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ABSTRACT.  

The prosthetic restorative dentistry is based on more or less current principles, laws and concepts. The design, 

construction and well-fitting of the prostheses must ensure their sustainability but also the one of the supporting 

tissues. AIM. Mechanical forces effect (forces different in application, orientation and intensity) on dental bridges 

multiple tooth-supported by using mathematical models. MATERIAL AND METHODS. We imagined theoretical 

models of analysis, starting from the case of linear support on two teeth, respectively three teeth. Then, we studied 

the case of nonlinear support. The prosthesis was assimilated with a bar rigidly fixed at both ends, with a simple 

geometry, supported on pillars with the same resistance, anchored in resilient supports, with the same constant of 

elasticity. Then, the established reference system was stressed with a force whose vector and scalar quantities are 

considered known. RESULTS. 

CONCLUSIONS. Rigid systems with non-collinear support exert forces of the same magnitude on support structures 

as those with collinear support. 
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INTRODUCTION. 

 Mechanical principles in restorative 

dentistry have been established for many 

years. The evolution of restorative dentistry 

and the application of engineering principles 

have been in progress for some 3000 years 

(1). The etiology, extent or topography of 

edentulous space, make it a pathological 

entity whose evolution, in the absence of 

appropriate treatment, causes serious 

imbalances in the stomatognathic system. 

Achieving specific homeostasis involves the 

geometric and biomechanical balance laws 

and restoring the initial mechanical 

parameters and the basic constants: the 

posture relation, the centric relation, the 

occlusion relation and the mandibular 

dynamics. (Burlui, 2001) 

The occlusal forces and mechanical 

conditions related to the interface and 

compromise by microbial and moisture 

contamination are considered the main 

causes of failure of fixed dental prosthesis 
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(FPD). Extensive research and clinical 

studies were conducted to promote retention, 

durability, and ensure long-term success (2). 

The longest possible congruence between 

the prosthetic part and the support tissues but 

also the optimal resistance to stresses cannot 

be obtained without respecting the 

fundamental principles of restorative 

therapy, including: prophylactic, curative, 

biological, biomechanical, homeostatic 

principle.  

The role of the biomechanical 

principle in stabilizing the plural prosthetic 

constructions on odonto-periodontal support 

is particularly complex, the detailed 

knowledge of the morpho-functional 

characteristics of the supporting elements, of 

the forces acting on these structures being 

essential in obtaining the mechanical 

resistance necessary for prosthetic 

restoration. 

The biomechanical value of dental-

periodontal units (Duchange-Leriche 

mechanical strength coefficients) must be 

correlated with a number of clinical-

biological factors: root morphology (number 

of roots, divergence and degree of curvature, 

shape per section), volume and coronary 

integrity, periodontal integrity, occlusal 

imbalances and the existence of 

parafunctions, the integrity of the 

antagonistic arch, the position of the teeth on 

the arch and the distribution of the remaining 

units (grouped or disseminated), their 

implantation and the qualities of the bone 

support (3,4,5). 

The occlusal forces acting on a fixed 

prosthesis are transmitted through the bridge 

to the abutment teeth and thus, into the deep 

periodontium structures. The process is 

influenced by a number of variables, such as 

the nature of the occlusion (balanced or not), 

the extent of the edentulous space, the 

periodontal support surface and the state of 

health of the periodontium which can 

influence the maintaining both the prosthetic 

restoration and the abutment teeth on the 

arch. 

The occlusal overload may be due to 

the exaggerated flexion of the long pontics, 

being known that the flexion varies with the 

cube of the pontic length. An unfavorable 

crown / root ratio of the abutment tooth not 

only reduces the periodontal support surface, 

but also increases the extraalveolar arm of 

the lever, which potentiates the harmful 

effect of para-axial forces (6,7,8). 

MATERIAL AND METHODS.  

We imagined theoretical models of analysis, 

starting from the case of linear support on 

two, respectively on three teeth. Then, we 

studied the case of nonlinear support. The 

prosthesis was assimilated with a bar, rigidly 

fixed at both ends, with a simple geometry, 

supported on pillars with the same 

resistance, anchored in resilient supports, 

with the same constant of elasticity. Then, 

the established reference system was 

stressed with a force whose vector and scalar 

values are considered known. 
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          Fig. 1 The reference system                             Fig. 2 System displacement under force F. 

