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                                     1. ABBREVIATIONS   

 

BDA – Bulgarian dental association  

DDM – Doctor of dental medicine  

CAD/CAM - Computer aided design - computer aided manufacturing   

 

                                      2.INTRODUCTION 

 

Provisional restorations are a method of protecting hard dental tissues after 

their filing, which prevents the mechanical, chemical and thermal irritation of 

the dental pulp. They keep existing occlusal-articulatory ratios and proximal 

contacts and so the chewing pressure is evenly distributed and neither they 

move teeth or injure soft tissues. Like any prosthetic construction, the 

temporary one is obligatory must meet the functional requirements - to 

maintain or improve chewing and speech function. But no matter how well 

they endure, the temporary construction will not be evaluated by the patient if 

they not restore the existing shape, size and color of natural teeth. Despite the 

diverse color preferences of patients, each of them keeps the chosen color to 

be preserved throughout the stay of the temporary construction in the oral 

cavity. It is established that the color is an indicator which in the case of 

temporary constructions is not constant, but below the influence of certain 

factor changes. To avoid this disadvantage it is necessary to conduct a number 

of studies to detect the etiology of the problem. Not enough information has 

been published in the available literature in Bulgaria for the change in color 

and this gives us reason to do a comparative study of different types of 

materials for provisional restorations and their color stability for different 

periods of time. Received data will allow us to give an objective assessment 

and recommendations for use of different types of materials and technologies 

for provisional restorations in fixed prosthodontics. 

                                                     3. PURPOSE AND TASKS   
 

The aim of the dissertation is to track the color change of the non-removable 

temporary restorations in laboratory and clinical conditions and to indicate 

which material demonstrates the greatest color stability to different colorants.  

To achieve the set goal, the following tasks were set:   

 

Task №1. Conducting a survey among dentists on changes in the color of 

provisional restorations.   

Task №2. Creating matrix with individual parameters and design for the study 

of experimental bodies for the change in color of different types of materials 
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for provisional restorations.   

Task №3.  Laboratory study of the coloring of the created forms.   

Task №4. Clinical follow-up of the provisional restorations and their color 

change (single crowns and bridges) in the area of the frontal and lateral teeth.
  

 

                                 4. MATERIAL AND METHODS   

                           4.1. Material and methods for task №1   

 

The survey on task №1 was conducted during the congresses and the seminars 

for raising the qualification, organized by BDA. The survey was conducted in 

the period: June 2017 - March 2018. A direct survey method was used as a 

form of written questioning, in which the subjects answer in writing the 

questions presented and answers arranged in a questionnaire for dialing 

primary empirical information about the opinion and attitude towards research 

problem. A direct individual survey was attached, in which the questionnaire 

reached to any person included in the study group, with anonymity maintained 

of the answers received.   
For the purposes of the survey, 180 questionnaires were developed, consisting 

of 10 questions (four of which were open) and required free answer from the 

respondents concerning:  

 - gender  

 - production of provisional restorations   

- method of manufacture   

- preferred material   

- days of stay of the provisional restorations in the oral cavity   

- most commonly used color   

- observed changes in the color of the provisional restorations after cementing 

 with temporary cement   

- observed changes in the color after stay in the oral cavity   

- way of correction of the occurred changes in the color  

 - the type of provisional restorations  
 

4.2. Material and methods for task №2   

 

The creation of a matrix for the study of experimental bodies aims to achieve 

shape, most similar to the anatomical and morphological one, for to ensure the 

reliability of the results obtained. That's why we took into account the fact that 

the tooth surface is arcuate and not flat. This way the created profile will be 

characterized by different thickness of the material in the different sections. 
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To achieve this goal we used acrylic phantom models "Frasaco №A-3", and 

the teeth (in the upper right and lower left segment) were preparated as for 

aesthetic vestibular restorations (Fig.1).  

   

Fig.1 Graphics of preparated teeth on acrylic phantom models 

   The preparated teeth of the upper and lower jaw are a total of 10 in number and 

cover all groups - incisors, canines, premolars and molars (Fig. 2).  

  

         
                 Fig. 2 Prepared teeth on upper and lower model  

   The preparations formed in this way were restored with modeling wax 

"Bredent", taking into account the specific anatomy, morphology and function of 

each tooth according to the model of the upper and lower jaw (Fig. 3). Both 

models were included in an articulator with average values.      
                                             

                            
                   Fig. 3 Wax restorations of upper and lower model                      
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We packed the wax-shaped acrylic teeth in a bronze flask with gypsum "Shera 

Pure" super hard IV class as we formed outflow channels for leakage of excess 

material during pressing (Fig. 4-1). From both sides we also created guide gutters 

(Fig. 4-2) with the role of the key comparison of the matrix and the patrix (Fig. 

4).  

                          
                   Fig. 4 Teeth of both models packed in a flask  

 
   After we cast the top of the flask and melted the wax, the obtained forms were 

scanned with a laboratory scanner for creation of a file for milling using CAD / 

CAM technology. Available software did not allow the creation of a model using 

this technology. The file served to build a model through 3D printing, but the 

result did not satisfy us and therefore the matrix with its own, original design is 

made by precise casting of brass by vacuum. For this purpose, the two halves of 

the flask were divided in two in the middle to obtain four gypsum blocks with the 

smallest dimensions, without this to damage the comparison between them (Fig. 

5).                     

                                      
         Fig.5 Rectangular shaped gypsum matrices and patrices 

 With duplicate silicone an impression was taken corresponding to the negative 

and positive image of future experimental bodies. We duplicated the silicone 

impression with wax (Fig. 6). The resulting wax shape was divided, tooth by 

tooth, into 5 small parts to avoid shrinkage of the material (Fig.7).  
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        Fig. 6 Wax impression     Fig.7 The divided,tooth by tooth, parts                                                                                                         

 

   In the casting technology, the wax model is packed in a flask with special 

packaging mass and placed in a water bath at 100 °. The wax leaks from the 

models and cavities are formed. The flask is placed in a special oven with 

programmed thermostat and baked in a special eight-step program in the 

temperature range from 150 ° to 730 ° (Fig. 8). After the temperature is lowered 

to 550 ° it is removed and placed on pre-melted brass in a melting furnace. The 

space around the flask is evacuated and the molten material enters the channels in 

the casting.                                                                           

 

         Fig. 8 Program for vacuum casting  

   According to the methodology described in this way, we obtained a total of 20 

matrices from the upper and lower jaw. For each prepared tooth there are two 

parts - positive and negative (Fig. 9).    
  

                                                  
                           Фиг.9  Finished brass matrices                                         
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4.3. Material and methods for task №3 

 

   To perform task №3 we used the matrices created in task №2. A total of 150 test 

specimens were made from three different materials for temporary restorations - 

Protemp II, Protemp IV and LuxatempStar with color A3 noted on the package. 

From each of the three materials were made 50 pcs. test specimens (Figs. 10, 11).

                                  

                    
                            Fig.10 Test specimens Protemp II               

                       
               Fig.11 Test specimens Protemp IV и LuxatempStar 

 

   The test specimens made were subjected to the action of five coloring solution 

of 100 ml. in five separate containers: Coca-Cola, coffee espresso, berry tea, 

orange juice and red wine. The materials were examined separately, with ten 

specimens placed in each of the five vessels.   

 

   Measurements of color changes were performed using two spectrophotometric 

devices - Vita EasyShade and Spectro Shade (Fig.12), at different time intervals - 

just before placing in staining solution, on days 1, 4, 7 and 14.   
 

                          
                                 Fig.12 Spectrophotometric devices  
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   The color determination with each of the devices starts with its calibration. 

When measuring color with Vita EasyShade it can be obtained the main color of 

the object, average values for the whole object or individual ones for each of the 

three areas of the tooth - cervix, body and cutting edge. For the purposes of our 

study, we chose the measurement by zones. With Spectro Shade, color data can 

be visualized by zones or to get the main color of the tooth, but we again chose 

the zonal presentation (Fig. 13).  

