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Abstract: We measured linguopalatal contact
pressure during production of the consonant /t/ and
succeeded in measuring tongue force (amount of force
exerted by the tongue against the palate) and its
action point (center of contact pressure) in both
individuals with articulation disorder and those
without. By comparing palatal shape with the spatial
relationship of the action point of tongue force, both
factors were found to be important for normal
articulation. We then created the tongue force
measurement system to aid clinicians in measuring
tongue force simply in patients with articulation
disorder and for use in medical treatment. This
system conveniently utilizes a personal digital
assistant (PDA). The advantages of our system
include that it is wireless and can be operated with
one hand. It is possible for the clinician to assess the
patient's linguopalatal contact force immediately, to
feed back the information to the patient, and to use it
during medical treatment. We expect this system to
contribute to the advancement of treatment for
articulation disorders.

Introduction

Articulation is a function of the oral cavity. The
tongue plays a particularly important role in articulation,
and its motor function has been measured and estimated
using various techniques, including radiography!',
magnetic resonance imaging (MRID)®, ultrasonic
tomography'”, electropalatography!” and the use of
magnetometer sensorsP.  However, since these
techniques are limited to measurement of movement of
the tongue, movement of the jaw and shape of the lips, a
number of researchers have investigated methods of
making the distributed contact points sensitive to
linguopalatal contact pressure!®’,

Previously we described our successful measurement
of linguopalatal contact pressure distribution using a
small cantilever-type force sensor, which enabled us to
measure tongue force (amount of force exerted by the
tongue against the palate) and its action point (center of

contact pressure)¥% We then developed a PDA -

based measurement system of tongue force to measure
tongue force in articulation disorder.

The present paper describes the difference between
the action point of tongue force during normal
articulation and in articulation disorder. We discuss the
usefulness of our system to the medical treatment of
articulation disorder.

Use of the force sensor mounted palatal plate in
subjects without articulation disorder

We previously developed the force sensor mounted
palatal plate. This plate has small, high sensitivity
sensors to measure linguopalatal contact pressure
distribution. Tongue force (force applied by the tongue to
the palate) can be presumed by integrating with
distribution, and the action point of tongue force can be
found by calculating the weighted mean of distribution.

Figure 1 shows the force sensor and Table 1 shows
the performance of the force sensor. Figure 2 shows the
force sensor mounted palatal plate.

We measured the linguopalatal contact pressure
distribution during production of the consonant /t/ in 6
subjects without articulation disorder using the force
sensor mounted palatal plate and measured tongue force
and the action point of tongue force. The measurement
conditions are shown in Table 2.
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Figure 1: Force Sensor.
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Table 1: Performance of the Force Sensor.

Size W: 2.2 mm

L: 4.5 mm

H: 1.1 mm
Active area 1.54 mm?

(0.7 mm in radius)
Static 1.7 %
characteristic | (In saline: 1.9 %)
Dynamic 0.22 ms
characteristic | (In saline: 0.19 ms)

Figure 2: Force Sensor Mounted Palatal Plate.
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Table 2: Measurement Conditions for Subjects without

Articulation Disorder.
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Figure 3: PDA-based Tongue Force Measurement
System.

Table 3: Measurement Conditions for Subjects with
Articulation Disorder.

Adult; 3 males, 3

Subjects females without
articulation disorder
/ta/,/ti/,/tu/,

Test words
/te/,/to/

Inputs 16 ch force sensor

. Sampling rate: 10 kHz
1

sampling Quantization: 12 bit

Measurement | /ti/: 3 sec

time Others: 1 sec

Use of the PDA-based tongue force measurement
system in subjects with articulation disorder

Next, we measured tongue force in 3 subjects with
articulation disorder, who use palatal augmentation
prosthesis (PAP) for medical treatment!' 1", Since using
the force sensor mounted palatal plate for medical
treatment is difficult in individuals with an articulation
disorder, we developed the tongue force measurement
probe. The tongue force measurement probe comprises
one force sensor attached to a stainless plate. The probe
cannot measure linguopalatal contact pressure
distribution, but the action point of tongue force can be
measured from the coordinates and pressure at a
measurement position. Measurement was taken at three
locations: the lingual center of the maxillary anterior
teeth and bilateral lingual gingiva between the second
premolar and first molar.

Subjects Adu}t; 3 males.with
articulation disorder

Test word /ta/

Inputs 1 ch force sensor

Measurement | Lingual center of

position maxillary anterior
teeth
Bilateral lingual
gingiva between second
premolar and first
molar

. Sampling rate: 100 Hz

Sampling Quantization: 12 bit

Measurement |10 sec

time

Thus we developed the tongue force measurement
system using the tongue force measurement probe and
personal digital assistant (PDA). Tongue force
measurement system is shown in Figure 3. The system
can record tongue force at 100 Hz. The probe has a
functional button where the system begins recording
tongue force when the button is pushed. Recording is
stopped when the button is pushed again. Measurement
conditions are shown in Table 3.

The advantages of using this system are as follows.
The fact that it is portable, being small and based on
neither a place nor a situation. And it has a display that
can show a measurement result. Moreover, it is possible
to operate with one hand. It mean this system include the
ability to measure tongue force and to check the
measurement result easily.
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Figure 4: Transition of Linguopalatal Contact Pressure Distribution.
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Figure 5: Transition of the Action Point of Tongue
Force.
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The transition of linguopalatal contact pressure
distribution is shown in Figure 4, and the transition of the
action point of tongue force is shown in Figure 5. The
results showed that the action point of tongue force was
consistently in the same position during production of
consonant /t/ utterances. Moreover, the position was in
agreement with the center of gravity of the palatal shape.
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Figure 6: Measurement Results for Subjects with
Articulation Disorder.

Tongue force in subjects with articulation disorder

Using the PDA-based tongue force measurement
system we measured and compared the action point of
tongue force for the time when PAP was not being used
with the time it was used. Measurement results are
shown in Figure 6. We found that the action point of
tongue force when not using the PAP is far from the
center of gravity of the palatal shape, and that the action
point of tongue force when using PAP was in agreement
with the center of gravity of the palatal shape. These
results indicate that our device is capable of measuring
the location of tongue force pressure, data for which can
be provided for patient feedback in the treatment of
articulation disorder.
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Conclusions

Measurement of linguopalatal contact pressure
distribution in subjects without articulation disorder
during the production of the consonant /t/ and
measurement of the action point of tongue force revealed
that the action point of tongue force exists near the center
of the palatal shape.

Based on this result, the PDA-based tongue force
measurement system was developed to measure the
tongue force of an individual with articulation disorder.
We discovered that the action point of tongue force in
articulation disorder was far from the center of the
palatal shape. However, when measuring tongue force
while the subject wore a PAP, we found that the action
point of tongue force was closer to the center of the
palatal shape, as in normal articulation

Our measurement system of tongue force appears to
be of importance to the medical treatment of articulation
disorder. The clinician can measure tongue force simply,
can check the result immediately and can provide more
accurate directions to the patient to modify articulation.
Moreover, the patient is able to pracice with the device
outside the hospital setting. The data captured can be
transferred to a PC using a memory card or a wireless
LAN, which allows the clinician to monitor the patient's
condition remotely, where the patient takes a
measurement at home, transmits the data via e-mail to
the clinican, who can then provide advice by e-mail.
Since the patient becomes more conscious of the action
point of tongue force during use of our system in real
time, our system appears to be a promising tool for
speech therapists treating articulation disorders.
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