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Abstract. Dental fixtures are a huge necessity in the modern dental world. Performing operations without any fixtures gives a huge 

scope of error and is extremely strenuous for the doctor operating. This paper is aimed at designing dental fixtures and analysing them 

to get the best possible design. Static- structural analysis is done on the part, considering the crushing force possible by the human jaw 

and also the force acting on the fixture .The design is also optimised by doing multiple iterations to get the best possible design with 

the highest safety factor. This fixture can be used by dentists worldwide and it can be used on any person‟s jaw as the fixture is an 

adjustable one. The fixture works on completely restricting all unnecessary motions. This greatly helps in long dental procedures like 

root canal treatment where it is very crucial to hold the mouth firmly in the right angle so that it does not move and obstruct the 

dentist‟s procedure reducing a lot of unnecessary pain caused to the patients which is due to misalignment in dental procedures.
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A fixture holds an object in the right position such that 

when any operation has to be performed on the subject 

there will be no unnecessary motion which might 

hinder the operation in any way. The problem 

especially arises with old people who find it especially 

difficult to hold their mouth open for extended periods 

of time such that the operation can be performed 

without any hassle. The problems also occur with 

children who are very difficult to control. Performing 

dental operations on them is particularly a difficult 

experience for dentists. The Fixture is designed 

keeping all these factors in mind to help the dentist 

perform his task without any hassles, making his work 

faster, easier and much more efficient in terms of the 

output or the quality of the finished operation 

especially during‟ Root Canal Treatment, it is very 

important that the subject remains still since root canal 

directly comes in contact with the nerve endings and 

damaging them can be very dangerous .[1] Kashyap, S 

et al stated that the quality of manufacturing is high only  
when the workpiece is accurately and rigidly positioned. 

Making it all the more necessary that even for dental works 

where the workpiece is the teeth and the tool the dentist‟s 

instrument. It is highly important that the mouth is fixed in 
order to get the best possible and most optimum operation in 

the least amount of time. 

 

 

 

 

LITERATURE REVIEW: 

There are limited types of mouth fixtures available in 

the market and the ones which are available currently 

in the market lack the design to hold both the lips and 

the lower and upper jaws in place this mouth fixture 

will address this problem completely. A Material 

which does not affect the human biological system in 

any negative way is selected for the mouth fixture. The 

maximum F.O.S (Factor of Safety) of the mouth fixture 

is 15 and the minimum FOS is 1.46 This makes the 

fixture last even with higher loading conditions than 

possible. This will last even considering the highest of 

biting forces applicable by the human jaw. 

Furthermore, different clamps have been made for 

different age groups, variable clamp size has not been 

done on the holder because using variable plates and 

linking them mechanically reduces the FOS to a large 

extent adding to the cost of the model itself. Instead we 

have made the entire c type clamps of different sizes 

which can be fit individually depending on the shape of 

the mouth for the person. 

The c-type linkages shown in Fig 3 shows the holes 

along the surface so that it can accommodate peoples 

jaw depth and the dentist‟s preferred configuration to 

get a more effective operation or procedure in the end. 

[2] Simon BR et al argued that if detailed Finite 

element Analysis is required for a part then detailed 3D 

modelling is required. 

Results of 3D FEA were compared with in vivo strain-

gauge measurements by [3] Benzing U.R et al. In the 

studies, the results of the 3D FEA matched the 

experimental measurements in tendency. The 3D FEA 

is considered an appropriate method for investigation 

of the stress throughout a three-dimensional structure, 

and it was selected for study on this dental fixture to 

get the stress distributions. 

  Methodology: 

 

Fig. 1. Flow chart Process 

As shown in the flow chart above 7 major steps were 

taken to design and analyse the „Dental Surgical 

Fixture‟ In the first step we checked the need for us to 

actually work on development of this product a small 

survey was done among peer groups also to get the 

gravity of the situation. By taking the values of all the 

people who participated in the survey we started 

working on literature survey behind similar types of 

products and how to fix the mouth rigidly in place 

during dental procedures without any operation. 

Work was then done by keeping a scanned model of a 

adult‟s jaw as a reference for the c-type fixture. 

Based on this design of the jaw fixture the c-type 

fixtures model was made. This was done in such a way 

that the Dental Surgical Fixture will correctly fit the 

mouth causing the least amount of pain to the person 

wearing the fixture. 
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Material was selected based on the weight, the cost 

factor and the safety in terms of toxicity towards 

humans, based on these factors Al6061 was selected. 

After this several designs were done and after multiple 

porotypes Finite element analysis using „ANSYS‟ was 

carried out based on the results obtained by ANSYS 

the design was altered multiple times. After this all 

these results were neatly documented.  

 

Design Procedure: 

As shown in Fig. 4, the clamp has the bare minimum 

links to keep the mouth open, this is done in order to 

reduce the complexity, the cost and having lesser 

material means there is more reach and the dentist can 
access a wider area of the mouth. 

