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Abstract Introduction Mouth breathing generates imbalances in the musculature, in cranio-
facial morphofunctionality, and in the stomatognathic system. Therefore, it is essential
to make a diagnosis of mouth breathing through the quantitative assessment of nasal
permeability, which can be performed through rhinomanometry.
Objective To investigate the effectiveness of rhinomanometry in the diagnosis of
mouth breathing in pediatric patients through a systematic review of the literature.
Data synthesis The guiding question was: “Is the use of rhinomanometry as an
assessment tool effective in the diagnosis of mouth breathing in pediatric patients?”.
We conducted a search on the following databases: Latin American and Caribbean
Center on Health Sciences Information (BIREME), Latin American and Caribbean Health
Sciences Literature (LILACS), PubMed/Medical Literature Analysis and Retrieval System
Online (MEDLINE), Scientific Electronic Library Online (SciELO), Web of Science, and
Science Direct. The Health Sciences Descriptors (Descritores em Ciências da Saúde,
DECS, in Portuguese) and Medical Subjects Headings (MESH) were combined with the
Boolean operator AND in the search strategy: rhinomanometry AND mouth breathing
AND diagnosis AND nasal pressure AND nasal airflow AND nasal resistance. Observational
cohort and cross-sectional studies that addressed the effectiveness of rhinomanom-
etry in the diagnosis of mouth breathing were included. The reviewers independently
extracted the information and scored the review quality based on the Physiotherapy
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cleaning and massage maneuver on the permeability of the
upper airways of children with mouth breathing,” available at
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Introduction

Nasal breathing is the human physiological breathing, and it
exerts a great influence on the organization of other orofacial
functions.1 When nasal breathing is partially (mixed breath-
ing) or totally (oral breathing) replaced, there is a change in
the individual’s body organization, and its persistence is
responsible for important muscle imbalances, with reper-
cussions on craniofacial morphofunctionality and on the
stomatognathic system.2

The oral breathing pattern can occur when structural
nasal obstructions, permanent or not, prevent the passage
of air through the nose and, therefore, the person breathes
through the mouth. There are complementary methods of
airway assessment, in a multidisciplinary context, which
help in the diagnosis of mouth breathing. Specific nasal
permeability tests have been used formany years to quantify
the complex symptom of nasal obstruction, guiding the
therapeutic approach, such as the Glatzel and Altmann
mirrors, and modified inspiratory or expiratory flow meters
for nasal use.

However, one of the most recent methods to evaluate
nasal function and obstruction is rhinomanometry, which
enables the quantification of the transnasal airflow and
pressure gradient, which, in turn, enables the calculation
of nasal resistance during a respiratory cycle.3 Currently,
there are three rhinomanometry methods in use: anterior
rhinomanometry, posterior (oral) rhinomanometry, and
postnasal (pernasal) rhinomanometry. Active anterior rhi-
nomanometry (AAR) evaluation is considered the most used
modality to assess resistance, and it is often recommended
for its easy technique.

Although rhinomanometry is a current instrument in the
clinical practice of speech therapists, it is worth noting that
this resource has been used by other health professionals
since the 1930s.4–6 Recently, with technological advances
andwith the growing interest of professionals in this subject,
studies have been conducted on the applicability of new
techniques and also regarding the use of microcomputers
connected to measuring devices that try to quantify and
objectively evaluate the respiratory function of the nasal
airway.7,8

The information obtained from the exam on the degree of
nasal obstruction is useful to establish comparisons and
demonstrate the effectiveness of decongestant therapies5

and surgical procedures,9 which comprise the management

of disorders of the respiratory mode due to nasal
obstruction.10

Nowadays, the need for this method of assessment is
evidenced due to changes in nasal respiratory physiology
that manifest a relationship between the upper and lower
airways.11 Although rhinomanometry does not provide an
etiological diagnosis of nasal obstruction, it is noteworthy
that its application enables the quantification of the magni-
tude of the obstruction by measuring nasal resistance and
the nasal cavities, thus favoring an assessment of nasal
permeability. Therefore, the present article aims to investi-
gate the effectiveness of rhinomanometry in the diagnosis of
mouth breathing in pediatric patients through a systematic
review of the literature.

Review of the Literature

Search Strategy
The present study sought to answer the guiding question: “Is
the use of rhinomanometry as an assessment tool effective in
the diagnosis of mouth breathing in pediatric patients?”. The
present systematic review was carried out from March 2020
to July 2020 according to the Population, Intervention,
Comparator, and Outcome (PICO) strategy (►Table 1).

