
INTRODUCTION

The defining characteristic of an obturator prosthesis 
is that it serves to restore separation of the oral and 
adjacent cavities following surgical resection of tumors 
of the nasal and paranasal regions1). An obturator 
prosthesis facilitates speech and deglutition by 
replacing those tissues lost due to the disease process 
and, as a result, can reduce nasal regurgitation and 
hypernasal speech, improve articulation, deglutition 
and mastication. Partially edentulous maxillectomy 
dental arches are quite different from normal partially 
edentulous arch anatomical features; obturator 
prosthesis support and stabilization are largely 
dependent on the ability to aggressively engage the 
remaining teeth and residual ridge structures. Compared  
to partially edentulous arches, the movement potential 
for the prosthesis extension into the defect can be 
significant. The movement potential for the obturator 
prosthesis increases as the remaining tooth number 
decreases; therefore, the maintaining teeth are very 
important for obturator prosthesis stabilization. Forces  
are transmitted to the abutment teeth of the prosthesis 
through the rests, guide planes, and retainers. 
Therefore, optimum framework designs should be based 
on sound research data and clinical experience aimed 
at preserving the health of the abutment teeth and 
their supporting structures2). The forces placed on the 

abutment teeth and the remaining bone of a maxillary 
resection patient must be completely understood because 
this clinical situation occurs frequently3). Various clasp 
designs for obturator prostheses have been advocated. 
In a large surgical resection case of the maxilla, the 
Aramany Class IV4) maxillary defect case, double Akers 
clasps were used for an obturator prosthesis2,5-7). A  
clinical evaluation of the case report8) suggested that 
multiple Roach clasps for obturator prostheses were 
an effective means of preserving the abutment teeth. 
However, few studies have been performed to evaluate 
the stresses of various clasp designs. 

The finite element (FE) analysis is useful in the 
field of dentistry. Three-dimensional (3D) FE analysis 
can be used to verify displacement and deformation and 
to determine the location of stress concentration. In 
addition, 3D FE analysis is able to repeat an experiment 
many times; it can be performed on a computer without 
putting any stress on the human body from technical 
materials; the results can be displayed visually 
very simply. Because of improved simplicity and 
reproducibility, 3D FE analysis has become increasingly 
popular for stress analysis9) and has been used in 
prosthodontics studies. However, there has been little 
study done concerning obturator prostheses.

It was hypothesized in this study that the different 
clasp design of the Aramany Class IV obturator  
prosthesis affects the stress distribution of the 
alveolar bone surrounding the abutment teeth and the 
displacement of the obturator prosthesis. The purpose 

Three-dimensional finite element analysis of Aramany Class IV obturator 
prosthesis with different clasp designs
Hideaki HASE1, Akikazu SHINYA2,3, Daiichiro YOKOYAMA2, Akiyoshi SHINYA2 and Yutaka TAKAHASHI1

1 Division of Removable Prosthodontics, Department of Oral Rehabilitation, Fukuoka Dental College, 2-15-1 Tamura, Sawara-ku, Fukuoka 814-0193, 
Japan 

2 Department of Crown and Bridge, The Nippon Dental University, School of Life Dentistry at Tokyo, 1-9-20 Fujimi, Chiyoda-ku, Tokyo 102-8159, 
Japan

3 Department of Biomaterials Science, Institute of Dentistry, University of Turku and BioCity Turku Biomaterials Research Program, Lemminkäisenkatu 
2 20520 Turku, Finland

Corresponding author,  Yutaka TAKAHASHI;  E-mail: ytakaha@college.fdcnet.ac.jp

The purpose of this study was to evaluate the stress distribution on the alveolar bone surrounding abutment teeth and the 
displacement of the Aramany Class IV obturator prosthesis with two different clasp designs. Three-dimensional finite element 
models of an Aramany Class IV maxillary defect were constructed. Two different clasp designs on an obturator prosthesis (double 
Akers clasps and multiple Roach clasps) and two different load conditions (vertical and horizontal) were compared. Finite element 
analysis was used to calculate the equivalent stress. The difference in the clasp design of the Aramany Class IV obturator prosthesis 
affected the stress distribution of the alveolar bone surrounding the abutment teeth and the displacement of the obturator prosthesis. 
Multiple Roach clasps reduced the stress distribution on the alveolar bone surrounding the abutment teeth and the displacement of 
the Aramany Class IV obturator prosthesis compared to double Akers clasps.

