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Abstract

Objective: Assess the effects of surface Neuromuscular-Electrical
Stimulation (sNMES), Masticatory-Device with Hyperboloid (MDHB),
and mandibular-advancement-intraoral-appliance (OAm) on salivary
parameters in patients with Down Syndrome and Obstructive Sleep
Apnea (DS-0OSA).

Design: Among 23 adults patients with DS-OSA, 18 patients un-
derwent the three therapies for 60 days who were divided into three
groups: SNME (n=7), MDHB (n=4), and OAm (n=7). Before and after the
therapies, saliva tests were done, including Salivary Flow Rate (SFR),
pH value (pH), buffering capacity (TC), morning (mSC) and night (nSC)
salivary cortisol, and identification of Pseudomonas aeruginosa (Pa)
species.

Results: Although the SFR had reduced values, the saliva produc-
tion was increased after the therapies. The statistical difference was
only found in OAm (p<0.022). There was statistical difference in SNME
(p<0,034). Although no statistical difference was found in TC, the nor-
mality values were reached in 29% to OAm and MDHB and in 14% to
sNME. nCS levels was only statistically increased in sSNME (p<0,036)
and between the sSNME and OAm (p<0.0058) therapies, without affect-
ing their normality values. No Pa species were found.

Conclusion: OAm and DMHB mitigated the salivary reduction in pa-
tients with DS-OSA; however, SNME improved the saliva quality. Sus-
ceptibility to stress disorders was identified in the OAm in night period.
No risk for aspiration pneumonia, before the therapies, and no con-
genital anomalies of major salivary glands were detected.

Keywords: Down syndrome; Obstructive sleep apnea; Saliva; Elec-
tric stimulation therapy; Activator appliances.

Abbreviations: sSNME: Surface Neuromuscular Electrical Stimula-
tion; MDHB: Masticatory Device With Hyperboloid; OAm: Mandibular
Advancement Oral Appliance; SFR: Salivary Flow Rate; BC: Buffering
Capacity; mSC: Morning Salivary Cortisol; nSC: Night Salivary Cortisol
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Introduction

Down Syndrome (DS) is caused by an extra copy of chromo-
some 21 (Trisomy for human chromosome 21), Hsa21, and its
main phenotypic aspects are intellectual disability in varying
degrees, short stature, generalized muscular hypotonia, cranio-
facial dysmorphia, heart congenital, mainly septal defects, and
immune system deficit [1,2]. Other comorbidities may be as-
sociated with this condition, such as: Gastrointestinal and uro-
genital problems (cryptorchidism and hypospadias), as well as
decreased audio-sensory function, respiratory disorders includ-
ing Obstructive Sleep Apnea (OSA), thyroid dysfunction, leuke-
mia, neuropathy [3,4]. Some alterations of the stomatognathic
system are associated with DS, including periodontal diseases
(60 to 100% of cases), fissures on the surface of the lips asso-
ciated with mouth breathing, bruxism, dental anomalies, mal-
occlusion, temporomandibular dysfunction, labial commissure
with descending angle, eversion of the lower lip and, in particu-
lar, dry mouth or xerostomia, craniofacial changes and relative
macroglossia [5,6]. Although not a recognized manifestation of
DS, agenesis, or hypoplasia of major salivary glands, particu-
larly highlighting the parotid and submandibular glands, can be
found [7,8]. This can result in expressive alterations in glandular
structures and physicochemical properties of salivary secretion
in these individuals. Studies describe that the parotid, subman-
dibular and sublingual glands produce serous, sero-mucosal and
mucosal saliva respectively [7,9]. It should be noted that serous
saliva is essential in taste and swallowing, as well as mucous
saliva acts as a lubricant, helping oral comfort [1,9]. The human
salivary glands are 18 morphologically developed in intrauter-
ine life, with the parotid glands from the 4™ to the 6" week,
the submandibular glands from the 6™ week and the sublingual
glands and minor glands from the 8™ to 12" week of embryonic
life [10]. Their growths continue to occur during childhood due
to the proliferation of parenchymal cells. In general, the matu-
ration process is slower in individuals with DS when compared
to individuals without the syndrome. Given the above, the aim
of this study was to evaluate the effects of neuromuscular elec-
trostimulation therapies and intraoral biomechanical devices
on the physicochemical and microbiological properties of saliva
in patients with DS and OSA. Furthermore, we investigated the
morphological aspects of the major salivary glands to diagnose
possible structural disorders in these individuals.

