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Abstract

Objective

The aim of this study was to determine the correlations
between perioral soft tissue performance and masticatory
function.

Material and methods

Fourteen subjects aged 23 to 40 years old (mean: 29.4
years) were enrolled in this study. All of the participants
had normal oral anatomic structures and stable posterior
tooth support. The relative bite force (%) compared to
the maximal bite force in the right and left arches was
measured using the T-Scan III° system. The lip pressure
(kPa) over the right and left cheeks was evaluated by
the Iowa Oral Performance Instrument (IOPI®) Pro
system and its bulbs. The data were presented as the
mean =+ standard deviation (SD) and compared using
the paired t test.

Results

The mean relative bite force of the subjects was
51.2+21.7 % (mean + SD) on the left side and
48.4+21.7 % (mean + SD) on the right side. The mean
lip pressures on the left side and right side were 24.9
+5.2 kPa (mean + SD) and 23.9 +4.2 kPa (mean +
SD), respectively. There were significant correlations
between the relative bite force and lip pressure on both
the left and right sides (p<0.01).

Conclusion

The study results indicated a significant association
between relative bite force and lip pressure. In clinical
terms, we might thus infer that improved masticatory
function would perhaps result in improved lip
pressure. Relatedly, it is worth further investigating
whether prosthodontic rehabilitation resulting in
increased perioral soft tissue strength is correlated with
improvements to the sucking or swallowing functions.
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Introduction

Q‘ ccording to the equilibrium theory of tooth po-

ition, the forces exerted by the lips, cheeks, and
tongue all affect the positions of the teeth. Relatedly,
previous studies have shown that the most impor-
tant environmental factors affecting tooth position
are the pressures exerted by the lips and cheeks?.
The force generated by perioral soft tissues plays a
role in guiding tooth eruption and maintaining den-
tal arch form and stability?. Therefore, lip pressure
is closely related to the state of occlusion, and may
even have a significant effect on oropharyngeal func-
tion.

Masticatory function impairment can adversely
affect quality of life3. Sufhicient masticatory function,
in contrast, is considered to contribute substantially
to general health#. Evaluating the chewing perfor-
mance is one common way to obtain an overall
measurement of masticatory function. Masticatory
performance would be influenced by a number
of factors, including the teeth, masticatory muscle
strength, jaw movements, and maximum bite
force3. The maximum bite force is directly related
to masticatory performance; it can not only explain
over 60% of the variance in masticatory efficiency
but also 72% of the variation in masticatory perfor-
mance among children and adults3-6.

Oral functions including swallowing and chew-
ing are accomplished by complex and coordinated
neuromuscular actions. However, few studies have
investigated the association between perioral soft
tissue and bite force, and there is some controversy

regarding whether strong lip tension has any impact
on masticatory performance. At the same time, it
is important for prosthodontists to know if high lip
pressure affects denture stability or has any other
effects that could influence prosthodontic treat-
ment planning. Moreover, it would also be valuable
to know whether increasing the bite force can ef-
fectively increase the tension of the muscles around
the oral cavity in a way that, in turn, improves the
swallowing function. With these issued in mind, we
sought in this study to measure the lip pressure and
relative bite force of the study participants in order
to determine the correlations between the tension
of the perioral soft tissue and masticatory function.

Materials and Methods

Fourteen subjects including five men and nine
women were analyzed in this study. Their ages
ranged from 23 to 40 years old, and their mean age
was 29.4 years. All of the subjects had normal oral
anatomic structures and stable posterior tooth sup-
port; their occlusal classification was limited to An-
gle's Class I occlusion. In addition, none of them had
any neuromuscular disorders or dysphagia. Their
consciousness was clear and they could cooperate as
necessary in order to complete the entire study. Fur-
thermore, they were all enrolled in the study only
after they were well informed of its details and had
signed a consent form.

The relative bite force of each subject was mea-
sured using the digital occlusion analysis T-Scan I11°
system (Fig. 1), which utilizes a thin-film interface

%

Fig. 1. T-Scan IlI® is a digital occlusal analysis system consisting of a patented sensor, er-
gonomic handpiece, and proprietary software that reveals the level and timing of force on
individual teeth and the stability of the patient' s bite
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pressure mapping sensor to detect the relative bite
force. Each participant was invited to sit in a relaxed
and upright position during the relative bite force
evaluation and trained to firmly bite the sensor until
maximal intercuspation lasting one to three seconds.
Once the given participant was familiar with opera-
tion of the instrument, he or she was instructed to
bite so as to indicate the centric occlusion. The per-
centages (%) of the relative bite force distribution to
the bilateral arches compared to maximal bite force
were calculated.

The lowa Oral Performance Instrument
(IOPI®) Pro system (Fig. 2), a new type of pressure
measuring instrument, was utilized to evaluate the
lip pressure (kPa) over the right side and left side.
For this evaluation, the patient sat upright in the
chair, the IOPI bulb was placed between the lips,
and the patient squeezed the IOPI® bulb against the
buccal surface of the teeth by pursing the lips as hard
as possible. The lip pressure measurement was per-
formed five times on both the left and right sides.

This study separately analyzed the data for the
left side and right side in order to explore the correla-
tion between lip pressure and relative bite force. The
data were presented as the mean % standard devia-
tion (SD) and compared with using the paired t test.
The IBM SPSS Statistics Version 20.0 was utilized
for statistical analysis, and a P <0.01 was considered
to indicate a statistically significant difference.

