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Abstract Background/purpose: Tongue pressure measurement conveys important informa-
tion about eating and swallowing function. The Iowa Oral Performance Instrument� (IOPI)
and KAY Swallowing Workstation� are internationally used for tongue pressure measurement,
but for legal reasons cannot be used in Japan; rather the JMS tongue pressure measurement
device� has been approved for use in Japan. However, it is not clear whether measurement
obtained with these devices are directly comparable.
Materials and methods: This study investigated the correlation between the maximum tongue
pressure data measured by the IOPI and the JMS tongue pressure measurement device in young
healthy participants (34 males; 23.2� 2.0 years old, and 40 females; 21.4� 1.3 years old).
Results: Measurements obtained with these two devices showed significant correlations in the
total cohort, and in male and female participants, separately (P< 0.05).
Conclusion: These findings demonstrate that the measurements obtained with the JMS device
is comparable to those obtained with the IOPI. In Japan, JMS tongue pressure measurement
device is used not only in dysphagia research field, but also geriatrics field, and extensive
and detailed investigations has been carried out.
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Introduction

With the increase in the elderly population, swallowing
disorders and swallowing rehabilitation are increasingly
gaining attention. Tongue pressure measurement is the one
of the important evaluations for assessing eating and
swallowing function. The Iowa Oral Performance
Instrument� (IOPI, Northwest Co., LLC, Carnation, WA,
USA) and KAY swallowing workstation� are internationally
recognized tongue pressure measurement devices. How-
ever, the IOPI and KAY swallowing workstation are currently
not permitted to be used because they were not approved
as the medical device in Japan. On the other hand, the JMS
tongue pressure measurement device (TPM-01, JMS Co.
Ltd., Hiroshima, Japan) has been approved for use as a
medical device in Japan; it has been sold since 2011 and is
now used widely in clinical and research fields in Japan.

The IOPI and JMS tongue measurement devices are
similar in terms of the measurement method, in that the
probes of both devices should be set such that they are
pressed against the hard palate by the tongue, from the tip
to the middle of the tongue surface. A significant correla-
tion between the IOPI and the prototype of tongue pressure
measurement device (PS-03, ALNIC, Higashi-Hiroshima,
Japan) has been reported.1

However, it remains unclear if there is a correlation
between the IOPI and the TPM-01 as the second generation
of PS-03. TPM-01 was common in Japan now, while PS-03
did not become widespread and wasn’t commercially
available because it was an exploratory device. For this
reason, it is unclear whether data obtained with the TPM-01
is comparable to that obtained with the IOPI.

Thus, the main purpose of this study was to investigate
whether measurements using the TPM-01 are comparable
to those obtained with the IOPI.
Materials and methods

All procedures performed in studies involving human par-
ticipants were in accordance with the ethical standards of
the institutional and/or national research committee and
with the Helsinki declaration and its later amendments or
comparable ethical standards.
Figure 1 JMS tongue pressure measurement device. This device c
(TPM-01). The probe consists of d) hard plastic ring and e) air-fille
Participants

This study was a cross-sectional study. A total of 74 par-
ticipants who attended the class of dysphagia rehabilitation
in the XXX University and the XXX University and applied for
the participation of this study by watching poster and
advertise sheet from May 1st to August 31st, 2018 were
potentially eligible for the study. All participants had no
history of dysphagia and maintained 28e32 teeth and
occlusal contact in the premolar and molar regions with
their own teeth. We excluded the people who had a
symptom of dysphagia and wore orthodontic appliance.

This research was conducted with the approval of the
XXX Ethics Committee (E�1053) and XXX University (Rin 17-
044). Written consent was obtained from the participants
prior to the start of the study. Seventy-four healthy young
adults (34 men; 23.2� 2.0 years old, 40 women; 21.4� 1.3
years old) participated in this study.
Tongue pressure measurements

Measurements of maximum tongue pressure were per-
formed using the TPM-01 and IOPI PRO� (Model 3.1). For
each participant, measurements were performed three
times with each device, with the participants resting for
about 30 s and rinsing their mouths between measurements
to be relaxed and unify their oral conditions. The maximum
value of the three measurements in both devices was
confirmed by the liquid crystal display of the main body,
and defined as the representative maximum tongue pres-
sure for each subject. Furthermore, participants were
allowed to rest for 5 min between measurements using the
TPM-01 and IOPI PRO�.