In Fig. 1 is schematically represented a 

bar fixed at both ends on 2 pillars, which can 

be mobilized in the two resilient layers - S1, 

S2. The pillars are fixed in this resilient 

layer, from which they can be mobilized 

only by applying greater forces then the 

layer resistence. Possible effects on this 

system will be analyzed in the conditions in 

which the forces to which it is subjected 

have different intensities or directions. 

It is considered known: F = the force 

exerted on the bar; D = total height of the 

system; K - coefficient of elasticity of 

resilient layers; R1 and R2 - the resistances 

exerted by S1 respectively, S2 or, in other 

words, the forces that must be overcome by 

the teeth in order to be mobilized; α - the 

angle under which the force F is applied or 

the angle made by the force F with the 

vertical; d - the distance from the tooth in 

the layer S1 to the point of application of the 

force F; L - bar length;  

Suppose that a force F act on the 

system. By decomposing the force F in the 

XOY system we obtain the forces Fx and Fy, 

as seen in Fig.2. The magnitudes of the 

forces Fx and Fy are given by the formulas:  

Fx = F*sin α and Fy = F*cos α  

Each of these forces determines a 

certain movement on the system. Fy induces 

a downward movement, both teeth 

descending on their resilient supports 

simultaneously with a horizontal movement 

determined by Fx. Basically, the system 

descends in the direction of the force F, ie at 

an angle α to the vertical. Thus the system 

mobilizes on a distance H vertically and a 

distance H ' horizontally.  

The resilient layer opposes the 

downward movement with an equal elastic 

force and opposite to Fy. By definition the 

mathematical equation for this force is 

rendered by: 

Fe=K*H 

And as Fe = Fy: 

Fy = K*H => F*cos α = K*H => H = 

F*cos α / K 

 

According to the same principle, Fx is also 

opposed by an elastic force Fe’ from the 

resilient layer: 

Fe’=K*H’ 

Fx = K*H’ => F*sin α = K*H’ => 

H’=F*sin α / K 
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Thus the system will lock on the tooth 

from support S1, at a distance H vertically 

from its lower point and at a distance H' 

horizontally from the initial position. The 

system now begins the rotational motion by 

operating as a lever supported on the point P 

(Fig. 3). The lever will act on the second 

tooth of the linear support with a opposite 

force F’, which tend to extract it from S2. 

The system remains in balance if: 

F’*PA= F*PB, 

PA = force F ' arm and PB = force F arm, 

with respect to point P. From geometric 

equations:  

 

PB = d – cos α*(D-H) 

    PA = L*sin α + H*cos α. 

 
Fig. 3 Mathematical model of a lever with support in point P 

The final formula for F ': 

 

F’= F*[d*K – cos α(D*K – F)] / L*K*sin α + F*cos α 

 

 
Fig.4 The displacement of a system fixed on three linear points 

On the same reasoning as in the previous case, it follows that (Fig. 4): 

F * bF = F2 * bf2 = F3 * bF3. 

Similar:  
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bF = d-cosα (D-H) ; bF2 = d2 * sinα + Hcosα ; bF3 = d3 * sinα + Hcosα (d3 = L in this case), 

d2 - horizontal distance from the upper left 

point of the system to the point where the 

force is applied to the tooth in S2 ; d3 - 

horizontal distance also, from the upper left 

point of the system to the point where the 

force is applied to the tooth in S3. 

F2=F*[d*K – cosα(D*K-F)] / d2*K*sinα + F*cosα 

F3=F*[d*K – cosα(D*K-F)] / d3*K*sinα + F*cosα 

 

The second way in which the force can 

be applied is between the tooth from S2 and 

the tooth from S3 and direction towards S1. 

Again the system will be supported at a point 

located on the tooth from S1, the movement 

being largely the same. The only changes 

that will occur are related to the size of the 

forces and their arms. These can be found by 

applying the following formulas: 

bF=d-cosα*(D-H) 

bF2=d2-cosα*(D-H) 

bF3=L F*[d*K – cosα(D*K-F)] / L*K*sinα + F*cosα 

 

                          
Fig. 5 System with three pillars noncollinearly arranged 

 

Another case studied is that of the 

prosthesis joining three teeth by a bar in an 

arc shape (Fig.5). Again we will apply a 

force on the system and we will go through 

the same steps in the analysis of the system 

mechanics, as in the previous cases. The 

difference in this case is given not only by 

the different arrangement of the three pillars 

but also by the decomposition of the force 

used in the XOYZ system and not in the 

XOY system. 