 

                  

        Fig. Color measuring with Vita EasyShade (left) and Spectro Shade (right)
  
 

   The storage conditions of all five solutions were standardized - they were at 

room temperature and without direct access to sunlight. For reliability and 

accuracy of the obtained results in the measurements we used an LED device to 

determine the color of the teeth (Fig. 14).  

   

                     
                   Fig.14 LED device to determine the color of the teeth 

4.4  Material and methods for task №4 

   In this task we made a clinical follow - up of 45 provisional restorations (11 

single crowns and 34 bridge constructions) for color change in different patients. 
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They are all made by the direct method, which as a result of the survey was 

established as most preferred method of work among DDM. We have developed 

for this purpose clinical map, which systematizes and describes the collected 

information from each patient during the clinical trial. 

 

 

                                               Clinical card  

 

Patient .............................................................. Gender:    Male     Female 

Age...............  

Address...................................................................................................................  

Consumption and use of substances leading to discoloration: 

   None   

  Coffee     Coca-cola    Red wine     Juice    Tea     

  Smoking    

  Others 

Type of provisional restoration:    Single crown    Bridge 

          

 

Material 

for 

provisional 

restoration 

 

 

Type of 

temporary 

cement 

 

Color when cementing the 

provisional restoration 

 

Color when cementing 

the permanent construc-

tion 

 

Stay time 

Cervix Body Cutting 

edge 

Cervix Body Cutting 

edge 
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   In addition to a clinical card, each patient signed a special informed consent, 

certifying that voluntarily participates in these studies and is familiar with the 

nature of the study itself and the safety of both color-determining devices.  

 

   When taking a medical history, each patient reported whether he was consuming 

substances leading to a change in the color (such as used in laboratory tests) and 

thus the results of laboratory and clinical studies can be compared.   

    

   On each temporary construction we determined the color of its fabrication, and 

then before the cementation of the permanent one, for to trace the change in color 

of different materials over time in the oral cavity. Significant difference between 

the stay of provisional restorations in clinical and laboratory conditions is the time 

of contact between the coloring solution and the given material. If a provisional 

restoration stays for 14 days in oral cavity, it will be less colored than the same, 

stayed 14 days in staining solution. This is because the effect of the dye in 

laboratory conditions is continuous, and that in the oral cavity an act lasting a few 

seconds.  

   The materials from which the provisional restorations were made are the same 

such as those used in the laboratory tests - Protemp II, Protemp IV and 

LuxatempStar. To trace the influence of temporary cement on the change in the 

color of the provisional restorations, we wrote down its name in one of the 

columns on the laboratory card.   

 

   Most of the DDM respondents in task №1 reported that they did not observe 

color change after cementation. Each provisional restoration in the course of our 

clinical trial was cemented according to a standard clinical protocol with one of 

the following eugenol - free temporary cements - Adhesor TC NE (Spofa Dental) 

or NetC (Meta Biomed) to see if it will statistically report a color change (Fig. 

15).                

             
                               Adhesor TC NE           NetC Meta Biomed  

 

                                         Fig.15 Temporary cements 
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   The color determination followed the same protocol from task №3 and was 

performed using the two spectrophotometric devices - Vita EasyShade and 

Spectro Shade (Figures 16, 17).  
 

                 
Fig.16 Data from Spectro Shade at placement (left) and after 7 days stay (right) 

in patient G.U.         

               
Fig.17 Data from Vita EasyShade at placement (left) and after 7 days stay (right) 

in patient G.U.    

 

   This stage starts again with calibration as the measuring tip of each of the two 

devices is directed to its respective stand. At Vita EasyShade there is a calibration 

unit for white balance, while at Spectro Shade is sequentially calibrated first 

against white, and in consequence to the green block. We hold the button for a 

few seconds until an audible signal is received for a successfully completed 

process and ready for work. Because the measuring tip is used for research on 

different patients, it is necessary to undergo a certain sanitation protocol. The 

Spectro Shade tip is sterilized and the Vita tip EasyShade is disinfected and 

packed in a special individual package for each patient.   

 

   When measuring color with the Vita EasyShade, the measuring tip is placed 

consecutively on each of the three areas of the tooth, as for each we press the main 

button that captures the color. After the data is schematically displayed on the 

screen.  

   With Spectro Shade, shooting is done once, such as the measuring tip is aimed 

at the object and is aimed precisely at it focusing. The main difference with this 



13 

 

device is the presence of large and colorful touch screen, which conveniently 

handles a pen.     
   The captured object is observed in the display, which facilitates the correct 

positioning. After the end of the survey, the researcher outlines the boundaries of 

the test sample on the screen of the apparatus. Then you can choose whether to 

visualize the color data by zones or to obtain the main color of the tooth.  

   What makes an impression when working with the devices compared to the 

laboratory study is that the difference in the design of the two devices plays a 

significant role in facilitating clinical measurements situation. Due to the smaller 

measuring tip, the Vita Easyshade is more convenient for measuring the color of 

more distal teeth, as far as with Spectroshade this is possible only up to the 

premolars.   

   The measurements and the results are again arranged by zones - cervix, body, 

cutting edge to trace whether the staining in the oral cavity is stronger in certain 

areas as established in laboratory samples.       
          

Methods of statistical processing  

  

• Graphic analysis - to visualize the results;   

• Descriptive statistics - point estimates of parameters - finding of mean values, 

standard deviations, standard errors of medium;   

• Fisher's exact test - check the statistical significance of influence between 

parameters (Fisher's exact test) for 2x2 tables;   

• χ2 test (Chi-Square Tests) (for Pearson test) - for statistical verification of 

hypotheses at nominal scales of measurement.   

• The statistical analysis was performed through a program for SPSS statistical 

processing (SPSS Inc., IBM SPSS Statistics) version 21.0.  

 

                                    5. RESULTS AND DISCUSSION   

 

                                 5.1. Results and discussion on task №1   
   A total of 180 DDM were interviewed about the methods they used and 

materials for making provisional restorations. 112 of them are women, and 68 - 

men.  

To question №2 - “Do you make temporary non-removable constructions” - 143 

of the respondents answered positively - 83 women and 60 men. The number of 

the negative answer to this question is 37 - 29 women and only 8 men. The number 

of women who answered negatively is much higher and that is a statistically 

significant fact (criterion χ2 with χ2 = 5.172 and significance P = 0.023) (diagram 

1). These data can be compared with the study of M. Dimova from 2003, where 

it was found that approximately 65% of DDM makes provisional restorations. The 

results of our questionnaires 15 years later demonstrate more frequent use of this 
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type of constructions (79%).  

         
      Diagram 1  Do you make temporary non-removable constructions  

 

   To question №3 - “Which method for fabricating provisional restorations do 

you prefer?”, the largest percentage answer that they use the direct method 

followed by the indirect, combined, and least used standard factory crowns 

(diagram 2).  

              

              
Diagram 2 Which method for fabricating provisional restorations do you prefer 

 

  These data contradict the conclusions of M. Dimova, who found that the largest 

share of DDM use laboratory-made temporary restorations, followed by standard 

factory crowns and lastly - directly made such. It is noteworthy that 15 years later 

the direct method becomes the most preferred by dentists in our country.   

 

   Those respondents indicated the answer "indirect method" specified whether it 

was through wax modeling and polymethyl methacrylate acrylic, with laboratory 

composites or by CAD/CAM technology. The most have pointed to wax mode-

ling, followed by laboratory composites and lastly - the CAD/CAM technology 

(diagram 3). This data are explained by the fact that it is still more expensive and 

inaccessible to the most practices compared to other methods.                

79%

21%

Yes
No

0

20

40

60

80

100

120

Direct Indirect Combined Standart
crowns
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              Diagram 3 Indirect methods for fabricating provisional restorations 

   To question №4 the respondents answered in a free text which is their preferred 

material for making provisional restorations. The most common answers were as 

follows: Protemp (II and IV), Dentalon, Evicrol, Luxatemp and Prevision temp 

(diagram 4).  
                          

