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ABSTRACT

Purpose: to analyze whether deleterious oral habits can influence the number of
attempts of forced spirometry maneuvers performed by healthy children.

Methods: this observational and cross-sectional analytical study included 149 healthy
children aged 6-12 years attending public and private schools in Florianopolis, SC,
Brazil. A validated protocol was applied for the analysis of deleterious oral habits. The
children were grouped according to the number of spirometry maneuvers needed to
achieve successful spirometry results, as follows: G1) children who needed 3 maneu-
vers; G2) 4 maneuvers; G3) 5-8 maneuvers. Data were analyzed with the Kolmogorov-
Smirnov test and the Kruskal-Wallis test was applied to compare quantitative variables
between the groups. The Chi-square test was used to assess the association between
the groups and qualitative variables.

Results: there was no association between the number of attempts and the qualitative
variables evaluated by the protocol. There was also no difference between the groups
regarding quantitative variables for breastfeeding time, breastfeeding occurrence, use
of pacifiers, and thumb sucking.

Conclusion: the presence of DOH did not influence the number of forced spirometry
maneuvers, performed by the healthy children in this study.
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INTRODUCTION

Orofacial function is the result of the integration
between the central nervous system and the neuro-
muscular system, which includes breathing, chewing,
sucking and swallowing'2. These actions are performed
by the stomatognathic system (SS), which is composed
of craniofacial structures such as bones of the head,
mandible, hyoid, sternum, chewing and swallowing
muscles®.

Some oral habits performed by children are
considered deleterious to the SS. These include
non-nutritive thumb sucking, mouth breathing, pacifiers,
lower lip interposition/suction, tongue thrusting, nail
biting, and jaw propulsion*s. The persistence of delete-
rious oral habits (DOH) plays a key role in causing
malocclusions, orthodontic abnormalities and phonetic
disorders, since they affect the growth and devel-
opment of the muscles and bones of the mandible®”.
Thus, DOH may even interfere in facial aesthetics.

Spirometry is a pulmonary function test indicated for
the diagnosis and monitoring of respiratory diseases,
widely used in scientific research and public health®®.
When performing spirometry, the individual must place
the mouthpiece on his or her tongue and seal the lips so
that air does not escape during the maneuvers, which
require forced expiration, muscle strength and motor
coordination. For this reason, children with a history
of DOH and possible impairment of oral functions may
show difficulties in performing the test, requiring a
higher number of maneuvers and possible changes in
their results.

Therefore, this study aims to analyze the relationship
between the presence of DOH and the number of
attempts of forced spirometry maneuvers performed by
healthy children.

METHODS

This study has been approved by the Ethics
Committee of the State University of Santa Catarina
under Resolution Number 1.006.003 - (CAAE:
38770314.1.0000.0118), registered in the National
Research Ethics Committee involving Human Beings
(CONEP). All participants provided a minor’'s assent
document and a parent or guardian authorized
their participation by signing an Informed Consent
Document.

This is an observational and analytical cross-
sectional study, including healthy children between 6
and 12 years of age from public and private schools
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in the metropolitan area of Florian6polis - Santa
Catarina/Brazil. Data was collected in the school site
and the following individuals were selected: healthy
non-athletes (children not enrolled in high-performance
sports federations), non-obese children (body mass
index above 25 kg/m?) and non-undernourished
(mass index lower than 18.5kg/m?)'°, children with no
diagnosis or history of cardiorespiratory, musculo-
skeletal, rheumatic, neurological diseases, auditory
or visual deficits, and children with normal spirometry
parameters.

Schoolchildren’s health was checked according
to the International Study of Asthma and Allergies in
Childhood (ISAAC)" and the analysis of health history,
previously completed by a parent or tutor. Spirometry
showing forced expiratory volume in one second (FEV,)
and forced vital capacity (FVC) above 80% of predicted,
according to Polgar et al. (1971)"2was also considered.
A JAEGER™ MasterScope 10S™ spirometer was
used to record the parameters of FVC, FEV, and peak
expiratory flow (PEF). The examination was conducted
according to the American Thoracic Society’s
guidelines™, and forced spirometry maneuvers were
performed until the values and curves were acceptable
and reproducible, on a maximum of eight attempts.
Children who failed to perform a valid test in this
number of maneuvers were excluded.

An assessment tool based on the Orofacial
Myofunctional Evaluation protocol (MBGR)'* was used
to identify the presence of DOH. This tool considers
elements including time of breastfeeding and the use
of the bottle; difficulties in introducing solid foods;
characteristics of chewing; frequency of episodes
such as choking, gastroesophageal reflux (GERD) and
coughing during meal. It also controls oral habits such
as use of pacifier or non-nutritive thumb sucking and
speech acquisition time. These items were answered
by a parent or guardian. Ultimately, it includes the
participants” physical observation (made by a trained
examiner) relating to lip positioning, saliva control,
mobility and oral musculature tonus by means of a
manual resistance (with emphasis on tongue, bucci-
nators/orbicularis lips).

