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Continuous positive airway pressure (CPAP) therapy is
considered the gold standard for treatment of moderate-severe
OSA, nevertheless there is an increasing body of evidence
supporting the usefulness of mandibular advancement
devices (MADs) for improving quality of life and respiratory
parameters even among patients with a high severity of OSA
burden [5,10,18,19]. According to the standard of care of
the American Academy of Sleep Medicine (AASM), MADs are
indicated for mild to moderate OSA particularly in the context
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Introduction
Sleep related breathing disorders (SRBD) are among seven
well-established major categories of sleep disorders de ined
in the third edition of The International Classi ication of Sleep
Disorders (ICSD-3), and Obstructive Sleep Apnea (OSA) is the
most common SRBD [1,2]. Several studies have demonstrated
that obstructive sleep apnea treatment increases the quality of
life in OSA patients [3-8]. Indeed, excessive daytime sleepiness
(EDS), cognitive impairment (e.g., de icits in attentionconcentration, memory, dexterity, and creativity), traf ic
accidents, and deterioration of social activities are frequently
reported in untreated patients [9-11]. Furthermore, an
increase in cardiovascular morbidities and mortality (systemic
hypertension, stroke, cardiac arrhythmias, pulmonary arterial
hypertension, heart failure) [12], metabolic dysfunction,
cerebrovascular ischemic events and chemical/structural
central nervous system cellular injuries (gray/white matter)
has been reported in OSA patients [13-17].
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of CPAP intolerance or refusal, surgical contraindication, or
the need for a short-term substitute therapy [9,15,20-22].
In Cuba, CPAP machines are not readily available; they are
expensive and the majority of OSA patients cannot obtain
this mode of therapy. Taking into account this problem, our
hypothesis was based in the scienti ic evidences of MAD
effectiveness, considering that low cost MADs could offer a
reasonable alternative treatment for patients with OSA where
CPAP technology are not handy. In this way our purpose was
to assess the ef icacy of one of the most simple, low cost,
manufactured monoblock MAD models (SAS de Zúrich) in
terms of improvements in cerebral function, sleep quality and
drowsiness reports in a group of Cuban OSA patients with
mild to severe disease. Outcome measures included changes
in the brain electrical activity, sleep quality, and respiratory
parameters, measured by EEG recording with qEEG analysis
and polysomnographic studies correspondingly, which were
recorded before and during treatment with an MAD, as well as
subjective/objective improvements in daytime alertness.

Subjects and methodology
Subjects
Twenty adult patients with OSA diagnosis by full night
polysomnographic study (AHI > 5) were selected for MAD
treatment (SAS de Zúrich) after dentist specialist evaluation.
https://www.heighpubs.org/jnnd
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Dental status that allowed mandibular advancement device
treatment included: (1) existence of at least1 molar and
6anterior teeth per jaw; superior and inferior; and (2) the
absence of contraindications, such as abnormal dentition, acute
dental lesion or periodontal infections, temporomandibular
dysfunction, dentures, or front/back teeth mobility issues.
All patients underwent a basic orthodontic documentation, a
panoramic x-ray, and cephalometric analysis.
Patients were recruited from the Sleep Disorder
consultation of the Neurology and Neurosurgery Institute
(NNI) in Havana; 16 were males and 4 females; mean age
42.9 years (range 27 to 53 years). Two patients had mild OSA,
de ined as apnea-hypopnea index (AHI) = 6-15 events/hr,
seven were considered moderate (AHI = 16-30 events/hour)
and eleven had severe disease (AHI ≥ 31) scored according
to AASM critera [23,24]. They were asked to perform a
second PSG study 6 month after treatment with the MAD in
situ. Basal awake EEG and Epworth sleepiness scale (ESS,
for EDS assessment) were recorded before both PSG studies
(diagnostic PSG and PSG with MAD treatment) with the same
protocol. Exclusion criteria (not related to dental examination)
included a history of cerebral damage of any etiology, a history
of other sleep disorders or pulmonary diseases, the presence
of a neurological or psychiatric condition, obstructive lesion in
the upper airway (e.g., tonsillar hypertrophy, enlarged uvula),
and/or the use of any medication known to affect sleep, EEG
frequency composition, or respiratory function in the month
prior to the studies. Data on side effects and compliance
were available for all participants. For analyses of PSG, EEG,
and daytime functioning, we excluded two patients who had
signi icant weight loss (≥ 10% of body weight loss at the time
of the second evaluation) [25,26] and one patient who used
MAD therapy for less than 3 weeks.
Informed consent was obtained from all patients.
Procedures
Awake EEG and night-time PSG recordings: EEG was
recorded using a 19-channel MEDICID 05 system (Neuronic
S.A.), while patients were awake with closed eyes. EEG were
recorded using the following technical parameters: gain of
20,000; band-pass iltering between 0.3-30 Hz; 60 Hz “notch”
ilter; level of noise of 2 μv RMS; sampling period of 5msec.
Nineteen monopolar derivations of the International10/20
System were used for recordings (FP1, FP2, F3, F4, C3, C4,
P3, P4, O1, O2, F7, F8, T3, T4, T5, T6, Fz, Cz, Pz), referenced
to linked left and right mastoid electrodes and grounded at
Fpz. Recordings began with 5 min of basal (closed eyes) EEG,
followed by 5 alternating 10-sec periods of open eyes (OE)
and closed eyes (CE). Movement artifacts were monitored by
use of the electro-oculogram (EOG).
Full-overnight PSGs (8-9 hours) were recorded in the NNI
sleep laboratory using the same equipment (MEDICID 05)
https://doi.org/10.29328/journal.jnnd.1001041

