x-axis in µm, a 

statistically significant difference was found (F=8,607; p<0.001). (table. 20 and diagram. 10). 

Diagram 10. Comparison of the average values of IOS, OL, ZL, compared to IM 25 (x) 

  



By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

HL), in relation to the placement of implant 25 in relation to the x-axis. 

When comparing the average values of OL compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, IOS (P<0.05) and TL 

(P<0.001). 

Comparison of impression techniques, vs. implant 25 (y) 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

HL), in relation to implant placement 25, in relation to the y-axis, it was found that the greatest 

value was a deviation for HL with 53.02 µm, a with the smallest at IOS with -8.03 µm. The 

minimum deviation value for the three impression techniques is -189.39 µm, and the maximum 

is 412.38 µm, at 3L (Table 21). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), according to implant placement 25 in relation to the y axis in µm, a 

statistically significant difference was found (F=3,762; p<0.05). (table 22 and diagram 11). 

Diagram 11. Comparison of the average values of IOS, OL, ZL, compared to IM 25 (y) 

  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

ZL), stopped placement of implant 25 with respect to the y-axis. 

When comparing the average values of HL compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, IOS (P<0.05) and OL 

(P<0.05). 



Comparison of impression techniques, vs. implant 25 (z) 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

HL), in relation to placement of implant 25, in relation to the z axis, we noted that the greatest 

value was the deviation for HL with -217.72 µm, a with the smallest at IOS with -3.49 µm. The 

minimum deviation value for the three impression techniques is -1371.87 µm, and the 

maximum is 293.18 µm, at 3L (Table 23). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), in relation to implant placement 25 in relation to the z-axis in µm, a 

statistically significant difference was found (F=4,687; p<0.05). (table 24 and diagram 12). 

Diagram 12. Comparison of the average values of IOS, OL, ZL, compared to IM 25 (z) 

  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

3L), in relation to the placement of implant 25 in relation to the z axis. 

When comparing the average values of HL compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, IOS (P<0.05) and OL 

(P<0.01). 

A second group comparison of inter-implant distance 

Comparison of impression techniques, versus distance of IM 11 and 21 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3L), in relation to the distance between implant 11 and 21, we found the greatest deviation for 



3D with 189.31 µm, and the least for OL with 0.79 µm . The minimum deviation value for the 

three impression techniques is -82.21 µm, and the maximum is 699.73 µm, at 3L (Table 25). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), in relation to the distance between implant 11 and 21, it is found 

statistically significant difference (F=16,969; p<0.01). (table 26 and diagram 13). 

Diagram 13. Comparison of the average values of IOS, OL, ZL in relation to the distance of 

IM 11 and 21 

  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

3L), in relation to the distance between implant 11 and 21. 

When comparing the mean values of HL compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, IOS (P<0.001) and 

OL (P<0.001). 

Comparison of impression techniques, versus IM 11 and 25 distance 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3L), in relation to the distance between implant 11 and 25, we note that the greatest deviation 

is for 3L with 162.80 µm, and the least for OL with 66.89 µm. The minimum deviation value 

for the three impression techniques is -138.38 µm, and the maximum is 425.78 µm, at 3L (Table 

27). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 



techniques (IOS, OL, 3L), in relation to the distance between implant 11 and 25, it is found 

statistically significant difference (F=5,098; p<0.001). (table. 28 and diagram. 14). 

Diagram 14. Comparison of the average values of IOS, OL, ZL and the distance of IM 11 and 

25 

  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

3L), in relation to the distance between implant 11 and 25. 

When comparing the mean values of HL compared to the other two groups of impression 

techniques, a statistically significant difference was found with OL (P<0.01). 

Comparison of impression techniques, versus IM 15 and 11 distance 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3L), in relation to the distance between implant 15 and 11, we note the greatest deviation for 

3D with 172.83 µm, and the least for OL with 58.62 µm . The minimum deviation value for the 

three impression techniques is -331.24 µm, and the maximum is 490.87 µm, at 3L (Table 29). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), in relation to the distance between implant 15 and 11, it is found 

statistically significant difference (F=5,497; p<0.01). (table, 30 and diagram 15). 

Diagram 15. Comparison of the average values of IOS, OL, ZL and the distance of IM 15 and 

11 



  

Through the analysis for multiple comparison (Pos Hoc: Multiple comparisons – LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

HL), in relation to the distance between implant 15 and 11. 

