
ORIGINAL ARTICLE

Standard Values of Maximum Tongue Pressure Taken Using
Newly Developed Disposable Tongue Pressure Measurement
Device

Yuri Utanohara Æ Ryo Hayashi Æ Mineka Yoshikawa Æ
Mitsuyoshi Yoshida Æ Kazuhiro Tsuga Æ Yasumasa Akagawa

� Springer Science+Business Media, LLC 2008

Abstract It is clinically important to evaluate tongue

function in terms of rehabilitation of swallowing and eating

ability. We have developed a disposable tongue pressure

measurement device designed for clinical use. In this study

we used this device to determine standard values of max-

imum tongue pressure in adult Japanese. Eight hundred

fifty-three subjects (408 male, 445 female; 20–79 years)

were selected for this study. All participants had no history

of dysphagia and maintained occlusal contact in the pre-

molar and molar regions with their own teeth. A balloon-

type disposable oral probe was used to measure tongue

pressure by asking subjects to compress it onto the palate

for 7 s with maximum voluntary effort. Values were

recorded three times for each subject, and the mean values

were defined as maximum tongue pressure. Although

maximum tongue pressure was higher for males than for

females in the 20-49-year age groups, there was no sig-

nificant difference between males and females in the 50-

79-year age groups. The maximum tongue pressure of the

seventies age group was significantly lower than that of the

twenties to fifties age groups. It may be concluded that

maximum tongue pressures were reduced with primary

aging. Males may become weaker with age at a faster rate

than females; however, further decreases in strength were

in parallel for male and female subjects.
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Aging itself and many aging-associated degenerative dis-

eases may induce dysphagia [1]. Because dysphagia causes

dehydration, malnutrition, asphyxia, and aspiration pneu-

monia, it is one of the most life-threatening factors for the

elderly [2, 3].

Feeding and swallowing can be classified into five

stages: preoral (anticipatory), preparatory, oral, pharyngeal,

and esophageal [4]. In these processes the tongue plays an

important role, assisting in mastication, gustatory sensa-

tion, inducing salivation, bolus formation, and propelling

the bolus into the pharynx. It is thought that a significant

amount of tongue strength (tongue pressure) is needed in

the preparatory and oral stages to mix food and saliva into a

bolus and pass it to the pharynx [5]. Some research has

suggested that dysphagia occurs due to a reduction in the

ability of the tongue to propel the bolus into the pharynx [6,

7]. Thus, evaluating tongue strength is an important factor

in the rehabilitation of feeding and swallowing. Several

methods of evaluating tongue pressure have been reported.

Many researchers have used a small pressure sensor such as

a flush diaphragm pressure transducer, which is placed in a

palatal appliance or a replica denture [8, 9]. However, these

sensors are expensive and impossible to sterilize and dis-

infect. Therefore, this system has been used for research

purposes only. Robbins et al. [5, 10] developed a method

using the air pressure of a balloon to evaluate tongue

pressure and suggested the possibility of clinical applica-

tion. However, because standard values or normal ranges of

tongue pressure according to gender and age groups have

not yet been established, tongue function remains difficult

to evaluate. Therefore, determination of standard values is

an important task for clinical application.

We have developed a method for measuring tongue

pressure using a balloon-type disposable oral probe

designed for clinical use [11]. This method is easy to use
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for both subjects and clinicians compared with earlier

measurement methods, and the device can be sterilized.

These factors allow the device to be used for a large

number of clinical examinations. The purpose of this study

was to use this device to determine standard values for

maximum tongue pressure among adults.

Subjects and Methods

Subjects

Eight hundred fifty-three individuals (408 male, 445

female; 20–79 years) were selected as subjects according

to our previous study protocol [12]. The inclusion criteria

were based on a brief questionnaire for dysphagia screen-

ing [13], and people who reported no dysphagic symptoms

were selected. The Repetitive Saliva Swallowing Test

(RSST) was also performed [14, 15] and subjects who

could not swallow saliva three times within 30 s were

excluded. The subjects underwent oral examination by one

dentist to ensure that they maintained occlusal contact in

all premolar and molar regions, indicating Class A in the

Eichner index [16]. This study was approved by the

Hiroshima University Graduate School of Biomedical

Sciences Ethics Committee.

