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ABSTRACT

The purpose: The aim of this study was to evaluate the effect of different designs of removable 
partial denture (RPD) assisted with distal implant used in the treatment of mandibular Kennedy 
class II cases  on the behavior of oral structures by using Three-dimensional (3D) finite-element 
analysis (FEA). 

Materials and methods: A three models of mandibular class II Kennedy arch received three 
RPD designs were evaluated. The first and the second models received a unilateral removable 
partial denture (uni-RPD) with RPI clasp on the first bicuspid in the first model and an extra coronal 
attachment at the distal aspect of the splinted first bicuspid and canine abutments in the second 
model. The third model received a bilateral removable partial denture (bi-RPD) with RPI clasp on 
the first premolar and a double Aker clasp on the second premolar and first molar of the opposite 
side. For each model, a vertical and oblique loads of 100N were applied to the second molar area.   
The created  model components were then imported to FEA software (ANSYS). 

Results: The first model recorded a significant less stresses at the bone, mucosa and abutment 
teeth in comparison to the other models but insignificance differences occurred in the total 
deformations. 

Conclusion: The von Mises stress and deformation produced in case of (uni-RPD) design with 
RPI clasp was better than that occurred with extracoronal attachments and (bi-RPD) designs 

KEYWORDS : Kennedy class II partially edentulous, single implant, RPI clasp, extracoronal 
attachment, 3D  FEA.
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INTRODUCTION 

Treatment of Kennedy class II partially 
edentulous cases presents a challenging situation 
due to absence of posterior tooth support. The 
difference in displacement between the mucosa 
of the alveolar ridge and the periodontal ligament 
of last standing abutment affects the stability and 
the prognosis of prostheses.1 Consequently the 
abutment teeth are subjected to damaging stresses 
and the alveolar bone resorption is increased. 2

Many prosthetic options which used in restoration 
of the unilateral partially edentulous patients try to 
follow the biomechanical principles for obtaining 
a good support, adequate retention and stability. 
These treatments including bilateral or unilateral 
removable partial dentures, implant supported fixed 
or removable partial denture.3, 4

Several studies calculated the stresses induced 
by the bilateral and unilateral removable partial 
dentures under different loads. They came to the 
conclusion that the stress values obtained in the 
abutment teeth are more less with the unilateral 
design and it is below the fatigue limit of the tooth.5, 
6 However the clinical use of unilateral removable 
partial dentures reveals that it has less retention and 
stability, it still offers more aesthetics and comfort 
during mastication and speech. 6, 7

Using of a single implant under the base of 
removable partial dentures distal to the terminal 
abutment has been suggested to improve the 
mechanical behavior and eliminate of the 
destructive forces. It switches the distal extension 
cases from a tooth- and mucosa borne into a more 
favorable tooth-implant supported categories which 
improving the vertical support and stability of the 
prosthesis. 8, 9

Previous studies compared between unilateral 
and bilateral implant assisted removable partial 
dentures (IARPD). They reported that the IA- uni- 

RPD is a reliable treatment option for the distal 
extension cases and more comfortable, also the 
esthetics and the function were improved which 
resulting in more patient satisfaction. 10- 12

There are controversies about the type of 
abutment retainers used with IA- uni-RPD whether 
it is a clasp or extracoronal attachments. Some 
authors demonstrated that the attachment reduces 
the stress around the abutment teeth especially 
when combined with distal implant also it increases 
retention, and eliminates the clasp and its metal 
display. On the other hand other researchers were in 
contrast to these findings. 13-15

Three-dimensional (3D) finite-element analysis 
(FEA) is considered one of the valuable method used 
today in different fields of biomedical engineering 
and dental researches. It offers many advantages, 
including accurate analysis, modification, or 
optimization of dental design and materials. So it 
offers a standardizing manufacturing processes and 
reducing the production costs and failures that may 
be happened in dental studies. 16- 19

The aim of this study is to evaluate the resulting 
stresses at different oral structures and dental 
implants induced by three different designs of 
mandibular removable partial denture assisted with 
single distal implant, using a 3D- FEA

MATERIAL AND METHODS

The current finite element analysis simulates 
a clinical situation where a mandibular Kennedy 
class II removable partial denture was assisted by 
a single implant placed in the second molar area. 
Based on Geng et al. 20 three finite element models 
were prepared as;

Model. 1 : Where a single implant (root form 
threaded titanium dental implant with a diameter 
of 3.75 mm & 4.1 mm in platform diameter and a 
length of 11 mm) * with ball & socket attachment 

* Zimmer dental Inc, USA
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assist a (uni-RPD), with RPI clasp on the first 
premolar.