Anthropometric data was collected and assessed
with an Ultra Slim W903 Wiso® digital scale (weight
in kg) and a Sanny® portable stadiometer (height in
cm). Next, the children underwent spirometry testing
conducted by a single examiner blinded to the orofacial
myofunctional disorders assessment instrument. The
children were grouped according to the number of



spirometry maneuvers needed to achieve successful
spirometry results, as follows: G1) children who needed
3 maneuvers; G2) 4 maneuvers; G3) 5-8 maneuvers.

For the analyses, the variables were divided into
qualitative and quantitative. Qualitative variables
included: labial posture, saliva control, feeding difficulty
(introduction of the cup, transition from liquid to pasty
and from pasty to solid foods), characteristic of chewing
(time with food inside the mouth), presence of GERD
and coughing, history of non-nutritive thumb sucking or
use of pacifier, bottle feeding, history of breastfeeding
and speech quality. Quantitative variables included:
breastfeeding period, whether the child was breastfed,
used a pacifier and sucked their thumbs.
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Initially, statistical analysis was conducted by evalu-
ating distribution of data using the Kolmogorov-Smirnov
test. Then, the Kruskal-Wallis test was used to compare
the quantitative variables between the 3 groups. An
association between the groups and the qualitative
variables was observed by means of the Chi-square
test. For all analyses, the significance level was set at
5% (p <0.05).

RESULTS

A total of 149 children participated in this study.
They were allocated into 3 groups, whose age, gender
and anthropometric measurements are described in
Table 1.

Table 1. Distribution of gender, age and anthropometric data of the participants of each group

G1 G2 G3
M (+SD) M (+SD) M (+SD)
Sample 59 53 37
(prevailing gender) (36 girls) (30 boys) (21 girls)
Age 9.24 (+1.89) 9.58 (x£1.90) 8.59 (+1.87)
Weight 34.25 (+10.97) 37.96 (+=11.54) 34.78 (+12.08)
Height 1.41 (x0.12) 1.44 (=0.13) 1.40 (=0.12)

Note: G1: group 1; G2: group 2; G3: group 3; Age: in years; Weight: in kilograms; Height: in centimeters; M: mean; SD: standard deviation.

The results of the analyses of associations between
the qualitative variables of orofacial function and
the group are presented in Table 2. No statistically
significant difference could be observed, indicating no
association between the qualitative variables and the
number of spirometry maneuvers.

Table 3 illustrates the results of the Kruskal-Wallis
test applied for the comparison between the allocation
in the 3 groups and the quantitative variables of the
orofacial function. There were also no differences
between the groups regarding the quantitative variables
for orofacial function.
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Table 2. Result of Chi-square test for the comparison between quantitative variables of orofacial function and allocation into 3 groups

Groups
Variable G1 G2 G3 P
N N N
Labial Posture
Closed 46 36 31 0.461
Half-open or Open 13 17 6
Saliva
Controlled 54 45 35 0.512
Excessive 5 8 2
Feeding difficulties
No 44 34 29 0.194
Yes 15 19 8
Chewing
Normal 45 39 29 0.905
Prolonged 13 13 8
GER
Yes 51 40 28 0.180
No 7 13 9
Nasal reflux
Yes 55 52 36 0.615
No 3 1 1
Coughing during feeding
Yes 50 44 31 0.891
No 8 9 6
Non-nutritive Thumb sucking
Yes 24 22 22 0.572
No 6 9 5
Breastfeeding
Yes 6 7 6 0.437
No 52 46 31
Milk bottle
Yes 16 13 11 0.851
No 42 40 26
Pacifier
Yes 8 11 7 0.521
No 21 19 30
Speech delay
Yes 54 50 32 0.369
No 4 3 5
Phonemic changes
Yes 50 45 30 0.793
No 8 8 7
Choking
Yes 49 47 49 0.540
No 9 6 3

Note: GER: Gastroesophageal reflux N: Number of children; G1: Group 1; G2: Group 2; G3: Group 3; p: significance value for the chi-square test result, *: presence of
statistical significance (p <0.05).
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Table 3. Result of Kruskal-Wallis test for the comparison between quantitative variables of orofacial function and allocation into 3 groups

Variable G1 G2 G3 p
(period in years) M (£SD) M (£SD) M (£SD)
Non-nutritive thumb sucking 0.46 (=0.85) 0.78 (=1.52) 0.46 (+0.89) 0.720
Breast feeding 1.46 (=1.34) 1.58 (=0.98) 1.10 (=1.18) 0.646
Bottle feeding 2.25 (x1.99) 3.06 (x2.07) 2.86 (£2.03) 0.865
Use of pacifier 2.96 (+1.54) 2.76 (=1.83) 2.95 (+1.35) 0.967

Note: G1: Group 1; G2: Group 2; G3: Group; M: Mean: SD: Standard Deviation; p: statistically significant for Kruskal-Wallis test.

