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Obstructive sleep apnea

Obstructive sleep apnea (OSA) is characterized by partial (i.e., hypopnea) or complete 
(i.e., apnea) repetitive obstructions of the upper airway, often resulting in oxygen 
desaturations and arousals from sleep (1). Current estimates of the prevalence of OSA in 
male and female adults aged 30–70 years are 14% and 5%, respectively, with prevalence 
rates increasing over the past decades due to increasing rates of obesity and ageing of 
the population (2). More recently, it was estimated that up to 49% of middle-aged men 
in the United States and Europe have clinically significant OSA (3). Of important notice is 
the finding of Simpson et al (4) that in the general population, approximately 80-90% of 
patients meeting the criteria of at least moderate OSA remain undiagnosed.

Hypoxemia/hypercapnia, fragmented sleep, as well as exaggerated fluctuations in heart 
rhythm, blood pressure, and intrathoracic pressure are some of the acute physiological 
effects of untreated OSA (5). In the long-term, these acute effects result in hypertension 
and other cardiovascular comorbidities (6, 2) decrements in cognitive function (7, 8), 
poor mood, reduced quality of life (9, 10), and even premature death (11, 12). Additionally, 
in the year 2000, more than 800,000 drivers were involved OSA-related motor-vehicle 
collisions, of which more than 1,400 fatalities occurred (13).

Diagnosis

For the objective assessment of OSA, polysomnography (PSG) is the current gold-
standard approach. This technique requires, amongst others, physiologic measurements 
of brain activity during sleep (viz., electroencephalography, EEG) and measurements 
of the amount of airflow reductions and oxygen desaturations during sleep (14). PSG 
can be performed in a hospital-bound sleep laboratory or at the patient’s own home, 
using ambulatory equipment. Based on this comprehensive diagnostic approach, OSA 
is diagnosed when the so called apnea-hypopnea index (AHI) has a value of at least 
5 events/hour of sleep determined. The severity of this sleep-disordered breathing 
condition is classified as mild (AHI 5-15), moderate (AHI 15-30), and severe (AHI >30) (1).

Treatment options

Most common treatment strategies for OSA are behavioral therapies, such as weight 
loss, exercise, and alternation of sleeping position (15, 16), as well as alcohol avoidance 
and smoking cessation (17). Unfortunately, in most cases these conservative measures 
are not sufficiently effective to reduce OSA to clinically acceptable levels, let alone to 
cure the condition (e.g., 18).
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Nowadays, positional therapy is widely used in adults with OSA (19). An average of 56 % 
of OSA patients have position-dependent OSA (POSA), commonly defined as supine to 
non-supine AHI ratio of ≥ 2 (20). During the past centuries, various techniques have been 
described to prevent patients from assuming the supine position, such as an upright sleep 
posture, positional alarms, verbal instructions, tennis balls sewed into the backside of a 
night suit, or special pillows (21). Most studies show that positional therapy is effective 
in reducing the AHI during short-term follow-up (22). Devices used in positional therapy 
are simple to use and usually affordable, for both patients and clinicians, and the strategy 
is reversible. However, their long-term compliance has been shown to be poor (23). 
Moreover, it has been shown that the patients who respond to positional therapy tend to 
be younger, have a milder form of OSA, and a lower BMI (24, 25). Surgery, as a treatment 
option for OSA, has been extensively reviewed and included in meta-analyses (26-
33). Relevant surgical techniques include tongue suspension (28), maxillomandibular 
advancement (MMA) (30), pharyngeal surgeries (e.g., uvulopharyngopalatoplasty 
[UPPP]) (29), laser-assisted uvulopalatoplasty (LAUP) (29), radiofrequency ablation 
(RFA) (26), tracheostomy (27), nasal surgery (28), and glossectomy (32), as well as multi-
level and multi-phased procedures. Hypoglossal nerve stimulation (HNS) is a relatively 
new method that works by electrically stimulating the hypoglossal nerve, a motor nerve 
innervating the protrusor and retractor muscle of the tongue (34). In obese patients, 
bariatric surgery is used for OSA treatment. The weight loss achieved by bariatric surgery 
is associated with significant long-term improvements in obstructive respiratory events 
and oxygenation (35). Unfortunately, surgery can be followed by severe complications in 
the peri- and post-operative period, including morbidity, bleedings, infections, and even 
difficulty in swallowing, including nasal regurgitation (36, 37). Moreover, there is a lack 
of clear benefit from surgery in the long-term (38). Front-line treatment of OSA relies on 
mechanically stabilizing the upper airway with a column of air via continuous positive 
airway pressure (CPAP) treatment. The air is generated by a pump and enters the upper 
airway via a hose and either a full-face mask or a nasal mask. The latter option is denoted 
as nasal CPAP (nCPAP). Although CPAP is the “gold standard” treatment for OSA, with 
proven efficacy and potential cost savings via decreases in health comorbidities and/or 
motor-vehicle crashes (13, 39), it is unfortunately not very well-tolerated by patients due 
to various side effects that severely hamper patients’ compliance, such as  air leakage, 
skin abrasions, dermatitis, dryness of the mouth and nose mucosa, pressure intolerance, 
and aerophagia (40, 41).  

During the past decades, oral appliances have become a very popular treatment 
option for OSA. They enlarge the pharyngeal airway, directly by retaining the tongue, 
or indirectly by advancing the mandible. Another possible working mechanism is that 
the appliances may cause stretch‐induced activation of the pharyngeal motor system, 
thereby reducing soft tissue laxity and airway collapse (42-44). The most frequently used 
oral appliances are the mandibular advancement devices (MADs), which protrude the 
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lower jaw and increase the vertical opening during sleep in order to reduce the airway 
obstruction. In the short-term, MAD therapy can cause excessive salivation, mouth 
dryness, tooth pain, gum irritation, headaches, temporomandibular joint discomfort, 
and morning-after occlusal changes (45). MAD therapy also produces long-term dental 
and skeletal side effects. Such are a reduction in overjet and overbite, a change in the 
upper incisor inclination, and a change in lower incisor inclination (46). Therefore, 
patients who receive MADs need to be monitored over time continuously. Despite these 
possible short-term and long-term side effects, compliance by OSA patients to MAD 
treatment is found to be higher as compared to CPAP (44, 47). Mandibular advancement 
devices are therefore recommended as a primary treatment in mild to moderate OSA 
patients (48-50). 

Psychological distress symptoms
Depression has been reported to be the most common mood disorder associated with 
OSA. So far, it is unclear if depression in OSA is a consequence of OSA itself (i.e., due to 
the associated oxygen desaturations and/or arousals) or if it occurs secondary to OSA-
related symptoms (e.g., sleepiness, sleep problems, irritability, social withdrawal) or to 
other factors related to OSA, such as obesity and hypertension. Interestingly, in support 
of the notion that depression occurs secondary to OSA-related symptoms rather than 
it being a primary consequence of OSA, the severity of depression and anxiety seems 
to correlate more with excessive daytime sleepiness than with hypoxemia (51). Specific 
attention should be paid to the evaluation of mood disorders in OSA, because some 
of the methods used (e.g., the Beck depression inventory (BDI), hospital anxiety and 
depression scale (HADS)) may in fact reflect sleep quality and daytime sleepiness rather 
than mood state (52, 53). 

It has been suggested that both intermittent hypoxia and sleep disruption in OSA 
patients induce dysfunction of the prefrontal regions of the brain cortex, which may 
predispose to psychological distress (54). Therefore, the aim of the study in Chapter 2 was 
to compare the effects of an objectively titrated MAD with those of nCPAP on symptoms 
of psychological distress in a randomized placebo-controlled trial, the primary outcomes 
of which have been published previously (49, 50). The hypothesis was that there is 
no significant difference between objectively titrated MAD and nCPAP therapies in 
improving psychological distress symptoms in mild/ moderate OSA patients. 

Sleep-related complaints
OSA is associated with several other sleep disorders (e.g., insomnia, periodic limb 
movement disorder, sleep bruxism, and narcolepsy) and sleep-related problems (e.g., 
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excessive daytime sleepiness) (55-57). When these disorders coexist, not only is there 
an increase in cumulative morbidity, but it has also been reported that they have a 
negative, deteriorating influence on each other (58). The presence of arousals during 
sleep and a reduced sleep efficiency may, at least in part, explain the overlap between 
OSA symptoms and symptoms of other common sleep-related disorders (58). Hence, 
it is important to encourage clinicians to look beyond the medical status of the OSA 
patient, thereby promoting earlier consideration and detection of other sleep disorders 
and sleep-related problems, when making treatment decisions. Likewise, it is important 
to get a deeper knowledge of the effects of MADs and nCPAP on sleep-related problems 
and other sleep disorders that are part of OSA’s comorbidity network than only on the 
disorder for which these treatment options are intended, viz., OSA. Therefore, the aim 
of the study in Chapter 3 was to compare the effects of MAD with those of nCPAP on self- 
reported symptoms of common sleep disorders and sleep-related problems in mild and 
moderate OSA patients in a randomized placebo-controlled trial, the primary outcomes 
of which have been published previously (49, 50).

TMD-related complaints
MAD therapy is sometimes associated with increased pain in the temporomandibular 
complex (59). Temporomandibular disorders (TMDs) is a collective term that embraces 
a number of clinical problems that involve the masticatory muscles, the TMJ, and the 
associated structures (60). TMDs have been identified as a major cause of non-dental 
pain in the orofacial region and are considered a subclassification of musculoskeletal 
disorders (61). Both a decrease (62) and an increase in signs and symptoms of 
TMD have been reported in association with the usage of an MAD (63-65), hence 
contradictory findings. Therefore, the aim of the study in Chapter 4 was to compare the 
temporomandibular side effects of an MAD with those of nCPAP in mild to moderate 
OSA patients in a randomized, placebo-controlled trial, the primary outcomes of which 
have been published previously (49-50).

Raising the bite without protrusion
Occlusal stabilization splints (viz., hard acrylic resin dental appliances that cover the 
occlusal surfaces of the maxillary or mandibular dentition) cause a bite rise without a 
protrusive component. A previous open-label study suggested that a stabilization splint 
may decrease the airway patency during sleep in OSA patients (66). It is important to 
know if a bite raise without protrusion would change the respiratory disturbance. The 
aim of the study in Chapter 5 of this thesis was to assess the influence of raising the 
bite without mandibular protrusion on respiratory variables in OSA patients, using 
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a placebo-controlled study design. It was hypothesized that raising the bite without 
mandibular protrusion in OSA patients is associated with an aggravation of the 
respiratory disturbance.

Occlusal stabilization splints
Everyday dental practice includes several procedures that raise the bite. Full-mouth 
dental rehabilitations and occlusal stabilization splints are examples of such procedures. 
Occlusal stabilization splints are commonly used to protect the teeth against the possible 
detrimental effects of sleep bruxism (notably tooth wear and dental restoration fracture/
failure) and/or to manage TMD (67, 68).  Sleep bruxism, which has recently been defined 
as a masticatory muscle activity during sleep that is characterized as rhythmic (phasic) 
or non-rhythmic (tonic) and is not a movement disorder or a sleep disorder in otherwise 
healthy individuals (69), has been shown to be part of complex arousal response of the 
central nervous system, which occurs during changes in sleep depth and is accompanied 
by, among others, body movements, increased heart rate, respiratory changes, and 
muscle activities (70). Despite the fact that occlusal stabilization splints are widely used, 
their mechanism of action in the management of sleep bruxism remains controversial 
(68), and so is their effectiveness in the management of TMDs (67). 

Since dental practitioners need to be aware of all effects and side effects of the 
management strategies of their choice, it is of importance to know whether insertion of 
a stabilization splint can increase the AHI in OSA patients. Based on the previous work 
of Gagnon et al (66), such side effect could be expected to occur not only in patients 
with an OSA diagnosis, but also in those who have an undetected OSA (4). Therefore, 
the aim of the study in Chapter 6 of this thesis was to determine the influence of 
occlusal stabilization splints on sleep-related respiratory variables in OSA patients. The 
hypothesis was that inserting an occlusal stabilization splint would increase the vertical 
dimension, rotate the mandible, cause a reduction of the tongue space, and by that 
means yield a significant worsening in the OSA condition. 
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Synopsis
The topic of this thesis is the therapeutic effects and side effects of mandibular 
advancement devices in OSA. The objectives of this thesis were:

1. To compare the effects of an MAD with those of nCPAP and an intra-oral placebo 

device on symptoms of psychological distress in mild to moderate OSA patients in a 

randomized placebo-controlled trial (Chapter 2).

2. To compare the effects of an MAD with those of nCPAP on self-reported symptoms 

of common sleep disorders and sleep-related problems in mild to moderate OSA 

patients in a randomized placebo-controlled trial (Chapter 3).

3. To compare the temporomandibular side effects of an MAD with those of nCPAP in 

mild to moderate OSA patients in a randomized placebo-controlled trial (Chapter 4).

4. To assess the influence of raising the bite without mandibular protrusion on respi-

ratory variables in OSA patients (Chapter 5).

5. To assess the influence of occlusal stabilization splints on respiratory variables in 

OSA patients (Chapter 6).
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Abstract 
Background: To our best knowledge, no randomized placebo-controlled trials have been 
performed comparing the effects of an objectively titrated mandibular advancement 
device (MAD) and of nasal continuous positive airway pressure (nCPAP) on symptoms 
of psychological distress in obstructive sleep apnea (OSA) patients. Objectives: The aim 
of this randomized placebo-controlled trail was to compare the effects of an objectively 
titrated MAD with those of nCPAP and an intra-oral placebo device on symptoms of 
psychological distress in OSA patients. Methods: In a parallel design, sixty-four mild/ 
moderate OSA patients (52.0 ± 9.6 years) were randomly assigned to an objectively 
titrated MAD, nCPAP or an intra-oral placebo appliance. All patients filled out the 
Symptom Checklist-90-Revised twice: one before treatment and one after six months 
of treatment. The Symptom Checklist-90-Revised is a multidimensional symptom 
inventory designed to measure symptomatic psychological distress over the past week. 
Linear mixed model analyses were performed to study differences between the therapy 
groups for the different dimensions of the Symptom Checklist-90-Revised over time. 
Results: The MAD group showed significant improvements over time in the dimensions 
“somatization”, “insufficiency of thinking and acting”, “agoraphobia”, “anxiety”, “sleeping 
problems”, and “global severity index” (F = 4.14−16.73, P = 0.048−0.000). These 
improvements in symptoms of psychological distress were, however, not significantly 
different from those observed in the nCPAP and placebo groups (P = 0.374−0.953). 
Conclusion: There is no significant difference between MAD, nCPAP, and an intra-oral 
placebo appliance in their beneficial effects on symptoms of psychological distress. 
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Abstract 
Background: To our best knowledge, no randomized placebo-controlled trials have been 
performed comparing the effects of an objectively titrated mandibular advancement 
device (MAD) and of nasal continuous positive airway pressure (nCPAP) on symptoms 
of psychological distress in obstructive sleep apnea (OSA) patients. Objectives: The aim 
of this randomized placebo-controlled trail was to compare the effects of an objectively 
titrated MAD with those of nCPAP and an intra-oral placebo device on symptoms of 
psychological distress in OSA patien-ts. Methods: In a parallel design, sixty-four mild/ 
moderate OSA patients (52.0 ± 9.6 years) were randomly assigned to an objectively 
titrated MAD, nCPAP or an intra-oral placebo appliance. All patients filled out the 
Symptom Checklist-90-Revised twice: one before treatment and one after six months 
of treatment. The Symptom Checklist-90-Revised is a multidimensional symptom 
inventory designed to measure symptomatic psychological distress over the past week. 
Linear mixed model analyses were performed to study differences between the therapy 
groups for the different dimensions of the Symptom Checklist-90-Revised over time. 
Results: The MAD group showed significant improvements over time in the dimensions 
“somatization”, “insufficiency of thinking and acting”, “agoraphobia”, “anxiety”, “sleeping 
problems”, and “global severity index” (F = 4.14−16.73, P = 0.048−0.000). These 
improvements in symptoms of psychological distress were, however, not significantly 
different from those observed in the nCPAP and placebo groups (P = 0.374−0.953). 
Conclusion: There is no significant difference between MAD, nCPAP, and an intra-oral 
placebo appliance in their beneficial effects on symptoms of psychological distress. 
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Introduction 

Obstructive sleep apnea (OSA) is characterized by recurrent obstruction of the upper 
airway, often resulting in oxygen desaturation and arousal from sleep (1). Excessive 
daytime sleepiness, snoring, and reduction in cognitive functions are common 
symptoms of this condition (1). OSA patients may also report symptoms of psychological 
distress, such as depression and anxiety (2). Beebe and Gozal (3) suggested that both 
intermittent hypoxia and sleep disruption induce dysfunction of the prefrontal regions 
of the brain cortex, which may predispose to psychological distress. 

Although continuous positive airway pressure (CPAP) has been proposed as the most 
effective treatment for severe OSA patients, nowadays mandibular advancement 
devices (MADs) are considered as a primary treatment option in mild and moderate 
OSA patients and in patients who do not tolerate CPAP (4). The rationale behind the 
efficacy of MADs is that advancement of the mandible and tongue improves upper 
airway patency during sleep by enlarging the upper airway and by decreasing upper 
airway collapsibility (5, 6). 

Barnes et al. (7) compared the effects of MAD treatment with CPAP on mood disorders 
and depression in a randomized placebo-controlled crossover trial, and found no 
significant differences between these two therapies in their improvement of these 
disorders. Similar results were found by Engleman et al (8) in a randomized crossover 
trial in which the effects of CPAP and MAD treatment on anxiety and depression 
symptoms were compared. To our best knowledge, no randomized placebo-controlled 
trials have been performed comparing the effects of an objectively titrated MAD and 
CPAP on symptoms of psychological distress. To enable an unbiased comparison 
between those treatment modalities, both treatments should be titrated objectively. 
Further, the crossover design of previous studies may have a risk of carry-over effects. 
The primary aim of this randomized placebo-controlled trial was, therefore, to compare 
the effects of an objectively titrated MAD with those of nasal CPAP (nCPAP) and an intra-
oral placebo appliance on symptoms of psychological distress in a parallel design. The 
hypothesis was that there is no significant difference between objectively titrated MAD 
and nCPAP therapies in improving psychological distress symptoms in mild/ moderate 
OSA patients. To control for possible placebo effects, an intra-oral placebo device served 
as passive control condition for both active treatment modalities. It was hypothesized 
that the intra-oral placebo appliance would not significantly improve psychological 
distress symptoms in mild/ moderate OSA patients. Following the hypothesis of Beebe 
and Gozal (3), we also hypothesized that a significant correlation between the amount of 
psychological distress and the apnea-hypopnea index (AHI) values in the three therapy 
groups would occur. Therefore, the secondary aims of this trial were: (1) to determine the 
relation between the amount of psychological distress and the AHI values at baseline 
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in the three therapy groups; and (2) to determine the relation between the amount of 
psychological distress at baseline and the change of AHI over time in the three therapy 
groups. 

