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Asthma presence of shiny and polish facets on incisors and/or first permanent molars. The index of
Bruxism orthodontic treatment need was used for occlusion evaluation. Orofacial dysfunctions were
Cortisol evaluated using the nordic orofacial test-screening (NOT-S). Salivary cortisol and alpha-
Child amylase were expressed as ‘“‘awakening response” (AR), calculated as the difference be-

tween levels immediately after awakening and 30 min after waking, and “‘diurnal decline”
(DD), calculated as the difference between levels at 30 min after waking and at bedtime. Data
were analyzed using Shapiro-Wilk/Kolmogorov-Smirnov, Chi-square, unpaired t test/
Mann-Whitney and paired t/Wilcoxon tests.
Results: Sleep bruxism was more prevalent in children with asthma than controls (47.2% vs.
27.3%, p < 0.05). Asthmatics had higher scores of NOT-S total and interview (p < 0.05).
Dysfunctions on sensory function and chewing and swallowing were more frequent in
asthmatics (p < 0.05). Salivary cortisol AR on weekend was significantly higher for asth-
matics (p < 0.05). Salivary cortisol DD was significantly higher on weekday than weekend for
controls (p < 0.05). There were no significant differences in alpha-amylase values in and
between groups.
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tive perception of sensory, chewing and swallowing functions, and higher concentrations of
salivary cortisol on weekend.
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1. Introduction

Asthma is one the most common chronic illnesses of
childhood and accounts for significant morbidity and mortali-
ty in children.” Asthma impacts approximately 4.9% and 8.9%
of children (6-7-yr-old) and adolescents (13-14-yr-old), respec-
tively, in the Brazil® and it is estimated that 60% of cases are
intermittent or mild persistent, moderate are 25-30%, and 5-
10% of them are severe.’ Asthma is considered a chronic
inflammatory disorder of the airway similar to allergic rhinitis
in that airway hyperactivity develops, resulting in changes in
airway tone and thus airflow. As a consequence of inflamma-
tory response and increased airway resistance in the respira-
tory system, the subjects suffering from asthma, experience
difficulty in breathing. To overcome this difficulty their mode
of breathing changes from nasal to oral breathing.* This
change in function can trigger modulations in the craniofacial
growth patterns.”

The tendency to develop asthma is determined both by
genetic and environmental influences. Among environmental
influences, acute and chronic stress in children was found to be
related to asthma symptoms® and the timing of asthma
exacerbations. Children who experience acute stress are at
increased risk for an asthma exacerbation, and if chronic stress
is present, the exacerbation occurs sooner than if chronic
stress is absent.®’ Stress is known to activate two major
biological systems, the hypothalamus—pituitary—-adrenal (HPA)
axis and the sympatho-adrenal medullary (SAM) axis. Salivary
cortisol levels reflect the activity of the HPA axis,® whereas
salivary alpha-amylase activity can be considered a marker of
sympathetic activity.® Activation of the HPA axis results in an
enhanced secretion of the hormone cortisol,? while alpha-
amylase secretion releases upon sympathetic stimulation.’ In
Wolf et al.’® study, higher chronic stress was associated with
lower daily alpha-amylase outputamongchildren with asthma
and with flatter cortisol slopes among healthy children.

The importance of understanding the direct consequences
of asthma in the structures and functions of the stomatog-
nathic system, as well as the environmental factors associated
with the development of asthma are still poorly explored and
studied. In this way, the present study aimed to evaluate signs
and symptoms of sleep bruxism, orthodontic treatment need,
orofacial dysfunctions and salivary levels of cortisol and
alpha-amylase in asthmatic children. It is expected that
asthmatic children have higher negative effects on morpho-
logical and functional characteristics of stomatognathic
system, such as malocclusions and orofacial dysfunctions,
as consequences of oral breathing; and higher concentrations
of salivary cortisol and alpha-amylase as results of stress
associated with disease limitations.

2. Materials and methods
2.1.  Participants
The sample consisted of 108 children of both genders in the

age-range from seven to nine years, selected from Policlinic
Santa Teresinha Doutor Antonio Haddad Dib (asthma group,

n=>53) and from public schools (control group, n=55) of
Piracicaba, SP, Brazil, after anamnesis and clinical examina-
tion. The sample size was calculated by Epi info version 6.0.1
software. A standard error of 5%, a 95% confidence interval
level, a power test of 80%, and a 4.9% prevalence of medical
diagnosis of asthma in 6-7-yr-old Brazilian children® were
used for the calculation. A correction factor of 1.2 was used to
increase the precision."* Thus, the minimal sample size
required to satisfy the requirements was estimated to be
104 individuals, 52 with asthma and 52 controls. The children
and their parents consented to participate in the study, which
was approved by the Ethics Committee of the Piracicaba
Dental School (protocol no. 010/2011).

2.2. Anamnesis and clinical examination

The following procedures were performed by one calibrated
examiner (JNA) at Policlinic Santa Teresinha Doutor Antonio
Haddad Dib and public schools for asthma and control groups,
respectively. The parents/guardians provided written infor-
mation by means of a pre-structured questionnaire. The
questions verified the pre-natal, natal and post-natal histories,
habitation characteristics and actual and past symptoms of
asthma, bronchitis or wheezing'?>~*° and parafunctional habits
(bottle feeding, pacifier use, finger sucking, nail biting, sleep
bruxism, and enuresis nocturna). The questions could be
answered by qualitative (yes/no) and quantitative responses
(frequency characteristics). These data were complementary
to doctor’s diagnosis of asthma (RAT), who classified asthma
severity as intermittent, mild persistent, moderate persistent
and severe persistent.” The following protocol of medications
was used depending on asthma severity:

Intermittent: Beta-2-adrenoreceptor agonist salbutamol
(oral spray) during crisis.