To select the terms used in the database search, we used
free terms (FTs), which are those not found in the Medical
Subjects Headings (MESH) but are relevant for research, as
well as the MESH, which are obtained from an interna-
tional data search platform. The following terms were
used: Rhinomanometry (MESH) OR Nasal Airflow (FT) OR
Nasal Resistance (FT) AND Mouth Breathing (MESH) OR
Breathing, Mouth (MESH) OR Mouth Breathings (MESH),
and their possible combinations in Portuguese, English,
and Spanish.

The search was performed in the following databases:
Latin American and Caribbean Center on Health Sciences
Information (BIREME), Latin American and Caribbean
Health Sciences Literature (LILACS), PubMed/Medical Liter-
ature Analysis and Retrieval System Online (MEDLINE),
Scientific Electronic Library Online (SciELO), Web of Sci-
ence, and Science Direct. The present review was registered
on the International Prospective Register of Systematic
Reviews (PROSPERO, under identification number
CRD42020204677).

The inclusion criteria were: cross-sectional original
articles, case-control studies, cohort studies, and

Evidence Database (PEDro) scale and the grading of evidence levels according to the
Grading of Recommendations Assessment, Development and Evaluation (GRADE)
system. Of the 1,536 articles identified, only 3 were selected for the present review
after the application of the eligibility criteria.
Conclusion There is great concern regarding the assessment of nasal function. There
was a lack of standardization of rhinomanometry to test the effectiveness of nasal
resistance as an aid in the diagnosis of breathing mode.
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randomized clinical trials, which addressed the effectiveness
of rhinomanometry in the diagnosis of mouth breathing in
pediatric patients. The exclusion criteria were: animal stud-
ies, ecological studies, opinion articles, reviewarticles (of the
literature, systematic, and narrative), case reports, and the-
ses, as well as articles that did not mention the topic
addressed in the present review and that did not use rhino-
manometry to assess oral breathing.

According to the eligibility criteria, two independent
evaluators preselected the articles by title and abstract.
Then, the full text of the preselected articles was read to
assess if they had performed a descriptive analysis of the
effectiveness of rhinomanometry in the diagnosis of mouth
breathing. If therewas disagreement between the reviewers,
a third researcher would be consulted to reach a consensus.

Data Analysis
For the preselection of studies, the titles and abstracts of all
publications were rigorously read according to the inclusion
criteria. In the cases in which the title and abstract were not
sufficient to determinewhether the article met the inclusion
criteria, the publicationwas analyzed in its entirety; after the
preselection, the full text of each study was read. At this
stage, meetings with the authors of the research were
organized to clarify doubts regarding the inclusion or exclu-
sion of studies. This procedure aimed to reduce thebias in the
selection of studies, thus providing greater reliability.

The articles selected after the full-text reading were
analyzed using a protocol that considered the following
data: author, year of publication, country, type of study,
population/sample, age of the patients, objective, materials
and methods used, duration of the treatment, and main
results (►Table 2).

Study Quality Analysis and Data Extraction
The methodological quality of the selected studies was
assessed using the Physiotherapy Evidence Database (PEDro)
scale.12 The choice of this scalewas based on its detailing and
scope of the methodological quality of research.

The methodological characteristics of the articles were
analyzed according to the inclusion criteria, as well as the
statistical analyses and statistical comparison of the selected
groups in each study (►Table 3).

Risk of Bias in Individual Studies
The studies included were independently assessed for risk of
bias using the Grading of Recommendations Assessment,
Development and Evaluation (GRADE) system13 for each
important finding in each review.

Objective criteria were used to assess the quality of
evidence for each outcome in the following GRADE domains:
methodological limitations (riskof bias); study design; study
quality; inconsistency (of effects among studies); impreci-
sion, objectivity (that is, applicability of participants, inter-
ventions, and outcomes of the study question); and other
modifying factors, including data dissemination (that is,
sample size) and strength-of-effect estimates. By combining
the item scores for each of these domains, we determined the
level of evidence (►Table 4), which was classified into four
categories:

• High: there is high confidence that the true effect lies
close to that of the estimate of the effect.
•Moderate: there ismoderate confidence in the estimated
effect.
• Low: confidence in the effect is limited.
• Very low: confidence in the effect estimate is very
limited. There is an important degree of uncertainty in
the findings.

One researcher assessed the GRADE evidence level for
each systematic review, while a second researcher reviewed
and verified the assessments; discrepancies were solved
through discussion.

Results

Initially, 1,536 articles were found, 1,510 of which were
excluded after reading the title and abstract. Of the

Table 1 Eligibility criteria for the studies considered for the present review

Question: Is rhinomanometry as an assessment tool effective as a diagnostic aid in mouth breathing pediatric patients?

