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INTRODUCTION 

The practical work in the field of dentistry 
offers a clear picture of the increased 
frequency of therapeutic solutions on the 
partially edentulous, aiming through it a high 
degree of biological recovery, a particularly 
important role being for knowledge of the 
spreading tensions on the remaining 
prosthetic field elements and for the induced 
strains distribution in the removable 
prosthetics substitutes. [1,4] The analysis of 
biomechanical behavior of the removable 

response to the induced action of it, are an 
important parts of the current studies with 
results of particular importance in choosing 
the final therapeutic solution. [2, 3, 5] 
 
PURPOSE 

The aim of the current study is to highlight 
the stress distribution in removable partial 
dentures, subject of masticatory forces action 
and to compare the influence of various 
parameters (saddles, main connector, 
maintenance elements, support and 
stabilization) on the denture design. 
 
MATERIAL AND METHOD 

The determination of stress and 
deformation distribution in removable partial 
dentures structure was achieved using the last 
generation reflection polariscope LF/Z-2 
manufactured by VISHAY [8] (fig.1). It 
consists of the following components: a light 
source, a video camera recording, a polarizer, 

an analyzer the photoelastic material covering 
the subject of study, reflection adhesive 
material interposed between the photoelastic 
material and the studied subject. 
 

 
Fig.1. Polariscopul de reflexie 

Through the bright fringes delivered by the 
photoelastic material in polarized light can be 
studied the stress distribution inside the object 
of study. [5, 6] For the study we made in the 
laboratory a removable partial denture retained 
through cast clasps (fig. 2). The selected model 
is representative for a wide range of partially 
edentulous cases and has been cast in hard 
gypsum grade IV. On the model surface, 
corresponding to the edentulous ridges and to 
the gingival margin was added artificial gum 
Gingifast from Kerr company, for the most 
accurate simulation of the partially edentulous 
prosthetic field (fig. 3). 

The films were applied by a gentle 
pressure to the model and denture, initially on 
the vestibular and then on the oral faces of its 
and in this way will be facilitate the easier 
removal of the photoelastic material. (Fig. 5). 

After 24 hours the photoelastic material 
was removed and arising the photoelastic 
models of denture and respectively the work 
models (Fig.6).  
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Fig. 2. Removable 
partial denture  

Fig. 3. Artificial gum 
Gingifast from Kerr 

comp 

Fig. 4. The removable partial denture 
and the model with artificial gum 

The photoelastic models were carefully 
removed so as not to fracture. For an intimate 
accession to the denture elements, we 
interposed between the model and each 
denture a special adhesive, prepared as per 
Vishay company instructions. The intimate 
joining of the parts is a necessary condition 
for pursuing the occurred deformations at the 
denture level under the forces action (fig. 7). 
a. The study of strain and tension in the 

main connector of the denture number 
1 retained through the cast clasps 

In order to determine the state of stress on 
the main connector, was marked with a 
marker the points where will be followed the 
strains and tensions (Fig. 8) 

In this study are considered the points 2 
and 3 located on the top of the main 

connector lingual bar, the area where we 
identified considerable values of the specific 

1  2. The main directions of specific 
strains and normal stresses were identified 
according to the protocol indicated by Vishay 
company. Along the main direction of 
deformation, indicated by the red laser light, 
the photosensitive material cutting was done 
at the points 2 and 3, to determine the 
ind 1 2, 1 2. (Fig. 9). In 
the study we considered lingual bar h=4mm, 
respectively g=1,5mm thickness. Also, the 
elasticity coefficients values are: E= 136,892 

0.2545 (determined by tensile tests on 
specimens specially made). The applied force 
is 140 N in each saddle. 

 

  
 

Fig. 5. The photoelastic 
material  applying 

Fig. 6. The photoelastic models Fig. 7. Adhesive applying 

   

Fig. 8. The marking of 
points where the 

determinations were made 

Fig. 9. The PhotoStress plastic 
cover cutting  

Fig. 10. The main stress 
directions determined at the 

points 2 and 3 
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In the figure number 10 are shown the 
main directions of strain and stresses 
determined at the points 2 and 3 settled on the 
main connector of the denture model 1, 
retained through the cast clasps. The main 
stress directions (the value of the angle fixed 
between laser and horizontal direction): 

- 2 = -70; 
- 3 = -40 

The specific strains values determined at 
the points 2 and 3 were:  

- 1  2     
- point number 3:  1  2     
After sectioning the following values were 

obtained (PSCalc program, associated to the 
PhotoStress Plus system): (Table 1) 

From the table it can be concluded the 
prevalence of the bending phenomena and the 
twisting highlights issues are more blurred. 

b) The study of strain and stress state of 
the lingual slope of the saddle in quadrant 3 

Were initially defined points where 
measurements were made on the lingual face 
of the metal-acrylic saddle from the 3rd dial 
(Fig. 11). In this area we have identified three 
areas with different elastic characteristics, 
noted: ma = metal-acrylate; cr = clasp; acr = 
acrylate. The effort on the model left area is 

exercised through the screw rod with w force 
of 140 N. 

The results obtained by plastic cutting at 
the point 2ma are shown in the Figure 12, 
through the PC CALC. 

