Tongue pressure recordings during speech using corepe denture
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This paper describes an original experimental proagure to measure mechanical interactions between tguae
and teeth during speech production. Using edentul@ipeople as subjects, pressure transducers are insel in
their complete denture duplicate. Physiology is rggected during sound and pressure recording as witetandard
complete denture. Original calibration device is alo describedn order to know what kind of information can be
extracted from the data. Then the first results othe pilot experiments are presented.
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I. INTRODUCTION

Clinical observations about the interactions betwasngue and complete denture, especially durirepdp are
reported since 70 years [1]. In order to formalizese empirical data, experimental measurementiseirmouth are
necessary. Therefore devices for measurement atede

The existing devices don’t preserve physiologicalditions during recordings, because of their pasit

The aim of this paper is to present an originalickefor tongue pressure measurement usable ontéoedentulous
people but which creates no change in the moutimgitine recordings.

This device should allow realizing a biomechanioalp of tongue pressures during speech betweengptepth and
palate. Moreover, according to the literature [2tBs new experimental procedure aims at:

(1) measuring the interaction between tonguehtaetl palate without perturbing the productionpgfech, and

(2) studying how speech motor control strategieslwev for edentulous people, from the moment when an
artificial denture is put back into the mouth

II. DESCRIPTION AND METHODS

The basic principle and the originality of the m@thpresented are to use edentulous people as sulffgessure
sensors are placed in their complete denture,dh auwvay that the geometry of the vocal tract resiaxactly the same
during the recordings or not.

A. Description
Background

There is no study about transducers included irragtipodontic device. Pressure measurements arsetah
dentate subjects. Therefore, sensors are studkeoreéth [4] or included in an artificial palateefd on the teeth [5,6,7].
In these conditions, physiologic situation canliconsidered like usual for speech production.

Different kinds of sensors have been tested inrolmecompare their efficiency and their repetitadilities [8].
However, comparisons between transducers’ locatiewe been realized to assess less disturbinggusiior speech
production [2].

The strain gauge sensor, described in this paperalasen because of its thermic stability and ieshanical
properties [9]. It was already used in previoudis, using dentate subjects, for tongue presse@suanement [4].
According to its calibration device, it allows aagbdescription of the viscoelastic structure oftiregue.

Description of the complete denture

According to Gysi's theory rules of complete deetaraking for molar and premolar positions, thefiaidl palate is
2,5 mm thick [1]. Hence, the pressure sensor ardwines can both be easily inserted into the cotapitenture,
without creating any additional change of the gaality in relation to the usual complete denturg. {j.

For each edentulous patient, the dental prostitesigined for obvious medical purposes is accuratgyoduced
thanks to the technique of duplication. Hence Slidafes are made in order to have different poegiloisitions for the
pressure sensor. For each duplicate, a differesitipo is determined for the sensor, using palategrecordings (see
Method) . As the sensors are inserted before tpergrent, no time is wasted between each recordihgrefore, as
tongue interactions are tested at different locatiaisturbances between the recordings are miaaniz

The duplicate can support several transducerguyaently the amplifier can accept only two of them

Description of the experimental device
The pressure sensor is included in the completdéude According to the literature, wires go to theernal
connector from the vestibular side of premolar dvgathe way of labial commissure. Then, a wire gbes the
connector to the amplifier, next to a data samptiogrd and at last to the computer.
A microphone is also connected to an analogic diaptio record the acoustic speech signal simutiasky with the
pressure signal. This amplifier is in turn linkedthe same data sampling board.

Transducer description




It's made of a strain gauge sensor from whence go@sulating sheath to a connector. There areésuwnade of
copper which are 6/100 diameter, 4 for the straimgg and one for the ground.
The connector is used to connect the transductret@mplifier outside the mouth; it is hitched omat@lothespin to
preclude wire traction.