and Neuronic Sleep 7.1 software. For sleep stages scoring
frontal, central and occipital EEG electrodes were placed
following International 10/20 system as recommended by the
American Academy of Sleep Medicine [27] EOG (left and right),
submental EMG, vibration sensor for snoring assessment,
and electrocardiogram were recorded by super icial
electrodes. Thoraco-abdominal bands and thermistors were
used to monitor respiratory effort and oro-nasal air low
correspondingly. Oxygen saturation (SaO2) during sleep was
measured continuously by a transcutaneous inger pulse
oximeter. Left and right leg movements were assessed by
piezoelectric sensors.
Overnight staff was instructed to adjust respiratory
sensors that were not functioning correctly when the patient
woke spontaneously, but otherwise did not intervene during
nighttime recordings.
qEEG analysis: For each subject´s EEG, twenty-four
artifacts free segments of 2.56 sec. duration were selected by
means of visual editing by an expert electroencephalographer
(EC), avoiding segments with obvious state changes such as
drowsiness. Quantitative EEG analysis using this method
yields a stable replicable set of qEEG measures [28]. The
Fast Fourier Transform (FFT) and cross-spectral matrices
were calculated every 0.39 Hz of the EEG spectrum from
0.39 to 19.11 Hz. After that, broad-band spectral parameters
(BBSP): Absolute Power (AP), Relative Power (RP) and Mean
Frequencies (MF) were obtained and were analyzed for the 4
classic EEG frequencies bands (delta, theta, alpha and beta)
in closed eyes sub-state records. The Absolute Power (AP)
characterize the energy content in each frequency band and
can be represented graphically as the area under the curve
(spectrum)of that frequency band (delta, theta, alpha and
beta); it is computed in units of μV2/Hz. Total absolute energy
is the sum of the 4 bands absolute energies. The Relative
Power (RP) represents the contribution of each band to the
total spectrum energy; it is computed by dividing the absolute
energy of one speci ic band by the total absolute energy of the
spectrum and is expressed as a percentage. Mean frequencies
(MF) are de ined as the frequency values that constitute the
“gravity center” for one band or for the total spectrum. These
centers are the frequencies where the area under the spectral
curve is divided in half; it is expressed in Hz.
We also computed BBSP Indices, i.e., AP, RP and MF of
slow (delta + theta) to fast (alpha + beta) frequencies indices,
that is: delta + theta/alpha + betaindex). Increased slow EEG
frequencies and slow-to-fast frequency index is considered
a sign of neuronal and network dysfunction when present
in wakefulness in adults. The slow-to-fast EEG frequency
index has showed to be a useful measure to detect cerebral
disturbances in patients with OSAS, cerebrovascular disease
and dementia [29-33].
PSG analysis: Scoring of sleep stages was performed
https://www.heighpubs.org/jnnd
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manually at 30-sec intervals (sleep epoch), according to
the criteria of AASM Manual for the Scoring of Sleep and
Associated Events 2007 [27].

lead, (ie: APdelta(F3) + APtheta(F3)/APalpha(F3) + APbeta(F3))
before and after MAD treatment to distinguish brain
topographies with signi icant differences in these parameters.

