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ABSTRACT

Purpose: to analyze the correlation between the values of nasal aeration and geometry
of the nasal cavities, before and after nasal cleansing in children with mouth breathing.

Methods: 20 children aged 4 to 12 years old were chosen. The questionnaire
Identification Index of Signs and Symptoms of Oral breathing was applied and nasal
patency was assessed by nasal aeration, through the Altmann graded mirror, and the
nasal geometry measured by acoustic rhinometry. After nasal cleansing and massage,
the same aeration measurements and nasal geometry procedures were performed.
Group normality was analyzed using the Shapiro-Wilk test considering the hypothesis
of normal distribution whenever p>0.05. The Spearman’s test was applied to analyze
the correlation between variables (p<0.05).

Results: there was a strong and significant correlation between nasal aeration and the
corresponding cross-sectional area of the front of the inferior turbinate (CSA2) in the
left cavity before cleansing. There were no correlations between the nasal aeration and
other rhinometric variables.

Conclusion: there was a correlation between nasal aeration values and the anterior
portion of the turbinates, before the massage and nasal cleansing technique, in mouth
breathing children. There were no significant differences when the nasal aeration was
correlated with other rhinometric variables.

Keywords: Mouth Breathing; Nasal Cavity; Acoustic Rhinometry

1/9



2/9 | Melo ACC, Gomes AOC, Cunha DA, Aimeida WRPL, Lima SJH, Cunha RA, Silva HJ

INTRODUCTION

Mouth breathing can be established when there are
anatomical problems that predispose it or when there is
persistent changed mode, even after resolution of the
initial nasal obstruction’2. Given this situation, a number
of changes in the physiological pattern of breathing and
postural changes can bring about significant changes in
craniofacial structures and their functions®. In children,
in addition to morphological changes, mouth breathing
can lead to frequent fatigue, daytime sleepiness, low
appetite and even learning disability*.

The assessment of nasal patency by instrumental
methods is necessary for the diagnosis and treatment
of children with mouth breathing mode. In the
beginning of the twentieth century, the investigation of
nasal patency through the Glatzel mirror started, which
consisted of observing the exhaled air condensing on
a cold metal surface, comparing the area of conden-
sation between the nasal cavities®. Similarly, Altmann
millimeter mirror, which also has a metal plate, but
with a smooth side and the other side with millimeter
marking, enables measurement of the area marked by
the nasal exhalation®, which is measured in cm2.

One technique widely used nowadays and which
allows to measure the ratio between the cross-sectional
area (CSA) and the distance of different constrictions
within the nasal cavity is the Acoustic Rhinometer”®.
The method is based on analysis of the reflected sound
of the nasal cavity, from the reflection of sound waves,
taking into account the properties of this sound in the
incidence with the cavity”™. Thus, it is observed that
the values of the variables total volume (0 - 8 cm) and
minimum cross-sectional areas with their respective
distances: CSA1 and CSAd1 - corresponding to the
nasal valve; CSA2 and CSAd2 - corresponding to the
anterior part of the inferior and / or middle turbinate;
CSA3 and CSAd3 - corresponding to the posterior part
of the middle® or inferior'! turbinate.

This technique enables the identification of the loci
of constrictions that contribute to nasal resistance thus
providing topographical information on the individual
profile of the nasal and nasopharyngeal airways.”"®
Researches on reference values and to estimate nasal
airway obstruction in different etiologies, as well as the
effect of distinct pathologies and surgical procedures
on nasal cavities in pediatric and adult populations have
been reported.”" The clinical value of acoustic rhino-
metry rests in its ability to measure nasal geometry,
allowing for the discrimination between mucosal
functional effects and structural changes related to
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nasal obstruction, when used in tests before and after
treatment®®. Therefore the Acoustic rhinometry is
considered a specific test in the investigation of nasal
patency°.