Mild persistent: salbutamol (oral spray) during crisis and,
eventually, inhaled corticosteroid beclometasone (oral
spray) daily (low dose).

Moderate persistent: inhaled corticosteroid beclometasone
(oral spray) daily (moderate dose) and salbutamol (oral
spray) during crisis.

Severe persistent: inhaled corticosteroid beclometasone
(oral spray) daily (high dose) and salbutamol (oral spray)
during crisis and, eventually, daily.

2.2.1. Orthodontic treatment need

The index of orthodontic treatment need - dental health
component (IOTN-DHC) was used for occlusion evaluation.?
The DHC was examined using a millimetre probe, and the
occlusal characteristics of a malocclusion that harm the teeth
and adjacent structures were recorded. There are five levels,
ranging from Degree 1 (there is no need for treatment) up to
Degree 5 (there is a great need for treatment) (Table 1). This
index serves as basic guide for impartial judgement of the
malocclusion.”

2.2.2. Sleep bruxism
The sleep bruxism diagnosis was confirmed taking into
account the international classification of sleep disorders
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Table 1 - The dental health component of the index of orthodontic treatment need (IOTN).

Grade 5 (need treatment)

5-i Impeded eruption of teeth (except for third molars) due to crowding, displacement, the presence of
supernumerary teeth, retained deciduous teeth and any pathological cause.

5-h Extensive hypodontia with restorative implications (more than 1 tooth missing in any quadrant) requiring
pre-restorative orthodontics.

5-a Increased overjet greater than 9 mm.

5-m Reverse overjet greater than 3-5 mm with reported masticatory and speech difficulties.

5-p Defects of cleft lip and palate and other craniofacial anomalies.

5-s Submerged deciduous teeth.

Grade 4 (need treatment)

4-h Less extensive hypodontia requiring pre-restorative orthodontics or orthodontic space closure to obviate the
need for a prosthesis.

4-a Increased overjet greater than 6 mm, but less than or equal to 9 mm.

4-b Reverse overjet greater than 3-5 mm with no masticatory or speech difficulties.

4-m Reverse overjet greater than 1 mm but less than 3-5 mm with recorded masticatory speech difficulties.

4-c Anterior or posterior crossbites with greater than 2 mm discrepancy between retruded contact position and
intercuspal position.

4-1 Posterior lingual crossbite with no functional occlusal contact in one or both buccal segments.

4-d Severe contact point displacements greater than 4 mm.

4-e Extreme lateral or anterior open bites greater than 4 mm.

4-f Increased and complete overbite with gingival or palatal trauma.

4-t Partially erupted teeth, tipped and impacted against adjacent teeth.

4-x Presence of supernumerary teeth.

Grade 3 (borderline need)

3-a Increased overjet greater than 3-5 mm, but less than or equal to 6 mm with incompetent lips.

3-b Reverse overjet greater than 1 mm, but less than or equal to 3-5 mm.

3-c Anterior or posterior crossbites with greater than 1 mm, but less than or equal to 2 mm discrepancy between
retruded contact position and intercuspal position.

3-d Contact point displacements greater than 2 mm, but less than or equal to 4 mm.

3-e Lateral or anterior open bite greater than 2 mm, but less than or equal to 4 mm.

3-f Deep overbite complete on gingival or palatal tissues, but no trauma.

Grade 2 (slight)

2-a Increased overjet greater than 3-5 mm, but less than or equal to 6 mm with competent lips.

2-b Reverse overjet greater than 0 mm but less than or equal to 1 mm.

2-c Anterior or posterior crossbite with less than or equal to 1 mm discrepancy between retruded contact
position and intercuspal position.

2-d Contact point displacements greater than 1 mm but less than or equal to 2 mm.

2-e Anterior or posterior open bite greater than 1 mm but less than or equal to 2 mm.

2-f Increased overbite greater than or equal to 3-5 mm without gingival contact.

2-g Pre- or post-normal occlusions with no other anomalies (includes up to half a unit discrepancy).

Grade 1 (none)

1 Extremely minor malocclusions including contact point displacements less than 1 mm.

criteria,”” which considers parental report of grinding sounds
(at least three times a week) and at least one of the following
characteristics: (1) presence of shiny and polish facets on
incisors and/or first permanent molars (based primarily on
palatal surface and incisal edges and working cusps, respec-
tively) observed in clinical examination using dental mirror
with LED light, taking into account the time of eruption and (2)
mandibular discomfort or pain when awakening.

The exclusion criteria were: pain of dental origin, prema-
ture tooth loss, anomalies of shape, number, structure and/or
changes that might compromise the mesiodistal dimensions,
tooth decay, trauma, soft tissue abnormalities, facial trauma,
neurological, psychiatric or sleep disorders (e.g., epilepsy and
obstructive apnoea syndrome), use of dental prostheses,
history or presence of orthodontic treatment and uncoopera-
tive behaviour. Participants who did not collect saliva or
submitted insufficient/contaminated samples were also ex-
cluded.