Model. 2: As the first one except an extra 
coronal attachment with integrated interlock (Vario- 
Stud- Snap) ** was used at the distal aspect of the 
splinted first bicuspid and canine abutment teeth 
which splinted by two porcelain fused to metal  
 crowns.

Model. 3: Where a single implant with ball & 
socket attachment assist a (bi-RPD)  with RPI clasp 
on the first premolar. Cross arch stabilization was 
made by using double Aker clasp on the second 
premolar and first molar of the opposite side.

The three models as appeared on the finite element 
software ANSYS (ANSYS Inc., Canonsburg, PA, 
USA) screen were demonstrated by (Fig. 1). Each 
part in the three models was attributed by suitable 
material.

 All materials were assumed to be isotropic, 
homogenous and linearly elastic and its properties 

are listed in (Table 1). Set of Boolean operations 
between the modeled components were performed 
before obtaining the complete model(s) assembled. 
Meshing of these components was done by 3D brick 
solid element “Solid-185” which has three degrees 
of freedom (translations in main axes directions) 
the resulted numbers of nodes and elements are 
listed in (Table 2), and samples for these meshed 
components are presented as screen shots from 
ANSYS screen in (Fig. 2). The lowest plane of each 
model was considered as fixed nodes in the three 
directions as a boundary condition. For each model, 
a vertical and 10º angle oblique loads of 100N were 
applied to the second molar area and tested.

Linear static analysis was performed on a 
Workstation HP Z820 (Dual Intel Xeon E5-2670 
v2 processors, 2.5 GHz, 64.0 GB RAM), using 
commercial multipurpose finite element software 
package (ANSYS version 16.0), that results of these 
models were verified against similar studies. 20, 21

Fig. (1): Three models geometry

** Bredent company, GmbH & CokG. Weissenhorner Str.2.89250 Senden. Germany.
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Fig. (2): Meshed models from ANSYS screen

TABLE (1) : Material properties used in the finite element model

Young’s Modulus Poissons Ratio
MPa --

Bone 13,600 0.26
Mucosa 680 0.45
Cobalt-chromium (Framework) 218,000 0.33
Ni-Cr 205,000 0.33
Zink Phosphate Cement 13,720 0.35
Porcelain 68,900 0.28
Poly methyl metha acrylate 8,300 0.28
Titanium 110,000 0.35
Rubber 2,400 0.39
Nylon 350 0.4

TABLE (2): Number of nodes and elements in all meshed components

Model #1 Model #2 Model #3

Nodes Elements Nodes Elements Nodes Elements

Bone 211,512 143,956 186,592 125,290 259,669 177,825

Mucosa 41,188 26,272 15,142 7,924 44,043 28,257

Denture 1 123,296 83,075 73,913 49,487 129,403 85,705

Rubber --- --- 15,812 11,094 --- ---

Denture 2 --- --- 41,759 24,672 --- ---

Cement --- --- 70,110 34,769 --- ---

Implant 27,075 18,052 27,075 18,052 27,075 18,052

Ny Cap 5,195 3,314 5,195 3,314 5,195 3,314

Metal Cap 2,785 1,327 2,785 1,327 2,785 1,327



EVALUATION OF DIFFERENT PROSTHETIC DESIGNS OF IMPLANT ASSISTED REMOVABLE (1811)

RESULTS

Summary of von Mises stress (MPa) and defor-
mation (mm) produced within a different compo-
nents of the models used in this study is presented 
in (Table.3) and (Table. 4) and (Fig. 3).

