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Abstract. Through the description of the methodology of the development of a bite force 
measurement device it will be shown how interdisciplinary work of Engineers and Health 
Professionals bring enhance of life quality to general population. Bite force measurement is a 
reliable exam to check stomatognathic system (SS) conditions. In order to provide a reliable, low 
cost and do-it-yourself gnathodynamometer a Dentist joined Bioengineering Laboratory (LabBio) 
at UFMG. The development of a 3D printed resin structure was made using CAD/CAM and tested 
by means of FEM. A Carbon Nano Tube (CNT) extensometer developed at CTNANO at UFMG 
to capture the structure deformation were fixed in two geometries that showed good results in 
FEM simulation and will be tested in an EMIC universal mechanical testing machine (DL1000) 
equipped with a 1 kN load cell. The electrical response of the extensometers was monitored using 
a Keithley 2000 digital multimeter (Tektronix), connected to a computer and remotely controlled 
by a LabView application (View Point Systems), a data storage protocol in a SD card and in the 
clouds using IoT and an data acquisition system will be tested. In bench tests both geometries 
showed good results with deformation capturable from 40 N. Data was codified using an Arduino 
Nano and a program was developed for data acquisition and storage. The interdisciplinary work 
generates prototypes with promising results in bench tests. The fruit of the team work may 
generate a toll that improves life quality of population by allowing more people to be tested and 
lowering health costs. 
Keywords: bite force measurement, nanotechnology, CAD/CAM, finite element method, 
interdisciplinary. 

1. Introduction  

Bite force is a key element for the survival of most animal species, including the human 
species. The bite is used as a defense and attack weapon, and for obtaining, cutting, and chewing 
food and influences craniofacial morphology [1-7]. With the softening of food feeding habits, 
even feed time changed for humans who live in big centers [2]. 

Bite force measurement is a noninvasive, non-infiltrative and non-ionizing test that provides 
reliable information that can be used to verify the functional conditions of the stomatognathic 
system (SS) relevant to clinical dental and general health conditions, quality of life, research, 
anthropology, phylogenetic knowledge and development of new materials and technologies  
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[2, 8-34]. The measurement of individual’s bite force generates data about the his/her grinding 
capacity. The higher the bite force, higher the grinding capacity and higher is the mastication 
efficiency [35] what impact aging quality of life [14, 32] among other things. Eating habits may 
be simultaneously associated with the development of masticatory function, nervous system 
development and cardiovascular rhythm [36]. 

The existing gnathodynamometers on the market have a high cost, making it difficult for 
emerging countries to acquire them. The vast majority of bite force measurement devices are sold 
in American Dollars or Euros, which, with the unfavorable exchange rate in developing countries, 
raises the price and the difficult to acquire in private practices. Another point is importing taxes, 
raising more the prices and the customs bureaucracy. For instance, in Brazil there is only one 
manufacturer of bite force meters, for such the accessibility to the devices is not easy for use in 
most dental offices and public health services. Moreover, some of them are difficult to transport 
due to the peripherals necessary to record the data obtained in the bite force tests, the size and 
weight of the dispositive, number of cases need and so on, thus compromising their use in public 
health services, particularly those that serve communities far from and/or isolated from the larger 
cities. For such an on-board system of data obtained in the bite tests recording and saving is crucial 
to ease transport.  

The Suita health program in Japan uses bite force measurements to control population aging 
quality of life using pressure films. For instance, the 50 type R manufactured by Fujifilm Corp 
needs a special scanner (Occluser FDP-703) also manufactured by Fujifilm Corp [37]. Three 
major problems arise from this: the raise in cost, the difficult to transport the pressure films to be 
read in the scanner of transport the scanner to read the pressure films in loco, and the difficulty of 
transport raises to. If the pressure films receive load during transportation a bias was created. 