Keywords: Three-dimensional finite element analysis, Aramany Class IV obturator prosthesis, Clasp design, Double Akers clasps, 
Multiple Roach clasps

Color figures can be viewed in the online issue, which is avail-
able at J-STAGE.
Received Jan 16, 2014: Accepted Feb 17, 2014
doi:10.4012/dmj.2014-015   JOI JST.JSTAGE/dmj/2014-015

Dental Materials Journal  2014;      :      –



Fig. 1	 Three-dimensional finite element model of the 
Aramany class IV maxillary defect situation.

Fig. 2	 Designs of obturator prostheses. 
	 (a): Double Akers clasps model, (b): Multiple Roach 

clasps model.

Fig. 3	 Boundary conditions used in this study. 
	 (a): Vertical loading, (b) Horizontal loading.

of this study was to use 3D FE analysis to evaluate the 
stress distribution of the alveolar bone surrounding 
the abutment teeth as well as the displacement of the 
Aramany Class IV obturator prosthesis with the double 
Akers clasps or the multiple Roach clasps.

MATERIALS AND METHODS

3D FE modeling
A three-dimensional (3D) FE model of the Aramany 
Class IV maxillary defect was used in this study (Fig. 
1). It was based on the Aramany Class IV maxillary 
replica model (NISSIN D50-555, Nissin, Kyoto, Japan) 
and simulated the Aramany Class IV maxillary defect 
that included mucosa, alveolar bone, maxillary left first 
and second molars, and maxillary left first and second 
premolars. The geometry of the restored dentition 
followed Wheeler’s description10). Three-dimensional 
FE models of obturator prostheses were used (Fig. 2), 
which were based on the Aramany Class IV obturator 
prosthesis and were made so that the obturator, 
denture base and metal clasps were constructed5) were 
conformable to the Aramany Class IV maxillary replica 
model. Two different clasp configurations —the double 
Akers clasps (Fig. 2-a) and multiple Roach clasps (Fig. 
2-b)— were compared in this study. The coordinates 
of each point of the shape were then entered into the 
preprocessor of an FE analysis program (ANSYS 10 Sp, 
ANSYS, Inc., Houston, TX, USA) to build solid models 
for the Aramany class IV maxillary defect and obturator 
prosthesis.

Boundary condition and date processing
Figure 3 shows the boundary conditions of this study. 
Two loading directions were employed. A vertical 
force of 30 N was applied to the imaginary center on 
the maxillary right premolar and molar teeth parts 
(120 N total; Fig. 3-a). A horizontal 45-degree oblique 
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Fig. 4	 Displacement vector of the models at vertical 
loading. 

	 (a): Double Akers clasps model, (b): Multiple Roach 
clasps model. ○: Pivot of the obturator prosthesis.

Fig. 5	 Displacement vector of the models at horizontal 
loading.

	 (a): Double Akers clasps model, (b): Multiple Roach 
clasps model. ○: Pivot of the obturator prosthesis.

Table 1	 Properties of the oral structures and materials 
used in this study

Young’s modulus (MPa) Poisson ratio

Acrylic resin     2,650 0.3

Co-Cr alloy 200,000 0.3

Mucosa 3.5 0.4

Bone   20,000 0.3

Dentin   18,000 0.31

Enamel   47,600 0.27

angle distal force of 30 N was applied to the imaginary 
center on the maxillary right canine and premolar teeth 
parts (90 N total; Fig. 3-b). The alveolar bone base 
was fixed in all directions. The Young’s modulus and 
Poisson’s ratio presented in Table 1 were determined 
from a literature review11,12). The double Akers clasps 
model generated 45,279 elements and 9,662 nodes. The 
multiple Roach clasps model generated 62,992 elements 
and 10,224 nodes. To avoid quantitative differences in 

the stress values of the models, all the solid models were 
derived from a single mapping mesh pattern. FE model 
construction and analysis were performed on a personal 
computer (Precision Work Station 670, Dell, Round Rock, 
TX, USA) using a FE program. A FE analysis was used 
to calculate the displacement of the obturator prosthesis 
and the equivalent stress on the alveolar bone.