Apnea, hypopnea and arousal events were de ined
according to the 2012 AASM Scoring Rules. Apnea/hypopnea
index was de ined as the total number of apneas and
hypopneas per hour of sleep [23,25,34,35].

Statistical differences in BBSP and BBSP indices of basal
EEG recordings before and after MAD treatment, as well as
between PSG studied parameters and Epworth Sleepiness
Scale scoring, were computed using the Wilcoxon matched
pairs test. For all comparisons, a difference was considered
signi icant when p < 0.05. Results were presented in box &
whisker plot graphs (mean ± SD). The database and statistical
analysis was performed using Statistic 8.0 StatSoft package.

Severity of OSA was classi ied as mild when AHI was
between 6-15 events/hour, moderate when 16-30 events/
hour, and severe when ≥ 31events/hours occurred [24].
In this study, our main outcome measures for assessing
MAD treatment ef icacy in sleep quality improvement were:
AHI, arousal index, oxygen desaturation index (O2dSa index),
OSA severity classi ication after 6-8 month with MAD in situ
(treatment response) and ESS score.
Optimum response to MAD treatment was de ined as a
resolution of symptoms (daytime sleepiness assessed by
Epworth Sleepiness Scale, elimination or signi icant reduction
in objective and subjective snoring frequency and intensity
and a reduction in apnea/hypopnea index to ≤ 5/hour; Good
response was de ined when AHI remained > 5 but ≤ 10/hr
with ≥ 50% reduction in AHI and symptom resolution; and
partial response when AHI remained > 10/hr but when ≥ 50%
reduction in AHI was observed. Treatment failure was de ined
when AHI was reduced by less than 50%.
Excessive daytime sleepiness (EDS) and Compliance:
The presence of EDS was assessed by Epworth Sleepiness
Scale and was considered present when the ESS score was
> = 10 [36]. Treatment compliance was monitored by diary
completion during the 6-8 months of treatment. Patients were
asked to check mark only the nights in which MAD was used
for more than 4 hours.
Statistical analysis
Statistical analysis of qEEG parameters was performed in
two different and complementary ways. For more general data
analysis and results, data from all EEG leads were summarized
in each patient. That is, for the analysis of BBSP, the average of
AP, RP and MF were computed for each frequency band taking
into account all EEG leads (i.e: AP average in all the head for
delta band before and after MAD). Moreover, a more detailed
analysis was also performed independently for each EEG lead
to identify the major brain topographies involved in changes
pre- and post-MAD treatment.
Similarly, we computed BBSP Indices, i.e., AP, RP and MF
(delta + theta/alpha + beta) index, for each patient. In this
mathematical formulation, the value of AP, RP and MF for
each frequency band corresponded with both the average (av)
value computed for all EEG leads (ie: APdelta(av) + APtheta(av)/
APalpha(av) + APbeta(av)) for summarizing information, as well
as with the speci ic value of the BBSP for each recorded EEG
https://doi.org/10.29328/journal.jnnd.1001041

Procedures for MAD manufacture and ﬁtting
SAS de Zurich is a rigid bimaxillary monobloc MAD
constructed with two acrylic plates, upper and lower, similar
to two Michigan splints. The plates are connected to each
other by mean of rectangular wires folded into a W shape.
The anchoring of the apparatus is reinforced by Adams hooks
arranged between the irst premolars and irst molars [37].
MADs were custom manufactured. For each individual
patient the initial setting aimed to obtain 75% of mandible
maximum protrusion with an inter-arches distance of 5-6 mm
at the pre- molar level. If patient experienced discomfort at
these settings, the mandibular advance was reduced by 50%.
Informed consent and ethical aspects: Detailed
information about the characteristics of the study, procedures
and treatment were provided to all studied patients, after
that, written informed consent was obtained.
This study was analyzed and approved by the NNI ethic
committee.

