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 Movement of artificial teeth during complete (or implant supported 

complete over-dentures) may compromise the occlusion of these 

dentures, and may lead subsequent traumatic occlusion, that may need 

correction of the occlusion which is unfavorable due to loss of intended 

balanced occlusion especially when anatomic artificial teeth are used. 

We aimed to evaluate the effect of three methods of flasking commonly 

used in dental laboratories, on the artificial teeth position, and, surface 

roughness in order to find why and when these changes take place 

during flasking, packing, and curing processes. In this study 45 identical 

lower complete dentures were constructed by the duplication method, 

stainless steel bars were placed in the first premolar and first molar on 

each side of the denture using a surveyor engine device. Five samples 

were cut off the dentures to measure the surface roughness and, 

radiographs were taken at three stages of the flasking process. In the first 

group plaster was used as a second pour; in the second group, a silicon 

layer was used to the level of the occlusal plane; in the third group, the 

upper half was filled completely with silicon dough. The angles of the 

first group significantly changed starting from the flasking stage; the 

second group showed the least changes, first and the third groups 

demonstrated the significant higher changes in teeth position. The 

surface roughness of the first group was significantly higher than in the 

other two groups. Using a layer of silicon for splitting the waxed denture 

from the gypsum product considerably decreased the surface roughness 

and the artificial teeth movement. 

 

 

 

   

 

This work is licensed under a Creative Commons Attribution Non-Commercial 4.0 

International License. 

 

 

1. Introduction 

Keeping artificial teeth in their vertical and lateral positions during the fabrication of complete dentures is 

mandatory for the success of these dentures [1]. However the acrylic denture base can suffer from 



A. J. Mohammed, A. A. Al-Ali and S. M. Al-Aubadi, 2022                                  Azerbaijan Medical Journal 

 

3850 
 

dimensional changes during denture fabrication due to the complicated procedures and heat application 

involved [2- 5]. This distortion can result in vertical and lateral teeth movement, leading to loss of vertical 

dimension of occlusion [6- 11]. Such changes can lead to patient discomfort; traumatic occlusion and 

difficult adaption to and acceptance of these dentures [12], [13]. The role of investing materials in these 

dimensional changes, in addition to other factors such as method of flask closure; thickness of the acrylic 

denture base have been stated in previous studies [12- 14]. Gypsum products and laboratory silicone are 

used either alone or in combination as an investing materials. The use the laboratory silicones instead of 

gypsum products or in combination with gypsum materials, is beneficial due to their high efficiency in 

reducing finishing and polishing procedures [15], [16]. Previous studies on the post-polymerization changes 

in artificial teeth position various flasking and investing materials and technique were conducted, indicated 

that the use of silicone materials alone or in combination with another investing material produced the 

lowest changes in denture teeth position [17], [18]. However, few studies were conducted to find the stage 

of flasking and packing process at which different investing materials would produce these changes. 

Therefor the objectives of this study was to evaluate the effect of different investing materials, and a 

combination of these investing materials and techniques on the position of the artificial teeth, dimensional 

changes in the acrylic denture base, and surface roughness, both pre- and post- polymerization. We also 

aimed to verify the stage of flasking process at which these changes occur. The hypothesis of this study was 

that artificial tooth position, and dimensional stability of the acrylic denture base would be affected by the 

investing materials and technique. 

 

2. Materials and methods 

We fabricated 45 ideal master casts using an Elite rock die stone (Zhermach Co., Italy) with fully 

edentulous rubber molds having the same dimensions and anatomy. One of these casts was selected to be a 

reference cast for the next step, on which a set of lower acrylic teeth (Samed ultra-plus, Dentaş dental 

industry, Turkey) was arranged at the crest of the ridge 18mm from the incisal edge to the deepest point in 

the sulcus anteriorly and 12mm from the mesiobuccal cusp of the 1st molar to the deepest point in the sulcus 

posteriorly. After this arrangement, the wax part was polished properly without festooning in a plane 

manner. The wax denture was duplicated with heavy body impression silicon (c-silicon, Ormadent, Major 

Co., Italy). 

 

Acrylic teeth having the same size and anatomy were arranged inside the heavy body mold, modeling wax 

was melted and poured inside the mold, and a fully edentulous cast was placed inside the mold. This 

technique was used to produce 45 identical wax dentures mounted on the stone casts. A cavities (1mm 

diameter, and 1mm depth) were prepared in the central groove of the first premolar and 1rst molar using 

(1000 MAX milling machine, Bio-art, Brazil) at the zero tilt position which is calibrated by means of digital 

inclinometer (smart mini digital level inclinometer 35908TE, MPJA Inc., USA) nearly at the center of the 

teeth and a stainless steel pins of the same dimensions were fixed inside these cavities using commercial 

adhesive [18]. The lower half of a monomaxillary flask was filled with plaster to the level of the wax 

denture flanges; at this point, the samples were divided into three groups. The lower cap of the flasks were 

removed and, a radiograph was taken for each sample using occlusal radiographic films (Kodak Co, USA), 

with the radiograph source fixed at a constant angle (90º) and distance 20cm, from the samples every time. 