DISCUSSION

This is the first study to observe whether the
presence of DOH can directly interfere with the
pulmonary function test. Notably, the maintenance of
these habits can impair the structures and functions of
the stomatognathic system, which are necessary for
the performance of spirometry's. And although a direct
relationship between the number of forced expiratory
maneuvers and the history of DOH performed by the
MBGR protocol has not been identified, this may have
happened for some reasons that caused limitations in
the study.

A first limitation of the study was the use of part
of the MBGR protocol. Therefore, the entire protocol
should be administered. A second limitation was the
use of part of the protocol that consisted mostly of
qualitatively evaluated items. However, in the literature,
the effects of DOH have been evaluated mainly qualita-
tively with the MBGR protocol'*.

Thus, specific SS assessment mechanisms are
relevant, including the strength and tone of the facial
musculature, as well as their respective functions.
This analysis enables the understanding of the real
contribution of each element of the SS in examinations
involving correct placement and maintenance of a
mouthpiece. In this context, electromyography verifies
the activation of certain facial muscles that are used
during the spirometry testings'” and could be included
in further studies on the subject.

Some factors should be considered in order to
achieve an acceptable spirometry maneuver: the
examiner’s adequate practical training, command
voice, properly calibrated good quality equipment and
control of the environment. In addition to these factors
related to the technical aspects of the test, the under-
standing and cooperation of the patient to perform the
maneuver adequately should also be considered, in
order to avoid early glottis closure, early termination,
glottal noise, buccal obstruction and airflow leak.

Airflow leaks may be related to dentition. The correct
positioning of the teeth in the mouthpiece ensures that
leaks will not occur. But, especially in the age range in
which the primary teeth will be replaced, the presence
of spaces between the teeth can allow air to escape.

Among the various DOH, oral breathing is a frequent
habit among children, as reported in a study conducted
by Melo and Pontes, showing occurrence of 48.60%.
They also suggest that the habit of breathing through
the mouth can interfere with the growth of the facial
skull, favoring some physical characteristics, namely,
flaccidness face muscles, half-open lips, drooping
cheeks, hypotonic tongue in the lower position or
between teeth and dental malocclusion™.

Dental malocclusion, which may make the mouth-
piece of the spirometer unstable, is often caused by
DOH’. Its presence may be determinant for an oral
respiratory pattern in some individuals, which may
lead to alterations in the orofacial musculature, such as
hypotonia and hypofunction of the mandibular elevator
muscles®.

Isometric contractions are mostly related to the alter-
ations in the muscular strength (MS) and, therefore, to
muscle fatigue?'22. They may interfere with the perfor-
mance of a spirometry maneuver, since muscular
action of the stomatognathic system is needed to seal
the mouthpiece spirometer. A study conducted by
Busanello-Stella et al. found a decrease in the muscular
strength of the orbicularis oris muscles in children with
nasal and oral breathing when sustaining isometric
contraction against resistance. The group with mouth
breathers reported earlier muscle fatigue?'.

GER was one of the variables that, although not
statistically significant, was very frequent among
children who participated in this study. The literature
shows that a GER’s complication includes tooth
erosion and it is associated with bruxism?*2*. Thus,
GER may alter SS functions and consequently interfere
in the spirometry test.
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This study investigated the relationship between
spirometry performance and DOH given the common
difficulty faced by the pediatric age group to perform
spirometry maneuvers adequately. This encouraged
further researches that identified possible factors
responsible for this event. In clinical practice, it is
common for children to have spirometry curves with
artifacts and parameters with values lower than those
predicted for their age and gender. Coughing during
the testing, mouthpiece obstruction, airflow leak,
Valsalva maneuver and even unsatisfactory onset of
forced spirometry maneuvers, with no evidence of effort
and with inadequate termination, are some of the usual
factors responsible for not meeting the criteria required
for a valid the test. The relationship between these
elements and DOH, i.e., the hypothesis formulated
in this study, has not been confirmed, and should be
further investigated.

Comprehensive research should also be conducted
on the relationship between history of DOH and
specific evaluation of the orofacial musculature and
the performance of spirometry maneuvers in children
with respiratory impairment, such as asthma, allergic
rhinitis and cystic fibrosis. In the study conducted by
Carvalho-Oliveira et al., although on asthmatic adults,
there was a high frequency of SS changes, which had
an association with the severity of asthma observed by
the forced expiratory volume in the first second (FEV,)
of spirometry test®®>. Campanha et al. performed speech
therapy treatment and observed clinical and functional
improvement in asthmatic children, evidenced by the
increase in the percentage values of the spirometry
parameters?.

CONCLUSION

There was no relationship between the presence of
DOH and the number of forced spirometry maneuvers
performed by healthy children in the study population.
However, a comprehensive investigation of the SS is
required. Furthermore, this study should be conducted
in a pediatric population with respiratory impairment.
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