Another point that took the team to develop the dispositive to measure human bite force is the 
public dental health care in Brazil that is poor for many reasons that are not in the scope of this 
work but one has to be highlighted. There is the role health agent in Brazilian health care, but this 
individual does not have, and is not in its obligations, a proper dental training that allows him to 
diagnose a lot of stomatognathic system problems and diseases what brings a worse prognosis to 
the patient when diagnosed and increases the costs of publica health system. With an easy to 
transport device he will be able to detect oral problems early contributing to better prognosis 
treatment and lowering of costs to the public health system. It is always good to explain that Brazil 
has very distant and poor districts that the health agent visits from time to time, lots of people 
living in very small communities in the rural zone. To test these individuals the dispositive must 
be light and easy to transport. The test itself is simple and the reading of the results is simple too, 
allowing the health agent with minimal training to perform the bite force tests. 

Based on this, we have endeavored to develop a low-cost device using CAD/CAM and nano 
technology to develop and manufacture the geometry of the device, especially, the part of the 
gnathodynamometer that will be bitten, hereinafter referred to as the bite tip. Computational 
simulation by Finite Element Method (FEM) was used to test the deformation pattern of the bite 
tip before printing it with a 3D printer and performing bench tests to determine the best region 
(with greater sensitivity) in which to assemble the extensometer, and its best position.  

To provide an easier way to transport and work with the gnathodynamometer, data will be sent 
to the cloud. This facilitates the use of the gnathodynamometer in public health, especially when 
acquiring data in distant and or isolated communities. In the Brazilian public health service, the 
technical position of Health Agent has been implemented. These Agents visit people’s home to 
check their health conditions. In case of doubts or any symptoms, they first send the people to the 
nearest health posts and, if necessary, to hospitals. 

Fundamental conditions for the gnathodynamometer, (especially for the bite tip) are: absence 
of edges that can cause damage, made of nontoxic material that does not deform, lose its physical 
properties or stability during the disinfection process, deforms in a way that can be captured with 
precision when applying pressures from 40 N to 1 kN to capture the lower bite force (in incisive 
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in children) [20] and the highest (in molars in adults) [38] and does not fail, fracture or lose its 
properties under these pressures.  

For measurement of the bite force, the bite tip must be inserted into several regions in the 
mouth, depending on the investigation. Therefore, the bite tip should have a functional topography 
and its thickness must not exceed 10 mm due to the risk of compromising the data obtained [8].  

The need to develop the dispositive require expertise of professionals of different areas. To 
develop the geometry a dentist was necessary to check if it is suitable for intra oral bite tests, to 
develop the required geometry, choose the material and submit to finite element analysis a 
mechanical engineering was necessary. To develop the acquisition data system, the transmission 
and recording system an electrical engineering was necessary. In the development of carbon nano 
tube extensometer was done by physicists. The mechanical calibration can be done by the any 
component of the team in a testing machine or chewing simulators that are reliable [39] and the 
clinical validation will be made a dentist. The aim of this work is to show how Engineering, 
Physics and health professionals working as a team can develop a device to measure bite force. 

2. Methods 

The main objective is performing a topological development of a volume for a body that will 
serve as a “load cell” (the bite tip) in the measurement of bite force, following contour conditions, 
materials and predefined efforts, and to test de accuracy of the carbon nano tube extensometer.  

This work was carried out in partnership between the Graduate Program in Mechanical 
Engineering of Universidade Federal de Minas Gerais (Belo Horizonte, MG, Brazil) and Plenun 
Bioengenharia (Jundiai, SP, Brazil). 

Use of FEM reduces the time required for planning and bench testing of products in the most 
diverse areas, makes the creation process cheaper, and the combination of simulation with bench 
tests can explain the internal physical mechanisms of developing products in more in-depth 
details/or/in a more in-depth manner [40]. 