2.3. Orofacial dysfunctions

Orofacial dysfunctions were evaluated using the NOT-S
protocol, which was developed by a working group formed
at the Second Nordic Conference on Orofacial Therapy in
Gothenburgin 2002 and was translated and culturally adapted
to Brazilian Portuguese by Leme et al.>*?* (the form in English
and in other languages, including Brazilian Portuguese, can be
downloaded free of charge from www.mun-h-center.se). This
protocol consists of a structured interview and a clinical
examination, each part with six domains. In the interview, the
following functions are assessed: (I) sensory function, (II)
breathing, (III) habits, (IV) chewing and swallowing, (V)
drooling, and (VI) dryness of the mouth. In the examination,
the following functions are assessed: (1) face at rest, (2) nose
breathing, (3) facial expression, (4) masticatory muscle and
jaw function, (5) oral motor function, and (6) speech. Each
domain contains one to five items, reflecting the complexity of
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the specific function. NOT-S was applied individually by the
same trained researcher (J]NA), in a vacant classroom, with the
child seated in an upright position. The NOT-S interview was
held by asking the questions in the screening form. To assess
orofacial dysfunction in the clinical examination, the subjects
were requested to carry out tasks for each item in conjunction
with the illustrated manual. Each item has criteria for the
respective function. An answer of YES or a task that met the
criteria for impaired function resulted in a score of 1,
indicating a dysfunction in the scored domain. An answer
of NO or a task that did not meet the criteria resulted in a score
of 0 (zero). The total score was the sum of the scores for each
domain and ranged from 0 to 12.>° The higher the score the
worse the orofacial dysfunction.

2.4.  Salivary cortisol and alpha-amylase

Stimulated saliva samples were collected at home after the
subjects and their parents were given written oral instructions
for the collection procedure. Participants were instructed not
to eat or drink or brush their teeth in the % hour before
sampling. They were also asked not to perform physical
exercises or caffeinated beverages in the day before sample
collection. The participants received six coded plastic tubes
containing cotton rolls (Salivettes, Sarstedt, Numbrecht,
Germany). The saliva samples were collected during two
days, on a weekday and on weekend, and in three different
moments, immediately after awakening, 30 min after waking
(fasting) and at bedtime. The samples were stored into a
refrigerator and, in the next day, they were kept on ice and
transported to the laboratory, where they were centrifuged at
3000 rpm for 15 min and stored at —80 °C for analysis. To
minimize variation, all samples from the same subject were
assayed in the same batch (in duplicate) and were measured
by the same researcher (TSB).

Salivary cortisol was assayed in 25 pl samples of whole
saliva using a highly sensitive commercial enzyme immuno-
assay kit (product no. 1-3002; Salimetrics, State College, PA,
USA) in a microtiter plate and read at 450 nm (EON, Biotek
Instruments, Inc., Winooski, VT, USA) according to the
manufacturer’s directions. Following Granger et al.,”® 8ul
samples of diluted saliva (1:200) were assayed for salivary
alpha-amylase activity using a commercially available kinetic
reaction kit (product no. 1-1902; Salimetrics, State College, PA,
USA) in a microtiter plate and read at 405 nm (37 °C) (EON,
Biotek Instruments, Inc., Winooski, VT, USA) according to the
manufacturer’s directions.

Salivary cortisol (ng/dl) and alpha-amylase (U/ml) were
expressed as ‘“‘awakening response” (AR), calculated as the
difference between levels immediately after awakening and
30 min after waking, and “diurnal decline” (DD), calculated as
the difference between levels at 30 min after waking and at
bedtime.

2.5. Measurement errors

For assessment of method error, the Kappa («) values (dental
facets) and intraclass correlation coefficients (ICC) (IOTN-DHC
and NOT-S scores) were calculated from the data of subjects
notincluded in the studied sample, on two separate occasions

with an interval of 14 days between them (BioEstat 5.0;
Mamiraud, Belém, PA, Brazil).

The assessment of method error showed an acceptable
concordance (« = 0.58, n = 10) for dental facets”” and excellent
to perfect agreement for IOTN-DHC (ICC = 0.93, n = 12), NOT-S
total (ICC =0.82, n=15), interview (ICC =0.85) and examina-
tion (ICC = 0.90) scores.?®

2.6. Statistics

Statistical analysis was performed using SPSS 18.0 (SPSS Inc.,
Chicago, EUA) and BioEstat 5.0 (Mamiraud, Belém, PA, Brazil)
with a 5% significance level. Data normality was assessed using
Kolmogorov-Smirnov or Shapiro-Wilk test (where appropri-
ate). The proportions of subjects divided by groups according to
gender, IOTN-DHC scores, presence/absence of sleep bruxism,
severity of asthma and presence/absence of allergic rhinitis
were evaluated using Chi-square test. Differences in NOT-S
total, interview and examination scores between asthma and
control groups were evaluated by means of Mann-Whitney
test. Differences in salivary cortisol/alpha-amylase AR/DD
values on weekday/weekend between groups were evaluated
using unpaired t or Mann-Whitney tests. Paired t or Wilcoxon
tests were used to compare salivary cortisol/alpha-amylase
AR/DD on weekday and weekend for each group.

3. Results

Table 2 shows the distribution of the evaluated sample in
accordance with gender, IOTN scores, sleep bruxism, severity
of asthma and allergic rhinitis. Sleep bruxism was more
prevalent in children with asthma than controls (47.2% vs.
27.3%, p < 0.05). More than half of the asthmatic children had
intermittent severity (50.9%), followed by mild (28.3%),
moderate (17.0%) and severe persistent (3.8%) (p < 0.001).
There were no significant differences in gender, IOTN-DHC
scores and allergic rhinitis between groups.

Table 3 shows the values of NOT-S total, interview and
examination scores according to groups. The asthma group
showed higher scores of NOT-S total and interview than
control group (p < 0.05). There were no significant differences
in NOT-S examination scores between groups.