                     

                          Diagram 4 Preferred material for provisional restorations  

 

  Question №5 - “On average, how many days do the provisional restorations you 

make stay until the placement of the final prosthetic construction? ”. The received 

answers were very varied, so we reduced them to two time intervals (up to 10 days 

and 2 weeks or more) for easier statistical processing (diagram 5).  
  

                       
         Diagram 5 Time of stay of the provisional restoration in the oral cavity 

  

 

61%
25%

14%

Wax up

Laboratory composites

CAD/CAM technology

0
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20
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40
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   To question № 6 the respondents answered which is the most frequently used 

color. The results indicated that these were A3, A2 and A1 (diagram 6).        

 

                      Diagram 6 Most frequently used color    

   To the seventh question, the respondents answered whether they observed a 

change in the color of the provisional restorations after cementing with temporary 

cement. Most of them (82) note that they do not observe a change in color, and 58 

indicate that there is color change after cementation (diagram 7).                             

                       

                Diagram 7 Observed change in color after cementation 

   Question №8 read: “Do you observe a color change of the provisional 

restorations after a stay in the patient's mouth?”. The distribution of the results 

show that most of the DDM (84) notice a change in color after a stay, and 56 of 

them did not notice such (diagram 8).   

  

                   

                Diagram 8 Color change after stay in the oral cavity  
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   To question №9, respondents described in free text the ways in which correction 

of the occurred changes in the color of the provisional restorations they made. We 

received a variety answers, which we grouped into the following three categories 

(diagram 9):  

           

             

Diagram 9 Ways to correct color changes in the provisional restorations 

  On the last question №10 from the questionnaire, DDM had to note the type of 

provisional restoration made by them - single crowns, bridges or both (diagram 

10).                 

 

                

           Diagram 10 Type of provisional restoration   

 

   The results show that most make both single crowns and bridges, few have 

noted only one of the two.  

After processing and analyzing the questionnaires, we looked for statistics 

relevance in the following links between the individual issues:  

 

 

- Type of temporary construction in relation to the material used   
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 Diagram 11 Type of temporary construction in relation to the material used

  

   It can be seen that Protemp (II and I V) is the most used material, as for single 

crowns and for bridges (diagram 11). Hence the logical dependence, that the 

provisional restorations fabricated from Protemp (II and IV) stay longer in 

patients' mouths relative to other materials.  

- Correction of changes in relation to the material used           

           

   Diagram 12 Correction of changes in relation to the material used           

  It is clear from Diagram 12 that DDM working with Protemp (II or IV) in the  

large percentage do not correct changes in the color of the provisional restorations. 

Those of them who still correct do so through a new temporary, not through 

polishing. Polishing is noted as a means of correction by respondents working 

with Prevision temp.   

- Stay time of the construction relative to the material used in the direct method             

            
Diagram 13 Stay time of the construction relative to the material used in the direct 

method               
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 The constructions made by Dentalon and Luxatemp by the direct method stay for 

up to 10 days, while those of Protemp, Evicrol and Prevision temp in most cases 

for 2 weeks or more (Diagram 13).  

 

                                  5.2. Results and discussion on task №2  
 

   Mass practice (standard) for the manufacture of experimental bodies is to use 

cylindrical or flat ones. Matrix with individual design it has not been created so 

far in our country, we have not found it in our available literature. The 

configuration chosen by us is imposed by the fact that for the manufacture of 

experimental bodies we have provided materials, in the composition of which, a 

large percentage is occupied by inorganic substances that are located in an organic 

matrix. The set of different environments absorbs and reflects to different degrees 

dyes and light, thus changing the color of the test bodies. The original idea for the 

creation of a matrix on CAD / CAM technology was not implemented due to lack 

of appropriate software. The complex and an unconventional shape of the matrix 

we desire made inappropriate the 3D printer technology. After discussions and 

consultations with various specialists working with CAD / CAM, 3D printers, etc. 

it turned out that the design we wanted was too complicated for making. This is 

due to the specifics of the prepared teeth - there is an unequal amount of tissue in 

the cervix, body and cutting edge. The presence of a drain channel also 

complicates the manufacture, because it is very fine and must be reproduced with 

great accuracy. All these characteristics make the matrix we want extremely 

specific. The vestibular surface is also individually shaped and sized like a natural 

teeth and requires very precise reproduction since the two parts of the matrix must 

fit very precisely together. Subsequently when we put different materials for 

temporary constructions in the resulting cavity between the two parts of the matrix 

will always receive the same test samples, maximally reproducing the anatomical 

configuration of natural teeth. The comparison and the absence of any deviations 

from the original wax prototypes proved to be the biggest hurdle for the 

fabrication of the above-mentioned methods of this type of matrix with individual 

design. 

   Due to all that has been said so far, the realization has been possible through 

vacuum casting technology. It produces an exact object that does not required 

additional intervention thus ensuring the original dimensions of wax. We believe 

that created by us matrix is as close as possible to the anatomical configuration of 

natural teeth, which will contribute to an improved analysis of the change in 

colors. Thanks to the exact comparison we assure the production of identical test 

specimens from different materials for provisional restorations. There were 

corrections necessary only for additional shaping of the drain channels of the 

excess material (Fig. 18). Subsequently, when assembling the two parts of the 

matrix and in the area of the channels a cavity is obtained. When it is filled with 
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material and it hardened it becomes a test sample consisting of handle (obtained 

from the channel) and the arcuate surface form we want to study.                                                             

                                    
                      Fig.18 Test sample obtained from the matrix 

   This handle greatly facilitates subsequent color measurement, because this 

provides a gripping area and positioning relative to the measuring device is more 

accurate. Otherwise one of the end zones – the cervix or the cutting edge would 

not be determined precisely because it would be hidden by tweezers or other 

gripping tool (Fig.19). 

                               

                Fig.19 Measurement of a test sample with Spectroshade 

   The material from which the matrices were made - brass, is quite precise to 

ensure multiple repeatability of material pressing without leading to deformation 

in the matrix or on the test specimens themselves. Brass is a material which has 

also been used by other researchers to make matrices such as Janani and Prasad, 

for example, but in their cases the matrices are flat and respectively round and 

rectangular. And the shape with us is arcuate, not flat, resembling the vestibular 

surface and the profile of the teeth and is characterized by different thickness in 

different sections. Such configuration is created for the first time in our country 

for the purpose of laboratory tests to be as accurate as possible and reproducing 

the crown of a natural dentition. Flat or cylindrical test bodies cannot reflect light 
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rays in different ways because the thickness of the material is the same in each 

zone. Also missing in a round or cylindrical body is the convexity as characteristic 

of the vestibular surface of the teeth. The produced 20 matrices served us to create 

a total of 150 test bodies of three different materials for temporary restorations - 

Protemp II, Protemp IV and LuxatempStar. The results of the measurement of the 

color change in task №3 will answer several questions. The three areas of the tooth 

in whether they are colored to a different degree by certain dyes and to which of 

them this is the most pronounced, and also does the thickness of the material affect 

their coloring. 

 
                                 5.3. Results and discussion on task №3 

I. Pre-staining results for Protemp II and Protemp IV materials   
 

   For the first time in our country a study using measurement devices on 

provisional restorations is being conducted. The results of it are even more 

accurate and more significant when the two devices are compared - in this case 

Vita Easyshade and Spectroshade - to emphasize the positives and negatives of 

each. The results of the measurements prove that the difference between them is 

not only in the design and the way they work, but also in the values for the colors 

they report.    

   The data based on the statistical analysis of task №3 are tracking the frequency 

of reading colors B3, B4 and D2, because these are the most common colors 

encountered before the measurement. The Vita Easyshade reports mainly colors 

B3 and B4 and in none of the measurements D2. This is in counterbalance with 

the Spectroshade device, which reports the highest percentage namely D2. The 

share of color B4 is smaller and in only two of the cases he reported B3. The color 

B4 was reported in almost equal numbers of measurements from both devices 

(table 1).  