 
Fig. 1. Region of geometry alterations. Inside de Orange rectangle the region where bite pressure will be 

applied, and the different geometry types would be applied and tested using FEM. Inside de green rectangle 
is the region where the handlebar will be fixed for positioning the bite tip in the patient’s mouth. This 

geometry was maintaining all the time. Arrows showing the place of bite pressure application 

The initial idealized geometry, called rectangle (Fig. 1), developed under supervision of a 
dentist and mechanical engineers in accordance with intra oral pre requisites of the mouth 
regarding anatomic and physiologic patterns, was a solid cube, with a depth of 20 mm, 10 mm 
high and 10 mm wide, with two extensions (one at the top and one at the bottom) measuring 5 mm 
in diameter and 1.5 mm high, where the bite will be made (Fig. 1). The characteristics of the force 
applied by FEM in the pre-defined geometry was also decided by dentist and mechanical engineers 
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characterizing the human bite. Only compression force was exerted on this first FEM simulation 
to look for failure in the geometry and material polymer used. 

There is a relief with a radius of 1.5 mm at the top and bottom of the cube, separating its active 
portion (with the bite tip shown inside the orange rectangle in Fig. 1) from the holding part, after 
the relief (inside green rectangle in Fig. 1). On the opposite side of the bite tip, the piece will be 
fixed to a handlebar, used to wield the cube into be better position in the patient’s mouth during 
bite force tests. This part of the geometry was developed only by mechanical engineers. 

Another six geometries developed by mechanical engineers were tested, all maintaining the 
geometry of the portion where the handle piece will be fixed. In Fig. 1 the region inside the green 
rectangle was kept the same way in all geometries, and in the region inside de orange rectangle 
(Fig. 1) the geometries were changed. They are: rectangle with 2 mm wall thickness, where a 
rectangular relief was created keeping the 2 mm wall; double “Y”: horizontal “double Y” 
structures with 1 mm walls; vertical “H”: with the intention of making the central region touch to 
avoid overloads, keeping 2 mm on the side walls and 1 mm on the H end; oval 1: (with the largest 
vertical diameter of 4.5 mm and horizontal of 3 mm); oval 2: with largest vertical diameter of 
6 mm and horizontal of 3 mm) and asterisk: with 1 mm walls. 

The region of force application is showed in the diameters highlighted in Fig. 2(c) and 3. In 
each geometry a minimum load of 40 N was applied to seek a minimum deformation capable of 
being captured by the CNT extensometer and a maximum load of 1 kN was applied to see if the 
deformation could be captured, and if there would be no failure in the structure. The loads applied 
were defined by the dentist and the CNT extensometer were developed by physicists.  

The work was undertaken by applying direct deformations with values of 0.001 % = 10 N and 
1.0 % = 1 kN. Therefore, 1.0 % deformation with 1 kN load is the condition to print the geometry 
for bench tests. These parameters were determined by the mechanical engineering team. 

For finite element simulation, the SPACECLAIM (ANSYS, Canonsburg, PA, USA) and 
WORKBENCH (Oracle, Austin, TX, USA) programs were used. A static and compressive load 
was used for analysis and was applied by delimiting the areas of action with maximum 
deformation of 1 % on the surfaces at the interface with the strain gauge. To obtain the final 
contour conditions of the gnathodynamometer, two three-dimensional cubic solid elements 
(deformable and non-deformable region) were generated, a three-dimensional solid element of 
coupling of the two cubes was generated, a curvature mesh with 1.5 mm radius was generated, the 
tube was generated with 5 mm in diameter and 1.5 mm in height (force application site). Two 
curved meshes were united at each end of the coupling element, the meshes of the two hubs were 
united with the coupling element and the deformable part made the mesh union of the tubes. To 
generate another geometry of the gnathodynamometer, only the boundary conditions of the 
deformable part were changed. It was generated, hexahedral mesh with a size of 0.5 mm and 
tolerance of 0.025 mm for each of the three-dimensional solid elements. The choice of the 
programs and the FEM simulation were made by mechanical engineers with the supervision of 
load application on the load cell (direction and intensity) made by dentist. 