The exposure factors were kept constant at 70Kvp, 72mAs values. After this step, the samples were divided 

to three groups (n=15). In the first group the 2nd layer of investing material was made from plaster following 

conventional process used in laboratories. The 2nd layer of the second group (group2) was constructed with 

laboratory silicon (zetalabor, Zhermack Co., Italy) 3-4mm thickness (as recommended by manufacturer) 

covering the entire wax part of the denture to the level of the denture teeth, the teeth were left to be covered 

with plaster layer. The 2nd layer of the 3rd group (group 3) was composed of laboratory silicon covering the 
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acrylic teeth and the wax part filling the entire upper half of the flask. After setting of the 2nd investing layer 

another radiograph was taken for each group using the same previously mentioned technique; after removal 

of the upper and lower caps of the flasks. 

 

The 45 samples were immersed in a water bath to eliminate the wax, a heat cure acrylic resin (Veracril, 

New stetic Co., Colombia) were used for packing the flasks, using pressure and water bath temperature 

according to the manufacturer's instruction for curing. The flasks were left for bench cooling, and a 3rd set 

of radiographs was taken. The angles formed between the four metallic pins were measured using 

AutoCAD 2014 program as shown in Figure 1. Samples for the roughness test were prepared by cutting the 

buccal part at the right side of each lower denture from the level of the mesial aspect of the 1st premolar to 

the distal aspect of the 1st molar. This part was trimmed to produce a sample with even dimensions (20, 10, 

and 1.5mm length, width, and thickness respectively), five samples were prepared for each group. Surface 

roughness was tested using a stylus profilometer (Tylor-Hobson, UK). Statistical analysis was performed 

using SPSS (SPSS Inc., Chicago, IL, USA), using the t-test, ANOVA and Tukey tests. Significance level 

was defined at P< 0.05. 

 

3. Results 

The statistical test of inclination angles was conducted out with a t-test comparing each identical angle at 

the three stages of processing in each group independently. In the first group statistics showed significant 

differences among the four angles in the first stage and their corresponding angles in the second stage, with 

no significant difference between the same angles in the second and third stage. The angles in the second 

group had insignificant differences between the four angles and their corresponding angles at the three 

stages of the denture processing. The angles of the third group had insignificant differences among the four 

angles in the first stage and their corresponding angles in the second stage, with significant differences 

among the same angles in the second and third stage as show Table 1. 

 

ANOVA test results for the surface roughness of the three groups demonstrated significant differences 

among the three groups. The Duncan’s test results in (Figure 1), shows that the first group’s surface 

roughness was significantly different from the other two groups, whereas the surface roughness was not 

significantly different between the second and third groups. 

 

4. Discussion 

Tooth movement during the construction of complete dentures is one of the major concerns in the dental 

field, where the construction of a complete denture needs little or no occlusal adjustment at all in the 

patient’s mouth 19,20. Many factors could be responsible for tooth movement during the denture 

construction like pressure used, investment materials and their setting expansion, flask closure, and 

dimensional changes in different materials used in the construction process 9,21. Three sets of 

measurements of the four angles proposed in this study were recorded: the first set before the second pour 

(first stage of processing), another one after the second pour (second stage), and the third set after packing 

and curing processes (third stage). Statistical analysis revealed significant differences among the four angles 

in the first and the second stages in the first group, all these changes occurred after the setting of the second 

pour of the plaster; however, no significant changes were found between the second and third stage in the 

first group. This indicated that these changes happened due to changes in the gypsum layer, meaning that 

teeth movement occurs during the setting of the second the gypsum layer. Gypsum layer expansion and/or 

heat liberated during the setting of the plaster is sufficient to move the teeth in the waxed denture 22. Tooth 

movement could occur from 0.02–0.05 mm as a result of the setting expansion of gypsum 23. Heat 

generated by the setting of the gypsum products is an important factor that raises the temperature of the wax 
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adjacent to the surface of the plaster, where wax can start to flow; permanent deformation occurs at 45 °C. 

Setting of the plaster raise the temperature of the wax to above 45 °C, increasing the chance of deformation 

of the wax surrounding the artificial teeth during the flasking process 24–26. 

 

Statistical analysis of the angles in the second group showed the least significant changes among the three 

groups. In this group, a silicon putty was placed around the wax, leaving the teeth uncovered with silicon, 

then the upper half of the flask was filled with a plaster. These results shows that the use of a silicon layer 

as an investing material is superior in retaining the occlusal accuracy of the artificial teeth. The findings of 

our study indicated that the silicon layer insulates the wax of the denture from the expansion and heat 

generation of the gypsum setting mass. The statistical analysis of the angles in the third group showed that 

changes in these angles were the greatest among the three groups; all changes were observed among the 

third stage of processing and the other stages. These results indicated that these changes accompanied the 

pressure of packing and the curing process rather than the investing material. The results of this study are 

consistent with the findings of previous studies which stated that the silicone investing material had the 

lowest changes in the position of the artificial teeth 17,27. The present results are inconsistent with the 

results of Becker (et al.,1977) who stated that no investing technique where superior in retaining artificial 

teeth position 18. 

