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Abstract: (1) Background: The tongue plays a key role in the stomatognathic system in carrying out
oral functions. The aim of this study was to identify the association between tongue pressure and
orthodontic parameters. (2) Methods: This study is a cross-sectional multicentered cohort study with
IRB approval. During routine orthodontic initial examinations, the following data were recorded:
age, sex, angle classification, overjet (OJ), overbite (OB), arch sizes, tongue width, and maximum
tongue pressure (MTP). The association between MTP and orthodontic parameters was analyzed
using Pearson’s correlation analysis and the Student’s t-test. (3) Results: There is a positive correlation
between MTP and age between ages 10 and 20 (R = 0.47, p < 0.01). There is a negative correlation
with MTP and age between 20 and 40 (R = −0.30, p < 0.05). There are negative correlations between
MTP and OJ (R = −0.278, p < 0.01)) and OB (R = −0.374, p < 0.01). While there is no statistical
significance between MTP and tongue width, there is a statistically significant difference between
age and tongue width (R = 0.22482, p < 0.05). There is no statistical significance between MTP and
sex, angle classification, arch length, intercanine width, and intermolar width. (4) Conclusion: An
earlier decline in MTP is observed with patients with malocclusion. This implies that patients with
malocclusion should seek early treatment for the malocclusion.

Keywords: tongue pressure; malocclusion; age

1. Introduction

The tongue has a dynamic role in the stomatognathic system not only playing a key
role in growth and development but also carrying out daily functions such as speech and
nutrient intake. The balance of the forces of the tongue, cheek, and lips help stabilize the
dental arches to reach an equilibrium [1–3]. However, this equilibrium can change with
unbalanced forces such as habits including but not limited to tongue thrusting and finger
sucking [3,4]. Thus, the force of the tongue is critical to the equilibrium equation. Changes
in tongue force can be seen in dysarthria [5] and dysphagia [6], which are associated
with an apparent decrease in chewing efficiency [7], swallowing [8], malnutrition [9], and
sarcopenia [10].

Previous research has focused on maximum tongue pressure (MTP) in the vulnerable
population such as children and older adults. Children with skeletal Class II malocclusion
were shown to have a lower MTP [11]. In older adults, there has been a correlation shown
between tongue pressure and malnutrition [9], sarcopenia, sarcopenic dysphasia [10,12],
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and general frailty [13]. It was observed that MTP decreased with age in the older popula-
tion [14]. It has also been shown that tongue pressure is stable from age 20 to 50; then, it
becomes significantly lower by age 70 [15–17].

In malocclusion cases, Angle Class II and Class III malocclusion have a lower MTP
compared to that of the established norms [18]. Angle class III has a lower swallowing
tongue pressure secondary to the spatial relationship to the jaw [19]. Orthodontic treatment
also can change parts of the equilibrium such as cheek pressure and tongue pressure [20–22].
Thus, when treating patients with malocclusion, one must consider the ramification of
the changes in the tongue pressure since this can lead to a change in the stomatognathic
equilibrium.

However, there is a gap in knowledge between the pediatric and older adult. The pur-
pose of this study was to analyze the association between MTP and orthodontic parameters
in people with malocclusion from the pediatric to the adult age group. This is especially
relevant now as there has been an increase in adults seeking orthodontic treatment [2].

2. Materials and Methods

This protocol was reviewed and approved by the institutional review board of Har-
vard School of Dental Medicine (IRB19-1863). Patients seeking orthodontic treatment at
the Dental Center of Iwate Medical University, School of Dental Medicine (Iwate, Japan),
Rei Orthodontic Clinic (Tokyo, Japan), Shimpo Clinic (Tokyo, Japan), and Nagasaki Dental
Clinic (Yokohama, Japan) were recruited. Inclusion criteria were (1) healthy individuals
(American Society of Anesthesiologist (ASA I or II), (2) age from 12 to 40 with permanent
dentition (including wisdom teeth and congenitally missing teeth), and (3) seeking or-
thodontic treatment. Exclusion criteria were patients who had (1) previous orthodontic
treatments, (2) ankyloglossia, (3) systematic disease, (4) neurological/cognitive disorders,
and (5) history of cancer of the head and neck. The study aims, contents, and method were
explained to the patients, and the patients who had an interest in participating in the study
signed the consent form.

The following data were collected by calibrated orthodontists at each research location:
age, sex, angle classifications, OJ, OB, MTP, arch length, intercanine width, and intermolar
width. MTP was measured using a balloon type probe (TPM-02, JMS Co., Ltd., Hiroshima,
Japan) machine (Figure 1). This balloon type measurement has been widely used in many
areas of research [7,9–15,23]. Arch length, intercanine width, and intermolar width were
measured using 3Shape digital software (3Shape, Copenhagen, Denmark). Each examiner
measured 3 times for each case, and the averaged data were used for the statistical analysis
(Figure 2).
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Figure 1. Measurement of Maximum Tongue Pressure (MTP). The device is composed of a measure-
ment box, probe, and connecting tube. The balloon type probe was inflated with air at an initial
pressure of 19.6 kPa by turning on the switch for pressurization. The diameter of the balloon was
approximately 18 mm, and the volume was 3.7 mL.
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Figure 2. Measurement of maxilla and mandibular arch sizes. (a) arch length, (b) intercanine width,
and (c) intermolar widths.

For the statistical analysis, SPSS software (α = 0.05, SPSS ver. 24, IBM, Armonk, NY,
USA) was used for Pearson’s correlation analysis, Student’s t-test, and One-way ANOVA.
Sample size calculations were conducted using the expected population standard deviation
and precision of error with 95% confidence level.