Material and methods

This clinical trial was registered in the World Health Orga-
nization Universal Trial (UTN; number U1111-1201-3155) and
Registro Brasileiro de Ensaios Clinicos (ReBEC; number RBR-
3qp5np). It was also approved by the Ethics Committees on
Human Research of the Institute of Science and Technology of
the S3o0 Paulo State University, IST-UNESP (CEPh/CAAE process
number 64 173 616.4.0000.0077). The follow, the informed
consent form was also signed by the legally responsible person,
after the volunteers’ approval.

Subjects

Initially, 23 adults with DS and OSA, of both the genders, with
age range from 19 to 40 years old, were invited to participate
in this study. Among them, 18 patients concluded the purpose
therapies, and they were divided into 3 therapeutics groups:

sNME (n=7; patients treated with surface neuromuscular elec-
trostimulation), MDHB (n=4; patients treated with masticatory
device with hyperboloid), and OAm (n=7, patients treated with
mandibular advancement oral appliance). The inclusion crite-
ria were satisfactory general and oral health, partial preserved
cognitive function to understand and to respond verbal com-
mands to perform the therapies. Also, the presence of positive
diagnosis of Obstructive Sleep Apnea (OSA), with Apnea/Hy-
popnea Index (AHI) >5.0/h The exclusion criteria were patients
with psychiatric disorders, tooth mobility, absence of posterior
teeth, use of continuous drugs that may alter the salivary flow;
in additional, patients underwent the speech therapy, the phys-
iotherapy, and orthodontic or functional orthopedic treatment,
at least 6 months prior to the beginning of this study.

Orofacial therapeutic stimulation

Surface Neuromuscular Electrostimulation (sNME): The
sNME equipment was Neurodyn Il (IBRAMED - Industria
Brasileira de Equipamentos Médicos EIRELI, Amparo, Sdo Paulo,
Brazil), with 4 channels, that allows the application of electric
currents, via electrodes, in direct contact with the patient’s face
for neuromuscular dysfunctions therapy. The following param-
eters were employed: pulse frequency of 50 Hz, pulse width of
300 ps, and on/off ratio of 10 seconds of stimulation and 30
seconds of rest for 20 minutes per session. The intensity of elec-
trical current was determined for each patient, according to the
movement amplitude of the temporal and masseter muscles
and her/his tolerance. The patients underwent the two weekly
20-minute sessions of sSNME of the masseter and temporalis
muscles for 8 weeks, a total of 16 sessions.

Masticatory Device with Hyperboloid (MDHB): A Mastica-
tory Device with Hyperboloid (MDHB) was used to strengthen,
to stimulate, and to modulate the masticatory muscles. This de-
vice consists of two hyperboloids (HB, active tip; Hiperboloide;
M.C. CHEIDA - ME, Séo Paulo, Brazil) and a support rod. This rod
is an assistive technology instrument of which was developed
for people with neuropsychomotor impairments, as peoples
with Down syndrome (UNESP Innovation Agency, Invention
Communication, code: 18Cl038). The HB was positioned be-
tween the occlusal surfaces of posterior teeth; then, the patient
slowly bit them for 3 seconds and released for 1 seconds. These
rhythmic movements were done for 5 minutes, six times per
day, in a period of 2 consecutive months. It is noteworthy that
the periods to perform the masticatory exercises were 10h-12h
AM, 14h-16h PM, and 18h-20h PM. After the masticatory exer-
cises, the patients or caregivers cleaned the MDHB with running
water, wiped it with paper towel, and then, stored it at room
temperature. To preserve this apparatus, some cares were rec-
ommended, such as: to avoid bite the support rod; to use no
abrasives, chemical products, or boiling water for cleaning; and
no remove the hyperboloid inserted in the steel wire. If there
was complain of pain, the patients and/or caregivers were in-
structed to interrupt this therapy (Figures 1a and 1b).

