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Abstract
Background Improving chewing function of older adults increases the health-related quality of life. Few studies 
indicated the correlation between tongue, lip strength on masticatory performance in older people. The study aimed 
to investigate the association between lip, tongue strength on chewing pattern in aging population.

Methods The older adults had independent daily intake without assistance were enrolled. They had intact 
dentition and no periodontitis. To estimate the number of chewing strokes and chewing time by consuming a 
cornstarch cookie were used to represent chewing pattern. Lip and tongue pressure were evaluated with an Iowa 
Oral Performance Instrument. Linear regression analysis was used to analyze the lip and tongue pressure associated 
with the chewing time and strokes. Spearman’s correlation analysis was utilized to evaluate the associations among 
chewing time and chewing strokes or lip and tongue pressure.

Results 35 women and 35 men with an average age of 73.2 years were investigated. Tongue pressure was 
significantly related to the chewing time and the number of chewing strokes (p = 0.01 and 0.03). There was a close 
association between chewing time and the number of chewing strokes (p < 0.0001). The correlation between lip and 
tongue pressure was significant (p < 0.0001).

Conclusion The tongue strength significantly related to chewing ability in aging population. Increasing the tongue 
strength greatly reduced the number of chewing strokes and chewing time. Good masticatory ability could increase 
the motor function of tongue; raising the tongue strength might be able to improve mastication in older adults.
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Background
Mastication is closely related to stomatognathic, neu-
romuscular and digestive activities [1]. Poor chewing 
ability leads malnutrition [2] and is also significantly 
correlated with cognitive impairment or dementia in 
the older adults [3]. Good masticatory performance is 
an important factor influencing health-related qual-
ity of life (HRQoL) in the aging population [4]. High life 
expectancy and a low birth rate have led to an increased 
proportion of older people. Improving the chewing func-
tion of older individuals to reduce medical expenses and 
increase the HRQoL is an important issue in an aging 
society. The motor functions of the tongue and lips dete-
riorate with age then affect masticatory performance [5]. 
Most investigations focus on the dental status regarding 
chewing ability [6, 7]. The issue of decreased oral physiol-
ogy with age related to chewing is often neglected. Many 
previous studies often focused on the perioral pressure 
related to tooth position and the effect of orthodon-
tic management [8, 9]. Few investigations revealed the 
impact of tongue and lip functions on masticatory per-
formance, but this issue is crucial for older individuals.

This study focused on the association between lip, 
tongue strength related masticatory performance in the 
older adults. The aim of this study was to estimate the 
association between lip and tongue pressure and habit-
ual chewing patterns, including chewing time, strokes in 
aging population. The null hypothesis of this study was 
the close relationship between these oral physiology and 
chewing function.

Methods
Subjects
The healthy older individuals over 65 years old who had 
independent daily intake without assistance or swallow-
ing problems were enrolled in this study. These subjects 
were selected from the Dental Clinic of Chang Gung 
Memorial Hospital from 2020 to 2022. To eliminate the 
confounders derived from periodontal disease, occluding 
pair and neuromuscular disorder, all the subjects must 
strictly exclude these conditions to increase the realism 
of the study. All the older individuals had no missing 
teeth and periodontitis. Those who had neuromuscular 
disorders, dysphagia, temporomandibular disorders, psy-
chiatric problems or received radiotherapy or head and 
neck surgery were all excluded. All subjects had good 
ability to follow the study instructions and clearly under-
stand the purpose of this study. Based on our previous 
investigation [6], all participants were restricted to with-
out any missing teeth or periodontitis to eliminate the 
impact of dental status on chewing ability. All the sub-
jects receive regular dental follow-up every six months. 
Their periodontal condition was healthy and kept good 
maintenance. The plaque index of subjects was restricted 

in 0–1 and their attachment level was healthy as the base 
of gingival sulcus is no more than 1  mm apical to the 
cemento-enamel junction [10]. This study was approved 
by the Ethical Committee of Chang Gun Memorial Hos-
pital (201801918B0A3). The subjects were enrolled in this 
study after they had signed an information consent form. 
These subjects completed the examination of this study 
at the dental clinic of Chang Gung Memorial Hospital.

