
Abstract. – BACKGROUND: Obstructive
sleep apnea syndrome (OSAS) is defined as re-
peated episodes of obstruction of the upper air-
way and oxygen desaturation of the arterial he-
moglobin. OSAS is associated with loud snor-
ing, excessive daytime sleepiness, cardiovascu-
lar and neurocognitive disease, increase risk of
road accidents.

AIM: The aim of this study is to evaluate non-
surgical therapy for OSAS using a mandibular
advancement device (MAD) that provides for
lower jaw protrusion and for an adequate verti-
cal opening, that allows for greater airflow.

MATERIALS AND METHODS: The device was
assembled using the working principles of
“Herbst-like” appliances and splints of neuro-
muscular deprogramming of the “Federici” type
used for gnathologic treatments. We selected 17
males and 4 females, with an average age of 42
years, and an average BMI of 29. Eighteen pa-
tients were treated with our oral appliance, 1 pa-
tient was treated with the orthesis proposed by
Schmidt-Nowara et al and 2 patients were treat-
ed with the oral appliance proposed by Johal
and Battagel. All patients used the appliance for
at least 6 months.

RESULTS: After treatment with the oral appli-
ance, the posterior airway space increased (p =
0.0002); no statistically significant difference
for the improvement degree of OSAS severity
(p = 0.1085) was shown; an improvement was
found in: AHI (p = 0.0028); Nadir O2 (p =
0.0035); TO2 < 90% (p = 0.0140); 2 patients pre-
sented with temporomandibular joint (TMJ) dis-
comfort.

CONCLUSIONS: Our MAD has proved effec-
tive in improving the polysomnographic and ra-
diographic parameters and assures good TMJ
compliance.
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Abbreviations

OSA = obstructive sleep apnea
OSAS = obstructive sleep apnea syndrome
CPAP = continuous positive airway pressure
MAD = mandibular advancement device
TMJ = temporomandibular joint
BMI = body mass index
CT = computed tomography
PAS = posterior airway space
AHI = apnea/hypopnea index
Nadir O2 = Nadir oxygenation
TO2 < 90% = time spent with oxygenation less than

90%
CNS = central nervous system

Introduction

Over 25% of the adult population suffers from
obstructive sleep apnea (OSA), and of these pa-
tients, approximately 10% have moderate to se-
vere disease. If left untreated, mortality for se-
vere OSA is 30% at 15 years1. Several studies
have confirmed that OSA is more common in
men than women2,3, which is probably due to the
differences in fat distribution, airway height and
collapsibility, neurochemical mechanisms and
sex hormones. There are also differences be-
tween different ethnic groups. Among Asians, the
risk of developing OSA seems to be more related
to craniofacial morphology than to obesity,
which is, instead, an important risk factor among
Hispanics and American Indians4. The rate of
road accidents attributable to sleep disorders is 1-
3% in the USA, 10% in France and more than
30% in Australia5. Risk factors for developing
OSA are age, male gender, structural variations
(retrognathia, micrognathia, macroglossia, mid-
facial hypoplasia, trauma, oncological demoli-
tions, radiotherapy, enlarged tonsils and obesity),
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hormonal factors (androgens, polycystic ovary
and menopause, although estrogens and proges-
terone have a protective role), acromegaly,
Down’s syndrome and hypothyroidism. Sleep ap-
neas are considered risk factors for hypertension,
ischemic heart disease and stroke. They are also
associated with loud snoring at night, waking
with a pause in breathing and excessive daytime
sleepiness. This syndrome has an impact on the
patient’s neurocognitive function (memory loss,
personality disorders and increased risk of car ac-
cidents)6. Appropriate treatment significantly im-
proves the cardiopulmonary function and the
clinical condition of the patient. Treatment can
be surgical or nonsurgical, and it aims to re-es-
tablish normal airflow of the rhino-pharynx.
More than 70% of OSA can be treated with non-
surgical therapy that is essentially based on two
elements: the injection of air at positive pressure
with the technique called continuous positive air-
way pressure (CPAP) and the use of an Oral De-
vice, which is used to increase the tension of the
pharyngeal wall and to advance the base of the
tongue. Despite its efficacy in the treatment of
obstructive sleep apnea syndrome (OSAS),
CPAP is not fully accepted by patients. This fac-
tor leads to increased demand of the use of an
oral device to reach or enhance the benefits pos-
sible with CPAP. Oral devices are appliances that
are used during sleep to increase the upper air-
way’s size through a mechanical action7. In this
therapy, two types of appliances have proved to
be effective: tongue retaining devices and the
mandibular advancement device (MAD). The
former provides a suction cup that moves the
tongue into a more advanced position; it is main-
ly used when there is not a complete dentition8.
There are several mandibular advancement de-
vices reported in the literature9-18, and they can be
divided into two main types: “monobloc”, which
is an orthesis set up with only one element19-21,
and “bibloc”10,22-24, which is an orthesis set up
with two elements25. These devices are well toler-
ated by patients, easy to use, non-invasive and re-
movable, with mild and, overall, acceptable side
effects23. We experienced some difficulties in the
use of two oral devices mainly related to poor pa-
tient compliance and temporomandibular joint
disorder (TMJ) problems with the “Monobloc”
type and persistent airflow obstruction with the
“Bibloc” type. To compensate for these compli-
cations, we designed, according to “Bibloc” ty-
pology, a mandibular advancement device that
provides for an adequate vertical opening in ad-