Mandibular Advancement Oral Appliance (OAm): To treat
Obstructive Sleep Apnea (OSA), a mandibular advancement
Oral Appliance (OAm) was used. It was done in according to the
studies of [11,12]. The OAm was only used during the sleep for
a continuous two-month period. The OAm titration was slowly
performed with increments of 0.5-1.0 mm, weekly or biweekly,
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respecting the patients’ physiologic limitations. Furthermore,
a thermosensitive microchip (Theramon Microsensor; Lianka
Comércio e Representagdes Ltda EPP, Sdo Paulo, Brazil) was at-
tached to the OAm to monitor the therapeutic adhesion’s pa-
tients (Figures 1c and 1d).

Protocol of study

To understand our methodology, a flowchart was done to
illustrate the study design, investigating the influences of oro-
facial therapeutic stimulation on saliva of patients with DS and
OSA (Figure 2).

Laboratorial analysis of salivary parameters

Initially, saliva was stimulated by using a HB (hyperboloid)
and then, the samples were collected into a sterile cup for 15
min, between 8 and 10 AM and 9 and 11 PM. The first saliva
sample was discarded to ensure the fidelity of subsequent mi-
crobiological analysis. Following this, salivary test was done
to assess the microbiological and physicochemical properties
of saliva, including salivary flow rate (SFR; mL/min), salivary
pH, buffer capacity (BC; pH value), and concentration levels of
morning (mSC, pg/dL) and night (nSC, pg/dL) salivary cortisol.
Furthermore, the identification of Pseudomonas aeruginosa
species was done to assess risk for occurrence of aspiration
pneumonia. The protocols of the salivary test and the reference
values are detailly described in the study [11-13]. It is important
to emphasize that the SC levels were analyzed in according with
the age and gender, using the reference values determined by
the Salimetrics’ manufacturer of the Expanded Range High Sen-
sitivity Salivary Cortisol Enzyme Immunoassay Kit.This laborato-
rial analysis was performed at the Center of Bioscience Applied
for Patients with Special Health Care Needs, known as CEBAPE
(https://www.ict.unesp.br/#!/sobre-o-ict/depto-ensino/bio-
ciencias-e-diagnostico-bucal/laboratorios/cebape). The results
were evaluated using the following statistical tests: Wilcoxon
signed-rank test, Kruskall-Wallis test, and Dunn’s multiple com-
parison test. The Wilcoxon signed-rank test showed the correla-
tion among the therapies and the exploratory variables of sali-
vary parameters; while the Kruskall-Wallis test associated with
the Dunn’s test were used to compare the three therapies with
the salivary parameters.

Ultrasonography of major salivary glands

The major salivary glands, including the parotid, sublingual
submandibular glands, in both sides, were examined thought
the Ultrasonography (USG) and its analysis was just descrip-
tive. The Doppler ultrasound exam was recommended when
the patients had any structural disorder of gland. The limita-
tions of this study are related to the pandemic outbreak of CO-
VID-19 that jeopardized the completion of some therapies. It
is important to highlight that this population is group risk for
opportunist infections due to the deficit of the immune system.
Therefore, this fact strongly interfered in the low number of the
subjects who could carry out the therapies and its analysis.