3. Results

In total, 111 patients were recruited, and 86 patients completed all data acquisition.
Thus, 86 patients’ data were used for analysis either in group 1 (<20) and group 2 (20~40)
(Table 1).

Table 1. Age and sex demographics of the participants.

Male Female Total

n Age n Age n Age

<20 age group 12 16.2 ± 0.99 18 14.9 ± 3.13 30 14.6 ± 1.87

20–40 age group 16 29.4 ± 4.70 40 27.7 ± 5.18 56 29.4 ± 3.86

All age 28 23.7 ± 7.54 58 23.7 ± 7.53 86 23.7 ± 7.49

There was a positive correlation between MTP and age between the ages of 10 and 20
(Figure 3a, R = 0.47, p < 0.05 (0.00948)). There was a negative correlation with MTP and
ages 20 to 40 (Figure 3b, R = −0.30, p < 0.05 (0.02428)). Furthermore, MTP in the 31–40 age
group was significantly lower than that of the 21–30 age group (Figure 4, p < 0.05 (0.01524)).
There were negative correlations between MTP and OJ (Figure 5a. R = −0.278, p < 0.01
(0.00954)) and OB (Figure 5b. R = −0.374, p < 0.01).
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While there was no statistical significance between MTP and tongue width, there was
a statistically significant correlation between age and tongue width (R = 0.22482, p < 0.05
(p = 0.03742)) (Figure 6). There was no statistically significant correlation between MTP and
arch size parameters; arch length, intercanine width, and intermolar width (Table 2).
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Table 2. Correlation between MTP and arch size parameters.

Maxilla Mandibular

Arch
Length

Intercanine
Width

Intermolar
Widths

Arch
Length

Intercaine
Width

Intermolar
Widths

R −0.053 −0.189 −0.155 −0.175 −0.152 0.002

p value 0.064 0.094 0.170 0.121 0.180 0.183

The average MTP of females was 34.36 kPa ± and 36.73 ± for males, and the Student’s
t-test indicated no significant difference. The average MTP on angle classifications I, II, and
III was 35.16 ± 7.76, 34.12 ± 7.20, and 37.27 ± 7.59, respectively, and one-way ANOVA
indicated no statistical significance.

4. Discussion

It has been shown that the population’s MTP starts to decrease after the age of
60 [15–17]. In this study, we focused on pediatric and adult populations with maloc-
clusion who were seeking orthodontic treatment. There was a positive correlation between
MTP and age from age 10 to 20 (Figure 3a. R = 0.47, p < 0.05 (0.00948)). There was a negative
correlation with MTP and ages 20–40 (Figure 3b. R = −0.30, p < 0.05 (0.02428)). Furthermore,
MTP in the 31–40 age group was significantly lower than that of the 21–30 age group. This
nonlinear biphasic result revealed that the MTP of patients with Angle classification I, II,
and III malocclusions started to decrease at an earlier age (31–40) than that of the normal
population (61–70) [1,15,24]. This early loss of MTP is significant, since previous research
shows that a decrease in MTP is correlated with dysarthria [5], dysphagia [6], malnutri-
tion [9], and sarcopenia [10]. Thus, early treatment of all malocclusions may benefit by
preserving MTP or preventing the early decline in MTP.

There was a negative correlation between MTP and OJ (Figure 5a). Severe OJ is 7 mm
or greater and is usually associated with skeletal and or Angle Class II malocclusion [25,26].
A zero or negative overjet is associated with skeletal and or Angle Class III malocclusion.
While patients with an anterior open bite fill the space with the tongue, a patient with
severe OJ fills the space with the lower lip instead of the tongue. This may be the reason
there is a negative trend between going from negative to positive overjet.

There was a negative correlation between MTP and OB (Figure 5b). Negative OB is
defined as an anterior open bite. Common reasons for an anterior open bite are habits
such as tongue, finger, as well as playing musical instruments [27]. A probable reason
for observing a higher MTP in the negative OB is due to the tongue thrust habit that
compensates and establishes a seal for normal oral function such as speech and swallowing.
With a positive OB, which is a deep and possibly impinging bite, there is no need for the
tongue to seal the space for speech and swallowing. Thus, this may explain why patients
with negative overbite and tongue thrusting have a stronger MTP than that of positive
OB patients.

While there was no statistical significance between MTP and tongue width, there was
a statistically significant difference between age and tongue width (R = 0.22482, p < 0.05
(p = 0.03742). This observation may be explained with the loss of tonality as humans
age [28]. The loss of muscle tone may relax the tongue. This is often seen in obstructive
sleep apnea, where the tongue relaxes into a retruded position while in a supine position
causing the obstruction of the airway [29]. For the other dental parameters such as sex, angle
classification, arch length, intercanine width, and intermolar width, there was no statistical
significance when compared to MTP. A higher sample size may explicate an association.

There were several limitations to the present study due to the cross-sectional design
and investigation in a single ethnicity. A subsequent study should be a longitudinal study
to measure the change in MTP over time to confirm and eliminate the limitations of a cross-
sectional study. Moreover, including skeletal classification and dental space analysis with a
greater sample size per subgroup will help elucidate more correlations and help to establish
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the population norms. However, when establishing a population norm, an additional
factor to consider is the ethnicity of the participants. A Class III malocclusion in Asians is
usually due to a prognathic mandible while for European Americans, a lower percentage of
Class III would be due to prognathic mandible [30]. Another consideration is that African
Americans are usually bimaxillary prognathic leading to spacing and concomitant tongue
habits [31]. Therefore, separate MTP norms should also be investigated based on ethnicity.

5. Conclusions

With the exception of an anterior open bite, an earlier decline in MTP was observed in
patients with malocclusion compared to that of the established healthy MTP norms. This
suggests that patients with malocclusion should seek early treatment for the malocclusion.
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