1- von Mises stress (MPa) and deformation (mm) 
occurred at different components and tissues 
due to application of a vertical loads:

The von Mises stress and deformation generated 
at the bone in the first model showed a slightly 
less stress value in comparison to the other two 
models. The values were (1.123, 1.142, 1.128 MPa) 
respectively for model 1, 2, and 3. However this 
difference is insignificant. While all models showed 
the same values of total deformation.

  The mucosa is fairly relaxed under the first and 
third models (0.626 and 0.623 MPa) this decreasing 
of von Mises stress is significant when compared 
with that of the second model (0.730 MPa) . But 
there is no significant difference between the models 
in respect to the total deformation.

On the other hand a maximum stresses and 
deformations on the overdenture appeared under 
the load point without any significant difference 
between all models.

Concerning the von Mises stress and deformation 
occurred in the abutment teeth ( 1st premolar and 
canine) the first model recorded a significant 
minimum value in stress and insignificant decrease 
in the amount of deformation (0.170 MPa, 0.000218 
mm) followed by the third model (0.185 MPa, 
0.000256 mm) while more stress and deformation 
recorded with the second model (0.267 MPa, 
0.000278 mm)

Although the nylon and metal caps were not 
sensitive to the design used, an insignificant 

increasing of stresses about 3% appeared at implant 
with the third model (6.0056 MPa). The total 
deformation values are almost same for all models.

2- Von Mises stress (MPa) and deformation (mm) 
occurred at different components and tissues 
due to application of an oblique load:

The first model generated a significant less 
stresses at the bone in comparison to the other 
models by about 10% (1.231 MPa) while the other 
two models showed nearly equivalent behavior 
(1.318,1.325 MPa) Also insignificance differences 
occurred in the total deformations at the bone with 
all models.

Mucosa showed a significant less von mises 
stresses under first and third model (0.605, 0.603 
MPa) in regard to the stresses occurred under the 
second one (0.689 MPa). While the difference of 
total deformation values between the three models 
is insignificant.

There is no significance differences in stresses 
and deformation values recorded at the overdenture 
in all models.

von Mises stress value recorded at the abutment 
teeth in the first model ( 0.447 MPa) followed by the 
third one (0.463 MPa) while more stress observed 
with the second model ( 0.562 MPa) .

Although the total deformation of the abutment 
teeth was of order 1 micron in models 1 and 3, while 
the second model was about 0.9 micron ( i.e. 10% 
difference) it will not be considered of important 
significance due to the small values.

For the implant, nylon and metal caps, the 
von Mises stress and total deformation is almost 
same for the three models without any significant 
differences.
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TABLE (3): Von Mises stress (MPa) and deformation (mm), in different components of overdenture and 
its supporting tissues due to application of a vertical loads of 100N at the second molar area, * 
shows significant

Model Components Von Mises stress deformation

Model-1 Model-2 Model-3 Model-1 Model-2 Model-3

Bone 1.123 1.142 1.128 0.00092 0.00092 0.00092

Mucosa 0.626 0.730 0.623* 0.00130 0.00128 0.00128

Overdenture 62.454 62.454 62.454 0.021 0.021 0.021

Abutment teeth 0.170* 0.267 0.185 0.000218* 0.000278 0.000256

Implant 5.866 5.860 6.0056 0.00043 0.00042 0.00042

Nylon Cap 0.0462 0.0463 0.046 0.00061 0.00061 0.00061

Metal Cap 2.194 2.193 2.204 0.00063 0.00063 0.00063

Rubber 2.4423 0.00017

Porcelain crowns 51.225 0.00019

Cement 0.157 0.00018

TABLE (4): Von Mises stress (MPa) and deformation (mm), in different components of overdenture and 
its supporting tissues due to application of an oblique loads of 100N at the second molar area, * 
shows significant

