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CHAPTER 1
			 

GENERAL INTRODUCTION
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BACKGROUND	

Sleep is one of the most important elements of life, we spend over 
one third of our time asleep. We rest, reenergize, improve memory 
recall, and restore body functions. (1) Unfortunately, we do not all and 
always sleep well or long enough. In the Netherlands, the prevalence 
of sleep disturbances is estimated at 32% and of insufficient sleep at 
43% in the general population. (2) According to the he International 
Classification of Sleep Disorders, sleep disorders are categorized in 
seven different categories: sleep-related breathing disorders, insomnia, 
central disorders of hypersomnolence, circadian rhythm sleep-wake 
disorders, parasomnias, sleep-related movement disorders, and other 
sleep disorders. Sleep-related breathing disorders can be categorized 
in obstructive sleep apnea (OSA), central sleep apnea, sleep-related 
hypoventilation, and sleep-related hypoxemia. (1–4) Sleep disorders 
can be diagnosed by an overnight sleep study, a polygraphy (PG), or 
polysomnography (PSG). 

This thesis focusses on dental aspects of diagnosis and treatment of 
obstructive sleep apnea. 

OBSTRUCTIVE SLEEP APNEA

PATHOGENESIS AND RISK FACTORS

OSA is the most common sleep related breathing disorder, characterized 
by repetitive obstructions of the upper airway during sleep (figure 1). These 
repetitive obstructions can cause brief awakenings, sleep fragmentation, 
and oxygen desaturation. (5) OSA is often associated with daytime fatigue, 
an unrefreshing sleep, and cognitive impairment, which negatively impacts 
quality of life. (6) Furthermore, OSA is associated with an increased risk of 
cardiovascular morbidity due to the associated cardiac arrhythmias and 
stroke or myocardial infarction and hypertension. (7–10) Most common 
risk factors for developing OSA are obesity, increased age, male gender, 
smoking and alcohol use. (11–14) Anatomical characteristics such as 
retrognatia, a narrow collapsible airway and large or kissing tonsils are 
also important. In patients with a higher BMI, fat tissue in the neck and 
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  1tongue may reduce the volume of the upper airway and increase the 
risk of sleep-related upper airway obstructions. (15,16) Due to a higher 
upper airway closing pressure, aging results in an increased pharyngeal 
collapsibility and pharyngeal resistance during sleep. (17) A low arousal 
threshold during sleep, an unstable control of breathing (high loop 
gain) and an ineffective upper airway dilatator muscle responsiveness 
also contributes to the pathogenesis of OSA. (18)Furthermore, there is 
a difference in upper airway collapsibility between men and women. In 
general, men have a more collapsible airway and are therefore more 
prone to develop OSA. (14,19) In addition, more fat is accumulated in the 
tongue in men, thereby reducing upper airway volume. (20) Finally, OSA 
is more common in people with macroglossia or tonsillar hypertrophy 
and skeletal mandibular retrognathia, also due to the restrictive effect on 
upper airway volume as a result of these anomalies. (16,19,21) 

A					        B
Figure 1: Cross section of the upper airway form a lateral view 
A.	 Open airway 
B.	 Obstructed airway

PREVALENCE

A Dutch study among Philips employees revealed that 6.4% of them 
suffered from clinically relevant OSA. Alarmingly, 78% of these subjects 
were unaware of their sleep disorder. (22) A review on global prevalence 
of OSA revealed a mean prevalence of 22% in men and 17% in women. 
OSA with excessive sleepiness was prevalent in 6% of men and 4% of 
women. Due to an increase in knowledge and public interest in sleep 
disorders, OSA is increasingly diagnosed. (23)
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SLEEP APNEA DIAGNOSIS

OSA, a condition characterized by apneas and hypopneas, can be 
diagnosed using an overnight sleep study. A hypopnea is defined as a 
decrease in airflow for >30% for ≥10 seconds associated with an oxygen 
desaturation of >3%.  An apnea is defined as a cessation of airflow ≥90% 
for ≥10 seconds. OSA is diagnosed when a sleep study reveals at least 
five or more apnea’s or hypopnea’s per hour of sleep. The number of 
obstructive events per hour of sleep is quantified by the apnea hypopnea 
index (AHI). The severity of OSA may be classified as mild (AHI 5-15), 
moderate (AHI 15-30) or severe (AHI>30). 