The desired extensometer must have a minimal resolution of 1×10-6mm, the maximum 
deformation allowed by it should be 1 % of the total length, it must be rosette-shaped to enable 
capture of deformations in two directions, and its electrical resistance should be 350 Ohms. To 
enable adaptation at the bite tip, the maximum base dimensions of the extensometer must be 
10 mm long and 7 mm wide at its base. The grills must be 2 mm long and 3 mm wide, and with 
their terminals these dimensions should be 4 mm long and 7 mm wide. Larger dimensions of the 
extensometer demand a larger bite tip and may compromise bite force data. An extensometer 
manufactured using nanotechnology, using carbon nano tubes (CNT) was used. 

The arrangement formed by the CNT in the extensometer provides a network of conductive 
pathways for electrons, which is susceptible to disturbances induced by nano-scale mechanical 
deformations. When the film of nanotubes is pulled, the distance between the CNTs increases, 
decreasing the probability of tunneling the electrons between one tube and another. Consequently, 
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the electrical resistance of the film increases. The opposite effect occurs when the film is 
compressed, which results in a decrease in its electrical resistance [41].  

Two types of strain gauges were tested: a commercial model Omega (Spectris Company, 
Egham, Surrey, United Kingdom), based on a copper and nickel alloy and an experimental model 
based on a thin carbon nano tube film (CNT), developed at CT Nano, Universidade Federal de 
Minas Gerais (Belo Horizonte, MG, Brazil) [41]. These texts were made by physicists and 
electrical engineers. 

CNT film is installed on a layer of insulating polymer deposited on the structure. This polymer, 
which can be acrylic, silicone, polyurethane, epoxy, polyamide based, among others, serves two 
purposes: to prevent the sensor from short circuiting when in close contact with metal structure 
and increase the adhesion of the film on the surface of the gnathodynamometer, to ensure a good 
load transfer. The electrical contacts of the sensor are made of silver paste and a second layer of 
polymer is deposited on the system to prevent unwanted effects of moisture influencing the 
measurement process. The CNT commercial 120 ohms extensometer were properly fixed. This 
part of the experiment was conducted by an electric engineer. 

The on-board data recording and saving were developed using an Arduino nano prototyping 
platform to capture the electric signals of the extensometers, amplify and record it in a micro USB 
card. This was developed by an electrical engineer. The possibility of recording and storing data 
in the clouds was raised and for such the prototyping platform must be changed to a WeMos 
platform. 

3. Results 

3.1. Material definition 

Based on the fundamental conditions of the gnathodynamometer listed in the foregoing text, 
the material proposed jointly by dentist and mechanical engineer for use is an autoclavable 
biocompatible resin, Dental Resin SG – Formlabs (Somerville, Ma, USA), because it has already 
been approved by ANVISA (National Agency of sanitary vigilance) and has well known 
mechanical properties, about which data is available for access at 
https://archivemedia.formlabs.com/upload/XL-DataSheet.pdf [42], printed in a 3D printer 
Formlabs Form 2 (Formlabs, Somerville, Ma, USA) with SLA technology. 

3.2. FEM and geometry of the bite tip 

Analysis of the deformations made by the FEM showed that the original geometry did not 
provide ideal conditions for bench tests. So, 6 other geometries were developed and tested, and 
showed the following results: the original geometry, and a rectangle with a 2 mm wall were shown 
to be extremely stiff. The geometries of double “Y”, vertical “H” showed to be fragile. The oval 
geometry 1 showed to be suboptimum, a little stiffer than the ideal. Oval 2 and asterisk geometries 
showed deformations close to expected. 

Table 1. Results of Deformation obtained with finite element simulation. MaL = maximum load;  
MiL = minimum load, VS = vertical strain; HS = horizontal strain; R = right side of the geometry,  

L = left side of the geometry 
Model MaL VS MaL HS MiL VS MiL HS 

R L R L R L R L 
Original/Rectangle 0.04 % 0.04 % 0.01 % 0.01 % 0.00 % 0.00 % 0.00 % 0.00 % 