However, there are maneuvers that allow improving
nasal aeration adjusting the breathing function as close
as possible to the normality. These techniques to teach
the patient breathing through the nose, improving the
tonus and adjusting stomatognathic functions encou-
raging nasal breathing and improve the individual's
quality of life. One of these maneuvers consists of a
clinical procedure called nasal cleansing and massage,
that enable improved nasal permeability and, conse-
quently, a greater bilateral air output, with balancing
cavities'>'3,

With permeability assessments by means of a
millimeter mirror and nasal geometry by acoustic
rhinometry before and after nasal cleaning, the nasal
aeration could be correlated with geometric structural
measures of the nasal cavity.

Understanding the importance of these variables for
the evaluation and aid diagnosis of nasal patency, the
aim of this study is to analyze the correlation between
the aeration values and geometry of the nasal cavity,
before and after nasal cleansing in children with mouth
breathing.

Despite the two techniques measuring different
respiratory parameters, the hypothesis of this study is
that there is a correlation between sectional areas and
nasal volume and nasal aeration, after nasal cleaning
and massage.

METHODS

The research was approved by the Human Research
Ethics Committee of the Health Sciences Center of the
Federal University of Pernambuco, Brazil, under the
approval protocol number 402.660, according to CNS
Resolution 466/12.

Twenty children aged 4 to 12 years with mouth
breathing complaint and without nasal obstruction
assessed by otorhinolaryngologist were selected.
Data collection was carried out after signing the Free
Informed Consent (IC) by the child’s guardian, autho-
rizing the research. Then, to assist in the functional
diagnosis of oral breathing, the Index of Signs and
Symptoms of Oral Breathing was applied, with the
survey of the main respiratory signs and symptoms,
clinically evaluated by a speech therapist specialized
in Orofacial Motricity. Of the total amount of the study



population, 60% had mouth predominantly breathing
during the day and 95% during the night.

The measurement of nasal aeration was checked by
using the Altmann millimeter mirror. Nasal air escape
was measured by marking the blurred area with a blue
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marker before nasal cleaning and red marker, after
cleaning. For the record, the marked area was copied
in a millimeter special sheet as the mirror and the
marked area was calculated in cm? using the software
Image J (Figure 1).
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Captions: Bloco de referéncia do espelho nasal milimetrado de Altmann = Altmann millimeter nasal mirror reference block; Cédigo = code;

Data de Nascimento = Date of birth; Data da avaliacao= Date of evaluation; idade = age.

Figure 1. Software Image J (nasal aeration area in cm2). Blue line= before nasal massage and cleaning; red line= after nasal massage

and cleaning.

After collecting the nasal aeration, the exami-
nation which measures nasal geometry by Acoustic
Rhinometry started to identify the measurement of
distances and its respective sectional areas corres-
ponding the nasal valve and the anterior and posterior
portions of the turbinates and also the measurement of

nasal volume, which favors thereby the identification
of the location of constrictions that contribute to nasal
resistance®'®'* (Figure 2). The examinations were
performed using the Eccovision Acoustic Rhinometer
(HOOD Laboratories).
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Figure 2. Acoustic rhinometry examination, with illustrations of the measurement locations of the three nasal cross-sectional areas
(AST1,2,3), their respective distances (Dist1,2,3) and considered nasal volume (total volume).

For the examination, the rhinometer tube linked to
the nasal adapter, was placed against one nostril; the
seal between the nasal adapter and the nostril was
achieved by lubricant gel. The methodological due
care has been taken in order to avoid to the utmost
environmental interference on rhinometric evaluation,
minimizing the possible biases in the study” 3.

