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ABSTRACT
Purpose: to investigate the existence of changes in the electromyographic patterns of 
the mentalis and inferior orbicularis oris muscles in oronasal breathers, submitted to 
massage therapy on the mentalis muscle. 
Methods: a controlled blind placebo experiment, with a sample of 19 oronasal breath-
ers (1 man and 18 women), mean age (standard deviation) 22.3 (2.63) years, ran-
domly divided into control and experimental groups, respectively with 7 and 12 vol-
unteers. The experimental group alone underwent myotherapy with massages for 3 
months, while electromyographic data were collected from both groups at the begin-
ning and end of the treatment, both at rest and when swallowing water. The analysis 
of variance was conducted to test the existence of differences between the means; the 
5% significance level was used. 
Results: the analysis of variance revealed signs of interaction between the group and 
phase effects when analyzing the root mean square values of both the inferior orbicu-
laris oris and the mentalis muscles. As expected, no signs of significant differences 
were found between the means of the phases in the control group. On the other hand, 
signs of significant difference were found in the experimental group, with reduced root 
mean square values in both muscles. The inferior orbicularis oris muscle, which in 
the pre-phase had a mean (standard deviation) of 202.10 (161.47) µV, had, in the 
post-phase, values of 131.49 (159.18) µV. The mentalis muscle, in its turn, had in the 
pre- and post-phase, respectively, a mean (standard deviation) of 199.31 (279.77) µV 
and 114.58 (253.56) µV. 
Conclusion: given that no effect was detected in the control group, the decrease in the 
root mean square values of the mentalis and inferior orbicularis oris muscles in orona-
sal breathers was attributed to the massage therapy on the mentalis muscle.
Keywords: Mouth Breathing; Massage; Electromyography; Myofunctional Therapy; 
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INTRODUCTION
Breathing is indispensable to humans because it 

provides the necessary gas exchange that nourishes 
the tissues. However, if the nasal breathing function is 
somehow hindered, a mouth breathing pattern may be 
used, which might cause various impairments, such 
as postural changes, protruded shoulders, straight 
cervical spine, flexed head and neck; behavioral 
disorders, such as restlessness, irritation, restless 
sleep; inexpressive face with infraorbital dark circles; 
physiological disorders, such as nocturnal enuresis, 
day sleepiness; and learning disorders with inattention 
and lack of memory, despite a normal intelligence1-3. 
Hence, various authors already consider it a syndrome, 
named mouth-breathing syndrome (MBS)4,5.

There are different causes of MBS, including hyper-
trophy of the palatine and/or pharyngeal tonsils, nasal 
septum deviation, excessive retrognathism antago-
nizing the upper arch against the lower lip, hypertrophic 
turbinates, rhinitis, tumor, polyps, nasal fractures1-5. 
Given the impairments that may result from it and as 
it is already considered a public health issue4,5, drug 
and/or surgical treatments have been used to clear the 
upper airways5.

Once the causes of mouth breathing are solved, it is 
not uncommon to find oronasal breathing, a condition 
resulting from either a vicious habit or a preserved 
muscle memory5,6. However, such a situation is not 
always given due attention, possibly because it is 
often related to chronic conditions whose treatment is 
difficult and require continuous control (such as allergic 
rhinitis), and because of the assumption that oronasal 
breathing does not influence the difference between 
intra- and extraoral pressure and does not compromise 
the muscular system5-9.

Electromyographic studies have already proved the 
similarity between the mouth and oronasal breathers10 
in their suprahyoid and orbicularis oris muscles, both 
at rest and in functions such as swallowing. Thus, there 
may be difficulties in dental and/or skeletal corrections, 
besides possible treatment relapses, because of the 
influence of musculature throughout the dental and 
maxillo-mandibular development in the stomatognathic 
system10. In such cases, myotherapy is essential to lip 
closure.

The orbicularis oris is an important muscle, respon-
sible for lip closure11,12. Made up of its superior and 
inferior parts, it is common to observe a shortened 
upper lip and an everted lower lip in mouth-breathers, 
due to the flaccidity of such musculature8. Felício13 

reports that, when the lips are ajar, “they do not restrain 
the dental arches and then the upper teeth are often 
buccally displaced, making lip closure even more 
difficult. Thus, lips ajar reduce sensory impulses and 
consequently decrease the motor impulses that would 
make the upper lip hypotrophic, and the lower one, 
flaccid”13.