Patients and Methods

Setting and Participants 
This study is part of a randomized controlled trial (RCT), in which three therapy groups 
(viz., MAD, nCPAP, and placebo) were compared (9). Eligible OSA patients, living in 
the greater Amsterdam area, were referred to the Slotervaart Medical Center by their 
family physician. All patients underwent a thorough medical examination, including a 
full polysomnographic (PSG) recording, at the departments of Neurology, Pulmonary 
Medicine, and ENT, as well as a thorough dental examination at the Department of Oral 
Kinesiology of the Academic Centre for Dentistry Amsterdam (ACTA). OSA patients were 
invited for participation in the study when they fulfilled the following inclusion criteria: 
age > 18 years, an apnea-hypopnea index (AHI) between 5 and 45 events per hour, 
and an Epworth Sleepiness Score(ESS) ≥ 10 or at least two of the symptoms suggested 
by the American Academy of Sleep Medicine Task Force, e.g., unrefreshing sleep and 
daytime fatigue (1, 10). The medical and dental exclusion criteria are shown in Table 1 
(9). Exclusion of temporomandibular disorders was based on a functional examination 
of the masticatory system (11, 12). 

The baseline characteristics of the patients at the time of therapy allocation are presented 
in Table 2. This study was approved by the Slotervaart Medical Center’s Ethics Committee 
(# U/1731/0326, U/2679/0326). This study has been registered at www.clinicaltrials.gov  
(# NCT00950495). 
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Table 1. Number of patients excluded based on the medical and dental exclusion criteria used in this study.

Exclusion criteria Number of patients excluded

Medical 

Respiratory /sleep disorder other than OSA 23

Body Mass Index > 40 3

Medication usage that could influence respiration 
or sleep 2

Periodic Limb Movement Disorder 21

Previous treatment with CPAP or MAD -

Reversible morphological upper airway 
abnormalities (e.g., enlarged tonsils) 17

Other medical conditions (e.g., psychiatric 
disorder) 7

Dental 

Temporomandibular disorders -

Untreated periodontal problems 1

Dental pain -

Lack of retention possibilities for an oral appliance 28
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Table 2. Patient characteristics (mean  ±  SD) at baseline of the mandibular advancement device (MAD) 
group, nasal continuous positive airway pressure (nCPAP) group, placebo group, and drop-outs group and 
the normal values in the healthy Dutch population for the various dimensions of the Symptom Checklist-90-
Revised (SCL-90-R).

 MAD (n = 21) nCPAP (n = 22) Placebo (n = 21)
Drop-outs 
(n = 7)

Normal 

values of 

Dutch healthy 

population 

(n = 1004)

Age (years) 50.4 ± 8.9 54.0 ± 10.1 51.3 ± 9.6 49.3 ± 7.3 –

Number of man/
woman

17/ 4 15/ 7 15/ 6 5/2 –

Apnea-hypopnea 
index

21.4 ± 11.0 20.1 ± 9.0 19.5 ± 8.4 14.8 ± 3.8 –

Epworth sleepiness 
score

12.0 ± 5.7 10.7 ± 4.4 10.8 ± 4.0 13.7 ± 1.9 –

Body mass index 
(kg/m2)a 

27.1 ± 3.2 30.7 ± 3.7 31.1 ± 4.7 27.8 ± 4.1 –

SCL-90-R

Somatization 22.0 ± 10.3 24.6 ± 11.9 21.9 ± 10.8 24.3 ± 10.3 16.7 ± 5.3***

Insufficiency of 
thinking and acting

18.3 ± 7.6 18.7 ± 9.6 19.9 ± 9.5 19.0 ± 6.7 12.6 ± 4.3***

Interpersonal 
sensitivity

27.6 ± 10.4 26.9 ± 14.5 28.5 ± 17.7 26.3 ± 8.5 24.1 ± 7.6

Depression 26.3 ± 11.8 28.5 ± 15.3 30.5 ± 17.5 30.3 ± 15.8 21.6 ± 7.6***

Anxiety 14.9 ± 6.5 16.9 ± 9.6 15.6 ± 9.7 14.8 ± 5.6 12.8 ± 4.4*

Hostility 8.8 ± 3.7 9.2 ± 3.8 8.6 ± 4.6 8.8 ± 1.9 7.2 ± 2.1**

Agoraphobia 8.7 ± 3.0 9.3 ± 5.1 9.2 ± 6.7 7.5 ± 1.0 7.9 ± 2.3

Sleeping problems 7.6 ± 3.6 7.2 ± 3.8 8.4 ± 4.3 10.4 ± 4.6 4.5 ± 2.2***

Global severity 
index

149.3 ± 60.3 144.9 ± 68.1 162.0 ± 90.7 118.0 ± 38.2 118.3 ± 32.4*

P  values as result of the one-sample t tests comparing the three therapy groups and the normal values in 
Dutch healthy population for the various dimensions of the SCL-90-R: ***P < 0.001; **P < 0.01; *P < 0.05

aMAD patients had a significantly lower BMI than placebo and nCPAP patients (P  =  0.002 and 0.006, 
respectively)
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Randomization and Interventions 

At the start of this RCT, consenting patients were allocated to the interventions using block 
randomization. The allocation sequence was automatically generated and concealed by 
an independent co-worker. Three types of interventions were used in this parallel-group 
study. First, an individually fabricated MAD with an adjustable mandibular protrusion 
position at a constant vertical dimension was used (13, 14). Second, nCPAP of the REMstar 
Pro system was used (Respironics, Herrsching, Germany). Third, a thin (< 1 mm), hard 
acrylic-resin palatal splint with only a partial palatal coverage was used as a placebo (15). 

Both MAD and nCPAP were titrated before the start of the treatment (9). For the titration 
of the MAD, four ambulatory polysomnographic (PSG) recordings were performed at 
regular time intervals of approx. 3 weeks. The total titration period was approx. 10 weeks. 
The most effective protrusion position of the MAD (i.e., the mandibular position that 
yielded the lowest AHI value) was chosen from among four randomly offered positions 
(viz., 0%, 25%, 50%, and 75% of the maximum protrusion). The MAD was set at 25% of 
the maximum protrusion in one patient, at 50% in 7 patients, and at 75% in 12 patients 
(9). For the placebo group, four ambulatory PSG recordings were performed at regular 
time intervals similar to the MAD group (16). The titration of nCPAP was performed 
during a PSG recording at the Slotervaart Medical Center. The pressure was increased 
in steps of 1 cm H2O/h, until the AHI and respiration-related arousals were reduced to 
≤ 5/h, and snoring was minimized. The average value of the pressure was 7.3 (SD, 1.9; 
range, 4-11) cm H2O (9). 

Procedure 
During the titration period of approx. 10 weeks, all patients visited ACTA four times 
at regular intervals, during which the BMI (kg/m2) was determined and the Epworth 
Sleepiness Scale (ESS) (10) was completed. The participants were also interviewed 
1. about their compliance (% of nights per week of wearing), 2. about possible side 
effects (nature and number; determined in an open question) of the MAD during the 
study period, and 3. about the change (increased, unchanged, or decreased) in snoring 
intensity, based on information they obtained from their bed partner. These outcomes 
have been described in detail in Aarab et al. (13) and Aarab et al. (9). 

From all patients, two PSG recordings were obtained in the sleep laboratory of the 
Slotervaart Medical Center: the first one before treatment and the second one after 6 ± 2 
months (mean ± SD) for the therapy evaluation. The outcomes of these PSG recordings 
are also described in detail in Aarab et al. (9). 

All patients filled out the Dutch version of the Symptom Checklist-90-Revised (SCL-90-R) 
twice: the first one before treatment and the second one at therapy evaluation. The 
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SCL-90-R is a multidimensional symptom inventory designed to measure symptomatic 
psychological distress over the past week (e.g., depression, anxiety, and somatization). 
Its reliability and validity proved to be good for both the original and the Dutch version 
(17, 18). Moreover, norm scores are available for the Dutch general population (17). 

Data Analysis 
The patient characteristics of the three therapy groups at baseline, including the 
different dimensions of the SCL-90-R, were compared using one-way analyses of 
variance, followed by least-significant difference (LSD) pair-wise comparisons. One-way 
analyses of variance was also used to detect differences in compliance between the three 
therapy groups (9). For the different dimensions of the SCL-90-R, one sample t-tests 
were used to analyse differences between outcomes related to the therapy groups and 
the normal values of the Dutch population, and model assumptions were checked. For 
both the per-protocol analysis and the intention-to-treat analysis, linear mixed models 
were used to study the differences between the groups for the different dimensions of 
the SCL-90-R over time. In these models, the treatment group variable was introduced 
as a dummy variable with the MAD group as reference group. The difference between 
treatment groups over time was studied by an interaction term of treatment times the 
time variable. Pearson correlation was used to test the relation between AHI values and 
the different dimensions of the SCL-90-R. 

All statistical tests were performed with the SPSS 21.0 (SPSS Inc., Chicago, IL) and SAS 9.3 
(Statistical Analysis System, SAS Institute Inc., Cary, NC, USA) software packages.

Results 
A total of 64 patients were enrolled in the study, and were randomized at the start of the 
RCT as shown in Fig. 1 (9). Three patients in the nCPAP group terminated the treatment 
before evaluation, because they experienced more side effects than benefits out of 
their treatment. One patient in the placebo group terminated the treatment, because 
of private reasons unrelated to the study. Another patient in the placebo group did not 
receive the placebo treatment, because of an urgent medical condition that occurred 
after the allocation. Two other patients, one in the nCPAP group and another in the 
MAD group could not be reached after the at random allocation, and could thus not be 
evaluated. Hence, 57 patients completed the entire study protocol. 

The patient characteristics at baseline are presented in Table 2. BMI was the only baseline 
characteristic that differed between the three therapy groups (F = 5.170; P = 0.008). LSD 
analyses revealed that the MAD group had a significantly lower BMI than the placebo and 
nCPAP groups (P = 0.002 and 0.006, respectively) (9). The mean (± SD) baseline values 
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of the different dimensions of the SCL-90-R of the three therapy groups, of the drop-
outs, and of the normal values of the Dutch healthy population are also shown in Table 
2. The baseline values of the different dimensions did not differ significantly between 
the three therapy groups (P = 0.305 − 0.987; Table 2). Further, the baseline values of the 
SCL-90-R of the drop-outs were not different from those of the therapy groups either (P 
= 0.348-0.997). The three groups showed higher average values of psychological distress 
at baseline than the reported normal values for the Dutch population in the dimensions 
“somatization”, “insufficiency of thinking and acting”, “anxiety”, “hostility”, “depression”, 
“sleeping problems”, and “global severity index” (T = 6,357- 2.566; P = 0.000-0.013; Table 2). 

Fig. 1. Flow-chart of the patients through each stage of the trial. MAD = mandibular advancement device; 
nCPAP = nasal continuous positive airway pressure. 
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The mean (± SD) baseline values of the different dimensions of the SCL-90-R of the 
three therapy groups who completed the entire study protocol as well as the changes 
in these variables from baseline to therapy evaluation are shown in Table 3. As a result 
of missing values in the different dimensions of the SCL-90-R per therapy group, the 
number of observations used in the per-protocol analyses varied per dimension (see 
Table 3). The MAD group showed significant improvements over time in the dimensions 
“somatization”, “insufficiency of thinking and acting”, “agoraphobia”, “anxiety”, 
“sleeping problems”, and the “global severity index” (F = 4.01−15.47, P = 0.048−0.000, 
Table 3). These improvements in symptoms were, however, not significantly different 
from the improvements in symptoms observed in the nCPAP and placebo groups (P = 
0.374−0.953). The intention-to-treat analysis showed similar results as the per-protocol 
analyses: the MAD group showed significant improvements over time in the dimensions 
“somatization”, “insufficiency of thinking and acting”, “agoraphobia”, “anxiety”, “sleeping 
problems”, and the “global severity index” as well (F = 4.01−16.34, P = 0.025−0.000), while 
these improvements were not significantly different from those observed in the nCPAP 
and placebo groups (P = 0.175−0.950). 

The MAD group had used their appliance 90.6% (SD, 13.3) of the nights; the nCPAP group 
82.9% (SD, 27.2) of the nights; and the placebo group 93.9% (SD, 15.7) of the nights. No 
significant group differences in compliance were found (F= 1.518, P = 0.228) (9). 

There was no significant correlation between the baseline AHI value and the baseline 
values of the different dimensions of the SCL-90-R in the three groups (P = 0.121-0.888). 
A significant correlation was found between the baseline values of the “global severity 
index” and the changes in AHI values (ΔAHI) between baseline and therapy evaluation 
in both the MAD and nCPAP group (P = 0.025). Patients with higher values of the “global 
severity index” at baseline showed less reduction in the AHI than patients with lower 
values of this index at baseline (Fig. 2). In the placebo group, there was no significant 
correlation between “ΔAHI” and the baseline values of “global severity index” (P = 0.615). 
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Table 3. The mean (±SD) baseline and therapy evaluation values of the different dimensions of the Symptom 
Checklist-90-Revised (SCL-90-R) of the mandibular advancement device (MAD) group, nasal continuous 
positive airway pressure (nCPAP) group, and placebo group in the per-protocol analyses.

Dimension 
(number of 
observations 
used)

MAD (n = 20) P* nCPAP (n = 18) Placebo (n = 19) P*

Baseline Therapy   Baseline Therapy Baseline Therapy  

Somatization 

(n = 107)
22.0 ± 10.3 17.7 ± 5.5 0.000** 24.6 ± 11.9 21.3 ± 11.5 21.9 ± 10.8 17.9 ± 7.9 0.374

Insufficiency 

of thinking 

and acting* 

(n = 104)

18.3 ± 7.6 15.8 ± 5.7 0.003** 18.7 ± 9.6 17.7 ± 10.0 19.9 ± 9.5 16.3 ± 8.1 0.646

Interpersonal 

sensitivity 

(n = 102)

27.6 ± 10.4 25.3 ± 8.4 0.206 26.9 ± 14.5 27.3 ± 14.8 28.5 ± 17.7 25.4 ± 15.4 0.953

Depression 

(n = 96)
26.3 ± 11.8 24.0 ± 7.1 0.056 28.5 ± 15.3 25.4 ± 16.4 30.5 ± 17.5 23.8 ± 6.5 0.445

Anxiety 

(n = 104)
14.9 ± 6.5 12.9 ± 4.2 0.033** 16.9 ± 9.6 15.2 ± 9.1 15.6 ± 9.7 14.1 ± 6.8 0.573

Hostility 

(n = 106)
8.8 ± 3.7 8.7 ± 3.3 0.437 9.2 ± 3.8 8.9 ± 3.8 8.6 ± 4.6 7.5 ± 2.6 0.521

Agoraphobia 

(n = 103)
8.7 ± 3.0 7.7 ± 1.1 0.028** 9.3 ± 5.1 7.8 ± 1.9 9.2 ± 6.7 8.9 ± 5.5 0.479

Sleeping 

problems 

(n = 106)

7.6 ± 3.6 6.3 ± 3.0 0.048** 7.2 ± 3.8 6.1 ± 2.5 8.4 ± 4.3 7.4 ± 3.3 0.792

Global severity 

index (n = 85)
149.3 ± 60.3 132.9 ± 38.2 0.018** 144.9 ± 68.1 137.7 ± 66.2 162.0 ± 90.7 124.1 ± 24.0 0.387

*P value as result of the linear mixed model analyses for the time effect within the MAD group

**Statistically significant at the 0.05 probability level

***P value as result of the linear mixed model analyses comparing the three groups over time
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Fig. 2. Scatterplot of the correlation between the baseline values of the “global severity index” and the changes 
in AHI values between baseline and therapy evaluation (∆AHI) in both the MAD and nCPAP groups.

Discussion 

Both MAD and nCPAP showed significant improvements of symptoms of psychological 
distress after 6 months of treatment. However, these significant improvements were not 
different from those observed in the placebo group. 

In randomized clinical trials, there are often problems of noncompliance, where the 
patient does not adhere to the assigned treatment or does not complete questionnaires 
as we also observed in this study. Typically, this leads to estimates that can potentially 
be biased when the probability of a missing value is related to the characteristics of the 
patients. Further, missing data can also lead to a reduction of statistical power (19). To 
overcome this problem, linear mixed model analysis can be used. The major strengths of 
mixed models are their ability to accommodate missing data points often encountered 
in longitudinal datasets and to generate valid study results (20). Therefore, we used 
linear mixed model analyses in this study. 

The population in the present study showed higher average values of psychological 
distress at baseline than the reported normal values for the Dutch population. The 
relationship between OSA and psychiatric disorders, especially depression, has already 
been studied for decades (21). Pillar and Lavie (22) reported in their male population that 
neither the presence nor the severity of OSA was associated with depression or anxiety. 
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On the other hand, recent evidence has confirmed important connections between 
OSA and psychiatric disorders. Psychiatric co-morbidity in OSA patients was examined 
in a large retrospective chart review of more than 100,000 Veterans. A significantly 
higher prevalence of numerous psychiatric disorders, including depression and anxiety, 
was found in OSA patients as compared to non-OSA patients (23). Others reported 
depression symptoms in 17-41% of OSA patients (24, 25). Harris et al. (2) suggested that 
direct treatment of depression in OSA patients might improve acceptance of therapy, 
reduce sleepiness and fatigue, and improve quality of life, but that intervention trials are 
needed to answer this question. Although the causal relationship between symptoms 
of psychological distress and OSA has not been determined yet, a higher prevalence of 
these symptoms in OSA patient seems to be a consistent finding, which corresponds 
with our results. 

All patients who completed the trial showed relatively high compliance rates of approx. 
90% (i.e., the percentage of nights per week usage). This relatively high compliance may 
be explained by the fact that during the study period the patients frequently visited 
ACTA to be interviewed about the frequency of wearing. This regular contact with the 
examiner could have motivated the patients to use their appliances frequently (9). 
Although self-reported compliance has been suggested to overestimate the actual 
use of MADs, covert compliance monitoring has shown excellent agreement between 
subjective and objective compliance (26, 27). 