Results
Results are based on the analysis of data from 17 OSA
patients; data from 3 patients were excluded (2 for signi icant
changes in body weight and 1 for early treatment abandon,
see methodology).
Comparison of qEEG measures before and after MAD
Considering the averaged BBSP (AP, RP and MF) for each
frequency band across all EEG leads, statistically signi icant
changes were found in theta and alpha bands. Theta RP
diminished (p = 0.03); whereas alpha band AP and RP
increased after MAD treatment (p = 0.02, for both measures).
Total MF also increased signi icantly (p = 0.03) (Figure 1).
When this analysis was performed independently for each
EEG lead, we found that the signi icant increases of alpha
AP were topographically located in frontal and occipital leftright leads (p < 0.05), while for alpha RP these changes were
observed in all topographical areas (p < 0.05 in all EEG leads).
Signi icant decreases were found in slow frequency
https://www.heighpubs.org/jnnd

090

Impact of mandibular advancement device in quantitative electroencephalogram and sleep quality in mild to severe obstructive sleep apnea

With respect to OSA severity classi ication, we found
that the 2 patients with mild OSA normalized their AHI
(≤ 5 events/hours) after 6 month of MAD treatment; 3 of 6
patients with moderate OSA normalized their AHI and the
other 3 were classi ied as having mild OSA in the second PSG
study. Regarding patients with severe OSA at baseline, after
6 months of MAD treatment, 4 of 9 patients (44.4%) were
classi ied as mild, and 5 (55.6%) as moderate based on an AHI
between 16-30 events per hour with MAD in situ (Figure 3).
Taking into account the seventeen patients, the mean (SD)
AHI, Arousal index and oxygen desaturation (O2dSa) index
showed a statistically signi icant decrease when PSG was
recorded with MAD in situ 6-8 month after treatment initiation
(Table 1 and Figures 4A-C). A statistically signi icant decrease
in subjective report of excessive daytime sleepiness assessed
by the Epworth Sleepiness Scale (ESS) was also found in the
second evaluation (Figure 4D, Table 1).
Figure 1

bands; theta RP diminished speci ically in frontal, temporal,
and occipital topography (both cerebral hemispheres,
p < 0.05), whereas signi icant reduction in delta AP and RP
were identi ied only in the left hemisphere (central, parietal,
temporal and occipital regions).

We also analyzed the data for the moderate and severe
patient groups separately and found a signi icant decrease in
AHI, arousal index, and oxygen desaturation index for both
groups. Similar analyses were not possible for the mild OSA
group because of the small number of patients (2 patients)

The mean frequencies increases (p < 0.05) were found
mainly in left and right temporo-occipital cerebral topography.
Correspondingly, signi icant changes in qEEG indices were
also found. Both AP and RP delta + theta/alpha + beta indices
diminished after 6 month of MAD treatment across all the
brain topography (all EEG leads; p < 0.05). Figure 2 shows
box & whisker plot graphs (mean ± SD) of averaged (all EEG
leads pooled) AP and RP indices (delta(av) + theta(av)/alpha(av) +
beta(av)) before and after 6 months of MAD treatment.
Changes in PSG parameters and epworth sleepiness
scale after MAD
The subjective evaluation of snoring (loudness and
frequency), daytime sleepiness, and nocturnal apnea events
showed that both patients and their bed partners perceived a
reduction in these parameters; all of them reported treatment
satisfaction, even when symptoms were reduced and not
completely eliminated.
Figure 3

Table 1: PSG parameters and ESS score (mean ± SD values) before versus after
MAD treatment. Seventeen patients included in the ﬁnal statistical analysis.
Parameters

Figure 2

https://doi.org/10.29328/journal.jnnd.1001041

Before MAD
mean ± SD

After MAD
mean ± SD

p - level

AHI

37.4 ± 17.6

11.1 ± 8.7

< 0.05

O2dSa Index

28.9 ± 14.8

6.0 ± 7.4

< 0.05

Arousal Index

43.2 ± 18.6

11.4 ± 4.9

< 0.05

ESS Score

16.1 ± 4.7

4.5 ± 2.1

< 0.05

Note: AHI: Apnea/Hipopnea Index; O2dSa: Oxygen desaturation Index; ESS:
Epworth Sleepiness Scale.

https://www.heighpubs.org/jnnd
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but important reductions in AHI, arousal index, and oxygen
desaturation index were observed in this group as well
(Table 2).