Results
Salivary parameters

The results of the saliva tests and their interpretation cri-
teria, before and after the therapies, are demonstrated in the
(Table 1). About the SFR, all patients had reduced salivary flow,
before and after the therapies. The hyposalivation, found in the
P6 P3 P4 and P2 was eliminated in the post-

sNME, X MDHB’ MDHB’ C)Am’ )
therapies; however, these patients remained the decrease sa-

liva production. The OAm therapy promoted a slight increase
in saliva production in 100% of the patients, followed by the
MDHB (75% of patients), and sNME (43% of patients). The pH
value showed no change in normality, before and after the ther-
apies with MDHB and OAm. In contrast, after the SNME therapy,
the high pH value of the P3_ _reached the normal value. Af-
ter the therapies, there was an increase of BC in the following
proportions of patients: 71% patients treated with SNME (5/7
patients), 50% of patients treated with MDHB (2/4 patients),
and 43% patients treated with OAm (3/7 patients). Moreover,
the BC values were changed from borderline to normal values
in the patients: P3_ ., P4 ., PL o P3 .0 P4ion @ndP5,
(6/18 patients). On the other hand, the P2sNME (1/18 patients)
had altered BC, ranging from normal to borderline values.

In post-therapies, the increased levels of mSC and nSC were
found in the following proportions of patients: 50% and 71% of
patients to OAm, 50% and 50% of patients to MDHB, and 43%
and 0% of patients to SNME, respectively. After the therapies,
the susceptibility to stress disorders was detected in the follow-
ing patients: P4 = and P2, (morning period) and P20Am,
P3,,.s and P4 (night period). It is important to highlight that
we identify mSC levels highly elevated in the P1_ ., before and
after the therapy. Regarding the identification of Pseudomonas
aeruginosa, no patient was positive before the three therapies.
Given this fact, it was presumed the irrelevance to repeat this
analysis after the three therapies, since our patients showed
good general and oral health during the development of this
study. Statistically, comparing the results of the saliva tests be-
fore and after the therapies, the Wilcoxon test revealed that
there was a statistically significant difference in the SFR to OAm
therapy (p=0.0225), pH value to sNME therapy (p=0.0346),
and nSC levels to NMES therapy (p=0.0360). These findings are
demonstrated in the (Table 2). Also, Kruskall-Wallis test and
Dunn’s multiple comparison test showed statistical significance
in the variations of the nCS levels between the therapies with
NMES, MDHB, and NMES (p=0.0223); however, when we com-
pare these three therapies, we can find a significant difference
(p=0.0058) between the therapies with SNME and OAm (Tables
3 and 4).

Ultrasonography of major salivary glands

Among the 23 patients, 12 patients underwent the Ultra-
Sound exam (USG) in the regions of major salivary glands, in-
cluding the parotid, sublingual, and submandibular glands, on
both sides. The areas adjacent to these structures were also
analyzed.

The images showed that the major salivary glands were pres-
ent in all patients. Eleven patients had major salivary glands
with normal morphological aspects; in contrast, one patient
(P5SMDHB) had alteration in both the parotid glands, suggesting
chronic sialadenitis. Concerning the adjacent areas, enlarged
cervical lymph node were found in the P6sNME, P20Am, and
P30OAm. Furthermore, the images suggested the presence of In-
flammation of thyroid gland in the P3sNME (Table 5 and Figure
3).

It is important to highlight that 11 patients did not perform
the ultrasound imaging due to intercurrences reported by the
caregivers, such as: patient’s unsatisfactory general health, re-
current opportunistic infections during the study because of the
immune system deficit, and difficulty of public transportation
on the day of the scheduled exam.
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Table 2: Probability value of association between the categorical variable in each therapy and the exploratory variables of the salivary

\\parameters using the Wilcoxon signed-rank test.

