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The purpose of this study was to evaluate the electromyographic activity of the accessory inspiratory
muscles and the diaphragmatic amplitude (DA) in nasal and mouth-breathing adults. The study evalu-
ated 38 mouth-breathing (MB group) and 38 nasal-breathing (NB group) adults, from 18 to 30 years
old and both sexes. Surface electromyography (SEMG) was used to evaluate the amplitude and symmetry
(POC%) of the sternocleidomastoid (SCM) and upper trapezius (UT) muscles at rest, during nasal slow
inspiration at Lung Total Capacity (LTC) and, during rapid and abrupt inspiration: Sniff, Peak Nasal
Inspiratory Flow (PNIF) and Maximum Inspiratory Pressure (MIP). M-mode ultrasonography assessed
the right diaphragm muscle amplitude in three different nasal inspirations: at tidal volume (TV), Sniff
and inspiration at LTC. The SCM activity was significantly lower in the MB group during Sniff, PNIF
(p < 0.01, Mann-Whitney test) and MIP (p < 0.01, t-test). The groups did not differ during rest and inspira-
tion at LTC, regarding sEMG amplitude and POC%. DA was significantly lower in the MB group at TV
(p <0.01, Mann-Whitney) and TLC (p = 0.03, t-test). Mouth breathing reflected on lower recruitment of
the accessory inspiratory muscles during fast inspiration and lower diaphragmatic amplitude, compared

to nasal breathing.

© 2015 Elsevier Ltd. All rights reserved.

1. Introduction

Nasal breathing is innate to human beings due to its important
function of preparing the air to reach the important structures of
the respiratory system. In addition, it is essential for development
and functionality of the craniofacial and stomatognathic systems
(Armijo-Olivo et al., 2006; Cuccia et al., 2008).

Nasal breathing can be partially or totally replaced by mouth
breathing, regardless of the factors that block the passage of the
air through the nasopharynx. These factors can be obstructive,
mainly the enlarged adenotonsilar tissues, or functional, caused
by transient edema of nasal mucosa, muscular flaccidity or by
the maintenance of this habit even after surgical correction
(Berwig et al., 2011). Mouth supplying is considered an abnormal
and inefficient adaptation of breathing mode and it may induce
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functional, postural, biomechanical and occlusal imbalances
(Barros et al., 2006; Okuro et al., 2011).

Mouth-breathing (MB) mode, as obstructive as functional, may
produce postural adaptations and muscular imbalances in the
attempt of reducing nasal resistance and facilitating airflow
through the nasal-pharyngeal airway. Forward head posture is
commonly found in MB people (Chaves et al., 2010; Cuccia et al,,
2008; Okuro et al., 2011; Yi et al., 2008), reflecting on the dia-
phragm (Lima et al.,, 2004; Yi et al., 2008) and rib cage kinetics
(Okuro et al., 2011; Pires et al., 2007). Additionally, studies found
higher accessory inspiratory muscle activity at rest (Ribeiro et al.,
2002; Corréa and Bérzin, 2008), respiratory muscle weakening
(Milanesi et al., 2014; Okuro et al., 2011; Pires et al., 2005, 2007)
and predominant inspiratory movement in the upper thorax (Vi
et al., 2008). The lower functional exercise capacity and the
reduced quality of life in the domain of general health were also
consequences of the mouth-breathing mode (Milanesi et al., 2014).

Sternocleidomastoideus and upper trapezius muscles are
described as inspiratory accessory muscles, acting as head and
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neck stabilizers and helping to elevate the thoracic cage, respec-
tively, during deep inspiration (Kendall, 2005). Studies conducted
with sEMG found higher activity of the accessory inspiratory
muscles at rest, and lower activity during maximal contraction,
in MB children compared to the nasal breathers. It was suggested
that this activity pattern may occur due to muscular imbalance,
resulting from postural changes in mouth-breathing children
(Ribeiro et al., 2002). In another study carried out with MB children
(Corréa and Bérzin, 2008), the EMG activity levels of the accessory
inspiratory muscles, previously to physiotherapeutic intervention,
were compatible with muscular hyperactivity.

Diaphragmatic amplitude (DA) in MB children, investigated by
means of fluoroscopy (Yi et al., 2008), was lower than in nasal-
breathing children. Traditionally diaphragm evaluation is accom-
plished by fluoroscopy (gold pattern); however, ultrasound has
shown advantages due to absence of radiation and portability
(Boussuges et al., 2009; Nason et al., 2012). Despite the different
approaches, either directly attained at the posterior surface of the
diaphragm (Kim et al., 2010) or indirectly (craniocaudal displace-
ment of the left branch of the portal vein) (Grams et al., 2014;
Yamaguti et al., 2007), there is a consensus that ultrasound is a
reproducible and easy to use method (Boussuges et al., 2009;
Grams et al., 2014; Kim et al., 2010; Nason et al., 2012).

Currently, most studies regarding mouth-breathing mode
address otorhinolaryngological, dental and orofacial motricity
aspects, however, some of them concentrate on the postural
changes, mainly in children. Nevertheless, morphofunctional
sequelae of these changes may remain at adult age, even after
treating the nasal obstruction during youth.

