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ABSTRACT  

An essential aspect in the clinical finality of the prosthetic constructions, to be found in the specialized 

literature, is the agreement between the biomaterials used, the technological method of choice and the particularity 

of the edentulous patient's prosthetic field. The resistant and flexible nature of the material fits perfectly with the 

particularities of the clinical cases, simplifying the design, making the flexible resin behave as a true force breaker, 

which ensures a superior functionality and an optimum force distribution. This study analyzes the biomechanical 

behaviour of flexible acrylates, compared to conventional acrylates, using mathematical modeling. 

The generation of a network is based on the discretization of the computational domain. The network for the 

finite difference method consists of a set of points, which are called nodes. These nodes are joined by grid lines. 

As a conclusion, the choice of the discretization system depends on several factors: advantage in generating the 

network, memory requirements for the computing system, numerical accuracy obtained, flexibility in adapting to 

complex geometries, flexibility in locating regions where high accuracy is required, or with lower accuracy 

requirements. 
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INTRODUCTION 

The indestructible relationship between 

the structure of the biomaterials used for the 

dental prostheses and the particularities of 

the prosthetic field constitutes a key element 

in the creation of an individualized 

prosthesis. An essential aspect in the clinical 

finality of the prosthetic constructions, to be 

found in the specialized literature, is the 

agreement between the biomaterials used, 

the technological method of choice and the 

particularity of the edentulous patient's 

prosthetic field[1-11].   

Modern dental medicine offers multiple 

options of restoring partial edentation, 

centered in the area of removable prostheses 

or implant prostheses.   

Partially removable prostheses became 

very popular with the introduction of the 

acrylic polymer and the cobalt – chrome 

alloy. Many patients choose the partially 

removable prosthesis as a way of 

rehabilitation of partially extended 

edentations, based on both the cost factor 

and on the psychological factor.[12-15] At 

the current stage, it is well known that the 

flexible partial prosthesis is more and more 

chosen, because it is resistant, comfortable 

and with a long life cycle. The resistant and 

flexible nature of the material fits perfectly 

with the particularities of the clinical cases, 

simplifying the design, making the flexible 

resin behave as a true force breaker, which 

ensures a superior functionality and an 

optimum force distribution [16-21]. 

  The need to increase the 

quality of life of those using partial 

prostheses inspires us in conducting studies 

on this level of the dental medicine. The 

limitations of functions and the impact on 

esthetics of the metallic skeleton of the 

skeletal prosthesis required the modification 

of the construction method and design of the 

skeletal prosthesis. That is why the flexible 

prosthesis was introduced, as early as 1940. 

Two young brothers,  Arpad and Tibor 

Nagy, had the vision to experiment a new 

polymer (nylon) to create a type of partial 
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prosthesis that could address the 

fundamental requirements of retention, 

stability and support, while ensuring the 

esthetic condition, as it was superior to the 

metal from the component of the skeletal 

prosthesis [22-28]. 

 Their study gave birth to what we 

call today Valplast – a flexible dental 

material. The product was introduced to 

improve both limitations, the esthetic and the 

functional one, of the conventional 

removable partial prosthesis. It was also 

used to allow an esthetic restoration 

expected to be constant on a long period of 

time. 

 The functional advantages of flexible 

materials are somewhat less evident. The 

key feature of functional benefits is the 

flexibility of the material, which helps the 

dispersion of the gravitational force through 

the adapted design characteristics of the 

basic material[29,30].   

On the long run, the flexibility of partial 

prostheses seems to act like a tissue 

conditioner. The low blood circulation from 

the stimulated tissues under a partial 

prosthesis, as well as the force of the 

dynamic occlusal transfer seem to reduce 

atrophy which can set under the mucous and 

bone tissues that are not under strain. At the 

same time, the flexibility of the main 

connector eliminates the sinking effect along 

the arch. Sinking is one of the main 

characteristics of a conventional rigid 

skeletal prosthesis, an element that needs to 

be compensated by a structural design of the 

retentive brackets, of those from the support 

cone, but also of passive ones[31-37]. 