Using the TPM-01, tongue pressure was measured with a
disposable probe and a simple pressure recording manom-
eter (Fig. 1). By pushing the pressurization button in the
body of TPM-01, the probe was inflated with air at an initial
pressure of 19.6 kPa, setting the balloon’s diameter to
approximately 18mm and the volume to 3.7 ml. This pres-
sure was taken as zero for calibration.

Pressures were recorded with participants seated
comfortably in an upright position during all measurements.
There was no difference in measurement instruction by the
onsists of a) disposable oral probe, b) tube, and c) digital device
d balloon.



Figure 3 IOPI PROTM (Model 3.1).
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examiner basically between TPM-01 and IOPI measure-
ments. In short, the differences were the design of the
balloon in TPM-01 and the bulb in IOPI, and the vertical
distance between upper and lower incisors because of the
diameter of plastic pipe in TPM-01 (5 mm) and silicon tube
in IOPI PRO� (1 mm).

Participants were asked to place a plastic pipe lightly
between the upper and lower incisors to stabilize the
balloon parts in the oral cavity (Fig. 2). During all mea-
surements, the participants held the cylinder with their
incisors such that the balloon could be placed between the
tongue and the anterior section of the palate. Also, the
participants asked not to bite that plastic parts so hard. The
pressure of the front part of the tongue, especially the
tongue tip, made by the extrinsic and intrinsic muscles of
the tongue against the hard palate could be measured using
the probe. Participants were also asked to close their lips.
Then, the examiner asked the participants to compress the
balloon onto the palate for a few seconds with maximum
voluntary effort. Consequently, tongue pressure is
measured with the mouth slightly open, which may affect
the accuracy of the measurement. The measurement
method was based on the method described by Hayashi
et al.2

As for the measurement of tongue pressure with IOPI
PRO� (Fig. 3), the border between the air-filled bulb and
the silicon tube was placed at the center of upper incisors
at first by the examiner, and participants were asked to
close their mouth and lips slightly to keep bulb at the same
place for the upper and lower incisors. Also, the partici-
pants asked not to bite the tube parts so hard. The bulb
itself was held between the tongue and the hard palate
(Fig. 4), which was the “tongue-front” measurement posi-
tion that written in IOPI PRO� use manual. The bulb was
placed between the tongue and anterior part of the palate,
placed just behind the alveolar ridge, and in a location
similar to that used with the balloon of the TPM-01. Then,
the examiner asked the participants to compress the bulb
as hard as possible for a few seconds.

Statistical analyses

The maximum values in TPM-01 and IOPI PRO� were
compared using Pearson’s coefficient of correlation. The
Figure 2 Placement of the probe of the JMS tongue pressure me
the upper and lower incisors and the balloon was placed on the to
analyses were performed using SPSS version 21 (IBM Cor-
porations, Tokyo, Japan). The statistical significance level
was set at < 5%.

Results

Male participants

The representative maximum value for tongue pressure in
the male participants using the TPM-01 was 47.6� 7.8 kPa
and that with the IOPI was 66.3� 10.4 kPa. Significant
correlations were found between measurements made by
the TPM-01 and the IOPI PRO� (R2Z 0.64, P< 0.01)
asurement device. A hard and plastic ring was placed between
ngue, from the tip to the middle of tongue.



Figure 4 Placement of the probe of the IOPI device. The bulb of the IOPI was placed immediately behind the upper incisors, flat,
between the hard palate and the anterior part of the tongue.
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(Fig. 5). The values were related as follows for males: IOPI
PRO� Z TPM-01 � 1.07 þ 15.4.
Female participants

The mean value for maximum tongue pressure in female
participants obtained using the TPM-01 was 41.3� 7.6 kPa
and that obtained with the IOPI was 61.3� 10.7 kPa. Sig-
nificant correlations were found between measurements
made with the TPM-01 and the IOPI (R2Z 0.74, P< 0.01)
(Fig. 6). The two measurements in female participants
were related as follows: IOPI PRO� Z TPM-
01 � 1.21 þ 11.2.
Discussion

In this study, we compared tongue pressure measurements
obtained with the internationally used IOPI PRO� and TPM-
01 used in Japan.
Figure 5 Comparison of maximum tongue pressure values
(kPa) in male participants obtained using the JMS (X axis) and
IOPI (Y axis) devices.