Table 1 Measured color relative to a color determination device 

 Color 

                          Device       

                    

 Vita Easyshade        Spectroshade 

 

  

  Total 

D2 0 84 84 

B3 100 2 102 

B4 75 71 146 

 

   These data are indicative that Vita Easyshade and Spectroshade for the same 

pattern in the same area give different colors, although all measurements were 

performed in neutral daylight from an LED device. Due to this fact, the results of 

our research will be distributed on devices and will track the change in color 
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between the first and last measurement. If such a distribution does not take place, 

the data will not follow the logical sequence and the conclusions we will draw for 

a material or dye will not be accurate. For example before the coloring we 

measured one of the samples with Vita Easyshade and it shows color B3, and in 

the second measurement on the first day after immersion in staining solution with 

Spectroshade the result is D2. That would show that there is a lightening of the 

color, not darkening and also that leading colors are no longer red and yellow as 

in group B, but red and gray as is in D.   

   The second main indicator by which we will monitor the change in color is the 

material. We will first look at the difference between the two material Protemp II 

and Protemp IV, and later we will compare them with the third, subjected to 

laboratory testing - Luxatemp Star. It is established that the color D2 is reported 

for both materials, unlike colors B3 and B4. The first is observed in test specimens 

made by Protemp II, and the second - in those of Protemp IV (Table 2).  

 

Table 2 Measured color relative to the material 

Color                         

                               Material 

 

                    

    Protemp II               Protemp IV 

 

       Total 

D2 61 23 84 

B3 98 4 102 

B4 7 139 146 

 

 

   The fact that Protemp II takes into account to a greater extent the color B3, 

which is a lighter shade compared to B4 (measured mostly by Protemp IV) does 

not mean that at the end during the measured period these samples will be lighter 

again. For us as researchers and for DDM as clinicians it is more important which 

of the two materials is more stable in color, not who is brighter. But if we don't 

do the study for each material separately conclusions will not be accurate for the 

given colorant and the stability of the particular material to it. The results obtained 

would facilitate the choice of material in each individual clinical case.   

   For materials Protemp II and Protemp IV before treatment with dyes in total 

from all zones and apparatus is observed most often the colors found are D2, B3 

and B4, although the manufacturer notes A3 on the package (Table 3). This proves 

that not always the predominant color (in case A3) coincides with the zonal 

distribution of colors. This fact could not be proved without test samples obtained 

from matrices, resembling the natural shape and protrusion of the tooth. 
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Table 3 Relation between material and measuring area 

Measured  

   color 

                 Zones 

 

Cervix 

 

Body 

 

Cutting 

edge 

 

Total 

D2 44 23 17 84 

D3 10 15 18 43 

B3 41 33 28 102 

B4 42 44 60 146 

C3 6 30 8 44 

A4 24 25 13 62 

C4 0 0 1 1 

Total 200 200 200 600 

 

The data are also illustrated in diagram 14.  

 
Diagram 14 Total number of measurements in the three zones with both devices 

   Another thing that makes an impression is that all three most commonly 

measured colors are darker than A3 on the Vita scale. This means that if the 

measurement of the test specimens had begun from the first day of their 

immersion in staining solutions would certainly show a change in color, because 

we were going to compare it to the original A3 color from the package, though 

there is no real darkening. When the color is measured in advance as we did, we 

can accurately prove that despite prolonged residence in some dyes the change in 

color is not significant, and in others it is visible on the first day of the study.    

   The difference in color in the three areas of the tooth is explained by the fact 

that the material in them is of different thickness and light passes through them 
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different way. It was important for us to prove the zonal distribution of colors to 

track the coloring by zones, regardless of one from another. 

    

II. Summarized results after staining by days   
 

   After the initial measurement, the effect of the colorants was reported at 1, 4, 7 

and 14 days for the materials Protemp II and Protemp IV for both devices and in 

the three zones. The results below follow how the three most common primary 

colors D2, B3 and B4 change for the given period from different dyes. Thus 

specifically observing the change from one color in another, we can accurately 

claim the color stability of the individual materials.  

   On day 1, specimens of colors D2 and B3 dipped in Coca-Cola, tea and natural 

juice (orange) retains its original color before immersion. The B4 color patterns 

in tea change to C3. While those immersed in coffee and red wine after 24 hours 

give significant color changes. The three colors (D2, B3 and B4) darken mainly 

to C4 (Fig. 20). The significant staining in tea, according to Ruyter, is due to 

superficial adsorption of dyes, and in coffee adsorption and absorption as we 

described it in the literature review.  

                       
       Fig.20 Protemp IV test specimens on day 1 of the measurement with 

Spectrodshade (left) and Vita Easyshade (right)  

 

   On day 4, the D2 specimens immersed in Coca-Cola change to B4, in tea to B4 

and C4, and in natural juice mainly B4 and C3. Immersed in coffee and wine 

remain C4. Samples from B3 retain their color in Coca-Cola solution, in tea 

change to A3.5 and A4, and in case of juice they are distributed between B3, A3.5 

and B4. Coffee and red wine again remain C4. B4 retains its color in Coca-Cola, 

tea and natural juice and becomes C4 and on the fourth day with coffee and red 

wine (Fig. 21).  
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Fig.21 Protemp IV test specimens on day 4 of the measurement with 

Spectrodshade (left) and Vita Easyshade (right)  

 

   On day 7, the D2 specimens immersed in Coca-Cola and natural juice again 

show B4, as on day 4. Those dipped in tea - C3 and C4, and from red wine and 

coffee is again C4 (Fig. 22).  

                    
Fig.22 Protemp II test samples on day 7 of the measurement with Spectrodshade 

(left) and Vita Easyshade (right) 

 

   The B3 samples immersed in Coca-Cola retain their color. Those from tea 

change mainly to A4, and those of juice are distributed equally between B3, A3.5 

and B4. Coffee and red wine remain unchanged on day 7 - C4. On day 7, the B4 

samples immersed in Coca-Cola are changed to A4, in tea and natural juice are 

preserved, as on day 4 - B4, and coffee and red wine again C4. On day 14, D2 

specimens immersed in Coca-Cola retain their B4 color from day 7. Those from 

tea are again mainly C3 and C4, and from wine and coffee - C4. The B3 samples 

immersed in Coca-Cola retain their color. In tea they are again A4, and in natural 

juice again - B3, A3.5 and B4. Coffee and red wine - C4. When speaking about 

color B4, those in Coka-Cola show equal B4 and A4, those in tea are change to 

C4. In natural juice they retain their color, as on day 7 - B4. In red wine and coffee, 

the color is permanently changed to C4 (Fig. 23).  
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Fig. 23 Protemp II test specimens on day 14 of the measurement with 

Spectrodshade (left) and Vita Easyshade (right)  

 

   The above results from both devices prove that coffee and red wine has the most 

pronounced coloring effect on both material for provisional restorations, which 

confirms the data from the literature review. Guler, Aroha and Bagheri and their 

teams reach the same conclusions in independent studies. In these dyes mainly 

reach color C4 unlike the others. After them comes the tea which also reaches 

color C4. The strong coloring ability of tea also proves Janani, whose study is 

described in the literature review. The difference from our conclusions is that 

according to him tea is a stronger colorant than coffee. From coke and natural 

juice the change in color is smaller - it reaches color B4, which also confirms the 

study of Begum Turker set forth in the literature review. It was also found that the 

changes that occurred on day 7 were retained on day 14 of the study in different 

dyes.  