Distribution of NOT-S domains according to groups is
shown in Table 4. Symptoms of oral dysfunctions related to (I)
sensory function and (IV) chewing and swallowing were more
frequent in asthmatic children than controls (p < 0.05).

Table 5 shows the values of salivary cortisol (ng/dl) and
alpha-amylase (U/ml) according to groups. Salivary cortisol AR
on weekend was significantly higher for asthma group than
controls (p < 0.05). In control group, salivary cortisol DD was
significantly higher on weekday than weekend (p < 0.05).
There were no significant differences in alpha-amylase values
in and between groups.

4, Discussion

Sleep bruxism was more frequent in children with asthma
than controls (47.2% vs. 27.3%, p < 0.05). This is preliminary
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Table 2 - Distribution [n (%)] of gender, IOTN scores, sleep Table 4 - Distribution of NOT-S domains according to

bruxism, severity of asthma and allergic rhinitis ac- groups.
cording to groups. NOT-S domains Groups (%)
Characteristics Asthma Control p-Value' c
group group Asthma Control p-Value
(n — 53) (Yl - 55) (n = 53) (n = 55)
Gender Interview '
Male 29 (54.7) 21 (38.2) 0.085 (1) Sensory function 35.8 14.5 0.011
Femeile 24 (45.3) 34 (61.8) (IT) Brea‘Fhmg 18.9 20.0 0.882
(I1I) Habits 62.3 49.1 0.168
IOTN-DHC scores (IV) Chewing and swallowing 84.9 65.5 0.020
1 13 (24.5) 11 (20.0) 0.923 (V) Drooling 17.0 21.8 0.525
2 12 (22.6) 13 (23.6) (V1) Dryness of the mouth 39.6 34.5 0.585
3 15 (28.3) 15 (27.3) o
4 13 (24.5) 16 (29.1) Examination
(1) Face at rest 18.9 18.2 0.927
Sleep bruxism (2) Nose breathing 9.4 1.8 0.084
Yes 25 (47.2) 15 (27.3) 0.032 (3) Facial expression 39.6 38.2 0.878
No 28 (52.8) 40 (72.7) (4) Masticatory muscle 9.4 3.6 0.221
Asthma severity and jaw function .
Intermittent 27 (50.9) _ 0.000 (5) Oral motor function 1.9 0.0 0.306
Mild persistent 15 (28.3) = &) Spzeh S 20 w7y
Moderate persistent 9 (17.0) - NOT-S: nordic orofacial test-screening.
Severe persistent 2 (3.8) - Bold value indicates: (I) Sensory function p < 0.05, (IV) Chewing
Allergic rhinitis *and .swallowmg p < 0.05.
Chi-square test.
Yes 31 (58.5) = 0.399
No 22 (41.5) -

SD: standard deviation; IOTN-DHC: index of orthodontic treatment
need - dental health component.

Bold value indicates: Sleep bruxism p < 0.05, Asthma severity
p < 0.001.

" Chi-square test.

co-existing association between asthma and sleep-disordered
breathing in the evaluated sample.

Asthma can be classified as intermittent, mild persistent,
moderate persistent or severe persistent. In the present study,
the majority of children had intermittent asthma (50.9%),

evidence that suggests an association between these phe-
nomena. Recent publications have suggested that sleep
bruxism may occur concomitantly or secondary to sleep-
disordered breathing,”*>' and the latter with asthma in
children.® The association between asthma and sleep-
disordered breathing seems to be evident from a physiological
point of view. In the present study, parental report of sleep
disorders (such as obstructive apnoea syndrome) was an
exclusion criteria. On the other hand, 18.9% of the evaluated
children with asthma reported snoring when sleep, a common
symptom of obstructive apnoea syndrome,*
viewed using NOT-S (domain II - breathing). As the current
reference standard for diagnosing of sleep-disordered breath-
ingis polysomnography,®*’ it is not possible to postulate of a

when inter-

Table 3 - Mean (SD) scores of NOT-S total, interview and

examination according to groups.

NOT-S score Asthma Control p-Value'
group group
(n=53) (n="55)
Total [0-12] 3.3 (1.5) 2.7 (1.6) 0.018
Interview [0-6] 2.6 (1.3) 2.1 (1.3) 0.021
Examination [0-6] 0.8 (0.9) 0.7 (0.8) 0.444

SD: standard deviation; IQR: interquartile range; NOT-S: nordic
orofacial test-screening.

[] range of possible scores.

Bold value indicates: Total p < 0.05, Interview p < 0.05.

" Mann-Whitney test.

Table 5 — Mean (SD) of salivary cortisol (ng/dl) and alpha-

amylase (U/ml) levels according to groups.

Asthma Control p-Value'
group group
(n=53) (n=55)
Cortisol AR® 0.02 (0.35) 0.00 (0.34) 0.810
Cortisol AR® 0.03 (0.16) ~0.03 (0.27) 0.016
p-Value =0.664 p-Value =0.210
Cortisol DD*  0.25 (0.24) 0.32 (0.22) 0.112
Cortisol DD 0.21 (0.19) 0.21 (0.30) 0.943
p-Value =0.319 p-Value =0.043
Alpha-amylase —7.57 (50.46) —64.32 (333.00) 0.092
AR*®
Alpha-amylase  2.47 (40.09) —19.35 (120.92) 0.149
AR®
p-Value =0.214 p-Value =0.421
Alpha-amylase ~31.28 (91.75)  —20.85 (91.91) 0.982
DD*
Alpha-amylase —25.19 (74.79)  —30.89 (96.08) 0.732

DDP

p-Value = 0.807

p-Value =0.523

IQR: interquartile range; AR: awakening response; DD: diurnal

decline.