dition to lower jaw protrusion. The described de-
vice is custom-made from a patient’s dental im-
pression to increase comfort and compliance.
Other devices of similar design proposed in the
literature have the disadvantage of creating a bar-
rier to oro-pharyngeal airflow when jaw is in the
closed position10,24,26. In comparison to these de-
vices, the oral device we introduced offers a
forced mouth opening that allows for greater air-
flow associated with mandibular protrusion,
combining in a single device the benefits of the
two orthesis typologies.

Materials and Methods

Between January 1, 2007 and December 31,
2009, we followed 74 patients with breathing
diseases associated with sleep at our Center. We
selected 21 of these patients, including 17 males
and 4 females, aged between 19 and 72 years,
with an average age of 42 years, and a body mass
index (BMI) between 27 and 32, with an average
BMI of 29. Eighteen of the 21 patients were
treated with our oral appliance, 1 patient was
treated with the orthesis proposed by Schmidt-
Nowara et al19 and 2 patients were treated with
the oral appliance proposed by Johal and
Battagel24. The selection criteria of the group
were as follows: over 18 years; undergoing thera-
py with an oral appliance; completed clinical
tests, such as CT, polysomnography, Rx teleradi-
ography in lateral view and Helkimo analysis;
and no use of CPAP therapy during the observa-
tion period. Polysomnography, teleradiography
and the Helkimo analysis were performed before
the application of the device and again with the
oral device in place after a period of at least six
months of use. With CT, we studied the nasopha-
ryngeal and oropharyngeal airways, recording
the values observed at the locations of the major
constrictions on both sides. Using cephalometry
we evaluated the PAS (posterior airway space).
With polysomnography, we investigated the fol-
lowing parameters: AHI, Nadir oxygenation and
time spent with oxygenation less than 90% (TO2

< 90%). By Helkimo analysis, we assessed the
condition of the TMJ before and after treatment
with the oral appliance.

Device Description
The device is made up of two splints of acrylic

resin that run both in the palatal and tongue direc-
tion towards the gum border of both upper and
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Figure 1. Oral device frontal view.

Figure 2. Oral device lateral view.

Figure 3. Frontal opening.
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Statistical Analysis
We performed descriptive analysis using the

frequencies for qualitative variables, and we cal-
culated the quantitative variables using the medi-
an and interquartile range. We used the non-para-
metric Wilcoxon signed ranks test to assess the
existence of a statistical difference between the
values before and after of: PAS, degree of OSAS
severity calculated with polysomnography; AHI,
Nadir O2 and TO2 < 90%. The significance level
was set at p < 0.05. Analyses were performed us-
ing Stata 10 for Windows.

