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The incidence of obstructive sleep apnea (OSA) is increasing in the 
general population. (1) Patients diagnosed with OSA seek for an effective 
and comfortable treatment modality for their sleep disorder. Non-surgical 
treatment is often lifelong and requires follow-up, not only with respect 
to treatment outcomes, but also in relation to possible side effects and 
consequences of long-term treatment. (2) The general aim of this thesis 
was to evaluate mandibular advancement device (MAD) therapy success 
and the therapeutic and dental effects on the long-term, also compared 
to continuous positive airway pressure (CPAP) therapy and with respect 
to different MAD designs. 

PART 1: TREATMENT PREDICTION

	 CHARACTERISTICS OF OSA PATIENTS
Physical and anatomical traits play an important role in the pathogenesis 
of OSA. First of all, physical characteristics like obesity, increased 
neck circumference, male gender, post-menopausal status in women, 
advanced age, race, and craniofacial dysmorphisms are known risk 
factors for OSA. (1,3) Anatomical characteristics include a surplus of 
facial soft tissue, large palatine and tongue tonsils, a low soft palate, a 
long uvula and mandibular retrognathia. These characteristics give more 
compression to the upper airway, promoting upper airway collapse. (4,5) 
Patients identified with moderate pharyngeal collapsibility and low loop 
gain (i.e. a small ventilatory response to a respiratory disturbance) are 
likely to respond to MAD therapy. (6–8) Less favorable MAD treatment 
response is observed when sleeping in supine position and when in REM 
sleep. However, demographic, anthropometric, and polysomnographic 
data correlate only weakly with MAD treatment outcome. (9) Furthermore, 
so far, no dental characteristics such as range of protrusion, overbite, 
overjet, or molar classification are robust predictors with respect to OSA 
severity or MAD therapy success. (10) If dental characteristics could predict 
OSA severity or MAD therapy outcome, this could be helpful in selecting 
patients for treatment and to prevent unnecessary costs or examinations. 
In chapter 4, we discussed these dental predictors in relation to OSA 
severity and MAD therapy success. So far, the role of dental parameters 
in phenotyping OSA patients could not be demonstrated in previous 
studies (9,11). We also concluded that the role of dental factors in MAD 
treatment prediction could not be shown. Consequently, dental variables 
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are not yet helpful in phenotyping OSA patients. This is, however, based 
on a secondary analysis on data of a prospective crossover study. A 
sufficiently powered prospective study is suggested to elaborate more on 
selection and phenotyping in OSA patients. 

The temporary use of a non-custom-made or ‘boil and bite’ MAD could be 
an option for patient selection before making a custom appliance. ‘Boil 
and bite’ MADs have been further developed during the last decade. In 
the past, there have been problems with ‘boil and bite’ MADs, mostly 
related to a lack of retention and poor patient comfort, and therefore 
suboptimal compliance. (12) However, these appliances have been 
further developed. Furthermore, nowadays, there even is the possibility 
for patients to order ‘boil and bite’ devices online. We investigated a 
new generation non-custom-made ‘boil and bite’ MAD in chapter 3 and 
compared it to a custom-made MAD. Both appliances were midline-
traction appliances and advanced the mandible by a screw in the frontal 
area of the appliance. We concluded that the non-custom-made MAD had 
a similar effect on AHI reduction and subjective sleepiness as compared 
to a custom-made MAD. Both appliances were equally effective in terms 
of efficacy and improvements in self-reported sleepiness. This could be 
explained by the comparable comfort and retention of both appliances, 
resulting in comparable compliance. More research must be performed 
into the possible temporary use of different ‘boil and bite’ MAD systems. 
The temporary use of ‘boil and bite’ MAD systems could be beneficial to 
select appropriate candidates for custom-made MAD therapy.

