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Introduction 

The stage of initial diagnosis and planning is of major importance in complex 

prosthetic rehabilitations of the dento-maxillary system when certain initial parameters have 

been altered or lost. 

The wax-up is a basic tool in the development of complex and sophisticated treatment 

plans that allows a clinical test of the treatment method thought by the doctor. With its help, 

a number of parameters are evaluated and tested according to which the prosthetic 

restorations are built, such as inter-arcade ratios, prosthetic spaces, vertical dimension of 

occlusion, shape, size and position of the upper front teeth. 

Given all this, the aim of this study is to identify the optimal study group size to 

quantify the extent to which the change in dental morphology influences the amplitude and 

trajectory of mandibular movements at the condylar and dental level. 

The preview of the final result in the fixed prosthetic treatment is mainly used in the 

case of restorations in the frontal area, where the focus is on restoring the aesthetic aspect. 

In the lateral area of the dental arches, the main role of using prosthetic restorations is to 

rebuild the masticatory function and implicit the shape of the occlusal surfaces of the restored 

teeth. The relief of the occlusal surface of the teeth is a complex one, made of positive shapes 

(ridges and cusps), as well as negative shapes (grooves and pits), something that complicates 

the work of the dental technician in the process of manufacturing fixed restorations. 

 

The general part of this PhD thesis, organized in two chapters, aims to prepare and 

frame the studies carried out in the context of existing data in the specialized literature. 

 

 Chapter 1, entitled "Aesthetic and functional parameters in wax-up" - presents 

the aesthetic, facial and dental elements necessary for the realization of prosthetic 

restorations with the most natural appearance.  

 

Chapter 2, entitled "Transposing data from Digital Smile Design into analog wax-

up and digital wax-up" - presents in detail the process of Digital Smile Design, as well as 

the way in which the obtained data can be translated into reality using analog/conventional 

wax-up, respectively digital wax-up. 
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Personal contribution 

 
CHAPTER 3 - WORKING HYPOTHESIS AND GENERAL 

OBJECTIVES 
 

 For making this Doctoral Thesis, we started from the idea of checking two methods 

used in prosthetic treatments to preview the final results, the analog and digital wax-up. For 

the first method (analog wax-up), the technician makes the shape of restored teeth on the 

preliminary model, by dripping. The digital wax-up is also made by the dental technician, 

but this time the operations are carried out on the virtual model assisted by dedicated 

programs for three-dimensional modeling. 

 In order to achieve the most objective evaluation of the two working methods, it is 

necessary that the same shape of the teeth be reproduced by both methods, and subsequently 

the two results be analyzed comparatively both with each other and with respect to the initial 

clinical situation 

 The role of the prosthetic treatment is to restore the morphology and functionality of 

the dental arches affected by lesions with loss of substance or even edentations. However, 

functionality is different in the front area compared to the lateral area. For the frontal area, 

the main function targeted in the restoration process is the aesthetic one, which is why the 

comparison in the frontal area is aimed at the shape of the tooth (axial faces but also the 

incisal edge). In the lateral area, the functional restoration is mainly focused on the 

mastication, fact that limits comparative studies to the occlusal face of the teeth, areas 

responsible for mastication. 

 The hypothesis of the conducted studies was related to the comparative evaluation of 

the two wax-up methods, in order to establish the degree of accuracy obtained both in the 

frontal and in the lateral area. 

 The general objectives of the studies were the following: 

-  Making the shape of future prosthetic restorations through analog wax-up and 

digital wax-up; 

 -  Comparative analysis of the obtained results; 

 -  Comparative analysis of the obtained results against the standard reference; 

 -  Establishing the degree of accuracy for the two methods; 

  



6 

 

CHAPTER 4 - THE INFLUENCE OF CHANGING THE OCCLUSAL 

MORPHOLOGY ON FUNCTIONAL MOVEMENTS OF THE MANDIBLE 

 

4.1 Introduction. The aim of this study is to identify the optimal study group size to 

quantify the extent to which the change in dental morphology influences the amplitude and 

trajectory of mandibular movements at the condylar and dental level. 