The MAD effects on the OSA condition have been compared with those of CPAP in several 
randomized clinical trials (4). Although in most previous cross-over studies MADs were 
considered less effective in reducing the AHI value than CPAP in mild-to -moderate 
OSA patients, similar improvements in subjective outcomes, such as excessive daytime 
sleepiness and quality of life, were found (8, 28-30). Further, it should be noted that these 
studies also indicated that, in general, patients find MADs a more acceptable treatment 
compared to CPAP. In recent RCTs with a parallel design, no significant differences 
between MAD and nCPAP were reported, neither in the respiratory outcomes, nor in 
the subjective outcomes (9, 31). Further, a recent cross-over study by Phillips et al. (32) 
showed that important health outcomes were similar after one month of optimal MAD 
and CPAP treatment in patients with moderate to severe OSA. Thus, the outcomes of our 
study are in line with previous studies wherein both MAD and nCPAP show comparable 
treatment results in a group of mild-to-moderate OSA patients. Beebe and Gozal (3) 
suggested that both intermittent hypoxia and sleep disruption induce dysfunction of 
the prefrontal regions of the brain cortex, which may predispose to mood disorders. 
Following this hypothesis, at baseline, we suspected a significant correlation between 
the amount of psychological distress and the AHI values. However, we did not find this 
correlation. On the other hand, OSA patients with higher values of the psychological 
distress at baseline showed less reduction in the AHI than patients with lower values of 
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this index at baseline. The nature of this association is unclear, but this finding suggests 
that the level of psychological distress at the start of the treatment may play a significant 
role in the treatment outcome. 

In this study, the significant improvements in symptoms of psychological distress in the 
MAD and nCPAP groups were not better than those observed in the placebo group. This 
is in line with our previous findings wherein we reported significant improvements in 
the Epworth Sleepiness Scale (ESS) and the Short-Form General Health Survey (SF-36) in 
all three groups without any differences in effects between the three therapy groups (9). 
Power calculation was performed for the primary outcome variable of this randomized 
placebo-controlled trial, viz., the AHI (9). No power calculations were performed for the 
secondary outcome variables (viz., ESS, SF-36, and SCL-90-R). Therefore, our sample size 
per therapy group may have not been sufficient to find a significant difference between 
the therapy groups in the change of the different dimensions of SCL-90-R. However, our 
findings correspond with many previous, well-designed studies (7, 28, 33, 34) in which 
it was also reported that most of their OSA patients obtained a significant benefit in 
neuropsychological function and mood from their placebo treatment compared to MAD 
and CPAP treatments. These observed improvements in symptoms of psychological 
distress may be due to extensive attention given to the patients during the entire 
protocol, to a change in life style as a result of the information given to the patients at 
baseline, and/or to a placebo response. Further, the high initial values of the SLC-90-R 
scores at baseline result in a higher possibility of decreases in these scores over time. The 
tendency of high values to return towards an individual’s more typical average state is 
known as “regression to the mean”. Stepnowsky et al. (35) reported in a recent study that 
baseline emotional distress predicted the drop in AHI in response to placebo treatment. 
Highly distressed patients showed a greater placebo response with a 34% drop in AHI. 
Although we could not confirm this in our study, all these findings together support the 
importance of including a placebo treatment in a randomized controlled trial design to 
determine unbiased treatment effects. 

Within the limits of this study, it can be concluded that there is no significant difference 
between MAD, nCPAP, and an intraoral placebo appliance in their beneficial effects on 
symptoms of psychological distress in mild to moderate OSA patients. Further, this study 
suggests that the level of psychological distress at the start of the treatment may play 
a significant role in the treatment outcome of MAD and nCPAP in a group of mild to 
moderate OSA patients.
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Abstract
Background: Obstructive sleep apnea (OSA) is associated with several common sleep 
disorders and sleep-related problems. The aim of this study was to compare the effects 
of a mandibular advancement device (MAD) with those of nasal continuous positive 
airway pressure (nCPAP) on self- reported symptoms of common sleep disorders and 
sleep-related problems in mild and moderate OSA patients. Methods: This study is 
part of a randomized placebo-controlled trial in which different treatment effects 
of an objectively titrated MAD are compared with those of nCPAP and an intra-oral 
placebo appliance in a parallel design. Sixty-four mild/moderate OSA patients (52.0± 
9.6 years) were randomly assigned to these three groups. All participants filled out the 
validated Dutch Sleep Disorders Questionnaire (SDQ) twice: one before treatment and 
one after six months of treatment. With 88 questions, thirteen scales were constructed, 
representing common sleep disorders and sleep-related problems. Linear mixed model 
analyses were performed to study differences between the groups for the different 
SDQ scales over time. Results: The MAD group showed significant improvements over 
time in symptoms corresponding with “insomnia”, “excessive daytime sleepiness”, 
“psychiatric sleep disorder”, “periodic limb movements”, “sleep apnea”, “sleep paralysis”, 
“daytime dysfunction”, “hypnagogic hallucinations/dreaming”, “restless sleep”, 
“negative conditioning”, and “automatic behaviour” (F = 31.34-6.50, P = 0.000-0.014). 
These improvements in symptoms were, however, not significantly different from the 
improvements in symptoms observed in the nCPAP and placebo groups (P = 0.090-
0.897). Conclusion: Within the limits of this study, it can be concluded that there is 
no significant difference between MAD, and nCPAP in their positive effects on self-
reported symptoms of common sleep disorders and sleep-related problems in mild and 
moderate OSA patients. These beneficial effects may be a result of the time course and/
or of placebo effects.
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Background 
Obstructive sleep apnea (OSA) is characterized by recurrent obstructions of the upper 
airway, often resulting in oxygen desaturations and arousals from sleep (1). These sleep-
related events lead to poor sleep quality, excessive daytime sleepiness, and reduced 
quality of life. Further, OSA patients without effective treatment have an increased 
risk of hypertension, stroke, heart failure, and atrial fibrillation (2, 3). There are many 
predisposing risk factors for OSA, including obesity, male gender, and ageing (4). OSA 
is a common sleep-related breathing disorder, affecting 10-17% of middle aged men 
and 3-9% of middle- aged women (5). The gold standard therapy for especially severe 
OSA is nasal continuous positive airway pressure (nCPAP; 6). In mild to moderate OSA 
patients, a mandibular advancement device (MAD) therapy is often recommended as a 
primary treatment option (7, 8). This oral appliance holds the mandible and tongue in a 
protruded position. This results in an upper respiratory tract widening and/or a reduced 
collapsibility of the upper airway (9).

OSA is associated with several other sleep disorders (e.g., insomnia, periodic limb 
movement disorder, and narcolepsy) and sleep-related problems (e.g., excessive 
daytime sleepiness) (10-12). When these disorders coexist, not only is there an increase 
in cumulative morbidity, but it is likely that they influence each other in negative ways 
(13). Further, the co-occurrence of OSA and other sleep disorders may complicate OSA 
treatment and reduce treatment adherence (13). The presence of arousals during sleep 
and a reduced sleep efficiency may explain the overlap between OSA symptoms and 
symptoms of other common sleep-related disorders (13).

A few studies showed that nCPAP had a positive effect on middle insomnia and on 
periodic limb movement disorder in OSA patients (13-15). In a randomized controlled 
trial, Marklund et al. (16) found no improvement in insomnia symptoms in OSA patients 
under MAD treatment. However, they found a significant improvement in periodic 
limb movements with MAD is situ. To our best knowledge, no randomized placebo-
controlled trials have been conducted comparing the effects of an objectively titrated 
MAD with those of nCPAP on self-reported symptoms of common sleep disorders and 
sleep-related problems in OSA patients. To enable an unbiased comparison between 
those treatment modalities, both treatments should be titrated objectively. The aim 
of this randomized placebo-controlled trial was, therefore, to compare the effects of an 
objectively titrated MAD with those of nasal CPAP (nCPAP) and an intra-oral placebo 
appliance on self-reported symptoms of common sleep disorders and sleep-related 
problems in OSA patients. The hypothesis for this study was that both an objectively 
titrated MAD and nCPAP improve symptoms of common sleep disorders and sleep-
related problems in mild/moderate OSA patients. To control for possible placebo 
effects, an intra-oral placebo device served as a passive control condition for both active 
treatment modalities.
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Methods

Participants
This study is part of a randomized placebo-controlled trial in which different treatment 
effects of an MAD were compared with those of nCPAP and an intra-oral placebo 
appliance in a parallel design (7, 17). Potential participants were recruited from the 
Center for Sleep-Wake Disorders of the Slotervaart Medical Center in Amsterdam, the 
Netherlands. The multidisciplinary team of this center consisted of a neurologist, ENT 
specialists, pulmonologists, a dentist, psychologists, and sleep medicine technicians. All 
participants were at least 18 years old with an apnea-hypopnea index (AHI) of 5-45 events/
hour. They all reported excessive daytime sleepiness (Epworth sleepiness score ≥ 10), or 
at least two OSA symptoms presented by the American Academy of Sleep Medicine Task 
Force (1) (e.g., excessive daytime sleepiness and daytime fatigue). The exclusion criteria 
were: the existence of sleep disorders other than OSA based on polysomnography, a body 
mass index (BMI) of more than 40, usage of medication that affects sleep/respiration, 
reversible morphological upper airway abnormalities, and previous treatment with 
nCPAP or an intraoral appliance. Patients with temporomandibular disorders (diagnosis 
based on a functional examination of the masticatory system (18, 19), an unhealthy 
periodontium, dental pain, and/or an inadequate retention for an intra-oral appliance 
were excluded as well. Two hundred nineteen participants were eligible for the study. 
Seventy-three of them did not meet the medical inclusion criteria and 29 patients did 
not meet the dental inclusion criteria. Thirty-one patients refused to participate and 
22 patients did not participate for other reasons, e.g., loss of contact. Finally, a total of 
64 OSA patients agreed to participate by written informed consent (7). The scientific 
and ethical aspects of the protocol were reviewed and approved by the Medical Ethics 
Committee of the Slotervaart Medical Center (# U/1731/0326, U/2679/0326). This study 
has been registered at www.clinicaltrials.gov (# NCT00950495).

Study protocol
All patients were randomly allocated to one of the three therapy groups by using block 
randomization. The nCPAP group used the REMstar Pro system (Respironics, Herrsching, 
Germany), the MAD group used an individually adjustable MAD (20), and the placebo 
group used a thin (<1mm) hard acrylic resin palatal splint with a partial coverage of the 
hard palate (21).

Both MAD and nCPAP were titrated before the start of the treatment (7, 17). The 
titration of nCPAP was performed during a PSG recording at the Slotervaart Medical 
Center. The pressure was increased in steps of 1 cm H2O/h, until the AHI and respiration-
related arousals were reduced to ≤ 5/h, and snoring was minimized. The average value 
of the pressure was 7.3 (SD, 1.9; range, 4-11) cm H2O (7).  For the titration of the MAD, 
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four ambulatory polysomnographic (PSG) recordings were performed at regular time 
intervals of approx. 3 weeks. The total titration period was approx. 10 weeks. The most 
effective protrusion position of the MAD (i.e., the mandibular position that yielded 
the lowest AHI value) was chosen from among four randomly offered positions (viz., 
0%, 25%, 50%, and 75% of the maximum protrusion). The MAD was set at 25% of the 
maximum protrusion in one patient, at 50% in 7 patients, and at 75% in 12 patients (7, 
17). For the placebo group, four ambulatory PSG recordings were performed at regular 
time intervals similar to the MAD group (7, 17).

During the titration period of approx. 10 weeks, all patients visited ACTA four times 
at regular intervals, during which the BMI (kg/m2) was determined and the Epworth 
Sleepiness Scale (ESS) (22) was completed. The participants were also interviewed 
1. about their compliance (% of nights per week of wearing), 2. about possible side 
effects (nature and number; determined in an open question) of the MAD during the 
study period, and 3. about the change (increased, unchanged, or decreased) in snoring 
intensity, based on information they obtained from their bed partner. These outcomes 
have been described in detail in Aarab et al. (7).

Fig. 1. Flow-chart of the patients through each stage of the trial. MAD = mandibular advancement device; 
nCPAP = nasal continuous positive airway pressure. 

All three groups underwent two full polysomnographic (PSG) recordings in the sleep 
laboratory of the Slotervaart Medical Center: the first one before treatment and the 
second one 6 ± 2 months (mean ± SD) after the start of the treatment. The outcomes of 
the PSG recordings have been published in Aarab et al. (7). 



50

To assess the presence of symptoms of common sleep disorders and sleep-related 
problems, all patients filled out the validated Dutch Sleep Disorders Questionnaire 
(SDQ) at the time of the PSG recordings in the sleep laboratory of the Slotervaart 
Medical Center. The SDQ is the Dutch translation and adaptation of the Sleep Disorders 
questionnaire, developed by Douglass et al. (23). Sweere et al. (24) tested the SDQ 
against polysomnography and concluded that the instrument is reliable and reasonably 
valid for diagnosing common sleep disorders. The SDQ is a self-report questionnaire.

The SDQ consists of 88 questions and includes 13 scales representing the following sleep 
disorders and sleep-related problems:

• Insomnia (15 questions): inability to fall asleep or to stay asleep as long as desired.

• Excessive daytime sleepiness (6 questions): persistent sleepiness and a general lack 
of energy, even after apparently adequate or even prolonged night time sleep.

• Psychiatric sleep disorders (13 questions): sleep-related anxiety and depression.

• Periodic limb movements (9 questions): involuntary limb movements during sleep 
and restless legs syndrome (RLS).

• Sleep apnea (7 questions): cessation of the airflow for at least 10 seconds per event.

• Cataplexy (3 questions): a sudden and transient episode of muscle weakness.

• Sleep paralysis (4 questions): inability to move during sleep-wake transition. 

• Daytime dysfunction (7 questions): dysfunction during daytime activities.

• Hypnagogic hallucinations/dreaming (5 questions): experiencing vivid dreams/ 
nightmares.

• Sexual/social dissatisfaction (4 questions): dissatisfaction about social and sexual 
life.

• Restless sleep (4 questions): tossing and turning in bed.

• Negative conditioning (2 questions): negative feelings about falling asleep.

• Automatic behavior (4 questions): concentration and memory problems.

Excessive daytime sleepiness, cataplexy, and sleep paralyses are part of the diagnosis 
“narcolepsy”. The answers to all questions were scored on a 5-point ordinal scale (1= 
never, 2= seldom, 3= sometimes, 4= often, and 5= always). The total scores of each scale 
of the SDQ were the outcome variables.
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Statistical Analysis
The patient characteristics of the three therapy groups at baseline, including the different 
scales of the SDQ, were compared using one-way analyses of variance, followed by least-
significant difference (LSD) pair-wise comparisons. For both the per-protocol and the 
intention-to-treat analysis, linear mixed models were used to study the differences 
between the groups for the scales of the SDQ over time. In these models, the treatment 
group variable was introduced as a dummy variable with the MAD group as reference 
group. The difference between treatment groups over time was studied by an interaction 
term of treatment times the time variable. All statistical tests were performed with the 
SPSS 21.0 (Statistical Package for the Social Sciences, SPSS Inc., Chicago, IL, USA) and 
SAS 9.3 (Statistical Analysis System, SAS Institute Inc., Cary, NC, USA) software packages. 
P <.05 was considered statistically significant.

Results
A total of 64 patients were enrolled in the study, and were randomized at the start 
of the RCT as shown in Fig. 1. The patient characteristics at baseline are presented in 
Table 1. Seven patients dropped out of the study for various reasons (see fig. 1). Thus, 57 
participants (20 MAD patients, 18 nCPAP patients, and 19 placebo patients) completed 
the entire study protocol. BMI was the only baseline characteristic that differed between 
the three therapy groups (F = 5.170; P = 0.008). LSD analyses revealed that the MAD 
group had a significantly lower BMI than the placebo and nCPAP groups (P = 0.002 and 
0.006, respectively; 7) .  

MAD (N=21) nCPAP (N= 22) Placebo (N=21)
D r o p - o u t s 
(N=7)

Age (years) 50.4 ± 8.9 54.0 ± 10.1 51.3 ± 9.6 49.3±7.3

Number of men/women 17/ 4 15/ 7 15/ 6 5/2

Apnea-hypopnea index (AHI) 21.4 ± 11.0 20.1 ± 9.0 19.5 ± 8.4 14.8±3.8

Epworth Sleepiness Scale 12.0 ± 5.7 10.7 ± 4.4 10.8 ± 4.0 13.7±1.9

Body Mass Index* (kg/m2) 27.1 ± 3.2 30.7 ± 3.7 31.1 ± 4.7 27.8 ± 4.1

Table 1. Patient characteristics (mean ± SD) at baseline of the mandibular advancement device (MAD) group, 
the nasal continuous positive airway pressure (nCPAP) group, the placebo group, and the drop-outs (Aarab 
et al., 2011a).
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The mean (±SD) values of each scale of the SDQ at baseline and at therapy evaluation of 
the three groups are presented in Table 2.  As a result of missing values in the different 
scales of the SDQ, the number of observations used in the per-protocol analyses varied per 
scale (see Table 2). At baseline, there were no significant differences between the three 
therapy groups in the SDQ scales (F = 1.947-0.015; P = 0.153-0.985). At therapy evaluation, 
the MAD group showed significant improvements in symptoms corresponding with 
“insomnia”, “excessive daytime sleepiness”, “psychiatric sleep disorder”, “periodic limb  
movements”, “sleep apnea”, “sleep paralysis”, “daytime dysfunction”, “hypnagogic 
hallucinations/dreaming”, “restless sleep”, “negative conditioning”, and “automatic 
behavior”  (F = 31.34-6.50, P = 0.000-0.014). These improvements in symptoms were, 
however, not significantly different from those observed in the nCPAP and placebo 
groups (P = 0.090-0.897). 

The intention-to-treat analyses (n = 64) showed similar results as the per-protocol 
analyses: the MAD group showed significant improvements over time in symptoms 
corresponding with “insomnia”, “excessive daytime sleepiness”, “psychiatric sleep 
disorder”, “periodic limb movements”, “sleep apnea”, “sleep paralysis”, “daytime 
dysfunction”, “hypnagogic hallucinations/dreaming”, “restless sleep”, “negative 
conditioning”, and “automatic behavior”  (F = 29.82-6.86, P = 0.000-0.011). However, 
these improvements in symptoms were not significantly different from those observed 
in the nCPAP and placebo groups (P = 0.082-0.949). 