Beneath the inferior orbicularis oris muscle, there 
is another one that may hinder its activity, the mentalis 
muscle. Some authors consider the mentalis not 
properly a lip muscle but one that controls the lips, as it 
helps to position the lower lip due to its slightly vertical 
anatomical disposition, which favors the adequate 
positioning of the lower lip11,12. In clinical practice, even 
the simple palpation of the mentalis muscle insertion 
often stimulates lip closure in cases of ajar mouth. 

In the literature3,14, the intense mentalis 
muscle activity in mouth-breathers has been well 
described10,15-20. In this regard, due to flaccidity of the 
inferior orbicularis oris muscle, it is supposed that the 
mentalis muscle remains hyperactive to compensate 
it and favor lip closure. However, such hyperactivity 
may lead to an increase in volume and shorten the 
musculature, everting the lip even further and making 
the antagonization of the upper and lower lips more 
difficult.

Muscle therapies have been indicated to strengthen 
the orbicularis oris muscle and effectuate nasal 
breathing. In these cases, though, the previous relax-
ation of the mentalis muscle may help strengthen the 
inferior orbicularis oris muscle. Massage maneuvers on 
the mentalis muscle, besides decreasing its volume, 
may also help improve the disposition of its fibers 
and hence effectively strengthen the orbicularis oris 
muscle13.

In the literature, papers are scarce in the field of 
speech-language-hearing studying techniques such as 
massage therapy, particularly regarding the mentalis 
muscle, although this intervention is already known21 
and clinically used in mouth-breathing patients.

Massage has been described since 1952 by authors 
such as Beard and cited by Biasotto22 as “manipu-
lating the soft tissues with the hands to generate 
effects that will impact the nervous, muscle, and respi-
ratory systems, besides blood flow and the local and 
general lymphatic system”. These manipulations have 
curative, prophylactic, and invigorating purposes22,23, 
especially indicated when there are structural changes 
in the muscle tissues. The relaxation brought about 
by massage is “manifested as an increase in muscle 
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length and direct stimulus of the Golgi tendon organ, 
spreading through the activation of the inhibitory reflex 
of the muscle being massaged”23. In the case of the 
mentalis muscle, massage therapy is very appropriate 
because the aim is to normalize its muscular behavior 
and strengthen the orbicularis oris muscle.

In speech-language-hearing therapy, to deal with 
cases of muscle impairment, resources such as 
palpation, visual inspection, and professional opinion 
are commonly used. However, these resources are 
subjective. Thanks to technological advancements, a 
series of instruments allowed for a clearer and more 
objective view of the actual condition of the muscu-
lature. One of them is the surface electromyography 
(EMG), which registers the electrical properties of the 
muscles, helps understand the muscle functions and 
changes, and above all provides the means to a precise 
measurement of the conditions of the stomatognathic 
system24,25. It is the noninvasive, painless, quick, and 
objective gold standard.

This study aimed to investigate the existence of 
changes in the electromyographic patterns of the 
mentalis and orbicularis oris muscles in oronasal 
breathers submitted to massage therapy on the 
mentalis muscle. In the research, the EMG may furnish 
data on the response to the muscle condition with the 
approached therapy.

METHODS

The study was approved by the Research Ethics 
Committee of the Universidade Estadual de Campinas 
(University of Campinas – UNICAMP), São Paulo, 
Brazil, under no. 61582716.5.0000.5404, in compliance 
with Resolution 466/12 of the Conselho Nacional de 
Saúde (National Health Council – CNS). It was carried 
out in the Electromyography Laboratory of the CEPRE/
FCM/UNICAMP. The participants were involved in the 
activities of the research only after formally consenting 
to it through the informed consent form (ICF).

Sample

The sample comprised 19 participants – college 
students and employees of the institution of origin 
– subdivided into Control Group (CG), with seven 
participants, and Experimental Group (EG), with 12 
participants. Their age ranged from 18 to 27 years, both 
males and females. The participants that would and 
would not undergo massage therapy were randomly 
chosen.

• Inclusion criteria: being over 18 years old; having 
a medical record and a report from the otorhino-
laryngologist of the Hospital of the institution of 
origin and/or CECOM (Community Health Center) 
confirming they had been oronasal breathers for 
more than 3 months; not having their upper airways 
obstructed.

• Exclusion criteria: being younger than 18 years; 
being a nasal breather; having neurological impair-
ments; taking myorelaxant and/or analgesic drugs; 
being in dentoskeletal Angle Class II, Division 1, or 
Class III; having upper arch antagonistic to lower lip 
with maxillo-mandibular overjet; having upper arch 
overjet hindering lip closure; having a face trauma; 
having a history of fibromyalgia; having a beard or 
hair in the perioral region.