N

Salivary sNME MDHB OAm
param- . . .
eters V | Expected value | Variance | p-value | V | Expected value @ Variance | p-value V | Expected value = Variance | p-value
SFR 0 5.0000 7.5000 0.1003 0 3.0000 3.5000 0.1814 0 14.0000 35.0000 0.0225
pHvalue | 27 14.0000 35.0000 0.0346 9 5.0000 7.5000 0.2012 20 14.0000 35.0000 0.3525
BC 7 14.0000 35.0000 0.2719 5 5.0000 7.5000 1.0000 8 14.0000 35.0000 0.3525
mSC 14 14.0000 35.0000 1.0000 @4 5.0000 7.5000 0.8551 6 5.0000 7.5000 0.8551
nSC 21 10.5000 22.7500 0.0360 7 5.0000 7.5000 0.5839 6 14.0000 35.0000 0.0759
* The significance level is p-value<0,05 (a=0.05). \
ARIERJTHE 23 ELEGIBLE SUJECTS WITH DOWN SYNDROME (DS) BECORETHE
\ m::::l:;la:-: o AND OBSTRUCTIVE SLEEP APNEA (0SA) WE‘:?RAD;QS:\EZJ) ™
Table 3: Probability value of the association between the three
\\therapies and the exploratory variables using Kruskal-Wallis test. J e momr oy T TTTTTTI
: ‘ OROFACIAL THERAPEUTIC STIMULATION (n=18) ‘ :
Kruskal- SNME vs MDHB vs Oam | Surface Neuromuscular ‘ Masticatory Device ‘ Mandibutar E
Wallis test SER PH value BC mscC NSC i (SNMES; n=7) (MDHB; n=4) Appliance (OAM; n=7) :
K (observed 0.1733 4.8195 0.4916 2.0286 7.6084 MAJOR SALIVARY GLANDS e
value) N -
K (Critical 59915 59915 59915 | 5.9915 59915 s osos R . s slm_"_w T |
value) Ao | e PNEUMONIA !
p-value 0.9170 0.0898 0.7821 0,3627 0.0223 DESCRIPTIVE ANALYSIS ' i
* The significance level is p<0.05 (a=0.05). ' :
Figure 2:

(Table 4: Paired multiple comparisons using Dunn’s test, after

:

\\three therapies.

Sample Frequency R-sum R-mean Groups
sNME (nSC) 7 38.5000 5.5000
MDHB (nSC) 4 39.0000 9.7500 B
OAm (nSC) 7 93.5000 13.3571 B

p-value

OAm
sNMS (nSC) | MDHB (nSC) (nSC)

sNME (nSC) 1 0.2036 0.0058
MDHB (nSC) 0.2036 1 0.2805
OAm (nSC) 0.0058 0.2805 1

* The significance level is p<0.05 (a=0.05).

Figure 3:

Discussion

The oral hygiene is unsatisfactory in people with DS due to
their cognitive deficits, leading to accumulation of dental bio-
film and debris. This condition become them more susceptible
to caries and periodontal diseases. Another factor is how the
homeostasis of the physical-chemical and microbiological prop-
erties of saliva can favor the general and oral health, especially
in DS. Thus, we consider the saliva as an important biological

Figure 1: vehicle of study to equalize the influence of orofacial therapeu-
tic stimulation on saliva of patients with DS and OSA. The saliva
test has been effective and accurate for individuals with neuro-
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\\salivary glands.