III. Results by zones, devices and material 

   In contrast to the data in the literature review, the measurement and their 

systematization was carried out by zones:   

2.1 Cervix   

2.1.1 Color D2   

   Samples of Protemp II with original color D2, measured with Spectroshade, in 

cervix are 32. On the first day the color is mostly preserved, but in 12 of them it 

changes to C4 after coloring with coffee and red wine. On day 4 samples that have 

retained their color are now stained to D4, B4 and C3, and those colored to C4 

retain their number. On day 7, colored by coffee and red wine remain unchanged, 

the tea colors to C4 and to a lesser extent to C3, and Coca-Cola and natural juice 

to B4. On day 14, some of the colored with Coca-Cola and natural juice specimens 

darken to C3. With coffee, red wine and tea data are preserved (diagram 15).
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Diagram 15 Protemp II with initial color D2, measured with Spectroshade  

 

   The color D2 in the cervix area was also measured in the test samples from 

material Protemp IV. On day 1, those immersed in Coca-Cola retain their original 

color, and these from red wine darken to C4. On day 4 Coca-Cola specimens 

change to B4. On day 7 the results are retain, and on day 14 the predominant color 

is already C4, followed by B4 and C2 (Diagram 16). 

 

           

       

Diagram 16 Protemp IV with initial color D2, measured with Spectroshade 

  

2.1.2. Color B3  

   The color B3 in the cervix area in material Protemp II, measured with the Vita 

Easyshade is found in 40 specimens. After day 1 it changes to C4 from coffee and  

red wine and to A3.5 from Coca-Cola and tea. A part of the samples (4 pieces) 

colored with Coca-Cola retain their original color. On day 4, 5 of these dipped in 

tea darken from A3.5 to A4, and the coffee and red wine colorants retain the 

coloration up to C4. On the 7th day the results are preserved - Coca-Cola colors 

up to A3.5, coffee and red wine to C4, and tea to A4. On day 14, the results are 

preserved again, as only natural juice leads to partial darkening from A3.5 to B4 

(diagram 17). 
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Diagram 17 Protemp II with original color B3, Vita Easyshade device 

 

2.1.3 Color B4  

   Samples of Protemp IV at initial color B4, measured with Vita Easyshade 

device, in the cervix area show that changes tend to C4 at staining with coffee and 

red wine, but 6 of them retain their B4 color per day 1. On day 7, there was a 

change in the samples immersed in Coca-Cola color to A4, the rest remain 

unchanged for 24 hours. At the end of the studied period (14 days) changes were 

observed only in the stained with natural juice, which have darkened to A4 

(diagram 18).  
 

                 

              
Diagram 18 Protemp IV in initial color B4, Vita Easyshade  

 

   The color B4 in the cervix area was also reported by the Spectroshade device. 

On day 1 the samples dipped in coffee darken to C4, and those from tea to C3. On 

Day 4 we observed mainly color B4 of those immersed in tea and natural juice 

and A4 color of those in coffee. On day 7, the results are preserved. On the 14th 

day all specimens dipped in coffee darken to C4, those of natural juice to B4, and 

those from tea to C3 and C4 (Diagram 19).              
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Diagram 19 Protemp IV in initial color B4, Spectroshade device  

 

  From the above results the following conclusion can be made: Although the 

devices do not show the same values for the same area in a pattern, the color 

change follows a trend. Coffee and red wine have the strongest coloring effect, 

which is visible on day 1 from the study while with natural juice and coke takes 

longer time and achieved colors are lighter.   

2.2 Body   

2.2.1 Color D2   

Protemp II specimens measured with Spectroshade in original color D2, on 1 day 

retain their color in Coca-Cola, tea and natural juice. For coffee and red wine the 

change is to C4. On day 4, the data for coffee and red wine are preserved. From 

Coca-Cola darkens to C3, and from tea to B4. On day 7, the natural juice too 

darkens to B4. On day 14, the tea darkens to C3 and C4, and the results for coffee 

and red wine are preserved (Diagram 20).                     

               

Diagram 20 Protemp II with original color D2, Spectroshade device 

   Protemp IV in the body area was also measured original color D2 with 

Spectroshade device. And with them the red wine stands out as a more 

pronounced colorant compared to Coca-Cola and natural juice.   

 

2.2.2 Color B3   

   Protemp II specimens measured with Vita Easyshade in original color B3 in the 

body area for day 1 is preserved in the colorants Coca-Cola, tea and natural juice, 

most dipped in coffee and all in red wine change to C4. On day 4, the data for red 

wine are preserved, but already all are colored to C4. Three of the samples 
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immersed in coke change to B4. On day 7, there was a change only in the samples 

immersed in tea, which darken to A4. On day 14, the data are retained (diagram 

21).                  

            
Diagram 21 Protemp II with original color B3, Vita Easyshade device 

2.2.3 Color B4  

   Protemp IV samples measured with Vita Easyshade in original color B4 in the 

body area on day 1 changes to C4 in coffee and red wine. In natural juice, the 

original color is mostly preserves, and with Coca-Cola and tea there is no clear 

difference. On day 4 data show no change. On day 7, there is a change in coke, 

which is colored to A4, and tea that has darkened to C4 and A4. On day 14, 

darkening is already observed and in the case of natural juice, which is colored to 

B4 and A4 (diagram 22).  
 

                      

               

Diagram 22 Protemp IV with initial color B4, Vita Easyshade device 

   Protemp IV samples, with initial color B4, were also measured with 

Spectroshade. On day 1, all samples dipped in coffee are changed to C4, all from 

tea to C3, and from juice to C2 and C3. At the end of the study period data for 

coffee and Coca-Cola remain unchanged, and in tea the changes are mainly up to 

C4 (Diagram 23).                        
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Diagram 23 Protemp IV, with initial color B4, Spectroshade device  

 

   The findings in the area of the cervix were also confirmed in this part of the 

tooth - red wine and coffee are the strongest colorants, followed by tea, coke and 

natural juice.  

2.3 Cutting edge   

2.3.1 Color D2  

   In the area of the cutting edge the samples of material Protemp II with initial 

color D2, measured by the Spectroshade apparatus on day 1 show the following 

results: all samples immersed in coca-cola, tea and natural juice retain their 

original color, and those in coffee and red wine are colored up to C4. On the 4th 

day the natural juice colors up to D4, and the tea up to A4. On the 7th day the 

coke and the natural juice have darkened the samples to B4. On day 14 change is 

observed only in tea that has already colored the samples not only to A4, and up 

to C4 (diagram 24).                         

                 

Diagram 24 Protemp II with original color D2, Spectroshade device 

   From the Protemp IV material, samples with the original color D2 were also 

observed in the area of the cutting edge, measured with the Spectroshade 

apparatus. With them at the end of the study period it is found that red wine colors 

to C4, and natural juice and coke to B4.  
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2.3.2 Color B3  

   In the area of the cutting edge, the samples of material Protemp II with initial 

color B3, measured by Vita Easyshade on day 1 show the following results: for 

the colorants Coca-Cola, tea and natural juice the original color is preserved, and 

in the case of coffee and red wine it changes to C4. On day 4, changes are found 

only in the tea, which colors samples up to A3,5 and A4 and for natural juice, 

which colors up to A3.5 and B4. On day 7, two of those in Coca-Cola darken to 

B4 and A4, and in those from tea A4 already prevails over A3.5. On day 14, the 

data is retained as in natural juice changes are mainly up to B4 (diagram 25). 

 

              

Diagram 25 Protemp II with original color B3, Vita Easyshade device 

2.3.3 Color B4  

   Samples of Protemp IV with initial color B4 in the area of the cutting edge 

measured with VitaEasyshade give the following results on day 1: at Coca-Cola 

and natural juice dyes we have mainly preserve the original color. In coffee, all 

are colored to C4, and in red wine to C4 and A4. On day 4, the specimens of red 

wine are almost entirely C4, and the tea has a color up to A4. On day 7, the 

samples immersed in coca- cola are entirely A4. There are no changes with coffee, 

red wine and natural juice from the previous measurement. On day 14, only one 

of those colored in tea, darkens to C4, and no changes are observed in the others 

(Diagram 26).                                  

                       

Diagram 26 Protemp IV with initial color B4, Vita Easyshade device  
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   With the Spectroshade device, the original color B4 has also been established 

in some samples of Protemp IV material. On day 1, the results show that all 

samples immersed in wine were colored to C4 and those immersed in coffee, up 

to C4 and A4. Almost all samples immersed in coca-cola and natural juice have 

preserved their original color, the tea turns to C3. On the 14th day of study all 

samples dipped in coffee, wine and most of those in tea are already C4. The 

specimens in coke and natural juice have been preserved mostly its original color 

(Diagram 27).      