When comparing the average values of HL compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, IOS (P<0.05) and OL 

(P<0.01). 

Comparison of impression techniques, versus IM 15 and 21 distance 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3L), in relation to the distance between implant 15 and 21, we note that the largest deviation 

value is for 316.67 µm, and the smallest for OL with 37.02 µm. The minimum deviation value 

for the three impression techniques is -30.64 µm, and the maximum is 960.11 µm, at 3L (Table 

31). 

From the analysis of variance (One Way Anova) and the test for uneven distribution of the 

average values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), in relation to the distance between implant 15 and 21, it is statistically 

established significant difference (F=16,219; p<0.001). (table 32 and diagram 16). 

Diagram 16. Comparison of the average values of IOS, OL, ZL and the distance of IM 15 and 

21 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistically significant difference was found between the studied groups of impression 

techniques (IOS, OL, 3L), in relation to the distance between implant 15 and 21. 

When comparing the mean values of HL compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, IOS (P<0.001) and 

OL (P<0.001). 

Comparison of Impression Techniques vs Distance of IM 15 and 25 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3D), in relation to the distance between implant 15 and 25, we note that (with the largest value 

of) the deviation is the largest at 3D with 257.04 µm, a least at OL with 37.02 µm. The minimum 

deviation value for the three impression techniques is -42.01 µm, with OL, and the maximum 

is 722.12 µm, with HL (table 33). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), in relation to the distance between implant 15 and 25, it is found 

statistically significant difference (F=11.376; p<0.001). (table 34 and diagram 17). 

Diagram 17. Comparison of the average values of IOS, OL, ZL and the distance of IM 15 and 

25 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiplecomparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

3L), in relation to the distance between implant 15 and 25. 

When comparing the average values of OL compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, IOS (P<0.01) and TL 

(P<0.001). 

Comparison of impression techniques, versus IM 21 and 25 distance 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3L), in relation to the distance between implant 21 and 25, we note that with the largest value 

of deviation is with IOS with 89.76 µm, and with the smallest at OL with 42.15 µm. The 

minimum deviation value for the three impression techniques is -270.28 µm, and the maximum 

is 421.65 µm, at 3L (Table 35). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L), in relation to the distance between implant 21 and 25, no statistically 

significant difference (F=0.902;p>0.05). (table 36 and diagram 18). 

Diagram 18. Comparison of the average values of the distance between IM 21 and 25 in the 

three impression techniques (IOS, OL, ZL) 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), 

no statistical difference was found between the studied groups of impression techniques (IOS, 

OL, 3L) in relation to the distance between implant 21 and 25. 

When comparing the mean values of IOS with the other two groups of impression techniques, 

it was found that there was no statistically significant difference between them, OL (P>0.05) 

and TL (P>0.05). This result is also confirmed when comparing the mean values of HL with 

IOS (P>0.05) and OL (P>0.05). 

A third group comparison of the yz slope of the implants 

Comparison of impression techniques and implant inclination 11 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3D) and inclination of implant 11, relative to the yz axis, we note that the largest deviation value 

is 3D with 0.88°, and the smallest at OL with 0.25°. The minimum deviation value for the three 

impression techniques is -0.60°, and the maximum is 2.34°, at 3L (Table 37). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L) and implant inclination 11, relative to the yz axis, openivas a 

statistically significant difference (F=9.546;p<0.001). (table. 38 and diagram. 19). 

Diagram 19. Comparison of the average slope values of implant 11 in impression techniques 

IOS, OL and ZL 



 

  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

3L) and inclination of implant 11, relative to the yz axis. 

When comparing the average values of HL compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, IOS (P<0.05) and OL 

(P<0.001). 

Comparison of impression techniques and implant inclination 15 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

HL) and inclination of implant 15, relative to the yz axis, we note that HL has the largest 

deviation value with 0.36°µm, a with the most small at OL with 0.05°µm. The minimum 

deviation value for the three impression techniques is -0.84° µm, and the maximum is 2.11° 

µm, at 3L (Table 39). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L) and implant inclination 15, relative to the yz axis, found a statistically 

significant difference (F=2,387; p<0.05). (table 40 and diagram 20). 

Diagram 20. Comparison of the average slope values of implant 15 in impression techniques 

IOS, OL and ZL 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

ZL) and inclination of implant 15, relative to the yz axis. 

When comparing the mean values of HL compared to the other two groups of impression 

techniques, a statistically significant difference with OL was found (P<0.05). 