Bold value indicates: Cortisol AR p < 0.05, Cortisol DD p < 0.05.

& Weekday.
b Weekend.

" Differences between groups (unpaired t/Mann-Whitney test).
" Differences between AR/DD on weekday and weekend for each
group (paired t/Wilcoxon test).
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followed by mild persistent (28.3%), moderate persistent (17%)
and severe persistent (3.8%). It is estimated that 60% of cases
are intermittent or mild persistent, moderate are 25-30%, and
5-10% of them are severe.? More than half of the asthmatic
children also had allergic rhinitis (58.5%), corroborating the
guidelines of allergic rhinitis and its impact on asthma
(ARIA).*® From studies in several countries, the Project ARIA
has consistently shown that asthma and rhinitis often coexist
within the same patient. There is evidence that the upper and
lower airways are affected by a common inflammatory
process that can be maintained and amplified by intercon-
nected mechanisms. Consequently, these children usually
exhibit increased nasal resistance and may constitute a risk
group for changes in dentofacial growth and develop-
ment.>*** In Kumar and Nandlal’® study, children diagnosed
as having asthma and allergic rhinitis had a significantly
deeper palate and there was a tendency to a more accentuated
increase of palate depth between the stages of primary and
mixed dentition. The lack of difference in IOTN-DHC scores
between groups may be related to the limited in ability of the
index to assess each type of malocclusion, as it is an objective
measure designed to measure the severity of malocclusion.

Asthmatic children had higher NOT-S total and interview
scores than controls, suggesting more symptoms of orofacial
dysfunctions in the former, especially related to (I) sensory
function (35.8% vs. 14.5%) and (IV) chewing and swallowing
(84.9% vs. 65.5%). In relation to (I) sensory function domain,
32.1% of asthmatic children reported decreased sensitivity,
i.e., difficulty chewing because of putting too much food in
mouth, while 5.7% reported gag reflex when tooth brushing
(increased sensitivity). A recent literature review showed that
high dosage and long duration of inhalation therapy has been
closely link with several adverse effects on the oral health.*!
One of these effects is dry mouth or xerostomia observed with
use of beta-2 agonists,*? anticholinergic inhalers* and inhaled
corticosteroids.** Xerostomia produces taste changes second-
ary to incomplete food solubilization and by diminished
transport of tastant molecules to taste buds.**™* The beta-2
agonists, frequently used by the evaluated sample, can also
cause relaxation of smooth muscles such as the lower
esophageal sphincter leading to gastro-esophageal reflux
symptoms, such as of indigestion, vomiting and heartburn.*®
Nausea has also been significantly reported in individuals on
inhaled corticosteroid therapy.*’

In relation to (IV) chewing and swallowing domain, the
most frequent report was difficulty to eat foods with certain
consistencies (36.7%), followed by taking 30 min or more to eat
a main meal (35.8%), having cough during meals (20.8%) and
swallowing large bites without chewing (17%). Analyzing the
results of the speech-language pathology evaluation, Castro
et al.’® observed worse results of mastication, characterized by
unilateral chewing and increased/decreased speed of masti-
cation, for children with asthma when compared to healthy
children. These authors also found alterations on swallowing
solid food and liquids, characterized by anterior projection of
the tongue, stasis in the oral cavity after swallowing and
exaggerated contraction of the mentalis muscle in order to
compensate for the hypotonicity of the lower lip.

As expected, salivary alpha-amylase and cortisol were found
to have opposite daily patterns, reflecting the distinctiveness of

the two parameters being indicators of sympathetic activity
versus HPA axis, respectively. In other words, the trajectory of
salivary alpha-amylase activity over the course of a day was
opposite of that observed for cortisol, with lowest levels 30 min
after awakening and increasing levels over the day. Interesting-
ly, only salivary cortisol but not alpha-amylase trajectories
differed between children with asthma and healthy children.
Although salivary alpha-amylase levels do not differ, compared
to healthy children, asthmatic children showed lower salivary
alpha-amylase levels throughout the day, corroborating the
hypothesis found by Wolf et al.® that increasing sympathetic
activity may serve a protective function in asthma. With respect
to cortisol, the present findings reinforce the evidence linking
altered cortisol levels and atopic diseases.”" Additionally, there
were differences in salivary cortisol levels on weekday and
weekend among healthy children. Each of these findings will be
discussed in more detail below.

In the present study, asthmatic children had higher values
than controls on weekend, indicating hyperresponsiveness of
the HPA axis. Based on this, it is reasonable to suggest that
psychosocial stress experienced during weekday remains
activated during weekend for asthmatic children. Psychoso-
cial stress can trigger asthma exacerbations®® and it is
suggested that psychosocial stress is also involved in asthma
development.”*>® Regarding to control group, higher salivary
cortisol DD was observed on weekday than weekend.
According to Cunningham-Bussel et al.>® study, a greater
daily cortisol amplitude is associated with less responsiveness
of limbic regions (hippocampus and amygdala) associated
with both stress and fear response. Previous studies have
found higher salivary cortisol concentrations in weekday than
weekend in adult population due to work stress.”’~>° In other
words, the somewhat paradoxal finding that healthy subjects
had higher salivary cortisol DD on weekday than weekend
might be caused by chronic stress, and it is possible that the
greater duration and accumulation of stressor exposure (e.g.,
difficulties due to low socieconomic level and familiar
problems) is physiologically important.®® Consistent with this
explanation, Wolf et al.’® found a flatter cortisol profile under
conditions of chronic stress, higher home life stress and
parents having less years of education, in healthy children.

