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Sleep-disordered breathing (SDB) is a common pathophysiological continuum that ranges from
intermittent snoring up to obstructive sleep apnea (OSA)1-3. OSA is characterized by repetitive partial
or complete collapse of the upper airway3. Clinical experience indicates that in the majority of
patients with OSA, the frequency and duration of respiratory events are influenced by body position
and sleep stage4. In approximately 50 to 60% of OSA patients, there are twice as much respiratory
events in supine sleeping position when compared to the non-supine sleeping position5-7. OSA is
often associated with daytime consequences like excessive daytime sleepiness, impaired cognitive
performance and reduced quality of life1. Even more, there is some evidence that OSA is a strong
and independent risk factor for cardiovascular and cerebrovascular diseases3,8,9.
Therefore, adequate diagnosis and treatment of OSA is important. Oral appliance (OA) therapy is
increasingly prescribed as a non-invasive treatment for patients with snoring and OSA10. The most
common type of OA therapy is worn intraorally at night in order to reduce upper airway collapse by
protruding the mandible (OAm)11-14. The custom-made OAm are recommended over prefabricated
devices15. Furthermore OAm with an integrated titratable mechanism allowing for gradual
mandibular protrusion are to be preferred. These appliances allow for gradual mandibular
protrusion in order to achieve maximum therapeutic effect16,17. Due to the progressively applied
advancement, the protrusion can be tailored individually in terms of tolerability and positive effects
on breathing efficacy. OAm therapy is a treatment that does not eliminate the underlying causes of
upper airway collapse and is therefore a lifelong therapy. The appliances used to achieve this goal
need to be inserted and removed autonomously by the patients themselves, placing the
responsibility to use these appliances adequately, on the patient. Therefore, follow-up of
compliance is of primary importance18,19. In the past, compliance during OAm therapy was limited to
self-reported use and lacked an objective compliance measurement.

Positional therapy is a treatment modality aimed at preventing sleep in the most adverse sleeping
position, usually the supine position, and could be applied in patients with supine-dependent OSA
(sdOSA)20. The most widely used technique to avoid such supine position involves strapping a bulky
object, such as tennis balls, to the back of the patient. Several studies have shown that such
therapies have a significant positive effect on snoring and OSA severity in patients with sdOSA6,20-24.
However, the bulky object strapped to the back is often uncomfortable for patients and results in
disturbed sleep and low long-term compliance rates6,21. Therefore, positional therapy has not found
its way into daily OSA treatment routine to date25. In order to overcome compliance problems with
bulky positional therapies, both a new neck-worn and a chest-worn device correcting the supine
sleeping position by activating a vibration alarm have been introduced to the market. This novel
concept of positional therapy showed promising results in reducing apnea severity, as well as
improved therapy compliance26,27.
The aim of this doctoral thesis was to calculate and optimize the Mean Disease Alleviation (MDA) as
a measure of the therapeutic effectiveness of OAm therapy. The MDA of a given therapy is a
combined effect of compliance and efficacy in terms of reduction in OSA severity. To achieve this
goal, we focused on three main topics: compliance, titration and combination of OAm with
positional therapy. The following research questions were studied:
1. Is it safe and feasible to measure the compliance during OAm therapy in an objective
manner at short- and long-term follow-up? This research question is studied in chapter 3.
2. Is there a high agreement between subjective and objective compliance data for OAm
therapy? This research question is discussed in chapter 4.
3. Are there some patient-related determinants that predict a poor compliance to OAm
therapy? Possible correlations are described in chapter 5 and 6.
4. Will additional titration of the mandibular protrusion lead to a higher therapeutic
effectiveness of OAm therapy? The current knowledge on this topic is summarized in
chapter 7 and the results of a study on this topic are described in chapter 8.
5. What is the prevalence of sdOSA before and under OAm therapy? See chapter 9.
6. Will patients with a residual sdOSA under OAm therapy benefit from additive positional
therapy? The results of a randomized controlled trial are summarized in chapter 10.

Section ‘Objective compliance measurement’
Chapter 2 provides an overview of the current knowledge on compliance during OAm therapy. In the
past, compliance during OAm therapy was limited to self-reported use and lacked an objective
compliance measurement. In chapter 3, we reported in depth on the safety and feasibility of an
objective compliance monitor for OAm therapy28,29. The objective compliance monitor showed a
relatively high compliance with an objective OAm use of 6.7 ± 1.3 h/night at 3-month follow-up. At
1-year follow-up, the discontinuation rate was 9.8%, with a mean use of 6.4 ± 1.7 h/night in
continuing users. The regular user rate, defines as patients with an OAm use ≥ 4 h/night on ≥ 70% of
all nights30, was 89% at 1-year follow-up. The availability of an objective compliance monitor allow
for the calculation of the MDA. In the reported study, the MDA was calculated as 51.1% at 3-month
follow-up (Figure 1), and 54.8% in continuing users at 1-year follow-up. The MDA for OAm therapy
was characterized by high compliance and suboptimal efficacy. In addition, in chapter 4, we showed
a high agreement between objective and subjective compliance data, with a mean subjective
overestimation of 30 minutes.