Comparison of impression techniques and implant inclination 21 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3L) and inclination of implant 21, relative to the yz axis, we note that 3L has the largest 

deviation value with 1.07°µm, a with the most small is the OL with 0.07°µm. The minimum 

deviation value for the three impression techniques is -0.38° µm, and the maximum is 2.50° 

µm, at 3L (Table 41). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L) and implant inclination 21, relative to the yz axis, found a statistically 

significant difference (F=17.093; p<0.001). (table 42 and diagram 21) 

Diagram 21. Comparison of the average slope values of implant 21 in impression techniques 

IOS, OL and ZL 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons - LSD), a 

statistical difference was found between the studied groups of impression techniques (IOS, OL, 

3L) and inclination of implant 21, relative to the yz axis. 

When comparing the mean values of IOS compared to the other two groups of impression 

techniques, a statistically significant difference was found between them, OL (P<0.05) and TL 

(P<0.01). A difference was also found between OL and HL (P<0.001). 

Comparison of impression techniques and implant inclination 25 

When comparing the average values of the three groups of impression techniques (IOS, OL, 

3D) and inclination of implant 25, relative to the yz axis, with the largest value of deviation is 

3D with -0.25°µm, and the most small at OL with 0.05°µm. The minimum deviation value for 

the three impression techniques is -2.36° µm, and the maximum is 1.20° µm, at 3L (Table 43). 

From the analysis of variance performed (One Way Anova) and the test for uneven distribution 

of mean values (Welch's t-test), when comparing the three studied groups of impression 

techniques (IOS, OL, 3L) and an implant inclination of 25, relative to the yz axis, no a 

statistically significant difference (F=2,064; p>0.05) was found (not available) (table 44 and 

diagram 22). 

Diagram 22. Comparison of the average slope values of implant 25 in impression techniques 

IOS, OL and ZL 

 



  

By means of the analysis for multiple comparisons (Post Hoc: Multiple comparisons – LSD), 

no statistical difference was found between the three studied groups of impression techniques 

(IOS, OL, 3L) and inclination of implant 25, relative to the yz axis. 

When comparing the average values of IOS with the other two groups of impression techniques, 

the absence of a statistically significant difference between them, OL (P>0.05) and TL (P>0.05) 

was found. This result is also confirmed when comparing the mean values of HL with IOS 

(P>0.05) and OL (P>0.05). 

Table 1 The average deviations in micrometers with respect to the three axes 

 x y z 

 15 11 21 25 15 11 21 25 15 11 21 25 

ИОС 
-

83,41 
-9,18 2,97 96,22 

-

35,00 
40,57 34,10 -8,03 11,67 15,06 19,28 -3,49 

ОЛ 
-

24,31 
-6,67 -1,29 40,00 

-

27,00 
29,02 2,20 

-

20,28 
12,95 5,83 10,32 12,05 

ЗЛ 
-

84,99 

-

31,71 
145,22 144,31 

-

96,01 
67,48 131,84 53,02 33,43 49,68 

-

45,43 

-

217,72 

 

Table 2 The mean deviations in micrometers with respect to the inter-implant distance 

 

 Р 15-11 Р 11-21 Р 21-25 Р 15-25 Р 15-21 Р 11-25 

ИОС 94,18 10,90 89,76 181,99 105,35 113,44 



ОЛ 58,62 0,79 42,15 64,66 37,02 66,89 

ЗЛ 172,83 189,31 76,99 257,04 316,67 162,80 

Table 3 The mean deviations in degrees with respect to the inclination of the implants 

 H 15 H 11 H 21 H 25 

ИОС 0,14º 0,52º 0,45º 0,09º 

ОЛ 0,05º 0,25º 0,07º 0,05º 

ЗЛ 0,36º 0,88º 1,07º -0,25º 

 

Table 4  Averaging time and photos on iOS 
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Conclusion 

The aim set in the dissertation, to make a comparative assessment of the accuracy of 

conventional and digital impressions in the "All on four" concept by means of an in vitro study, 

has been fulfilled and as a result the following conclusions can be made 

On the first task, a survey was conducted regarding the impression techniques, methods and 

materials in prosthetics on implants. The results obtained from this task make it possible to 

draw the following conclusions: 

1. Not all of the surveyed Bulgarian and German LDM use implants. The percentage of 

Germans compared to Bulgarians who have prosthetics on implants is higher; 

2. Bulgarian dentists prefer the closed tray for taking an impression from implants, while 

German dentists prefer the closed tray; 

3. Polyether as an impression material is more preferred by German LDMs, while Bulgarian 

dentists prefer silicones; 

4. In a clinical situation with tilted implants, Bulgarian dentists prefer a closed tray, while 

German dentists prefer an open tray; 

5. Bulgarian dentists prefer the use of the conventional impression technique, while German 

dentists are more inclined towards the digital impression technique; 

6. The percentage of German dentists who would buy an intraoral scanner is higher compared 

to Bulgarian dentists. 