Figure 6 Comparison of maximum tongue pressure values
(kPa) in female participants obtained using the JMS (X axis) and
IOPI (Y axis) devices.
The data in this study suggest that the tongue pressure
measurements obtained by TPM-01 are comparable to
pressures obtained by IOPI PRO� in males (IOPI
PRO� Z TPM-01 � 1.07 þ 15.4) as well as females (IOPI
PRO� Z TPM-01 � 1.21 þ 11.2).

TPM-01canbeused togenerateuseful,meaningful andvalid
tongue pressure values. Our study found that the maximum
tongue pressuremeasured by the IOPI PRO�was slightly higher
than thatmeasuredbyTPM-01.Theaveragetonguepressures in
our study, as measured using the JMS device, were
47.6� 7.8 kPa in males and 41.3� 7.6 kPa in females. These
values were similar to the previously reported standard values
of individuals in their twenties (41.8� 10.8 kPa overall,
46.5� 9.8 kPa in males, 36.9� 9.6 in females).3

The evaluation of tongue function was often quite sub-
jective, though the range of motion, strength, and coordi-
nation were basically the clinical evaluation of swallowing
function. However, it become clearer for the dysphagia
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patients to be able to get the objective assessments and
treatment goals including changing tongue performance
during swallowing and speech after the development of
tongue pressure measurement devices.

In the super-aged society of Japan, tongue pressure
measurement is utilized in many contexts, including geri-
atric research. Deterioration of tongue pressure has been
reported with aging,3 stroke,4 neuromuscular diseases,5e8

malnutrition, sarcopenia,9 and tongue cancer.10 It has
also been reported that deterioration of tongue pressure is
frequently found in the dependent elderly.11 There is a
correlation between the food texture level and tongue
pressure in the elderly.12 Moreover, a tongue pressure of
25e30 kPa by TPM-01 is reportedly needed to maintain a
healthy life expectancy,13 which is particularly relevant to
the Japanese super-aged society. Tongue pressure is one of
the indexes of oral frailty defined by the Japanese Society
of Gerodontology. The relationship between physical
function and tongue pressure in community-dwelling
elderly14 and low tongue pressure in individuals with sar-
copenia people and dynapenia15 has become clear. Yoshi-
kawa et al. reported the relationship between IOPI and PS-
03 which was the prototype of TPM-01.1 PS-03 was not
generic because it was an exploratory device. On the other
hand, TPM-01 was marketed as a medical equipment in
2011, and there are many users in clinical and research
fields now in Japan. Some researchers give the pre-
sentations of their research in the international congresses
nowadays, but often got troubled with questions “How
many kPa of your data in IOPI?” from the researchers in USA
and European countries. Therefore, the results in this study
might contribute to their troubles.

The IOPI is globally used formeasuring tongue pressure and
is used in rehabilitation of dysphagic patients.16 Previous re-
ports using this device have described the effects of aging on
tongue pressure,17 the increased risk of dysphagia in elderly
individuals with low tongue pressure,18 the relationship be-
tween handgrip and tongue pressure,19 jumping mechanog-
raphy and tongue pressure,20 tongue pressure in Parkinson’s
disease patients,21 strength training to improve tongue pres-
sure,22e34 and tongue pressure in head and neck cancer
patients.35,36

Thus, tonguepressuremeasurement is generic, useful, safe,
andcanbeable to reflect someparts of swallowing functionand
the results of swallowing rehabilitation objectively.

This study had some limitations, in that only young
participants were included, although the standard values of
tongue pressure of each gender with PS-03 in the genera-
tion of 20 s, 30 s, 40 s, 50 s, 60 s, and 70 s more over had
already reported.3
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