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Photoelastic stress in mandibular overdenture retained by three implants
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Abstract

Objectives: This study evaluated the photoelastic stress promoted by different load intensities exerted by the maxillary 
complete denture on the mandibular overdentures retained by three implants.

Materials and Methods: The median implant was placed in the mandibular stone model midline and the lateral implants 
18 mm distant of each side of the median implant. Occlusal load with intensities of 10, 20 or 30 kgf were exerted in the 
mandibular photoelastic model by the maxillary complete denture in maximum intercuspation. Axial single loads with 
same intensities were also exerted on the first left or right molar of the overdenture. Qualitative analysis was made using 
polariscope and quantitative analysis with images obtained by the FRINGES program.

Results: Qualitative analysis: Occlusal force, similar stress in the apex of the median implant and in the posterior region of 
the lateral implants for all force intensities. Single force, stress in the apexes of the left or right implant and in the poste-
rior region of the mandible that increased with load increase. Quantitative analysis for occlusal load: 10 kgf (T=188.01; 
N=0.40); 20 kgf (T=1016.72; N=2.17); 30 kgf (T=1158.31; N=2.48). Axial single load in the left molar: 10 kgf (T=262.00; 
N=0.56); 20 kgf (T= 266.04; N=0.57); 30 kgf (T=277.96; N=0.55). Axial single load in the right molar: 10 kgf (T=1089.03; 
N=2.33); 20 kgf (T=905.39; N=1.93); 30 kgf (T=935.66; N=2.00).

Conclusion: Different locations and stress levels occurred in the overdentures supported by three implants when submit-
ted to occlusal or axial load on the first left or right molar.
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Introduction

Insufficient stability and retention are the main complaints of 
the conventional complete dentures users. This prosthetic re-
habilitation is associated with several problems, such as lack 
of stability, support and retention. However, when mandibular 
complete denture is supported by implants an improvement 
could be seen in the patients' psychological and social well-be-
ing. This treatment also requires different types of attachment 
systems that connect the complete denture to the implant [1]. 
An option for this clinical problem is the oral rehabilitation 
with implant-supported prosthesis that promotes better re-
tention, stability and chewing effort. One or several implants 
may retain the overdenture and the choice of the number of 
implants is associated to some factors, such as the anatomy 
of the alveolar arches and oral biomechanical conditions. Eco-
nomic factors may also significantly affect the implant amount 
placed in each specific clinical case. However, a previous study 

showed that is not clear whether the bone loss, complication 
types and patient’s satisfaction are related to the number of 
implants needed to retain the overdenture [2].
Two to four implants placed in the anterior region of the man-
dible are feasible and clinically satisfactory to retain overden-
ture in prosthetic rehabilitaions . However, there are count-
less advantages and disadvantages related to load distribution 
on the implant in each specific treatment. In addition, the 
amount of the strain on the posterior residual ridge increases 
when the number of implants was reduced [3].
A three-dimensional finite element analysis showed that sin-
gle-implant-retained mandibular overdentures do not show 
damaging strain concentration in the alveolar bone around 
the single implant and may be a cost-effective treatment op-
tion for edentulous patients. A third implant can be placed 
between the original two when patients rehabilitated by two-
implant overdentures report obvious and constant denture 
rotation around the fulcrum line [4]. 
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Deformities in the peri-implant region, microfractures and 
bone resorption are caused by stress exceeding the physi-
ological limit of the alveolar bone. The bone density and the 
bone-to-implant mineralized interface are higher around of 
the lateral loaded implant when compared to the inactivated 
side. Therefore, it is possible that static load applied to im-
plant in the lateral direction promotes a structural adaptation 
of the peri-implant bone [5].
In mechanical therms, the implant number probably estab-
lisches different relations when placed in different regions of 
the alveolar arch. In addition, previous study showed that the 
prosthetic design is dependent on the number and location of 
the implants. On the other hand, the implants number that 
can be placed will also determine the choice of prosthesis 
type, since the treatment planning is also related to individual 
anatomic-morphologic conditions of the maxilla and mandible 
[6].
Retention of complete mandibular denture can be successful-
ly achieved by means of an implant-retained or natural tooth-
retained bar and clip systems in the anterior segment of the 
mandible. The same design principles are true for both meth-
ods of anchoring the retentive bar. These retentive elements 
must allow some freedom of movement around a fulcrum line 
designed to be perpendicular to the sagittal plane [7]. 
Masticatory forces are transmitted directly to framework and 
osseointegrated implant and consequently to the surround-
ing alveolar bone, and damage may occur due to stress con-
centrated in the peri-implant region causing undesirable bone 
loss. By other hand, indirect comparison provided no evidence 
to support the assertion that there are differences in marginal 
peri-implant bone loss between single implant prostheses and 
multiple screw-retained prostheses [8]. 
The amount of bone loss in the maxillary anterior region com-
pared to the mandibular posterior region was significantly 
more. This could possibly be due to the greater vertical canti-
lever and offset loads in the anterior compared to the posteri-
or region. However, the presence of pocket in the mandibular 
posterior distal and maxillary anterior palatal regions would 
be related to deficient oral hygiene [9]. 
Photoelastic analysis allows observing the stress distribution 