Table 2. The mean (± SD) baseline and therapy evaluation values of the different scales of the Dutch Sleep 
Disorders Questionnaire (SDQ) of the mandibular advancement device (MAD) group, nasal continuous 
positive airway pressure (nCPAP) group, and placebo group in the per-protocol analyses.

SDQ-scales 

(number of 
observations 
used)

MAD

(n = 20)

nCPAP

(n=18)

Placebo

(n=19)

Within 

the MAD 

group 

over 

time

Between 

groups 

over 

time

Baseline Therapy Baseline Therapy Baseline Therapy P* P**

Insomnia (n = 101) 2.6±0.9 2.3±0.8 2.6±0.8 2.1±0.8 2.7±1.0 2.4±1.0 0.000Ω 0.619

Excessive daytime 

sleepiness (n = 98)
2.8±1.0 2.5±1.0 2.3±0.7 1.8±0.7 2.4±0.8 2.1±0.8 0.000Ω 0.629

Psychiatric sleep 

disorders (n = 103)
2.2±0.8 1.8±0.7 2.3±1.0 1.8±1.0 2.1±1.0 1.8±1.0 0.000Ω 0.731

Periodic limb 

movements                

(n = 105)

2.1±1.0 1.6±0.8 2.3±1.0 1.7±0.8 2.0±1.0 1.8±1.0 0.000Ω 0.371
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Sleep apnea (n = 86) 3.7±0.6 2.8±1.1 3.3±0.6 2.8±0.9 3.5±0.9 3.1±0.9 0.000Ω 0.090

Cataplexy (n = 107) 1.2±0.4 1.2±0.5 1.4±0.5 1.2±0.6 1.4±0.9 1.2±0.6 0.089 0.258

Sleep paralysis 

(n= 107)
1.8±0.8 1.4±0.6 2.2±1.1 1.5±0.8 1.9±1.0 1.7±0.8 0.000Ω 0.291

Daytime 

dysfunction (n=92)
2.7±0.9 2.4±1.0 2.4±1.0 2.2±1.0 2.7±1.0 2.1±0.9 0.006Ω 0.289

Hypnagogic 

hallucinations/

dreaming (n=105)

2.2±0.9 1.7±0.7 1.8±0.7 1.6±0.7 2.1±1.2 1.7±0.8 0.001Ω 0.196

Sexual/ social 

dissatisfaction 

(n=102)

2.5±0.9 2.3±1.2 1.9±0.9 1.9±0.9 2.2±1.1 2.2±1.0 0.896 0.897

Restless sleep 

(n=106)
2.9±1.0 2.1±0.8 2.6±1.0 2.1±0.8 2.8±1.2 2.3±1.1 0.000Ω 0.336

Negative 

Conditioning 

(n=108)

2.1±1.1 1.7±0.9 2.0±1.1 1.8±0.7 2.1±1.1 1.9±1.1 0.014Ω 0.891

Automatic 

behaviour (n=104)
2.3±0.8 1.9±0.7 2.0±0.7 1.8±0.7 2.0±1.0 1.9±1.0 0.001Ω 0.764

*P-value as result of the linear mixed model analyses for the time effect within the MAD group. 
**P-value as result of the linear mixed model analyses comparing the three therapy groups over time. 

Ω Statistically significant at the 0.05 probability level.

Discussion
The effects of an MAD and nCPAP on self-reported symptoms of common sleep 
disorders and sleep-related problems were compared in a group of mild and moderate 
OSA patients. No significant differences were found between MAD, nCPAP, and placebo 
in their beneficial effects on symptoms of several sleep disorders and sleep-related 
problems. 

There are some aspects related to this study that should be discussed. First, the dropouts 
in this study and the missing values in the questionnaires reduced the power of this 
study. Missing values may lead to selection bias, because participants who complete the 
entire study may show better treatment outcomes than dropouts (25). To overcome this 
problem, an intention-to-treat analysis with linear mixed models was used to assess the 
differences between the groups.  The major strengths of mixed models are their ability 
to accommodate missing data points often encountered in longitudinal datasets and to 
generate valid study results (26).  Therefore, a linear mixed model analysis was used in this 
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study to deal with the missing values. Second, as a part of a large randomized placebo-
controlled trial in which different treatment effects of an MAD were investigated, this 
study had strict inclusion criteria and strict exclusion criteria. This reduces the external 
validity of the study, as the group is not representative of the entire OSA population. 
On the other hand, however, it reduces the risk of bias in the outcome measures (27). 
Third, when compared to a cross-over design, the parallel design of our study has the 
advantage of excluding carry-over effects of the different treatments used (28). 

Different sleep disorders may show similar symptoms, such as poor sleep quality and 
excessive daytime sleepiness (10, 29-30). The consequences of different sleep disorders 
may also show many similarities, such as motor vehicle accidents due excessive daytime 
sleepiness as a consequence of sleep apnea or narcolepsy (31, 32). It is therefore difficult 
to distinguish between different sleep disorders based on oral history. Therefore, the 
validated SDQ questionnaire was used in this study in addition to a full polysomnographic 
recording for the diagnosis of OSA.

Patients with other sleep disorders than OSA were excluded from this study. This was 
based on single PSG recordings. In clinical practice, but also in research, only one PSG 
recording is commonly made for diagnosis of OSA because these recordings are time-
consuming and costly. However, many sleep-related disorders can be missed after a one-
night polysomnographic recording (33). The first-night effect in the sleep laboratory may 
affect many recorded sleep variables. The main characteristics of the first-night effect 
are a reduced total sleep time and REM sleep time, lower sleep efficiency, longer REM 
sleep latency, and decreased slow wave sleep. These factors may result in false-negative 
findings of different sleep disorders (34). Further, there is a natural fluctuation of sleep-
related variables in PSG recordings over time (35, 36). Therefore, a single-night recording 
may not be sufficient to exclude sleep disorders. This would have been valid for also the 
OSA diagnosis, however, the OSA diagnosis was an inclusion criterion for this study. 
Consequently, a false negative finding of OSA as a consequence of a first-night effect was 
excluded. Further, the relatively low ordinal scale values of the symptoms of the other 
common sleep disorders in this OSA group of approx. “2= seldom” and “3= sometimes” at 
baseline (see table 2) raise the question if the symptoms of  these sleep disorders were 
severe enough for a valid diagnosis, and if the small significant improvements in these 
symptoms are actually clinically relevant, especially because these improvements were 
also observed in the placebo group.  The relatively high ordinal scale values of approx. 
“4= often” for the sleep apnea diagnosis at baseline (see table 2) confirm that the patients 
in our study had mainly OSA symptoms.

Björnsdóttir et al. (13) studied the changes in insomnia symptoms based on self-
report questionnaires among OSA patient under CPAP treatment over two years. They 
hypothesized that the reduction of the number of respiratory-related arousals under 
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CPAP treatment will result in better sleep efficiency in insomnia patients. They found 
indeed that CPAP treatment significantly reduces symptoms of middle insomnia. On 
the other hand, Luyster et al. (37) reviewed studies examining the co-occurrence of 
insomnia and OSA, and concluded that the effect of different OSA treatments (viz., 
CPAP, oral appliances, and surgery) on insomnia remains unclear. Pataka et al. (15) 
concluded that the use of nCPAP may be beneficial for some narcoleptics with OSA, 
and that it can be used as a secondary therapy in this patient group. Marklund et al. 
(16) found in a randomized controlled trial that both MAD and a placebo appliance 
had no effect on insomnia symptoms. However, their MAD treatment resulted in a 
significant improvement of restless legs symptoms when compared to placebo. To our 
best knowledge, our study is the first one comparing the effects of an objectively titrated 
MAD with those of nCPAP on self-reported symptoms of common sleep disorders and 
sleep-related problems in OSA patients. No significant differences were found between 
MAD and nCPAP and an intra-oral placebo appliance in their beneficial effects on 
symptoms of common sleep disorders and sleep-related problems in mild and moderate 
OSA patients. It was expected that an improvement in the symptoms of the other 
common sleep disorders and sleep-related problems would occur as a consequence 
of a significant reduction in the number of respiratory-related arousals in both the 
nCPAP and MAD groups (7, 17). However, the placebo group also showed significant 
improvements in these symptoms, although elevated respiratory arousal indices with 
the placebo appliance in situ were present at therapy evaluation (7, 17). Therefore, the 
positive effects on these symptoms may not be explained by an improvement in sleep 
quality. These observed improvements in the three groups may be due to changes in life 
style as a result of sleep hygiene advises and general information about their condition 
given at baseline (38). Further, the observed improvement in the placebo group may also 
be a result of the attention given to the patients by the physician/dentist, resulting in a 
positive effect on self-reports about symptoms of common sleep disorders and sleep-
related problems. These possible explanations for the findings in the placebo group 
underline the importance of including a placebo group in randomized controlled trials 
to enable a clear distinction between a real treatment effect and a placebo effect.

In conclusion, our results show that there is no significant difference between MAD 
and nCPAP in their positive effects on symptoms of common sleep disorders and sleep-
related problems in a group of mild to moderate OSA patients. Placebo effects may 
explain these beneficial effects.
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Abstract
Background: To assess the differences in the frequency of clinical signs of 
temporomandibular disorder (TMD) pain and in mandibular function impairment 
between mandibular advancement device (MAD) and nasal continuous positive airway 
pressure (nCPAP) therapies in obstructive sleep apnea (OSA) patients at baseline 
and after 6 month of treatment. Methods: This study concerns a secondary analysis 
of a randomized placebo-controlled trial in which different treatment effects of an 
objectively titrated MAD were compared with those of nCPAP and an intra-oral placebo 
appliance in a parallel design. Sixty-four mild to severe OSA patients (52.0 ± 9.6 years) 
were randomly assigned to these three groups.  All patients underwent a shortened 
functional examination of their masticatory system at baseline and after 6 months to 
establish the presence of clinical signs of TMD pain. Mandibular function impairment 
was assessed with a questionnaire. Results: Clinical signs of TMD pain were only rarely 
present at baseline and at therapy evaluation. No significant differences were found 
between the three groups in the (low) frequency of clinical signs of TMD pain at both time 
points (P = 0.401-0.176). In addition, the (low) scores of mandibular function impairment 
did not differ between the three groups either, neither at baseline (P = 0.744) nor after 
6 months (P = 0.359). Conclusion:  A low frequency of clinical signs of TMD pain in mild 
to severe OSA patients was found after 6 months, regardless of treatment with MAD 
or nCPAP. In addition, no difference in mandibular function impairment was observed 
between the different treatment modalities. 
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Introduction
Obstructive sleep apnea (OSA) is characterized by recurrent obstructions of the upper 
airway, often resulting in oxygen desaturations and arousals from sleep (1). OSA is a 
common sleep-related breathing disorder that affects 10-17% of middle aged men and 
3-9% of middle aged women, with a higher prevalence amongst obese patients (2). OSA 
patients without effective treatment have an increased risk of cardiovascular conditions 
like hypertension, stroke, heart failure, and atrial fibrillation (3-5). 

The treatment of OSA has been undergoing a steady shift over the last years. While (nasal) 
CPAP ((n)CPAP) was more or less the sole effective treatment for many years, mandibular 
advancement device (MAD) therapy is increasingly recognized as a viable treatment 
for OSA (6,7). MADs are currently indicated for the treatment of mild to moderate OSA 
patients as well as of severe OSA patients who are intolerant to, or refuse CPAP therapy 
(6,7). MADs protrude the mandible and improve upper airway patency by enlarging the 
upper airway and/or by reducing its collapsibility (8). During the monitoring phase of 
this treatment, the mandibular protrusion position of the MAD is often titrated by the 
dentist or patient to improve its efficacy and to reduce its side effects (9). However, due 
to their design, MADs exert potentially detrimental forces on the teeth, oral soft tissues, 
and musculoskeletal structures of the masticatory system. Amongst others, MADs may 
result in excessive salivation, mouth dryness, and temporomandibular side effects on 
the short-term (10-14).

Temporomandibular disorders (TMDs) are defined as musculoskeletal disorders that 
include symptoms like pain and dysfunction of the temporomandibular joint and/or 
the jaw muscles (15). De Leeuw and Klasser extensively describe various methods for 
the clinical assessment of TMD pain, all of them based on a combination of self-report 
and clinical tests that provoke the musculoskeletal system (15). Importantly, the clinical 
assessment of the impairment of mandibular function associated with TMDs should not 
only comprise a diagnostic assessment of symptoms and signs but also an assessment of 
the functional impairment as it is perceived in the patient’s value system (16). 

Both improvements and deteriorations in signs and symptoms of TMDs have been 
found during MAD treatment (10, 12, 17-21). Most previous studies, however, were 
retrospective in design, or did not include a placebo group (10, 12, 17, 18). Moreover, the 
impact of the TMD on the patient’s mandibular function has seldom been determined 
(10). Therefore, a definitive conclusion about the frequency of TMD side effects and their 
impact on mandibular function in OSA patients under MAD treatment cannot be drawn. 

The aim of this study was to assess the differences in the frequency of clinical signs of TMD 
pain and in the mandibular function impairment between MAD and nCPAP therapies at 
baseline and after 6 months in mild to severe OSA patients in a randomized, placebo-
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controlled trial design. We hypothesized that an MAD would result in significantly 
more clinical signs of TMD pain than nCPAP and placebo.  Further, this TMD pain was 
hypothesized to lead to more mandibular function impairment in the MAD group than 
in the nCPAP and placebo groups.

Materials and methods
This study concerns a secondary analysis of a large randomized placebo-controlled trial 
in which different treatment effects of an objectively titrated MAD were compared with 
those of nCPAP and an intra-oral placebo appliance in a parallel design. The short-term 
and long-term outcomes of this trial have been published previously (6, 9, 22).

Participants
Potential participants were recruited from the Center for Sleep-Wake Disorders of the 
Slotervaart Medical Center in Amsterdam, The Netherlands. The multidisciplinary team 
of this center consisted of a neurologist, ENT specialists, pulmonologists, a dentist, 
psychologists, and sleep medicine technicians. All participants were at least 18 years old, 
with an apnea-hypopnea index (AHI) of 5-45 events/hour. They all reported excessive 
daytime sleepiness (Epworth sleepiness score ≥ 10), or at least two OSA symptoms 
presented by the American Academy of Sleep Medicine Task Force (e.g., daytime 
sleepiness, fatigue) (1). The exclusion criteria were: the existence of sleep disorders 
other than OSA based on polysomnography, a body mass index (BMI) of more than 40, 
usage of medication that affects sleep or respiration, reversible morphological upper 
airway abnormalities, and previous treatment with nCPAP or an intraoral appliance. 
Patients with clinical signs of temporomandibular disorders (TMDs; diagnosis based 
on a functional examination of the masticatory system) (23) who also expressed a 
desire for treatment of their TMD complaints, an unhealthy periodontium (periodontal 
pockets > 5mm), dental pain, and/or an inadequate retention possibilities for an intra-
oral appliance were excluded as well. Two-hundred-nineteen participants were eligible 
for the study. Seventy-three of them did not meet the medical inclusion criteria, and 
29 patients did not meet the dental inclusion criteria. Thirty-one patients refused to 
participate and 22 patients did not participate for other reasons, e.g., loss of contact. 
Finally, a total of 64 OSA patients agreed to participate and provided written informed 
consent (Fig. 1). The scientific and ethical aspects of the protocol were reviewed and 
approved by the Medical Ethics Committee of the Slotervaart Medical Center (## 
U/1731/0326, U/2679/0326). This study has been registered at www.clinicaltrials.gov (# 
NCT00950495).
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Fig. 1. Flow-chart of the patients through each stage of the trial. OSA = obstructive sleep apnea; MAD = 
mandibular advancement device; nCPAP = nasal continuous positive airway pressure.

Interventions

The nCPAP group used the REMstar Pro system (Respironics, Herrsching, Germany). The 
MAD group used a custom-made device with an individually adjustable mandibular 
protrusion position at a constant vertical dimension, the design of which has been 
described in detail previously (9). The MAD did not allow vertical opening and lateral 
movements. The placebo group used a thin (<1mm) hard acrylic resin palatal splint with 
only a partial coverage of the hard palate and no interference with the dental occlusion (6). 

Study protocol

The protocol of this study has been described in detail previously (6). Below, an outline 
is provided with the protocol’s key characteristics, along with pertinent additions that 
made it possible to answer the current research question.

All patients were randomly allocated to one of the three therapy groups. To ensure that 
the groups were of approx. the same size, block randomization was used. Block sizes were 
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6, 12, and 18; sizes were randomly varied. The allocation sequence was automatically 
generated and subsequently concealed by an independent co-worker, who kept a paper 
copy in a lockable drawer. Sealed opaque envelopes were used to conceal the allocation 
from the principal investigator (6). Both MAD and nCPAP were titrated before the start 
of the treatment (6). For the titration of the MAD, four ambulatory polysomnographic 
(PSG) recordings were performed at regular time intervals of approx. 3 weeks. The total 
titration period was approx. 10 weeks. The most effective protrusion position of the 
MAD (i.e., the mandibular position that yielded the lowest AHI value) was chosen from 
among four randomly offered positions, viz., 0%, 25%, 50%, and 75% of the maximum 
protrusion. The MAD was set at 25% of the maximum protrusion in one patient, at 
50% in 7 patients, and at 75% in 12 patients (6). The titration of nCPAP was performed 
during a PSG recording at the Slotervaart Medical Center. The pressure was increased in 
steps of 1 cm H2O/h, until the AHI and respiration-related arousals were reduced to ≤ 5 
events/h, and snoring was minimized. The average value of the pressure was 7.3 (SD, 1.9; 
range, 4-11) cm H2O (6).  For the placebo group, four ambulatory PSG recordings were 
performed at regular time intervals similar to the MAD group (6). 

During the titration period of approx. 10 weeks, all patients visited ACTA four times 
at regular intervals, during which the BMI (kg/m2) was determined and the Epworth 
Sleepiness Scale (ESS) was completed (24). The participants were also interviewed 
about their compliance (% of nights per week of wearing), and the change (increased, 
unchanged, or decreased) in snoring intensity, based on information they obtained 
from their bed partner. These outcomes have been described in detail by Aarab et al. (6). 
Further, the visits at ACTA were also used to adjust the protrusion position of the MAD 
according to the random order of the study protocol. 