The evaluation and treatment of mouth breathing, by a physical
therapist, should comprehend postural and ventilatory changes.
However, there is scarcity of studies regarding ventilatory function
and respiratory muscles in mouth-breathing children and adults.

The knowledge obtained concerning diaphragmatic motion and
accessory inspiratory muscles recruitment, in mouth-breathing
adults, may contribute to a more global and interdisciplinary
diagnostic and therapeutic approach, from childhood to adult age.

The objective of this study was to evaluate the electrical activity
of accessory inspiratory muscles and the amplitude of diaphrag-
matic movement in mouth and nasal-breathing adults.

2. Methods

This exploratory, cross-sectional, controlled study was
approved by the local Research Ethics Committee (protocol num-
ber 04039912.7.0000.5346) and a Consent Form was signed by
the participants. Adult male and females between 18 and 30 years
of age with mouth-breathing (MB group) and nasal-breathing
mode (NB group), body mass index (BMI) between 18.5 and
249 kg/m? (WHO, 2013), normal spirometry according to
European Respiratory Society (Stocks and Quanjer, 1995) and with-
out evidence of respiratory and neuromuscular diseases, thoracic
deformities, tobacco history and/or exposure to risk environment,
took part in the study. Subjects using topical or systemic corticos-
teroids, muscle relaxants and/or barbiturates were excluded. Those
with report of flu in the last three weeks or allergic rhinitis attack
on the assessment day, chest and/or abdominal surgery, abdominal
hernia and those who were physically active were excluded. The
diagnosis of the breathing mode was based on the anamnesis, signs
and symptoms and physical characteristics related to mouth
breathing, such as absence of lip seal, hypotonic lips, elongated
face, report of snoring, drooling on the pillow, or having the mouth
open most part of the day and/or during sleep (Milanesi et al.,
2014; Yi et al., 2008). The otorhinolaryngologic evaluation included
nasofibroscopy, which assessed the presence of upper airway

obstruction by tonsillar and or adenoidal hypertrophy or rhinitis
and classified the participants as organic or functional mouth
breathers, namely with or without mechanical obstruction.

The anamnesis consisted of collecting signs and symptoms,
history of surgery, consumption of drugs, demographic and
anthropometric data, stature, body mass index (Digital Scale
CAMRY, model EB9013), physical activity level (International
Physical Activity Questionnaire - IPAQ) (Matsudo et al., 2001)
and spirometry (One Flow FVC KIT, Clement Clark International,
United Kingdom). Subsequently, participants were evaluated by
SEMG and diaphragm ultrasound.

During examination the subjects were seated with an upright
trunk, relaxed arms, hands on lap, eyes open, head in the
Frankfurt plane, and the feet flat on the floor. For the sEMG, an
adapted chair was used (Corréa and Bérzin, 2008).

Electrical activity of Sternocleidomastoideus (SCM) and upper
trapezius (UT) muscles was recorded bilaterally. Signal acquisition
was based on the Surface ElectroMyoGraphy for the Non-Invasive
Assessment of Muscles (SENIAM) (Hermens et al., 2000). In order
to reduce signal interference, the collection site was equipped with
a rubber floor, and all bulbs and mobile phones were switched off.
Any metal accessories were also removed from the participants.

Prior to attaching the electrodes the participants skin was
cleaned with gauze soaked with 70% alcohol and, whenever neces-
sary, trichotomy was carried out on the muscle surface.

Preamplifier sensors with differential output were connected to
adhesive disposable silver/silver chloride bipolar surface
electrodes (interelectrode distance 20 mm; Hall Industry and
Comerce Ltda). A reference electrode (Meditrace 100) was applied
to the sternal manubrium (Hermens et al., 2000).

The SCM electrodes were positioned longitudinally to the mus-
cle fibers at the midpoint of the muscular belly, located by muscle
palpation during manually resisted neck flexion. The UT electrodes
were positioned at the midpoint between the spinous process of
the seventh cervical vertebra and the acromion (Hermens et al.,
2000).

An SEMG signal was acquired using a 14-bit Surface
Electromyograph (Miotool 400, Miotec®, Porto Alegre, Brazil),
110 dB Common Mode Rejection and 2000 Hz sampling frequency
per channel. Butterworth and band-pass filters (20-500 Hz) were
used (Hermens et al., 2000). A signal was recorded by Miograph
(Miotec®, Porto Alegre, Brazil) and stored in a portable computer
(HP 420 Intel Celeron). Both devices were connected to battery
without connection to a power system.

