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ABSTRACT
Obstructive Sleep Apnea (OSA) is the most common type of sleep 
disordered breathing, having numerous systematic consequences. 
Continuous Positive Airway Pressure devices (CPAP) have been used 
effectively so far for the treatment of OSA, but there is an important 
number of patients, up to 50%, that show bad adherence to CPAP 
treatment and may finally quit. Other therapeutic interventions 
that have been effective are dental devices that force the mandible 
to a forward position. The placement of these so called mandibular 
advancement devices (Mandibular Advancement Devices/MADs) 
causes the mandible to be positioned forward and downwards to 
its normal position. These dental devices are an acceptable option 
for the treatment of OSA apart from CPAP. Although, their efficacy 
is lower than that of CPAP in severe OSA, they can be effectively 
used in mild to moderate OSA because of their ease of use, lower 
cost and because they can be well-tolerated.
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INTRODUCTION

The two main types of Sleep disordered breathing are Obstructive 
Sleep Apnea (OSA) and Central Sleep Apnea (CSA). These disorders can also 
be present at the same type in mixed apneas. Central sleep apnea is less 
common and is caused by reduced respiratory drive1, causing intermittent 
oxygenation during sleep2,3.

Obstructive Sleep Apnea is the most common type of sleep apneas. It 
is estimated that 14% of middle-aged men and 5% of middle-aged women 
suffer from OSA4,5. The syndrome is characterized by partial or total obstruc-
tion of the upper airways during the sleep, that causes recurrent episodes 
of breathing stops and is linked with intermittent hypoxia during the night 
sleep, snoring and daytime symptoms, such as daytime sleepiness. Accord-
ing to American Academy of Sleep Medicine (AASM) OSA is diagnosed in 
patients with 5 or more episodes of apneas or hypopneas per hour of sleep, 
who also present with clinical symptoms of daytime sleepiness, elevated 
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mandible (Figure 1) or two separate devices that are linked 
together in order to push the mandible forward to avoid 
airway collapse during sleep (Figure 2). The customized 
production of the device by a qualified dental technician 
guarantees better results for the patient.

There are, also, dental devices that can be purchased 
even over the internet, which do not require special mea-
surements on the patients. These appliances are made 
of a type of plastic that allows the patient to modify its 
shape to fit his own mouth after heating the plastic in 
warm water. These MADs are cheaper to buy, but in some 
cases may cause discomfort to the patients as they are not 
custom made; therefore, some patients may discontinue 
their utilization. Moreover, they can destroy the dental 
barrier or even cause damage to the temporomandibular 
joints. Finally, these devices, which are not customized for 
the patient are not suggested for the treatment of OSA 
and should be avoided13.

The effects of mandibular advancement on OSA has 
been studied is several studies. In a study of OSA pa-
tients, different mandibular advancement options were 
selected (2mm, 4mm and 6mm). The study showed that 
the improvement of hypoxemia was related to the man-
dibular advancement (25%, 48% and 65% respectively)14. 
The use of the MADs in patients with moderate OSA has 
been proved to be effective. A mandibular advancement 
of 75% reduces AHI by 52, whereas an advancement of 
50% reduces AHI by 31%15. In any case, the mandibular 
advancement has to be careful, because an advancement 
of more than 50% may cause discomfort or even injuries16.

The placement of these so called mandibular ad-
vancement devices (MADs) causes the mandible to be 
positioned forward and downwards to its normal posi-
tion. The interincisal opening of the mandible has been 
investigated and the existing results show that there are 
no differences between a interincisal opening of 4mm or 
14mm (while having the same mandibular advancement); 
however, the patients preferred the 4mm16. Moreover, a 
greater interincisal opening results in the obstruction of 
the oropharynx by the tongue. Therefore, MADs should 
not cause overt changes to the mouth in order to lead 
to a more efficacious result. 