4.2 Material and methods. For this study 10 participants were selected from an initial 

group of 54 subjects, who met the inclusion criteria for the study. The study was based on 

three stages: 

1. During the first meeting, a thorough medical history was completed, followed by a 

precise dento-maxillary examination to establish the existence of the selection or exclusion 

criteria of the study. 

 2. In the second session the initial occlusal analysis was done, including the 

mandibular movements; the virtual facebow, articulator function and function analysis 

modules from the Zebris JMA System condylograph (Zebris Medical GmbH, Germany) 

were used (Figure 4.1, 4.2). 

 

 

 

 

Figure 4.1 – Facebow adjusted to the 

patient's head. 
 

Figure 4.2 Mandibular movement recording 

protocol. 

  

 3. In the third session, a layer of purple fluid composite was applied to the internal 

slope of the mesio-buccal cusp of tooth 4.6, creating an interference on the non-functional 

side in the protrusion movement and also on the non-functional side in the movement of 

laterality (Figure 4.3). The paraocclusal fork is reconnected. The steps of the condylographic 

analysis followed the same protocol as in the previous phase. At the end, the flowable 

composite was removed with red and yellow diamond stones (finest grits), and the surface 

was polished with polishing gums and toothpaste with 10 micron particles using loupes. 
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Figura 4.3 – 

Interferences on the non-working side 

in the protrusion and lateral 

movement 

 

 

 The resulting data from the records generated by the condylograph were entered into 

an Excel file and statistically processed using SPSS2 software. 

4.3 Results. In the statistical analysis, the Kolmogorov-Smirnova and Shapiro-Wilk 

tests were applied to verify the normality of the differences between the pairs of recordings, 

before and after the interference occurred.   

4.4 Discussions. All movement parameters were changed on both sides due to the 

occurrence of the premature contact in the lateral area of the arch. The results are consistent 

with those in the literature, where associations were found between interference and 

premature contacts on the non-functional side. 

4.5 Conclusions. Based on the comparative descriptive analysis of the obtained data, 

it was observed that by changing the occlusal morphology of the lower first molar and 

creating an interference, the movement parameters showed variations in terms of the extent 

and direction of the movement, both in dental and condylar levels. Respecting the initial 

morphology and its harmonious adaptation to individual functional parameters is a good 

premise for maintaining the balance between the parts of the dento-maxillary system. 
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CHAPTER 5 - BIOLOGICAL, AESTHETIC AND OCCLUSAL RESULTS 

OBTAINED BY USING A CUSTOMIZED CERAMIC ABUTMENT MADE 

THROUGH CAD/CAM TECHNOLOGY FOR A PROSTHETIC IMPLANT 

RESTORATION  

 

5.1 Introduction. This study describes the successful use of a custom prosthetic 

abutment designed using CAD/CAM technology. It has the strength and precise fit of a 

titanium interface and also the aesthetic advantages of custom-milled zirconia shades with 

no visible metal elements. 

5.2 Material and method (case report). A 28-year-old patient was referred for 

treatment in our clinic, being unsatisfied with the appearance of the gum next to an implant 

restoration in the maxillary frontal area (Figure 5.1, 5.2). 

 

  

Figure 5.1 – Appearance after removal of the 

prosthetic restoration 

Figure 5.2 – Initial radiological 

appearance. 

 

  To improve the condition of the peri-implant tissue, a screw-retained crown design 

was initially generated, but because of the implant axis, this solution would have required 

an unacceptable aesthetic compromise: the access hole to the fixation screw would have 

perforated the vestibular surface, near the incisal edge (Figure 5.3). 

 

 

  

 

 

Figure 5.3 – Three-

dimensional simulation of a 

screw-retained prosthetic 

restoration for the analyzed 

clinical case. 
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 The zirconia coping was cemented onto a prosthetic abutment compatible with the 

internal hexagon of the titanium implant (Ti-Base for CAD-CAM, DSI Dental Implant 

System, Israel). The titanium prosthetic abutment was sandblasted on the surfaces where it 

comes into contact with the zirconia, using aluminum oxide particles with a diameter of no 

more than 50μm and an air pressure of 0.2 MPa [1].  

 The hybrid abutment thus obtained was scanned using an analog abutment. 

Afterwards, it was fixed on the dental implant using a tightening torque of 32Ncm and an 

intraoral scan was also performed. 