The main stress direction was determined 
next by executing of the photosensitive 
material cutting across it. Sectioning were 
made  at the points: 2ma, 3cr acr, to 
eliminate the normal stresses with a 
perpendicular direction on the one of the 
main direction at each point and to measure 
by PhotoStress method the normal stress on 
the section direction. For the points 1, 2, 3 
corresponding to the metal-acrylic area of the 
saddle were taken into account the following 
elastic constants (corresponding to Cr-Co 
alloy): 

 
In the case of the acrylic structure are 

considered the following values of the elastic 
constants:  

 
The main effort directions after 

photoelastic material cutting at the points 2, 
3, 4 are illustrated in following figures. 

The values of the specific strains are 
presented in Table 2. 

 
Table 1. The specific strains values determined at the points number 2 and 3. 

Point 1  2  1 [MPa] 2 [MPa] 
2 524 -308 67 -14 
3 524 -189 69 -14 

 

  

Fig. 11. The point identification and definition Fig. 12. The results obtained by the plastic 
cutting at 2ma 
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Point 1  2  1 [MPa] 2 [MPa] 

2ma (metal-acrylate saddle) 445 1195 63 36 
3cr (clasp saddle) 339 -36 47 3 
4acr (acrylate saddle) 594 -243 2 0 

 
The main stress direction (the angle value 

determined through the compensator between 
the main direction and horizontally direction) 
at the point number 2 is: At the point number 

0. The plastic material cutting was 
done with a diamond disk aiming the laser 
beam direction (Fig. 13). The main normal 
stresses determined at that three points level 
by the PSCalc program associated to the 
method PhotoStress are highlighted in the 
Fig. 14. 

the loading rod, curves in the immediate 
vicinity, rising and producing normal traction 

stresses at the point 2ma (metal-acrylate area: 
Ima=63MPa) and at the point 3 of the area of 

curvature (inner) of the clasp (which develops 
a normal stress Icr=47MPa, stretching also). 
The cause can be explained by a significant 
yielding of the gum tissue and the relatively 
low rigidity of the metal-acrylic structure of 
the saddle.  

c) The study of the strain and stress 

its secondary connector level, as well as the 
retentive arms level.  

Were initially marked the points where we 
will study the main directions of stresses at the 
retentive a  

 

  

Fig. 13. The sectioning executed at the points: 
2ma, 3cr and 4acr 

Fig. 14. The normal main strains determined 
in those three points 

 
 

Fig. 15. The points identification and their 
mark 

Fig. 16. The photosensitive layer cutting in 
point 4 

The screen shown by PSCalc program, 
with the main directions drawn in the points 2 
and 4 from the exterior left clasp, at the 
denture 1 loading is shown in the figure 

number 15; on the screen are indicated: the 
force of 140 N in the loading points; the main 
specific strains difference 1- 2=346[  and 
the main stresses difference 1- 2=40[MPa]. 
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The photosensitive layer cutting was chosen 
in point number 4 for the separation and 
determination of the specific strains and 
normal stresses mainly because this point 
belongs to the curvature area of the clasp, 
heavy mechanical loaded. (Fig. 16) The 
interpretation of indications of the 
PhotoStress equipment: the main direction (of 
the specific strains 1 and the maximum 
principal normal stress 1) is oriented at -
versus the conventional horizontal direction; 

the main direction II is perpendicular to the 
direction I. (Fig. 17, 18).  

The determined values by PSCalc were: 
for the specific strains: 1=191 , 2=-155 ; 
and for the normal stresses: 1=23 MPa, 2=-
17MPa (Table 3). 

The values determined by PSCalc were: 
for the specific strains: 1=191 , 2=-155 ; 
for the normal stresses: 1=23 MPa, 2=-
17MPa (Table 3). 

 
Table 3. The determined values by PSCalc in point 4 

Point 1  2  1 [MPa] 2 [MPa]
4 191 -155 23 -17 

 

  

Fig. 17. The highlighting of the main 
 direction I 

Fig. 18. The detail of explanation of the main 
stresses action in the considered point of the 

exterior left clasp of the denture number 1, in 
the manner of elasticity theory 

CONCLUSIONS 
It can be concluded that phenomena 

occurred at this level are stretching and 
bending generated by the radius of curvature 
increasing trend (opening) of the clasp arc. In 
order to protect the pillar tooth is necessary to 
create a flexible secondary connector, which 
takes some effort induced by the forces 
developed during the masticatory cycle.  

In the analysis of the biomechanical 
behavior of the main connector of the denture 

concluded the prevalence of bending 
phenomena and the twisting aspects are more 
blurred.  

In the analysis of biomechanical behavior 

of the secondary connector that supports the 

the phenomena occurred at this level are the 
stretching and bending generated by the 
radius of curvature increasing trend (opening) 
of the clasp arc. In order to protect of the 
pillar tooth is necessary to create a flexible 
secondary connector which will take some 
effort induced by the forces developed during 
the masticatory cycle. 

The study made at the points located on 
the lingual side of the saddle, highlights the 

which tamp it down under the loading rod, it 
curves in the immediate vicinity and it 
simultaneously rises and producing normal 
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traction stresses at the point 2ma (metal-
acrylate area: Ima=63MPa) and at the point 3 
of the area of curvature (inner) of the clasp 
(which develops a normal stress Icr=47MPa, 
stretching also). The cause can be explained 
by the compression of the artificial gum in the 

3rd quadrant and the relatively low rigidity of 
the metal-acrylic structure of the saddle, as 

clasp. 
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