Thus, the temperature and the room noise levels
were controlled, the patient had an establishing to the
examination room period, the instrument calibration
was performed for each patient, and besides care was
taken to properly position the rhinometer tube, avoid
sound losses and keep the patient's head always
stable™'®. The child was asked to always look to the
computer screen, to maintain the head position during
the test. After nasal cleansing and massage'? the same
procedures were performed.
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Then nasal cleansing and massage procedure
was performed, in which 2.5ml of 0.9% saline solution
was poured in by drops, at ambient temperature in
each nostril, with the aid of a needleless syringe.
Immediately after the saline setting, circular massages
were performed with the thumb on the lateral of the
nasal region, 10 times on each side. Afterwards, the
child blew a nose side at a time in a tissue, removing all
secretion. After nasal cleansing and massage the same
aeration measurements and nasal geometry proce-
dures were performed.

All procedures (aeration in the mirror, cleaning
maneuvers and nasal massage and measurements
by acoustic rhinometry) were performed in the same
environment. No strategy was used to improve the
obtainment of the fogging area of the mirror.



The areas of the right and left nostrils were measured
in isolation, both in the measurements of nasal aeration
and in acoustic rhinometry, to facilitate the comparison
between the different methods. The area obtained by
the mirror was correlated to each portion of the nasal
cavity (CSA1, CSA2 and CSAS3) individually.

Group normality was analyzed using the
Shapiro-Wilk test, considering the hypothesis of normal
distribution when p>0.05. The Spearman’s test was
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applied to analyze the correlation between variables
and a 5% significance level was assumed.

RESULTS
In the current study, of the 20 children who were
studied, 75% were males.

As for the variables analyzed in this study, the
following results were observed in Tables 1 and 2.

Table 1. Comparison between total aeration and the left and right nasal cavities, before and after the nasal cleansing and massage

LN aeration LN aeration RN aeration RN aeration
before after before after
Total Aeration before rho 0.911 0.543 0.929 0.740
p-value 0.000* 0.013* 0.000* 0.000*
Total Aeration after rho 0.693 0.618 0.874 0.789
' p-value 0.001* 0.004* 0.000* 0.000*
* Spearman’s correlation test — significance level at 5%
LN = left nostril / RN = right nostril; rho= Spearman’s correlation coefficient
In Table 1, a strong correlation between the areas
of total nasal aeration and aeration areas of the left and
right cavities was observed.
Table 2. Correlation between variables: nasal aeration and acoustic rhinometry
LEFT NOSTRIL RIGHT NOSTRIL
Vol (CSA1 CSA2 CSA3 vol CSA1 CSA2 CSA3 Vol (CSA1 CSA2 CSA3 voI CSA1 CSA2 CSA3
before before hefore before after  after  after  after before before hefore before after  after  after  after
TAB
rho  -0.033 -0.388 0.271 0.162 -0.069 -0.363 -0.247 0.015 -0.120 -0.253 -0.124 -0.063 -0.414 -0.143 -0.053 -0.285
p-value* 0.890 0.091 0248 0494 0.772 0.116 0294 0.950 0613 0282 0607 0.791 0069 0548 0825 0.223
TAA
rho  -0.033 -0.388 0.271 0.162 -0.069 -0.363 -0.247 0.015 0.048 -0.233 0.186 0.111 -0.364 -0.273 0.046 -0.123
p-value* 0.890 0.091 0248 0.494 0.772 0.116 0294 0.950 0.840 0.322 0432 0.640 0.115 0244 0848 0.604
LNAB
rho 0.203 0.110 0448 0329 0179 0176 0.130 0230 -0.071 -0.163 -0.104 -0.065 -0.342 -0.042 0.053 -0.217
p-value* 0.391 0.645 0.048 0.157 0.450 0.459 0.585 0.329 0.767 0493 0.663 0.787 0.140 0.860 0.823 0.359
LNAA
rho 0.036 -0.266 0.213 0.074 0.173 -0.112 0.108 0.087 -0.078 -0.380 -0.060 0.032 -0.360 -0.327 0.102 -0.003
p-value* 0.880 0.258 0.368 0.755 0.466 0.638 0.652 0.715 0.743 0.098 0807 0.895 0.119 0.160 0670 0.990
RNAB
rho  -0.030 -0.229 0.159 0.124 -0.089 -0.173 -0.323 -0.015 -0.075 -0.291 -0.008 -0.042 -0.418 -0.239 -0.078 -0.257
p-value* 0.900 0332 0502 0.602 0710 0465 0.165 0950 0753 0214 0975 0.860 0.067 0.310 0743 0.274
RNAA
rho 0.000 -0.271 0.119 0141 -0.107 -0.227 -0.378 0.035 0170 -0.075 0.283 0.156 -0.269 -0.208 -0.014 -0.165
p-value* 1.000 0248 0.618 0552 0.654 0.336 0.101 0.885 0474 0.752 0227 0510 0252 0.380 0952 0.486

