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ABSTRACT

BACKGROUND

The functional state of the masticatory system is best assessed by evaluating the bite force. The level of Maximum Bite Force (MBF)
results from the combined action of the jaw elevator muscles; is modified by jaw biomechanics and reflex mechanisms. The
measurement of bite force can provide useful data for the evaluation of jaw muscle function and activity. It is also an adjunctive value
in assessing the performance of dentures or dental prosthesis. The bite force result depends on a number of factors, such as presence
of pain and temporomandibular disorders, gender, age, craniofacial morphology and occlusal factors. In addition to these
physiological factors, recording devices and techniques are important factors in bite force measurement. This article describes a
device designed to measure patient jaw force that is accurate, simple and highly modular. We have vividly explained in detail about
the development of a bite force device, Gnathodynamometer in this study. The device reported here represents the physiological use
of a mechanical measuring device that has enhanced for human oral usage where it can be used to assess the complex function of

human bite force and functional response of various cranio-mandibular structures associated with it.

MATERIALS AND METHODS

40 volunteer subjects (20 male and 20 female) of same age group (25 to 30 years) are included in this study and were asked to bite
the steel fork part of the device as strong as possible in between the molars. Mean of the three readings are taken as MBF.

RESULTS
Mean MBF in males is 550.8N and in females is 490.6N.

CONCLUSION

The gnathodynamometer is a simple device, easy to measure MBF even by trained health assistants. The advantages of this device
are its accuracy, simplicity, ease of manufacturing and cost effectiveness.
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BACKGROUND
The functional status of the masticatory system is determined
by assessing the bite force. The biting force is generated by the
action of the associated musculature of mandible and maxilla,
ultimately transmitted through the teeth on the material
which is being bitten or chewed.(1) The variation in the MBF
values depends on many subject related as well as technically
related factors.?) Individual factors may be biomechanical,
physiological and craniofacial morphological variable such as
bite position, bite rise and unilateral or bilateral biting, facial
morphology, state of dentition, functional disturbances of the
masticatory system and head posture at the time of
measurement.(3-5)

Technical factors depend on the measuring method and
the mechanical characteristics of the bite force recording
system. A wide range of devices have been used to measure
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bite force(®) - bite fork, the strain gauge transducers, the
gnathodynamometer, the foil transducers, the pressurised
rubber tube, the pressure sensitive sheet and the force-sensing
resistors.

The gnathodynamometer is one of the devices for
measurement of biting force in human beings. It will provide
an objective test of masticatory function. Itis observed that the
force range of most available gnathodynamometers is quite
small - usually less than 200 N - whereas the maximum bite
force in human beings can be up to 1200 N. Measurement of
bite force could not be accurately estimated from
Electromyography (EMG) signals.(6)

The present study describes the design and assessment of
MBEF by the gnathodynamometer.

MATERIALS AND METHODS

The design of the gnathodynamometer [Image 1] comprises of
its mechanical parts and the electronic circuit. The measuring
element is in the form of a fork, which is inserted into the
mouth. Fork is connected to the handle through a revolute
joint, so that its angle with the handle may be changed. Strain
gauges are bonded on the inner side of the prongs of the fork,
towards the root. The wires emanating from the strain gauges
are led to the electronic circuit through the handle. The bite is
applied at the free end of the fork. A small projection is
provided here, so that the bite is always at this location. Figure
1 shows the sketch of the measurement system.

Page 7488



Jemds.com

Bridge circuit
jage crcul v Amplifier

Steel fork
<y

Digital Display

Strain Gauge?

Image 1. Schematic Representation of
Gnathodynamometer

The electronic instrument consists of Wheatstone bridge
assembly, amplifier and the digital display. The Wheatstone
bridge convert the change in resistance at steel forks to a
proportional voltage. Upon biting the fork, both lower and
upper prong outer surface elongates and results into increase
in the resistance of both strain gauges. R1, Rzare strain gauges
and Rs, R« are fixed resistances, Vexis 5V excitation voltage and
Vo is the bridge output which will be connected to differential
amplifier for amplification. The Wheatstone bridge
arrangement is shown in Figure 2. Bridge is excited by a 5V
regulated supply and its output is 1.69 uV for every 1 kg load
on the fork (equals to 9.8N force).

Image 2. Wheatstone Bridge Assembly

A differential amplifier is constructed using LM358 OPAMP
IC as shown in Figure 3. LM358 is an 8 pin DIP IC with single
supply. The output of the bridge is connected to this
differential amplifier. The bridge output (-) and (+) are
connected to Vi and V2 respectively. The amplifier output is
connected to a Digital Panel Meter (DPM) with the range of 0 -
200 mV. The gain of this amplifier (R1/ Rz) is set by the position
of a switch provided on the front panel of instrument, as
explained below.