A subform of OSA, known as positional OSA (POSA), is characterized 
by a primary presence of airway obstructions when sleeping in a supine 
position. POSA is especially common in mild to moderate OSA. In 56% 
of OSA patients, due to gravity, the AHI in supine position is twice as 
high compared to non-supine position. In another 30% of OSA patients 
the AHI in supine position is higher compared to the AHI in non-supine 
position. (24) When a sleep study yields an AHI that concerns ≥50% 
breathing events in the supine position, it is defined as POSA. (6,24–27) 

Clinical symptoms or characteristics, such as snoring, nocturia, poor sleep, 
daytime fatigue, insomnia, decreased intellectual performance, morning 
headache, decreased libido, diminished quality of life, increased medical 
expenses and decreased cardiovascular health, automobile accidents, 
dry mouth, and memory loss are also important clinical characteristics in 
OSA patients. (28–30) Not all patients with an AHI exceeding 5 also have 
daytime sleepiness. More than 30 different questionnaires are available 
to assess the severity of daytime sleepiness. The Epworth Sleepiness 
Scale (ESS) is widely used and measures the probability to fall asleep 
or doze in 8 different situations. However, when not all of the situations 
are applicable, the outcome of the ESS is not fully reliable (31–33) 
Moreover, other questionnaires such as the Functional Outcome of Sleep 
Questionnaire (FOSQ) are used to assess sleepiness and impairments 
in quality of life. (34) Furthermore, other questionnaires in which clinical 
measures could be integrated, such as the Berlin questionnaire, STOP-
bang, Flemons index and the Apnea Risk Evaluation System are 
suggested to be helpful in identifying patients with sleep apnea. (35) 
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  1Physical examination should include inspection of the oral cavity, but 
also BMI and neck circumference. Inspection of the oral cavity should 
address the size of the palatine and tongue tonsils, the position of the 
soft palate, the length of the uvula and the position and size of the 
mandible. (36) The position of the tongue and palate can be assessed 
with the Mallampati classification. The Friedman classification combines 
the Mallampati classification with the BMI. (36) Both are correlated with 
OSA severity. (37) 
 
The location of the airway obstruction in OSA patients can be diagnosed 
by drug induced sleep endoscopy (DISE). DISE is a diagnostic tool where 
patients, suspected of, or diagnosed with OSA, can be examined in order 
to give more information about the level(s), severity and configuration (or 
direction) of the obstruction in the collapsible segment of the upper airway. 
DISE is performed in a clinical setting, using propofol or midazolam to 
mimic sleep, in case upper airway surgery or stimulation is considered 
or in case continuous positive airway pressure (CPAP) or mandibular 
advancement device (MAD) therapy have failed. DISE is performed with 
a flexible endoscope in several body positions, such as supine and non-
supine position but also with and without chin lift or jaw-thrust maneuvers. 
By performing a chin lift or jaw-thrust maneuver, the physician aims to 
mimic the effect of MAD therapy and select appropriate candidates for 
upper airway surgery. However, a specific reproducible protrusion and 
vertical opening, in the case of MAD therapy, is difficult to perform with 
a chin lift or jaw-thrust maneuver during DISE. (38–40) As part of the 
procedure, the collapsibility of the airway is classified by the VOTE 
system. As such, the velum, oropharynx, tongue base and epiglottis all 
are classified according to the observed degree and configuration of the 
obstruction (figure 2). 

			          
Figure 2: The VOTE classification system, from lateral view
Velum (V), oropharynx (O), tongue base (T) and epiglottis (E) level

V  O T   E
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The degree is listed as zero when no obstruction (<50%) is visible, 
as one when partial obstruction (50-75%) is visible, and as two when 
complete obstruction (>75%) is visible. Furthermore, configuration of the 
obstruction is categorized as anterior-posterior (AP), lateral, or concentric 
(table 1). (39,41)

Table 1: The VOTE classification system, degree and configuration of the upper 
airway obstruction

N/A=Not applicable

TREATMENT OPTIONS

OSA is a chronic disease and therefore requires lifelong treatment 
when therapy is non-surgical. Appropriate treatment differs for every 
patient, depending on disease severity and patients’ characteristics. In 
general, treatment is classified as non-surgical treatment and surgical 
treatment. Non-surgical treatment includes behavioral strategies (e.g., 
weight reduction), continuous positive airway pressure (CPAP) therapy, 
mandibular advancement device (MAD) therapy, positional therapy (PT), 
or a combination of these measures. Surgical treatment includes upper 
airway surgery, hypoglossal nerve stimulation, maxillofacial surgery, and 
bariatric surgery. (42) 

structure degree of obstruction configuration

anterior-

posterior

lateral concentric

velum no, partial or complete

oropharynx no, partial or complete
N/A N/A

tongue basse no, partial or complete
N/A N/A

epiglottis no, partial or complete
N/A
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  1NON-SURGICAL TREATMENT
	