* Spearman’s correlation test — significance level at 5%

CAPTIONS: TAB=total area before nasal cleansing and massage; TAA=total area after nasal cleansing and massage; rho= Spearman’s correlation coefficient;
Vol=total volume; CSA=cross-sectional area; LNAB= left nostril aeration before; LNAA= left nostril aeration after; RNAB= right nostril aeration before; RNAA= right

nostril aeration after.
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In Table 2, when the correlation of nasal aeration
area with the areas and volumes measured by acoustic
rhinometry was demonstrated, there was significant
correlation between nasal aeration and CSA2 in the
left cavity before cleaning (p = 0.048). However, there
were no significant differences when the nasal aeration
was correlated with other rhinometric variables.

DISCUSSION

The nasal cavity has a fundamental role in respi-
ratory physiology and a direct relationship with
the performance of the stomatognathic system
functions™®. It is essential in speech therapy practice
to know respiratory function and its structures, which
directly influence the diagnosis and treatment of predo-
minantly oral breathing mode. The area of most nasal
airflow resistance, and where the narrow segment of
the nasal cavity is located, is in the anterior portion,
more specifically at the nasal valve area''°.

Instruments and evaluation methods that measure
respiratory function have been used increasingly in
speech therapy practice. Quantifying this function is
still a constant challenge, not only to speech therapists
but also to otolaryngologists and allergists. Altmann
millimeter mirror is the most used tool for evaluating
exhale nasal flow and analyzes the changes in the
nasal aeration in patients undergoing certain therapies
or changing habits?°2'. However, it does not provide the
data of the nasal area in the inhale process.

It was intended, through this study, to correlate the
area measured in the Altmann millimeter mirror, with
the areas and volumes identified by acoustic rhino-
metry, whose technique allows assessment of nasal
geometry, providing reliable information about the area
and nasal volume and the topographic location of the
sectional areas of nasal cavity”®.

The results of this study, from the analysis of 20
children with diagnosis of mouth breathing, showed
that when analyzed separately, the nasal aeration areas
have strong correlations between them. Significant
differences between full aeration before and after nasal
cleansing in the left and right cavities were found, as
well as in the measured areas in each cavity separately.
Some studies®'? point to the same results when
correlate the area of the nasal aeration before and after
nasal cleansing.

This result confirms the technique of nasal cleaning
and massage as beneficial to the mouth breathing
patient, promoting greater respiratory freedom and
increased nasal aeration?, considering the studied
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group, which consisted of children without nasal
obstruction, whose oral breathing was habit. After
cleansing, the patient realizes that the nose can be
used for breathing, thus providing opportunities to
change from oral breathing pattern to nasal pattern®.

When the correlation between the variables areas
of nasal aeration and areas and volumes of the nasal
geometry was tested, it was observed that there was
a correlation between the nasal aeration and CSA2 in
the left cavity before cleansing. In the other areas and
volumes, no correlations between measurements were
observed.