  

Diagram 27 Protemp IV, original color B4, Spectroshade device 

 

   Comparing the data from the two Protemp materials, we came to the following 

conclusions:  

- due to the fact that a smaller number of test specimens from Protemp IV reached 

on day 7 color C4 and A4, we can conclude that it shows greater color stability 

from Protemp II for this period.   

- on day 14, the results of the two materials are very similar, which means that 

with prolonged stay and the influence of strong dyes the color stability of the 

material is significantly reduced. For that reason we recommend provisional 

restorations not to stay for a long time in the oral cavity so no compromise is made 

with their qualities and aesthetics. The same advice is given by Ergun and his 

team after their research. 

 

IV. Results for Luxatemp  

   The data from the statistical processing of the laboratory studies on 

LuxatempStar material before treatment with colorants solutions show that the 

most commonly reported colors, regardless of the area and the measuring 

apparatus are B4, A3.5, B3. For this reason, we follow namely their change in 

color by days in the three areas of the tooth.  

1. Results by areas measured with a Vita Easyshade  

1.1.Cervix  

1.1.1. Color B3  
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   Samples on day 1 give the following results: all samples immersed in coffee are 

colored up to C4, in all red wine up to A4, in tea change to A3.5, and from juice 

to B4 (Fig. 24).  

 

                       
Fig.24 LuxatempStar test sample 1 day after measurement with Vita Easyshade 
  

 

   On day 4, four of the samples immersed in red wine with color A4 darken to 

C4. On day 7, all immersed in tea darkens to A4. On day 14 all specimens dipped 

in coffee and red wine show change to C4, those from tea to A4, and from natural 

juice have no change from day 1.  

   

1.1.2. Color A3.5   

   Test samples on day 1 show the following results: the majority of those dipped 

in coffee are C4, those of red wine and tea - A4, and natural juice and Coca-Cola 

- A3.5, i.e. remain unchanged. On the 4th day already all specimens of coffee and 

red wine are C4. On day 7, the data remains unchanged, and on day 14 C4 shows 

in addition to those in Coca-Cola and red wine, and most of those in tea. Four of 

the specimens immersed in natural juices are already colored to A4. Those from 

Coca-Cola are unchanged.  

1.1.3. Color B4   

   Samples with this initial color in the cervix, measured with Vita Easyshade, 

show the same pattern of coloring as the previous two colors, but due to their 

small number they are not described in detail (Diagram 28).  
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Diagram 28 LuxatempStar in the cervix, Vita Easyshade  

 

1.2. Body   

1.2.1. Color B3   

   Samples of day 1 show the following results: specimens submerged in coffee 

and red wine are changed to A4, and those from coca-cola, tea and natural juice 

up to A3.5. On day 4, the coffee and red wine reach C4, and all Coca-Cola samples 

are A3.5. On day 14 except coffee and red wine and tea darken to C4.   

1.2.2. Color A3.5   

   On day 1, all coffee samples are C4, most of the red wine are A4, all from Coca-

Cola are A3.5, and from tea and natural juice - A3.5. On day 4, those dipped in 

red wine are already mostly C4, rather than tea mainly A4 (Fig. 25).  

                           
Fig. 25 LuxatempStar test sample on day 4 of measurement with Vita Easyshade

  

 

On day 7, no significant color changes were observed. On the 14th day an equal 

number test specimens dipped in tea are C4 and A4 in color. In those of natural 

juice is observed predominance of those changed to A4 color. When the others 

are unchanged.  

 

 1.2.3. Color B4  

   Samples with initial color B4 in the body, measured with Vita Easyshade, show 

the same pattern of coloring as the previous two colors, but due to their small 

number they are not described in detail (Diagram 29).  
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     Diagram 29 LuxatempStar in the body, Vita Easyshade device  

1.3. Cutting edge  

1.3.1. Color B3   

   Samples on day 1 show the following results: all samples from red wine are 

colored to A4, coffee to A4 and C4, tea to A3.5 and A4, in those of Coca-Cola 

either there is a preservation of the original color, or changes to A3.5. The natural 

juice either retains its original color, or leads to a change to B4. On day 4, almost 

all coffee samples darkened to C4, four of those in Coca-Cola changed to A3.5. 

On day 7 all specimens of red wine are C4, and of natural juice A3.5 and B4 (Fig. 

26).                     

                        
Fig.26 Test sample from LuxatempStar on day 7 of measurement with Vita 

Easyshade 

 

On day 14, almost all samples dipped in tea were C4 in color.   

 

1.3.2. Color A3.5   

   On day 1, the results show that all immersed in Coca-Cola and natural juice 

retain its color. All of the coffee darkens to C4, and two thirds of those dipped in 

tea and all in red wine up to A4. On day 4 some of the samples in red wine darken 

to C4. On day 7 all of red wine are already C4 and some of those in natural juice 

darken up A4. On day 14 there were no significant changes in the specimens (Fig. 

27).                            
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Fig.27 LuxatempStar test sample on day 14 of Vita Easyshade measurement  

 

1.2.3. Color B4  

    Samples with original color B4 in the cutting edge, measured with Vita 

Easyshade, show the same pattern of coloring as the previous two colors, but due 

to their small number are not described in detail (Diagram 30).  

 
Diagram 30 LuxatempStar in cutting edge, device Vita Easyshade   

2. Results by areas measured with Spectroshade  

2.1 Cervix   

   Samples with initial color B4 in the cervix area on day 1 show the following 

results: one third of those immersed in Coca-Cola retain their original color, while 

others change to C3 and A4. Specimens in coffee, red wine and most of those in 

tea darken to C4, and all of the natural juice retains color B4 (Fig. 28).                                                             

                                 

Fig.28 LuxatempStar test sample on day 1 of the Spectroshade measurement 
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On days 4 and 7, the results are preserved. By day 14, all samples immersed in 

tea are C4 in color and only one of the natural juice has changed its original color 

from B4 to A4, with the other dyes the results remain unchanged (Diagram 31).   
                                

                             

     Diagram 31 LuxatempStar in cervix, device Spectroshade   

2.2 Body   

   Samples with initial color B4 in the body area give the following changes: on 

day 1 most of those in the colorants coffee and red wine darken to C4. Almost all 

in natural juice retain their original color. Specimens dipped in tea are changed to 

A4 and C4. On day 4 all samples immersed in Coca-Cola retain the original color 

B4. On day 7 part of those immersed in Coca-Cola change to C3 and A4, and only 

half of immersed in natural juice have retained their original color, and the others 

have darkened to A4 and C4. On day 14 all samples of coffee, tea and red wine 

are with color C4, most of the Coca-Cola are C3, and natural juice change remains 

the smallest since much of the samples retain their original color (Diagram 32).

                                      

                                 
             Diagram 32 LuxatempStar in the body, device Spectroshade 

2.3 Cutting edge   

   Samples with initial color B4 in the area of the cutting edge show the following 

results: on day 1 those dipped in coffee and red wine are change to C4 and A4. 

Those of Coca-Cola and natural juice mostly retain its original color, and most of 

those dipped in tea - darken to A4.   

   On day 4, some of the specimens dipped in natural juice darken to A4. For the 
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other dyes the data remain unchanged (Fig. 29).                              

                                          

Fig.29 LuxatempStar test sample on day 4 of measurement with Spectroshade 

  

   On day 7, all samples dipped in coffee were changed to C4 and those in Coca-

Cola are colored to A4 (Fig. 30).   

                                        

Fig.30 LuxatempStar test sample on day 7 of the measurement with Spectroshade

  

   On day 14, all specimens in red wine are already C4. These in tea are C4 and 

A4. In the case of Coca-Cola, most of the samples retain their original color, 

others are colored to A4 and only one to C4. In the case of natural juice, the 

original color B4 prevails again, but in contrast from Coca-Cola, the maximum 

color reaches A4 (Diagram 33).  