Results

In our sample, there were 14 males and 4 fe-
males. The median age was 42.5 years (in-
terquartile range = 17 years). The subjects who
were analyzed had a BMI of 29 (interquartile
range = 2). All patients used the appliance for
at least 6 months. We found a statistically sig-
nificant difference between PAS values before
and after treatment (p = 0.0002); specifically,

lower arches. Both splints included “Adams-like”
retention hooks on the fourth and sixth molars,
when in place, and a raised occlusal plane made
of transparent resin. The retention hooks anchor
the splint maximally and the occlusal plane facili-
tates the identification of interferences or precon-
tacts between the two planes. The occlusal plane
covers the apical surface of the teeth crowns on
both the vestibular and lingual sides and is made
in the sagittal plane with an angle of approximate-
ly 15°-20° in order to allow spontaneous
mandibular protrusion when the mouth closes.
The thickness of the two planes is approximately
8-10 mm at the molar level and 10-12 mm at the
premolar level in order to achieve a frontal open-
ing of approximately 15 mm to allow air to flow
through the mouth. This plane extends from the
molars to the distal canines’ cusps. The two
splints are stabilized by two telescopic “Herbst”
hinges. To ensure the system’s stability, the tele-
scopic hinges are installed with two screws and
soldered into the acrylic on metal peduncles,
which are located at the most distal point of the
upper arch and in the lower arch at the canine lev-
el. The hinges contain a piston-like mechanism.
The mandibular protrusion position was deter-
mined with CT studies and by Telecrane in lateral
views, a cast was made with a wax bite to record
this position (Figures 1, 2, 3). At the beginning of
the treatment, the two splints are applied but not
secured by the hinges in order to guide and
strengthen the occlusal plane. The splints are ini-
tially applied twice a day for just one hour at set
time intervals, and the application time is gradual-
ly increased over approximately 15 days. Once
the patient is completely adapted to the splints,
the hinges are applied. The hinges can be adjusted
to accommodate changes in jaw opening and pro-
trusion by inserting preformed metal gauges,
which range in size from 2 to 4 mm, according to
the case needs (Figures 4, 5, 6).



388

post-treatment values were higher than pre-
treatment values in 17 patients, with values
ranging from +5 mm and +1 mm (median pre =
6.5 mm, median post = 8.5 mm). In 1 patient,
the values did not change. Regarding the
polysomnographic evaluation of the degree of
OSAS severity, we recorded an improvement in
13 patients, a worsening in 1 patient and no
change in 4 patients. No statistically significant
difference for these values (p = 0.1085) was
shown. However, a statistical significant differ-
ence was found in the analysis of each of the
polysomnographic indices:
• AHI decreased on the whole with median val-
ues of pre = 31.5 events/h and post = 12
events/h – p = 0.0028; AHI decreased in 15
patients (values ranged from -54 and –3
events/h), increased in 2 patients (values be-
tween +2 and +25 events/h) and remained un-
changed in 1 patient.

• Nadir O2 improved in 15 patients, with values
ranging from +33% and +3%. We recorded a

reduction of this value in 3 patients (values be-
tween – 2% –18%). The values before and af-
ter treatment were statistically different (medi-
an pre = 78%, median post = 90% – p =
0.0035).

• TO2 < 90% decreased on the whole with medi-
an values of pre = 5.5% and post = 0% – p =
0.0140; TO2 < 90% decreased in 12 patients
(values ranged between –2% and –37%), in-
creased in 2 patients (values ranged between
+7% and +9%) and remained unchanged at
0% in 4 patients. In 7 of the 12 patients who
experienced some improvement, the O2 satura-
tion never fell below 90% (TO2 < 90% = 0%)
during the exam (Table I).

Regarding the assessment of TMJ compliance,
based on the Helkimo analysis, 5 patients pre-
sented with joint discomfort after 6 months of
therapy, with Ai no more than grade II and Di no
more than grade I. However, it should be noted
that 3 of these 5 patients suffered from joint dis-
ease before starting therapy.
The patient who used the device proposed by

Schmidt-Nowara et al19 reported an improvement
on all polysomnographic parameters (PAS +2
mm, AHI –1 events/h, Nadir O2 +2%, TO2 < 90%
–1%) and a worsening of the Helkimo analysis
indices (Ai from 0 to II, Di from 0 to II) after 2
months of therapy. Of the 2 patients treated with
the Johal oral appliance24, one reported an in-
crease in the PAS (+1 mm) and no change in oth-
er polysomnographic parameters, whereas the
PAS of the other patient increased (+2 mm), AHI
decreased (–7 events/h), Nadir O2 increased
(+3%) and TO2 < 90% decreased (–2%). In both
patients, the Helkimo analysis indices remained
unchanged.
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Figure 4. Patient at the start of treatment.