Procedures

Before beginning the electromyographic analyses, 
the participants filled in a registration form for future 
contact. Two electromyographic assessments were 
conducted in both groups, one in the beginning and 
the other after 3 months of myotherapy. Only the exper-
imental group was instructed to have their mentalis 
muscle massaged.

The electromyography was conducted in 
compliance with the European Applications of Surface 
Electromyography (SENIAM). The data was collected 
with a Myosystem BR1 electromyograph with 12-bit 
resolution analog-to-digital card, common-mode 
rejection ratio (CMRR) of 60 dB, BioPak software, 
version 7.2. The surface electrodes used were 
disposable circular Ag/AgCl bipolar passive ones 
manufactured by Meditrace Kendall-LTP, model 
Chicopee MA01. Before the electromyography, 
the participants had their skin cleaned with fat-free 
vegetable soap and 70% ethyl alcohol to better fix the 
electrodes and reduce skin impedance. The partici-
pants were seated on a comfortable chair, their feet 
on the floor and head parallel to the ground according 
to Frankfurt plane, eyes open looking straight ahead. 
A circular stainless-steel ground electrode, 2 mm in 
diameter, was lubricated with conductive gel and fixed 
on the participant’s forehead. The bipolar electrodes 
were fixed on the inferior orbicularis oris muscle, 1 
cm away from each other, on each side of the median 
line, 2 mm above the free edge of the lip, and on the 
mentalis muscle on the region of the chin, on each side 
of the median line. The electrodes’ input channels were 
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The EG participants were also instructed to take 
note on a qualitative follow-up sheet, after each session 
for 3 months, registering the week when the massage 
took place, date, time, duration, and their perception 
about the massage. They were sent weekly reminders 
via WhatsApp® not to forget to do the massages.

Statistical Analysis
The analysis of variance was applied based on the 

fitting of a generalized mixed linear model for two-factor 
experiments (Group and Phase) and the interaction 
between the main effects. The analysis of variance 
was complemented with Student’s t-test for multiple 
comparisons of significant interaction mean values. 
The 5% significance level (p < 0.05) was used in all the 
statistical tests, and the calculations were made with 
support from the SAS system.

RESULTS
Sample characterization

The sample comprised 19 participants – seven in the 
CG and 12 in the EG – mean age 22.3 (±2.625) years; 
one of them was male, and 18, females. The sample 
was representative because the individual electromyo-
graphic values were not much disparate and charac-
terized distinct and well-outlined profiles in each group.

Surface Electromyography
In a preliminary study of the Phases (pre and 

post) in the CG and EG of the inferior orbicularis oris 
and mentalis muscles, both at rest and swallowing, a 
satisfactory adherence of the residues was verified in 
the Gaussian distribution. Thus, the statistical analysis 
was based on normal distribution; then, the analysis of 
variance was conducted.

Based on Table 1, it was investigated whether there 
was an interaction between Groups and Phases.

the same for all collections, to standardize the electro-
myographic signal pick-up.

The signal was picked up with a sampling frequency 
of 4000 Hz, and the screen signal amplification was 
adjusted with a maximum gain of 150 to 400 times, so 
that the signal occupied two thirds of the screen, during 
the 5-second rest.

The electromyographic data were recorded during 
the rest, maintaining the usual position of the lips, and 
swallowing water – for which, the participants were 
given a disposable plastic cup with approximately 20 
ml of water. They were then instructed to hold within the 
mouth a minimum amount of water, which they should 
swallow at once when asked so by the researcher.

Following data collection, the signals were filtered 
with a band-pass filter of 20 Hz to 500 Hz, rectified and 
submitted to a low-pass filter of 2 to 4 Hz to obtain the 
linear envelopment. After data processing, they were 
converted to TXT language to calculate the mean 
electrical activity of the signal with the root mean square 
(RMS).

Massage Therapy
After the initial electromyography, the EG partici-

pants were shown how to do the massage therapy, 
massage technique26, at the Electromyography 
Laboratory of the institution of origin. This manipulation 
is done with the fingertips apprehending the muscle in 
intermittent compression and decompression circular 
motions, moving the skin and subcutaneous tissues 
over the underlying structures26.

They were instructed to perform it comfortably 
seated on an armless chair, their feet on the floor, 
and looking straight ahead. The procedure should be 
repeated once a week, for 5 to 10 minutes, or until they 
felt the muscle released27,28. The estimated manipu-
lation time was based on an excerpt of the Therapy 
Protocol, item 2.2, used by Felício et al.29.
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although it is not possible to conclude which means are 
significantly different one from the other. To facilitate the 
understanding, each condition (rest and swallowing) 
was treated in separate topics.