 

 
Diagram 33 LuxatempStar in cutting edge, device Spectroshade 
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   The original color B3 with the Spectroshade device is also reported in the 

cutting edge in the case of wine coloring, which changes to C4 within 14 days 

(Fig. 31).  

                                  

Fig.31 LuxatempStar test sample on day 14 of the Spectroshade measurement  

   Analyzing the results obtained for the material LuxatempStar, we can 

summarize that regardless of the apparatus and the measuring area, coffee and red 

wine again has the strongest coloring effect.  

    As a result of our research, we wanted to track changes, occurring in the color 

of each of the listed materials to conclude which of them is the most stable in 

color in the laboratory research.   

   According to the number of samples that reached color C4 on the 7th day from 

all the materials, we came to the following conclusion: 41% of the samples of 

LuxatempStar are colored to this color, regardless of colorant, area and measuring 

apparatus. 45% of Protemp II and the lowest of Protemp IV - 29%. Therefore, our 

laboratory studies show that Protemp IV is the most color stable for the given 

conditions and measurement period.  

  

   As the days of stay increase, the change in color is more and more noticeable, 

and the stability - less, which confirms the conclusions and Mazaro, described in 

the literature review.   

   Comparing the results of 7 days of staining in the three zones, we came to the 

conclusion that approximately the same number of samples in the cervix, body 

and cutting edge darken to C4 color. There is a cure predominance in the body 

area (42%), followed by neck (39%) and cutting edge (36%). This can be 

explained by the thicker layer of material in this area, which imbibes to a greater 

extent the colorant. This conclusion confirms Awad's view that color depends on 

thickness of the material and its roughness, and also of Hajira, according to which 

with increasing the thickness increases the saturation of a color, but reduced its 

brightness.  
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                        5.4. Results and discussion on task №4 

   The clinical study aims to determine what changes occur in the temporary 

restorations in the oral cavity and whether they are similar to those occurred in 

the laboratory. That's why we used the same materials - Protemp II, Protemp IV 

and Luxatemp Star, and the results we reported again with the Vita Easyshade and 

Spectroshade. Thus we can more categorically affirm the advantages of a material 

over another because their color stability in the oral cavity is more important, than 

in an artificially created environment.  

   In the clinical card, patients indicated some of the most coloring solutions as 

often consumed by them. Despite their frequent use, the contact time between the 

coffee, for example, and the provisional restoration in the oral cavity is barely a 

few seconds as far as the laboratory samples are concerned – they stayed for days 

in the given dye. This explains and why the results of the darkening in task №3 

are much more definite and the change in color is much more visible.  

   Patients' provisional restoration color was first measured when placed in the oral 

cavity and subsequently immediately before its replacement with the constant 

construction at the second patient visit. The colors by areas of the second 

measurement are presented in the following diagram (diagram 34):  

 

Diagram 34 Frequency of measurement of a given color from all zones in the 

second measurement 

   When analyzing the results it should be taken into account that for the use of 

temporary material of color A1 or B1 was not necessary for the production of 

provisional restorations in the given patients. For this reason, they are not reported 

from the color determination apparatus. In addition, they are the brightest natural 

colors and their presence in the latter measurement would mean that some areas 

have bleached to a large extent degree.   
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   Another fact that can be noted is that with the highest frequency are more dark 

colors such as C3 (16.29%), B4 (15.55%) and A4 (11.48%), and a lot less slightly 

lighter colors like C1 and A2. This clearly shows that regardless of stay in the oral 

cavity and the material of manufacture is observed darkening of color due to the 

use of different coloring foods and drinks. Color C4 was reported in only 7.77% 

of the measurements, which differs from the data of our laboratory test. There on 

the 14th day, especially with coffee and red wine colorants, it was significantly 

more common found by other colors. This is because in the oral cavity the stay of 

the provisional restoration is often less than 14 days and because the contact time 

between dye and material is less, not constant as in the laboratory conditions.  

   To make it easier to analyze and report the data, we distributed them in the 

following correlations:  

1. Darkening according to the type of dye  

   In the clinical card, most patients (35.55%) indicated coffee as the most 

commonly consumed colorant. Results of provisional restorations stained with 

coffee show that the most frequently achieved colors by zones in the second 

measurement are A4 and C3 and to a lesser extent C4. The only difference 

compared to laboratory tests is that in the clinical one the number of zones 

reached color C4 is much smaller, which is explained by less time of contact 

between the provisional restoration and coffee. These data confirm that coffee 

is the strongest colorant among the others indicated in the clinical card. 

 

 

Diagram 35 Darkening after coffee consumption in different materials for pro-

visional restorations 

   Areas that have darkened after the primary measurement of the materials 

Protemp II and Luxatemp Star are always more than those that have retained the 

color after coffee consumption, as far as Protemp IV it is vice versa - the 

percentage of areas with preserved color after the last measurement is larger than 

that of the darkened, which again proves the greater color stability of this material 

compared to the other two despite the strong colorant (diagram 35).  
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   With these data, we confirm the studies of Gnjjari and Yannikakis, according to 

which coffee is the strongest colorant, and our laboratory study from task №3.    

   The second most consumed drink is Coca-Cola (28.88%). It didn't change the 

color of the laboratory samples to a large extent as the same trend is observed in 

clinical conditions - the colors B4 and D3 are most often reached. Because the 

number of zones that have retained their color after consuming coke is larger than 

the ones that darkened, this means that Coca-Cola is not a strong colorant and the 

materials are stable to it (diagram 36). 

 

 

Diagram 36 Color change after consumption of Coca-Cola 

   Tea, natural juice and cigarettes are also often consumed by patients. The data 

for them from the clinical cards are distributed according to the following way 

(diagram 37):  

 

Diagram 37 Change of color after consumption of tea, natural juice and cigarettes  

  From these results it is clear that tea leads to more significant staining compared 

to natural juice, which again confirms data from the literature review of Begum 

Turker (54) and from our laboratory study. They are weaker colorants than coffee 

and therefore the three materials we used are stable against them.  
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   It was found that provisional restorations made of Protemp II darken to a greater 

extent degree than those made by Protemp IV and Luxatemp Star (diagram 38). 

 

Diagram 38 Darkening relative to the material of manufacture 

   These data prove that the most color stable in terms of the oral cavity is Protemp 

IV, and the least stable Protemp II, which confirms the data from laboratory 

studies. In the laboratory study Luxatemp Star stability is more of a Protemp II 

but here shows satisfactory color stability close to that of Protemp IV.  

 1.1 Protemp II  

   For a more detailed analysis of the data we will follow most often the colors 

encountered by zones to which colors have changed between the two  measure-

ments to compare the color stability of materials (table 4).   

 

Table 4 Color change summarized by zones for Protemp II material 

Protemp II 

 

№ 

Color 

before        after 

                   stay  

 

А3 

 

А3,5 

 

В4 

 

С3 

 

А4 

 

С4 

 

Total 

1 D4 2 0 0 2 0 0 4 

2 В3 0 1 0 4 3 0 8 

3 А3,5 0 0 1 0 7 0 8 

4 В4 0 0 0 3 0 0 3 

5 А4 0 0 0 0 0 6 6 

          Total 2 1 1 9 10 6 29 

 

Table 4 shows that all five original colors in the given areas regardless of the 

type of dye have darkened by several tones in their second measurement. In 

addition, the most common colors in the second measurement are C3, A4 and 

C4, which are the darkest colors in the color of Vita. These data prove the poor 

color stability of the material for elaboration of provisional restoration.  
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1.2 Luxatemp Star 

Table 5 Color change summarized by zones for Luxatemp Star material 

LuxatempStar 

№ 

Color 

before        after 

                   stay 

 

А3,5 

 

В4 

 

С3 

 

А4 

 

С4 

 

Total 

 1 D4 0 0 2 0 0 2 

 2 B3 3 0 3 4 0 10 

 3 A3.5 0 3 1 3 0 7 

 4 B4 0 0 0 2 0 2 

 5 C3 0 0 0 1 2 3 

            Total 3 3 6 10 2 24 

 

   The initial measured colors are the same as for Protemp II and so depending on 

what colors darken the areas, we can conclude whether Luxatemp Star is more 

stable in color. Again most areas change color to A4, but there are fewer that 

change to C4. In the group of lighter colors such as A3.5 and B4 there are more 

pieces, from which we can conclude that Luxatemp Star is slightly more color 

stable than Protemp II, but in the given statistically studied numbers the difference 

is not significant (Table 5).  