 Eight months later, a stable peri-implant soft tissue volume was observed, and also 

lack of bleeding and a favorable contour. Therefore, the permanent cement retained e.max 

ceramic crown (Ivoclar Vivadent) was made (Figure 5.4). 

  

  

Figure 5.4 The peri-implant soft tissues appearance after cementing the final e-max 

crown (left) as well as the radiological appearance (right). 

 

5.3 Discussions. The zirconia substructure masks the gray color of the titanium 

prosthetic abutment both at the coronal and mucosal levels  [2]. Fixation of the zirconia 

coping to the titanium abutment is done on the model, thus achieving a complete removal of 

excess material and, also, a superior polish of the surface with which the hybrid abutment 

will come into contact with the peri-implant tissues.  

 5.5 Conclusions. The possibility of customizing prosthetic implant abutments through 

CAD-CAM technology allows the creation of more refined prosthetic models that lead to 

superior implant prosthetic restorations in terms of aesthetics, biocompatibility and 

durability.  



10 

 

CHAPTER 6: COMPARATIVE ANALYSIS BETWEEN ANALOG AND DIGITAL 

WAX-UP IN REPRODUCING OCCLUSAL DESIGN 
 

 

 6.1 Introduction. Through this study, we tried to comparatively analyze the degree of 

accuracy that can be obtained in the reproduction, in similar conditions, of the occlusal 

design using the analog wax-up, made by the dental technician, but also the digital wax-up, 

made assisted by a program specialized in three-dimensional modeling for dental technique.  

 6.2 Material and method. From an initial group of 10 subjects, 3 subjects were 

selected based on the study inclusion criteria. The study was approved by the Ethics 

Committee of Scientific Research of UMF "Carol Davila" Bucharest, through Opinion No. 

11579/30.04.2024. 

 On the maxillary model, tooth 1.6 was removed using a laboratory spatula. The 

neighboring teeth, 1.5 and 1.7, were prepared on the model using the same principles as for 

metal-ceramic crowns. The model thus prepared was scanned using the same machine, the 

data was updated in the modeling software (Figure 6.1). 

 

 

 

 

Figure 6.1 – Working model scanned 

after removal of tooth 1.6 and preparation 

of teeth 1.5 and 1.7. 

 

On the prepared model, the dental technician made a wax pattern for the 1.5-1.7 bridge 

(analog wax-up), and at the end of the modeling process, the pattern and the model were 

scanned. A virtual model was thus obtained that will allow measurements in digital format, 

for better accuracy. In the virtual modeling program (Exocad), a virtual pattern was made 

for the same clinical case (digital wax-up) using the analysis given by the program, but also 

the necessary adjustments made by the dental technician. The model thus obtained was saved 

separately for making digital measurements.  

The comparative analysis of the two wax-up methods was carried out by comparing 

the degree of precision in the reproduction of the occlusal surfaces of the three processed 

teeth (1.5, 1.6 and 1.7) compared to the initial situation, using the Medit Design program 

(version 2.1.4) , part of the Medit Link program [3], specially created to compare and analyze 

3D data. The program allows automatic or manual alignment of the models subjected to 
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comparative analysis. In our case, the initial model was set as a reference model against 

which the analysis of the models on which the two types of wax-up were performed was 

carried out. The deviation display mode (Deviation Display Mode) allows the tolerance level 

to be set in a range from -2 mm to +2 mm from the reference model. For research accuracy, 

the tolerance level was set to the range (-0.05 mm; +0.05 mm). 

The analyses were made for each individual patient, comparing the models on which 

the analog and digital wax-up was performed against the original model by overlapping. To 

carry out the analysis, strictly on the occlusal surface, several landmarks were established, 

targeting both positive and negative elements.  