Table 2 presents statistics that allow for the 
comparison of the means of the Group and Phase 
combinations, of the RMS obtained at rest.

The above data reveal the existence of a significant 
effect of the interaction Group/Phase (p < 0.05). For 
this analysis, the control and experimental groups were 
joined; hence, it was necessary to use the t-test to 
compare the means of the effects, two by two, since the 
analysis of variance only informs the existence of the 
interaction effect. In other words, there is a difference 
between at least two means of the four compared ones, 

Table 1. Analysis of variance for root mean square values of the inferior orbicularis oris and mentalis muscles, both at rest and swallowing

Condition/Muscle
Fitting F-statistics (p-value)

Distribution DF (Num,Den) Group Phase Group*Phase
At rest

Inferior orbicularis 
oris

Lognormal (1.17) 0.79(0.3856) 1.62(0.2202) 6.68(0.0193)

Mentalis Lognormal (1.17) 0.29(0.5945) 0.27(0.6080) 5.92(0.0263)
Swallowing

Inferior orbicularis 
oris

Lognormal (1.17) 1.31(0.2679) 0.15(0.7057) 6.66(0.0194)

Mentalis Lognormal (1.17) 0.90(0.3557) 2.05(0.1717) 6.55(0.0210)

Captions: DF - Degrees of Freedom; Num - numerator; Den – denominator;  significant difference - *interaction significant effect (p < 0.05).

Table 2. Mean (standard deviation) and t-test comparing the root mean square values of the studied muscles in the groups and phases 
combinations (α=0.05) at rest

Group – Phase
Muscles

Inferior orbicularis oris Mentalis
Experimental – Pre 202.10 (161.47) A 199.31 (279.77) A
Experimental – Post 131.49 (159.18) B  114.58 (253.56) B

Control – Pre 75.14 (43.43) AB 53.08 (26.12) AB
Control – Post 105.31 (70.69) AB 185.84 (247.47) AB

Means with equal letters do not differ from one another in the t-test with a 5% significance level.

In the case of both the inferior orbicularis oris and 
mentalis muscles, differences are observed within the 
EG, as the post-phase values were reduced in relation 
to those of the pre-phase, as shown in Figure 1.

Table 3 presents statistics that make it possible to 
compare the means of the Group and Phase combina-
tions, of the RMS in swallowing.
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When swallowing, signs of difference are perceived 
in the inferior orbicularis oris muscle between the pre- 
and post-phase in the EG, as depicted in Figure 2.

Lastly, it is observed concerning the mentalis 
muscle that the RMS mean value was significantly 
smaller in EG/post-phase than in EG/pre-phase and 
CG/post-phase, as shown in Figure 3.

Means with equal letters do not differ  from one another in the t-test with a 5% significance level.

Figure 1. Mean (standard deviation) and 95% confidence limits for the mean root mean square of the inferior orbicularis oris and mentalis 
muscles, in the pre- and post-phase

Table 3. Mean (standard deviation) and t-test comparing the root mean square values of the studied muscles in the groups and phases 
combinations (α=0.05) in swallowing

Group – Phase
Muscles

Inferior orbicularis oris Inferior orbicularis oris 
Experimental – Pre 754.69 (897.94) A 400.54 (564.29) A

Experimental – Post 448.99 (565.20) B 120.98 (246.14) B
Control – Pre 177.09 (164.80) AB 137.88 (84.33) AB
Control – Post 248.90 (148.80) AB 223.57 (183.66) A

Means with equal letters do not differ from one another in the t-test with a 5% significance level.
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DISCUSSION

This study investigated whether massage therapy 
on the mentalis muscle influences the inferior orbicu-
laris oris muscle in oronasal breathers, in a sample of 
healthy young people, mean age 22.3 (±2.63) years, 
with no morphological changes that could maintain 

oronasal breathing. It was an important factor to 

consider, as the etiology in these cases (muscular 

instead of mechanical) agrees with the literature, 

which reports that the difficulty in lip closure is due to 

maintaining the vicious habit and/or muscle memory10. 

In such cases, even after solving what caused the 

Means with equal letters do not differ from one another in the t-test with a 5% significance level.

Figure 2. Mean (standard deviation) and 95% confidence limits for the mean of root mean square of the inferior orbicularis oris muscle 
obtained in swallowing, in the experimental group

Means with equal letters do not differ from one another in the t-test with a 5% significance level.