Besides the above-described titration PSGs, all three groups underwent two full PSG 
recordings in the sleep laboratory of the Slotervaart Medical Center: the first one before 
treatment and the second one 6.0 ± 2.0 months (mean ± SD) after the start of the 
treatment. The outcomes of the PSG recordings have been published by Aarab et al. (6).

Clinical signs of TMD pain and mandibular function impairment

During the consultations at baseline and after 6 months of treatment, patients were 
informed about the mild and transient nature of a possible TMD pain by the clinician. 
The assessment of  TMD pain and mandibular function impairment was performed 
at both time points.  The assessment included, amongst others, an oral history and 
orthopedic tests, viz., the static and dynamic tests (23). A single, experienced, and well-
trained clinician performed all examinations throughout the entire study. This clinician 
was not blinded for the type of treatment of each patient. Clinical signs of TMD pain was 
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considered present when patients reported pain on at least one of the static or dynamic 
tests during opening, closing, and protrusion of the mandible. The presence of clinical 
signs of TMD pain was scored “1”, and their absence was scored “0”.

The Mandibular Function Impairment Questionnaire (MFIQ) was completed by 
all patients at baseline and after 6 months, in order to subjectively assess function 
impairment of the masticatory system. The MFIQ is a validated questionnaire, which is 
used to assess the impact of TMDs on mandibular function in daily life (16). The MFIQ 
scores perceived difficulty of 17 representative mandibular functions in relation to joint 
or muscle complaints. The answers are scored on five-point Likert-type scales (0 to 4), 
where 0 represents “no difficulty” and 4 represents “very great difficulty or impossible 
without help”. The sum item score for function impairment ranges from 0 to 68. Using 
these scores, a Raw Component Score is calculated and a functional impairment rating 
scale (FIRS) is derived (0-5). A FIRS of 0 or 1 indicates low level of function impairment, 
a FIRS of 2 or 3 indicates moderate level of function impairment, and a FIRS of 4 or 5 
indicates severe level of function impairment.

Statistical analysis

The null hypothesis of this study was that there is no significant difference between the 
MAD group, the nCPAP group, and the placebo group in the presence of clinical signs 
of TMD pain at baseline and at therapy evaluation. The chi square (X2) test was used to 
examine whether the distributions of TMD pain between the three groups differed. The 
Wilcoxon Signed rank test (for the within groups comparison) and the Kruskal-Wallis 
tests (for the between groups comparison) were used to test the difference between 
the three groups in the change of their FIRS score between baseline and 6 months after 
the start of the treatment. All statistical analyses were performed using the Statistical 
Package for the Social Sciences (version 24.0, SPSS Inc., Chicago, IL, USA). P < 0.05 was 
considered statistically significant.

Results

The patient characteristics at baseline are presented in Table 1. BMI was the only baseline 
characteristic that differed between the three therapy groups. Seven patients dropped 
out of the study for various reasons (see Fig. 1). Thus, 57 participants (20 MAD patients, 18 
nCPAP patients, and 19 placebo patients) completed the entire study protocol (6). 

Details of the primary analyses of the RCT have been described previously; see (6). In 
short, the MAD group had used their appliance 90.6% (SD, 13.3) of the nights; the nCPAP 
group 82.9% (SD, 27.2) of the nights; and the placebo group 93.9% (SD, 15.7) of the 
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nights. No significant group differences in compliance were found (F = 1.518, P = 0.228). 
In addition, BMI did not change significantly from baseline to 6-month follow-up in any 
of the three therapy groups (paired t tests; P = 0.408-0.752). AHI, on the other hand, 
showed a significant improvement over time in all three therapy groups. The decrease 
in AHI from baseline to 6-month follow-up differed significantly between the groups 
(ANCOVA; F = 14.886, P = 0.000). While this decrease was comparable for MAD and 
nCPAP (P = 0.092), both treatments showed a significantly larger decrease than the 
placebo condition (P = 0.000 and 0.0002, respectively). Finally, for excessive daytime 
sleepiness, the pooled data of the three groups showed a significant decrease over time 
(paired t test, P = 0.002).

In Table 2, the outcome variables are presented. Clinical signs of TMD pain were only 
rarely encountered. No significant differences were found between the three treatment 
groups in the (low) frequency of the clinical signs of TMD pain at baseline and at therapy 
evaluation after 6 months (χ2= 1.830 and χ2= 3.478; P = 0.401 and 0.176, respectively). 
All FIRS scores were qualified as low. There was no significant change in the FIRS score 
within the groups between baseline and therapy evaluation (Z= -0.632; P = 0.527), nor 
was there a significant difference between the three different treatment groups in their 
(low) level of mandibular function impairment at baseline (P = 0.744) and after 6 months 
(P = 0.359);  see Table 2.

Table 1. Patient characteristics (mean ± SD) at baseline of the mandibular advancement device (MAD) group, 
the nasal continuous positive airway pressure (nCPAP) group, the placebo group, and the dropouts; see [6] 
for more details.

MAD (N=21) nCPAP (N= 22) Placebo (N=21)
Dropouts  

(N=7)

Age (years) 50.4 ± 8.9 54.0 ± 10.1 51.3 ± 9.6 49.3±7.3

Number of men/women 17/ 4 15/ 7 15/ 6 5/2

Apnea-hypopnea index 

(AHI)
21.4 ± 11.0 20.1 ± 9.0 19.5 ± 8.4 14.8±3.8

Epworth Sleepiness Scale 12.0 ± 5.7 10.7 ± 4.4 10.8 ± 4.0 13.7±1.9

Body Mass Index1 (kg/

m2)
27.1 ± 3.2 30.7 ± 3.7 31.1 ± 4.7 27.8 ± 4.1

1MAD patients had a significantly lower BMI than placebo and nCPAP patients (P = 0.002 and 0.006, respectively; 
one-way ANOVA, followed by least-significant difference pairwise comparisons.
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Table 2. Presence of clinical signs of TMD pain and the Function Impairment Rating Scale (FIRS) score at 
baseline and 6 months after the start of the therapy for the mandibular advancement device (MAD) group, 
the nasal continuous positive airway pressure (nCPAP) group, and the placebo group.

Outcome measures MAD (n=20) nCPAP (n=18) Placebo (n=19)

Baseline 6 months Baseline 6 months baseline 6 months

Presence of clinical 
signs of TMD pain (n)1

0 0 2 2 1 0

FIRS score 

(25%|median|75%)2
0|0|1 0|0|0.50 0|0|0.25 0|0|1 0|0|0 0|0|0

1Number of complete data sets per group: MAD (n=18); nCPAP (n=17); placebo (n=14) 

2Number of complete data sets per group: MAD (n=17); nCPAP (n=13); placebo (n=18)

Discussion

The aim of this study was to assess the differences in the frequency of clinical signs 
of TMD pain and in mandibular function impairment after 6 months of treatment 
between MAD and nCPAP therapies in mild to severe OSA patients in a randomized, 
placebo-controlled trial design. No significant differences were found between the 
three treatment groups in the frequency of clinical signs of TMD pain at baseline and at 
therapy evaluation after 6 months. Further, there was no significant difference between 
the three different treatment groups in their (low) level of mandibular function 
impairment in daily life either. 

A study of Sanders et al. tested the hypothesis that signs and symptoms of OSA are 
associated with the occurrence of TMD, and precede first-onset TMD (25). Their data was 
based on a prospective study (n=2,604) and a case-control study (n= 1,716). Both studies 
supported a significant association between OSA symptoms and TMD, and they found 
evidence that OSA symptoms preceded first-onset TMD. One of their explanations 
for OSA preceding TMD was that OSA patient show more sleep bruxism (SB) activity 
and therefore more TMD. However, there is no solid evidence for the cause-effect 
relationship between OSA and SB on one hand, and between SB and TMD on the other 
hand (26, 27). Further, OSA was not determined objectively (i.e., by means of PSG) in the 
study of Sanders et al. (25). Therefore, their hypothesis should be tested further in future 
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studies. Nevertheless, Kato et al. found self-reported jaw symptoms (viz., morning 
jaw discomfort, morning jaw pain, daytime jaw pain, and jaw opening difficulties) in 
19% of 511 OSA patients (28). Further, Perez et al. showed that TMD pain was present in 
approximately 10% of their OSA patients at baseline, based on a clinical examination 
(29), which corresponds with the TMD-pain prevalence rate of 10% in the general 
population (30). Based on these studies, we may conclude that TMD is associated with 
OSA. However, TMD pain may be equally prevalent in OSA patients and the general 
population. 

The present study concerns a secondary analysis of a large randomized placebo-
controlled trial, the short-term and long-term outcomes of which have been published 
previously (6, 9, 22). This means that the data that were analyzed to answer the present 
research questions were originally collected for other purposes. While the advantages of 
using secondary data are clear (e.g., time-saving, cost-efficient), its use is also associated 
with potential disadvantages, such as the application outdated or inaccurate methods 
that may jeopardize the validity of the results. In the present study, however, both 
TMD pain and mandibular function impairment were assessed with up-to-date and 
validated tools, viz., static and dynamic tests (23) and Mandibular Function Impairment 
Questionnaire (16), respectively. Hence, we are confident that in the present study, the 
use of secondary data has yielded accurate outcomes.

The experienced and well-trained clinician who performed all examinations throughout 
the entire study was not blinded for the type of treatment of each patient. Since this 
approach is associated with a risk of observer bias, this could be considered as a potential 
limitation of the present study. Further, not all patients completed the entire protocol 
of the present study. Therefore, both our original study sample and the dropouts 
contributed to a reduced power of this study. Missing values may lead to selection 
bias, because participants who complete the entire study may show better treatment 
outcomes than dropouts (31). However, the outcomes of our study are similar to previous 
ones. Perez et al. determined the prevalence and incidence of TMD pain in 167 OSA 
patients undergoing MAD treatment (29). They found that after approx. 4 months, TMD 
pain was present in only a small proportion of their study sample and that this pain 
was no longer present after 1 year. Similar findings were reported by Doff et al. in their 
study wherein 51 MAD patients were compared to 52 CPAP patients on the occurrence 
of TMD and the risk of pain and function impairment in a 2-year follow-up (32). They 
found that MAD therapy is associated with increased TMD pain in the first 2 months 
of use, but that this TMD side effect had a transient nature: they found no difference in 
TMD pain between the MAD group and their CPAP group after one year.  Therefore, they 
concluded from their study that, because of the transient nature of TMD pain, this pain 
is not a reason to contra-indicate an MAD treatment. Also, Knappe et al. (33) reported a 
low prevalence rate of jaw-muscle tenderness, viz., 7.1%, and no significant changes in 
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orofacial function in association with MAD therapy after 6 months. In our study, TMD 
pain in the MAD group was also evaluated after 6 months. We hypothesize, based on the 
outcomes of the studies of Perez et al. (29), Doff et al. (32), and Knappe et al. (33), that the 
TMD pain in our MAD group had already disappeared in the first few months. Therefore, 
no difference in clinical signs of TMD pain between the MAD, nCPAP, and placebo groups 
was found in our study.

In conclusion, our study showed a low frequency of clinical signs of TMD pain in mild 
to severe OSA patients after 6 months, regardless of treatment with MAD or nCPAP. In 
addition, no difference in mandibular function impairment was observed between the 
different treatment modalities.  
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Abstract
Background: It has recently been suggested that wearing a maxillary occlusal splint (i.e. 
a hard acrylic resin dental appliance that covers the occlusal surfaces of the maxillary 
dentition and that is being indicated for the treatment of, e.g. temporomandibular pain) 
may be associated with a risk of aggravating obstructive sleep apnoea (OSA). The present 
study tested the hypothesis that raising the bite without mandibular protrusion in OSA 
patients is associated with an increase in the apnoea–hypopnoea index (AHI). Methods: 
Eighteen OSA patients (13 men; 49·5±8·1 years old) received a mandibular advancement 
device in 0% protrusion of the mandible (0%MAD). The MAD caused a bite rise of 6 mm 
as measured interincisally. Polysomnographic recordings were obtained at baseline 
and with the 0%MAD in situ. Results: No statistically significant difference in AHI was 
noted between the baseline night and the 0%MAD night. However, nine patients had 
an aggravation in AHI during the night they used the 0%MAD. Taking into account the 
previously established smallest detectable difference of 12·8 in AHI, the AHI increased 
in only two of the patients. Conclusion: The outcomes of this study suggest that an 
increased jaw gape without mandibular protrusion might be associated with a risk of 
aggravation of OSA for some, but not for all OSA patients. Dental practitioners should 
be aware of this possible association when treating patients with oral devices that raise 
the bite.
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Introduction
Obstructive sleep apnoea (OSA) is a sleep disorder that is characterised by recurrent 
episodes of partial or complete upper airway obstruction during sleep, leading to 
hypoxaemia and sleep disruption. The consequences of OSA include daytime sleepiness, 
neurocognitive dysfunction, cardiovascular disorders, metabolic dysfunction and 
impaired quality of life (1). Obstructive sleep apnoea is a common sleep disorder, 
especially in obese, middle-aged men, with an estimated prevalence of 4% in men and 
2% in women (2). Undiagnosed OSA represents a public health problem, and some 
suggest that the incidence of OSA may even be higher than estimated (3,4).

Daily dental practice includes several procedures that raise the bite. Full-mouth dental 
rehabilitations and occlusal splints are examples of such procedures. Occlusal splints are 
frequently used in the management of temporomandibular disorders and bruxism (i.e. 
grinding and clenching of the teeth), as a part of rehabilitation procedures in patients 
with occlusal tooth wear, and as a protection of dental restorations. Occlusal splints 
modify the space between the dental arches, rotate the mandible and reduce the space 
for the tongue (5, 6). The possibility that an occlusal splint may alter airway patency in 
OSA patients during sleep has been investigated previously (7). In that open-label pilot 
study, it was found that the use of an occlusal splint in OSA patients may be associated 
with a risk of aggravation of their respiratory disturbance. Given the preliminary nature 
of this finding, more research is needed to further substantiate this understudied topic. 
Therefore, the aim of the present study was to test the hypothesis that raising the bite 
without mandibular protrusion in OSA patients is associated with an aggravation of the 
respiratory disturbance. This study is part of a large-scale study on the treatment effects 
of a mandibular advancement device (MAD) on OSA (8, 9).

Materials and methods

Participants
A total of 20 patients were invited to participate in the present study. They were 
selected from the Center for Sleep-Wake Disorders of the Slotervaart Medical Center. 
The multidisciplinary team that evaluates the polysomnographic (PSG) recordings 
and decides for treatment modalities consists of a neurologist, ENT specialists, 
pulmonologists, a dentist, psychologists and technicians especially trained in sleep 
medicine. All participants were at least 18 years old, had no orthodontic abnormalities 
and had an apnoea–hypopnoea index (AHI) between 5 and 45. Exclusion criteria were 
the following: the existence of sleep disorders other than OSA, a body mass index (BMI) 
of more than 40 (i.e. BMI values indicating morbid obesity), usage of medication that 
affects sleep, periodic limb movement disorder and previous treatment with continuous 
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positive airway pressure or a MAD. Patients with temporomandibular disorders 
(diagnosis based on a functional examination of the masticatory system) (10,11), an 
unhealthy periodontium, dental pain and ⁄ or an inadequate dentition for good retention 
of the MAD were excluded as well. The scientific and ethical aspects of the protocol were 
reviewed and approved by the Medical Ethics Committee of the Slotervaart Medical 
Center (#U ⁄ 1731 ⁄ 0326). 

Intra-oral device 
The 20 patients received a MAD that consisted of two hard acrylic resin splints worn 
in the upper jaw and in the lower jaw. The two splints were connected with each other 
with a screw that allowed protrusion of the lower splint, and by that means, of the lower 
jaw. For the purpose of this study, the MAD was placed at 0% protrusion, i.e. with 0 
mm advancement of the mandible. The MAD caused a bite rise of 6 mm as measured 
interincisally. For a detailed description of the MAD, see Aarab et al. (8, 9). The MADs were 
fabricated at the Department of Oral Kinesiology of the Academic Centre for Dentistry 
Amsterdam, The Netherlands. The MAD was constructed in collaboration with a dental 
laboratory (Amsterdams Tandtechnisch Laboratorium, Amsterdam, The Netherlands).

Study protocol
All patients underwent a full-night baseline PSG recording at the Slotervaart Medical 
Center without the intra-oral device in situ. Siesta hardware and ProFusion software 
(Compumedics, Abbotsford, Australia) were used for the recordings. After 3,85 +/- 
0,98 weeks of wearing the device every night, all participants underwent a full-night 
ambulatory PSG recording at home, with their MAD in situ. Monet hardware and 
Rembrandt software (Medcare Automation BV, Amsterdam, The Netherlands) were 
used for the recordings. A trained co-worker performed the montage of both the 
baseline recordings and the ambulatory recordings at the Slotervaart Medical Center. 
All PSG recordings consisted of two electroencephalographic leads (C3-A2 and O2-A1), 
two electrooculographic leads, mental surface electromyography, nasal–oral airflow 
using a thermistor, oximetry, abdominal and thoracic respiratory effort, body position, 
electrocardiography, leg movements (m. tibialis anterior) and a piezoelectric lead for 
the detection of snoring. After each PSG recording, BMI and Epworth Sleepiness Scale 
(ESS) were obtained.

Data analysis
All PSG recordings were coded, randomised and analysed under blind conditions by a 
specialised technician. Only after the analyses of the data, the recordings were decoded. 
Sleep stages were scored manually in 30-s epochs according to Rechtschaffen and Kales 
(12) and standard sleep variables [see Aarab et al. (9)]; none of them differed significantly 
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between baseline and the 0%MAD night; data not shown) and respiratory variables 
were calculated. Following the American Academy of Sleep Medicine Task Force (1), an 
apnoea was defined as a cessation of airflow for at least 10 s; a hypopnoea, as a decrease 
in nasal–oral air flow of more than 50% for at least 10 s, or less than a 50% decrease if 
simultaneous arousal and ⁄ or an oxygen desaturation of >3% occurred. Subsequently, 
the AHI was calculated as the number of apnoeas and hypopnoeas per hour of sleep.