on the model providing a visual display obtained by the po-
lariscope. The method reveals two types of fringes (stress): 
Colored patterns (clear) denominated isochromatic fringes 
representing the stress intensity; and dark lines called iso-
clinic, which overlap the colored fringes and are associated 
with stress direction. In dentistry, the location and intensity of 
stress are the major data required for this analysis that may be 
measured and/or photographed [10]. 
The aim of this study was to evaluate the photoelastic stress 
promoted by loads with different intensities applied by maxil-
lary complete denture on mandibular overdenture retained by 
three implants. The study hypothesis was that different loads 
would promote different stresses in the mandibular overden-
tures retained by three implants.

Materials and Methods

Materials and methods used in the current investigation were 
based in previous study [11,12]. Complete maxillary denture 
and mandibular overdentures were made traditionally with 
thermo-activated acrylic resin (QC-20; Dentsply, Petropolis, 
RJ, Brazil). Acrylic resin record bases (Vipi Flash; Vipi, Piras-
sununga, SP, Brazil) and wax occlusion rims (Kota, Sao Paulo, 
SP, Brazil) were used to relate the maxillary and mandibular 
stone models in semi-adjustable articulator (A7 Plus; Bioart, 
Sao Carlos, SP, Brazil). 
Arrangements of the artificial teeth (Vivadent PE and Ortho-
sit PE; Ivoclar Vivadent, Barueri, SP, Brazil) were made on the 
maxillary and mandibular occlusion wax rims. Both hexagon 
external implants and O’ring analogs (Conexao Prosthesis Sys-
tem; Aruja, SP, Brazil) were placed in the mandibular stone 
model, and the analogs were screwed in the impression copy 
using a resin tray fabricated with an access opening for the im-
pression screws. The stone model with the components was 
replicated with impression material (Silibor; Classico Dental 
Products, Sao Paulo, SP, Brazil). After 24h, the impression copy 
was released from the fixation screws, the implants placed on 
the silicone mold (Median implant in the mandibular model 
midline and the lateral implants at a distance of 18 mm of 
each side), which was used to make the photoelastic model 
(Araldite; Huntsman, Sao Paulo, SP, Brazil). 
The photoelastic model (Figure 1) was submitted to axial oc-
clusal load (10, 20 or 30 kgf) exerted by the maxillary denture 
in maximum intercuspation with the mandibular overdenture 
[11,12]. The stress was evaluated in front, and left and right 
sides of the photoelastic model. Axial single loads were also 
individually exerted on the first right or left molar to verify the 
alveolar ridge effect in the photoelastic stress, since laterality 
movements are different in each ridge and influenced by the 
patient's normal or parafunctional habits.
A circular polariscope (PTH-A-01 model; Federal University of 
Uberlandia, MG, Brazil) was used for stress analysis and im-
ages were taken with digital camera (Canon EOS XSI; New 
York, NY, USA). The color pattern versus fringe order analysis 
was made according to the schematic demonstration of the Figure 1:: Mandibular photoelastic model with three implants.
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isochromatic fringe order for maximum shear stress using the 
Fringes program (MatLab environment, Federal University of 
Uberlandia).
The most relevant positions for each load were analyzed in the 
points R1 to R11 selected along the mandible model. Three 
positions were considered for the occlusal load (P1, P3 and 
P5), two for the right molar (P1 and P3) and two for left molar 
(P3 and P5). The regions evaluated in each position were stan-
dardized so as not to change the location between one image 
and another. In this way, it was possible to choose standard 
points for analysis of the maximum shear stress (T) based in 
the comparison among fringe orders.
 The images of the photoelastic model and the optical con-
stant (Kσ=0.468 kgf/mm) of the photoelastic resin were insert-
ed in the FRINGES program. Based on the equations inserted 
and the fringe orders informed by the examiners, the FRINGES 
program provided the maximum shear stress (T) of each pre-
determined point. The load was applied so that fringe orders 
in each position did not exceed the order 4. After loading, the 
image was analyzed and the values of the fringe orders and 
shear stress obtained for each point. Following, the mean val-
ues for each position and load intensity were calculated.
The following conditions were considered in the study: 1) Sin-
gle photoelastic model for each group [13,14], and 2) Adobe 
Photoshop 7.0 software for photoelastic image analysis. The 
method allowed verifying the structure passivity after implant 
placement and when the force was applied [15,16]. Resultant 
fringe orders (N) and the direction of stress propagation were 
photographed, quantitatively evaluated and recorded. Two 
examiners recorded the results. When there was no agree-
ment between the two examiners in relation to the data, a 
third examiner evaluated the results to solve the doubts.