This study has some limitations. To assess sleep bruxism
events with higher specificity, and consequently better
understand its association with asthma, further studies using
polysonographic records are recommended, despite of its high
cost and its difficulty in using in young children. Studies are
needed which include other measures of autonomic nervous
system activity to test the hypothesis of salivary alpha-
amylase indicating sympathetic counter-regulation. Finally,
including a questionnaire of stress symptoms and impacts on
quality of life would allow researchers to test the predictive
value of physiological findings.

5. Conclusions

Asthmatic children presented more signs and symptoms of
sleep bruxism, negative perception of sensory, chewing and
swallowing functions, and higher concentrations of salivary
cortisol on weekend.



704

ARCHIVES OF ORAL BIOLOGY 60 (2015) 698-705

Funding

The authors gratefully acknowledge the financial support
from the State of Sdo Paulo Research Foundation (FAPESP, SP,

Brazil, no. 2011/16147-5).

Competing interests

The authors have no conflict of interests.

Ethical approval

This study was approved by the Ethics Committee of the

Piracicaba Dental School (protocol no. 010/2011).

Acknowledgement

The authors gratefully acknowledge the volunteers and their

parents for participating in this research.

REFERENCES

10.

11.

12.

. GINA. Global strategy for the diagnosis and management of

asthma in children 5 years and younger. 2009. Available at:
http://ginasthma.org/.

. Wandalsen NF, Gonzalez C, Wandalsen GF, Solé D.

Avaliacdo de critérios para o diagnéstico de asma através de
um questiondrio epidemiolégico. J Bras Pneumol 2009;35(3):
199-205.

. IV. Diretrizes Brasileiras para o Manejo da Asma. ] Bras

Pneumol 2006;32(Suppl. 7):5447-74.

. Steinbacher DM, Glick M. The dental patient with asthma.

An update and oral health considerations. ] Am Dent Assoc
2001;132(September (9)):1229-39.

. Kumar SS, Nandlal B. Effects of asthma and inhalation

corticosteroids on the dental arch morphology in children. J
Indian Soc Pedod Prev Dent 2012;30(July—September (3)):242-9.

. Marin TJ, Chen E, Munch JA, Miller GE. Double-exposure to

acute stress and chronic family stress is associated with
immune changes in children with asthma. Psychosom Med
2009;71(May (4)):378-84.

. Sandberg S, Paton JY, Ahola S, McCann DC, McGuinness D,

Hillary CR, et al. The role of acute and chronic stress in
asthma attacks in children. Lancet 2000;356(September
(9234)):982-7.

. Kirschbaum C, Hellhammer DH. Salivary cortisol in

psychoneuroendocrine research: recent developments and
applications. Psychoneuroendocrinology 1994;19(4):313-33.

. Ehlert U, Erni K, Hebisch G, Nater U. Salivary alpha-amylase

levels after yohimbine challenge in healthy men. J Clin
Endocrinol Metab 2006;91(December (12)):5130-3.

Wolf JM, Nicholls E, Chen E. Chronic stress, salivary cortisol,
and alpha-amylase in children with asthma and healthy
children. Biol Psychol 2008;78(April (1)):20-8.

Kirkwood BR, Stern J. Essentials of medical statistics. London:
Blackwell; 2003.

Sporik R, Holgate ST, Platts-Mills TA, Cogswell JJ. Exposure
to house-dust mite allergen (Der p I) and the development of

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

asthma in childhood. A prospective study. N Engl ] Med
1990;323(August (8)):502-7.

Taskinen T, Hyvérinen A, Meklin T, Husman T, Nevalainen
A, Korppi M. Asthma and respiratory infections in school
children with special reference to moisture and mold
problems in the school. Acta Paediatr 1999;88(December
(12)):1373-9.

Chatkin M, Menezes AM, Albernaz E, Victora CG, Barros FC.
Fatores de risco para consultas em pronto-socorro por
criangas asmaticas no Sul do Brasil. Rev Saude Publica
2000;34(October (5)):491-8.

Reus KE, Houben GF, Stam M, Dubois AE. Food additives as a
cause of medical symptoms: relationship shown between
sulfites and asthma and anaphylaxis; results of a literature
review. Ned Tijdschr Geneeskd 2000;144(September (38)):
1836-9.

Arruda LK, Vailes LD, Ferriani VP, Santos AB, Pomés A,
Chapman MD. Cockroach allergens and asthma. J Allergy
Clin Immunol 2001;107 (March (3)):419-28.

Hashimoto M, Fukuda T, Shimizu T, Watanabe S, Watanuki
S, Eto Y, et al. Influence of climate factors on emergency
visits for childhood asthma attack. Pediatr Int
2004;46(February (1)):48-52.

Machado RMD, Toledo MCF, Vicente E. Sulfitos em
alimentos. Braz ] Food Technol 2006;9(4):265-75.

Heijsman SM, de Vries TW, Wolthuis A, Kamps AW. Salivary
cortisol levels in prepubertal children using inhaled
corticosteroids with or without concurrent intranasal
corticosteroids. Pediatr Pulmonol 2011;46(November
(11)):1055-61.

Uclincii N, Ertugay E. The use of the index of orthodontic
treatment need (IOTN) in a school population and referred
population. J Orthod 2001;28(March (1)):45-52.

Dias PF, Gleiser R. Orthodontic treatment need in a group of
9-12-year-old Brazilian schoolchildren. Braz Oral Res
2009;23(April-June (2)):182-9.

International classification of sleep disorders: diagnostic and
coding manual. 2nd ed. Westchester, IL: American Academy
of Sleep Medicine; 2005.