According to the second task, a model setting of concept of all on 4 was developed, which was 

as close as possible to a real intraoral situation. The developed model assembly was converted 

into a digital form by means of scanning. According to the obtained results, the following 

conclusions can be drawn: 

1. The metal MM as a working set-up is most suitable for researching the accuracy of different 

impression techniques because it does not change over time; 

2. Passively placed implants preserve their original internal and external geometry without 

undergoing mechanical deformations during placement; 

3. There is a technical possibility to imitate KVV4 extraorally on a staging model, which brings 

the situation as close as possible to that in the mouth; 



4. Implants according to concept all on 4 can theoretically be placed at various possible angles 

in the model, but it makes sense to place them at 17, 30 or 90 degrees, since there are 

corresponding multiunits that can be used to their full potential; 

5. Placement of artificial gingiva improves the scanning of the model and brings the situation 

closer to that in the mouth; 

6. Smooth and shiny surface degrades scanning quality. The so-called mirror effect occurs. For 

quality scanning, it is good for the surface to be matte, which is achieved by sandblasting; 

7. Scanning with a high-resolution, high-accuracy laboratory scanner can turn the (material) 

physical model and the concept all on 4 implants placed on it into a virtual one that can serve 

as the main model for comparison without significant accuracy violations; 

For the third task, two types of individual spoons were developed and 40 impressions were 

taken using two generally known and widespread impression techniques. 40 models were cast 

and digitized. According to this task, the following can be stated: 

1. For taking a conventional impression according to concept all on 4, the first choice falls on 

an individual plastic spoon printed on a 3D printer, regardless of which technique the 

impression will be taken. The virtually constructed spoon is stored in an electronic archive and 

if the print needs to be repeated, it can be quickly and easily reprinted; 

2. The impression tray at concept all on 4 can be constructed in such a way as to ensure a 

uniform layer of the impression material over the entire prosthetic field with the help of limiting 

stops, which will ensure a uniform thickness of the material and at the same time stabilize the 

tray in a vertical direction; 

3. When taking conventional impressions at concept all on4 where the distal implants are tilted, 

the removal of the spoon should be done in a sagittal direction - from the front to the back 

implants. Thus, the likelihood of displacing distal impression transfers or deforming the 

impression in this area is minimal; 

4. In the case of implants with an internal conical joint used in concept all on 4, the screwing 

of the impression transfers must be done with the same force for each transfer; 

5. Placing the laboratory analogues on the transfers, i.e. their comparison, is desirable to be 

done by the clinician, since at the same time he can assess the stability of the transfers in the 

print and its suitability for further work; 



6. When taking an impression, the ambient temperature and humidity should be controlled, as 

these factors can affect the properties of the material; 

5. After incorporating the laboratory analogues into the impression, there is the possibility of 

splinting them using a passively placed plastic skeleton to cover all the analogues. Its 

attachment can be done using self-polymerizing plastic. Such a skeleton is best be individually 

constructed and printed; 

6. When scanning with an intraoral scanner at concept all on 4, the following rules apply: 

- it is desirable to calibrate the intraoral scanner before scanning; 

- the direction of scanning must comply with the recommendations of the scanner manufacturer, 

especially in the case of complete edentulousness; 

- to avoid the chaotic movement of the scanner along the prosthetic field; 

- to eliminate the additional light sources that fall on the prosthetic field; 

- the number of 3D photos should preferably not exceed the limit set in the software. 