Strain gauge sensor description
The intraoral area is a very difficult environmeminly because of three factors:
Permanent moisture due to saliva
Variable temperature
Mechanical constraints
Therefore, the sensor must be electrically insdlated water proof. Moreover, it has to resist toiynexperiments, so
it has to be sturdy.

The strain gauge sensor is composed of thirteeerdaffig. 2). Each layer plays an important pannieasuring the
abilities of the transducer [4].

The transducers, including the sensor are handinate ICP laboratory.

The middle layer is made of a steel cantilever bedrich is 10/100 mm thick. It supports on each sideactive
strain gauge. The gauges (Vishay, ref EA06 062 AQ) &re placed in a half Wheatstone bridge conéiiom. This
strain gauge has been chosen because of its stailemperature [8].

Gauges are bonded on a metallic support with M-B20@l adhesive (Vishay measurement group). Wirdslohm
diameter are soldered with tin on the gauge. Th#esarea is Imfsmall and there are 4 points, 2 by side.

The cantilever beam is chemically prepared in otddrond the gauges (etching, rinsing, neutraliziity sandpaper
size 400). The three shallow layers are made atieptive coating called M-Coat A (Vishay measurenggoup) for
electric insulation and the last one is made cértal varnish called Copalite®.

In any case, during the construction, the thickrafsall the liquid components like protective coagtior bonding
must be as small as possible in order to presdrgenrtechanical properties of the sensor. Conseggott one
application of each component by layer must be done

Figure 3 shows a detailed picture of such sensor.

Associated instrumentation tools:

Before sampling, the pressure signal goes to aloginaamplifier (2100 series by Vishay Measuremenmltjch is
made of 3 modules:

- A power supply module (2110B) for bridge excitatishich provides a 2V current for this experiment.

- A strain gage conditionner (2120B). It includesdge completion, bridge balance, amplifier balarnwélge
excitation regulator and shunt calibration
A digital display (2130) that provides real-timeyitial readout.

To record the acoustic signal, a microphone isqaanear the patient. The acoustic signal goes dedicated
analogic amplifier (realized in the ICP laboratoay)d then to the data sampling board (DT 9800 sdie Data
translation) that is connected directly to the lomghputer via an USB port.

This board can accept up to 16 analog inputs @rate simultaneously sampled at different rates(f50 Hz to 20
000 Hz). For these experiments, until 3 inputsuesed: one for sound and one or two for the tongessoire.

B. Method

20 patients are selected, 10 of them are new caengdlenture wearers and the 10 others have alreadynalete
denture which has to be replaced. All of them, nwaléemale have French as native language andldee ihan 18.
They mustn’t be deaf or in treatment for this p&ilgg and mustn’t have any difficulties of comprebiem.

Duplicates and palatograms
At the end of the prosthodontic treatment, dupdisatre realized at the same time as the completiirdés
polymerization.




In order to know where the sensors to measure wpglate/teeth interactions during speech produdtave to be
inserted, the exact locations of tongue contacsdatermined [11]. Therefore, in a preliminary stagalatograms are
carried out, with the duplicates:

Indeed, electropalatagraphy (EPG) cannot be uséll edmplete denture because of obvious incompigisil
(weight of EPG device and prosthodontic retent[ag].

Therefore, pink powder occlusion spray (“okklufimemiun®© ") is applied on the teeth and on the artificialape.
When the tongue is in contact with the powder gbeder is removed from the contact area.

Thus, when the subject pronounces a specific phengm sound, for example), the edges of the cantaeas are
determined. Then, these edges are highlightedanlifack pen before the powder is removed (fig 4).

This technique is not as accurate as EPG, but énacgurate to determine where the sensors have setb Then

the transducers are included in the marked areas.

Pressure sensor calibration

The transducers are handmade and their situateoditierent for each of them in the duplicate. 8@y have to be
calibrated individually to convert electric sigrinto mechanical units such as strength or presstgere 5 shows a
schematic drawing of this calibration device.

The soft body structure of the tongue suggestsptesure should be more appropriate to convectriglesignal.