Statistical analysis
To enable the use of between-subjects factors, ANOVA for repeated measures was 
performed to assess possible statistical differences in the AHI and ESS between the two 
nights. Based on current insights into the aetiology and mechanisms of OSA, BMI (13, 14) 
was used as between-subjects factors. The number of patients that switched from mild 
to moderate, from mild to severe and from moderate to severe OSA was also assessed. 
Patients were categorized as mild if AHI was between 5 and 15; as moderate if AHI was 
between 15 and 30; and as severe if AHI was >30. For each individual patient that showed 
a worsening of the AHI, changes in AHI from baseline to the night with the MAD in 
situ were assessed for their statistical significance. To that end, a smallest detectable 
difference (SDD) value of 12.8 events per hour was used (15), as to account for the intra-
individual variability in the AHI.

All analyses were carried out with SPSS package for windows, version 16.0 (SPSS Inc., 
Chicago, IL, USA). P < 0.05 was considered statistically significant.

Results
Initially, 20 OSA patients (14 men; 50.3 ± 9.1 years old) were included in the study. Two 
patients (a man and a woman) refused the ambulatory PSG recordings because they felt 
distressed while using the MAD in 0% protrusion of the mandible (feeling of choking). 
Thus, 18 patients (13 men; 49.5 ± 8.1 years old) completed the study protocol. The data 
of the two dropouts were not included in the final data analysis. ANOVA for repeated 
measures revealed no statistically significant difference in between the baseline night 
and the MAD night, neither for the AHI (F = 0.07, P = 0.81, DF = 1; Fig. 1) nor for ESS  
(F = 0.23, P = 0.63, DF = 1; Fig. 2).

When the patients were categorised as mild, moderate or severe OSA, two of them went 
from mild to moderate OSA, one from moderate to severe OSA and one from mild to 
severe OSA. Nine individual patients (50% of the participants) showed an aggravation 
in AHI during the night they used the MAD (Fig. 1). However, using the SDD to account 
for the intra-individual variability in the AHI, only two individuals showed a statistically 
significant aggravation of the AHI, viz., from 13,5 to 43,0 events per hour respectively 
from 41,7 to 55,3 events per hour.
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Fig. 1. Distribution of the apnoea–hypopnoea index for baseline and device [viz., with a mandibular 
advancement device in 0% protrusion of the mandible (0%MAD) in situ].

Fig. 2. Distribution of Epworth sleepiness scale for baseline and device. For further explanation, see Fig. 1.
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Discussion
In the present study, the hypothesis was tested that an increase in bite rise without 
mandibular protrusion is associated with aggravating the respiratory disturbance in 
OSA patients. 

Raising the bite with a MAD in 0% protrusion position did not increase the AHI at the 
group level, but at the individual level, the increased jaw gape was associated with an 
aggravation of the respiratory disturbance in 50% of our patients. It should be noted 
that the observed differences between two recordings do not necessarily reflect a true 
effect of the intervention. Body position can be ruled out as a possible explanation for the 
observed differences, because the percentage of time spent sleeping in supine position 
did not differ between baseline and the 0% MAD night. However, the differences may 
be related to factors like the natural course of the disorder under study and the biological 
fluctuation of the variables measured. Therefore, the SDD was used to take into account 
the night to- night variability in the AHI (15). Consequently, only two patients showed a 
statistically significant worsening of their AHI with the MAD in situ. When the SDD value 
of 12.8 events per hour is applied to the individual results in the study by Gagnon et al. 
(7), approximately one-third of their patients would have had a statistically significant 
increase in the AHI (see their Fig. 1 on p. 450). Even though Gagnon et al. (7) thus found 
a larger proportion of patients with an increase in their AHI, no significant group effect 
was observed. Apparently, some individuals are prone to develop a worsening of their 
OSA condition in response to a bite rise, while others are insensitive for such an effect. 
From the present study, it remains unclear which patient characteristics can be held 
responsible for aggravating the OSA condition. Clearly, this requires more research. 

On the mechanisms that cause a worsening of the respiratory disturbance in some OSA 
patients in response to raising the bite, one can only speculate. In an OSA patient, the 
upper airway patency is reduced during sleep. Especially when the patient sleeps in 
supine position, the jaw is more open and the tongue and hyoid bone are posteriorly 
displaced (16, 17). In line with these observations, it could be speculated that a MAD in 
0% protrusion position indeed modifies upper airway patency by increasing the vertical 
dimension, altering the position of the tongue, and rotating the mandible posteriorly. 
However, this possible mechanism needs to be substantiated in future studies. 

The magnitude of the bite rise in the present study differed from that in the study by 
Gagnon et al. (7). Where Gagnon et al. (7) used an occlusal splint with a thickness of 
approximately 1,5 mm at the molar level and an interincisal thickness of maximally 4,5 
mm, we employed an intra-oral device with a larger bite rise of 6 mm at the incisor level. 
Nevertheless, the proportion of OSA patients showing a worsening of their condition 
was smaller than that in the study by Gagnon et al. (7), while the opposite (i.e. more 
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aggravation with larger bite rises) might have been expected. Apparently, the (so far 
unknown) patient characteristics that can be held responsible for aggravating the OSA 
condition are more important than the actual magnitude of the bite rise.

 It should also be noted that in the present study, the bite was not only raised but also 
fixated. This experimental condition does therefore not fully resemble the clinical 
situation where, as in the study by Gagnon et al. (7), an occlusal splint is inserted as 
a means to increase the vertical dimension. In the latter case, the mandible has the 
freedom to move in several directions, thus yielding differential effects on the OSA 
condition. 

The accuracy of the present findings needs to be validated in a prospective randomised 
controlled trial (RCT), testing the effects of regular occlusal splints, before any clinical 
recommendations can be given. Such a RCT should contain, amongst others, multiple 
PSG recordings for each participant, as to take into account the night-to-night variability 
in AHI that has been described earlier (15, 18, 19).

The outcomes of this study suggest that an increase in bite rise without mandibular 
protrusion might be associated with a risk of aggravation of OSA for some but not for all 
OSA patients. Within the limitations of the present study design, in which a relatively 
large bite rise was tested and the mandible was immobilised during sleep, our results 
stress the fact that dental practitioners should be aware of the above-mentioned 
possible association when treating a patient with oral devices that raise the bite, because 
their patient might have an undiagnosed OSA. Hence, dentists should always focus on a 
possible OSA in their patients’ oral history.
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Abstract  
 Background: It has been suggested that wearing an occlusal stabilization splint may 
be associated with a risk of aggravating obstructive sleep apnea (OSA). The aim of 
the study was to assess the influence of a stabilization splint on OSA in a randomized 
controlled trial design.  Methods: Ten OSA patients (47.3 ± 11.7 years) received an occlusal 
stabilization splint in the upper jaw. All patients underwent three polysomnographic 
recordings (PSGs) with their splint in situ, and three PSGs without their splint in situ, 
using a randomized cross-over design. Results: There was no statistically significant 
difference in the Apnea-Hypopnea Index (AHI) or in the Epworth Sleepiness Scale (ESS), 
neither between the three nights without the stabilization splint (AHI: F = 2.757, p = 
0.090;  ESS: F = 0.153, p = 0.860) nor between the three nights with the splint in situ (AHI: 
F = 0.815, p = 0.458;  ESS: F = 0.231, p = 0.796). However, the mean AHI of the three nights 
with the stabilization splint in situ was significantly higher than that of the three nights 
without the splint in situ (F = 7.203, p = 0.025). No difference in ESS was found when 
both conditions were compared (F = 2.03, p = 0.343). Conclusion: The use of an occlusal 
stabilization splint is associated with a risk of aggravation of OSA. Dental practitioners 
should be aware of a possible OSA in their patients’ oral history, as to prevent indicating 
a stabilization splint in patients with an undiagnosed OSA unquestioningly.
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Introduction
In dentistry, occlusal stabilization splints  (i.e., hard acrylic-resin dental appliances 
that cover the occlusal surfaces of the maxillary dentition) are commonly used in the 
management of temporomandibular disorders (a number of clinical problems that 
involve the masticatory muscles, the temporomandibular joint, and the associated 
structures) (1) and of sleep bruxism (an oral parafunction characterized by grinding or 
clenching of the teeth during sleep), (2) . They are also used in dental rehabilitation 
procedures for patients with occlusal tooth wear, and to protect dental restorations. The 
possibility that a stabilization splint alters airway patency during sleep in patients with 
obstructive sleep apnea (OSA; a condition characterized by repetitive complete or partial 
obstruction of the upper airway during sleep) (3) has been investigated in two previous 
pilot studies (4, 5). One study found that the use of stabilization splints in OSA patients 
may be associated with a risk of aggravating these patients’ respiratory disturbance. 
In the other study, a mandibular advancement device, which is a common treatment 
option for mild and moderate OSA (6), was inserted in the 0% protrusion position (ie 
without protruding the mandible), thereby only raising the bite of the participating 
OSA patients (5). In line with the finding of Gagnon et al.(4), the outcome of that study 
suggested that a bite rise without a protrusive component may be associated with a risk 
of aggravation of OSA for some, but not for all OSA patients. So far, however, no well-
controlled prospective clinical trial has been performed on this topic, thus rendering 
the suggested association between stabilization splints and aggravation of OSA as 
inconclusive. The aim of the present study, therefore, was to assess the influence of 
occlusal stabilization splints on sleep-related respiratory variables in OSA patients was 
employed. A cross-over, randomized, controlled trial design. The hypothesis was that 
insertion of a stabilization splint, resulting in an increase of the vertical dimension of 
occlusion, rotation of the mandible, and reduction of the tongue space would yield a 
significant worsening of the OSA condition.

Materials and methods

Settings and Participants
Potential participants for the present study were selected from among those being 
referred to the Center for Sleep-Wake Disorders of the Slotervaart Medical Center in 
Amsterdam by their family physician because of a possible OSA. All potential participants 
underwent a thorough medical examination, including a full-night polysomnographic 
(PSG) recording, using Siesta hardware and ProFusion software (Compumedics). A 
multidisciplinary OSA team, consisting of neurologists, ear, nose and throat specialists, 
pulmonologists, dentists, psychologists, and technicians especially trained in sleep 
medicine, discussed all PSG recordings. All consecutive and eligible OSA patients for 
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whom a mandibular advancement device was indicated were invited for participation 
in the study, provided that they also fulfilled the other inclusion and exclusion criteria 
(see below).

OSA was quantified and classified using the apnea-hypopnea index (AHI) (3), which was 
used as this study’s primary outcome measure. According to the American Academy of 
Sleep Medicine Task Force (3), an apnea is defined as a cessation of airflow for at least 
10 seconds. A hypopnea is defined as a decrease in nasal-oral airflow of more than 50% 
for at least 10 seconds, or a substantial decrease of less than 50% in nasal-oral airflow if 
associated with an arousal and/or an oxygen desaturation of greater than 3%. The AHI 
is the number of apneas and hypopneas per hour of sleep. Based on the report of the 
American Academy of Sleep Medicine Task Force (3), an AHI of at least 5 events/hour 
and the presence of excessive daytime sleepiness (measured objectively or subjectively) 
which is not explained by other factors, are commonly used for an OSA diagnosis. When 
excessive daytime sleepiness is absent, at least two symptoms, e.g., recurrent complaints 
of unrefreshing sleep and daytime fatigue, should be present (3).

To be included in this study, participants had to be at least 18 years of age, and their AHI 
should have a value between 5 and 30 events/hour of sleep (7), combined with an Epworth 
Sleepiness Scale (ESS) score 6-10 (higher values were excluded for ethical reasons) (8), 
or with at least two of the symptoms suggested by the American Academy of Sleep 
Medicine Task Force (3);  (see above). Further, the participants had to have adequate 
retention possibilities in their dentition for an occlusal stabilization splint (i.e., not 
missing more than two posterior teeth and not wearing a removable dental prosthesis), 
which was determined during a thorough dental examination at the Department of Oral 
Kinesiology of the Academic Centre for Dentistry Amsterdam (ACTA). Exclusion criteria 
were medicine usage that influences sleep (e.g., selective serotonin re-uptake inhibitors, 
benzodiazepines), a body mass index (BMI) of more than 40, and/or sleep bruxism (i.e., 
diagnosed by a PSG recording following the criteria of Lavigne et al. (9)). Patients with 
temporomandibular disorders (diagnosis based on a functional examination of the 
masticatory system) (10), an unhealthy periodontium (i.e., periodontal diseases), and/or 
dental pain (e.g., chronic pulpitis) were excluded as well. 

Following the above-outlined selection procedure, a total 16 OSA patients were asked to 
participate in the present study. Six of them (3 men and 3 women) declined participation 
because of time constraints. Thus, a total of 10 mild/moderate OSA patients with an AHI 
between 5 and 30 events/ hour participated in the study. There were 3 men and 7 women, 
with a mean (± SD, range) age of 47.3 (± 11.7, 23-62) years.

The scientific and ethical aspects of the protocol were reviewed and approved by the 
Medical Ethics Committee of the Slotervaart Medical Center (NL23988.048.08). The 
protocol was also registered at ClinicalTrials.gov under number NCT01004692.
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Randomization and Allocation
The participants were randomly allocated to one of two investive groups (see Study 
protocol). To ensure that the groups were of approximately the same size, block 
randomization was used. The allocation sequence was automatically generated and 
subsequently concealed by an independent co-worker, who kept a paper copy in a 
lockable drawer. Sealed opaque envelopes were used to conceal the allocation from the 
principal investigator.

Occlusal Stabilization Splint and Blinding
An occlusal stabilization splint was constructed for each participant. The splint was a 
hard acrylic-resin appliance with no palatal coverage, to be worn in the maxilla. It caused 
a bite rise of about 1.0 mm at the level of the first molar (for a detailed description, see 
van der Zaag et al., (11)). The intermaxillary relationship of choice was the retruded 
contact position, i.e., the point of initial contact between the mandibular dentition 
and the splint when the mandibular condyles are guided along the posterior slope of 
the articular eminence into their most superior position on jaw closure (1). Canine 
guidance and anterior guidance were built-in so as to enable contralateral and posterior 
disclusion during articulation movements. The splint did not come into contact with 
the participant’s soft tissues, nor did it act as an orthodontic device. The splints were 
fabricated at the Department of Oral Kinesiology of ACTA, in collaboration with a dental 
laboratory (Excent Tandtechniek Amsterdam).

The participants were blinded to the priory hypothesis regarding the effect of the 
splint on their OSA condition. After using the splint, all the patients were asked if they 
experienced a change in their sleep apnea symptoms with the splint in situ. Analyst 
blinding was ascertained by assigning codes to data sets and by analyzing these sets in 
random blocks.

Study Protocol
After written informed consent was obtained, all participants underwent two sets of 
three consecutive ambulatory PSG home recordings, with two weeks between both sets, 
using a cross-over design. In the first randomly composed group (see Randomization 
and Allocation), the participants (2 men, 4 women) who had a mean (± SD, range) age 
of 50.2 ± 8.7 39-60) years first underwent the three nights of PSG recordings without the 
stabilization splint in situ. After the two-week wash-out period, they underwent the 
three nights of recordings with the splint in situ. In the second group, the participants (1 
man, 3 women) with a mean ( ± SD, range) age 43.0 ± 15.7, 23-62) years  first underwent 
the three PSG recordings with the splint in situ, and two weeks later, they underwent the 
three PSG recordings without the splint in situ. All participants used the splint in situ ten 
nights before the recordings as a habituation period. 
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Monet hardware (Medcare) was used for the ambulatory recordings, and Rembrandt 
software (Medcare) was used for the analyses. All PSG recordings consisted of two 
electroencephalographic leads (C3-A2 and O2-A1), two electro-oculographic leads, 
mental surface electromyography, nasal-oral airflow using a thermistor, oximetry, 
abdominal and thoracic respiratory effort, body position, electrocardiography, leg 
movements (m tibialis anterior), and a piezoelectric lead for the detection of snoring. 
A trained co-worker performed the montage of the recording devices at the Slotervaart 
Medical Center.

After each PSG recording, values of BMI and ESS were obtained.

Data Analysis
All PSG recordings were coded, randomized, and analyzed under blind conditions by a 
specialized sleep medicine technician. This examiner’s intra-observer reliability of AHI 
scoring was excellent, with an intraclass correlation coefficient (ICC) of 0.96; that of 
sleep scoring could be qualified as good to excellent, with ICC values ranging from 0.64 
to 0.96. Sleep stages were scored manually in 30-sec epochs according to Rechtschaffen 
and Kales (12), and standard sleep variables and respiratory variables were obtained. 
After the completion of the analyses, the recordings were decoded again.

Statistical Analysis
To enable the use of within-subjects factors, analyses of variance (ANOVAs) for repeated 
measures were performed. Based on current insights into the etiology and mechanisms 
of OSA (8, 13), BMI was introduced as between-subjects (co-)factor in case of a significant 
interaction of BMI with the variable of interest (i.e., AHI or ESS). Repeated measures 
ANOVA was used to assess possible statistical differences in the AHI (the primary outcome 
measure) and ESS between the consecutive nights. Second, the AHI and ESS values of 
the three non-splint nights and of the three splint nights were averaged, followed by 
independent ANOVA to check if there was a statistically significant difference in AHI 
and in ESS between the mean values of the non-splint nights and the mean values of 
the splint nights. Finally, the standard sleep variables, averaged over the three nights for 
each condition, were compared between the splint and non-splint conditions by using 
two-independent-samples t tests and Bonferroni adjustment for multiple comparisons.

All analyses were performed with the SPSS package for windows, version 16.0 (SPSS Inc). 
P < .05 was considered statistically significant.
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Results
All but one participants, completed the entire study protocol, even though two of them 
felt that the stabilization splint caused dry lips and increased their snoring. The patient 
who did not complete the entire protocol, failed to do the last recording of the splint 
condition because of severe allergy to the glue and stickers used for the recordings. All 
PSG recordings were judged to have normal structures by the medically responsible 
sleep medicine specialist (HLH). The standard sleep variables are shown in Table 1. 
None of them differed significantly between the splint and non-splint conditions after 
Bonferroni adjustment (i.e., statistically significant when P < .0083).

Since no significant interactions between BMI and any of the outcome measures were 
present, the ANOVAs for repeated measures were performed without using BMI as a 
cofactor. There was no statistically significant difference in AHI or in ESS between the 
three nights without the stabilization splint (AHI: F = 2.757, P =0 .090; ESS: F = 0.153,  
P=0 .860). Similarly, there was no statistically significant difference in AHI or in ESS 
between the three nights with the splint in situ (AHI: F = 0.815, P =0 .458; ESS: F = 0.231,  
P =0 .796). To illustrate the night-to-night variability in AHI, Fig. 1 shows the results of 
the six PSG recordings for each individual. 