These subjects were divided into six groups: twenties

(20–29 years), thirties (30–39 years), forties (40–

49 years), fifties (50–59 years), sixties (60–69 years), and

seventies (70–79 years) (Table 1).

Measuring Method

A tongue pressure measurement device consisting of a

disposable oral probe, an infusion tube as a connector, and

a recording device (Prototype device PS-03, ALNIC) was

used (Fig. 1). The probe (Fig. 2) was assembled with a

small, partially inflated balloon made from medical grade

latex (Fig. 2A), a plastic pipe as a connector (Fig. 2B;

length = 8.5 mm, internal diameter = 4.7 mm, external

diameter = 0.5 mm, thickness = 0.5 mm), and a 1-ml

tuberculin test syringe cylinder for the patient to hold on to

(Fig. 2C). This probe was disposable and could be steril-

ized with ethylenoxide gas. A recording device with a

manual pressurization system as used by Yoshida et al. [7]

was modified into an autopressurization system. By push-

ing the pressurization button, the probe was inflated with

air at an initial pressure of 19.6 kPa [11]. This pressure was

taken as the standard and measurement was performed

after zero calibration.

The subjects were placed in a relaxed sitting position

and asked to place the balloon in their mouth, holding the

plastic pipe at the midpoint of their central incisors with

closed lips. The subjects were asked to maintain this

position as clinicians made adjustments and confirmed that

the probe was in the correct position. The subject was then

asked to raise the tongue and compress the small balloon

onto the palate for approximately 7 s with maximum vol-

untary effort, and the maximum value was recorded. This

measurement was performed three times, with the subjects

resting for about 30 s and rinsing the mouth between each

measurement. The mean value of the three measurements

was defined as the maximum tongue pressure for each

subject.

Analysis of variance (ANOVA) was performed to

compare the maximum tongue pressure between genders

and among each age group using SPSS 14.0J (SPSS Japan

Inc., Tokyo, Japan). Also, Pearson’s correlation coefficient

was calculated to explore the relationship between tongue

pressure and age. A value of p \ 0.05 was considered

statistically significant. In addition, our experimental data

of tongue pressure had an 80% power to detect true dif-

ferences between means of each gender and age groups

using StatMate 2.0 (GraphPad Software, Inc., San Diego,

CA, USA).

Table 1 Number of subjects in each age and gender group

Male (n) Female (n) Total

Twenties (20–29 years) 153 146 299

Thirties (30–39 years) 70 56 126

Forties (40–49 years) 67 56 123

Fifties (50–59 years) 53 51 104

Sixties (60–69 years) 46 94 140

Seventies (70–79 years) 19 42 61

Total 408 445 853

Fig. 1 Tongue pressure measurement device. This device consists of

a disposable oral probe and a recording device (Prototype device PS-

03, ALNIC)
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Results

The average maximum tongue pressure was 41.7 ±

9.7 kPa (mean ± SD) in the twenties, 41.9 ± 9.9 kPa in

the thirties, 40.4 ± 9.8 kPa in the forties, 40.7 ± 9.8 kPa

in the fifties, 37.6 ± 8.8 kPa in the sixties, and 31.9 ±

8.9 kPa in the seventies. The male subjects had higher

average tongue pressures than female subjects when they

were young, but not when they were old as shown in

Figure 3. The males in their twenties, thirties, and forties

showed significantly higher tongue pressure than their

female counterparts (p \ 0.05); however, there was no

statistically significant gender difference in the fifties,

sixties, and seventies.

A linear regression analysis revealed the significant

relationship between tongue pressure and age in both male

(r = -3.31) and female (r = -0.10) subjects (p \ 0.05)

(Fig. 4A, B). Among the male groups, the sixties had

significantly lower tongue pressure than the twenties and

thirties (p \ 0.05), and the seventies had significantly

lower tongue pressure than the twenties, thirties, forties,

and fifties (p \ 0.05) (Fig. 5). Among the female groups,

the seventies showed significantly lower tongue pressure

than the other age groups (p \ 0.05) (Fig. 6). It was indi-

cated that males became weaker with age at a faster rate

than females; however, further decreases in strength were

in parallel for male and female subjects.