The positive landmarks analyzed were (15 elements): 

- The cusps of the upper 2nd premolar: buccal (B) and lingual (L); 

- The cusps of the upper 1st molar: mesiobuccal (MB), distobuccal (DB), 

mesiolingual (ML) and distolingual (DL); 

- The cusps of the upper 2nd molar: mesiobuccal, distobuccal, mesiolingual, 

(because the distolingual cusp has a variable shape it was excluded from the 

measurements for the study group); 

- Mesial marginal ridge of the three teeth near the mesial fossa; 

- Distal marginal ridge of the three teeth near the distal fossa (Figure 6.2);  

The negative landmarks analyzed were (11 elements): 

- Mesial fossa (all analyzed teeth); 

- Distal fossa (all analyzed teeth); 

- Central fossa (on the molars); 

- The buccal groove, the place of passage from the occlusal to the vestibular surface 

(on the molars); 

- The lingual groove, the place of passage from the occlusal to the lingual surface (on 

the upper 1st molar) (Figure 6.3); 

 

Figure 6.2 – The positive landmarks taken into analysis. 
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Figure 6.3 – The negative landmarks taken into analysis.  

 

 Thus, 26 landmarks were selected for each patient, with a total of 156 comparative 

analyses. For each model, the average and the general standard deviation were calculated, as 

well as individual for each separate tooth. The presence of statistically significant differences 

was assessed using the Kruskal-Wallis test (p=0.01) [4] [5]. Further analysis for the 

identified significant differences was performed using Wilcoxon Mann-Whitney and 

independent samples t-tests  [6] [7] [8]. The starting null hypothesis is that analog and digital 

wax-up similarly restore the occlusal morphology of the analyzed teeth. 

 6.3 Results. For each analyzed model, measurements were made for the positive and 

negative relief elements specified in the organization of the study (Figures 6.4 and 6.5.). 

 

 

 
Figure 6.4 – – Measurements of variation in 

positive landmarks on the analog wax up 

model. 

Figure 6.5 – Measurements of variation in 

negative landmarks on the analog wax up 

model. 

  

The primary analysis of the values refers to the differences that appear by using the 

two wax-up variants compared to the initial situation considered as a reference element. For 

this, the values for positive and negative relief elements were analyzed separately. 
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 Figures 6.6 and 6.7 analyze the variations of the positive relief elements for the three 

teeth considered. The dotted line, marking the value of 0, represents the level at which the 

landmarks are located on the original model. Variations appearing in the positive di rection 

of the vertical axis mark areas where the objects compared to the original situation show 

over contouring, while variations appearing in the negative direction of the vertical axis mark 

areas where the models are undersized compared to the original teeth. 

 

 

Figure 6.6 - Comparison of positive landmarks between analog wax-up and the original 

situation. 

 

Figure 6.7 - Comparison of positive landmarks between the digital wax-up and the 

original situation. 

  

  The analysis of the values recorded for the positive relief forms shows very small 

dimensional variations for the digital wax-up compared to those for the analog wax-up 

(Figure 6.8).  
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Figure 6.8 – Root mean square analysis for the positive relief landmarks restored by the 

two types of wax-up. 

 

 The analysis of the number of standard deviations (Figure 6.9) for the positive relief 

landmarks shows, in the case of digital wax-up, the maximum number of standard deviations 

with a value of 2.12 in the case of the DL cusp of the 1st molar, the differences being thus 

statistically insignificant. For the analog wax-up, out of the 15 landmarks, 9 have a number 

of standard deviations greater than 5, the most significant landmark being the MB cusp of 

the 2nd molar for which 12.34 standard deviations are recorded. 

 

Figure 6.9 – Analysis of standard deviations for the positive relief landmarks restored 

by the two types of wax-up. 

 

  The final analysis was performed using the Kruskal-Wallis test in general mode, for 

all teeth, but also individually for each separate tooth, to detect statistically significant 

differences. Where differences were reported, the values were also analyzed using the 

Wilcoxon Mann-Whitney and t-tests, to emphasize statistical significance. For each 

measured value, the square mean of the measured values for the three patients was 

calculated, the results obtained being those analyzed by the three previously mentioned tests. 
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 For the 2nd upper premolar, the analyzed values showed statistically significant 

changes between the two methods, the p value being below the established reference value 

(p=0.01), as it can be noted from Table VI.1.    

 

Table VI.1 – Statistical significance of dimensional differences in the case of PM2 for the 

used tests 
Statistical test Statistical significance 

p-value 

Statistical significance 

the exact value 

Kruskal-Wallis p<0,01 p = 0.006485 

Wilcoxon Mann-Whitney p<0,01 p = 0.004329 

Two Sample t-test p<0,01 p = 0.004932 

  

 In the case of 1st molar, the analysis of the measurements led to the results shown in 

Table VI.2. In this case also, the differences between analog wax-up and digital wax-up are 

statistically significant. 