In this line of international studies, Wolf 

Law came up with a theory according to 

which the bone regeneration and the 

regeneration of subjacent tissues is carried 

out with a physiological force. When the 

force applied on the bone structure is of an 

non-physiological nature, the bone responds 

by creating and stabilizing a force with a 

normal physiological weight and density[38-

44].   

This study analyzes the biomechanical 

behaviour of flexible acrylates, compared to 

conventional acrylates, using mathematical 

modeling. 

 

Experimental part 

Construction of the Discretization 

Network 

 

The generation of a network is based on 

the discretization of the computational 

domain. The network for the finite 

difference method consists of a set of points, 

which are called nodes. These nodes are 

joined by grid lines. The position of each 

node in the network is specified by a certain 

combination (i, j, k) representing the 

network lines where that node is located 

(Fig. 1). 

 

 

 
Fig. 1. Tridimensional network 

The network step is given by the distance 

between two successive nodes. Depending 

on a given direction, the step can be constant 

or variable. Also, with respect to the three 

directions, the network can have the same 

step or different steps, in specific programs, 

which can perform both the geometry of the 

analysis domain and the discretization, there 

are specific algorithms that can perform the 

arrangement of nodes with constant steps or 

with different steps, according to various 

functions: exponential, logarithmic, 

polynomial, etc. (§ 5.1.2.1.2. -algebraic 

method), in general, for simplicity in 

computation, equal steps of the network are 

performed on all directions. Where large 

gradients of parameter fields occur, as is for 

example the case for velocity and 

temperature gradients in the vicinity of the 

walls of the analysis domain, when a fluid 

flows, the grid must be stepped much finer 



Romanian Journal of Oral Rehabilitation 

Vol. 16, No.1 January-March 2024 

490 
DOI : 10.62610/RJOR.2024.1.16.47 

 

than in the rest of the domain. The smaller 

the step size of a network, the higher the 

accuracy of the computation, but at the same 

time, the memory requirements increase, 

which is why an optimal balance must be 

sought between the costs of using the 

computer and the accuracy achieved. 

The finite volume method considers 

nodes and network lines forming a set of 

volumes which are called cells, Fig. 1. The 

finite element method uses the name of 

elements for the intersection of the grid lines 

with the corresponding nodes, where the 

variables are defined. 

 

 Element geometry 

 

The discretization of the analysis domain 

can be done with the following types of cells 

or elements: 2D geometries can be 

discretized with triangles or quadrilaterals 

(fig. 2), and 3D geometries with tetrahedra, 

hexahedra, triangular prisms (wedges) and 

quadrilateral pyramids (fig. 3.). 

 

              

 
 

          Fig. 2. 2D discretization cells  

 

             

Fig. 3. 3D discretization cells 

 

Most commercial FEM programs allow 

these elements to be used individually or in 

combination with other types of elements, 

cells. There are various practical situations 

where the location or domain of large 

gradients of parameter fields is known, 

through correct identification of process and 

geometrical configurations (wall region, 

surfaces with direction changes in closed 

angles, etc.), but difficulties arise in the 

situation of not knowing the location or 

domain of gradient variation (large pressure 

changes near shock waves at compressible 

flows, time variations of some process 

parameters, etc.). In these situations, a 

refinement of the grid is necessary, 

subsequent to the first discretization and 

simulation. There are recent developments in 

which, for complex geometric problems 

where physical phenomena occur where the 

initial variation of the gradients is not 

known, an adaptive network is generated, 

but this is beyond the scope of this paper. 

Refinement of a network can be done by 

adding hanging nodes or by conformal 

transformation. 

A hanging node is a node placed on a side 

or face, but not originally part of the cells 

adjacent to that side or face (Fig. 4). 