	 BEHAVIORAL STRATEGIES
Behavioral therapies such as lifestyle changes, weight loss, cessation 
of alcohol and sedative medication, cessation of smoking, and a proper 
sleep hygiene are often proposed. Improvement of OSA is often seen, 
however, a total cure is usually not achieved. (43)

	 CPAP TREATMENT
CPAP is considered the gold standard in moderate to severe OSA 
treatment. CPAP works by means of positive airway pressure that is 
applied to the upper airway through a nasal or facial mask, thereby 
preventing the upper airway to collapse during sleep (figure 3). CPAP is 
highly effective in reducing the AHI and subjective daytime sleepiness, 
and in improving quality of life and cognitive function. However, the 
effectiveness of CPAP may be complicated by suboptimal compliance. 
Compliance failure could be related to age, gender, smoking status, 
OSA severity, mask leaks, nasal congestion, socioeconomic status and 
psychological variables. In clinical practice, CPAP is usually prescribed 
as primary treatment in moderate to severe OSA. (44–47)

Short-term side effects of CPAP therapy are mostly mask leaks, excessive 
salivation or dry nose or mouth, or sensitivity of teeth. Sometimes also 
noise, jaw discomfort and gum irritation are listed as short-term side 
effects. (48) Long-term side effects are mostly mask leaks or mask pain, 
dry nose or mouth or conjunctivitis. (49)

Figure 3: CPAP treatment, from lateral view



  14

	 MAD THERAPY
MAD therapy is a primary treatment option for patients with mild to 
moderate OSA and for those who do not tolerate or fail CPAP therapy. 
MAD therapy improves upper airway volume by advancing the tongue 
base, epiglottis, and soft palate, thereby activating the palatal, tongue, 
and pharyngeal muscles (figure 4). This yields an increased upper 
airway volume and a reduction in breathing events and snoring. MAD is 
usually effective in mild OSA (75%), and may be effective in moderate 
OSA (40%) and severe OSA (22%). (50–52) Higher therapeutic success 
is associated with the female gender, younger age, lower BMI, specific 
craniofacial characteristics such as a Angle class 2 relation, a smaller 
neck circumference, and milder OSA. (53) Also effective titration is 
important in MAD outcome. (54) MADs come in many different designs 
and can be custom-made or non-custom-made (thermoplastic or ‘boil 
and bite’). 

Figure 4: Airway from a lateral view illustrating the mandibular protrusion with 
MAD therapy

Custom-made MADs are made in a dental laboratory and require dental 
impressions or scans of the upper and lower dentition. They come in many 
different designs that can be differentiated in non-titratable and titratable 
appliances. Non-titratable appliances are also known as monoblock 
appliances (figure 5a). They consist of trays covering the upper and 
lower dental arches that are rigidly connected. Titratable appliances are 
differentiated into bilateral thrust (figure 5b) and midline traction (figure 
5c) appliances. They consist of separate trays covering the upper and 
lower dental arches that are connected in the molar area (figure 5b) or in 
the frontal area (figure 5c). (55–57)
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  1A

	 dorsal					     ventral

B
	
	 dorsal					     ventral

C

	
dorsal					     ventral

Figure 5: different MAD designs
A.	 Monoblock design
B.	 Bilateral thrust design
C.	 Midline traction design

Non-custom-made MADs are also known as thermoplastic or ‘boil and 
bite’ appliances and can be fitted chairside. Non-custom-made MADs 
come in similar designs as the custom appliances and can be used 
during DISE to mimic MAD treatment, or as an interim therapy before 
making a custom-made MAD. However, so far, non-custom-made MADs 
are not recommended as therapeutic option nor as screening tool for 
custom MAD therapy, mainly due to insufficient retention and poor patient 
compliance. Improved thermoplastic appliances are required in order to 
compete with custom appliances. (57–59)