Another relative new option to predict treatment success and directly 
determine the required amount of mandibular protrusion is the MATRx 
appliance. This is a non-custom MAD that simultaneously measures ODI, 
heartrate and blood oxygen saturation while titrating the MAD during an 
overnight sleep study. (13,14) By doing so, the MATRx can be used as 
a predictor for MAD therapeutic efficacy. The advantage of this system 
compared to the non-custom MAD in chapter 3 is that sleep related 
outcomes are directly analyzed with specific amounts of mandibular 
protrusion, similar to the overnight titration of an effective CPAP pressure. 
A sufficient amount of protrusion could be determined during the overnight 
study. This may be an alternative approach that evaluates the appliance 
before initiating custom MAD therapy. The non-custom MAD might be a 
cheaper option for the initial selection of appropriate patients. So far, most 
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research is done on patients who already experienced MAD success. 
(13) However, further research is necessary to elaborate on unselected 
patients and on the agreement of the MATRx appliance, a non-custom 
MAD, and a custom MAD and to elaborate on the predictive value of the 
MATRx in unselected OSA patients. Furthermore, more research needs 
to be performed on differences in financial aspects, in selecting patients 
for MAD therapy, between a non-custom MAD and the MATRx appliance 
before making a custom MAD.  

Based on, our systematic review in chapter 2, of the available literature 
regarding the outcomes and efficacy of different MAD designs in OSA 
management, we concluded that there is not one superior custom MAD 
design for OSA treatment. Moreover, to date, custom appliances perform 
more favorably than ‘boil and bite’ appliances. Many studies have 
been performed and concluded that titratable appliances perform more 
favorably than non-titratable appliances. This could be explained by the 
facts that appliance protrusion could easily be adjusted during treatment 
and that a titratable MAD allows for freedom of movement of the lower 
jaw. (15) This might improve compliance and therapeutic outcomes. 
However, not all literature does support this line of thought. Possibly, 
the main differences between different MAD designs are related to the 
use of different materials and design features affecting patient comfort. 
Ultimately, this phenomenon could affect differences in compliance and 
therefore therapeutic acceptance and outcomes. Another aspect that 
might affect outcomes may be the restrictions in mouth opening while 
wearing the appliance. This aspect may in fact be just as important as the 
amount of protrusion in some patients and has been studied previously 
by Milano et al. (16) Milano et al. concluded that when opening the mouth, 
autorotation of the mandible occurs, resulting in retrusion of the mandible. 
In this case, more protrusion is necessary to retain the same amount of 
mandibular protrusion following autorotation. However, the phenomenon 
of mouth opening during sleep especially occurs in supine position. In 
the study by Milano et al., treatment success was significantly higher in 
patients wearing a MAD with mouth opening restrictions (67% success), 
compared to patients wearing a MAD without mouth opening restrictions 
(36% success). Their study was performed in patients with positional 
OSA. It therefore seems interesting to investigate the importance of 
restrictions in mouth opening in patients without positional OSA. 
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Another important aspect with MAD treatment is to set a suitable 
protrusion at the start of the treatment. This differs in every patient and 
is usually also different at the beginning of the therapy compared to this 
parameter after the habituation period. The amount of protrusion at the 
start of the treatment should not be too advanced while the patient is 
getting accustomed to the device. After this period further protrusion 
can be performed, if necessary, in order to resolve complaints. In the 
literature, the most optimal amount of mandibular protrusion is often 
discussed. (17) An amount of 50-75% of maximum protrusion used to 
be the guideline in OSA management, however a correct amount of 
protrusion is also dependent on OSA severity. (18,19) There is not a 
one size fits all protrusion. Therefore, this parameter must be determined 
individually. The most ideal protrusion could possibly be detected with 
the MATRx appliance, as discussed in the previous paragraph, or with 
a (non-)custom-made MAD during multiple nights using wrist oximetry. 
Wrist oximeters are a diagnostic tool to detect the mean SpO2 and heart 
rate by using a wrist band with a fingertip. They have been tested for OSA 
monitoring. In general, they have a high sensitivity but a low specificity for 
detecting OSA. (20,21) Also smart watches and applications on mobile 
phones are currently being developed. A wrist oximeter could be worn by 
the patient for the whole period of MAD titration. This could be helpful in 
optimizing MAD outcomes and titrating the correct amount of mandibular 
protrusion. (22) Further research is necessary to compare outcomes of 
wrist oximeters, smart watches, and mobile phone applications with PSG 
or PG studies. 