Figure 4D

Figure 4A

For comparison with other similar studies, MAD treatment
effectiveness was classi ied as optimum response; good
response, partial response, and treatment failure (see
methodology for classi ication parameters). When examined
this way, we found that although sixteen of seventeen patients
(94.1%) experienced > 50% reduction of AHI (i.e., presence
of treatment response), only 5 patients (29.4%) had an AHI
reduction to less than or equal 5 events/hours (patients with
optimum response); a good response was found in 6 patients
(35.3%), a partial response in 5 (29.4%) and treatment failure
(< 50% of AHI reduction) in 1 patient (5.9%).
The patient who was classi ied as a treatment failure was a
man with a BMI of 43 Kg/m2. His AHI was 57.8 events per hour
at baseline and 29.3 events/hour with MAD in situ (6 month of
treatment). Thus, his AHI decreased by 49.3%).

Figure 4B

In summary, if treatment success is analyzed while taking
into account OSA severity at the baseline, all of patients with
mild and moderate OSA had an optimum or good response; 8
of 9 patients (88.9%) with severe OSA diminished their AHI in
more than 50% (3 good responses, 5 partial responses), and
1 patient of this group (11.1%) was considered as treatment
failure although an important decrease in AHI was found
(Table 3).
Weight
No signi icant differences in body weight values from the
date of treatment commencement and date of MAD ef icacy
assessment occurred in the 17 patients analyzed; therefore
variation in patient weight did not in luence the results of the
study (see exclusion criteria for data analyses).
Side eﬀects

Figure 4C

https://doi.org/10.29328/journal.jnnd.1001041

Considering all 20 patients recruited at the beginning of
the study (including the 2 with signi icant changes in body
weight and the patient who did not adhere to MAD therapy),
the following side effects were reported: dental sensitivity:
https://www.heighpubs.org/jnnd
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Table 2: Diﬀerences in PSG parameters (mean ± SD values) before versus after MAD treatment by OSA severity. Seventeen patients included in the ﬁnal statistical analysis.
Before MAD

After MAD

AHI mean ± SD O2dSa mean ± SD

Arousal mean ± SD

AHI mean ± SD

O2dSa mean ± SD

Arousal mean ± SD

8.8 ± 2.7

19.7 ± 3

2.2 ± 1.1

1.7 ± 0.5

4.7 ± 1

23.1 ± 4.3

19.6 ± 7.1

30.8 ± 8.1

6.2 ± 2.1

2.5 ± 2.6

7.7 ± 2.6

52.4 ± 7.8

39.5 ± 10.6

56.7 ± 13.8

16.1 ± 9.3

9.4 ± 8.7

13.6 ± 5

OSA Severity

No. Patients

Mild
AHI = 6-15/hr

2

13.3 ± 2.2

Moderate
AHI = 16-30/hr

6

Severe
AHI > = 31/hr

9

Note: AHI: Apnea/Hipopnea Index, O2dSa: Oxygen desaturation Index
Table 3: MAD treatment eﬀectiveness. Seventeen patients included in the ﬁnal
statistical analysis.
Before MAD

Response To MAD

OSA Severity

Optimal

Good

Mild

2 (100%)

-

Partial
-

Failure
-

Moderate

3 (50%)

3 (50%)

-

-

Severe

-

3 (33.3%)

5 (55.6%)

1 (11.1%)

All Patients

5 (29.4%)

6 (35.3%)

5 (29.4%)

1 (5.9%)

5 patients; excessive salivation: 3 patients; muscular and
temporo-mandibular joint discomfort: 5 patients. In general,
side effects were temporary and most patients overcame
them during the 1-3 months of wearing the MAD. Only one
patient discontinued MAD therapy and dropped out of the
study because of temporo-mandibular joint discomfort.
For compliance analyses we utilized data from all 20
patients. Seventeen of the twenty studied patients (85%) were
classi ied as having good compliance; they met the criteria for
“regular MAD user” [9,38-40] completing > 4 hours on ≥ 70%
of studied nights using OA treatment (> 4 hours on ≥ 21 days
during a 30-day period throughout the analyzed 6-8 months).
Two patients (10%) were classi ied as poor compliance (active
treatment for > 4 hours on 15-20 nights during a month), and
one patient (5%) gave up the treatment on the irst few weeks
(non-adherent).