This result points to the possible relationship
between the sectional area corresponding to the
anterior portion of the turbinates and nasal patency,
which confirms what has been suggested in other
publications, considering that this area, in individuals
with nasal obstruction, is the most responsible for the
increase of nasal airflow resistance?*2®,

The non-correlation between that area and the
measure of nasal aeration after nasal cleansing
and massage can be explained by the fact that the
techniques used in this study appraise different respi-
ration parameters: air flow and structural measures. The
graded mirror allows evaluating the airflow through the
analysis of nasal exhalation. The acoustic rhinometry
measures the cross-sectional area of the nostrils, which
is independent of airflow, since it must be measured
during the breath holding to prevent interference in the
results variability of acoustic results?*. Besides that, the
technique of nasal massage and cleansing seems to
influence the nasal functionality and not the geometry.
It is suggested, therefore, comparative studies with
nasal breathers and mouth breathers with and without
nasal obstruction to test these correlations.

In addition, it should be noted that the sample was
composed of individuals without nasal obstruction.
Therefore, the effects of nasal massage can be attri-
buted more to the stimulus to sensitize the passage
of air in the nostrils, implying an increase in the flow of
nasal air, due to this sensitization than its influence, in
this case, on nasal geometry'213.18.19,

Studies comparing different nasal permeability
measuring instruments®?® also found no correlation
between the methods. One of them® had the aim to
correlate the results of the visual analog scale and
Glatzel mirror in healthy individuals and others without
respiratory complaints, and the other?® compared
different instrumental methods.



Similarly to the current study, it was found that nasal
patency, obviously, largely depends on the geometry
of the nasal cavity which has a direct influence on
the resistance to air through the nose. However, this
research could hold that the nasal internal geometry
does not determine the breathing mode and even nasal
airflow.

Other research?, however, that compared the
data of acoustic rhinometry with rhinomanometry,
instrumental measurement variables in children and
teenagers with allergic rhinitis, obtained significant
correlations. Authors?? suggest that quantitative
methods are more sensitive in recognizing changes
in the nasal mucosa of subjects with nasal complaints
than in healthy ones.

Nevertheless, the nasal cycle phenomenon must
be considered because this was not neutralized®.
The nasal cycle is characterized by the alternation of
periods of greater resistance between the nasal cavities.
This occurs due to the variation of predominance of
the sympathetic or parasympathetic systems on the
mucosa of the right and left nasal cavities, alternately.
This physiological alternation persists during oral
breathing and nasal occlusion and studies indicate that
children up to eleven years of age present a reciprocal
nasal cycle, though not always in the classic way, as
most adults do?.

The variables obtained by the acoustic rhinometry
examination still bring a greater accuracy of measu-
rements, being a sensitive test for the evaluation of
nasal patency?®®. According to the analysis of these
variables, significant correlations were found in this
study.

However, the mirror also showed up as an efficient
tool to quantify changes after the speech therapy
procedure of nasal cleansing and massage, streng-
thening its clinical use for evaluation and monitoring
of cases of mouth breathers. Cohort studies should be
conducted to verify the effectiveness of nasal cleansing
and massage technique in changing the breathing
mode from oral to nasal.

It is worth mentioning that a possible limitation of this
study was not to control the variations inherent to the
nasal cycle”?. However, for this, it would be necessary
to use a vasoconstrictor drug, which would make the
study objective related to the effect of massage and
nasal cleaning impossible.

Acoustic rhinometry is indicated, in this study,
as an important instrument to further evaluation in
monitoring mouth breathers in speech therapy besides
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its established use as an evaluation method of nasal
obstruction. This current study suggests that acoustic
rhinometry can be a complementary instrument in
speech therapy for evaluation and aid in the diagnosis
and treatment of children with mouth breathing
and confirmed the effect of the nasal cleansing and
massage technique, highly used in speech therapy
practice.

CONCLUSION

A significant correlation between the variable of
nasal aeration and acoustic rhinometry in the area
corresponding to the second constriction of the left
nasal cavity before nasal cleansing and massage
technique has been found. There were no correlations
between the nasal aeration and other rhinometric
variables.
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