	 COLLABORATION IS THE KEY
It is problematic that OSA is often not recognized (23,24). In the 
Netherlands, patients who feel sick have to see a general practitioner 
at first. Due to our current busy lifestyle and high demands in our daily 
life, many people experience stress and associated daytime sleepiness. 
It can be difficult to differentiate these complaints from sleepiness due 
to sleep disorders such as OSA. Therefore, it is possible that patients 
with OSA will not attend their general practitioner when they feel sleepy. 
Furthermore, OSA is not a disease that presents from one day to the 
other. The condition generally worsens over time. Therefore, it is even 
more difficult for patients to recognize. 
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Patients visit their dentist every six to twelve months. Dentists can evaluate 
clinical characteristics, such as a high BMI or anatomical characteristics 
such as large palatine and tongue tonsils, a low soft palate, a long uvula 
and mandibular retrognathia and combine this with the patients’ medical 
history (25). Furthermore, the dentist could play an important role in 
patient awareness by, for example, asking about snoring habits or sleep 
quality. Therefore, dentists could have an important role in the (early) 
diagnosis of sleep disorders such as OSA. Nowadays, the initiation of 
OSA diagnosis or further investigation of the disease is left to the general 
practitioners or specialists in the hospital. It is suggested that dentists 
need to play a more important role in the diagnosis of sleep disorders in 
the future. (26) Not only by questionnaires about general health, snoring, 
or sleepiness, but possibly also by evaluating anatomical characteristics. 
In chapter 4, we evaluated phenotyping of patients and predicting OSA 
severity and MAD treatment outcomes by means of dental variables. This 
could possibly enlarge the role of the dentist in sleep medicine. General 
practitioners and dentists could be working together in the first line of OSA 
diagnosis. Unfortunately, we could not demonstrate correlations between 
dental parameters and PSG or MAD therapy outcomes. Differences could 
have occurred due to the secondary analysis of the data and confounding 
factors like patient selection. Because of the absence of clear predictors 
of OSA and MAD treatment, it is not possible to screen in the dental 
practice yet. 

To be able to recognize OSA by patients, dentists, and general 
practitioners, more attention must be paid to general the knowledge 
about OSA. Therefore, first of all, education about sleep disorders is 
of major importance. (27) This could possibly be done by education at 
dental schools, but also by information leaflets in the waiting room, or 
additional questions in a medical history. Important is to communicate 
and collaborate between the different disciplines to efficiently screen 
patients and serve them with the best possible treatment. This is not only 
of major importance in sleep medicine, but also in general medicine. The 
WHO states that poor oral health is a major contributor to general health 
conditions and vice versa. (28) Therefore, patients with OSA benefit from 
a multidisciplinary treatment approach because oral and general health 
are interrelated.
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	 INDIVIDUAL TREATMENT STRATEGY
Nowadays, it is more and more common to individualize and customize 
medical treatments. Every patient is different and therefore, ideally, 
treatment should be personalized if possible. This aspect is also partly 
applicable to OSA treatment. In our systematic review in chapter 2, we 
concluded that there is not one superior custom MAD design in OSA 
treatment. Therefore, individual wishes, or patients’ habits such as 
grinding or mouth breathing, could be included in a MAD treatment 
strategy. Besides, in some patients, possibly more attention must be paid 
to conservative treatment, such as sleep hygiene and reducing weight, 
in addition to other treatment methods such as MAD and CPAP. If more 
attention is paid to individualize treatment, this will possibly result in 
higher treatment compliance and improved treatment outcomes.

 
PART 2: LONG-TERM OUTCOMES

In the second part of this thesis, the long-term follow-up of MAD treatment 
is evaluated. How should a lifelong successful treatment for this chronic 
disease be coordinated? Furthermore, what is a successful treatment 
outcome? 

First of all, OSA is a chronic disease and therefore requires lifelong 
treatment if treatment is non-surgical. Hence, long-term outcomes are 
an important aspect. Our findings in chapter 5 suggest that treatment 
of OSA with MAD or CPAP is still successful in, respectively, 86% and 
94% of patients at 10-year follow-up. However, this 10-year follow-up 
included only 35% of MAD patients and 46% of CPAP patients who were 
included at baseline. This large dropout was partly related to the fact 
that many of the studied patients were not willing to return for a checkup 
after ten years. Furthermore, patients were able to switch therapy if 
they wanted. Probably, a better evaluation of long-term results is to 
compare the 2-year and 10-year follow-up without taking the baseline 
into account. In our RCT, at 2-year follow-up, 93% of MAD patients and 
95% of CPAP patients were successfully treated. Between baseline and 
2-year follow-up, 22 MAD patients (43%) and 15 CPAP patients (29%) 
dropped out. At 10-year follow-up, 86% of MAD patients and 94% of 
CPAP patients were successfully treated. Between 2-year and 10-year 
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follow-up, 11 MAD patients (37% of 2-year and 22% of baseline) and 13 
CPAP patients (35% of 2-year and 25% of baseline) dropped out. The 
outcomes of treatment success and dropout over a longer period of time 
are comparable between both treatments. Therefore, we can conclude 
that, in both therapies, if treatment success is reached at 2-year follow-
up it is likely that this will be retained at 10-year follow-up. 