Muscle activity was recorded at rest (tidal volume - TV), during
10s, and during four inspiratory tests: Sniff, Lung Total Capacity
(LTC), Peak Nasal Inspiratory Flow (PNIF) and Maximum
Inspiratory Pressure (MIP). These tests started after expiration at
Functional Residual Capacity (FRC), except the MIP, which started
from Residual Volume (RV). From these expiratory levels, the
subjects performed fast and abrupt nasal inspiration (Sniff), slow
and complete nasal inspiration (LTC), fast nasal inspiration through
a facial mask (PNIF) and fast, forced and sustained inspiration
through the mouthpiece (MIP) (Kjergaard et al., 2008;
Montemezzo et al., 2012; Neder et al.,, 1999; Ottaviano et al.,
2008). Each of these activities was performed at least three times
with a 2-min interval. To normalize the EMG signal, muscle activity
during Maximal Voluntary Contraction (MVC) was collected during
anterior head flexion (SCM muscle) and shoulder elevation (UT),
and with resistance offered by existing boards in the adapted chair
(Corréa and Bérzin, 2008). These activities were recorded during
five seconds and repeated at least twice, with 2-min intervals
(Figs. 1 and 2).

From all recordings, the most uniform signal that was visually
verified and confirmed by the Fast Fourier Transform (FFT) curve
was selected for further quantitative analysis (Corréa and Bérzin,
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Fig. 1. EMG during measurement of Peak Nasal Inspiratory Flow.

2008). For the Sniff test, 500 ms of the signal was cut, while for
others, one second with the highest EMG amplitude was cut.
Muscle activity was measured on an amplitude domain, repre-
sented by the Root Mean Square (RMS), expressed in microvolt
(V) and transformed into relative values from a reference defined
as 100% (MVC).

The Percentage of Overlapping Coefficient (POC%), obtained by
overlapping of the normalized values of the amplitude EMG signal
from the right and left side, indicates how symmetric the muscle
action is. When both sides contract in perfect symmetry and ampli-
tude curves completely overlap, the POC value is 100% (Boufleur
et al., 2014; Ferrario et al., 2000; Ries et al., 2008).

The EMG potentials were filtered by a band-pass filter with
20-50 Hz bandwidth and POC% was obtained by RMS mean poten-
tial using a moving window of 25 ms (50 data). EMG data were
processed by MATLAB software (The MathWorks® version 7.6.0
R2008a).

Diaphragmatic amplitude was verified by ultrasound (US), per-
formed in a platform HD11 (Philips Medical System; Bothel, WA,
EUA) with a 3-6 Hz convex transducer. Subjects were assessed
by the end of the morning, 2-3 h after a light meal.

The transducer was positioned below the right costal margin,
between the midclavicular and anterior axillary lines, using the
liver as an acoustic window (Boussuges et al., 2009; Gerscovich
et al, 2001; Gierada et al, 1998; Scott et al, 2006).
Bidimensional mode (B-mode) was utilized to select the echogenic
line of the right hemidiaphragm (Boussuges et al., 2009) and
M-mode for diaphragm movement recording (Kim et al., 2010).

Fig. 2. EMG during Maximal Voluntary Contraction of the SCM muscle in an
adapted chair.

Three inspiratory tests, previously demonstrated and practiced,
were performed in the following sequence: nasal inspiration at TV,
Sniff and inspiration at LTC. Tests started and finished at FRC and
were repeated at least three times or until three technically
satisfactory measures had been obtained, within a 30-s interval
(Kim et al., 2010).

With the first ultrasonic caliper placed on the base of the
inspiratory curve of the echoic line and the second caliper in the
curve apex, diaphragmatic movement amplitude was calculated,
i.e., the distance (in cm) between these points (Kim et al., 2010).
The EMG and the US assessments were carried out at different
moments.

The study sample size was calculated considering a 5%
(p < 0.05) significance level (alpha) and 80% power (1-beta) (soft-
ware WinPepi, version 1.5). By the greatest variability obtained in
a pilot study with 10 subjects, data from diaphragm ultrasound
during TV was considered. Thus, 19 subjects at least were to be
analyzed in each group.

For statistics analysis, SPSS software (17.0) was used, with 5% of
significance level and Shapiro-Wilk as a normality test. The groups
comparison was analyzed by the t-student test for data with a nor-
mal distribution and the Mann Whitney test for non-normal dis-
tribution. The effect size (d) was calculated by a model proposed
by Cohen, for mean difference of two independent groups, with d
value <0.2 representing a small effect, a medium effect from 0.2
to 0.8 and a large effect d > 0.8 (Cohen, 1992).

3. Results

The study was conducted with 77 volunteers, 39 (28 women
and 11 men) in the NB group and 38 (25 women and 13 men) in
the MB group, with a mean age of 22.6 + 2.9 and 22.7 + 3.5 years
old, respectively. There was no difference between groups related
to age (p = 0.99), body mass (p = 0.05), stature (p = 0.45), and BMI
(p=0.05). Both groups presented normal spirometric values and
were physically non-active. According to the otorhinolaryngologic
examination, all participants of the MB group were classified as
functional, that is, they breathe through the mouth, although the
upper airways did not present mechanical obstruction.

The EMG activity of the accessory inspiratory muscles did not
differ between MB and NB groups at rest and LTC, except the left
UT muscle which presented significantly higher activity at LTC in
the MB group. Nevertheless, this result had low statistical power
(34%). In other tests (Sniff, PNIF and MIP), the SCM activity was
lower in the MB group (Table 1).