Corresponding to the discretization cell 

types (fig. 2; fig. 3) by refinement, the cells 

(elements) are transformed as follows: 

For 2D geometries, triangles can be 

divided into smaller triangles, the same for 

quadrilaterals (fig. 4). 
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Fig. 4. Hanging node network 

 

 

                                                Triangle, quadrilateral  

 

Fig. 5. Refinement through cell transformation -2D 

 

For 3D geometries, tetrahedra, hexahedra and pyramids are divided into smaller 

subdivisions (fig. 6.). 

 

 

Fig. 6. Refinement through cell transformation -3D 

 

Refining or narrowing a network with 

triangles or tetrahedra can be done by 

transforming it accordingly. For refinement, 

the transformation is performed by adding 

nodes, and nodes are removed through 

thinning. In both cases, a local re-

discretization is performed. 

Relating discretization to the numerical 

methods used, during the computation, the 

solver must determine which cells are 

adjacent to each cell, i.e. which of the nodes, 

grid lines and faces are common to two or 

more cells. 
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Structured network 

The advantages of structured networks 

are many, but one related to the economics 

of simulation is the reduced running time of 

programs compared to unstructured 

networks. This is due to the implicit 

relationship that exists between the number 

of a cell or node and the number of its 

neighbors in a regular network, which allows 

easy data discovery. 

The main objective in generating a 

structured network is to determine the 

transformed coordinates from the domain of 

non-uniform and non-orthogonal real 

physical space (x, y, z) to an orthogonal 

transformed computational space (£, n, Q 

(Fig. 7.).  

There are two steps in the 

generation of a structured network: 

(a) Specifying the distribution of 

contour nodes; 

b) Determining the distribution of 

interior nodes.

                                    

Fig. 7. Transformed computational domain 

 

Unstructured network  

 

Unstructured networks have the 

advantage of generality in that they can be 

made to fit any geometry. This generality, 

however, increases the running time of the 

program, by trying to find the links of nodes 

to elements or faces to cells (e.g.: connection 

list with neighboring nodes). 

The network generation process is not 

fully automatic, requiring user input to 

construct the network with an acceptable 

degree of accuracy, while at the same time 

having a minimum deformation of the 

elements, cells, and therefore an appropriate 

quality of discretization (no cells with very 

sharp angles); in most cases, the use of an 

automatic discretization process leads to the 

construction of a network with numerical 

approximation errors. 

Tetrahedral cells are often used in 

unstructured discretization (Fig. 2). They are 

easier to generate on the grid than 

hexahedral cells, but the former have lower 

approximation accuracy. For example, if 

tetrahedral grid cells do not have parallel 

faces, it is difficult to construct 

approximations that maintain accurate 

propagation of a perturbation in three-

dimensional curves. 

RESULTS AND DISCUSSIONS 

By finite element analysis, using a 

software dedicated to biomechanical 

analysis (abacus software), the specific 

stresses and strains and displacements 

occurring in the structure of each individual 

specimen were estimated. 

The theoretical model is developed 

on the basis of the analysis of known data 

related to the phenomenon of interest and 

aims practically to define the problem to be 

solved. A computer is not required to define 

the problem; answers to a minimum set of 

questions are found at this stage to establish: 
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A) summary of the objectives of the 

analysis; 

B) the geometrical synthesis of the 

structure; 

C) the synthesis of the loads acting 

on the structure; 

D) synthesis of the resistances; 

E) synthesis of material properties. 

 

Regarding the factors influencing the 

elastic and mechanical characteristics of 

materials, these are: 

1. technological factors - chemical 

composition; 

2. loading speed;  

3. temperature; 

4. time (ageing phenomena); 

5. stress concentrators; 

 

The mathematical modelling of the conventional  specimen goes through the following 

steps(Fig.8) 

 

1. Surface discretization 
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2. Loading. The specimens were subjected to the same 100N force 

 
3. Appearance of induced tensions in the specimen  

 
4. Final movement 

 
Fig.8 . The mathematical modelling for conventional acrylate specimen 

Tension concentrators are observed towards the middle of the specimen, decreasing towards 

the ends, these elements being particularly important and influenced by the morphological 

changes of the partially extended edentulous prosthetic field. 