Figure 5. The occlusal plane covers the apical surface of
the teeth crowns on both the vestibular and lingual sides.

Figure 6.Mandibular protrusion when the mouth closes.



Discussion

Sleep apnea is defined as an intermittent ceas-
ing of airflow from the upper airway while the
patient is sleeping. Sleep apnea can be either
central or obstructive. In central sleep apnea,
neural impulses to all of the respiratory muscles
stop temporarily. In obstructive sleep apnea
(OSA), airflow is blocked by the occlusion of the
oropharyngeal airway6. There are a number of
factors that lead to the collapse of the airways
and the occurrence of obstructive sleep apnea:
• Increase in upper airway resistance, which re-
quires a greater inspiratory effort to maintain
adequate ventilation. Structural alterations,
present in the majority of OSA patients, pre-
dispose them to occlusion, including retrog-
nathia, micrognathia, macroglossia, midface
hypoplasia, trauma, cancer demolitions, radio-
therapy, hypertrophic tonsils and obesity.

• Depression of respiratory centers, which mani-
fests through a reduction of muscle activity that
allows a regular airflow through the airway, as
it happens during sleep. Alcohol is one impor-
tant depressive influence on this muscle tone.

• Immature CNS27.

Obstructive sleep apnea syndrome (OSAS) is
defined, pathophysiologically, as repeated episodes
of partial or complete obstruction of the upper air-
way and oxygen desaturation of the arterial hemo-
globin; the resulting progressive asphyxia provokes
a brief awakening from sleep during which the air-
way opens and the airflow starts again. The aim of
treatment is to re-establish the normal airflow of
the rhino-pharynx, which can be achieved in differ-
ent ways. Surgery allows the identification of one
or more surgically workable sites. However, the

success rate is only approximately 40-60% because
the clinical symptoms of OSA are not often attrib-
utable to a single anatomic abnormality1. Non-sur-
gical therapy involves the use of CPAP or oral de-
vices associated with weight loss, a reduction of
smoking and of alcohol and drug consumption
(sedatives, hypnotics, etc.), which can worsen the
apneas. In this study, we evaluated non-surgical
therapy for OSAS using a mandibular advance-
ment device (MAD). The functioning of a MAD in
the treatment of OSA is enabled by two mecha-
nisms. One, direct, increases the airway’s caliber
and prevents its collapse due to the negative pres-
sure that develops within it during inspiration; in-
deed, cephalometric studies of patients treated with
MAD have shown an increase in the airway space
behind the tongue and the soft palate, in addition to
a change in uvula and tongue conformation26. The
other mechanism is indirect; the MAD-induced
stretch activates the neuromuscular reflexes of the
airways, causing an increase in muscle tone, which
in turn prevents the walls from collapsing26. Re-
garding the treatment of snoring, the MAD in-
creases the size of the oropharynx and hypophar-
ynx and can cause an increase in pharyngeal wall
tension. Consequently, this tension can lead to a re-
duction of the turbulent flow that is usually the ba-
sis of snoring20. The MADs reported in the litera-
ture are the “monobloc” type19-21 or the “bibloc”
type10,22-24, described as follows:

• “Monobloc” devices have been tested by
Schmidt-Nowara et al19 and O’Sullivan et al20.
These tests show that the use of these devices
resulted in improved sleep quality and reduced
daytime sleepiness, improvement in the fre-
quency and intensity of snoring, significant
AHI reduction and increased oxygen satura-
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Variable Median Interquartile range p-value

PAS Before 6.5 mm 2.0 0.0002*
After 8.5 mm 3.0

Degree of OSAS Before 2.5 3.0 0.1085
After 1.0 1.0

AHI Before 31.5 events/h 31.0 0.0028*
After 12.0 events/h 26.0

Nadir O2 Before 78.0% 15.0 0.0035*
After 90.0% 11.0

TO2 < 90% Before 5.5% 16.0 0.0140*
After 0.0% 7.0

Table I. Statistical evaluation of PAS, Degree of OSAS, AHI, Nadir O2 and TO2 < 90% values before and after treatment with
the oral appliance.