The reason for this change is given by 

the fact that the forces that determine the 

rotational movement are the components of 

the force F on the X and Z axes while the 

component on Y determines only its fixation 

at a certain vertical level. It should be 

mentioned that in cases with rectilinear 

support the component along the Z axis of 

the force does not intervene in the rotational 

movement. 

We will consider known the same 

physical sizes as in the previous cases 

adding here 
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- the angles made by the direction of the 

force F with the three axes are denoted α, β, 

γ 

- the lengths that unite the fixation points of 

the teeth on the bar: AB, BC and AC. 

Based on the same geometrical 

analyses, we found that: 

Fa= F2*sin2β*cosβ/K*(BA*sinβ + D) – F*cosβ 

        Fc= F2*sin2β*cosβ / K*(BC*sinβ + D) – F*cosβ 

RESULTS  

For the system consisting of a 

prosthesis fixed on two teeth, it was 

observed that the force F' does not depend on 

the place where the system is fixed, ie H or 

H'. It is also possible that, under a certain 

pressing force, of known size (Q), the tooth 

will fracture. It is the case of the tooth of S1 

layer because, only on it, a pressing force is 

exerted. This force, noted (N) is equal in 

intensity with F but of an opposite direction, 

whose point of application is point P. 

The force N has no influence on the 

rotational motion because its moment with 

respect to the point P is zero. In this case 

when N > Q <=> F > Q the tooth will 

fracture in the point P and in the direction of 

the force N. The rotational movement stops 

because the lever disappears. By default, no 

force will be exerted on the tooth in the S2 

layer (F 'disappears), this ceasing the vertical 

movement, of detaching from the resilient 

layer. 

In the second analyzed case, of a 

prosthesis fixed on three teeth collinearly 

aligned, the following situations result: 

   1) If F2 > R2 and F3 > R3, both teeth 

will mobilize;  

   2) If F2 < R2 and F3 < R3, both teeth 

will not mobilize 

   3) If F2 > R2 and F3 < R3 then the 

tooth in layer S3 will fracture, while the 

tooth in layer   

      S2 will be mobilized;   

            4) If F2 < R2 and F3 > R3, then the 

tooth in S2 will crack, while the tooth in S3 

will be      

               mobilized; 

The fulcrum tooth that is the support 

point of the lever (tooth in S1) can fracture 

and, again, the same reasoning is followed, 

F> Q, being the condition for this to occur. It 

should be mentioned that any cracks in these 

teeth appear at the point of application of the 

force and continue in its direction. 

In the case of a prosthesis fixed on 

three teeth non collinearly aligned, the 

following situations result:  

1) The size of the forces does not 

depend on the place where the bar is fixed, ie 

Hx, Hy and   

     Hz 

Because Fa > Fc, it results that: 

2)  If Fa > Ra and Fa > Rc – both teeth 

will mobilize 

3) If Fa < Ra and Fc < Rc – both teeth 

will not mobilize 

4) If Fa > Ra and Fc < Rc – the tooth 

in the support Sc will fracture while the 

tooth in the   

     Sa layer will mobilize 
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5) If Fa < Ra and Fc> Rc - the tooth in 

support Sa will fracture while the tooth in Sc 

will  

    mobilize 

6) The bar in the shape of a circular arc 

has a shorter length (BC) compared to a 

straight bar  

    of length BA + AC but, it produces 

the same size forces 

CONCLUSIONS  

The study of the mechanical forces 

effect (forces different in application, 

orientation and intensity) on dental bridges 

multiple tooth-supported by using 

mathematical models it is in conformity with 

classical biomechanical laws. Excessive 

occlusal forces can create powerful levers 

through the unfavorable support of the dental 

bridges. Prosthesis torsion, flexion and 

tipping concentrates mechanical stress both 

at its level and in the supporting 

periodontium, playing the essential role for 

fixed therapy failure. 

In the case of linear support on two 

teeth, the pressure force does not influence 

in any way the rotational movement of the 

system.  Its moment with respect to the 

support point is zero. The rotational 

movements of the rigid systems with 

collinear support stops when the point that 

fixes the lever disappear.  

This may be one of the reasons for 

assertion that FDP, involving more 

abutments, had a greater failure rate (9). 

Rigid systems with non-collinear support 

exert forces of the same magnitude on 

support structures as those with collinear 

support. 
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