Table 5: Descriptive analysis of ultrasound exam of the major \‘

/

psychomotor disabilities, as DS, such as: safe, easy handling,
comfortable and non-invasive method; accessible to repeat;
and minimal risk of tampering. Our results showed that the SFR
was reduced before and after the proposed therapies, agreeing
with the studies of [12]. We hypothesize that this quantitative
alteration could occur due to the dysfunction of the production
mechanism of saliva caused by the impaired cytophysiological
activities of mitochondria and/or protein-forming organelles,
and/or autonomic nervous system failures in the neurosensory
stimulation of the secretory units, including acinar cells and
myoepithelial cells, affecting the major salivary glands. The se-
verity of salivary reducing was eliminated after application of all
therapies; on the other side, the OAm (100% of patients) and
MDHB (75% of patients) exhibited better effect in saliva produc-
tion when compared with sSNME. Presumably, mechanical ef-
fects of the OAm and MDHB stimulated the salivary glands by
means of masticatory movements. We still infer that this activ-
ity could activate parasympathetic nervous system receptors
and, consequently, favor the performance of morphofunctional
units of the salivary glands, known as adenomers. These struc-
tures are responsible for synthesis and secretion of saliva. In all
therapies, there was a slight reduction in salivary pH, however
the rate of values remained normal. Among them, sNME re-
vealed statistical difference in salivary pH; thus, we conjectured
that sNME led to a better balance of the salivary buffering ca-
pacity. We consider that this balance kept the oral homeostasis,
hampering the development of oral diseases as caries, peri-
odontitis, and halitosis [14]. Reported that high salivary pH indi-
cates patients susceptible to salivary calculus formation and
may influence on the exacerbation of periodontal diseases. As
discussed earlier, we proven that the BC was improve in the
therapy with sSNME (71% of patients), follow by MDHB (50% of
patients) and OAm (43% of patients). Probably, this fact oc-
curred due to electric current emitted by the electrostimulating
device, resulting in an increased recruitment of motor units of
the masticatory muscles and better cellular excitability of termi-
nal secretory units (acinar and myoepithelial cells) of the minor
and major salivary glands. Thus, we can infer that the patients
treated with SNME showed better resistance to caries, despite
the reduced salivary flow. Some authors reported that the prev-
alence of caries is low in DS. This condition could be related to
the high salivary concentration of specific anti-Streptococcus
mutans IgA [2,15-17]. Others described different levels of cario-
genic microorganisms in the saliva, mainly in children with DS. It
is suggested that children with DS could have a low profile of
cariogenic Streptococcus mutans or differences in acidogenicity
and aciduricity of strains which could be associated with the
low prevalence of caries in this population [2]. The analysis of
the SC levels is accurate, safe, and similar to serum levels, being
well-used as a good physiological biomarker to determine the
real emotional conditions, identifying the susceptibility to phys-
ical and/or psychological stress [13]. The cortisol is a steroid
hormone, produced in the cortical layer of the adrenal gland,
being directly involved in stress disorders. Concerning its body
distribution, 90% of plasma cortisol is bound to cortisol-binding
globulin (CBG), 5% bound to generic binding proteins as albu-
min and a-1 glycoprotein, and 5% unbound or free [18,19]. Ac-
cording to [20], the biological activity of a hormone is deter-
mined by the concentration of free hormone. Then, the mea-
surement of cortisol levels is strongly recommended in saliva
than in blood since free cortisol is more available in the salivary
fluid. Authors describe that this biomarker is also used to study
the functioning of the hypothalamic-pituitary-adrenal axis
[21,22]. In our study, before and after the therapy with SNME,