 

Table VI.2 – Statistical significance of dimensional differences in the case of M1 for the 

used tests  
Statistical test Statistical significance 

p-value 

Statistical significance 

the exact value 

Kruskal-Wallis p<0,01 p = 7.105e-05 

Wilcoxon Mann-Whitney p<0,01 p = 2.835e-06 

Two Sample t-test p<0,01 p = 5.536e-07 

  

 The results of the statistical analysis for the 2nd molar also show statistically 

significant differences between the analog wax-up and the digital wax-up, as it can be seen 

in Table VI.3. 

 

Table VI.3 – Statistical significance of dimensional differences in the case of M2 for the 

tests used 
Statistical test Statistical significance 

p-value 

Statistical significance 

the exact value 

Kruskal-Wallis p<0,01 p = 0.0006748 

Wilcoxon Mann-Whitney p<0,01 p = 0.0001645 

Two Sample t-test p<0,01 p = 4.307e-05 

  

 The general values for the evaluated group of teeth were also analyzed statistically, the 

results are presented in Table VI.4. 
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Table VI.4 – Statistical significance of dimensional differences in the case of M2 for the 

tests used 
Statistical test Statistical significance 

p-value 

Statistical significance 

the exact value 

Kruskal-Wallis p<0,01 p = 1.628e-09 

Wilcoxon Mann-Whitney p<0,01 p = 1.723e-09 

Two Sample t-test p<0,01 p = 3.737e-11 

 

 6.4 Discussions. The existence of statistically significant differences is noted in all of 

the analysis carried out, both individually for each separate tooth and for the group of teeth. 

However, we can note in the individual analyses, the fact that the most significant differences 

are found on the molar 1, where the dental technician had to start restoring the tooth from 

scratch, without having a minimum of landmarks, as opposed to the case of the 2nd premolar 

and the 2nd molar, for which the teeth were prepared in the form of abutments. This shows 

that the existence of a landmark on the model (e.g. prosthetic abutment) leads to obtaining 

superior results in layout compared to situations where teeth are completely missing. 

  6.5 Conclusions. Analyzing both macroscopically and from the measured values point 

of view, we can conclude the following: 

- Restoring the occlusal design using analog wax-up tends to produce volumetric 

changes, values recorded for all analyzed teeth, statistically significant; 

- Volumetric changes for analog wax-up do not have a fixed pattern, the restored teeth 

being over- or under-sized in different areas; 

- Restoring missing teeth creates the biggest volumetric differences; 

- Restoring the occlusal design using digital wax-up produces statistically insignificant 

volumetric changes; 

- Even if the models were made following the occlusal records, the dimensional 

variations did not follow the same pattern, being an obvious difference between the 

analog and the digital method 

- The analog wax-up depends on the experience and skill of the dental technician, each 

model being unique in its own way; 

- The digital wax-up is based on the data stored by the program but corrected by the 

technician; 

- There are statistically significant differences between models made by analog wax-

up and digital wax-up; 

- Digital waxing benefits from increasingly powerful and calibrated equipment to 

deliver predictable results on a regular basis.  
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 CHAPTER 7 – VALIDATION OF THE DIGITAL WAX-UP METHOD THROUGH 

COMPARATIVE ANALYSIS WITH ANALOGUE WAX-UP IN THE 

REPRODUCTION OF DENTAL MORPHOLOGY IN THE MAXILLARY 

FRONTAL AREA 

 

 7.1 Introduction (working hypothesis and specific objectives). The objective of this 

study is to comparatively evaluate the dental aesthetics obtained using two wax-up methods, 

analog and digital, in the preview of the final result within the prosthetic treatment of the 

maxillary frontal area. For this, three biometric variables were analyzed: 

- accuracy; 

- comparison of the width and height of the teeth included in the study; 

- individual and group symmetry. 

 7.2 Material and method. To carry out this study, a number of 22 patients were 

initially selected. Following initial analysis, five of the participants met all criteria and were 

included in the study group. The study was approved by the Ethics Committee of Scientific 

Research of UMF "Carol Davila" Bucharest, with Opinion No. 11579/30.04.2024. 