Fig. 2 shows the mean AHI values of the three PSG recordings per experimental 
condition (ie, without and with the stabilization splint in situ) for all ten participants 
individually. The mean AHI of the three nights with the stabilization splint in situ was 
significantly higher than that of the three nights without the splint in situ (with splint: 
mean ± SD = 17.4 ± 7.0 events/hour; without splint: mean ± SD = 15.9 ± 6.4 events/hour; 
F = 7.203, P = .025). The mean ± SD increase in AHI with the splint in situ was 1.4 ± 1.7 
events/hour; its 95% confidence interval (1.4 ± 1.96*1.7=) was -1.9 – 4.7. Even when the 
patient with the largest effect size (a 62-year-old male; BMI = 20.9; neck circumference 
= 44.2 cm) was removed from the analyses, the mean increase (±SD) in AHI (0.9 ± 0.5) 
remained statistically significant (F = 29.033; P = .001). No significant difference in ESS 
was found when both experimental conditions were compared (with splint: mean ± 
SD= 9.5 ± 5.3; without splint: mean ± SD = 9.6 ± 5.2; F = 1.00, P = .343). An interaction 
with randomization order was not present for AHI or for ESS (AHI: F = 2.65, P = .142;  
ESS: F = .812, P = .394). 
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Table 1. Mean values ± SD of the standard sleep variables of the ten participants, averaged over the three 
nights* for both experimental conditions (i.e., without and with the stabilization splint in situ). T = test 
statistic for two-independent-samples t tests.

No splint Splint T P

Total sleep time (min) 428.9 ± 64.9 437.1 ±85.9 -.315 .757

Stage 1 and 2 (%) 67 ± 11.4 60.4 ±14.8 1.990 .065

Stage 3 and 4 (%) 14.7 ± 12.8 17.5 ±7.2 -.994 .330

Stage REM (%) 19.9 ± 6.5 20.3 ±5.2 -.933 .362

Sleep in supine position (%) 51.0 ± 23.9 42.1 ± 22.8 1.120 .279

Sleep Efficiency (%) 83.3 ± 7.3 87.9 ±4.1 -2.61 .042

*For one participant, the mean values of the splint condition were based on two PSG recordings (see Results)

Fig. 1. AHI values obtained with the six PSG recordings per participant. Please note that for one participant, 
the AHI from the sixth PSG recording is missing (see Results).
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Fig. 2. Mean AHI values of the three PSG recordings per experimental condition (i.e., without and with the 
stabilization splint in situ) for all ten participants individually. Please note that for one participant, the mean 
value of the splint condition was based on two PSG recordings (see Results).

Discussion
The hypothesis tested in this study was that an occlusal stabilization splint is associated 
with aggravating the respiratory disturbance in OSA patients. The use of stabilization 
splints indeed raised the AHI significantly. The increase in the AHI was small, but it 
occurred in all 10 OSA patients who participated in the study (see Fig. 2). Even when the 
patient with the largest effect size was removed from the analyses, the mean increase 
in AHI remained statistically significant. If one considers the mean difference plus or 
minus its 95% confidence interval, however, it turns out that zero is included in the 
interval, suggesting that both experimental conditions could be considered equivalent. 
Hence, whether the small increase in the AHI is actually clinically relevant, remains to be 
studied. Also, the long-term effects of stabilization splints on OSA need to be captured 
in future longitudinal trials, although such studies may be difficult to perform, because 
most patients will have received treatment for their OSA condition in the meantime.

Previous studies (4, 5) found no significant group change of the AHI when the bite was 
raised in OSA patients. Increases were observed only at the individual level. In both 
previous studies, however, it was noted that the observed differences between the two 
conditions (i.e., no increased jaw gape versus increased vertical dimension) did not 
necessarily reflect a true effect of the intervention, because these were not randomized 
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controlled trials (RCTs). In contrast, the present study was a RCT. The employed cross-over 
design allowed each patient to be his or her own control. The design included a 2 weeks 
wash-out period between both conditions (ie, no splint versus splint). Furthermore, 
multiple PSG recordings were obtained for both conditions and for each participant, to 
take into account the night-to-night variability in AHI (14-16). Hence, the present study 
yielded conclusive data.

Apart from the dissimilarities in study design, variation in the design of the intraoral 
devices could have influenced the differences between both previous studies (4, 5) and 
the present one as well.  Indeed, the magnitude of the bite rise in the present study (viz., 
about 1.0 mm at the level of the first molar) differed from that in the studies by Gagnon et 
al (4) and Nikolopoulou et al (5). Gagnon et al (4) used an occlusal stabilization splint with 
a slightly larger thickness of approximately 1.5 mm at the molar level and of maximally 
4.5 mm at the incisor level, while Nikolopoulou et al (5) used an intra-oral device (viz., 
a mandibular advancement device with 0% protrusion) with a bite rise of 6 mm at the 
incisor level. Where the small difference in thickness of only about 0.5 mm between the 
splints used in the present study and those used by Gagnon et al (4) is unlikely to have 
contributed to the different findings between both studies, the considerable difference 
in thickness between the devices used in the authors’ previous study5 and in the present 
one may have contributed to the different findings. 

The exact mechanism that may have caused the above-discussed effect of increased 
thickness is as yet unknown. Possibly, it is related to the fact that occlusal stabilization 
splints not only modify the space between the dental arches, but also reduce the space for 
the tongue and rotate and anteriorly translate the condyles (17-19), thus compromising 
the upper airway lumen.

Another aspect related to the design of the intraoral devices used in the various studies 
so far is the fact that in the study by Nikolopoulou et al (5), the mandible was fixed to the 
maxilla with the intraoral device in situ, while both in the study by Gagnon et al (4) and 
in the present study the mandible could move freely in all directions. Hence, the above-
discussed lumen-narrowing effect of intraoral devices is likely to have been stronger in 
the study by Nikolopoulou et al (5), because the mandible was prevented from moving 
anteriorly, and thus from widening the upper airway lumen.

The 62-year-old male participant who showed the largest increase in the AHI with the 
occlusal stabilization splint in situ, was also one of the two patients who complained of 
increased snoring with the splint in situ. Interestingly, when this patient was compared 
to the other participants, he turned out to have a relatively low BMI but a relatively large 
neck circumference. Obesity is known to be the main risk factor of OSA (20, 21). However, 
in this case, the participant was of normal weight, even tending towards underweight. On 
the other hand, fat deposition around the upper airway, as suggested in this participant 
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by his neck circumference, may narrow the airway lumen and increase the collapsibility 
of the pharynx. (22). Furthermore, the older the age (and this was the oldest participant), 
the more this factor is considered a risk for developing OSA (23). Mechanisms, proposed 
in the literature for the age-related increase in OSA include increased deposition of fat 
in the parapharyngeal area and lengthening of the soft palate, which both result in a 
narrowed upper airway and a worsening of the upper airway neuromuscular reflexes (24, 
25)This participant’s fat deposition around the neck in combination with his relatively 
high age could thus explain the considerable rise of the AHI with the splint in situ. 

ESS did not differ between the two conditions studied. This was to be expected, because 
already in the study of Nikolopoulou et al (5), where a much higher bite raise was used 
in a comparable time frame, there was no change in ESS between both conditions 
either. Further, a change of lifestyle, which could lead to an improvement in ESS, was 
not possible within the short time frame of the present study. In a long-term follow-up 
study, Aarab et al (26) observed a delayed improvement of both continuous positive 
airway pressure and mandibular advancement devices on ESS as compared to the 
effects of these interventions on the AHI. Hence, long-term studies are needed to reveal 
the possible effects of occlusal stabilization splints on ESS.

Conclusions 
This study revealed a small but statistically significant increase in the AHI of OSA patients 
with an occlusal stabilization splint in situ as compared to the condition without occlusal 
splint. The use of an occlusal stabilization splint may thus be associated with a risk of 
aggravation of OSA, although the clinical relevance of this finding may be questioned 
given the small effect size and the fact that the ESS did not change. Nevertheless, as in 
individual patients a stabilization splint may lead to an apparent increase in the AHI in 
individual patients, so dental practitioners should be aware of a possible OSA in their 
patients’ oral history. 
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The studies included in this thesis all aimed at further clarifying the therapeutic effects 
and side effects of mandibular advancement devices (MADs) in the management of 
obstructive sleep apnea (OSA). Four out of the five studies were part of a large placebo-
controlled randomized clinical trial (RCT) in which the effects of an MAD were compared 
to those of nasal continuous positive airway pressure (nCPAP) and an intraoral placebo 
appliance. The primary outcomes of this RCT have been published previously (1, 2). The 
fifth study was designed separately from the large RCT, in order to examine the effects 
of an occlusal stabilization splint in OSA patients.

Methodological considerations

All studies in this thesis have an RCT design. Four are part of a larger RCT, the primary 
outcomes of which have been published previously. One of them was newly designed 
(3). 

RCT’s have both advantages and disadvantages. The ability to make causal inferences 
means that RCT’s provide the strongest empirical evidence of a treatment’s efficacy. 
Randomization of participants to the test and control arms and concealment of their 
allocation ensures that allocation bias and confounding of unknown variables are 
minimized. Moreover, an RCT study can be tailored to answer a specific research question 
(4).

Amongst the disadvantages, awareness is increasing that the highly selected study 
samples almost never yield results that can be extrapolated to the general population. 
Therefore, a single RCT is not enough for a solid evidence base for a certain treatment. 
Rather, multiple RCT’s are needed to that end, so that the results can be used in meta-
analyses, the outcome of which will be more validly applicable to the general population 
than its constituent RCT’s alone (5). One might even argue that large observational trials 
using propensity score matching and appropriate multivariate regression analyses might 
better reflect the ‘real clinical world’ than an RCT performed in a homogenous subgroup 
of patients (6). Of important notice in this context is the need for standardized methods 
and large study samples. Hence, internationally accepted data collection protocols 
are needed that are preferably used in large-scale multicenter or ever international 
consortia. Only then, results will be found that can be used in evidence-based guidelines 
that will ultimately be of benefit for our patients. 

The larger RCT, on which four of the five studies of this thesis are based, included some 
specific design elements, viz.: 1. the use of an MAD with a constant vertical dimension 
at various protrusion positions; 2. the application of a stringent titration protocol, not 
only for nCPAP but also for MAD treatment; and 3. the inclusion of a placebo condition. 
The use of an MAD with a constant vertical dimension at various protrusion positions 
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enabled an unequivocal interpretation of the effects of mandibular protrusion alone, 
i.e., without the usual hybrid effect of protrusion in combination with vertical opening. 
Consequently, the findings can be interpreted in a more straightforward way, i.e., in terms 
of the actual horizontal movement of the mandible. Application of a stringent titration 
protocol enabled an unbiased comparison between MAD and nCPAP treatment, while 
enabling an optimal balance between MAD effects and side effects at the same time. 
Finally, the inclusion of a placebo condition reduced the risk of bias. All in all, the larger 
RCT fulfills most of the so-called CONSORT [CONsolidated Standards of Reporting Trials; 
(7)] criteria for parallel-group clinical trials and can thus be considered a high-quality 
RCT.

Comorbidity network

OSA is not an isolated entity. Rather, it is part of a complex comorbidity network, in 
which it has direct or indirect associations with many other conditions and disorders. 
At the same time, these associations are influenced by a variety factors that link two 
or more conditions or disorders with each other (8, 9). The first three studies of this 
thesis, described in chapters 2-4, contribute to unravelling part of OSA’s comorbidity 
network by studying the effects of MAD and nCPAP on comorbid conditions like 
psychological distress, sleep-related problems and sleep disorders other than OSA, and 
temporomandibular disorder (TMD) pain in a placebo-controlled design. 

It was the studies’ general hypothesis that by successfully treating the primary condition, 
in this case OSA, also associated comorbid conditions, but for TMD pain, would show 
improvement. We concluded that both the MAD group and the nCPAP group showed 
significant improvements over time in psychological distress, but so did the placebo 
group. We believe that this may be due to the attention given to the patients during the 
entire protocol, or even to a possible change in lifestyle that was suggested already at the 
intake. Similar positive effects on self-reported symptoms of common sleep disorders 
and sleep-related problems in mild and moderate OSA patients were found for both the 
MAD group and the nCPAP group. The improvement of these symptoms was similar in 
the placebo group as well. Therefore, it is unclear if the positive effects on the symptoms 
was due to a better sleep quality or due to, e.g., a better sleep hygiene followed by the 
patients. Regarding the TMD pain, we hypothesized that treatment of OSA with MAD 
would result in ore clinical signs and symptoms of TMD pain, as well as with possible 
mandibular function impairment. We concluded that this was not the case after 6 
months of treatment. This is possibly because of the transient nature of TMD pain as a 
side effect in OSA treatment.
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Interesting byproduct would be that alleviation of comorbid conditions like psychological 
distress, sleep-related problems and sleep disorders other than OSA would be beneficial 
for treatment compliance. The social and psychological factors that can influence 
compliance are knowledge and understanding of the therapeutic regimens, including 
communication, the patient–provider relationship, patient satisfaction, social isolation, 
and social support, including the effect of the family, health beliefs and attitudes (10). In 
addition, factors that are associated with the illness and the treatment itself, including 
the duration and the complexity of the treatment, influence compliance (11). Following 
that, patients with higher values of social and psychological distress would show higher 
AHI reduction values. Interestingly, in our study, OSA patients with higher values of 
the psychological distress at baseline showed less reduction in the apnea-hypopnea 
index (AHI) than patients with lower values of this index at baseline. The nature of this 
association is unclear, but this finding suggests that the level of psychological distress at 
the start of the treatment may play a significant role in the treatment outcome.

Vertical dimension

Two of the included studies in this thesis (chapters 5 and 6) focused of the effects of 
vertical dimension on the primary outcome measure of the RCTs, namely the AHI. The 
first one (chapter 5) used the MAD of the larger RCT, set in the 0% protrusion position 
and using the intraoral placebo appliance as its control condition, while the second one 
(chapter 6) used occlusal stabilization splints versus the no-splint condition.

Importantly, it should be noted that a 0%-MAD cannot directly be compared to a 
stabilization splint; they are totally different appliances with different effects on 
vertical dimension. While a stabilization splint causes a relatively small vertical opening 
of approx. 1 mm measured between the first molars, the one caused by an MAD is 
significantly larger, viz., approx. 6 mm. 

Further, while the splint is made with the lower jaw in centric relation, i.e., the most 
dorsal yet unstrained position of the mandible with respect to the maxilla, the 0%-MAD 
forces the mandible to its rearmost position. This is not only uncomfortable for many 
patients, it also represents an extra compromising factor for the upper airway, apart 
from the already larger backward rotation due to the larger mouth opening. A larger 
vertical dimension is known to be related to narrowing of the upper airway, because 
mouth opening is associated with an inferior-posterior movement of the mandible and 
the tongue, which influences pharyngeal airway patency (12). The vertical dimension 
during sleep is larger in patients with OSA than in healthy adults, and the mouth opening 
increases progressively during apneic episodes and decreases at the termination 
of those episodes (13).  Lowe (14) has proposed that advancement of the mandible 



110

displaces the tongue away from the posterior wall of the upper airway, whereas its 
inferior displacement shifts the tongue away from the soft palate. Hence, mandibular 
protrusion in combination with an increased vertical dimension may negate pharyngeal 
closure induced by increased mouth opening alone.

In the 0% protrusion position, a worsening of OSA was observed in some but not all 
patients, as compared to the placebo condition. Apart from the explanations provided in 
chapter 5, another possible explanation could be that the MAD was actually successful 
in reducing sleep bruxism (SB). Indeed, short-term usage of an MAD by SB patients 
is associated with a significant reduction in SB motor activity (15-17). Nowadays, SB is 
suggested to be important in maintaining upper airway patency (18).  Kato et al (19) 
showed that the contractions of jaw and leg muscles are nonspecific motor phenomena 
in response to arousals rather than respiratory events. They concluded that jaw muscle 
contractions can remain to occur in OSAS patients using an oral appliance. Nonspecific 
motor events can be a confounding factor for assessing motor events and associated 
clinical symptoms in patients with frequent arousals such as OSAS. With that in mind, it 
can be reasoned that If jaw muscle activity reduces with an MAD in situ, the reinforcing 
effect of the upper airway reduces as well. Hence the observed worsening of OSA with 
the 0%-MAD in situ. 

Also, stabilization splints resulted in a worsening of OSA. The same mechanisms may 
apply as elaborated above. It should be noted that in everyday dental practice, increases 
in vertical dimension without mandibular protrusion are commonly applied, not only 
by means of stabilization splints but also in, e.g., restorative dentistry and prosthetic 
dentistry. Therefore, dentists should be attentive while taking their patients’ oral history, 
with focus on the possibility of an OSA being induced or an existing OSA deteriorating 
with a bite rise. Taken in account that there are many undiagnosed sleep apnea patients 
(20), this becomes even more important (21).

Future research
The studies in this thesis have contributed to increasing our insight into the effects and 
side effects of MADs as well as those of nCPAP and occlusal stabilization splints in OSA 
patients.

To further unravel the complex comorbidity network of OSA, more research is needed, 
amongst which treatment efficacy studies. To that end, RCTs still represent the study 
design of first choice. As can be gathered from the RCTs included in this thesis, the quality 
of RCTs focusing on the treatment of OSA will benefit from the following design issues: 

1. Including multiple nights for polysomnographic recordings. While polysomnogra-
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phy remains the current gold standard in sleep investigations, guidelines for single 

night recordings versus multiple consecutive recordings in a sleep laboratory have 

amongst others been disputed because of the so-called first-night effect, meaning 

a poor sleep quality due to the novelty of sleeping with equipment mounted for 

polysomnography (22). The probability of missing moderate OSA in a single night 

has been measured to occur in up to 60% of the cases (23). This could be attributed 

to the first-night effect. In addition, single-night diagnostic sleep studies are more 

prone to wrongly categorize OSA in mild, moderate, and severe than multiple-night 

recordings. Hence, repeated measurements will help to improve patient categori-

zation and thus clinical decision making. Moreover, because of the fact that PSG 

recordings have a high cost, there is a need for a lower cost, but still safe, reliable 

and valid method.