. _— Suggestive
Pacients Description .gg .
Diagnosis
Parotid and submandibular glands of
normal dimensions, regular contours, and Normal major
P3 normal gland echotexture; and absence salivary glands;
SNME of enlarged cervical lymph node. Thyroid and Inflammation
gland showed heterogeneous parenchy- of thyroid gland
ma, suggesting thyroiditis.
Parotid, sublingual, and submandibular
pa glands of normal dimensions, contours, Normal major
SNME and echotexture; and absence of enlarged salivary glands
cervical lymph node.
Parotid, sublingual, and submandibular .
. ; Normal major
P5 glands of normal dimensions, contours, .
SNME salivary glands
and echotexture.
Parotid, sublingual, and submandibular
glands of normal dimensions, contours, Normal major
and echotexture; and a hypoechoic lymph salivary glands;
P6_ e node with regular contours was noted at and enlarged cer-
the nodal level IIA (left side), exhibiting vical lymph node
regular contours and size of 1.9 x 0.6 x (left side).
1.0cm.
Major salivary glands showed normal
shape, contours, echotexture, and dimen- .
. Normal major
P7 sions; moreover, there was absence of .
SNME . . ) o salivary glands
cystic or solid expansive lesion inside
these glands.
Parotid, sublingual, and submandibular
P1 glands of normal dimensions, contours, Normal major
MDHB and echotexture; and absence of enlarged salivary glands
cervical lymph node.
Parotid, sublingual, and submandibular
P3 glands of normal dimensions, contours, Normal major
MDHB and echotexture; and absence of enlarged salivary glands
cervical lymph node.
Parotid, sublingual, and submandibular
pa glands of normal dimensions, contours, Normal major
MDHB and echotexture; and absence of enlarged salivary glands
cervical lymph node.
. . Normal lingual
Parotid glands with heterogeneous texture s
- X and subman-
and reduced echogenicity; submandibular R .
R dibular salivary
and sublingual glands of normal shape,
. . glands; and sug-
P5 contours, echotexture, and dimensions; . .
MDHB . , . ; gestive of chronic
absence of cystic or solid expansive lesion . "
o ] sialadenitis of the
inside the salivary glands and adenopathy arotid salivar
in the different cervical chains. P v
glands
Parotid, sublingual, and submandibular
glands of normal dimensions, contours, .
Normal major
and echotexture; absence of enlarged ;
. . salivary glands;
cervical lymph node; and a hypoechogenic
P2 and enlarged cer-
OAm lymph node was noted at the nodal level .
. . o vical lymph node
1A (right side), exhibiting regular contours, . .
) - (right side)
preserved fatty hilum, absence of calcifica-
tions, and size of 1.8 x 0.9 cm.
Parotid, sublingual, and submandibular
glands of normal dimensions, contours,
and echotexture. A solid and hypoecho- Normal major
genic nodule was identified in the right salivary glands;
P3 . submandibular space in intimate contact and enlarged cer-
with the submandibular gland, showing vical lymph node
regular contours, well-defined limits, (right side)
without vascularization on Doppler exam,
and size of 1.3 x 0.8 x 1.2 cm.
Parotid, sublingual, and submandibular
glands of normal dimensions, contours,
P5 and echotexture. No sign of ductal dilata- Normal major
OAm tion was evidenced in these structures; salivary glands
and adjacent lymph nodes showed no
abnormality.
www.jcimcr.org
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one patient had exacerbated morning SC levels. We conjecture
a possible hormonal dysfunction of the hypothalamus, pitu-
itary, and/or adrenal glands; the follow, this patient was re-
ferred to an endocrinologist for further investigations. We iden-
tified a discrete increase of morning SC levels in 50% of patients
treated with MDHB and OAm; in contrast, all patient treated
with some exhibited reduction of night CS. Furthermore, when
we separately compared the therapies, the number of patients
treated with OAm showed statistically significant difference in
the night CS levels; therefore, we infer that these individuals
had high susceptibility to stress disorders. We cannot still claim
if this therapy directly influenced on this variation; hence, we
suggested more researches to validate the OAm action on the
nSC levels. Considering some phenotypical features in DS, the
effects of stress together with poor sleep quality could trigger
an increase in cardiovascular tone, alter heart rate variability,
and generate an imbalance of microorganisms in the oral cavity.
This fact reinforces the importance of routine saliva test for this
population, aiming to intervene early on the onset of stress
symptoms and to identity the imbalance of microorganisms in
the saliva. Still about the SC, [23] reported that the prolonged
reduction of CS levels can lead to fatigue, weight loss, and mus-
cle weakness. It is still noteworthy that patients with DS, severe
dysphagia, and low immunity are risk of occurrence of aspira-
tion [11]. Given that, we assess the presence of Pseudomonas
aeruginosa (Pa) species on saliva of our patients. The samples
showed that no patient had culture-positive to Pa species be-
fore the proposed therapies. Then, we presume that no Pa spe-
cies would be detected after the therapies, since our patients
maintained a satisfactory general and oral health during all
study period. Researches have described structural and physio-
logical alterations in the salivary glands’ parenchyma in Down
syndrome [8,12]. According to [7], congenital absence and atro-
phy of major salivary glands were identified in DS, especially in
the submandibular glands. These findings strengthened the rec-
ommendation of ultrasound exam, with and without Doppler, in
our studies, aiming to diagnose morphological abnormalities of
the parotid, sublingual, and submandibular salivary glands. Our
results showed that no patient (12/23 patients with DS) had
congenital abnormalities of major salivary glands, however,
chronic sialadenitis in the parotid glands was suggested in one
patient (1/12 patients with DS; PSMDHB). Some adjacent alter-
ations were suggestively found as cervical lymphadenopathy
(2/12 patients with DS; P20Am, P30Am) and inflammatory pro-
cess in thyroid gland (1/12 patients with DS; P3sNME). Theses
imaging alterations were investigated by a specialized medical
staff and, the follow, the patients were duly treated. Other pa-
tients (11/23) did not undergo the USG due to the follows inter-
currences: Unstable general health status and lack of collective
public transport on the day of the exam scheduling. The varia-
tion in the general health condition surely occurred due to high
susceptibility to recurrent infections in DS, caused by the mo-
lecular mechanisms disorders of their immune system. In addi-
tional information, our patients had OSA, most likely resulting
from airway abnormalities associated with orofacial hypotonia,
agreeing with the studies of [24,12]. We infer that these factors
could damage the saliva production and release. Considering
the increase in life expectancy in DS and the effects of orofacial
therapies on the physical, chemical, and microbiological prop-
erties of saliva, we indicate saliva test as an alternative diagnos-
tic technique to investigate the oral and general manifestations
of patients, especially people with neuropsychomotor disability
and/or with loss of autonomy and functional capacity in their
daily living.