For the muscle symmetry index (POC%), there was no difference
between groups in all tests, except the UT muscle which showed
significantly lower symmetry at rest in the NB group, but with
low statistical power (53%) (Table 2). The mean value of the MIP
in the MB group was significantly lower than in the NB group
(91 +14.84% and 100.18 = 14.51%, respectively).

In DA assessment, smaller amplitude in the MB group was
observed in all tests, with significant differences at TV and LTC
(Table 3).

The statistical power was high (approximately 80%) and the
effect size was medium (0.63-0.74) in the EMG results of the
SCM muscle during Sniff, PNIF and MIP and in the DA at TV, sup-
porting the statistical difference between groups.

4. Discussion

The present study, conducted with adults, evaluated the effects
of mouth-breathing mode under a relatively novel research
perspective, making the comparison with the literature findings
difficult. Findings concerned with diaphragmatic amplitude and
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Table 1
EMG normalized values (%) of the accessory inspiratory muscles in MB and NB groups.
Activity Muscles NB group (n =39) MB group (n = 38) p-value
Mean + SD Mean + SD

Rest R SCM 2.09+1.14 1.83 £1.00 0.36
L SCM 1.99+1.10 2.04+1.73 0.55
RUT 2.33+2.08 2.75+£2.40 0.32
LUT 238 +1.91 3.68 £3.24 0.07

LTC R SCM 14.04 £10.51 16.70 £ 15.91 0.63
L SCM 13.81+12.46 16.29 £15.05 0.38
RUT 3.90 £2.69 5.66 +5.25 0.18
LUT 3.95+3.68 5.38+4.33 <0.01

Sniff R SCMP 66.22 +38.84 40.83 +29.51 <0.01
L SCMP 70.66 + 46.44 41.78 +36.43 <0.01
RUT 10.46 +12.29 7.37+£5.48 0.56
LUT 9.48 +9.69 7.39+4.97 0.65

PNIF R SCM" 109.19 £ 57.78 75.23 £46.26 <0.01
L scMP 101.16 £ 46.05 71.43 £43.59 <0.01
RUT 13.32+12.44 13.37+£12.33 0.94
LUT 11.28 £9.35 12.02£10.33 0.71

MIP R SCM* 98.18 +46.79 70.98 +37.88 <0.01
L SCM* 93.05 +49.23 65.88 £32.29 <0.01
RUT 17.19+16.74 21.10+18.30 0.80
LUT 15.18 +13.16 16.30+15.19 0.85

SD: standard deviation; LTC: Lung Total Capacity; Sniff: fast and short inspiration;
PNIF: Peak Nasal Inspiratory Flow; MIP: maximal inspiratory pressure; SCM:
Sternocleidomastoideus; UT: upper trapezius; R: right; L: left.

" Significant difference.

@ T-test for independent data.

> Mann-Whitney test.

electrical activity of accessory inspiratory muscles were compared
to data obtained in studies with MB children (Corréa and Bérzin,
2008; Lima et al., 2004; Pires et al., 2005; Yi et al., 2008), MB and
healthy adults (Milanesi et al., 2011, 2014; Boussuges et al.,
2009; Costa et al., 1997; Gierada et al., 1998; Hruska, 1997; Testa
et al., 2011; Tomich et al., 2007; Yamaguti et al., 2007) or other
studies involving EMG of neck muscles (Ries et al., 2008; Sforza
et al.,, 2011; Tartaglia et al., 2008).

EMG of the accessory inspiratory muscles showed that signal
amplitude increases with increasing speed and load increment,
as occurred during fast inspiration tests (Sniff, PNIF and MIP).
Some authors (Costa et al., 1997; Tomich et al., 2007) have attrib-
uted the highest activity to the load increment imposed on the res-
piratory muscles because of the increasing speed of inspiratory
flow. In order to overcome this load, they needed to activate a
greater number of motor units (Harridge, 2007; He et al., 2000).

Table 2
Muscle symmetry index (POC%) between pairs of evaluated muscles in NB and MB
groups.

Variables NB group (n =39) MB group (n =38) p-value
Mean + SD Mean + SD

Rest SCM 84.03+12.48 84.43 £12.15 0.94
uT? 71.52 +21.61 80.26 + 14.98 0.04'

LTC SCM 81.85+15.61 83.26 £13.27 0.79
uT 80.26 +18.57 80.01+16.89 0.78

Sniff SCM 86.81+12.21 83.58 £ 11.65 0.11
uT 79.06 +17.55 81.70+12.52 0.81

PNIF SCM 87.93 £8.90 83.63 £13.53 0.24
uT 80.35+16.87 82.67 £12.77 0.57

MIP SCM 84.11+15.39 87.44£10.94 0.35
uT 75.49 +22.44 84.87 +11.06 0.17

In addition to this, exercises of short duration and high intensity
involve mostly type II fibers, characterized by fast contraction
and less fatigue resistance, predominant in the accessory inspira-
tory muscles (He et al., 2000; Polla et al., 2004).