Fz
AW
F
Vi1— -
Rl + UD
Vo
E
Vo=- 5= (F1- V3
Ea4 1

Image 3. Differential Amplifier
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1. The switch in position “A” (in measuring the bite force of
anterior teeth) selects the R1 = 2MQ and R2 = 1kQ) making
the gainas 2000, so that each 1 kg (~ 9.8N) applied load on
the fork results into 1.69 pV X 2000 = 3.38 mV. Hence, the
display will show 3.38. The multiplying factor is 2.9. Upon
multiplication, we get 9.8N.

2. The switch in position “P” (in measuring the bite force of
posterior teeth) selects the R1 = 1M and R2 = 1kl making
the gainas 1000, so that each 1 kg (~9.8N) applied load on
the fork results into 1.69 pV X 1000 = 1.69 mV. Hence, the
display will show 1.69. The multiplying factor is 5.8. Upon
multiplication, we get 9.8N.

This way the instrument is calibrated by applying a known
load by placing the fork ina UTM (Universal Testing Machine).
We selected 40 volunteer subjects (20 male and 20 female) of
same age group (25 to 30 years) are included in this study. All
individuals had full complement of permanent teeth and well
aligned with stable occlusion relationship and had no
temporomandibular joint disorders and no previous history of
trauma. The subjects were seated on a chair with head
unsupported and were asked to bite as strong as possible. The
device is placed between the molar teeth to record MBF and
then the patients are asked to bite into the device at full jaw
capacity [Image 2]. Mean of the three readings are taken as
MBF. The data were recorded and analysed according to
statistical variance and calculations.

RESULTS

Our study shows following observations,

1. The mean MBF of the men was 550.8N (SD =44.5) with the
range of 510.8 to 634.6N.

2. The mean MBF of the women was 490.6N (SD =40.7) with
the range of 441.6 to 520.8N.

Subjects Mean MBF SD

Male (n =20) 550.8N 44.5

Female (n = 20) 490.6 N 40.7
Table 1

DISCUSSION
Bite force is one indicator of the functional state of the
masticatory system that results from the action of jaw elevator
muscles modified by the craniomandibular biomechanics.()
Determination of individual bite force level has been widely
used in dentistry, mainly to understand the mechanics of
mastication for evaluation of the therapeutic effects of
prosthetic devices and to provide reference values for studies
on the biomechanics of prosthetic devices.(® In addition, bite
force has been considered important in the diagnosis of the
disturbances of the stomatognathic system.(9)
Measuring bite forces to evaluate treatment modalities
became increasingly popular. It is being applied for,
e Measuring functional outcome after fracture reduction.
e Measuring bite forces and contact areas before and after
distraction osteogenesis.
e Evaluating the functional outcome in denture wearers.
e Evaluating the functional outcome in implant retained
prosthesis wearers.
e Measuring level of comfort after periodontal surgeries.
e As an aid to diagnosis for complicated orthodontic cases
and thus plan further management.
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Currently, there are two types of bite force measurement
techniques available, i.e. direct and indirect. Direct techniques
include use of suitable transducer that can be placed between
a pair of teeth. This direct method of bite force measurement
appears to be convenient way to measure the submaximal
force. An indirect method includes use of functional
relationship between bite force and physiological variables as
these variables are known to be functionally related to the bite
force.(10)

The device which is used to measure biting force in our
study is gnathodynamometer [Image 1]. The design
constraints for such devices are size, shape, safety, loading,
comfort, hygiene and range of force to be applied. A suitable
mechanical structure using an elastic material is used to
convert applied force into a deformation/deflection. The most
common structure for such application is a fork shaped steel
member. One or more strain gauges are cemented to the
surface of each prong to sense the deformation caused by
applied biting force. The strain gauges are sensors which
convert the applied strain (deformation) into resistance.
These strain gauges are used in a bridge circuit to convert
variation in resistance to corresponding voltage. The voltage
output is numerically correlated to the applied force by
calibration process. Calibration is done with a standard
Universal Testing Machine (UTM) in the laboratory. This is the
framework of gnathodynamometer designed entirely in our
study here. A similar calibration has been reported by Waltimo
and Kononen,(11) but it has an inherently different design.

The human bite force recorded in our study lies within the
calibration range. As explained above the reliability and
validity using the state of the art gnathodynamometer in our
study is as good as documented in other studies.(12.13)

CONCLUSION

The gnathodynamometer is a simple device, easy to measure
MBF even by trained health assistants. It provides accurate
and reproducible measurements. It is also a cost-effective
device. Our observation also shows that men produced greater
MBF than women.
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