Leme MS, Barbosa TS, Gavido MBD. Assessment of orofacial
functions in Brazilian children using the nordic orofacial
test-screening (NOT-S). Rev Odonto Cienc 2012;27(2):108-14.
Leme MS, Barbosa TS, Gavido MBD. Versédo Brasileira do The
Nordic Orofacial Test — Screening (NOT-S) para Avaliacdo de
Disfungdes Orofaciais. Pesq Bras Odontoped Clin Integr
2011;11(2):281-9.

Bakke M, Bergendal B, McAllister A, Sjégreen L, Asten P.
Development and evaluation of a comprehensive screening
for orofacial dysfunction. Swed Dent ] 2007;31(2):75-84.
Granger DA, Kivlighan KT, Blair C, El-Sheikh M, Mize ],
Lisonbee JA, et al. Integrating the measurement of salivary
alpha-amylase into studies of child health, development,
and social relationships. J Soc Pers Relat 2006;23(2):267-90.
Landis JR, Koch GG. The measurement of observer
agreement for categorical data. Biometrics 1977;33(March
(1)):159-74.

Kramer MS, Feinstein AR. Clinical biostatistics. LIV. The
biostatistics of concordance. Clin Pharmacol Ther
1981;29(January (1)):111-23.

Lavigne G, Manzini C, Huynh NT. Sleep bruxism. In: Kryger
MH, Roth T, Dement WC, editors. Principles and practice of
sleep medicine. S5th ed. Elsevier Saunders: St. Louis; 2011. p.
1129-39.

Carra MC, Bruni O, Huynh N. Topical review: sleep bruxism,
headaches, and sleep-disordered breathing in children and
adolescents. J Orofac Pain 2012;26(Fall (4)):267-76.

Carra MC, Huynh N, Lavigne G. Sleep bruxism: a
comprehensive overview for the dental clinician interested


http://ginasthma.org/
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0310
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0310
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0310
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0310
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0315
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0315
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0320
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0320
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0320
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0325
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0325
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0325
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0330
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0330
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0330
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0330
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0335
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0335
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0335
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0335
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0340
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0340
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0340
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0345
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0345
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0345
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0350
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0350
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0350
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0355
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0355
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0355
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0360
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0360
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0360
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0360
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0365
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0365
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0365
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0365
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0365
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0370
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0370
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0370
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0370
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0375
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0375
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0375
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0375
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0375
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0380
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0380
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0380
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0385
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0385
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0385
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0385
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0390
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0390
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0395
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0395
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0395
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0395
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0395
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0400
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0400
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0400
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0405
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0405
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0405
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0410
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0410
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0410
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0410
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0415
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0415
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0415
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0420
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0420
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0420
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0420
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0425
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0425
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0425
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0430
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0430
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0430
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0430
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0435
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0435
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0435
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0440
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0440
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0440
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0445
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0445
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0445
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0445
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0445
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0450
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0450
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0450
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0455
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0455

ARCHIVES OF ORAL BIOLOGY 60 (2015) 698-705

705

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

45.

46.

47.

in sleep medicine. Dent Clin North Am 2012;56(April (2)):
387-413.

Brockmann PE, Bertrand P, Castro-Rodriguez JA. Influence of
asthma on sleep disordered breathing in children: a
systematic review. Sleep Med Rev )2014;(February).
Sakellaropoulou AV, Hatzistilianou MN, Emporiadou MN,
Aivazis VT, Goudakos ], Markou K, et al. Association
between primary nocturnal enuresis and habitual snoring
in children with obstructive sleep apnoea-hypopnoea
syndrome. Arch Med Sci 2012;8(July (3)):521-7.

Sulit LG, Storfer-Isser A, Rosen CL, Kirchner HL, Redline S.
Associations of obesity, sleep-disordered breathing, and
wheezing in children. Am ] Respir Crit Care Med
2005;171(March (6)):659-64.

Ramagopal M, Scharf SM, Roberts DW, Blaisdell CJ.
Obstructive sleep apnea and history of asthma in snoring
children. Sleep Breath 2008;12(November (4)):381-92.

Saito M, Yamaguchi T, Mikami S, Watanabe K, Gotouda A,
Okada K, et al. Temporal association between sleep apnea—
hypopnea and sleep bruxism events. J Sleep Res
)2013;(November).

Hosoya H, Kitaura H, Hashimoto T, Ito M, Kinbara M,
Deguchi T, et al. Relationship between sleep bruxism and
sleep respiratory events in patients with obstructive sleep
apnea syndrome. Sleep Breath )2014;(February).

Allergic rhinitis and its impact on asthma. 2010. Available at:
http://www.whiar.org/ [cited 2014 March 12].

Preston CB, Lampasso JD, Tobias PV. Cephalometric
evaluation and measurement of the upper airway. Semin
Orthod 2004;10(March (1)):3-15.

Sacre Hazouri JA. Rinitis alérgica. Enfermedades
coexistentes y complicaciones. Revisién y analisis. Rev Alerg
Mex 2006;53(January-February (1)):9-29.

Godara N, Godara R, Khullar M. Impact of inhalation therapy
on oral health. Lung India 2011;28(October (4)):272-5.
Ryberg M, Méller C, Ericson T. Effect of beta 2-adrenoceptor
agonists on saliva proteins and dental caries in asthmatic
children. J Dent Res 1987;66(August (8)):1404-6.

Casaburi R, Mahler DA, Jones PW, Wanner A, San PG,
ZuWallack RL, et al. A long-term evaluation of once-daily
inhaled tiotropium in chronic obstructive pulmonary
disease. Eur Respir ] 2002;19(February (2)):217-24.