Results

The mean relative bite forces of the 14 subjects
were 51.2+21.7 % (mean = SD) on the left side
and 484 121.7 % (mean & SD) on the right side.
(Tablel) The mean lip pressures on the left side and
right side were 24.9 52 kPa (mean &£ SD) and
23.9 42 kPa (mean &£ SD), respectively (Table
1). We used the paired t test to determine the cor-
relations between the relative bite force and lip pres-
sure, and there were significant correlations on both

the left and right sides (p<0.01) (Table 1).

@ 1 K0P1* Tongue Bulb |
|
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Fig. 2. The lowa Oral Performance Instruments
(IOPI®) Pro and its bulb

Discussion

Many factors influence masticatory perfor-
mance, including the perioral musculature, the
positions of the teeth, the jaw movements, the oc-
clusion pattern, the occlusal contact area, and the
bite force3-5.6. Meanwhile, impaired masticatory
function can have significant negative effects on an
individual's quality of life. The functional harmony
and balance of the muscles converging in the lip
and cheek area are important in the growth and de-
velopment of the dento-alveolar morphology and
craniofacial region?. The force generated by perioral
soft tissues plays an important role in guiding tooth
eruption and maintaining dental arch form and
stability?. Therefore, lip pressure is not only closely

Table 1. Comparison between relative bite force and lip pressure (n=14)

Relative bite force (%)

Lip pressure (kPa)

Mean SD Mean SD 95% CI P
Right side 48.37 21.66 23.91 4.16 36.59 (5.62 to 12.31) .001”
Left side 51.18 21.72 24.90 5.21 40.16 (6.42 to 12.40) .001”

Paired t test "P<0.05

SD indicates standard deviation; Cl indicates confidence interval
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related to the state of occlusion but also affects the
abilities of feeding, eating, speech, saliva control, and
the articulation of labial consonants8:9. Moreover,
the results of this study preliminarily indicated a
significant association between lip pressure and rela-
tive bite force (P< 0.001) (Table 1). This finding was
consistent with those of a previous study showing
that maximum lip force and maximum bite force
significantly predict masticatory performance in
healthy elderly patients and stroke patients’® .An-
other investigation furhter revealed that lip force is
also closely related to swallowing capacity; in that
study, dysphagia was improved when the lip force
was raised and the lip pressure was significantly low-
ered in a patient who had a history of choking on
food'. In patients with impaired mimic muscles or
in denture patients, the lip seems to take over more
critical roles and thus might also contribute to the
bolus-kneading process'0. Based on previous re-
search, the lip-closing function might represent the
pharyngeal strength involved in swallowing™1:12.

Maximum bite force is an indicator of mastica-
tory function.13 Relatedly, measurements of bite
force can provide useful data for evaluations of jaw
muscle function and activity'4. A variety of devices
with a diversity of designs and working principles
have been used to record bite forces. In this study,
the T-Scan III* system, which utilizes an ultra-thin
(0.004 inch, 0.1 mm), reusable sensor that is shaped
to fit the dental arch, was used to evaluate the rela-
tive bite force and occlusal contact area in the inter-
cuspal position and to acquire the associated data’>.
The relative bite forces distributed over the right and
left arches were represented in this study as percent-
ages compared to the maximum bite force instead of
with actual units of force such as Newtons. Because
this research was mainly conducted to explore the
relationship between the relative bite force and lip
pressure, the unit could be ignored. Besides, the in-
clusion criteria used for subject selection were strict
and included fully intact dentition and no previous
history of orthodontic or prosthodontic treatment.
Furthermore, this study was designed to compare
the relative bite force and lip pressure in individuals
in a way that could prevent experimental error re-
sulting from individual differences and thus increase
the realism of the results.

In clinical practice, efforts aimed at training the
strength of the perioral soft tissue are usually aimed
at swallowing function rehabilitation. The results
of this study showed that there were significant
correlations between the lip pressures and relative
bite force on both the left and right sides (p<0.01).
These results suggest that increasing the lip pressure
might not only resolve dysphagia but also improve
masticatory function. Moreover, we could infer

that measurements of lip pressure can be used as a
reference in prosthodontic treatment planning. For
example, in clinical practice, patients with stronger
lip strength might be expected to benefit more from
implant therapy than from being fitted with a re-
movable denture. It is also worth further investigat-
ing whether successtul prosthodontic rehabilitation
can not only increase the bite force but also help in
the recovery of other oral functions such as sucking
or swallowing. Furthermore, one limitation of this
study was that the smile lines of the subjects had to
be restricted, so it would be interesting to investigate
in the future whether the smile line has any impact
on the association between lip pressure and relative
bite force. Another hypothesis derived from this in-
vestigation is that the clinical training of oral muscle
strength could perhaps improve masticatory force in
those wearing removable dentures. In fact, given that
the results of this study indicated close associations
between the different elements of the oral apparatus,
including the perioral musculature and dentition,
there are a number of related interesting topics that
need to be explored in the future.

Conclusion

The results of this study indicated significant
correlations between the relative bite force and lip
pressure. Clinical training of perioral muscle strength
may thus improve the masticatory function, while
increasing the relative bite force with prosthodontic
rehabilitation might aid in the recovery of oral func-
tions related to lip pressure, such as sucking or swal-
lowing,
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