RESULTS

Displacement of obturator prosthesis
Figure 4 shows the displacement vector of the models 
during vertical loading. In the double Akers clasps 
model, the pivot of the obturator prosthesis was the 
palatal side of the proximal surface between the first and 
second premolars. In the multiple Roach clasps model, 
the pivot of the obturator prosthesis was the distal side 
of the second molar. 

Figure 5 shows the displacement vector of the 
models during horizontal loading. In the double Akers 
clasps model, the pivot of the obturator prosthesis was 
the buccal side of the proximal surface between the first 
and second premolars, and in the multiple Roach clasps 
model, the pivot of the obturator prosthesis was the 
buccal side of the second molar. 
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Fig. 6	 Posterior view of the displacement of the models. 
	 (a): Vertical loading, (b) Horizontal loading.

Figure 6 shows the posterior view of the displacement 
of the models. During vertical loading, the maximum 
vertical displacements were observed at the posterior 
edge of the denture base for both clasp designs, and both 
of the 3D FE obturator prosthesis models were displaced 
to the -XZ direction. The maximum 3D displacement of 
the double Akers clasps model and the multiple Roach 
clasps model at vertical loading were 7.56 mm and 6.73 
mm, respectively. Both the 3D FE obturator prosthesis 
models at horizontal loading were displaced to the -XZ 
direction, and the maximum 3D displacement of the 
double Akers clasps model and the multiple Roach clasps 
model at horizontal loading were 3.70 mm and 3.05 mm, 
respectively.

Stress distribution and stress concentration on alveolar 
bone
Figure 7 shows the occlusal surface view of the stress 
distribution and stress concentration on the alveolar 
bone. 

In the double Akers clasps model at vertical loading, 
the stress concentrations of the alveolar bone were noted 
at the proximal surface between the first and second 
premolars. The maximum equivalent stress value of the 
double Akers clasps model was 8.81 MPa. 

In the multiple Roach clasps model at vertical 
loading, the stress concentrations of the alveolar bone 
were located around the second molar and palatal side 
of the proximal surface between the first and the second 

premolars. The maximum equivalent stress value of the 
multiple Roach clasps model was 1.97 MPa.

In the double Akers clasps model at horizontal 
loading, the stress concentration of the alveolar bone 
was noted at the palatal side of the first premolar and 
the proximal surface between the second premolar and 
first molar. The maximum equivalent stress value of the 
double Akers clasps model was 10.69 MPa. 

In the multiple Roach clasps model at horizontal 
loading, the stress concentration of the alveolar bone 
was the proximal surface between the first and the 
second molars. The maximum equivalent stress value of 
the multiple Roach clasps model was 6.39 MPa.

DISCUSSION

FE analysis has been widely used in removable 
prosthodontics studies13-17). However, there are few 
studies about obturator prostheses18,19). Some studies 
have reported on obturator prosthesis clasp designs  
using photoelastic analysis2,3,20). The photoelastic 
analysis can display stress distribution and evaluate 
the forces exerted on the supporting structures21). 
However, photoelastic studies were not able to separate 
the material property of the supporting structures 
and could not reproduce the analysis of the same 
photoelastic model. FE analysis makes separating the 
material property of support structures and establishing  
boundary conditions and load conditions easier. In 
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Fig. 7	 Occlusal surface view of the stress distribution and stress concentration on the alveolar bone. 
	 (a): Vertical loading, (b) Horizontal loading. ○: Point of maximum equivalent stress.

addition, FE analysis allows the numerical measurement 
of the internal stress in obturator prosthesis FE models 
to be visualized. Therefore, the FE is useful for analyzing 
the stress on obturator prostheses; this stress originates 
in various components such as the teeth, alveolar bone, 
denture base, and clasps.