2. Including a placebo condition. Comparing results from the placebo and the no-pla-

cebo (i.e., active treatment) groups suggests whether changes in the test group 

result from the treatment or by effects not related to the treatment. Test and placebo 

groups are equally important, as shown by the results of numerous clinical trials. It 

should be noted that the response to a placebo group is not necessarily just a psy-

chosocial response to the simulation of treatment. In fact, the observed response to 

placebo in studies may also reflect the natural course of the disease, fluctuations 

in symptoms, regression to the mean, response bias with respect to the patient’s 

reporting of subjective symptoms, and the effects of other concurrent treatments. 

To prove a new treatment effective above and beyond the psychological results 

of a simple belief in the ability of the drug/appliance to be effective, researchers 

need to compare the results of the experimental treatment for an illness with those 

obtained from the placebo (24). Therefore, placebo groups should be included in 

the study design of future studies.

3. Using long-term follow-ups. It is very important to follow up participants, to 

investigate long-term outcomes, for a number of reasons. In particular, long-term 

effects may be different from short-term effects. Initial effects may wear off or may 

become greater over time, or there may be “sleeper” effects that only appear several 

years after the intervention. For example, MAD therapy sometimes produces time- 

related dental and skeletal side effects. After a long period of treatment, the dental 
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side effects can become clinically relevant and therefore the clinician should inform 

the patients about the possible changes prior to starting the treatment. Since these 

side effects are progressive, patients need to be continuously monitored over time. 

Also, there can be differences in the outcome measures when the follow-up period 

is extended and the participants become older or, for example, gain weight. For 

those reasons, long-term follow-ups are of great value.

Besides the need for well-designed RCT’s, multiple studies are needed in order to test 
the same hypothesis, using comparable methodology. Only then, systematic reviews 
and meta- analyses are possible. Systematic reviews and meta-analyses are increasingly 
important sources of information for clinical practice. If well conducted, they synthesize 
large amounts of information and provide estimated effect sizes that have greater 
precision and generalizability than individual studies (25). 

The pathophysiology of OSA varies between individuals and is composed of different 
underlying mechanisms. Several components, including the upper airway anatomy, 
effectiveness of the upper airway dilator muscles arousal threshold of the individual, 
and inherent stability of the respiratory control system determine the pathogenesis of 
OSA (26). Their recognition may have implications for the health care team. For example, 
supplemental oxygen therapy can help to stabilize breathing in OSA patients with 
inherent respiratory instability, and avoidance of supine position can minimize airway 
obstruction in patients with a predisposition to upper airway collapse in this posture. 
MAD treatment is maybe more effective in patients with anatomical problems and not 
in patients with respiratory instability.   So far, however, evidence is limited and more 
research is needed to further unravel this issue. Finally, it is of importance to focus future 
research projects on a clinically relevant issue like non-response. Despite increasing 
knowledge, there are always individual cases that do not respond to a certain treatment. 
Better understanding why one individual does have a favorable treatment outcome 
while another one does not, is of the utmost importance for a cost-effective healthcare. 
To that end, more research should be performed that focusses on phenotyping, so that 
treatments can be developed that will have less non-responders than we currently see in 
clinical practice that is based on research outcomes at the group level (27). Personalized 
dentistry is the key! 
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Obstructive sleep apnea (OSA) has an estimated prevalence in male and female adults of 
14% and 5%, respectively, with prevalence rates increasing over the past decades due to 
increasing rates of obesity and ageing of the population. OSA has several complications, 
including daytime fatigue and sleepiness, cardiovascular problems (e.g., hypertension, 
a greater risk for coronary artery disease, heart attack, stroke), memory problems, 
morning headaches, mood swings or feelings of depression, and nocturia.

Continuous positive airway pressure (CPAP) has been proposed as the most effective 
treatment for severe OSA patients. Mandibular advancement devices (MADs) are 
considered as a primary treatment option in mild and moderate OSA patients and in 
patients who do not tolerate CPAP. The rationale behind the efficacy of MADs is that 
advancement of the mandible and tongue improves upper airway patency during sleep 
by enlarging the upper airway and by decreasing upper airway collapsibility. During 
MAD treatment, the mandibular protrusion position of the MAD is often titrated 
by the dentist or patient to improve its efficacy. However, MADs are associated with 
several potential side effects. Amongst others, MAD therapy may result in excessive 
salivation, mouth dryness, tooth pain, gum irritation, headaches, temporomandibular 
joint discomfort, and morning-after occlusal changes. MAD therapy may also produce 
long-term dental and skeletal side effects. Despite these possible short-term and long-
term side effects, compliance by OSA patients to MAD treatment is found to be higher 
as compared to CPAP.

The studies included in this thesis all aim at further clarifying the therapeutic effects and 
side effects of MADs in the management of OSA. Four out of the five studies are part of a 
large placebo-controlled randomized clinical trial (RCT) in which the effects of an MAD 
were compared to those of nasal CPAP (nCPAP) and an intraoral placebo appliance. The 
fifth study aims to examine the effects of an occlusal stabilization splint in OSA patients.

In Chapter 2, we compared the effects of an objectively titrated MAD with those of 
nCPAP and placebo on symptoms of psychological distress. The hypothesis was that 
there is no significant difference between objectively titrated MAD and nCPAP therapies 
in improving psychological distress symptoms in mild/ moderate OSA patients. Both 
MAD and nCPAP showed significant improvements of symptoms of psychological 
distress after 6 months of treatment. However, these significant improvements were not 
different from those observed in the placebo group. Interestingly, the participants with 
higher values of psychological distress at baseline showed less reduction in the apnea-
hypopnea index (AHI) than participants with lower values at baseline. This suggests that 
a patient’s psychological distress level at the start of a treatment may play a role in the 
treatment outcome.

In Chapter 3, we compared the effects of MAD with those of nCPAP and placebo on self-
reported symptoms of common sleep disorders and sleep-related problems in mild and 
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moderate OSA patients. All participants were randomly assigned in the three groups 
and filled out the validated Dutch Sleep Disorders Questionnaire (SDQ) twice: one 
before treatment and one after six months of treatment. All groups showed significant 
improvements over time in symptoms corresponding with insomnia, excessive daytime 
sleepiness, psychiatric sleep disorder, periodic limb movements, sleep apnea, sleep 
paralysis, daytime dysfunction, hypnagogic hallucinations/dreaming, restless sleep, 
negative conditioning, and automatic behaviour. Taking into account that the placebo 
group also showed significant improvements in these symptoms, we concluded that the 
positive effects on these symptoms may not be explained by real improvement in sleep 
quality. Rather, they are most likely to be caused by sleep hygiene advises and general 
information about their condition given at baseline, as well as the attention given to the 
patients by the researcher.

In Chapter 4, we aimed to investigate the possible association of MAD treatment 
and nCPAP treatment with increased pain in the temporomandibular complex in a 
placebo-controlled trial.  We compared the temporomandibular side effects of an MAD 
with those of nCPAP in mild to moderate OSA patients. All participants underwent a 
shortened functional examination of their masticatory system at baseline and after 6 
months to establish the presence of clinical signs of temporomandibular disorder (TMD) 
pain. Mandibular function impairment (MFI) was assessed using the MFI questionnaire 
(MFIQ), which is a validated questionnaire that can be used to assess the impact of 
TMDs on mandibular function in daily life. We found no significant differences between 
the three treatment groups in the frequency of clinical signs of TMD pain at baseline 
and at therapy evaluation after 6 months. Further, there was no significant difference 
between the three different treatment groups in their level of MFI in daily life either. We 
hypothesize, based on the transient nature of the TMD side effect in MAD treatment, 
that the TMD pain in our MAD group had already disappeared in the first few months. 
Therefore, no difference in clinical signs of TMD pain between the MAD, nCPAP, and 
placebo groups was found in our study, as we re-assessed them only after 6 months. 
In line with previous studies, we conclude that because of the transient nature of TMD 
pain, this pain is not a reason to contra-indicate an MAD treatment.

In Chapter 5, we wanted to assess the influence of raising the bite without mandibular 
protrusion on respiratory variables in OSA patients. This study tested the hypothesis 
that raising the bite without mandibular protrusion in OSA patients is associated with 
an increase in AHI. We concluded that an increased jaw gape without mandibular 
protrusion might be associated with a risk of aggravation of OSA for some, but not for 
all OSA patients.  This is a very important finding for dental practitioners, especially 
considering that there are many undiagnosed OSA patients.
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In Chapter 6, we wanted to determine the influence of occlusal stabilization splints on 
sleep-related respiratory variables in OSA patients. Occlusal stabilization splints are 
commonly used to protect the teeth against the possible detrimental effects of sleep 
bruxism and to manage TMD.  The use of stabilization splint yielded an increase of the 
AHI in all 10 participants. The raise was very small though, and we cannot assume that 
it is clinically relevant, but it is nevertheless an important outcome that stabilization 
splints may be associated with an aggravation of OSA.

The studies in this thesis have contributed to increasing our insight into the effects and 
side effects of MADs as well as those of nCPAP and occlusal stabilization splints in OSA 
patients. To further unravel the complex pathophysiology of OSA, more research is 
needed, amongst which treatment efficacy studies. To that end, RCTs still represent the 
study design of first choice. As can be gathered from the RCTs included in this thesis, the 
quality of RCTs focusing on the treatment of OSA will benefit from including multiple 
nights for polysomnographic recordings, including a placebo condition, and using long-
term follow-ups.
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Samenvatting

Obstructief slaapapneu (OSA) heeft een geschatte prevalentie van 14% en 5% bij 
mannelijke respectievelijk vrouwelijke volwassenen. De prevalentiecijfers stijgen 
in de afgelopen decennia als gevolg van toenemende obesitas en veroudering 
van de bevolking. OSA kent diverse complicaties, waaronder vermoeidheid en 
slaperigheid overdag, cardiovasculaire problemen (bijv. hypertensie, een groter 
risico op kransslagaderaandoeningen, hartaanval of beroerte), geheugenproblemen, 
ochtendhoofdpijn, stemmingswisselingen of gevoelens van depressie, en nocturia.

Continue positieve luchtwegdruk (Continuous Positive Airway Pressure; CPAP) wordt 
algemeen beschouwd als de meest effectieve behandeling voor ernstige OSA-patiënten. 
Bij lichte en matige OSA-patiënten en bij patiënten die geen CPAP verdragen worden 
mandibulaire repositieapparaten (MRA’s) ingezet als primaire behandelingsoptie. Een 
MRA fixeert de onderkaak – en daarmee de tong – in een voorwaartse positie. Het doel 
van het MRA is het vergroten van de luchtweg en/of het reduceren van de neiging tot 
dichtvallen. Tijdens MRA-behandeling wordt de voorwaartse mandibulaire positie 
van MRA’s vaak getitreerd door de tandarts of patiënt om de werkzaamheid ervan 
te verbeteren. MRA’s worden echter ook geassocieerd met verschillende mogelijke 
bijwerkingen. MRA-therapie kan onder andere leiden tot overmatige speekselvloed, 
droge mond, tandpijn, tandvleesirritatie, hoofdpijn, kaakgewrichtsproblemen en 
occlusale beetveranderingen bij het ontwaken. MRA-therapie kan ook langdurige tand- 
en kaakstandveranderingen veroorzaken. Ondanks deze potentiële korte en lange 
termijn bijwerkingen blijkt de medewerking aan een MRA-behandeling onder OSA-
patiënten groter te zijn in vergelijking met die aan een CPAP-behandeling.

De studies die deel uitmaken van dit proefschrift zijn allemaal gericht op meer inzicht in 
de therapeutische effecten en bijwerkingen van MRA’s bij de behandeling van OSA. Vier 
van de vijf studies maken deel uit van een groot placebogecontroleerd gerandomiseerd 
klinisch onderzoek (Randomized Controlled Trial; RCT), waarin de effecten van een MRA 
werden vergeleken met die van nasale CPAP (nCPAP) en een intraoraal placebo-apparaat. 
Het vijfde onderzoek heeft als doel de effecten van een occlusale stabilisatiespalk bij 
OSA-patiënten te onderzoeken.

In hoofdstuk 2 hebben we de effecten van een objectief getitreerd MRA vergeleken met 
die van nCPAP en placebo op symptomen van psychologische belasting. De hypothese 
was dat er geen significant verschil bestaat tussen objectief getitreerde MRA- en nCPAP-
therapieën in het verbeteren van symptomen van psychologische belasting bij lichte 
en matige OSA-patiënten. Na zes maanden behandeling vertoonden zowel MRA als 
nCPAP significante verbeteringen in symptomen van psychologische belasting. Deze 
significante verbeteringen waren echter niet anders dan de verbeteringen die werden 
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waargenomen in de placebogroep. Interessant is dat de deelnemers met hogere 
waarden voor psychologische belasting bij aanvang minder reductie van de apneu-
hypopneu-index (AHI) vertoonden dan deelnemers met lagere aanvangswaarden. Dit 
suggereert dat het niveau van psychologische belasting van een patiënt aan het begin 
van een behandeling een rol kan spelen in de uitkomst van die behandeling.

In hoofdstuk 3 hebben we de effecten van MRA vergeleken met die van nCPAP en 
placebo op zelfgerapporteerde symptomen van veel voorkomende slaapstoornissen 
en slaapgerelateerde problemen bij lichte en matige OSA-patiënten. Alle deelnemers 
werden willekeurig ingedeeld in drie groepen en vulden de gevalideerde Dutch Sleep 
Disorders Questionnaire (SDQ) twee keer in: één keer voorafgaand aan de behandeling 
en één keer na zes maanden behandeling. Alle groepen vertoonden na verloop van tijd 
significante verbeteringen in symptomen van slapeloosheid, overmatige slaperigheid 
overdag, psychiatrische slaapstoornis, periodieke bewegingsstoornis van de benen en 
armen, slaapapneu, slaapverlamming, niet goed functioneren overdag, hypnagoge 
hallucinaties/ droombeelden, rusteloze slaap, negatieve conditionering en concentratie/ 
geheugen. Rekening houdend met het feit dat ook de placebogroep significante 
verbeteringen vertoonde in deze symptomen, concludeerden we dat de positieve 
effecten op deze symptomen mogelijk niet worden verklaard door een daadwerkelijke 
verbetering van de slaapkwaliteit. Ze lijken eerder te worden veroorzaakt door de 
slaaphygiëne-adviezen en algemene informatie over hun toestand, gegeven bij aanvang 
van de studie, evenals door de aandacht die de onderzoeker aan de patiënten schenkt.

In hoofdstuk 4 wilden we de mogelijke associatie van MRA-behandeling en nCPAP-
behandeling met verhoogde pijn in het temporomandibulaire complex onderzoeken 
in een placebo-gecontroleerde studie. We vergeleken de temporomandibulaire 
bijwerkingen van een MRA met die van nCPAP bij lichte en matige OSA-patiënten. 
Alle deelnemers ondergingen een verkort functieonderzoek van hun kauwstelsel bij 
aanvang en na 6 maanden. Dit gebeurde om de aanwezigheid van klinische symptomen 
van temporomandibulaire disfunctie (TMD-) pijn vast te stellen. Mandibulaire 
functiebeperking (Mandibular Function Impairment;  MFI) werd beoordeeld met behulp 
van de MFI-vragenlijst (MFIQ), een gevalideerde vragenlijst die kan worden gebruikt om 
de impact van TMD op de mandibulaire functie in het dagelijks leven te beoordelen. 
We vonden geen significante verschillen tussen de drie behandelingsgroepen in de 
frequentie van klinische symptomen van TMD-pijn bij aanvang en bij evaluatie van 
de therapie na 6 maanden. Daarnaast was er ook geen significant verschil tussen de 
drie verschillende behandelingsgroepen in hun MFI-niveau in het dagelijks leven. 
We veronderstellen dat, op basis van de voorbijgaande aard van TMD-klachten bij 
MRA-behandeling, de TMD-pijn in onze MRA-groep al in de eerste paar maanden 
was verdwenen. In onze studie werd daarom geen verschil gevonden in klinische 
symptomen van TMD-pijn tussen de MRA-, nCPAP- en placebogroep, aangezien we deze 



124

pas na 6 maanden opnieuw beoordeelden. In overeenstemming met eerdere studies 
concluderen we dat, ook vanwege de voorbijgaande aard van TMD-pijn, deze pijn geen 
contra-indicatie is voor een   MRA-behandeling.

In hoofdstuk 5 wilden we de invloed bepalen van het verhogen van de beet, zonder dat er 
sprake is van mandibulaire protrusie, op ademhalingsvariabelen bij OSA-patiënten. Deze 
studie testte de hypothese dat het verhogen van de beet zonder mandibulaire protrusie 
bij OSA-patiënten geassocieerd is met een toename van de AHI. We concludeerden dat 
een toegenomen mondopening, zonder dat er sprake is van mandibulaire protrusie, 
voor sommige, maar niet voor alle OSA-patiënten, geassocieerd kan zijn met een risico 
op verergering van OSA. Dit is een zeer belangrijke bevinding voor tandartsen, vooral 
gezien het feit dat er veel niet-gediagnosticeerde OSA-patiënten zijn.

In hoofdstuk 6 wilden we de invloed bepalen van occlusale stabilisatiespalken 
op slaapgerelateerde ademhalingsvariabelen bij OSA-patiënten. Occlusale 
stabilisatiespalken worden vaak gebruikt om de tanden te beschermen tegen de 
mogelijke schadelijke effecten van slaapbruxisme en om TMD te behandelen. Het 
gebruik van de stabilisatiespalk leverde een toename op van de AHI bij alle tien 
deelnemers. De toename was echter erg klein, waardoor we niet kunnen aannemen dat 
het klinisch relevant is. Het is desalniettemin een belangrijke uitkomst dat het gebruik 
van stabilisatiespalken geassocieerd kan zijn met een verergering van OSA.

De studies die deel uitmaken van dit proefschrift hebben bijgedragen aan het vergroten 
van ons inzicht in de effecten en bijwerkingen van MRA’s, evenals die van nCPAP en 
occlusale stabilisatiespalken, bij OSA-patiënten. Om de complexe pathofysiologie van 
OSA verder te ontrafelen is meer onderzoek nodig, waaronder studies naar de effectiviteit 
van behandelingen. Daarbij vormen  RCT’s nog steeds de onderzoeksopzet van eerste 
keuze. Zoals kan worden afgeleid uit de RCT’s in dit proefschrift, zal de kwaliteit van RCT’s 
gericht op de behandeling van OSA toenemen zodra polysomnografische registraties 
gedurende meerdere nachten worden vervaardigd, een placebo-behandeling wordt 
geïncludeerd, en langdurige follow-ups worden gehanteerd.
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