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ABSTRACT 

Analysis of the occlusal stress distribution on the periodontal support of a 5‑unit intermediate abutment prosthesis 

with rigid connector it is still of real interest. Aim. Forces, with vertical directions, were applied simultaneously on 

the entire mandibular prosthesis having as intermediate pillar the second premolar, but also separately on each 

supporting tooth. Matherial and Methods. A three-dimensional rigid mandibular fixed prosthesis, retained on the 

canine (mesial pillar) and the second molar (distal pillar), with intermediate support on the second premolar, was 

simulated three-dimensionally (3D, soft - CATIA V15 R19). It was subjected to vertical stresses. The forces were 

applied continuously, simultaneously on the entire prosthesis and separately, for each supporting tooth. Results. In 

the case of vertical forces, the highest concentration of stress was observed in the canine, the most distal pillar. 

Conclusions. In clinical situations where the fixed prosthesis with rigid connectors includes intermediate teeth, 

occlusal balancing, especially is essential for the perenity of the restoration.  

Key words: fixed prosthesis, pier abutment, finite element analysis,   

INTRODUCTION 

Prosthetic restorations in the posterior area 

of the arch most often address the absence of 

molars and/or premolars. The interposition at 

the level of the edentulous space of an 

intermediate tooth (most often the second 

premolar), creates particular conditions of 

mechanical stress of the involved structures: 

abutment teeth, alveolar bone, periodontal 

ligament, prosthesis. The transfer of occlusal 

load from the prosthesis to the dento-

alveolar support, through the periodontal 

ligament, determines a continuous functional 

remodeling of the mass and structure of the 

alveolar bone.  

The biomechanics of edentulous space 

with intermediate pillar, aroused both the 

interest of clinicians and researchers (1-4). 

When the occlusal forces act at the ends of 

the bridge, the intermediate tooth can behave 

similarly to the support point of a lever 

(fulcrum tooth), the tilting of the fixed 

prosthesis around it causing the decimation 

of that element with the lowest retentivity 

(5-7). In these situations, it has been 

suggested that the solution of choice for 

five-element bridges, with intermediate 
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support, would be the use of non-rigid 

connectors, such as power breakers (8).  

Some studies consider the rigid 

connection as not an optimal treatment 

option, with all the comfort it provides to the 

patient and indicate a number of advantages 

of using non-rigid connectors: 1. the position 

of the interlock in the middle of the pontic 

enables proper embrasure construction and 

thus safeguards the periodontal health of the 

abutments; 2. it allows the use even in 

mouths with short teeth because the 

placement of the interlock in the middle of 

the pontic can use more height than a 

placement in a proximal area of an 

abutment; 3. it requires less tooth reduction, 

when preparing the abutments for the 

construction of the fixed prosthesis (9) 

According with a resent reserch it can 

be definitely said that the use of nonrigid 

connector decreases stresses at the connector 

and cervical region of the prosthesis but at 

the cost of increasing the stresses at the 

alveolar crest which subsequently increases 

the chances of bone resorption (10).  

Misch recommended that in 

conventional fixed prostheses, the “male” 

portion of a nonrigid attachment is usually 

located on the mesial aspect of the posterior 

pontic, whereas the “female” portion is in 

the distal aspect of the natural pier abutment 

tooth and this prevents mesial drift from 

unseating the attachment (1) 

It was also observed that the stresses at 

the second molar teeth were less as 

compared to canine and pier abutment teeth. 

This can be explained by the fact that as the 

molar tooth has a larger periodontal 

membrane area compared to the canine 

tooth, this may result in better stress 

distribution (11) 

MATHERIAL AND METHODS 

For the analysis we used the finite element 

method FEA (soft - CATIA V15 R19). The 

generated models were homogeneous, 

isotropic, hyperelastic type, stressed with 

static, continuous, vertical forces to 

reproduce the main directions of action of 

occlusal forces. A three-dimensional 

simulated (3D, soft - CATIA V15 R19) was 

a fixed metal mandibular prosthesis (Cr-Ni 

alloy), with rigid connectors, composed of 

five elements, fixed on the canine (mesial 

support), on the second molar (distal 

support) and on the second premolar, 

intermediate support. The 3D structure was 

included in Catia V5 with 61841 nodes and 

47508 prismatic elements, discretization 

with parabolic prismatic finite elements.  

The rigid constraints have intensities 

of 114 N. The stresses were applied 

continuously, simultaneously on the entire 

prosthesis and separately, on each supporting 

tooth. The chosen values for the used forces 

were established based on the studies of 

Mericske-Stern (1996). 