Results

Qualitative analysis
Occlusal load
Figure 2 shows the anterior view of the photoelastic model 
with three implants submitted to occlusal load. Similar stress 
occurred in the apex of the median implant and in the anterior 
region of the model for the three load intensities.
Figure 3 shows the left side view of the photoelastic model 
with three implants submitted to occlusal load. Stress oc-
curred in the apex of the left implant and in the posterior re-
gion of the model with the three loads that increased with the 
load increase.
Figure 4 shows the right side view of the photoelastic model 
with three implants submitted to occlusal load. Stress oc-
curred in the apex of the right implant and in the posterior 
region of the model that increased with the load increase.

Load in the left molar
Figure 5 shows the photoelastic model with three implants 
submitted to axial single load in the left molar. Stress occurred 
in the apex of the left implant and in the posterior region of 
the model with the three loads that increased with the load 
increase.

Load in the right molar
Figure 6 shows the photoelastic model with three implants 
submitted to axial single load in the right molar. Stress be-
tween the median and right implants, and the posterior re-
gion of the model did not show stress.

Quantitative analysis
Table 1 shows the means of the shear stress (T) and fringe 

Figure 2: Anterior view of the photoelastic model with three implants submitted to occlusal load (10, 20 and 30 kgf, respectively).

Figure 3: Left side view of the photoelastic model with three implants submitted to occlusal load (10, 20 and 30 kgf, respectively).
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Occlusal load (kgf)
10 20 30
T N T N T N
188.01 0.40 1016.72 2.17 1158.31 2.48

Axial single load in the first left molar (kgf)
10 20 30
T N T N T N
262.00 0.56 266.04 0.57 277.96 0.55

 Axial single load in the first right molar (kgf)
10 20 30
T N T N T N
1089.03 2.33 905.39 1.93 935.66 2.00

Table 3: Means of shear stress (T) and fringe order (N) for 
overdenture retained by three implants submitted to axial 
single load in the first right molar.

Table 1: Means of shear stress (T) and fringe order (N) for over-
denture retained by three implants submitted to occlusal load.

Table 2: Means of shear stress (T) and fringe order (N) for 
overdenture retained by three implants submitted to axial 
single load in the first left molar.

Figure 6: Right side of the photoelastic model with three implants submitted to axial single load in the right molar (10, 20 and 30 
kgf, respectively).

Figure 4: Right side view of the photoelastic model with three implants submitted to occlusal load (10, 20 and 30 kgf, respectively).

Figure 5: Left side of the photoelastic model with three implants submitted to axial single load in the left molar (10, 20 and 30 kgf, 
respectively).

order (N) for overdenture retained by three implants submit-
ted to occlusal load. The shear stress (T) and fringe order (N) 
increased with the load increase.
Table 2 shows the means for shear stress (T) and fringe order 
(N) for overdenture retained by three implants submitted to 
axial single load in the first left molar. Similar shear stress (T) 
and fringe order (N) values occurred for the three load intensi-
ties.
Table 3 shows the means for shear stress (T) and fringe order 
(N) for overdenture retained by three implants submitted to 
axial single load in the first right molar. Similar shear stress 
(T) and fringe order (N) values occurred with the three load 
intensities.