 

In group 3, the upper half of the flask was filled completely with silicon dough. This means that the silicon 

was able to hold the teeth in position before starting the packing process. This likely occurred because the 

silicon dough was not able to withstand the packing pressure (3500 psi) because it was not supported by the 

plaster as in the second group. The pressure used in the packing procedure at the final closure was released 

when we removed the flask from the hydraulic press in the clamp. at this point high stress release would be 

generated inside the flak 28. 

 

Another factor that could be responsible for these changes is the shrinkage percentage of the silicon. Unlike 

group 2, in group 3, the entire upper half of the flask was filled with silicon, which would increase the 

shrinkage percentage many times in proportion to the mass increase of the silicon. Especially as the 

shrinkage of condensation silicon is 0.2–1.0% every 24 h 29,30, the shrinkage of silicon together with the 

shrinkage of acrylic may be the primary cause of significant angle differences. 

 

The analysis of the angles statistical results (in the three groups) indicated that the artificial teeth were 

moved mediolaterally, whereas, no significant alteration happened anteroposteriorly due to the bracing 

effect of contact areas of the artificial teeth. Furthermore, the premolar artificial teeth moved in medial 

direction, and the molar teeth moved in a lateral direction, which means that the direction of the movement 

followed a direction opposite to the investment area with a higher mass within the same flask. These results 

are inconsistent with the findings of a previous study who stated that these alteration in artificial teeth 

always follow the same pattern and tend to be in a medial direction31, and in agreement with another study 

who stated that these changes can occur in medial or lateral direction and do not follow a constant pattern 

32. 

 

Statistical analysis showed that the mean surface roughness in the first group was significantly higher than 

in groups 2 and 3. This higher surface roughness in the first group can be explained by the higher porosity 

in the gypsum products, where the micro-porosities in the gypsum products may have come from the 

growth of gypsum crystals, which is associated with setting expansion, or may have resulted from 

evaporation of unreacted water, which left micro-porosities on the surface of the plaster and stone 8,19. 
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One of the limitations of the current in vitro study is that all reference points were located in one plane, so 

as the produced images were in two dimensions. Moreover, this study was done using only mandibular 

dentures. Further researches are required to evaluate the influence of other factors that enhance dimensional 

changes of the investing materials. 

 

5. Conclusions 

Under the limitation of the current study, we conclude: 

1. Results revealed that artificial teeth movement were evident in the three groups, although these 

changes were the least in plaster-silicon combination group. 

2. Occlusal discrepancies after denture processing procedure are multi-factorial and can happen at any 

stage of the flasking process and are correlated to the investing materials and technique. 

3. The plaster had an evident effect (that starts at flasking stage) on the wax surrounding the denture 

teeth because of the setting (expansion and heat liberation). Thus changes in teeth position can be 

minimized by separating this combination from the wax by a layer of laboratory silicon dough. 

4. Silicone dough had relatively high changes in teeth position when it is used alone as a second layer 

in the flasking process, due to that increased thickness of the silicon mass would increase its shrinkage 

percentage. 
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Figure 4. Duncan's multiple range test of the results of surface roughness. Group 1: full plaster investment 

layer; group 2: plaster-silicone combination; group 3: full silicone investment layer. 

 

Table 1 Means and standard deviations (angle degrees) of artificial tooth movement at the three denture 

processing stages in the three investing technique. 
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 A-angle B-angle C-angle D-angle 

1st 

group 

Stage1 

Stage2 

Stage3 

111.200±0.560a 

114.266±0.703b 

114.333±0.617b 

111.333±0.816a 

113.461±0.784b 

114.733±0.707b 

69.133±1.355a 

65.600±1.549b 

66.066±1.222b 

68.400±1.183a 

64.733±1.533b 

64.533±1.505b 

 

2nd 

group 

Stage1 

Stage2 

Stage3 

 

110.800±0.861a 

110.666±0.979a 

110.800±1.207a 

110.066±1.763a 

110.466±1.457a 

110.600±0.985a 

68.666±0.899a 

68.400±1.055a 

68.533±1.355a 

68.466±1.125a 

69.266±1.032a 

68.866±1.060a 

3rd 

group 

Stage1 

Stage2 

Stage3 

110.866±0.990a 

112.000±1.647a 

113.600±0.736b 

111.000±0.845a 

111.866±1.767a 

114.200±0.676b 

68.538±0.877a 

68.533±1.807a 

64.200±1.082b 

68.285±0.877a 

68.066±1.579a 

64.534±1.355b 
Identical letters in each cell shows insignificant difference of mean at p˂ .05. 

 

A, B, C, D, are the heads of angles measured which are located at left 1st premolar, right 1st premolar, left 1st 

molar, right 1st molar, respectively. 
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