2.3 Protemp IV 

Таблица 6 Color change summarized by zones for Protemp IV 

Protemp IV 

№ 

Color 

before     after 

                stay                                           

 

C2 

 

D3 

 

В4 

 

С3 

 

А4 

 

С4 

 

Total 

 1 D2 1 1 1 1 0 1 5 

 2 C1 0 1 0 0 0 0 1 

 3 C2 0 1 0 0 0 0 1 

 4 B3 0 0 2 0 0 0 2 

 5 A3.5 0 0 1 0 2 0 3 

 6 B4 0 0 0 0 1 0 1 

            Total 1 3 4 1 3 1 13 

    

   The number of individual zones of the Protemp IV material is less than that of 

Luxatemp Star and Protemp II, but the percentage of its zones, reached the colors 
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A4 and C4 is much less than the others two. With Protemp IV, 30.7% darken the 

most, with Luxatemp Star 50%, and with Protemp II - 55.17%. This comparison 

ranks best the three materials in color stability, starting with the most stable 

Protemp IV and continuing with the Luxatemp Star and Protemp II (Table 6).  

 

                                            6. CONCLUSION   
 

1. On first task:  

 It was found that 79% of all respondents DDM produce provisional 

restorations and most of them are men.   

 

 Statistical analysis showed that the most commonly used method for 

making provisional restorations is direct, and rarely through standard 

factory crowns. Wax modeling is preferred by 61% of DDM, which use 

the indirect method, and the smallest share falls on CAD/CAM 

technology (14%).  

 From the answers of the respondents it is clear that the most used 

material for provisional restorations (single crowns and bridges) is 

Protemp (II and IV), and a small percentage of them work with 

Luxatemp, Dentalon, Prevision temp and Evicrol.  

 The statistical analysis identified two main time frame intervals of stay 

of the provisional restorations in the oral cavity - up to 10 days and over 

two weeks.  

 The most commonly used color for temporary restorations is A3 with its 

51%. It is followed by A2 with 29%. 

 The majority of respondents do not observe a change in color after 

cementation.  

 After staying in the oral cavity, they report discoloration with all 

manufacturing methods.  

 More than half of the respondents (60%) do not correct provisional 

restorations if there is a change in color, and a much smaller part of them 

polish, or replace the colored provisional restoration with a new one. 

2. On second task: 

 For the first time, a brass matrix with an individual design and configuration 

was created by vacuum casting technology for the needs of laboratory tests.  

 The brass matrix is as close as possible to the anatomical configuration of 

natural teeth - an arcuate shape, which acquires the vestibular surface and 

is of different thickness in all three areas of the tooth.  

 The widely used cylindrical and flat test bodies in no way reflect light rays 

as an arcuate surface, so as the thickness of the material is the same in each 

zone.  
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 The matrix created by us provides an accurate comparison through which 

the obtained specimens are always with the initially set dimensions of wax.  

 3D CAD/CAM printing and milling technology proved unsuitable for the 

complex and unconventional form of the desired from us matrix.  

3. On third task: 

 In some dyes, despite the long stay it is not observed a significant change 

in color, and in others it is visible on the first day of the study.   

 

 The Spectroshade and Vita Easyshade color measuring devices read 

different color values when measuring the same sample under the same 

conditions but with the same tendency in the color change of the respective 

colorant. 

 

 The initial data from the measurements with both devices showed values 

different (darker) from those declared on the package by the manufacturer, 

which proves that not always the predominant color coincides with the 

distribution of colors by zones. 

 4. On fourth task: 

 The effect of colorants in the oral cavity is weaker than in laboratory 

conditions due to their shorter contact time with the provisional restoration.  

 An advantage has been established in the color stability of some materials 

in front of others. 

 In neither of the measurements with both devices are reported colors A1 

and B1.  

 Areas with darker colors such as C3, B4 and A4 are measured with the 

highest frequency. 
 

                                       7. FINAL CONCLUSIONS 

 
1. The most used material for provisional restorations in our country is 

Protemp.  

2. Many colleagues declare that they notice a change in the color of 

provisional restorations after a stay in the oral cavity.   

3. The technology of vacuum casting created a matrix whose accuracy and 

comparability, allows repeatedly pressing and obtaining test specimens 

with the same parameters and individual forms.   

4. Brass is a hard and precise material, thanks to which repeatedly press 

the material without damaging either the test specimens, nor the matrices 

themselves.  

5. The matrix proposed and made by us with individual parameters proved 
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that the three areas of the tooth are stained in different degree of different 

dyes.  

6. Protemp IV is more color stable than Protemp II and LuxatempStar for 

7 days stay in both laboratory and clinical conditions.  

 7. The longer the residence time of the provisional restoration in the 

staining solution, the further reduces its color stability.    

8. Vita Easyshade detects mainly colors B3 and B4 for material Protemp 

(II and IV), while the apparatus Spectroshade in the largest percentage 

reports color D2.   

9. The Vita Easyshade is more convenient for measuring the color of more 

distal teeth compared to Spectroshade.   

10. Coffee and red wine have the most pronounced coloring effect, 

reaching color C4. Followed by tea, which reaches again color C4, and 

Coca-Cola and natural juice are the weakest colorants.   

11. In clinical conditions, provisional restorations rarely reaches color C4. 

12. Darkening to color C4 is more common in the body area at 7 days 

compared to the cervix and cutting edge in the laboratory.   

13. In the cervix area darkening is more often observed in comparison with 

body and cutting edge in clinical conditions.   

14. Protemp II and LuxatempStar materials show similar colors stability in 

laboratory tests for 7 days stay in staining solutions.   

15. LuxatempStar and Protemp IV materials show similar colors stability 

in clinical conditions.   

16. Temporary cement does not affect the color change of provisional 

restorations.   

17. There is no significant difference in color change in the different 

groups of teeth - incisors, canines, premolars and molars.  

 

8. CONTRIBUTIONS 

      

                          Contributions of a confirmatory nature 

1. The questionnaire created by us confirmed the research of M. Dimova from 

2003 that most of the DDM produce provisional restorations.   

2. Frequent use of coffee, red wine and to a lesser extent tea leads to a change in 

the color of the provisional restorations.   

                        Contributions of scientific and applied nature  

1. The patient card created by us gives information about the change in the color 

of the provisional restorations in the conditions of the oral cavity for a certain 

period of time, as well as the possibility of statistical processing of the collected 

data.  
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2. The brass matrices created by us allow for the fabrication of multiple test 

specimens of the same size and shape, in order to unify the research.  

3. For the first time there is a study of the color change in the three areas of the 

tooth - cervix, body and cutting edge.  

4. For the first time there is a study of the color change of provisional restorations 

by groups of teeth - incisors, canines, premolars and molars.  
 
                                 Contributions of original character  

1. For the first time, a matrix with an individual shape and design is created, 

resembling that of the natural vestibular tooth surface.  

2. In the analysis of the results, the initial color of the provisional restorations was 

not the one specified by the manufacturer, but the one measured from both devices 

before coloring.  

3. For the first time in our country the color change of the provisional restorations 

is studied in laboratory conditions using two different spectrophotometric devices 

- Vita Easyshade and Spectro Shade.  

4. For the first time in our country a clinical study was conducted for the change 

in color of provisional restorations through the Vita Easyshade and Spectro Shade 

devices. 
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