Discussion

Photoelastic analysis was used in the current study to evaluate 
the stress occurred in the mandibular overdenture retained 
by three implants submitted to load exerted by the maxillary 
denture or axial single force in the first molars. The different 
loads and force intensities caused different stresses in the 
mandibular overdenture retained by three implants; there-
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fore, the study hypothesis was accepted. 
The biomechanical behavior of implant-supported prostheses 
during the occlusal loading was verified in studies using the 
photoelastic model method. Some of these studies investi-
gated the following variables: Screw-and cement-retained im-
plant prostheses [13], stress in oral obturator prosthesis [14], 
stress of bar-clip and short coping overdenture attachments 
[15], number of supporting implants [16], different prosthetic 
connections [17] and different attachment systems and soft 
relining [18]. 
The current study showed that different occlusal loads with 
different intensities caused different stresses in the alveolar 
ridge region of the photoelastic mandibular models similarly 
manufactured. For occlusal load, similar stress occurred in 
the apex of the median implant and in the anterior region of 
the mandibular model for the three load intensities (Figure 
2). Stress occurred in the apex of the lateral implants and in 
the posterior region of the mandibular model with the three 
loads, and increased with the load increase in both sides of 
the photoelastic model (Figure 3 and 4). For single load in the 
molar, stress in the apex of the left implant and in the poste-
rior region of the mandibular model with the three loads, and 
increased with the load increase (Figure 5). Stress occurred 
between the median and right implants, and the posterior re-
gion of the mandibular model did not show stress concentra-
tion (Figure 6). 
Stress around and in the apex indicates that the implant acts 
as a stress concentrator. In addition, the concentrated stress 
intensity would depend of the location and slope of the ap-
plied force. The oblique loading increased the number of 
photoelastic fringes in all models; however, the internal hexa-
gon implant exhibited better biomechanical behavior for the 
3-unit implant-supported fixed partial prosthesis [17]. 
A previous study showed that different loading locations pro-
moted  significant differences among the overdenture attach-
ment systems. In general, the moment and force on the im-
plant were greater when the load was directly applied over 
the implant or between implants in the mid-anterior region 
[19]. On the other hand, attachment systems promoted differ-
ent stress distribution, showing greater stress concentration 
surrounding the implants and homogenous distribution in the 
photoelastic model without implants [18]. 
These aforementioned reports seem to corroborate the find-
ings of the current study in relation to the force intensity and 
consequent different stress concentration in the overdenture 
supported by three implants. Similar stress concentration oc-
curred in the mandibular overdenture with the three occlusal 
loads. In this case, the occlusal force exerted by the maxil-
lary denture in maximum intercuspation with the mandibular 
overdenture was not able to increase the stress concentration 
level with load increase.
 Different load types and force intensities promoted different 
stress concentrations in the alveolar ridge of the photoelas-
tic models. The shear stress (T) and fringe order (N) increased 
with the occlusal load intensity (Table 1). Similar shear stress 
(T) and fringe order (N) values occurred with single load in the 
left or right molar for the three loads (Tables 2 and 3).
A photoelastic study showed that the number of implants had 

no significant effect in the stress value around the implants 
when the axial force was exerted in the central fossa of the 
first right molar [16]. This result seems to indicate that the 
stress resulting of the axial force on the first molar would have 
greater difficulty reaching regions farther from the implant, re-
gardless the implant number. In mechanical terms, this condi-
tion would be more damaging to the long-term survival of the 
implant and consequent alveolar bone loss when compared to 
the forces distributed homogeneously with greater extension 
in alveolar bone. The 3-D in vivo force measurements in man-
dibular implant supported overdentures showed that chew-
ing and grinding resulted in lower vertical forces compared to 
maximum biting [20]. 
Besides, there is no evidence to support the assertion that dif-
ferences exist in the marginal peri-implant bone loss between 
single implant prostheses and multiple screw-retained pros-
theses [8]. By other hand, it cannot be affirm that the stress 
occurred in the overdenture of the current study would not 
result in some damage to the osseointegration process over 
the long term. In addition, axial single load applied to the first 
right or left molar caused different stress levels in each poste-
rior side of the photoelastic model (Figure 5 and 6). The cause 
of this undesirable result would be verified in studies using fi-
nite element analysis to clarify the different stresses between 
the left and right sides of the photoelastic model. 
A previous report showed that stresses were observed on the 
loaded side of the photoelastic model, and the lowest photo-
elastic stress was found with the Locator and bar attachments 
that transmitted little or no discernible stress around the im-
plants [21]. Moreover, overdenture retained by implants pro-
vide stronger bite force causing hydrostatic stress within the 
mucosa and bone resorption of the residual ridge [22]. It was 
also claimed that the hydrostatic pressure in the mucosa signi-
fies a critical indicator and correlated with clinically measured 
bone resorption, pointing to severe posterior mandibular 
ridge resorption in implant-retained overdenture [23]. 
On the other hand, an increment in implant number tends to 
cause lower stresses and seems to be a safe and sufficient so-
lution for the treatment of mandibular edentulism with over-
denture [24]. In addition, a finite element study showed that 
the cortical and cancellous bone regions are the least stressed, 
while ball attachment produced higher stress [25]. 
The number and the implant position submitted to diferente 
biting forces influence the movement of the mandibular 
implant-supported overdenture; however, overdentures re-
tained with three or more implants showed minimal move-
ment [26], and the stress in mandibular overdenture under 
various loading and dislodging conditions showed that three 
implants promoted the highest lateral resistance force [27]. 
Rotational movement of mandibular overdentures is also in-
fluenced by the implant numbers, anchoring location and 
mastication region. During chewing with anterior teeth, the 
use of 2 implants increased the denture base rotation com-
pared to 1 or 3 implants, and the horizontal movement was 
small compared to the vertical. However, denture movement 
under the occlusal force in the molar region was smaller than 
that in the anterior region [28]. This earlier study showing that 
the occlusal force in the molar region was smaller compared 
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