 Classic, analog wax-up modeling was done using additive techniques and inlay wax. 

The outer surface of the teeth was thus modified by over-contouring or by removing parts of 

the teeth where necessary. The process was done continuously with the jaw model mounted 

in the articulator. At the end of it, the model and the wax-up were scanned to obtain a virtual 

model used further in the comparative analysis. 

 The digital wax-up was done in the Exocad program after mounting the models in the 

virtual articulator, using the analysis result from Digital Smile Design. 

  In order to avoid the errors that can occur in the process of transferring from wax-up 

to mock-up, the research we have done has reduced to minimum unnecessary and confusing 

steps. Thus, the initial model was analyzed, the analog wax-up was performed on the same 

model, and the digital wax-up was performed on the virtual version, obtained by scanning 

the initial model.  

 To reduce errors, all laboratory procedures were performed by a single person, a dental 

technician with more than 10 years of experience. The digital analyses were carried out by 

me, as a Phd student - evaluator, also to reduce the degree of error.  

  For each tooth in the frontal group, five landmarks were established for analysis, as 

follows (Figure 7.1): 

- The gingival zenith (the highest point of the cervical edge of the teeth); 
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- The middle of the incisal edge or the tip of the canine; 

- Half the distance between the gingival zenith and the middle of the incisal edge/tip 

of the canine; 

- The mesial contact point; 

- The distal contact point; 

 

 
Figure 7.1 - Biometric landmarks used in accuracy analysis. 

  

 As it can be seen from Figure 7.1, the Geomagic Control X program, based on the 

differences determined between two analyzed models, can make a color map. Having 

established a tolerance limit of ± 0.3 mm, the over-contoured areas, where the analyzed 

model is larger than the reference one, appear in shades of orange to red, while the under-

contoured areas appear in shades of blue. 

 The results for the five landmarks were analyzed for each tooth in comparative 

analyses between models, individually (each landmark separately) and as a whole. 

  Comparison of the width and height of the teeth included in the study. Unlike accuracy, 

which provides detail on selected landmarks, this mode of analysis provides information 

about the vertical and horizontal dimensions of the teeth. 

 Symmetry analysis focused on how different established landmarks on the teeth are in 

symmetry with respect to the mid-sagittal plane. For this analysis, using the Geomagic 

Control X program, the front teeth on the right side were mirror-inverted and superimposed 

on the image of the front teeth on the left side (Figure 7.2). The following landmarks were 

analyzed for each tooth: 

- The gingival zenith; 

- The mesio-incisal angle; 

- The disto-incisal angle. 
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Figure 7.2 - Landmarks analyzed in image overlay. 

  

 This time, symmetry was analyzed only for the models on which the analog and digital 

wax-ups were performed, in order to evaluate how symmetrically the teeth included in the 

study were modeled. The teeth were evaluated within the same model, but also between the  

two categories of models. 

 Taking into account the particularity of this study, the difficulty of identifying and 

introducing patients into the study, the limited number of patients and implicit the small 

number of analyzed teeth, it was necessary to establish a p-value limit of 0.05 (95% 

confidence interval). 

 Statistically, the presence of significant differences, for all lines of analysis, was 

determined using the Kruskal-Wallis test (p = 0.05) [9] [5]. Subsequently, the Mann-

Whitney-Wilcoxon test and t-test were used where statistically significant differences were 

identified for confirmation  [6] [7] [8]. The starting null hypothesis is that analog and digital 

wax-up similarly restore the occlusal morphology of the analyzed teeth. 

 7.3 Results 

 7.3.1 Accuracy. Accuracy analyses were performed by relating the two types of wax-

up, analog and digital, to the initial clinical situation. The values for the lateral incisors and 

canines, as well as the values for the whole set of teeth, were analyzed (Figure 7.3).  
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Figure 7.3 – Centralized values for analog wax-up. 

 

 As it can be noted, the smallest variations occur at the central incisors (blue line – three 

of the five landmarks have the lowest value) and this is because they are the most important 

teeth in the frontal group from the perspective of aesthetics and, implicit, the technician pays 

the greatest attention during their restoration. 

  Similarly, the values measured in the case of digital wax-up were analyzed to notice 

the differences compared to the initial situation. In the first stage, the average values of the 

vector differences for each type of established landmark, measured at the level of each tooth, 

were centralized (Figure 7.4). 