The mathematical modelling of the flexible acrylate specimen goes through the following 

steps(Fig.9): 
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1. Surface discretization 

 
2. Progressive load 

 
3.Final movement 

 

 

 

Fig.9 The mathematical modelling of the flexible acrylate specimen

This type of specimen shows a decrease 

in stress concentrators from the central area 

towards the ends of the specimen. 

In our studies, the results are opposable to 

the ones in the specialized literature, taking 

into account the fact that when the force is 

lower than normal, the bone structure 

responds by resorption and atrophy. 
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Normally we can expect to see atrophy at the 

level of the alveolar crest, where the crest 

was not involved in mastication. When the 

crest is excessively involved, we assessed an 

apposition of bone tissue. When the crest is 

normally involved, we observed a bone 

structure with a normal and stable weight 

and density.    

There is plenty of evidence to prove that 

the elastic prosthesis currently has many 

advantages regarding the prophylaxis of 

subadjacent tissues in the current practice. 

The greatest disadvantages we assessed in 

the longitudinal studies are those regarding 

the functional, biological and comfort 

related aspects:It accelerates the atrophy of 

maxillary bones, since the support of the 

mucous membrane is visible and can get 

jammed in time, but this disadvantage is 

lower compared to the classica acrylic 

prosthesis, which has a much higher rigidity.   

The impossibility to perceive thermal and 

taste excitations  due to a complete covering 

of the mucous membrane with the basis of 

the prosthesis.Frequent irritations on the 

surface of the mucous membrane at the 

contact with the prosthesis surface if it is not 

properly finished and porous, getting 

impregnated in time with microorganisms 

and food debris. There have been reported 

contaminations with Candida, which can 

create discomfort to the patient. On the other 

hand, the advantages created by the 

intolerance to accrylic compounds are 

limited, especially to color additives and 

incompletely polymerized monomer.  

Due to the pressures exercised during 

mastication on the prosthesis teeth and on 

adjacent tissues, a tolerance is created for the 

mucous-bone support in the case of elastic 

prosthesis. The effect of elastic cushion, of 

elastic rigidity, makes the elastic prosthesis 

an indispensable accessory. The insertion of 

the elastic prosthesis in the oral cavity is 

performed after the previous cleaning and 

disinfection and it is effortless, with an 

average pressure created by both sides. 

There can occur deviations in the mucous-

bone areas of the prosthetic surfaces, the 

patient experiencing pain while trying to 

insert the denture. As a result, an adjustment 

of the deviations is made at this level, on the 

maxillary tuberosities, in the proximity of 

the zygomatic and alveolar arch and in the 

area of the upper premolars. The mandible is 

polished and modified in the vestibular area, 

next to the premolars or along the mylohyoid  

line, the most frequently traumatized spots 

if, after the functional impression, a correct 

delimitation of the peripheral prosthetic 

surface was impossible to make. If the 

patient experiences pressure or even pain at 

the level of the arches after the insertion of 

the prosthesis in the oral cavity, polishing is 

performed again.  

 
CONCLUSIONS 

 
1.As a conclusion, the choice of the 

discretization system depends on several 

factors: advantage in generating the network, 

memory requirements for the computing 

system, numerical accuracy obtained, 

flexibility in adapting to complex 

geometries, flexibility in locating regions 

where high accuracy is required, or with 

lower accuracy requirements. 

 

2. The flexible acrylate specimen has the 

highest resistance to breaking forces. 

3. Specimens made of conventional 

acrylate have fractured with fragment 

displacement. 

5. As far as mathematical modelling is 

concerned, relatively uniform stresses, with 

decreasing stress concentrators, were 

recorded in flexible acrylates. 
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