In the Netherlands, patients are mostly diagnosed with OSA based on 
a PSG. If pretreatment AHI≥15, patients will also need a posttreatment 
PSG evaluating the outcome of the MAD. (29) This is usually performed 
three to six months after initiation of treatment. Therapy evaluation could 
be performed by anamnesis, but also by a PSG, PG, or a wrist oximeter, 
or maybe even by an application on mobile phones or smart watches. A 
PSG is considered the gold standard in the evaluation of sleep apnea. 
However, it is also expensive and labor intensive. (30) Polygraphy (PG) is 
a less time consuming and cheaper method when evaluating OSA. Less 
parameters are evaluated when compared to a PSG, however, a PG is 
still labor intensive (31). The wrist oximeter is an easy-to-use system 
that can even be applied by dentists or dental specialists. It measures 
heartrate and saturation levels in the blood by a watch with a fingertip 
and measures during the whole night. (20,21,32,33) Therefore, it could 
be suggested that dentists could perform therapy evaluation by means of 
wrist oximeters and anamnesis. This could reduce medical costs and could 
improve treatment outcome on long-term. More research is necessary to 
elaborate on the possible role of dentists in therapy evaluation and its 
cost effectiveness. 

During follow-up, most patients treated with MAD therapy have regular 
checkups. However, an extra PSG or other sleep evaluation is not 
standard follow-up protocol. It could be suggested to reevaluate therapy 
every year in patients with severe OSA or in patients with serious 
cardiovascular risks or comorbidities, because OSA is independently 
associated with an increased risk of developing sustained periods of 
hypertension, arrhythmias, and cardiovascular disease. (34–37) This 
reevaluation could be performed by the use of a simple wrist oximeter. 
When outcomes are unstable and sleep apnea is still present, treatment 
adjustment could be performed, or an extended sleep study by means of 
a PG or a PSG could be performed. Furthermore, it could be suggested 
to reevaluate therapy every five years in patients with moderate OSA, or 



181

  8

in patients who could be at risk for comorbidities, such as patients with 
a BMI>30. This could also be done with a wrist oximeter at first. If there 
is a suspicion of recurring OSA, additional diagnostic studies should be 
performed. Finally, in patients with mild OSA, reevaluation of the therapy 
could be done by anamnesis and yearly checkups. When patients are not 
satisfied with the treatment outcome, and finetuning of therapy does not 
help, evaluation by a wrist oximeter could also be helpful. 

	 TREATING NUMBERS?
An important motivation to treat OSA is not only socially disruptive 
snoring and complaints of sleepiness, but also general health aspects of 
the disease. OSA is associated with metabolic and cardiovascular risks. 
It results in hypoxia, which enhances oxidative stress and hypertension. 
(38) In chapter 6, we evaluated metabolic and cardiovascular effects of 
MAD and CPAP therapy because the reduction of risk factors is one of 
the main motivations in treating patients with sleep apnea. In our study, 
there were no profound effects on major cardiovascular risk factors after 
twelve months of therapy with either MAD or CPAP. This was somewhat 
disappointing. It is possible that no profound effects were observed 
due to the small treatment group, the relative short follow-up period, 
or the moderate baseline AHI. It is possible that more profound effects 
on metabolic and cardiovascular risk factors would have been found 
when treating a larger group with more severe OSA with a follow-up that 
comprises a longer period of time. 