Figure 3. Mean (standard deviation) and 95% confidence limits for the mean of root mean square of the mentalis muscle obtained in 
swallowing
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obstruction, the muscle involved does not always 
change in the new condition.

The strategy used – mentalis muscle relaxation in 
oronasal breathers, either submitted or not to the inter-
vention – initially verified an interaction between Group 
(Control and Experimental) and Phase (pre and post), 
as seen in Table 1, at rest and swallowing. In Table 2, it 
was observed that the interaction occurred only in EG 
– i.e., the myotherapy influenced the musculature, both 
in the static and dynamic conditions. Various factors 
may have contributed to these results, including the 
3-month duration proposed, as in the literature this is 
normally the time necessary for the muscle fibers to 
recompose30,31. Another aspect was the manner how it 
was performed: manually and by the own participant, 
which may have favored their sensitive perception.

At rest, the RMS electromyographic records that 
assessed the mean electrical activity verified a signif-
icant decrease in activity in both the mentalis and the 
inferior orbicularis oris muscles (Figure 1). These data 
prove that the myotherapy, performed only on the 
mentalis muscle, influenced the inferior orbicularis 
oris muscle as well. The values obtained, although 
still far from reaching the normal standard of 5 μV32,33, 
indicate that the musculature went in the expected 
direction – i.e., decreased activity. Myotherapies, such 
as stretching the superior orbicularis oris muscle, are 
probably still necessary to ensure a better-balanced 
system34. However, achieving muscle changes at rest is 
a remarkable gain, considering that muscle inadequacy 
in this state is more harmful than when performing 
functions such as swallowing35. This is so because the 
muscle tone at rest is maintained for longer than those 
required by functional situations.

The results were also reinforced in swallowing, 
with less electrical activity observed (Figure 2) in the 
mentalis and inferior orbicularis oris muscles, which 
is in line with their accessory function. However, the 
values obtained in swallowing were higher than at 
rest, which is coherent with the situation that demands 
more muscle effort (Table 3). These data, according 
to authors such as Mattos10, Tomé & Marchiori36, 
Schievano37, and Marchesan38 characterize atypical 
swallowing, since they are not due to a deviated 
morphology, but to a vicious muscle condition or a 
preserved memory. It is important to highlight that, 
in the cases of atypical swallowing, the adjacent or 
accessory muscles that participate in the function are 
as important as those of the tongue because lip closure 
is essential to the correct positioning and tone of the 

tongue muscles. But, for it to happen, the perioral 

musculature must be properly and evenly positioned. 

We swallow approximately 2,400 to 2,600 times39 a 

day, which makes this function indispensable not 

only to children’s dentoskeletal development but also 

to adults’ effective orthodontic treatments because 

muscle movement is one of the main factors of both 

growth direction and dental positioning38,39.

Different from what took place at rest, the CG in 

swallowing significantly increased the activity of the 

mentalis muscle after 3 months (Table 3 and Figure 3). 

This result may have occurred because of the place 

and time when the data were collected, as it was the 

time of sugarcane harvest in the region and the fires are 

routine. This situation leads to acuter nasal allergies, 

making lip closure more difficult and consequently 

causing greater hypertrophy of the mentalis muscle.

The findings of the study prove that the inferior 

orbicularis oris muscle, even if not submitted to any 

intervention, changed its behavior due to the relaxation 

maneuvers performed on the mentalis muscle. This 

may be related to the insertion of the mentalis muscle, 

which is right beneath the lips, where the orbicularis 

oris muscle is located. In other words, as the insertion 

is a movable point (differently from the origin, which 

is fixed), when the mentalis muscle is contracted, the 

orbicularis oris muscle is moved as well.

Thus, significant results were obtained with the 

oronasal breathers, especially regarding the decreased 

activity of the inferior orbicularis oris muscle, whose 

values are in line with a normal standard at rest, as it 

does not need to work, and in swallowing, as it only has 

a secondary function in lip closure. Hence, myotherapy, 

when justified and properly applied, enables the muscle 

fiber to change toward the normal standard34,35. 

CONCLUSION

Given that no effect was detected in the CG, the 

decrease in RMS means of the mentalis and inferior 

orbicularis oris muscles in oronasal breathers was 

attributed to massage therapy on the mentalis muscle. 

Based on these results, it is concluded that, in their 

relationship, the mentalis muscle indeed interferes 

with the inferior orbicularis oris muscle, as its activity 

decreased after the myotherapy.
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