Figure 1. Mean disease alleviation (MDA) at 3 month follow-up. MDA provides a measure of overall
therapeutic effectiveness.

In order to maximize the therapeutic effectiveness of OAm therapy, it is important to optimize both
compliance and efficacy. In the section ‘patient-related determinants of compliance’ of this
dissertation, we report on patient-related determinants of compliance that could help us to predict a
low compliance. Whereas in the sections ‘titration’ and ‘supine-dependent OSA’, we describe some
interventions that can possible optimize the therapeutic efficacy of OAm therapy.

Section ‘Patient-related determinants of compliance’
In chapter 5, the association between compliance and a type D ‘distressed’ personality,
characterized by negative affectivity and social inhibition, was assessed. A higher discontinuation
rate and lower compliance was found among type D patients. Furthermore, the association between
compliance and some anthropometric and polysomnographic data was studied in chapter 6. In that
study, a more pronounced decrease in snoring complaints during OAm therapy was significantly
correlated with a better compliance during OAm therapy. In general, screening for patient-related
determinants that predict a low compliance could allow for the implementation of structured
intervention efforts aimed at improving the patient’s compliance.

Section ‘Titration’
In literature, it is described that finding the most effective protrusive position within the physical
limits of the patient is of utmost important in order to increase the OAm efficacy. Several titration
protocols have been described that tried to achieve this effective protrusive position, and are
described in chapter 7, each with their own advantages and limitations. In chapter 8, it is studied
whether additional titration of the mandibular protrusion leads to a higher efficacy. Additional
titration leaded to an increase in success rate, from 32.7% to 44.2% after additional titration.

Section ‘Supine-dependent OSA’
It is described in literature that a treatment modality for OSA that is not able to completely eliminate
all breathing abnormalities leaves the patient with a residual OSA, which is often less severe than the
initial OSA and is therefore probable more supine-dependent4,31. The prevalence of supinedependent OSA (sdOSA) before and under OAm therapy is described in chapter 9. The prevalence of
sdOSA in patients starting OAm therapy was 67.5%, using the definition of Cartwright defined as a
supine AHI ≥ 2 x non-supine AHI. In addition, 33.9% of patients had a residual sdOSA under OAm
therapy. Furthermore, the results of that study showed that one third of patients under OAm
therapy shift from non-sdOSA to sdOSA under therapy. It was hypothesized that patients with
residual sdOSA under OAm therapy could benefit from additive therapy with positional therapy.
Chapter 10 summarizes the results of a randomized controlled trial investigating the feasibility of the
additive use of a sleep position trainer (SPT) in patients with sdOSA under OAm therapy. The results
showed that both OAm therapy and SPT were individually efficacious. However, combination of SPT
+ OAm therapy further reduced the sleep apnea severity.

Conclusion
This doctoral thesis shows that is safe and feasible to measure the objective therapy compliance
during OAm therapy. This measurement allows for the calculation of the mean disease alleviation
(MDA) as a measure of the therapeutic effectiveness of OAm therapy. The MDA of a given therapy is
a combined effect of compliance and efficacy in terms of reduction in OSA severity. Therefore, in
order to optimize the therapeutic effectiveness of OAm therapy, it is important to optimize both
compliance and efficacy. We showed that there are some patient-related determinants of a lower
compliance, which allow for the implementation of some structured intervention efforts aimed at
improving the compliance in those patients. In addition, the efficacy of OAm therapy could be
increased by additive titration of the mandibular protrusion, as well as by additive positional therapy
in patients with residual sdOSA under OAm therapy.

Reference list
1.
2.
3.
4.
5.

6.
7.

8.
9.
10.

11.

12.
13.
14.
15.
16.

17.
18.

19.

20.
21.
22.

23.

Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occurrence of sleep-disordered
breathing among middle-aged adults. N Engl J Med 1993; 328:1230-1235.
Young T, Peppard PE, Gottlieb DJ. Epidemiology of obstructive sleep apnea: a population health
perspective. Am J Respir Crit Care Med 2002; 165:1217-1239.
Malhotra A, White DP. Obstructive sleep apnoea. Lancet 2002; 360:237-245.
Joosten SA, Hamza K, Sands S, Turton A, Berger P, Hamilton G. Phenotypes of patients with mild to
moderate obstructive sleep apnoea as confirmed by cluster analysis. Respirology 2012; 17:99-107.
Oksenberg A, Khamaysi I, Silverberg DS, Tarasiuk A. Association of body position with severity of
apneic events in patients with severe nonpositional obstructive sleep apnea. Chest 2000; 118:10181024.
Oksenberg A, Silverberg D, Offenbach D, Arons E. Positional therapy for obstructive sleep apnea
patients: A 6-month follow-up study. Laryngoscope 2006; 116:1995-2000.
Oksenberg A, Silverberg DS, Arons E, Radwan H. Positional vs nonpositional obstructive sleep apnea
patients: anthropomorphic, nocturnal polysomnographic, and multiple sleep latency test data. Chest
1997; 112:629-639.
Peppard PE, Young T, Palta M, Skatrud J. Prospective study of the association between sleepdisordered breathing and hypertension. N Engl J Med 2000; 342:1378-1384.
Bradley TD, Floras JS. Obstructive sleep apnoea and its cardiovascular consequences. Lancet 2009;
373:82-93.
Kushida CA, Littner MR, Hirshkowitz Met al. Practice parameters for the use of continuous and bilevel
positive airway pressure devices to treat adult patients with sleep-related breathing disorders. Sleep
2006; 29:375-380.
Marklund M, Stenlund H, Franklin KA. Mandibular advancement devices in 630 men and women with
obstructive sleep apnea and snoring: tolerability and predictors of treatment success. Chest 2004;
125:1270-1278.
Chan AS, Sutherland K, Schwab RJet al. The effect of mandibular advancement on upper airway
structure in obstructive sleep apnoea. Thorax 2010; 65:726-732.
Ryan CF, Love LL, Peat D, Fleetham JA, Lowe AA. Mandibular advancement oral appliance therapy for
obstructive sleep apnoea: effect on awake calibre of the velopharynx. Thorax 1999; 54:972-977.
Sutherland K, Vanderveken OM, Tsuda Het al. Oral Appliance Treatment for Obstructive Sleep Apnea:
An Update. J Clin Sleep Med 2014; 10:215-227.
Vanderveken OM, Devolder A, Marklund Met al. Comparison of a custom-made and a thermoplastic
oral appliance for the treatment of mild sleep apnea. Am J Respir Crit Care Med 2008; 178:197-202.
Machado MA, Juliano L, Taga M, de Carvalho LB, do Prado LB, do Prado GF. Titratable mandibular
repositioner appliances for obstructive sleep apnea syndrome: are they an option? Sleep Breath 2007;
11:225-231.
Cistulli PA, Gotsopoulos H, Marklund M, Lowe AA. Treatment of snoring and obstructive sleep apnea
with mandibular repositioning appliances. Sleep Med Rev 2004; 8:443-457.
Heatley EM, Harris M, Battersby M, McEvoy RD, Chai-Coetzer CL, Antic NA. Obstructive sleep apnoea
in adults: a common chronic condition in need of a comprehensive chronic condition management
approach. Sleep Med Rev 2013; 17:349-355.
Phillips CL, Grunstein RR, Darendeliler MAet al. Health outcomes of continuous positive airway
pressure versus oral appliance treatment for obstructive sleep apnea: a randomized controlled trial.
Am J Respir Crit Care Med 2013; 187:879-887.
Cartwright R, Ristanovic R, Diaz F, Caldarelli D, Alder G. A comparative study of treatments for
positional sleep apnea. Sleep 1991; 14:546-552.
Bignold JJ, Deans-Costi G, Goldsworthy MRet al. Poor long-term patient compliance with the tennis
ball technique for treating positional obstructive sleep apnea. J Clin Sleep Med 2009; 5:428-430.
Jokic R, Klimaszewski A, Crossley M, Sridhar G, Fitzpatrick MF. Positional treatment vs continuous
positive airway pressure in patients with positional obstructive sleep apnea syndrome. Chest 1999;
115:771-781.
Permut I, Diaz-Abad M, Chatila Wet al. Comparison of positional therapy to CPAP in patients with
positional obstructive sleep apnea. J Clin Sleep Med 2010; 6:238-243.

24.
25.

26.
27.

28.
29.

30.
31.

Loord H, Hultcrantz E. Positioner--a method for preventing sleep apnea. Acta Otolaryngol 2007;
127:861-868.
Ravesloot MJ, van Maanen JP, Dun L, de Vries N. The undervalued potential of positional therapy in
position-dependent snoring and obstructive sleep apnea-a review of the literature. Sleep Breath
2013; 17:39-49.
van Maanen JP, Meester KA, Dun LNet al. The sleep position trainer: a new treatment for positional
obstructive sleep apnoea. Sleep Breath 2013; 17:771-779.
Bignold JJ, Mercer JD, Antic NA, McEvoy RD, Catcheside PG. Accurate position monitoring and
improved supine-dependent obstructive sleep apnea with a new position recording and supine
avoidance device. J Clin Sleep Med 2011; 7:376-383.
Dieltjens M, Braem MJ, Vroegop AVet al. Objectively Measured vs Self-Reported Compliance During
Oral Appliance Therapy for Sleep-Disordered Breathing. Chest 2013; 144:1495-1502.
Vanderveken OM, Dieltjens M, Wouters K, De Backer WA, Van de Heyning PH, Braem MJ. Objective
measurement of compliance during oral appliance therapy for sleep-disordered breathing. Thorax
2013; 68:91-96.
Kribbs NB, Pack AI, Kline LRet al. Objective measurement of patterns of nasal CPAP use by patients
with obstructive sleep apnea. Am Rev Respir Dis 1993; 147:887-895.
Mador MJ, Kufel TJ, Magalang UJ, Rajesh SK, Watwe V, Grant BJ. Prevalence of positional sleep apnea
in patients undergoing polysomnography. Chest 2005; 128:2130-2137.