 

 Fig. 2. Dental Fixture Assembly Drawing 

Fig 3. Core ideals to make the product 

The above flow chart Fig.2 represents our core ideals 

and the entire design and analysis process the dental 

fixtures went through to obtain the final model. To 

obtain the necessary design, initially a scanned model 

of a human jaw was taken based on this the c-type 

component which holds the mouth in a fixed position 

was designed, the C- type fixture is as represented 

below. 

 

Fig .4. C-type fixture 

 

The front section of the C-type section has a contour 

which is not an exact semi-circle, but is actually a line 

interpolation which is obtained from multiple close 

proximity points which makes the profile of the human 

jaw. This shape is consistent among most of the 

individuals therefore leading us to take the following 

shape. The C-type component as seen in Fig.3 has 4 

holes on the end tail section of it, this was done to 

facilitate multiple mounting points along the tail end to 

help in more ergonomic and varied placements during 

the operation. These holes are also the insert points 

where the pins go through to keep the component 

firmly in place. The material taken for this was 

Aluminium 6061 this is consistently maintained 

through all the components of the entire fixture model, 

this was done since Aluminium 6061 is a commonly 

extruded element adding to this it has low weight and 

good mechanical properties to withstand the forces 

acting on it in this case making it the most effective 

and economic material to use to obtain the best results 
in this fixture. 

 

The chemical properties of Al 6061 is shown below 

Table 1.Chemical composition of Al 6061. 
 

Element  Mg Fe Si Cu Mn  V Ti Al  

Weight% 1.08 0.17 0.63 0.32 0.52 0.01 0.02 Remaining  

 

The Mechanical Properties of Al 6061 are as shown 

below 
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Table 2. Mechanical Properties of Al 6061 

Ultimate Tensile 

Strength(MPa) 

Tensile 

yield 

Strength(

Mpa) 

Vickers 

Hardness 

Modulus of 

Elasticity 

(GPa) 

310 276 107 68.9 

 

In order to completely constrict the human jaw 4 c-type 

fixtures are used, 2 of them are placed to hold the 

upper and lower jaw at the right height and 2 more is 

used to open the cavity of the mouth by stretching the 

lips to a certain extent. This provides a huge reach area 

such that the dentist can operate on even the molars 

with ease. Adding to this to check the design viability 

Finite element analysis was done on the part to get the 

stress distributions thought the part to get to know how 

good the design is, also this gives us the factor of 

safety for the parts.  

Results and Discussions: 

Finite Element Analysis was carried out with a good 

mesh control and fine mesh condition. 

The Vertical c-type fixture was given 300 N as the 

force acting perpendicular to the surface which takes 

the most of the force 

Further added to this the horizontal component is given 

50N to hold the lips in place and the cheeks from 

coming closer during the operation  

 

Fig .5. Factor of safety for the Horizontal Component  

The plot above shows the solution vs the factor of 

safety plot line to understand the factor of safety on the 

horizontal component. The factor of safety in this 

ranges from 1.14 to 1.46 based on the trials and 

different solution numbering. 

 

 

Fig. 6. Factor of Safety Representation for the vertical 

component 

The Above diagram shows the Factor of Safety in the 

vertical component with the minimum FOS as 1.6. It is 

found that the problematic area or the area with the 

least FOS is the interface of the C-type structure and 

the pillar type structure which consists of the holes. 

This is because the stress gets concentrated here 

because the stress acting on the component gets lead 

here directly. Therefore a fillet and as many curves 

have been added to this area to reduce any sharp 

corners. To reduce stress concentration as much as 

possible.  

 

Fig .7. Equivalent stress distribution vertical 

component 

The Stress Distribution for the c-type fixture is as 

follows, 

The Maximum Stress is: 1.5813*10^8 Pa 

The Minimum Stress is: 3.854*10^-5 Pa 
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Fig. 8. Stress Concentration on the Dental Fixture 

Assembly 

The Stress Distribution for the c-type fixture is as 

follows, 

To check the stress distribution acting on the entire part 

as a whole a finite element analysis was done on the 

dental fixture. 

The results are as follows. 

The Maximum Stress is: 7.0759*10^8 Pa 

The Minimum Stress is: 2.7667*10^-9 Pa 

 

Fig.9. Mesh Grid (fine mesh) of the Dental Fixture 

Assembly 

 

Conclusion: 

For estimating the strength of fixture assembly it is 

important to determine the location and magnitude of 

maximum stress values and deformation. Analytical 

calculations becomes too complex in the newer 

designs. The identification of stress concentration area 

and maximum stress location helps us to design a new 

model by increasing the thickness at such location of 

the fixture assembly.  Based on the Finite element 

analysis carried out on the fixture we can conclude that 

the mouth fixture can hold the forces  acting on it 

without failure and is safe for human use as it is done 

by non-toxic materials.  
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