Indeed, due to this mechanical characteristicraatéon between tongue and external structuresoi® ra surface one
than a point to point contact.
However, the visco-elastic properties of the tongueke measurement of this contact pressure diffitotleed, the
shape of the tongue varies over time in presenceoofacts, and this variation is strongly dependasnthe tongue
elastic properties. Hence, formalizing the relatimiween the strain exerted on the sensor andothtaat pressure is
not a simple task. So an original device calledeiwater column” has to be invented:

The weight of a water column is applied to the wehslirface of the sensor via a latex membrane. fiapesof this
membrane is specific and changeable (fig 6). ntlwa freely deformed by the weight of the watet, s no stiffness.
It means that the electric signal is only due ®whater pressure. Indeed, as there is no watéeicdlumn, there is no
pressure on the sensor, so the electric signairs z
This is a nice way to model the soft body structiréhe tongue, which give informations about puessvhen there’s
contact.

This makes possible the calibration of the senkareg in the duplicate. The prosthodontic devidalésked with an
adjustable screw. Then, using perpendicular slittesadjusted at right angle between the sensdrthe water column.
Finally, the position in height of the water columnd the latex membrane are set up until the latembrane touches
lightly the sensor (OV for Ocm). Then, the uppemnktdas moved, using different wedges, successiveldiffierent
heights. The electric signal and the heights aterdeed and written down. The calibration chart {f)gshows different
heights where the upper tank has been moved.

The calibration of the sensor has to be done vargfally and to be explained in order to know wkatd of
information can be extracted from the data. Figushows the linear relation between transducerubwetpd height of
water using this calibration device.

Measurements
Sounds are repeated several times by the subjersslation and using tongue-twisters such astHeralveolar stop
It/, French syllable /ta/ and French short sergefiotoatetesatetin/.

Amplifier, microphone, data sampling board and catapare set. During the recordings, the patiesitisg on a
dental chair placed in a right position. The midrope is placed at 25 cm in front of him. The tonguessure and the
sound are recorded simultaneously.

Moreover, measurements are realized in differepegmental conditions:



- Measurement device as previously described

- Measurement device as previously described + ddisadphone into which miscellaneous sound freqesnc
are sent to isolate the patient from the outsitlgs temoving the external auditive feed-back.

- Measurement device as previously described + toagaesthesia which is administered to desensitieiphof
the tongue (made with a topical anesthetic gel,eXop in order to remove the sensitive effect of thegioe
during pressure on the palate.

- Measurement device as previously described + ndisadphone and tongue anesthesia

These should improve the knowledge of the parhe$s¢ phenomena in the tongue control adaptationgispeech.

These recordings are repeated during 6 weeks tiootdhe value of tongue pressure in the same amedgo show
potential new interaction areas between tonguepatate.

Finally, the data are analyzed; the comparisonaderduring the time of experimentation for the sgaient, each
of them is his self check-sample.

[ll. RESULTS and DISCUSSION
A. Preliminary results

The data are exported in matlalsoftware and then are extracted in different filmssound and pressure and for
different experimental conditions.

The sound files are analyzed and labeled with Praaftware in different stages including the buhsitially, the
burst onset, which characterizes the moment athwtiie airflow abruptly increases after the constalavocal tract
closure has been released, is only considered.

Then the acoustic and the pressure signals arevelosén parallel for each experimental conditiom,arder to
observe the potential influence of the experimeataldition on their synchronization.

Figure 8 shows an example of the preliminary resolitained for /ta/ sound in a pilot study carreed with a 72
year old female subject. It describes the resuitained during one recording session. The sensering®rted in the
most front contact area measured with palatograiphygeans on the palate behind the teeth.

It can be seen that the acoustic release is wetfspnized with the abrupt decrease of tongue pressa the palate,
which corresponds to the acoustic data for theofthd

Figure 9 shows that despite the differences obdeiwethe different experimental conditions, it seethat the
duration of the offset is quite constant and itsi@as close to 30ms. It is assumed that this vaiezould correspond to
the time that is physically required for the aivfldo sufficiently increase after the closure reégan order to generate
the turbulent acoustic source associated with ptoguction. The physical constraint could namelplaix why this
duration is not modified with the experimental cibiah.