Discussion
qEEG analysis in OSA patients
This study showed improvements in daytime cerebral
function through quantitative analysis of EEG in OSA patients
after MAD treatment (increases in fast and decrease in slow
frequency bands measures). This improved across a wide
range of sleep apnea severity, including among patients who
would typically not be considered good candidates for MAD
therapy due to the severity of their SRBD. Despite a number
of studies showing qEEG parameters changes after CPAP
treatment in OSA patients (mainly reporting return to normal
values [29,30,41,42], we are not aware of any other studies of
qEEG changes after using MAD treatment for OSA.
Our results are comparable with those reported using
CPAP therapy. For instance, in a study conducted by Morrison,
et al. 2001, the authors found signi icant decreases in slow
activity (delta and theta AP) as well as in slow/fast activity
ratio (delta + theta/alpha + beta) for all brain regions pooled
https://doi.org/10.29328/journal.jnnd.1001041

(19 EEG electrodes, wakefulness state) after 6 month of CPAP
treatment in 14 moderate-severe OSA patients. When these
analyses were achieved separately by different cerebral
regions (frontal, central, parietal, temporal and occipital), the
authors also reported signi icant decreases in absolute delta
and theta activity in all brain areas. Unlike the present study,
which showed greater improvements in the left hemisphere
for some measures, Morrison and colleagues did not analyze
hemispheres separately.
Lee, et al. 2012 [41] also found the presence of changes
in wakefulness qEEG parameters after 3 months of CPAP
treatment in thirteen patients with severe OSA. They reported
signi icant decreases of EEG slowing across all cerebral
regions accompanied by improvement of cognitive functions
involving several brain areas. The authors stressed these
results suggest that CPAP can induce improvement of cerebral
function in OSAS without regional speci icity.
Grenèche, et al. 2011 [43] reported a partial improvement
of waking EEG abnormalities in moderate-severe OSA patients
after 3 month of CPAP therapy; they found a reduction in theta
activity while increases in beta activity persisted, suggesting
that efforts to stay awake remain strong in these patients.
Nevertheless Xiromeritism, et al, 2011 [13] reported
signi icant slowing increases detected by wakefulness qEEG
analysis only for severe OSA patients when they are compared
to those observed in healthy subjects (not for patients with
mild or moderate OSA), and in contrast with the studies
described above, they found signi icant decreases in theta and
alpha relative power with increases in beta and delta relative
power after 6-month CPAP treatment. The authors suggested
that in severe OSA patients, hypoxia might be responsible for
a brain dysfunction (indicated by no improvements in alpha
and delta bands) which could not be restored after 6 month
of CPAP therapy.
The increments of EEG slowing and reduction in fast
frequencies found by qEEG analysis of untreated OSA patients
reported in this and a number of studies, have been attributed
to sleep fragmentation, daytime sleepiness, and/or hypoxia
during sleep [13,41,44-46].
Sleep fragmentation may affect the restorative functions
of sleep; the study of Mathieu, et al. 2007 [47] supports the
hypothesis that diffuse cortical slowing is a manifestation of
https://www.heighpubs.org/jnnd
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sleep fragmentation. They found a signi icant relationship
between EEG slowing ratio in all investigated cortical areas
and sleep fragmentation indexed by microarousal; on the
other hand, the studies of Sforza, et al. 2002 and Morisson,
et al. 1998 [30,48] reported no signi icant relationship
between waking EEG powers and any markers of sleep
fragmentation, which the authors interpret as an indication
that sleep fragmentation has little, if any role in the occurrence
of EEG slowing.

top of hypercapnia in slowing brain activity. This study was
conducted in healthy volunteers subjected to controlled
hypoxia and/or hypercapnia.

Although there are no well-established relationships
between qEEG parameters and objectively-measured
sleepiness to date, correlation between subjective daytime
sleepiness and increased EEG slowing during wakefulness has
been reported. Grenèche, et al. 2008 and Finelli, et al. 2000
[49,50] found a signi icant correlation between subjective
sleepiness and increments of EEG slowing in healthy sleepdeprived subjects. Studies in OSA patients show inconsistent
results: while some authors report a signi icant correlation
between sleepiness and awake qEEG parameters(lower
relative alpha power and higher relative delta and theta
power) with improvements after CPAP treatment (reduction
of EEG slowing correlated with decreases of subjective
sleepiness) [13,41,51,52], other studies report no signi icant
relationships between waking EEG measures and sleepiness
[29,30,43,48].