 

According to the fourth task, all the scanned models in the form of stl. format were imported 

into a special measurement program GOM Inspect Suite 2020. The comparative assessments 

were grouped into three groups. After analyzing the obtained results, the following findings can 

be interpreted: 

1. There is a difference between the digital and the conventional fingerprint technique at 

concept all on 4 according to the three parameters and directions that we investigated; 

2. The conventional impression technique with an open spoon shows the smallest deviations, 

followed by the digital technique, and the largest deviations occur with the closed impression 

tray technique; 

3. Deviations in the inclination (angle) of the implants do not depend on the inclination of the 

inserted implant 

 

 

 



Inferences 

 

1. There is a significant difference between dentists in Bulgaria and Germany in the approach 

to prosthetics on implants. A large part of dentists in Bulgaria do not perform prosthetics on 

implants. Of the practitioners, the majority prefer taking an impression with silicones, while 

LDMs in Germany prefer polyethers; 

2. Digital impression taking in Bulgaria is very little widespread and very few dentists are ready 

to buy an intraoral scanner. In dentists in Germany, the tendency to purchase a scanner is high, 

accordingly, and the use of intraoral scanners is more widespread; 

3. For a comparative assessment of the accuracy of conventional and digital impressions, 

concept all on 4 is suitable, since there is a non-standard situation with a different inclination 

of the distal implants and a different inter-implant distance; 

4. By making a suitable staging model from metal and passively placing the implants according 

to concept all on 4, a situation similar to that in the mouth can be imitated with some minor 

differences; 

5. The production of open or closed individual trays with stops by the printing method saves 

impression material and ensures a stable fit of the tray on the prosthetic field; 

6. For distally inclined implants, the direction of tray removal affects the accuracy of the distal 

implants; 

7. Splinting the laboratory analogs prior to casting the impression creates a compact and stable 

framework that will resist displacement of the analogs during casting. 

8. Taking a conventional impression with polyethers at concept all on 4 ensures a stable and 

non-wetting fixation of the impression transfers. The average time for removing such an 

impression takes 6.5 min. together with removing the tray; 

9. Taking a digital fingerprint at concept all on 4 is relatively quick and easy. The average time 

to take a digital impression takes 2.22 minutes and an average of 2281 3D photos; 

10. On average, to take 40  impressions, you need 2 polyether cartridges, which cost an average 

of 205 Euros, two vials of adhesive for spoons, which cost a total of 36 Euros, and 40 mixing 

cannulae, which cost 54 Euros. The average price of a traditional print is 7.5 Euros; 



11. The impression with a closed spoon and polyether at concept all on 4 is less accurate than 

the digital impression and should be avoided; 

12. The impression with an open spoon and polyether at concept all on 4 shows the highest 

accuracy according to all research criteria; 

13. There is no statistically significant difference between the open spoon polyether impression 

and the Trios3 digital impression. 

14. When using the digital impression technique, the greatest deviation is in the transfer plane 

(x) of the distal inclined implants and in the case of implant 21 in the sagittal plane (y). 

Therefore, the distance between implant 15 and 25 is also statistically significant; 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



Contributions 

Contributions of a topical nature 

1. For the first time in Bulgaria, a survey was conducted among dentists regarding prosthetics 

on implants and the use of impression materials for this purpose. At the same time, a survey 

was conducted in parallel among dentists in Germany. A significant difference was found, 

which is most likely due to the economic condition and lack of knowledge among dentists in 

Bulgaria; 

2. For the first time in our country, an in vitro model is created according to concept all on 4, 

on which the accuracy of digital and conventional impression techniques is compared; 

3. For the first time, a study is conducted comparing the accuracy of digital and conventional 

impressions according to concept all on 4 from three aspects (in space, inter-implant distance 

and inclination); 

 

Contributions of a confirmatory nature 

1. The statement is confirmed that the use of the digital fingerprint technique in concept all on 

4 has its place and the accuracy is not significantly inferior to the conventional fingerprint 

technique with few exceptions; 

2. It has been proven that the sagittal tilt of the implants at concept all on 4 does not affect the 

accuracy of digital and conventional impressions, regardless of whether one works with an open 

or closed impression tray; 

3. The digital impression technique and the conventional open tray technique have been proven 

to be more accurate than the closed tray impression technique; 

4. It has been shown that there is no statistically significant difference between the digital and 

the conventional open tray technique; 

Contributions of a scientifically applied nature 

1. The conventional polyether open spoon impression method is proven to give superior results; 

2. It is proved that the digital impression method at concept all on 4 is an accurate, fast and 

practical method and there is no statistically significant difference from the conventional 

impression method with an open spoon and polyether; 



3. It is assumed that the new generation of the Trios scanner will have greater accuracy and will 

be the first tool of choice for concept all on 4; 
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