Short-term, temporary, side effects of MAD therapy could be sensitivity 
of teeth and jaws, gum irritation, excessive salivation or dry mouth. 
Long-term side effects could be tooth movement and skeletal or occlusal 
changes. (60,61)
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	 POSITIONAL THERAPY 
In patients with POSA, the OSA severity depends on the total sleeping 
time (TST) in supine position. Positional therapy (PT) is a therapeutic 
option for patients diagnosed with POSA. PT aims at preventing sleeping 
in supine position, thereby aiming to reduce total sleep time in supine 
position. 
PT was once introduced as the tennis ball technique, whereby a tennis 
ball is strapped on the patients’ back and thereby preventing sleeping in 
supine position. However, compliance rates were poor, mainly due to the 
discomfort the ball caused to the patient. (24,62)
New generation PT devices have been introduced, consisting of a battery 
powered vibro-tactile device either attached to the head or chest. PT 
diminishes the percentage of supine sleep, resulting in a reduction in 
AHI and subjective sleepiness. Furthermore, sleep-related quality of life 
is improved. (24,63–66) Short-term compliance varies from 76-96%, with 
4 hours per night during 7 days per week. (67) Long-term compliance 
varies from 64.4-75.5%. (65) Potential side effects of PT could be sleep 
disturbance and chest and back pain. (68)

	 COMBINATION THERAPY
More recently, combination therapy is suggested in patients with a 
very high AHI values, or patients who have a high residual AHI with a 
single treatment. For example, MAD with CPAP or MAD with PT have 
been suggested. In addition, when combining therapies, a lower CPAP 
pressure or a less protrusive position of the mandible may be needed, 
possibly resulting in fewer side effects. (69,70)

SURGICAL TREATMENT

	 UPPER AIRWAY SURGERY
More invasive treatment options consist of different forms of soft tissue, 
skeletal, neurostimulatory, or airway bypass surgery. Possible options 
for soft tissue surgery include uvulopalatopharyngoplasty (UPPP), 
tonsillectomy (TE), Z-palatopharyngolasty, lateral wall addressing 
pharyngoplasty, relocation UPPP, anterior palatoplasty, epiglottis surgery, 
expansion sphincter pharyngoplasty (ESP), barbed suture pharyngoplasty 
(BRP), transoral robotic surgery and tongue base surgery. (6,71,72) Hard 
tissue surgery includes hyoid bone surgery or genioglossal advancement. 
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  1(72) Finally, multilevel surgery could be proposed when different segments 
of the upper airway collapse, a combination of above-mentioned options 
is in that case advised. The success of these therapies differs and is 
generally improved with patient selection based on a DISE evaluation. 
Short-term side effects of upper airway surgery could be discomfort due 
to the postoperative recovery. Long-term side effects could be dysphagia, 
taste alteration, paresthesia, aspiration, velopharyngeal insufficiently 
hemorrhage and globus pharyngeus. Besides, OSA relapse could occur 
after upper airway surgery. (73,74)

	 HYPOGLOSSAL NERVE STIMULATION 
Hypoglossal nerve stimulation is a relatively new procedure which is 
mostly performed in patients with moderate to severe OSA with CPAP 
intolerance or failure. The hypoglossal nerve stimulator is a small 
implantable pulse generator that gives a stimulus to the hypoglossal 
nerve, thereby protruding the tongue and opening the upper airway. 
(75) Short- and long-term follow-up shows significant improvements in 
subjective sleepiness, quality of life and respiratory outcomes. (76) This 
nerve stimulator has a high effectiveness in terms of AHI reduction and is 
therefore a serious treatment for patients with moderate to severe OSA 
who failed other treatments like CPAP. (75–78)
Side effects are mostly discomfort and are related to the stimulation of 
the appliance, to insomnia or arousals, or related to tongue abrasion or 
irritation. This could result in a lower therapy adherence and efficacy. (79)

	 MAXILLOMANDIBULAR ADVANCEMENT SURGERY (MMA)
Another surgical treatment option is the MMA, whereby the mandible 
and maxilla are set in a more protrusive position, aimed at increasing the 
entire upper airway volume. This option is an invasive treatment option 
and is therefore not suitable for all OSA patients. It is highly effective in 
severe OSA patients. (80,81) Surgical success (AHI reduction>50% and 
AHI<20) after MMA is 85% and a surgical ‘cure’ (AHI<5) is observed in 
46.3% of patients. (82) Patient selection plays an important role and less 
invasive treatment options should be the first line of treatment.
Side effects could be mandibular or facial paresthesia, malocclusion, 
subjective changes in speech and swallowing and perceived changes of 
facial appearance. However, most of the complaints are resolved after a 
12-month follow-up. (74)
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	 TRACHEOTOMY
A highly invasive surgical treatment option is tracheotomy, whereby the 
whole upper airway is bypassed. It is a verry effective treatment option 
in patients with OSA. When other (non)surgical interventions have failed, 
tracheotomy may be considered. (83,84)
Early side effects could be surgical complications such as wound 
infection, bleeding, pneumothorax and pneumomediastinum. Long-term 
side effects could be the formation of granulation tissue in 40% of cases. 
(83,84)