The diffused rather than regional sign of EEG dysfunction
found in this work could be related to the presence of extensive
structural and functional changes reported in previous brain
imaging studies in OSA patients. Altered grey and white
matter density with compromised structural/functional
integrity across multiple brain regions (frontal and parietal
cortex, temporal lobe, anterior cingulate, hippocampus, and
cerebellum) have been reported [44,62-65]. Importantly,
recent indings have shown functional improvement, increase
of gray-matter volume and structural plasticity of brain after
OSA treatment with CPAP [66,67]. Our indings extend this
work to suggest treatment with MADs may also improve
cerebral functioning.

One interpretation of these discrepant indings is that
nocturnal hypoxia, rather than sleep fragmentation and
daytime sleepiness, seems to be the underlying mechanism of
EEG slowing in OSA patients [43]. Many authors highlight that
the presence of functional cerebral impairment demonstrated
by qEEG analysis (diffuse increases in slow frequencies)
occurs in relation with changes in hemodynamic and cerebral
oxygenation during apneic/hypopneic events (reduced
arterial oxygen saturation and cerebral tissue hypoxia) that
cannot be offset even by increases in cerebral blood low
[30,44,47,54-56]. Moreover signi icant associations between
apnea–hypopnea index and metabolic impairment severity in
cerebral white matter have been also reported in OSA patients.
It is suggested that these frequent respiratory events can also
disrupt the restorative cellular processes leading to cerebral
dysfunction and EEG slowing [57].
Moreover, in healthy subjects, studies conducted in
hypobaric and hypoxic conditions generated by a low pressure
chamber, have shown to induce an increase in relative delta
and theta activity and a decrease in relative alpha activity
[58,59].
Nevertheless a recent investigation by Wang, et al.
2015 [60] on the effects of hypoxia and/or hypercapnia on
electroencephalogram demonstrated that hypercapnia, not
hypoxia, seemed to be the critical factor in EEG slowing.
However with mixed hypercapnia and hypoxia, a stronger
EEG slowing effect was found than when hypercapnia
alone, suggesting a potential additive effect of hypoxia on
https://doi.org/10.29328/journal.jnnd.1001041

We agree with other authors about the presence of a
complex interaction between hypercapnia, hypoxia, sleep
fragmentation, sleepiness and cerebral blood low changes as
a constellation of underlying pathophysiological mechanisms,
with differential contributions of each factor, on slowing EEG
in OSA patients [55,61].

PSG parameters and Epworth Sleepiness Scale scoring,
Comparisons before and after treatment with MAD
Comparisons of PSG parameters before and after CPAP
treatment in OSA has been shown to signi icantly reduce AHI
and oxygen desaturations with improvement in sleep quality
(e.g, decreased arousals, restoration of sleep architecture).
Similar results have been described for OSA symptoms such
as EDS, for instance, normalization of Epworth Sleepiness
Scale scores is often reported [10,40,68].
In the last decades Oral Appliances (OA) including MADs,
has emerged as viable alternatives to CPAP machines. Several
studies have been carried out for determining its effectiveness
and compliance in comparison with CPAP, nowadays OA
constitute an effective and well-accepted form of OSA
treatment [5,6,9,38].
Phillips, et al. 2013 [5], compared the effectiveness of MAD
and CPAP one month after treatment in 108 OSA patients
(moderate to severe) in terms of health outcomes. They
found that CPAP was signi icantly more effective than MAD
for reducing the apnea-hypopnea index, but compliance was
signi icantly greater with MAD; moreover they found similar
results (no statistical differences) between the 2 treatments
with respect to improvements in blood pressure, daytime
sleepiness, driving stimulator performance, and diseasespeci ic quality of life; Furthermore, MAD was superior to
CPAP on several quality-of-life domains and the overall mental
component score.
Moreover the study by Doff, et al. [10], provided valuable
evidence regarding the long-term relative ef icacy of CPAP
https://www.heighpubs.org/jnnd