 
Figure 7.4 – Example of measurements made in the comparison between the digital 

wax-up and the initial clinical situation. 

 

 The analysis was carried out by groups of teeth, as well as the overall  analysis of the 

entire upper frontal group. 
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Figure 7.5 – Centralized values for digital wax-up. 

 

 In the case of the upper lateral incisors, the only statistically significant difference was 

noted in the case of the mesial contact point.  

 Additional tests confirmed the statistical significance obtained by the Kruskal-Wallis 

test in the case of the mesial contact point (Table VII.1). 

 

Table VII.1 – Statistical significance of the differences between analog wax-up and digital 

wax-up on the upper lateral incisors – mesial contact point landmark. 
Statistical test Statistical significance 

p-value 

Statistical significance 

the exact value 

Kruskal-Wallis p < 0,05 p = 0.0472 

Wilcoxon Mann-Whitney p < 0,05 p = 0.05556 

Two Sample t-test p < 0,05 p = 0.04075 

  

 In the case of the analysis of the differences at the upper canines, statistically 

significant differences were noted for the zenith-incisal edge half distance landmark, but also 

for the overall analysis of the landmarks (Table VII.2 and VII.3). 

 

Table VII.2 – Statistical significance value for the Kruskal-Wallis test in the analysis of 

differences for upper canines. 

Landmark analyzed Statistical significance 

p-value 

Statistical significance 

the exact value 

Gingival zenith p > 0,05 p = 0.754 

Tip of the canine p > 0,05 p = 0.4647 

Half of the incisal edge 

zenith distance 

p < 0,05 p = 0.0472 

Mesial contact point p < 0,05 p = 0.4647 

Distal contact point p > 0,05 p = 0.3472 

All landmarks p < 0,05 p = 0.03051 
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Table VII.3 – Statistical significance of the differences between the analog wax-up and the 

digital wax-up at the upper canine level in the overall analysis of all landmarks. 

Statistical test Statistical significance 

p-value 

Statistical significance 

the exact value 

Kruskal-Wallis p<0,05 p = 0.03051 

Wilcoxon Mann-Whitney p<0,05 p = 0.03039 

Two Sample t-test p<0,05 p = 0.0186 

 

 The analysis of all the landmarks for the entire group of the studied teeth, showed that 

there is a statistically significant difference between the analog wax-up method and the 

digital wax-up method, even if individually for each landmark there are no significant 

differences (Table VII.4). 

 

Table VII.4 – Statistical significance value for the Kruskal-Wallis test in the analysis of 

differences for the set of analyzed teeth. 

Landmark analyzed Statistical significance 

p-value 

Statistical significance 

the exact value 

Gingival zenith p > 0,05 p = 0.6015 

Tip of the canine p > 0,05 p = 0.0758 

Half of the incisal edge 

zenith distance 
p > 0,05 p = 0.1172 

Mesial contact point p > 0,05 p = 0.3472 

Distal contact point p > 0,05 p = 0.1172 

All landmarks p < 0,05 p = 0.01266 

  

7.4 Discussions. The predictability of obtaining the best possible aesthetic result with 

the help of the prosthetic treatment is not guided by some exact, well-defined principles. 

Over time, numerous ways have been proposed that use different aspects or morphological 

elements to direct the treatment towards a result as close as possible to the patients' 

requirements, based on idealistic principles or mathematical formulas [10]. However, the 

smile is dominated by human subjectivity and is far from a precise mathematical formula. 

For this reason, the design of the prosthetic restorations in the frontal area must take into 

account all the factors involved: doctor, dental technician and patient. The physical 

transposition of the future restoration is a task that the technician must solve either by 

classical methods or by modern modeling methods. The advantages of modern techniques 

are obvious, but the time consumption can be an impediment to the economy of the whole 

process. 



23 

 

Since the advent of digital technology flows, most of the problems related to the 

dimensional accuracy of the restorations have been fixed. However, the finesse aspects are 

still being analyzed to see if digital technology can be used successfully in prosthetic 

treatments in the maxillary frontal area, which require provisional restorations to be done to 

help preview the final result [11].  