	 BARIATIC SURGERY
Finally, bariatric surgery is a potential option in OSA patients. Excessive 
adipose tissue in obese OSA patients is surrounded around organ 
systems and negatively effects their function. Besides the collapsibility 
of the upper airway is increased by adipose tissue. In bariatric surgery 
the aim is to surgically reduce weight with, for example, a gastric bypass, 
gastric sleeve or duodenal switch. Due to the strong association between 
BMI and OSA, bariatric surgery is considered as a possible treatment 
option for treating OSA in severely obese patients. However, not all 
patients are cured from OSA following bariatric surgery. Therefore, CPAP 
or MAD treatment could be still necessary.  (85–88)
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  1OUTLINE OF THIS THESIS

The general aim of this thesis is to evaluate MAD therapy success and the 
possible dental and metabolic effects on the long-term, also compared to 
CPAP therapy and with respect to different MAD designs. This thesis is 
divided in a predictive part and a long-term follow-up part. 

	 PART 1: TREATMENT PREDICTION
Chapter 2 focuses on different MAD designs, i.e., titratable and non-
titratable as well as custom and non-custom designs. MADs come 
in many different designs. Numerous studies have been performed 
comparing these different designs. However, consensus on which design 
performs best in terms of AHI reduction, ESS improvement, compliance, 
preference, side effects, cost effectiveness, and other disease-related 
outcomes in OSA management has not yet been reached. In chapter 2, 
the available literature regarding the efficacy of different MAD designs in 
OSA management is systematically reviewed.

In Chapter 3, the differences between a custom and a non-custom-
made MAD are explored. Although, non-custom-made MADs have been 
studied previously, they are, to date, often inferior to custom-made MADs 
in terms of AHI reduction, symptomatic improvements, and compliance. 
More recently, ‘new generation’ non-custom-made MADs have been 
introduced which might perform similar to custom-made MADs in terms 
of objective and subjective parameters. This new therapeutic option was 
investigated in a single-center prospective randomized crossover trial 
with a 3-month follow-up. 

Dental parameters to predict OSA severity and MAD treatment success 
are evaluated in Chapter 4. Morphological risk factors, such as BMI 
or neck circumference, for developing OSA have been studied before. 
However, it is not certain whether these risk factors also influence 
treatment outcome. Furthermore, the influence of dental risk factors 
on OSA severity and MAD treatment success is so far unclear. This 
prospective study is preformed to investigate whether dental parameters 
influence OSA severity and may predict MAD treatment success. 
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	 PART 2: LONG-TERM OUTCOMES

Chapter 5 focuses on the long-term effect of MAD and CPAP therapy in 
OSA patients. 
OSA management requires lifelong treatment. Therefore, the long-
term effect of treatment is an important aspect. Treatment outcomes is 
evaluated by PSG and subjective sleep questionnaires at baseline and 
at 2-year and 10-year follow-up in patients treated with MAD and CPAP 
therapy. 

In Chapter 6, the cardiovascular and metabolic effects of MAD and CPAP 
therapy are explored.
OSA is characterized by repetitive upper airway obstructions during sleep, 
resulting in reduced oxygen saturation levels or hypoxia. This increases 
the risk of developing hypertension, arrhythmias, and cardiovascular 
and metabolic disease. It has been suggested that OSA therapy reduces 
cardiovascular risk by reducing blood pressure and inflammation and by 
improving lipid profiles. This study focuses on differences in cardiovascular 
and metabolic markers between MAD and CPAP therapy after a one-year 
follow-up.

Chapter 7 focuses on the long-term dental side effects of MAD and 
CPAP therapy in OSA patients. Initial side effects in MAD therapy are 
often mild and transient and may include tooth pain, myofascial pain, 
temporomandibular joint pain, excessive salivation of dry mouth, and gum 
irritation. However, long-term MAD use is associated with craniofacial 
changes as well as dental changes. Moreover, CPAP therapy also applies 
pressure to the anterior teeth, and has been associated with dental 
changes after prolonged treatment periods. This prospective randomized 
controlled study evaluates the dental side effect of patients using MAD or 
CPAP therapy for a period of 10 years.

Chapter 8 focuses on the main findings of chapters 2 to 7 and puts them 
in a broader context. Furthermore, suggestions for future research in 
OSA management are provided.

In Chapter 9, a summary of the thesis is provided, in English as well as 
in Dutch.
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