Selection criteria Inclusion criteria Exclusion criteria

Population Mouth breathing patients Healthy individuals

Intervention Rhinomanometry The use of instruments other than
rhinomanometry

Comparator Comparison of the same instrument to assess nasal
permeability

No comparison of the same instrument

Outcome Effectiveness of rhinomanometry as an assessment tool
for oral breathing diagnosis and identification of
quantitative variables of nasal function, nasal flow, and
resistance

Results of other instruments that assess nasal
permeability

Type of study Randomized clinical trials, cohort studies, case-control
studies, and cross-sectional studies

Animal studies; ecological studies; opinion
articles; review articles (of the literature, as
well as systematic and narrative reviews); case
reports; and theses
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remaining 26 articles, 16 were duplicates, and 10 were
selected for full-text reading, after which 6 were excluded,
totaling 3 articles14–16 included that reported the effective-
ness of rhinomanometry as a diagnostic tool for mouth
breathing and, thus, were eligible for review (►Figure 1).
Data from the articles included are described in ►Table 3.
The methodological characteristics of these articles are
shown in ►Table 4.

Discussion

Over the last 20 years, rhinomanometry has been widely
accepted and studied in the assessment of nasal permeability
in people with mouth breathing.17 According to the present
review of articles on the relationship between rhinoman-
ometry and mouth breathing, most discussed nasal obstruc-
tion, but did not featuremouth breathing as their main focus.

In the present research, we found three articles that
addressed the proposed subject. They presented different
characteristics in terms of sample, objectives, and methodo-
logical procedures, as well as in terms of not describing
clinical trials and case-control comparisons. Therefore, given
this heterogeneity, wee could not perform a meta-analysis.

In addition, another aspect that made the homogeneous
analysis impossible was the different measurement meth-
odology in the pre- and postintervention moments for
aspects such as maxillary expansion, vasoconstrictor admin-
istration, and adenotonsillectomy.

We identified three systematic reviews14–16 of very low
quality, and methodological weaknesses consistent with the
GRADE ratings assigned in the assessment of the quality of
evidence were observed in the results.

The present study had the following limitations. First, the
studies included differed in terms of intervention methods,
duration of follow-up, and outcome variables. regarding the
two cohort studies, one14 used orthodontic intervention,
while the other study16 performed ENT surgery. Further-
more, in the follow-up of the intervention time they were
inconsistent. In the third article, a cross-sectional study, the
authors15 correlated rhinomanometry with other objective
methods, which varied in the outcomes. In addition, we
observed the inaccuracy of the studies regarding sample
size, as well as lack of representation of the unexposed group
in the one of the cohort studies.16 However, the rhinoman-
ometry methodology used in the studies was reliable, as it
analyzed the parameters of nasal respiratory function.

Table 3 Result quality on the Physiotherapy Evidence Database (PEDro) scale

Study

Itikawa et al., 201214 Sakai et al., 201815 Ramos, et. al. 201916

1. Eligibility criteria were specified 1 1 1

2. Subjects were randomly allocated to groups
(in a crossover study, subjects were randomly
allocated in the order in which the treatments
were received)

0 0 0

3. Allocation was concealed 0 0 ?

4. The groups were similar at baseline with respect
to the most important prognostic indicators

0 0 1

5. All subjects were blinded 0 0 0

6. All therapists who administered the therapies
were blinded

0 0 0

7. All assessors who measured at least one key
outcome were blinded

0 0 0

8. Measures of at least 1 key outcome were
obtained from>85% of the subjects initially
allocated to groups

1 1 1

9. All subjects to whom the outcome measures
were available received the treatment or control
condition as allocated or, when this was not the
case, data for at least one key outcome was
analyzed by “intention-to-treat”.

1 1 1

10. The results of between-group statistical
comparisons were reported for at least one key
outcome

1 1 1

11. The study provides both point measures and
measures of variability for at least one key
outcome

1 1 1

Total 5 5 6
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The clinical relevance of the findings depends on nor-
mal rhinomanometric values and the initial nasal resis-
tance. The fact that normal values change with age18

makes it difficult to establish the clinical relevance. Re-
garding nasal resistance, the normal value for adults is 0.3
Pa s/cm3, while for children, it is 0.4 Pa s/cm3. According to

these values, a reduction of 0.12 Pa s/cm3 is considered
clinically relevant.

Since the rhinomanometry examination is considered the
gold standard, because it is objective and has clear and
standardized measurements,19 the present review included,
articles in which nasal function was evaluated through
rhinomanometry to aid in the diagnosis of mouth breathing
in pediatric patients. However, among the methods of the
articles included, the following stand out: cephalometry,
acoustic rhinometry, and computed tomography. These
methods focus on anatomical changes but not on nasal
function.