Similarly to previous studies (Costa et al., 1997; Tomich et al.,
2007), this study evidenced greater activation of SCM muscle
during fast and short inspiratory efforts, which involve higher
work load, in both groups, however, it was lower in MB group.
The EMG activity level observed in the NB group was similar to
the one found in healthy adults (Costa et al., 1997), while MB sub-
jects presented lower muscle recruitment during fast inspiration.
This finding may be explained by the fact that the MB subjects,
in addition to a greater work load during fast inspiration, under-
went an overload imposed by a possible transient edema of nasal
mucosa.

Another explanation for the results is the influence of breathing
mode to the craniocervical posture. In forward head posture, com-
monly observed in MB subjects (Milanesi et al., 2011; Yi et al,,
2008), cervical muscles may be in a mechanical disadvantage to
produce force, due to changes on muscle length-tension relation
(Correia, 2012). According to this relation, there is an optimal
length for the force production, next to the resting length. Lower
or higher than this length, i.e., when the sarcomere is excessively
stretched or shortened, force production reduces as a result of
smaller actin and myosin myofilaments overlapping and a reduced
number of cross-bridges (Correia, 2012). Besides postural impair-
ment, mouth breathing requires less muscular effort, produces
inhibition of nasal afferent impulses (van Spronsen et al., 2008)
and affects respiratory muscle action with progressive force reduc-
tion (Milanesi et al., 2014; Pires et al., 2005).

The lower inspiratory pressure (MIP) observed in MB subjects
reinforces the hypothesis that the accessory inspiratory muscles
are at a disadvantage in muscle length-tension relation, resulting
in lower EMG activation.

The lack of reference values for the muscular symmetry index
(POC%) makes the interpretation of the results hard. Similar
POC% values were observed in the SCM and UT muscles in control
subjects (Ries et al., 2008; Tartaglia et al., 2008; Sforza et al., 2011)
compared to the values observed during rest, Sniff, PNIF and MIP,
in both groups evaluated in the present study. Such results show-
ing symmetric activity in neck muscles were unexpected, once the
possible postural changes, mainly in the head and neck related to
MB, could yield muscular unbalance and, consequently, less mus-
cular symmetry in this group.

Diaphragmatic amplitude was significantly lower during
inspiration in TV and LTC in the MB group. Nevertheless, compared
to results obtained in 200 healthy subjects (Boussuges et al., 2009)
in the orthostatic position, they were higher at rest and lightly
reduced at LTC in both groups.

During LTC, higher values of DA (7-11 cm) were found by other
authors (Gierada et al., 1998; Testa et al., 2011; Yamaguti et al.,
2007), but in different body positions (dorsal and lateral
decubitus).

Table 3
Measures of the diaphragm amplitude movement in the NB and MB groups.

DA NB group (n =39) MB group (n = 38) p-value
Mean + SD Mean + SD

TV (cm)® 2.02 £ 0.67 1.64+0.53 <0.01

Sniff (cm) 337+0.72 3.14+1.03 0.26

LTC (cm)* 3.87+0.94 3.48 +0.89 0.03

SD: standard deviation; LTC: Lung Total Capacity; Sniff: fast and short inspiration;
PNIF: Peak Nasal Inspiratory Flow; MIP: maximal inspiratory pressure; SCM:
Sternocleidomastoideus; UT: upper trapezius; R: right; L: left.

" Significant difference.

@ T-test for independent data.

SD: standard deviation; DA: diaphragm amplitude movement; TV: tidal volume;
Sniff: fast and short inspiration; TLC: total lung capacity.

" Significant difference.

2 T-test for independent data.

b Mann-Whitney test.
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Postural misalignment may also explain the difference observed
between groups in DA. Forward head posture, frequently observed
in MB, induces thorax elevation by excessive use of the SCM mus-
cle, decreasing the diaphragm muscle effectiveness (Corréa and
Bérzin, 2008). Moreover, mouth-breathing mode may produce
hypertrophy of the accessory inspiratory muscles and a disadvan-
tage of diaphragm muscle action due to its inactivity and lack of
synergism with abdominal muscles (Hruska, 1997). On the other
hand, Vi et al. (2008) did not find relation between the column
curves and the diaphragmatic amplitude, evaluated by videofluo-
roscopy. The authors identified smaller diaphragmatic amplitude
in MB children, compared to the NB ones. Craniocervical posture
was not assessed, which is a limitation of this study, considering
it could influence the muscle function. It is suggested that this
evaluation should be encompassed in further studies. Moreover,
it was not considered how long the participants have presented
this unusual breathing mode.

This investigation is important because, despite the absence of
obstruction, the functional MB may lead to changes in ventilatory
function, with lower muscle strength and exercise capacity and
with negative effect in the quality of life, as found in the domain
of health general status by Milanesi et al. (2014).

The results of the present study suggest that reduced muscular
activity may negatively reflect exercise capacity and tolerance.
Thus, further studies with maximal oxygen consumption test
may investigate the effect of this muscular disadvantage on oxy-
genation and general health of these patients.