Mechanism of action

The mandibular advancement that is caused by the 
MADs, urges the tongue to open the airway at the level 
of the oropharynx. Moreover, the genioglossus muscle 
is activated, resulting in alterations to its shape and posi-

blood pressure, tiredness, or in patients with 15 or more 
episodes of apneas or hypopneas per hour of sleep 
without symptoms6,7.

Apnea is characterized by total upper airway obstruc-
tion for at least 10 seconds. Hypopnea is characterized 
by a reduction in airflow by 30% (less than in previous 2 
minutes) and a reduction in oxygen saturation by ≥3% 
or an arousal in electroencephalogram (EEG). It is also 
important that there is a respiratory muscle effort during 
an obstructive apnea or hypopnea. The total number of 
apneas and hypopneas pre sleep hour is called Apnea-
Hypopnea Index (AHI) and is used for the classification 
of disease severity: mild OSA (5≤ΑΗΙ<15), moderate 
(15≤AHI<30) and severe OSA (AHI≥30)8.

Therapeutic options

Initial interventions in patients with diagnosed OSA 
include body weight reduction, especially in obese pa-
tients, as there is a well-established connection between 
lowering of body weight and reduction of sleep apnea 
episodes. Sleeping in certain positions and avoidance of 
the supine position during the sleep may also be effec-
tive in some patients (positional-related sleep apnea). 
Moreover, it is suggested that patients should not use 
muscle relaxants and antidepressants. Using alcohol, 
especially at night, can also make apneas worse, because 
they make the muscles to relax and the patency of the 
upper airways is affected9,10.

However, the most efficacious and widely used thera-
peutic option for OSA is the use of Continuous Positive 
Airway Pressure devices (CPAP). CPAP not only leads to 
the reduction of apneas, but also improves the quality 
of life of the patients11,12. The main disadvantage of CPAP 
treatment is that it has innate defects that make some 
patients difficult to bear; as a result, it is estimated that 
almost 50% of patients abandon CPAP treatment. The 
main defects include the noise of the CPAP device, claus-
trophobia due to the mask, ulcers on the noise because 
of the pressure of the plastic parts of the mask, reduced 
confidence in younger patients and high cost.

Apart from the CPAP, there are dental devices that can 
be used for the successful treatment of OSA. Two main 
categories are now available: Mandibular Advancement 
Devices (MAD) and Tongue Retaining Devices (TRD). The 
latter is not widely used, because of its low efficacy result-
ing in partial airway obstruction by the tongue.

Mandibular advancement devices can be either one 
device (Monobloc) that is applicable both in maxillary and 
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The use of MAD and CPAP  
in the treatment of OSA

The efficacy of the MADs in the treatment of OSA has 
been studied in patients receiving treatment with these 
devices by the means of night polysonmnography. In order 
to have a successful treatment of OSA, a reduction in AHI 
below 5 episodes/hour has to be achieved in patients with 
mild OSA and a reduction of 50% in AHI after treatment in 
patients with severe OSA18. There are four clinical studies 
investigating into the efficacy of MADs in OSA19-22. They 
have all agreed that the mandibular advancement plays 
an important role in the reduction of apneas. In another 
study in patients with moderate OSA the use of MADs 
leads to an effective treatment in 65% of the patients23.

Moreover, it is also important to improve sleep quality, 
reduce snoring and arousals during night sleep. There is 
a study that has shown reduction of arousals (16/hour 
instead of 33.8/hour before treatment)20. Furthermore, 
snoring was reduced and so was daytime sleepiness as 
recorded in FOSQ (Functional Outcomes of Sleep Ques-
tionnaire) και ESS (Epworth Sleepiness Scale). In another 
study, the use of MADs in OSA resulted in the decrease 
of systolic blood pressure, a finding that is more impor-
tant in patients with an AΗΙ>15 and excessive daytime 
sleepiness19.