. Torres SR, Peixoto CB, Caldas DM, Silva EB, Akiti T, Nucci M,

et al. Relationship between salivary flow rates and Candida
counts in subjects with xerostomia. Oral Surg Oral Med Oral
Pathol Oral Radiol Endod 2002;93(February (2)):149-54.
Ciancio SG. Medications’ impact on oral health. ] Am Dent
Assoc 2004;135(October (10)):1440-8.

Scully C, Bagan JV. Adverse drug reactions in the orofacial
region. Crit Rev Oral Biol Med 2004;15(July (4)):221-39.
Klasser GD, Utsman R, Epstein JB. Taste change associated
with a dental procedure: case report and review of the
literature. Tex Dent ] 2008;125(August (8)):678-87.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

Al-Dlaigan YH, Shaw L, Smith AJ. Is there a relationship
between asthma and dental erosion? A case—control study.
Int ] Paediatr Dent 2002;12(May (3)):189-200.

Gordon AC, McDonald CF, Thomson SA, Frame MH, Pottage
A, Crompton GK. Dose of inhaled budesonide required to
produce clinical suppression of plasma cortisol. Eur J Respir
Dis 1987;71(July (1)):10-4.

Castro MS, Toro AA, Sakano E, Ribeiro JD. Evaluation of oral
functions of the stomatognathic system according to the
levels of asthma severity. J Soc Bras Fonoaudiol
2012;24(2):119-24.

Buske-Kirschbaum A, von Auer K, Krieger S, Weis S, Rauh
W, Hellhammer D. Blunted cortisol responses to
psychosocial stress in asthmatic children: a general feature
of atopic disease? Psychosom Med 2003;65(September—
October (5)):806-10.

Chida Y, Hamer M, Steptoe A. A bidirectional relationship
between psychosocial factors and atopic disorders: a
systematic review and meta-analysis. Psychosom Med
2008;70(January (1)):102-16.

Kilpeldinen M, Koskenvuo M, Helenius H, Terho EO.
Stressful life events promote the manifestation of asthma
and atopic diseases. Clin Exp Allergy 2002;32(February
(2)):256-63.

Kozyrskyj AL, Mai XM, McGrath P, Hayglass KT, Becker AB,
Macneil B. Continued exposure to maternal distress in early
life is associated with an increased risk of childhood
asthma. Am ] Respir Crit Care Med 2008;177 (January (2)):
142-7.

Cookson H, Granell R, Joinson C, Ben-Shlomo Y, Henderson
AJ. Mothers’ anxiety during pregnancy is associated with
asthma in their children. J Allergy Clin Immunol
2009;123(April (4)):847-53.

Cunningham-Bussel AC, Root JC, Butler T, Tuescher O,
Pan H, Epstein ], et al. Diurnal cortisol amplitude

and fronto-limbic activity in response to stressful
stimuli. Psychoneuroendocrinology 2009;34(June (5)):
694-704.

Schlotz W, Hellhammer J, Schulz P, Stone AA. Perceived
work overload and chronic worrying predict weekend-
weekday differences in the cortisol awakening response.
Psychosom Med 2004;66(March—-April (2)):207-14.

Thorn L, Hucklebridge F, Evans P, Clow A. Suspected non-
adherence and weekend versus week day differences in the
awakening cortisol response. Psychoneuroendocrinology
2006;31(September (8)):1009-18.

Dahlgren A, Kecklund G, Theorell T, Akerstedt T. Day-to-day
variation in saliva cortisol-relation with sleep, stress

and self-rated health. Biol Psychol 2009;82(October (2)):
149-55.

Fries E, Hesse J, Hellhammer J, Hellhammer DH. A new view
on hypocortisolism. Psychoneuroendocrinology
2005;30(November (10)):1010-6.


http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0455
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0455
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0460
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0460
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0460
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0465
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0465
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0465
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0465
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0465
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0470
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0470
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0470
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0470
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0475
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0475
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0475
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0480
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0480
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0480
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0480
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0485
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0485
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0485
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0485
http://www.whiar.org/
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0495
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0495
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0495
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0500
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0500
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0500
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0505
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0505
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0510
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0510
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0510
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0515
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0515
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0515
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0515
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0520
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0520
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0520
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0520
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0525
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0525
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0530
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0530
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0535
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0535
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0535
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0540
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0540
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0540
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0545
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0545
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0545
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0545
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0550
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0550
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0550
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0550
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0555
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0555
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0555
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0555
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0555
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0560
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0560
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0560
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0560
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0565
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0565
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0565
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0565
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0570
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0570
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0570
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0570
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0570
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0575
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0575
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0575
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0575
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0580
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0580
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0580
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0580
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0580
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0585
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0585
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0585
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0585
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0590
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0590
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0590
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0590
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0595
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0595
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0595
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0595
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0600
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0600
http://refhub.elsevier.com/S0003-9969(15)00038-2/sbref0600

	Assessment of sleep bruxism, orthodontic treatment need, orofacial dysfunctions and salivary biomarkers in asthmatic children
	1 Introduction
	2 Materials and methods
	2.1 Participants
	2.2 Anamnesis and clinical examination
	2.2.1 Orthodontic treatment need
	2.2.2 Sleep bruxism

	2.3 Orofacial dysfunctions
	2.4 Salivary cortisol and alpha-amylase
	2.5 Measurement errors
	2.6 Statistics

	3 Results
	4 Discussion
	5 Conclusions
	Funding
	Competing interests
	Ethical approval
	Acknowledgement
	References