Currently, rhinomanometry is used as a diagnostic ap-
proach tomouth breathing, especially with the participation
of an interdisciplinary team composed of dentists, otolar-
yngologists, and/or speech therapists, in order to obtain
evidence of the functional analysis of the structures involved
in respiratory function. Therefore, rhinomanometry is used
in the field of otorhinolaryngology (ORL) to assess the
effectiveness of treatments and surgical procedures, and
dentists use it to investigate skeletal structures in orthodon-
tic procedures.20,21 Due to these facts, large gaps are found
among the evaluated publications.

Regarding the type of study included in the present
review, one was a cross-sectional quantitative study,15 and
the other two were cohort studies.14,16 Another relevant
aspect of the articles was the small sample, which showed a
reduced representation in the first15 and second articles,14

with samples of 29 and 30 subjects respectively. In the third
article,16 there were 30 and 29 participants in each group.
Thus, we assume that this reduced number of subjects may

Table 4 Quality of studies according to the GRADE system

Outcome; no. of participants
(studies)

Relative effect (95%CI) Anticipated absolute effects (95%CI) Certainty

Difference

The use of rhinomanometry in
mouth breathing assessed
with rhinomanometry;
no. of participants: 118 (3
observational studies)

Studies have shown that the use of rhinomanometry is reliable due to
its respective analysis of respiratory function parameters and the
existence of correlations regarding the variables of nasal permeability
tests for the interdisciplinary treatment of pediatric patients with
mouth breathing. However, among studies that evaluated the effec-
tiveness of surgical treatments and procedures such as adenotonsil-
lectomy and rapid maxillary expansion, the results were followed by
slight changes in nasal resistance only to improve nasal function in
subjects with breathing difficulties.

⊕���
Very low3,a,b

�The risk in the intervention group (and its 95%CI) is based on the assumed risk in the comparison group and the relative effect
of the intervention (and its 95%CI).

GRADE Working Group grades of evidence
High certainty: we are very confident that the true effect lies close to that of the estimate of the effect.
Moderate certainty:we aremoderately confident in the effect estimate: the true effect is likely to be close to the estimate of the
effect, but there is a possibility that it is substantially different.
Low certainty: our confidence in the effect estimate is limited: the true effectmay be substantially different from the estimate of
the effect.
Very low certainty:we have very little confidence in the effect estimate: the true effect is likely to be substantially different from
the estimate of the effect.

Abbreviations: 95%CI, 95% confidence interval; GRADE, Grading of Recommendations Assessment, Development and Evaluation.
aThere was heterogeneity, the studies differed regarding the type of intervention and the duration of the follow-up, and they presented unexplained
statistically significant analysis of the sensitivity results (nasal area and nasal resistance of acoustic rhinometry and rhinomanometry before and
after intervention).

bThe sample size of the studies is small.

Fig. 1 Flowchart of the selection of studies. Note: n¼ number of
studies.
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have compromised the reproducibility of the findings for the
general population.22

The population of the three studies consisted of children
aged between 2 and 13 years. The choice of age group can be
understood due to the fact that mouth breathing is common
in children, and because there is has a higher frequency of
mouth breathing in the pediatric and school-age pub-
lic.1,14,23 Likewise, the characteristics of mouth breathing
in terms of lowered tongue posture and lengthening of the
lower anterior facial height are evident at 3 years of age, but
are more frequently detected after 5 years of age. The
deleterious impact of decreased nasorespiratory function
is practically complete in adolescence.

The objective assessment of nasal permeability is of great
importance for a better understanding of nasal obstruction,
as its objective data provide a comparison between clinical
and surgical treatments. Therefore, there is a need to study
nasal physiologymore effectively. Currently, AAR is the most
used method to assess nasal resistance,19 which quantifies
airflowand transnasal pressure over a given period. The flow
is measured using a pneumotachograph, whose terminal is
directly adjusted to the nasal cavity to be examined or
connected to an appropriate mask.24

In the temporal analysis, it was possible to find publica-
tions from the last eight years, thus indicating a slight
increase in research on the repercussions of mouth breath-
ing. As for the spatial distribution, the studies14–16 were
carried out in Brazil, in the states of São Paulo and Minas
Gerais. This geographic data shows the interest of Brazilian
researchers23 in the use of rhinomanometry in the diagnosis
and evaluation of mouth breathing.