However, the efficacy of MADs is inferior to that of 
CPAP. In a systematic review of 11 randomized clinical 
trials comparing MAD to CPAP treatment the results 
suggested that both treatments can be used for the 
treatment of patients with OSA, but CPAP treatment has 
better results in most patients. Nevertheless, MADs are 
easier for the patient to use24. American Sleep Disorders 
Association suggests using MADs in mild to moderate 
OSA or in patients that cannot tolerate CPAP treatment25.

Clinical outcomes of the use of MAD  
and adverse effects

A successful treatment of OSA using MADs depends 
on multiple factors such as the skills of the dentist, the 
co-operation of the patient, morphological characteristics 
of the patient and anatomy of the airway. In a study of 
the characteristics that may lead to a successful treat-
ment with MADs, it was shown that patients with lower 
BMI and AHI had better results26. Moreover, the narrower 
pharynx, the position of the hyoid bone, the angle of the 
mandible and the, the smaller face of the patient and 

tion. The tongue is, then, moving a bit forward in the oral 
cavity. However, increasing the width of the oropharynx 
is not limited only to the level of the oropharynx, but 
also affects the soft palate. The mandibular advancement 
increases the transverse dimension of the oropharynx 
behind the soft palate as it stretches the walls of the 
pharynx and activates the glossopalatine muscle and the 
pharyngopalatine muscle. So, the soft palate is prevented 
from falling and the lateral diameter of the oropharynx 
is increased17. This is particularly important in patients 
with OSA with a narrower oropharynx. The use of MADs 
leads to a rearrangement of skeletal muscle tissue and 
the hyoid bone is moving as well. Therefore, the use of 
the MADs increases the width of the airways and thereby 
OSA severity is refuced.

Εικόνα 1.

Εικόνα 2.
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the length of the soft palate are factors that affect the 
efficacy of the MADs.

But, the use of these devices may also have some 
adverse effects. Some of them are temporary, such as 
salivation and dry mouth. A dysfunction in the temporo-
mandibular junction may also occur, especially with badly 
designed devices. In other patients, these devices can be 
harmful for the teeth, but this adverse effect is correlated 
to the time that they are used, the age, gender and BMI 
of the patient. And of course, the greater the AHI, the 
greater is the impact of these devices on the teeth as 
they are needed for longer times and the mandibular 
advancement is greater27.

Therefore, these devices should be carefully used and 
adverse effects should always be taken into consideration. 
Patients with pre-existing disorders of the temporoman-
dibular junction should not receive treatment with MADs 
and so do patients with teeth diseases. In order to reduce 
all major adverse effects, the mandibular advancement 
must not exceed 70% of the maximum advancement; 
and up to the limit of 5mm, whereas interincisal opening 
must not exceed 5mm.

The American Academy of Sleep Medicine (AASM) 
and the American Academy of Dental Sleep Medicine 
(ADSM) have come up with clinical information regard-
ing the use of MADs. 1) The use of MADs is suggested in 
patients with excessive snoring even if the patients have 
not been diagnosed with OSA. 2) In case the somnolo-
gist prescribes a MAD, the customized devices, that are 
made by dentists with an expertise in the field, should be 
preferred, because the mandibular advancement can be 
controlled. 3) Patients diagnosed with OSA that do not 
prefer using CPAP may be given the option to use MADs 
instead. 4) The application of MADs must always be per-
formed by specialized dentists and the patients should be 
periodically re-evaluated. 5) It is suggested that patients 
using MADs undergo full night sleep studies to monitor 
the efficacy of treatment. 6) All patients should be noti-
fied that their treatment involves periodical evaluations 
by the referring sleep center and their dentist to check 
treatment efficacy.

Conclusion

Dental devices are currently a reliable option for the 
treatment of OSA apart from the CPAP device. Although, 
their efficacy is lower than that of CPAP in severe OSA, 
they can be effectively used in mild and moderate OSA 

because of their ease of use, lower cost and acceptance 
from the patients. The design and application of these 
dental devices should only be done by experienced 
and specially trained dentists and orthodontics in co-
operation with the sleep specialists and pulmonologist, 
while having in mind that they have certain advantages 
and disadvantages.
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