094

Impact of mandibular advancement device in quantitative electroencephalogram and sleep quality in mild to severe obstructive sleep apnea

and MAD for mild to severe OSA treatment. In their 2-years
randomized trial including 103 patients, they found no statistical
difference between the proportion of patients obtaining
successful treatment with MAD and CPAP (56% vs. 60%
in non-severe, and 50% vs. 74.1% in severe for MAD and CPAP,
respectively). In this study “successful treatment” was de ined
when AHI was less than 5 events/hour or showed a substantial
reduction (at least 50% from the baseline value to a value of <
20 in a patient without subjective OSA symptoms while using
therapy). It is important to emphasize, however, that patients
had signi icantly lower AHI and higher oxyhemoglobin
saturation levels with CPAP, while both therapies showed
substantial improvements in neurobehavioral outcomes.
In a recent comparative (MAD vs. CPAP) longer-term
study (5 years) conducted by Anandam, et al. 2013 [69] the
authors reported a similar effectiveness in reducing risks of
fatal cardiovascular events in severe OSA patients for both
therapies.
Despite inferiority of MAD ef icacy in diminishing the AHI,
there are various trials showing no differences between the
ef icacies of both treatments in mitigating cardiovascular
disturbances such as blood pressure elevation, with
improvements of endothelial function, and microvascular
reactivity [70-73].
The goal of our study was not to compare the ef icacy of
CPAP versus MAD because of the non-availability of CPAP in
our country, but rather to assess the utility of MAD in settings
where CPAP is unavailable or unacceptable to the patient.
We found a high success rates with MAD even using a simple
monobloc design (SAS Zúrich). As was presented in results,
64.7% of all patients (mild to severe OSA) had an optimum or
good outcomes (AHI ≤ 10), and 94.1% experienced a decrease
in their AHI of more than 50%; only one patient (with severe
OSA and obesity) was recorded as experiencing treatment
failure, representing just 5.9% of all patients. Nevertheless,
a signi icant reduction in this patient’s AHI was observed
(49.3%).
Similar results were found by Milano, et al. 2013, they
studied the ef icacy of a two piece MAD device after 6 months
of treatment in forty-two mild- to-severe OSAS patients. They
found a statistical signi icant treatment response related to
the apnea/hypopnea index and oxygen desaturation index,
reporting an optimum therapy response (AHI < 5) in 53% of
patients (40% in severe OSAS) and a good response (AHI < 10)
in 73% of patients (50% in severe OSAS), but they emphasized
the important role of a multidisciplinary patient selection in
order to obtain high rates of therapy response with MAD.
Other MAD treatment studies have reported similar
success rates: 50% to 80% of mild-severe OSA patients showed
signi icant improvement in the AHI when compared with
baseline (before treatment) data. Despite different criteria
https://doi.org/10.29328/journal.jnnd.1001041

for de ining “success or effectiveness” of the therapy, in most
studies “success” or “good” responses have been considered
when normalization of AHI (< 5 events/hours) occurs, or
when <10 events/hours with > 50% in AHI reduction is found
[20,21,74], other authors report “success” when AHI is less
than 20 events/hours and > 50% of AHI reduction has been
observed [75].
Appropriate patient selection is clearly important to obtain
these success rates.
For instance, our study and others have shown that a high
BMI seems to interfere negatively in the performance of OA
devices. This important consideration has been stressed by
many authors reporting BMI as a consistent predictor of MAD
ef icacy [6,20,76] have suggested that BMI greater than 35 kg/
m2 should be a contraindication for MAD therapy. Whether
oral appliance therapy mitigates risk of untreated OSA even
among patients in whom optimal outcomes are not achieved
is a topic worthy of further study.
Final remarks: Despite recommendations in the most
recent clinical practice guidelines for the management of
OSA in adults, published by the American Academy of Sleep
Medicine (AASM), the American Thoracic Society (ATS),
and the American College of Physicians (ACP) [25,77,78]
suggesting that all patients diagnosed with OSA should be
offered positive airway pressure as initial therapy, recent
literature, including the present study, provide evidence that
MAD is an effective alternative therapy to CPAP, except for in
extremely obese patients.
We agree that CPAP is the standard of care, however, we are
in agreement with others researchers that a well-prescribed
mandibular advance device, correctly manufactured and
periodically monitored, can be a highly ef icient treatment
independent of OSA severity, and particularly in settings
where CPAP is not possible [5,15,76,79].
Moreover, MAD therapy is a simple and noninvasive
treatment, and because of the small size, MADs are easily
portable as compared with CPAP and do not represent a major
expense to patients or to the health care system [20,75,80,81].
These characteristics make MAD an important treatment
option not only for patients with non-adherence to CPAP but
for patients in regions where CPAP machines are not available
because complexity and cost [74-76,82].
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