The contribution of this study for clinical practice is related to
the importance of a global investigation of breathing mode, not
only involving medical, orthodontics and myofunctional interven-
tion, but also the ventilatory and muscular aspects, by physical
therapist. Currently, the evaluation of this condition is fragmented,
restricted to specific aspects related to each profession. Besides, lit-
tle attention is given to mouth-breathing child along their develop-
ment up to adult age.

5. Conclusion

Mouth-breathing mode in adults resulted in lower recruitment
of the accessory inspiratory muscles during fast inspiration, and
lower amplitude of the diaphragmatic movement compared to
the nasal breathing.

Conflict of interest

The authors declare that there are no conflicts of interest.

References

Armijo-Olivo S, Magee D], Parfitt M, Major P, Thie NM. The association between the
cervical spine, the stomatognathic system, and craniofacial pain: a critical
review. J Orofac Pain 2006;20(4):271-87.

Barros JRC, Becker HMG, Pinto JA. Evaluation of atopy among mouthbreathing
pediatric patients referred for treatment to a tertiary care center. ] Pediatr
2006;82(6):458-64.

Berwig LC, Silva AMT, Corréa ECR, Moraes AB, Montenegro MM, Ritzel RA. Hard
palate dimensions in nasal and mouth breathers from different etiologies. ] Soc
Bras Fonoaudiol 2011;23(4):308-14.

Boufleur ], Corréa ECR, Chiodelli L, Silva AMT, Ries LGK. Electromyographic
evaluation of the effect of wultrasound with muscle stretching in
temporomandibular disorder: a clinical trial. Braz ] Oral Sci 2014;13(2):152-7.

Boussuges A, Gole Y, Blanc P. Diaphragmatic motion studied by M-mode
ultrasonography: methods, reproducibility, and normal values. Chest
2009;135(2):391-400.

Chaves TC, de Andrade e Silva TS, Monteiro SA, Watanabe PC, Oliveira AS, Grossi DB.
Craniocervical posture and hyoid bone position in children with mild and
moderate asthma and mouth breathing. Int ] Pediatr Otorhinolaryngol
2010;74(9):1021-7.

Cohen ]. Quantitative methods in psychology: a power primer. Psychol Bull
1992;112(1):155-9.

Corréa EC, Bérzin F. Mouth breathing syndrome: cervical muscles recruitment
during nasal inspiration before and after respiratory and postural exercises on
swiss ball. Int ] Pediatr Otorhinolaryngol 2008;72(9):1335-43.

Correia PP. Aparelho Locomotor: Fungdo Neuromuscular e Adaptagdes a Atividade
Fisica. Cruz Quebrada (Portugal): Edi¢des FMH, 2012. <http://www.fmh.utl.pt/
indices/aparelocvol2.pd> [accessed 08.08.13].

Costa D, Vitti M, Tossello DO, Costa RP. Participation of the sternocleidomastoid
muscle on deep inspiration in man. An electromyographic study. Rev Bras Fisiot
1997;2(1):43-7.

Cuccia AM, Lotti M, Caradonna D. Oral breathing and head posture. Angle Orthod
2008;78(1):77-82.

Ferrario VF, Sforza C, Colombo A, Ciusa V. An electromyographic investigation of
masticatory muscles symmetry in normo-occlusion subjects. ] Oral Rehabil
2000;27(1):33-40.

Gerscovich EO, Cronan M, McGahan JP, Jain K, Darryl JC, McDonald C.
Ultrasonographic evaluation of diaphragmatic motion. ] Ultrasound Med
2001;20:597-604.

Gierada DS, Slone RM, Fleishman M]. Imaging evaluation of the diaphragm. Chest
Surg Clin North Am 1998;8(2):237-80.

Grams ST, von Saltiél R, Mayer AF, Schivinski CI, de S Nobre LF, Ndbrega IS, et al.
Assessment of the reproducibility of the indirect ultrasound method of
measuring diaphragm mobility. Clin Physiol Funct Imag 2014;34(1):18-25.

Harridge SDR. Plasticity of human skeletal muscle: gene expression to in vivo
function. Exp Physiol 2007;92(5):783-97.

He ZH, Bottinelli R, Pellegrino MA, Ferenczi MA, Reggiani C. ATP consumption and
efficiency of human single muscle fibers with different myosin isoform
composition. Biophys ] 2000;79:945-61.

Hermens JH, Freriks B, Disselhorst-Klug C, Rau G. Development of recommendations
for SEMG sensors and sensor placement procedures. ] Electromyogr Kinesiol
2000;10(5):361-74.

Hruska Jr R]. Influences of dysfunctional respiratory mechanics on orofacial pain.
Dent Clin North Am 1997;41(2):211-27.

Kendall FP. Muscles: testing and function with posture and pain. Lippincott
Williams & Wilkins; 2005.

Kim SH, Na S, Choi JS, Na SH, Shin S, Koh SO. An evaluation of diaphragmatic
movement by M-mode sonography as a predictor of pulmonary dysfunction
after upper abdominal surgery. Anesth Analg 2010;110(5):1349-54.

Kjergaard T, Cvancarova M, Steinsvag SK. Does nasal obstruction mean that the
nose is obstructed? Laryngoscope 2008;118(8):1476-81.