 This study, as designed, is unique in the way it is structured and the landmarks 

considered for analysis. There are studies that have analyzed different landmarks than the 

present study, however, showing the effectiveness of the digital wax-up method [12] [13]. 

However, through this study, the aim was to expand the analyzed landmarks, established as 

the defining ones for the teeth in the frontal area and with a significant impact on the human 

smile [14].  

 At the same time, it should be noted that the use of a large number of landmarks led to 

statistically significant results in terms of the quality of digital wax-up restorations. 

 7.5 Conclusions 

 Limitations imposed by the study, and in particular the difficulty to find suitable 

patients for the study to meet the inclusion criteria, resulted in the reduction of the confidence 

level from 99% to 95%. Results were obtained that confirm the efficiency of using the digital 

wax-up technique compared to the analog wax-up technique. 

 The accuracy is statistically significantly better when using the digital wax-up (p = 

0.01266) at the general level, even if individually, on groups of landmarks or groups of teeth, 

no statistically significant differences are obtained. 

 The analysis of the height and width of the analyzed teeth did not signal significant 

differences between the two wax-up methods, revealing results that are based on the 

dimensional difference of the analyzed teeth. 

 Similar to the accuracy, the values for the symmetry of the restorations showed that, 

although individually, on landmarks or groups of teeth, the differences are not significant, 

in general, using the digital wax-up method, restorations with a statistically significant better 

symmetry are obtained compared to the analog wax-up method.  

 Increasing the number of patients included in the study will have the main effect of 

increasing the level of confidence to 99% (p=0.01), and possibly obtaining significant results 

for the study related to the width and height of teeth in the frontal area restored using digital 

wax-up. 
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CHAPTER 8 – CONCLUSIONS AND PERSONAL CONTRIBUTIONS 

 

Based on the studies carried out in this Doctoral Thesis, the following conclusions can 

be drawn: 

- by changing the occlusal morphology of the lower first molar and creating an 

interference, the movement parameters showed variations in terms of the extent and 

direction of movement, both at the dental and condylar level. Respecting the initial 

morphology and its harmonious adaptation to individual functional parameters is a 

good premise for maintaining the balance between the component parts of the dento-

maxillary system. 

-  the possibility of customizing prosthetic abutments for implants through CAD-CAM 

technology allows the creation of more refined prosthetic models that lead to superior 

implant prosthetic restorations in terms of aesthetics, biocompatibility and durability. 

- restoring the occlusal design using analog wax-up tends to produce volumetric 

changes, values recorded for all analyzed teeth, statistically significant; 

- the volumetric changes for analog wax-up do not have a fixed pattern, the restored 

teeth being over- or undersized in different areas; 

- restoring missing teeth creates the biggest volumetric differences; 

- restoring the occlusal design using digital wax-up, produces statistically insignificant 

volumetric changes; 

- similarly, the variations do not follow a certain pattern, although in both cases the 

occlusal records were followed; 

- analog wax-up depends on the experience and skill of the dental technician, each 

model being unique in its own way; 

- digital wax-up is based on the data stored in the program, but corrected by the 

technician; 

- there are statistically significant differences between models made with analog wax-

up and digital wax-up; 

- digital wax-up benefits from increasingly powerful and calibrated equipment to 

provide predictable results on a regular basis; 
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- The accuracy is statistically significant better when using the digital wax-up (p = 

0.01266) at the general level, even if individually, on groups of landmarks or groups 

of teeth, no statistically significant differences are obtained; 

- The analysis of the height and width of the analyzed teeth did not signal significant 

differences between the two wax-up methods, revealing results that are based on the 

dimensional difference of the analyzed teeth; 

- Similar to the accuracy, the values for the symmetry of the restorations showed that, 

although individually, on landmarks or groups of teeth, the differences are not 

significant, in general, using the digital wax-up method, restorations with a statistically 

significant better symmetry are obtained compared to the analog wax-up method; 

- The increase in the number of patients included in the study will have the main effect 

of increasing the level of confidence to 99% (p=0.01), and possibly obtaining 

significant results for the study related to the width and height of teeth in the frontal 

area restored using digital wax-up; 

- Thus, results were obtained that confirm the efficiency of using the digital wax-up 

technique compared to the analog wax-up technique. 
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