Lip and tongue pressure measurement
The Iowa Oral Performance Instrument (IOPI) is a reli-
able device in lip and tongue pressure evaluation [11]. It 
measures the pressure generated by compress between 
the tongue and palate or the upper and lower lip to assess 
the tongue and lip strength and endurance [12]. The IOPI 
uses an internal volume 2.8 ml air-filled pliable plastic 
bulb connected via an 11.5-cm-long clear plastic tube 
to determine the peak pressure [in kilopascals (kPa)]. 
It has a peak-hold function, pressure-sensing circuitry 
and a timer. In this study, the bulb was placed between 
the tongue and hard palate or upper and lower lip, and 
then the participant was instructed to squeeze the bulb 
as hard as possible (Fig. 1). The displayed lip and tongue 
pressure (kPa) was recorded.

Chewing time and chewing strokes
To evaluate the amount of chewing strokes and the time 
required to complete the mastication, all participants 
were requested to perform their habitual mastication of 
a cornstarch cookie [6, 13]. The chewing strokes were 
counted as the opening and closing mandibular move-
ments until tooth contact occurred [14]. The time needed 
to consume each piece of food was recorded as the chew-
ing time, which was measured with a digital chronometer 
(Intermec, Everett®, Washington, USA). The chronometer 
was initialized after placing the food in the oral cavity and 
ended when each portion was swallowed. This reliable 
evaluation method was utilized to estimate the chewing 
pattern of older adults in our previous investigation [6].

Statistical analysis
The data are presented as the mean and standard devia-
tion (SD). A linear regression analysis was used to ana-
lyze the lip and tongue pressure related to the chewing 
time and strokes. The association between chewing time 
and chewing strokes or lip pressure and tongue pressure 
was evaluated with Spearman’s correlation analysis. SAS 
software version 9.4 (SAS Institute, Cary, NC) was used 
for these analyses, and a two-tailed test p < 0.05 was con-
sidered to be statistical significance.
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Results
A total of 70 healthy older adults, including 35 women 
and 35 men, were enrolled in this study. The age of the 
subjects ranged from 65 to 74 years (average, 73.2 years). 
The chewing time was 23.30 ± 23.70  s, the number of 
chewing strokes was 31.43 ± 34.49, the tongue pres-
sure was 32.69 ± 12.24 KPa, and the lip pressure was 
22.39 ± 6.94 Kpa (Table 1). Tongue pressure significantly 
related to chewing time and chewing strokes (p = 0.01 
and 0.03, respectively) (Table 2). There was a significant 

association between the chewing time and chewing 
strokes (p < 0.0001); the lip pressure was closely corre-
lated to tongue pressure (p < 0.0001) (Table  3). Hence, 
this result successfully confirmed the hypothesis of this 
study.

The unit of variable: Chewing time = seconds; Chewing 
strokes = number of times; Tongue and lip pressure = KPa.

Discussion
This study utilizing tongue and lip pressure to represent 
the tongue and lip strength was reliably [1, 15]. As previ-
ous study proposed the pulverization of food needs more 
intensive chewing, the complaints related to masticatory 
function were proved to be consistent with chewing lon-
ger [6, 16]. To count the chewing strokes is used to quan-
titatively evaluate chewing ability [6, 17]. Hence, chewing 
time and strokes can effectively characterize the mastica-
tory performance. This study preliminarily revealed that 
there was a close association between tongue strength 
and chewing ability in the older adults (Table  2). This 
result is similar to the previous investigation proposed 
that masticatory function relied on a normal pattern of 

Table 1 The distribution of variables (N = 70)
Variable Mean SD Median Minimum, Maximum
Chewing time 23.30 23.70 18.58 (6.23, 202.20)

Chewing strokes 31.43 34.49 26.00 (10.00, 300.00)

Tongue pressure 32.69 12.24 32.67 (8.67, 57.67)

Lip pressure 22.39 6.94 21.00 (9.17, 46.67)
Abbreviation: N, numbers of subjects; SD, standard deviation

Table 2 The impact of tongue and lip pressure on chewing time 
and strokes (N = 70)
Outcome Variable Estimate SE p-value
Chewing time Tongue 

pressure
-0.57 0.22 0.01*

Lip pressure -0.31 0.41 0.46

Chewing strokes Tongue 
pressure

-0.75 0.33 0.03*

Lip pressure -0.13 0.61 0.83
Abbreviation: N, number of subjects; SE, standard error