Conclusion

We can conclude that the saliva production had reduced val-
ues in all patients with DS and OSA, before and after the thera-
pies; however, the therapies with OAm followed by the DMHB
mitigated its severity. The sSNME improved the saliva quality,
ph value and BC, when compared with others. Susceptibility
to stress disorders was identified in patients treated with OAm
in the night period; and no risk for aspiration pneumonia was
detected before the therapies. Congenital anomalies of major
salivary glands were not found; however, some acquired altera-
tions were evidenced in this population.

Reference values (Source: Gomes et al., 2020; Gomes et al.,
2023)

SFR (salivary flow rate; mL/min): normal flow (N;>1.0), limit
value (L; until 1.0), reduced flow (<0.7), and hyposalivation/
xerostomia condition (<0.1); pH value: normal (N; from 5.3 to
7.8); BC (buffer capacity): normal (pHfinal = 5.1 to 7.0), limit
value (pHfinal = 4.0 to 5.0), and low (pHfinal <4.0); mSC (morn-
ing salivary cortisol concentration): female and male adoles-
cents, ages 12 to 18 years (range: 0.021 to 0.883), adult men,
ages 21 to 30 years (range: 0.112 to 0.743), and adult women,
ages 21 to 30 years (women; range: 0.272 to 1.348); and nSC
(night salivary cortisol concentration): female and male ado-
lescents, ages 12 to 18 years (range: <0.028 to 0.259), adult
men, ages 21 to 30 years (man; range: <0.028 to 0.308); and
adult women, ages 21 to 30 years (women; range: <0.028 to
0.359). Based on the SC values found in our studies, patients
with 19 years-old were inserted into age groups between 12 to
18 years-old; and the patients with 20 years-old were inserted
into age groups of 21 to 30 years-old. PA: identification for Pseu-
domonas aeruginosa

Symbols for results: (oblack) reduced flow rate or low sali-

vary cortisol concentration; (A) hyposalivation/xerostomia
condition; (oblack) high pH value and increased salivary corti-
sol concentration; (~) no alteration of values; (IS) insufficient
amount of saliva; (‘) salivary cortisol test no done; (TT) identi-
fication for PA was not performed after the therapies because
the colonies of PA was not found in all patients before the ther-
apies, become unnecessary to repeat this testing; (/) therapy
not completed due to the Covid-19 pandemic; and (o or o blue)
comparison between the salivary parameters, before and after
the therapies.

Note: (L) Adrenal gland functions were investigated due to
the accentuated SC levels.
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