Lima LC, Baratina MA, Sologurem M]J, Canto RS, Gastaldi AC. Postural alterations in
children with mouth breathing assessed by computerized biophotogrammetry.
] Appl Oral Sci 2004;12(3):232-7.

Matsudo S, Aratjo T, Matsudo V, Andrade D, Andrade E, Oliveira LC, et al.
International physical activity questionnaire (IPAQ): study of validity and
reability in Brazil. Rev Bras Ativ Fis Satide 2001;6(2):5-18.

Milanesi JM, Borin G, Corréa EC, Silva AM, Bortoluzzi DC, Souza JA. Impact of the
mouth breathing occurred during childhood in the adult age:
biophotogrammetric postural analysis. Int ] Pediatr Otorhinolaryngol
2011;75(8):999-1004.

Milanesi JM, Weber P, Berwig LC, Ritzel RA, Silva AMT, Corréa ECR. Childhood
mouth-breathing consequences at adult age: ventilatory function and quality of
life. Fisioter Mov 2014;27(2):211-8.

Montemezzo D, Vieira DSR, Tierra-Criollo CJ, Britto RR, Velloso M, Parreira VF.
Influence of 4 interfaces in the assessment of maximal respiratory pressures.
Respir Care 2012;57(3):392-8.

Nason LK, Walker CM, McNeeley MF, Burivong W, Fligner CL, Godwin JD. Imaging of
the diaphragm: anatomy and function. Radiographics 2012;32(2):E51-70.
Neder JA, Andreoni S, Lerario MC, Nery LE. Reference values for lung function tests,
II: maximal respiratory pressures and voluntary ventilation. Braz ] Med Biol Res

1999;32:719-27.

Okuro RT, Morcillo AM, Sakano E, Schivinski CIS, Ribeiro MAGO, Ribeiro JD. Exercise
capacity, respiratory mechanics and posture in mouth breathers. Braz ]
Otorhinolaryngol 2011;77(5):656-62.

Ottaviano G, Lund V], Coles S, Staffieri A, Scadding G. Does peak nasal inspiratory
flow relate to peak expiratory flow? Rhinology 2008;46(3):200-3.

Pires MG, Di Francesco RC, Grumach AS, Mello Jr JF. Evaluation of inspiratory
pressure in children with enlarged tonsils and adenoids. Braz J Otorhinolaryngol
2005;71(5):598-601.

Pires MG, Di Francesco RC, Junior Mello JF, Grumach AS. Chest modification
secondary to the enlarged tonsils and adenoids. Arq Int Otorhinolaryngol
2007;11(2):99-105.

Polla B, D’Antona G, Bottinelli R, Reggiani C. Respiratory muscle fibres:
specialisation and plasticity. Thorax 2004;59(9):808-17.

Ribeiro EC, Marchiori SC, Silva AM. Electromyographic analysis of trapezius
and sternocleidomastoideus muscles during nasal and oral inspiration in
nasal- and mouth-breathing children. ] Electromyogr Kinesiol
2002;12(4):305-16.

Ries LGK, Alves MC, Bérzin F. Asymmetric activation of temporalis, masseter, and
sternocleidomastoid muscles in temporomandibular disorder patients. Cranio
2008;26(1):59-64.

Scott S, Fuld JP, Carter R, McEntegart M, MacFarlane NG. Diaphragm
ultrasonography as an alternative to whole-body plethysmography in
pulmonary function testing. ] Ultrasound Med 2006;25:225-32.

Sforza C, Rosati R, Menezes M, Musto F, Toma M. EMG analysis of trapezius and
masticatory muscles: experimental protocol and data reproducibility. ] Oral
Rehabil 2011;38(9):648-54.


http://refhub.elsevier.com/S1050-6411(15)00068-1/h0005
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0005
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0005
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0010
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0010
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0010
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0015
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0015
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0015
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0020
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0020
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0020
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0025
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0025
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0025
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0030
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0030
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0030
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0030
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0035
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0035
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0040
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0040
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0040
http://www.fmh.utl.pt/indices/aparelocvol2.pd
http://www.fmh.utl.pt/indices/aparelocvol2.pd
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0050
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0050
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0050
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0055
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0055
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0060
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0060
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0060
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0070
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0070
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0070
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0075
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0075
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0080
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0080
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0080
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0085
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0085
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0090
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0090
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0090
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0095
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0095
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0095
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0100
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0100
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0105
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0105
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0105
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0110
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0110
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0110
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0115
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0115
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0120
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0120
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0120
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0125
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0125
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0125
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0130
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0130
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0130
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0130
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0135
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0135
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0135
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0140
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0140
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0140
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0145
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0145
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0150
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0150
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0150
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0155
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0155
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0155
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0160
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0160
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0165
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0165
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0165
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0170
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0170
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0170
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0175
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0175
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0180
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0180
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0180
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0180
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0185
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0185
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0185
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0190
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0190
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0190
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0195
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0195
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0195

468 M.E. Trevisan et al./Journal of Electromyography and Kinesiology 25 (2015) 463-468

Stocks J, Quanjer H. Reference values for residual volume, functional residual
capacity and total lung capacity. Eur Respir ] 1995;8(3):492-506.