Figure 10 shows the maximal tongue/teeth pressuensity measured during the /t/ closure in repmkdta/
sequences for the different experimental conditidhsuggests that there is an effect due to thibteny perturbation
associated with the noise (pink and light blue fsowersus yellow and dark blue points). For thenmadrand for the
anesthesia conditions, the maximal intensity is lleman auditory perturbed conditions than in theinperturbed
counterpart. This effect is observed only on therigity of the signal, whereas the duration remsieady.

As parts of the pilot study, these previous res(ily 9&10) have to be compared to the next oimesrder to know
if the trends observed are confirmed for the sanbgest for the different experimental conditionsidg time.
B. Discussion

The main point of this study is to admit that coatpldenture wearers are in physiological conditiasiag their

prosthodontic device. Indeed, the patients eatilspad sleep with their prosthodontic devices; thaye to remove it
only for washing. In this case, the complete dentiam be considered as a part of the physiologinattures.



But, the idea of physiological versus pathologicahditions can be easily discussed, such as invasivnot
invasive device. Indeed, a complete denture hasagairtificial palate, gum and teeth. It is fronto23 millimeters
thick. Its measurements are around 7 cm to 7 crit,c&m be considered as an invasive system.

Can complete denture be really physiological? H@wegdentulous people are not in physiological ¢@rs. The
vertical dimension of occlusion, which refers te tfegree of separation between the mandible, cerlgaw-bone and
the maxillae, or upper jaw-bone is often alterd@] [

Indeed, the alveolar bone is removed with the tddgeth. In addition to these losses, there armae structures
left to stop the vertical dimension, the mandibde over go, the tongue uses all the free spaceeketithe jaws, the
lips are not held up by the teeth. Moreover, adogrtb this situation of altered vertical dimensitgmporomandibular
disorders (with or without symptoms) exist. The dition of the mouth has become pathologic.

Then, complete denture is a prosthodontic treatritemestore physiological conditions by replacihg missing
spaces (alveolar bone, teeth, gum) and restormglthred functions (mastication, speech, aesjhetic

Therefore, despite its size, complete denture @iaba considered as invasive because it is intedriat the mouth
where it replaces such missing structures.
Consequently, the duplicates used for tongue pressieasurement can be rated, like complete denagraiot

invasive device.
IV. CONCLUSION

An original device for the measurement of the meata interactions between tongue and teeth arngpitate is
presented. It is adapted to a specific kind of ettlsj namely edentulous patients. Using the complenture to insert
sensors, the device permits the measurement octoptessure without introducing any additionaltyrdration other
than the prosthesis itself.

This experimental setup permits to study speeckyation either by patients who have worn their gresis for
years and have completed the adaptation procegsotoby patients who have just received the presis, in order to
study how they adapt to their new denture.

The preliminary results show a well synchronizatimtween the 2 signals. The differences betweerdifferent
experimental conditions should be verified with thext results. Several hypotheses are emitted gheutesults and
the mechanical process involved in the speech ptamu
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FIGURE CAPTIONS

Figure 1: Experimental device

Figure 2: description of the sensor

Figure 3: overall view of the transducer

Figure 4: highlighted areas of tongue contacts dung \ta\ sound after palatogram

Figure 5: description of the calibration device

Figure 6 : Shapes of the latex membrane with diffemt heights of water

Figure 7: Linear relation between height of water ad transducer output during calibration

Figure 8: Acoustic signal (in blue) and pressure ghal (in red) for the /ta/ sound with the sensor ane

Figure 9 : Time interval (mean value and variancefrom the tongue/teeth pressure offset to the consant burst
onset for different experimental conditions

Figure 10: Effects of the different experimental coditions onto the tongue/teeth maximal pressure imnsity
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