This study used the simplified tooth model with 
no counter, no friction coefficient, and no periodontal 
ligament in order to simplify the analysis of the results. 
Thus, the simplified FE models could clearly show 
significant stress distribution on the supporting bone in 
this study. Although the masticatory force is different 
for each individual and each food, the load condition of 
this study was set up using 30 N as a constant value 
to simplify the analysis. Movement of a prosthesis from 
chewing affects the behavior of the prosthesis; therefore, 
in this study the movement was simulated as a vertical 
and a horizontal load.

In this study, both obturator prosthesis FE models  

at vertical loading were displaced in the-XZ direction  
and to the right canine buccal side direction. These  
results showed that the movement of the obturator 
prosthesis was affected by the location of the maxillary 
bone defect. At horizontal loading, both obturator 
prosthesis FE models were also displaced in the-XZ 
direction. The results showed that the horizontal 
loading force was converted to turning force, owing to 
the position of the center of rotation.

In both load conditions, the double Akers clasps 
model showed that high equivalent stresses were 
distributed over a wide area compared to the multiple 
Roach clasps model. At vertical loading, the occlusal 
rest of the double Akers clasps model added power to 
the tooth axis direction. The occlusal rest acted as the 
fulcrum, and then the obturator prosthesis moved in 
a rotary motion. As a result, a pulling movement of 
the maxillary left first and second premolar occurred, 
which caused a greater displacement of the obturator 
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prosthesis, and then the high equivalent stress was 
distributed widely on the alveolar bone surrounding the 
abutment teeth. At horizontal loading, the displacement 
of the double Akers clasps model was greater than that 
of the multiple Roach clasps model. It seems that the 
pivot point of the obturator prosthesis was adjacent 
to the maxillary defect. As a result, high equivalent 
stresses on the alveolar bone were recorded in the case 
of the double Akers clasps model. 

When the multiple Roach clasps model was under 
loading, the obturator prosthesis was rotated. At that 
time, the clasps were most likely to extend in the-X 
direction around the second molar. As a result, the stress 
concentration of the alveolar bone around the abutment 
teeth was dispersed to the surrounding palatal area and 
the stress was distributed equally on the alveolar bone. 
Consequently, the stress concentration of the alveolar 
bone around the abutment teeth may be reduced by the 
multiple Roach clasps of the obturator prosthesis.

Under the vertical loading, the maximum equivalent 
stress value of the multiple Roach clasps model (1.97 
MPa) was 22% of that of the double Akers clasps model 
(8.81 MPa). Under the horizontal loading, the maximum 
equivalent stress value of the multiple Roach clasps 
model (6.39 MPa) was 60% of that of the double Akers 
clasps model (10.69 MPa). The results indicated that 
the obturator prosthesis with the multiple Roach clasps 
produced less stress on the alveolar bone surrounding 
the abutment teeth compared to the obturator prosthesis 
with the double Akers clasps. 

From these results, the research hypothesis of 
this study was confirmed. As mentioned earlier, this 
study used the simplified tooth model with no counter, 
no friction coefficient, and no periodontal ligament; 
therefore, further study is needed using an anatomical 
tooth shape model.

CONCLUSIONS

Using three-dimensional finite element analysis, 
this study evaluated the stress distribution on the 
alveolar bone surrounding the abutment teeth and 
the replacement of the Aramany Class IV obturator 
prosthesis with the double Akers clasps or the multiple 
Roach clasps. Based on the experimental conditions, the 
following conclusions can be drawn:

1.	 The difference of clasp design of the Aramany 
Class IV obturator prosthesis affected the stress 
distribution of the alveolar bone surrounding 
the abutment teeth and the displacement of the 
obturator prosthesis. 

2.	 The multiple Roach clasps reduced the stress 
distribution of the alveolar bone surrounding 
the abutment teeth and the displacement of the 
Aramany Class IV obturator prosthesis compared 
to the double Akers clasps.
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