*Significant value.
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tion. These devices, however, have some draw-
backs, including they only allow air to flow
through a frontal orifice, appear cumbersome
and block the lower jaw in a fixed position,
which could cause long-term problems in the
TMJ.

• “Bibloc” devices10,22-24 seem to be more flexi-
ble, are less cumbersome and place less stress
on the TMJ. Bernold and Bondemark22 investi-
gated the effectiveness of a magnetic device,
and after 6 months of treatment, the main
symptoms of snoring and daytime sleepiness
were significantly decreased, the hypopharyn-
geal airway space was increased and the con-
tact between the tongue and soft palate was re-
duced significantly. Aarab et al23 used a MAD
consisting of two splints connected in the front
by an adjustable screw mechanism that allows
the adjustment of the protrusion position in the
anterior and posterior directions. The splints
are further supported by orthodontic elastics
on either side; this MAD has significantly im-
proved the AHI in patients with mild OSA, but
it was not effective in reducing snoring. Johal
and Battagel24 has treated 37 patients with a
Herbst-type mandibular advancement device
with intermaxillary elastics to prevent jaw
opening. 28 patients reported significant re-
duction or cessation in snoring, in apnea and
in daytime sleepiness, 2 subjects did not toler-
ate the device and all patients reported a series
of short-term problems: facial muscle discom-
fort, abnormal bite upon wakening, dry mouth
and excessive salivation during the night.
None of the subjects reported long-lasting dis-
comfort of muscles in the face or the temporo-
mandibular joint. Eveloff et al10 tested another
removable Herbst appliance, and he has
achieved an improvement in the degree of
OSA with a decrease of AHI. However, this
improvement was not significantly correlated
with the magnitude of change in any cephalo-
metric parameter after mandibular advance-
ment; only two parameters were statistically
significant, one being the distance between the
hyoid bone and the mandibular plane and the
other being the posterior facial height.

In our caseload, we treated a patient with the
orthesis proposed by Schmidt-Nowara et al19, but
the patient compliance was poor; the patient
stopped use within 2 months and has not com-
pleted the therapy. Despite the brevity of the ther-
apy, we found a decrease in AHI, an increase of

Nadir O2 and a worsening of the Helkimo analy-
sis indices. Two patients were treated with the
oral appliance proposed by Johal and Battagel24,
which showed a good compliance, but the results
were unsatisfactory. In fact, in one patient, all of
the polysomnographic indices showed no
change, and the second patient showed only
small changes. The failure of previous cases has
motivated us to design an oral appliance that
would combine the advantages of both devices
described here and that would maintain accept-
able patient compliance.
Our device was custom-made from plaster

models of each patient’s dental arches. It was as-
sembled using the working principles of “Herbst-
like” appliances and splints of neuromuscular de-
programming of the “Federici” type used for
gnathologic treatments. Distinctive features of
this device include its full reversibility and the de-
gree of mandibular advancement that can be mod-
ulated over time by inserting gauges on the tele-
scopic hinge. Additionally, the occlusal plane ap-
plies a posterior functional support that does not
stress the masticatory muscles, the mandibular
protrusion is so gradual that it does not stress the
TMJ. There are no occlusal alterations because
the occlusal plane is locked in place by the splints
and it is not equipped with restraints, such as elas-
tics or magnets, so it does not make it difficult for
the patient to open the mouth. In conclusion,
compared to the other oral devices we have used,
our MAD has proved more effective in improving
the polysomnographic and radiographic parame-
ters and assures better TMJ compliance. Indeed,
only 2 of 18 patients showed TMJ discomfort ex
novo (in both cases, not severe enough to stop the
therapy) because they used the protocol that pro-
vides for a gradual adaptation to the device in ad-
dition to splints used for gnathologic therapy.
Possible disadvantages of our appliance are dry
mouth due to the forced opening of the mouth and
muscular and TMJ discomfort during the early
stages of adaptation.
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