Rectangle/2 mm wall 0.03 % 0.03 % 0.01 % 0.01 % 0.00 % 0.00 % 0.00 % 0.00 % 
Double “Y” 0.02 % 0.02 % 1.70 % 1.70 % 1.30 % 1.30 % 0.00 % 0.02 % 
Vertical “H” 1.60 % 1.60 % 1.10 % 1.10 % 0.04 % 0.04 % 0.17 % 0.17 % 

Oval 1 0.60 % 0.45 % 0.8 % 0.56 % 0.10 % 0.01 % 0.02 % 0.01 % 
Oval 2 0.93 % 0.76 % 0.89 % 0.58 % 0.06 % 0.05 % 0.04 % 0.02 % 
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Asterisk 0.80 % 0.80 % 0.20 % 0.20 % 0.02 % 0.02 % 0.05 % 0.05 % 

Therefore, the Oval 2 (Fig. 2(a, b)) and Asterisk (Fig. 2(c, d)) geometries were defined for 
follow-up with bench tests. The Oval 2 geometry that presented results below 1 % of considerable 
deformation in the vertical and longitudinal directions of compression, provided relevant 
information about both directions of the force applied. The Asterisk geometry exhibited simulation 
with symmetrical results and deformations that differed a great deal between the axes described. 
3D Printed geometries can be observed in Fig. 2. 

  

  
Fig. 2. 3D printed geometries chosen for bench tests: a) oval 2 geometry frontal view; b) oval 2 geometry 

lateral view; c) asterisk geometry frontal view; d) asterisk geometry lateral view 

3.3. Extensometer 

The choice of the best place to was based on the patterns of the load cell deformations. 
Quadrilaterals areas with the geometry of the extensometers were used to find the region in the 
load cell que have deformations que are better captured by the extensometers. The area with the 
geometry of the extensometer was tested by trial and error in different areas of the load cell 
geometry looking for the ideal place to fix the extensometer using FEM simulation. The best 
position to fix the extensometer in the Oval 2 and Asterix geometries was determined based on 
the deformations can be seen in Fig. 3 and Fig. 4 respectively. The electrical response of the two 
extensometers, obtained during test, showed that the CNT extensometer showed hysteresis, so it 
was discharged until improvements. The electrical response of the two extensometers, obtained 
during a compression test. 

 
Fig. 3. Results of FEM simulation of Oval 2 geometry showing the best location  

to fix the CNT extensometer 
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3.4. Codification, transmission and storage of data  

Electrical signal triggered by the deformed extensometer is sent to a converter module that 
sends the decoded data to a display, for reading. Using an Arduino Nano prototyping platform 
(Gravitec, Florianóplois, SC, Brazil) data can be storage in a micro SD 2G card; time provided by 
Real Time Clock RTC DS3231 (Maxim integrated, San Jose, CA, USA). Data can be sent to the 
clouds, for that it is necessary change the Arduino nano for a WeMos D1 1286, or 8266 platform. 
With the data on the clouds ThingSpeak (The MathWorks Inc, Natick, MA, USA) can be used to 
generate reports which send numerical data from the most widely differing devices, allowing this 
data to be visualized in the form of charts, over time, in any device connected to the clouds. If there 
is no internet signal, data will be stored on a micro SD card module for later uploading [43]. 
Diagram of the prototyping platform can be seen in Fig. 5. 

 
Fig. 4. Asterisk geometry. Results of FEM simulation of asterisk structure showing  

best location to fix CNT extensometer 

 
Fig. 5. Diagram of extensometer data codification and transmission 

3.5. Team work  

The gaps of expertise of each professional area in the development of the load cell were clear 
to entire team. During the process of development expected appearing doubts of difficulties for a 
team member were solved by another member(s) of the team showing a time saving and an 
upgrade in the dispositive quality. Besides being an qualitative variable and, as such, subordinated 
to every team member personal impression, there was a consensus that the investigation described 
in this manuscript brought the same level of difficulties/problems that any other investigation 
would bring, but, due to the multidisciplinary team work problems were solved quicker, better and 
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smarter than each team member was capable to solve alone (if he/she was able to solve it alone). 
Data provided by each member of the team in the development of the dispositive had an 
exponential effect on the entire development process. 