Regarding the rhinomanometry devices, it is worth
highlighting the predominance of a device manufactured
in Denmark, the SR 2000 (Rhinometrics A/S, Smørum, Hov-
edstaden, Denmark) with nasal adapters,14,16 while another
study15 used an equipment from Scotland, the A1/NR6 (GM
Instruments Ltd., Kilwinning, Ayrshire, United Kingdom).
This highlights the need for devices that perform objective
tests to measure the nasal resistance of the upper airways
(UAs).

In addition to these technological data, it is noteworthy
that the rhinomanometry device is a sophisticated equip-
ment, difficult to transport and dependent on technical
assistance.4 Another important point refers to the different
models of computed AAR, especially the four-phase one,
which represents the next generation of rhinomanometry
and offers a better resolution for the analysis of breathing
over time with new variables that correlate with other data
from objective evaluations.25 This four-phase rhinomanom-
etry device requires attention, instrument hygiene, patient
care, and proper positioning for optimal results.

Concerning the sample populations, attention is drawn to
the predominant applicability in children with mouth
breathing of different etiologies, in a cross-sectional study15

with maxillary atresia and unilateral or bilateral posterior
crossbite, and in another study,14 with prospective cohort
design, with patients with posterior crossbite. Finally, the
third study16 showed a distribution in two groups: one with

mouth breathing and another with UA obstruction due to
adenotonsillar hyperplasia (ATH).

In the cross-sectional study,15 the authors performed a
correlation regarding the methods of assessment of comput-
ed AAR, acoustic rhinometry, and cone-beam computed
tomography in mouth breathers with transverse maxillary
deficiency. The exams were performed before and after the
administration of vasoconstrictor, and negative correlations
were found, between: width of 4 and mean inspiratory
resistance (Rho¼ -0.385); mean inspiratory resistance
assessed before administration of vasoconstrictor and nasal
volumes from 0 cm to 5 cm (Rho¼ -0.382); and mean expi-
ratory resistance assessed before administration of vasocon-
strictor andminimum cross-sectional areas 1 (Rho¼ -0.362).
Correlations can be observed between rhinomanometry and
other quantitative tests that play a role in measuring the
effect of therapeutic interventions.

About the prospective cohort study,14 the authors evalu-
ated the effects of rapid maxillary expansion on the nasal
cavity and on facial morphology through rhinomanometry
and acoustic rhinometry. A significant increase in the bone
width of the nasal cavity and in the maxilla was found, in
addition to a slight decrease in nasal resistance without the
use of nasal decongestion. Therefore, it is possible to consider
that methods for nasal permeability quantification are im-
portant to understand orthodontic measures.

Regarding the cohort study,16 changes in systolic pulmo-
nary artery pressure (SPAP) and total inspiratory nasal flow
(TINF) were evaluated by means of Doppler echocardiogra-
phy and AAR before and after six months of adenoidectomy
and/or tonsillectomy. The authors found that the mean
values of the mouth-breathing group; in the preoperative
period, while the mean nasal patency was of 42.85%
(�17.83%; p¼0.01), in the postoperative period, this value
was of 79.33% (�21.35; p¼0.01). However, they16 found
statistically significant differences between the mean values
of the percentage of nasal patency before and after the
surgical procedure (p<0.001). These findings indicate the
effectiveness of adenoidectomy and/or tonsillectomy in im-
proving nasal respiratory function in children with oral
breathing.

Few studies have compared the cardiopulmonary alter-
ations in children with mouth breathing27 and even more
rare are those that have analyzed such alterations (correlat-
ing them with the objective measurement of the nasal
obstructive condition), as they may influence the clinical
practice of specialists, with a change in the approach to
mouth breathers, with warnings regarding risks not yet very
well established.28 Thus, it is suggested that research on the
subject with control groups should be carried out to provide
greater reliability to the results. Furthermore, for evidence-
based practice, that is, for a decision to be taken professional-
ly based on the scientific results obtained, it is ideal that such
studies present a high strength of evidence through random-
ized clinical trials.26

In general, we could observe that the effectiveness of the
treatment varied according to the rhinomanometry applied
in combination with different treatments, such as in
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orthodontic, surgical and drug procedures. However, the
objective evaluation of the effectiveness of rhinomanome-
try in the diagnosis in oral breathing it still lacks
standardization.29

Final Comments

In the present review, the included studies used rhinoman-
ometry in their population of mouth breathers; however,
there was a lack of standardization of this instrument to test
the efficiency of nasal resistance in the UAs, as well as a
methodological variability that decreased the reliability of
the results found. Thus, it would be desirable to conduct
more controlled studies in this field and with larger samples
to obtain a better understanding of the consequences of
mouth breathing on nasal permeability.
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