The question that follows is, what should be the focus when treating 
patients with OSA? Is it mainly complaints of fatigue and daytime 
sleepiness, complaints of snoring, reduction of risk factors, or 
improvements in oxygen saturation levels? Preferentially, it should be a 
combination of these goals. The main focus of current clinical practice is 
AHI reduction. Mainly because this strategy allows for an “easy” means 
to quantify a treatment effect. However, possibly more attention must be 
paid to subjective outcomes and severity of upper airway obstructions, 
especially in mild OSA. A combination of numbers as AHI values and 
subjective sleepiness is advised in defining treatment success in OSA 
patients.  
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	 SIDE EFFECTS
Due to the lifelong importance of treatment, side effects are important 
to monitor. It is known that OSA treatment, especially MAD usage, can 
cause dental side effects like tooth movement. (39) It is still unknown 
what the exact mechanism of these changes is. Furthermore, these side 
effects differ in every single patient. Some patients do not experience 
any dental changes, while others experience many dental changes. 
Dental side effects could be influenced by the number of teeth, but also 
by treatment duration, frequency of use, and the amount of mandibular 
advancement. (40) In chapter 7, we evaluated dental side effects with 
long-term OSA therapy and observed that both MAD and CPAP therapy 
result in dental side effects. Nevertheless, MAD therapy results in more 
pronounced dental side effects. It is important to differentiate between 
mild and extensive side effects. In addition, it is important to differentiate 
between baseline OSA severities when evaluating side effects. Some 
patients experience extensive dental side effects with mild OSA, while 
others experience no dental side effects with severe OSA. This is all 
patient dependent, individual, and it is not yet clear why major side effects 
occur in specific patient. Furthermore, not every patient experiences 
the side effects in the same way. It is however important to discuss the 
possibility of the side effects before initiating MAD treatment. Moreover, 
other treatment options should be considered and discussed with the 
patient. When the severity of the side effects does not outweigh the 
advantages of the treatment and no other favorable treatment option is 
available, therapy should probably be continued. It should be noted that 
not all side effects are unfavorable. A reduction in overbite and overjet 
is not always negative, depending on the profile and dental occlusion 
of the patient at the start of treatment. In addition, most patients do not 
experience dental side effects, such as a reduction of overbite and overjet 
or loss of contact points, as something detrimental. (41) 

Another interesting question is what type of patient will experience dental 
changes? This is a question, which cannot be answered by the literature 
yet. It is probably dependent on the amount of protrusion, the design of 
the appliance, and the condition of the periodontium. (42) Occurrence of 
dental changes might also depend on the interdigitation of the teeth before 
therapy and the attention of the dentist and patient to prevent dental 
changes. For example, bite splints to force teeth in the pre-treatment 
position may help to prevent changes. When teeth interdigitate well, it is 
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possibly easier to find the pre-treatment position when compared with a 
dentition with severe occlusal tooth wear. This could possibly influence 
the occurrence of side effects.

Finally, if dental changes are present, should we treat them? This is of 
course also something we have to determine in consultation with the 
patient and a dentist or dental specialist. Treatment of side effects is 
especially important when a patient experiences a decline in quality of life 
because of the side effects. This decline in quality of life could be esthetical 
by appearance or functional when eating. However, continuing MAD 
treatment when orthodontic braces are applied is not possible. A different 
OSA treatment should be found, also to reduce the risk aggravation of 
the side effects over time. Maxillofacial surgery could also be considered, 
especially if the advancement of the lower jaw with MAD has a profound 
effect on breathing events and symptoms. However, this type of surgery 
is invasive and alters facial aesthetics. Psychological impact should not 
be underestimated. However, when patients are carefully selected, this 
type of surgery is generally highly effective in more severe OSA patients.

	 TREATMENT FOR LIVE
Based on this manuscript and previous studies, MAD therapy should 
be considered as a lifetime treatment option in OSA patients. Different 
custom MAD designs have the same treatment outcome. Therefore, the 
choice of MAD design appears not important for treatment outcome. 
Prediction of treatment outcome is not possible yet by phenotyping 
patients. However, non-custom appliances could be used to identify 
appropriate candidates for MAD therapy. More attention must be paid 
to treatment follow-up and long-term treatment efficacy. This could be 
performed by wrist oximeters, smart watches, or applications on smart 
phones. Furthermore, more research should be done on the metabolic 
and cardiovascular effects of MAD therapy. Finally, possible negative side 
effects of MAD treatment should be monitored in the follow-up. However, 
a fair and individual consideration should be made between extent of the 
side effects, possible impairments of quality of life, and the (favorable) 
effects of MAD treatment.
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