Fig. 2 Disposable oral probe. The probe was assembled with a small

inflated balloon made from medical grade latex (A), a plastic pipe as a

connector (B) (length = 8.5 mm, internal diameter = 4.7 mm,

external diameter = 0.5 mm, thickness = 0.5 mm) and a 1-ml tuber-

culin test syringe cylinder (C) for the patient to hold on to
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Fig. 3 Comparison of maximum tongue pressure with gender in each

age group. Each column and bar showed the mean value and standard

deviation. *p \ 0.05 by ANOVA
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Fig. 4 A linear regression analysis between tongue pressure and age

of both male (a) and female (b) subjects
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Discussion

In this study we determined standard values for the maxi-

mum tongue pressure of healthy adults. For this purpose

the subjects needed to be carefully selected. Subjects with

cerebrovascular diseases, neuromuscular diseases, and

other dysphagic diseases were excluded from the study. In

addition, patients missing premolar and molar teeth were

excluded, taking into account the suggestion of Tamura

et al. [15] that jaw stabilization by occlusion with the

posterior teeth is important in feeding and swallowing.

Videofluoroscopic swallowing examination (VF) is the

current gold standard for evaluation of individuals with

oropharyngeal dysphagia and is effective in identifying

anatomical and functional abnormalities of swallowing

[17]. However, VF examination is not ideal as a screening

test for our subjects who had no history of dysphagia

because of the risk of radiation exposure. Instead, we had

to use the questionnaire and functional test whose reli-

ability was established previously [13, 14]. These strict

inclusion criteria may cause the decrease in the number of

elderly subjects; however, the subjects in this study were

appropriate for the purpose of determining maximum ton-

gue pressure among healthy individuals.

The results of our study are almost the same as those

from previous studies that used the Iowa Oral Performance

Instrument (IOPI) [5, 18–20]. IOPI and our developed

device have an air-filled bulb that is attached to a pressure

transducer. The mean maximum tongue pressure of IOPI is

around 60 kPa [19], which is higher than our results. The

calculation of the correlation coefficient of maximum

tongue pressure between IOPI and our device is now

performed.

The large sample of this study clearly demonstrates that

tongue strength declines with natural aging. This change in

tongue pressure was a progressive decrease in male sub-

jects, until they finally reached the same level of pressure

as the female subjects. Further decreases in strength were

the same for male and female subjects. It is well estab-

lished that decline in muscle strength becomes functionally

important by the seventh decade of life and men may

experience greater losses of total muscle mass [21].

The instantaneous shape of the tongue-created tongue

pressure is controlled by the extrinsic muscles acting in

concert with the intrinsic muscles. Both extrinsic and

intrinsic muscles consist of skeletal muscle fiber [22].

Therefore, tongue strength decline with natural aging could

possibly be a result of an age-related reduction in muscle

mass [20]. Our study supports this sarcopenia so that

maximum tongue pressure values for males were signifi-

cantly higher than that for females between the twenties

and the forties, and the seventies had significantly lower

tongue pressure than the others (p \ 0.05).

In conclusion, the maximum tongue pressure for healthy

adults was determined: (1) Males in the twenties, thirties,

and forties showed higher tongue pressure than the

females. (2) Tongue pressure starts to decrease from the

sixties in males and from the seventies in females. We are

now planning to use these standard values to compare the

values of patients with dysphagia or to evaluate changes in

maximum tongue pressure during rehabilitation.
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Fig. 5 The average maximum tongue pressure of males among age

groups. Each column and bar shows the mean value and standard

deviation. *p \ 0.05 by ANOVA
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Fig. 6 The average maximum tongue pressure of females among age

groups. Each column and bar shows the mean value and standard

deviation. *p \ 0.05 by ANOVA
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