3.6. Costs 

The cost of the 3D printer was not included in this calculus, only material used. The printer 
wear was considered negligible and for such it was priced in 1 U$D. The polymer used costs 
5 US$ in round numbers. The Arduino nano, wires, solders, 3d printing of a case for the arduino 
costs 21 U$D, the WeMos prototyping platform 25 US$. The cost of assembling the electrical part 
by a technician was estimated at 40 U$D. The manufacture costs of the dispositive are around 
66 U$D with the Arduino nano and 70 U$D with the WeMos platform.  

4. Discussion 

The computational simulation performed through FEM was shown to be highly effective for 
reducing the costs and time spent on the creation, by lowering the printing from seven to two 
geometries of the gnathodynamometer for bench testing, in agreement with the literature [40]. 

The aim of this investigation appears to have been achieved since a gnathodynamometer can 
be quickly built, with proper low-cost CAD/CAM peripherals and, according to the preliminary 
bench results, with the necessary accuracy of results required for bite force data. Two 120 Ω 
extensometers found in the market were used and showed accuracy. The CNT extensometer 
showed hysteresis and needs more investigations to improve accuracy probably due to the distance 
between the strains gouge grids. 

The Codification system was able to transmit data with precision and we developed a practical 
way to read and store data in the clouds. If access to internet is not possible there is a SD card in 
the device for later uploading, allowing easier transportation of the gnathodynamometer. 

The dimensions of the bite tip are very similar to van Vuuren’s et al. [44] bite tip. The authors 
proved, in pre-clinical tests, that with this dimension, placing the bite tip between the teeth is more 
precise. Clinical investigations are necessary to study the ease and precision of positioning the 
gnathodynamometer in mouth and comfort for the tested individual. 

Since there is no need to carry a computer or a scanner necessary, for instance for pressure 
films [37, 45, 46], because data will be store at the micro SD card or uploaded to the clouds, the 
hole set (clamp with bite tips, case with data codification and storage) is light and relatively small 
what make the transport of the gnathodynamometer easier, ideal for field data collection ideal for 
use in public health where there is no dental office available.  

The costs to manufact the gnathodynamometer are about 35 times less than the final price for 
consumer of the dispositive used by Dizdarevic et al. [28] witch costs US$ 2,500.00. Of course, 
the final price for consumer of the dispositive developed here will rise due to profit and costs 
(manufacturer and seller), taxes but it is clear that will have a lower cost. The dispositive 
manufactured in by Kratos used by Manzon et al. [47] is bigger, heavier and costs approximately 
seven times more than the gnathodynamometer presented here and has a final price for consumers 
of 900 U$D in round numbers. To cost half the price of Kratos dispositive the final cost of the 
dispositive produced here would have to be raised almost 7 times, making it clear the price 
reduction compared with the ones in the market. 

Teamwork was reported by each member as challenging in the beginning due to the 
unfamiliarity of a first-time participation in this team composition (mechanical an electric 
engineers, physicists, and dentist) but as the project progresses the team became more acquainted 
even with the terminology used by each profession and mainly with the way of thinking of them. 
It is a consensus that the teamwork eases the development and brings good ideas that contribute 
significantly to the final quality of the dispositive. 



WHY SHOULD A BIOENGINEERING LAB HAVE ENGINEERS AND HEALTH PROFESSIONALS?.  
ORLANDO SANTIAGO JR, THIAGO H. R. DA CUNHA, RODRIGO G. LACERDA, ELIZABETH AKEMI FUJITO, MARCUS VINICIUS L. FERREIRA, 

RUDOLF HUEBNER, CLAUDIO L. P. SILVA 

 JOURNAL OF COMPLEXITY IN HEALTH SCIENCES 9 

5. Conclusions 

The interdisciplinary work generates prototypes with promising results in bench tests. The 
objective of construction of a low cost dispositive was achieved. The prototype developed showed 
promising results in FEM. Teamwork ease and save time in the development process of the 
dispositive. 
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