Tartaglia GM, Testori T, Pallavera A, Marelli B, Sforza C. Electromyographic analysis
of masticatory and neck muscles in subjects with natural dentition, teeth
supported and implant-supported prostheses. Clin Oral Implants Res
2008;19(10):1081-8.

Testa A, Soldati G, Giannuzzi R, Berardi S, Portale G, Gentiloni Silveri N. Ultrasound
M-mode assessment of diaphragmatic kinetics by anterior transverse scanning
in healthy subjects. Ultrasound Med Biol 2011;37(1):44-52.

Tomich GM, Franga DC, Diério ACM, Britto RR, Sampaio RF, Parreira VF. Breathing
pattern, thoracoabdominal motion and muscular activity during three
breathing exercises. Braz ] Med Biol Res 2007;40:1409-17.

van Spronsen E, Ingels KJAO, Jansen AH, Graamans K, Fokkens W]J. Evidence-based
recommendations regarding the differential diagnosis and assessment of nasal
congestion: using the new GRADE system. Allergy 2008;63(7):820-33.

World Health Organization. Global database on body mass index (BMI). <http://
www.who.int/nutrition/databases/bmi/en> [accessed 08.0813].

Yamaguti WP, Paulin E, Shibao S, Kodaira S, Chammas MC, Carvalho CR. Ultrasound
evaluation of diaphragmatic mobility in different postures in healthy subjects. ]
Bras Pneumol 2007;33(4):407-13.

Yi LC, Jardim JR, Inoue DP, Pignatari SS. The relationship between excursion of the
diaphragm and curvatures of the spinal column in mouth breathing children. |
Pediatr 2008;84(2):171-7.

Maria Elaine Trevisan is Physical Therapist (PT),
professor of the Department of Physical Therapy at
the Universidade Federal de Santa Maria (UFSM),
Brazil, since 1984. She obtained her Master Degree
(M.S.) in Human Movement Sciences and her Ph.D in
Human Communication Disorders from the UFSM,
Brazil. Her research focus involves clinical research to
evaluate the ventilatory function in respiratory dis-
eases in children and adults.

Jalusa Boufleur is Physical Therapist (PT), received
her Master Degree (M.S.) in Human Communication
Disorders from the Universidade Federal de Santa
Maria, Brazil, with research focusing on clinical
research to evaluate the involvement of masticatory
muscles in patients with temporomandibular dis-
orders.

Juliana Corréa Soares is Physical Therapy (PT),
Master of Science (MsC) in Human Communication
Disorders from the Universidade Federal de Santa
Maria, Brazil. Her research focus involves clinical
research in postural control, posture and gait
biomechanics in motor disorders and healthy sub-
jects.

Carlos Jesus Pereira Haygert, is physician, radiolo-
gist, professor of Diagnostic Imaging of the Medicine
School at the Universidade Federal de Santa Maria,
Brazil. Master of Science (MsC) in Cardiovascular
Sciences at Institute of Cardiology (RS, Brazil). His
experience is in Medical Radiology in topics as
mammography, ultrassonography, computerized
tomography and bone densitometry.

Lilian Gerdi Kittel Ries graduated in Physical
Therapy (PT) from the Universidade Federal de Santa
Maria, Brazil. She obtained her Master Degree (M.S.)
in neuroscience from the Universidade Federal de
Santa Catarina, Brazil, and her Ph.D. in Oral-Dental
Biology from State University of Campinas, Brazil.
Since 1997 she is professor at the Department of
Physical Therapy at the Universidade Estadual de
Santa Catarina (UDESC), Brazil. Her research focus
involves the clinical research to evaluate the patho-
physiology underlying muscle impairment in chil-
dren with changes in motor development and
masticatory movement.

Eliane Castilhos Rodrigues Corréa is Physical
Therapist (PT), Associate professor at Universidade
Federal de Santa Maria, Brazil, with Master Degree
(M.S.) in Human Communication Disorders from the
Universidade Federal de Santa Maria, Brazil and Ph.D.
in Oral-Dental Biology from State University of
Campinas, Brazil. She is adviser at Graduate Program
of Human Communication Disorders with research
focusing on surface electromyography of masticatory
and cervical muscles, temporomandibular disorders,
mouth-breathing syndrome and ventilatory function.


http://refhub.elsevier.com/S1050-6411(15)00068-1/h0200
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0200
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0205
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0205
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0205
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0205
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0210
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0210
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0210
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0215
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0215
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0215
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0220
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0220
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0220
http://www.who.int/nutrition/databases/bmi/en
http://www.who.int/nutrition/databases/bmi/en
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0230
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0230
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0230
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0235
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0235
http://refhub.elsevier.com/S1050-6411(15)00068-1/h0235

	Diaphragmatic amplitude and accessory inspiratory muscle activity  in nasal and mouth-breathing adults: A cross-sectional study
	1 Introduction
	2 Methods
	3 Results
	4 Discussion
	5 Conclusion
	Conflict of interest
	References