Model Components
von Mises stress Deformation

Model-1 Model-2 Model-3 Model-1 Model-2 Model-3

Bone 1.231* 1.318 1.325 0.00166 0.00166 0.00165

Mucosa 0.605 0.689 0.603* 0.00209 0.00213 0.00208

Overdenture 59.563 59.563 59.563 0.0215 0.0215 0.0215

Abutment teeth 0.447* 0.562 0.463 0.001008 0.000882 0.001004

Implant 5.249 5.257 5.423 0.00157 0.00155 0.00155

Nylon Cap 0.041 0.042 0.042 0.00178 0.00176 0.00179

Metal Cap 1.872 1.894 1.885 0.00181 0.00179 0.00179

Rubber 10.116 0.00085

Porcelain crowns 221.95 0.00092

Cement 0.647 0.00088
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DISCUSSION

Intraoral evaluation of stress behavior of different 
tissues is difficult to be accurate and standard so the 
present study was run in-vitro by using the three-
dimensional finite-element analysis. It is a precise 
and reliable way used to measure the stress and 
strain distributions in different oral structures.22-27 
Also this method generate a primary data for new 
clinical therapy and detection of possible clinical 
implications.

Using an implant-assisted RPDs in distal 
extension case is an acceptable treatment modality, 
it change the Kennedy class II to a more favorable 
class III so the harmful horizontal forces is avoided. 
In addition many investigations suggested that 

implants should be placed closer to second molar to 
provide better occlusal support and biomechanical 
configuration . 28- 30

Furthermore a load of 100 N was applied. The 
normal occluding force of partially edentulous 
cases wearing removable partial dentures has been 
reported to be ranged from 70 to 200 N. 31

Regarding to stresses and the deformation values 
recorded at the bone, the abutment teeth and the 
mucosa, the unilateral partial denture showed more 
favorable results than the bilateral and extra coronal 
attachment designs.

This may be due to the fact that, applying the load 
at the central fossa is balanced between supporting 
structures (implant and abutment tooth) which 

Fig.(3). Illustrate a stress distribution and total deformation at selected components of the three models. (a-c) Model #1 total 
deformation of (bone, Mucosa and implant) under vertical load , (d) Model #2 total deformation of abutments under oblique 
load, (e) Model #2 stresses distribution at abutments under oblique load (f) Model #3 , stress distribution at the bone.
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minimize or eliminate the effect of having bilateral 
support. Moving the loading point slightly lingual 
or buccal may be increase the effect of bilateral 
design. 32

Also the traditional RPI clasp transfer the 
applied load to the supporting tooth as preferred 
compressive load, while interlock connection will 
result in transferring the applied load as bending 
moment on the supporting tooth. Thus it will be 
expected that RPI clasp will generate less stresses 
on supporting tooth in comparison to interlock 
connection. 32

These findings are similar to previous  
studies 5, 33, 34 which concluded that the stresses 
applied to the abutment tooth by a clasp retained 
unilateral partial denture were within the physi-
ological limits so it is considered as a viable treat-
ment option. This is emphasized by Radović et al 35 

who stated that the clasp retained unilateral design 
proved good performance indicators and greater pa-
tient satisfaction. 

Pellizzer et al 36 reported that the supporting 
structures showed a satisfactory behavior under im-
plant-supported unilateral removable partial denture 
regarding when a favorable load was applied. In ad-
dition the destructive forces were eliminated and the 
retention was increased.12, 37, 38

In the same context, different authors stated that 
the semi precision and precision attachment designs 
caused a more stresses at the abutment teeth than the 
clasp design partial dentures. 39, 40

On the other hand our findings is disagreements to 
previous studies who told that the stresses recorded 
at the abutment teeth and implant in case of implant-
supported unilateral removable partial denture 
were higher than that occurred in bilateral or extra 
coronal attachment designs. This contradiction may 
be explained by the fact that their studies performed 
on short edentulous span. 41, 42

CONCLUSIONS

Within the limitation of this in vitro study we can 
concluded that:

The von Mises stress and total deformation 
induced at the alveolar bone, mucosa and abutment 
teeth were more favorable in case of RPI clasp 
retained a (uni-RPD) than that recorded in the  
(uni-RPD) with the extracoronal attachments and 
(bi-RPD)  designs.
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