With the Generative Structural 

Analysis (GSA) module of the CATIA 

software we performed the structural 

analysis of the multi-component system. We 

applied the most commonly used FEA 

technique, the one based on displacement 

analysis. The study was conducted in three 

main stages: 

I) Pre-processing and Modeling, II) 

Processing and Meshing and III) Post-

processing and Analysis.  

RESULTS AND DISCUSSION 
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A first direction of analysis was to 

evaluate the effect produced by vertical 

forces. Conditions similar to maximum 

intercuspation were created by applying a 

single force to the entire bridge. By applying 

it separately on each dental support, we 

aimed to reproduce the conditions from the 

functional occlusal dynamics. 

The static vertical forces, with a value 

of approximately 110 N, produced the 

highest von Mises stresses in the apical and 

cervical periodontium of the monoradiculars, 

the values recorded being in descending 

order for canine (C), second premolar (PM2) 

and second molar. (M2) (Fig.1, Fig.2). 

 

 

Fig. 1 The 110 N vertical force determines the highest values of von Mises stresses at the apical 

level of the supporting teeth, the monoradicular ones being the most loaded. 

 

Fig. 2 For the same vertical force of 110 N, the highest pressures registered were in the cervical 

alveolar area of the monoradiculars: canine (C), respectively the second premolar (PM2)  

The separate stress of each supporting 

tooth of the prosthesis, with the same value 

of the vertical force, of 110 N, determined 

variations of the intensity and of the 

distribution pattern of the compressions in 

the periodontium. Thus, in the canine (C) 

and the second molar (M2), respectively, the 

von Misses stresses almost doubled, while 
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for the second premolar, intermediate pillar, 

the variation was insignificant. 

The same vertical force exerted 

alternately, at the ends of the bridge, 

mesially on the canine (C) and then distally, 

on the second molar (M2) had as effect a 

concentration of tensions in the periodontal 

ligament of the tooth located at the opposite 

end of the force (Fig.3, Fig.4). In 

comparison, the tension in the periodontal 

ligament of M2 compared to C was more 

accentuated. The behavior could be due to 

the increased resistance of the molar, a 

pluriradicular tooth with a desmodontal 

support surface larger than the canine.  

A very slight increase in stresses in the 

PM2 package area was observed when the 

vertical forces acted on the canine (Fig.5.a, 

b). This can be explained by the assimilation 

of the prosthetic construction of five 

elements with a lever first grade having as 

support an intermediate tooth (PM2). 

When the prosthesis with rigid 

connectors is stressed at one end, the 

intermediate pillar of the edentulous space 

(also called fulcrum tooth) becomes the area 

around which the bridge rotates. The tilting 

moment to which it is subjected needs, on its 

part, a resistance at least equal to the 

occlusal force, in order for the bridge to 

remain in dynamic equilibrium.

  

          

Fig. 3 The vertical force acts only on M2                    Fig. 4 The vertical force acts only on C 

             

Fig. 5 Stressing the periodontal structure of intermediate (PM2): 

a) The vertical force acts only on C; b) The vertical force acts only on M2 
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When the pressure acted only on the 

mesial pillar (C) (Fig.6), the value of the 

stresses in the canine package area increased 

by almost 33% (from 16.9 MPa to 22.4 

MPa). The pressure exerted only on the 

distal abutment (M2) produced a similar 

concentration in value but on the distal 

cervical side of the second premolar. (Fig.7). 

Based on these results, we can say that 

canine protection is less effective in the 

distribution of masticatory forces compared 

to group guidance. Moreover, the greater the 

distance between the force and the 

intermediate tooth, the more harmful the 

tilting effect becomes..  

                

Fig. 6 The vertical force acts only on C                    Fig. 7 The vertical force acts only on M2 

           cervical tensions increased by 33%             higher concentration of cervical strains at PM2 

CONCLUSIONS 

Under the same stress conditions 

(force value, simultaneity, direction and 

sense of application) the response of tissues 

of the same nature, in this case the 

periodontal ligament, is similar to the 

distribution pattern but varies in intensity 

depending on the supporting tooth of the 

fixed prosthesis.   

Limitation on the study The simulated 

structures were all were hiperelastic, 

homogenous and isotropic. The results were 

limited to the modeling procedure, thus 

giving only a general insight into the 

tendencies of biomechanical aspects under 

average conditions, without attempting to 

simulate individual clinical situations 

(12,13) 
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