*p < 0.05

Table 3 The correlation between chewing time and chewing 
strokes
Variable Variable R p-value
Chewing strokes Chewing time 0.98 < 0.0001***

Lip pressure Tongue pressure 0.58 < 0.0001***
***p < 0.005

Fig. 1 The Iowa Oral Performance Instrument (IOPI) was utilized to measure lip and tongue pressure. The subject was requested to squeeze the bulb 
(A) which placed between tongue and hard palate to evaluate the tongue pressure. The participant was asked to squeeze the bulb (B) placed between 
upper and lower lip to estimate the lip pressure
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tongue-to-hard palate contact, the control of tongue 
activity, and coordination with jaw movement [18]. Based 
on this result, increasing the tongue strength significantly 
shortened the chewing time and reduced the number of 
chewing strokes; good chewing ability might be able to 
greatly raise the motor function of tongue.

In general, dental status is closely related to the ability 
to crush food, but less information has been mentioned 
about the effect of perioral muscle strength on chewing 
function in the aging population. This result indicated 
the chewing ability in the older adults was not only cor-
related to the dental status but also associated with the 
tongue strength. Increasing tongue motor activity can 
also actually promote HRQoL because good mastication 
will increase nutritional intake among older individuals. 
Diet for the elderly often advocates how to soften food 
for adapting to the deterioration of chewing ability. Based 
on this study, the masticatory training might be able to 
raise the tongue activity in older people to be regarded as 
a new-style rehabilitative treatment modality. For exam-
ple, we might infer to increase the food texture might be 
able to improve the tongue strength. These effects need 
to be confirmed in further study. This discovery possibly 
will have multiple practical applications in the geriat-
ric field. The previous investigation proposed a positive 
correlation between mastication and cognitive function, 
such as dementia, in older individuals [19]. Based on this 
result, we could infer tongue activity training to improve 
masticatory function might alleviate the deterioration 
associated with age and prevent cognitive disorders. The 
correlation between tongue strength and cognitive func-
tion is worthy to further discussion.

This study revealed the lip strength might be not sig-
nificantly associated with the chewing ability (Table  2), 
although the previous study proposed that lip strength is 
highly correlated with sucking functions during the cap-
ture of adhesive food [20]. The variance might be attrib-
uted to the different texture of the test food. The subjects 
of this study were seriously restricted to healthy older 
adults and those who could eat independently but the 
most older individuals had multiple systemic diseases. In 
the future, it will be interesting to investigate the impact 
of lip strength on nutritional intake in the older adults 
needing passive feeding because that type of feeding 
often relies on spoon suction. This discovery indicated 
the close association between lip and tongue pressure 
(p < 0.0001) (Table 3), so the lip and tongue significantly 
interacted with each other. Other research revealed that 
lip strength is significantly related to swallowing dys-
function [21]. According to the result just mentioned, 
whether chewing training might increase lip motor indi-
rectly through raising the tongue motor activity then 
prevent or improve dysphagia. This inference needs to be 
further investigated.

This result revealed the significant correlation 
between the oral physiology including prei-oral pres-
sure and chewing patterns. Based on this investigation, 
future research will focus on finding linear relationships 
between various oral physiological conditions under 
large aging population. That might be able to provide 
valuable clinical significance to link the clinical evalua-
tion related to the oral function. Although this study had 
multiple strengths, there were some limitations. Tooth 
loss is the most common predicament in older individu-
als and greatly impacts mastication function and chewing 
efficiency [22, 23]. Posterior occlusal support is closely 
related to masticatory performance [6]. To clarify the 
impact of lip and tongue strength on mastication, all 
the participants were restricted to full intact dentition 
and have no periodontitis. Although this restriction of 
participant increases the realism, those who cannot rep-
resent all aging population. Because the periodontal dis-
ease is the most common disease to lead missing teeth in 
older adults, further study should consider the impact of 
remaining dentition on lip and tongue strength. In the 
future, it would be interesting to investigate the possibil-
ity of tongue strength or masticatory function according 
to this results with potential occlusal deteriorations or 
abfractions whether through different occlusal load and 
frequency of eccentric dynamic occlusion.

Conclusions
There was a close association between tongue strength 
and chewing ability in the older adults. In the aging 
population, increasing the tongue strength significantly 
decreased the chewing strokes and shortened the chew-
ing time. Improving chewing ability might be able to raise 
the motor function of tongue.
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