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CHAPTER 5
			 
Long-term obstructive sleep apnea 
therapy; a 10-year follow-up of 
mandibular advancement device and 

continuous positive airway pressure
 

This chapter is based on the following 
publication:

Uniken Venema JAM, Doff MHJ, 
Joffe-Sokolova D, Wijkstra PJ, van der 
Hoeven JH, Stegenga B, et al. Long-
term obstructive sleep apnea therapy: 
a 10-year follow-up of mandibular  
advancement device and continuous 
positive airway pressure. J Clin sleep 
Med, 2020 Mar;16(3):353–9.
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ABSTRACT

	 OBJECTIVES
Obstructive sleep apnea (OSA) is a sleep related breathing disorder, 
commonly treated by either Continuous Positive Airway Pressure (CPAP) 
or a Mandibular Advancement Device (MAD). Long-term follow-up and 
comparison regarding efficacy of these therapies is scarce. In this study 
the results of treatment, patient compliance and satisfaction over a 10-
year follow-up of these therapies are reported. 

	 MATERIALS AND METHODS
This is a longitudinal follow-up study taken from a subset of patients 
initially enrolled in a randomized controlled clinical trial of 103 OSA 
patients. After a 10-year follow-up period, 14 patients using MAD and 17 
patients using CPAP could be evaluated for this longitudinal follow-up 
study. Data was analyzed at baseline, after 3-months and at 1, 2, and 10-
year follow-up. All 31 OSA patients were subjected to polysomnography 
and subjective measurements. 

	 RESULTS
Polysomnography showed a favorable outcome of both therapies at 
10-year follow-up. At baseline, included patients in both groups did not 
significantly differ in apnea-hypopnea index (AHI) values. At 10-year 
follow-up both, MAD and CPAP group, showed a significant reduction in 
AHI. At baseline the mean AHI in MAD group was 31.7±20.6 whereas in 
the CPAP group 49.2±26.1. At 10-year follow-up the mean AHI in MAD 
group was 9.9±10.3 and in the CPAP group 3.4±5.4. From a subjective 
perspective both therapies resulted in a substantial improvement in 
neurobehavioral outcomes at 10-year follow-up. 

	 CONCLUSION
Both CPAP and MAD therapy demonstrate good and stable treatment 
effects after a 10-year follow-up period. Therefore, when indicated, both 
therapies are appropriate modalities for the long-term management of 
OSA. 
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INTRODUCTION

Selecting the appropriate treatment modality for Obstructive Sleep Apnea 
(OSA) depends mainly on the severity of the disease and its symptoms. 
(1) Besides, anatomical characteristics and health status are important. 
In mild to moderate OSA, Mandibular Advancement Devices (MAD) are 
frequently used, whereas in moderate to severe OSA Continuous Positive 
Airway Pressure (CPAP) is usually applied. (1-3)
Short-term efficacy of MAD and CPAP therapy has been studied in many 
randomized controlled trials. CPAP is usually more effective in reducing 
the AHI in patients with moderate to severe OSA. However, CPAP can be 
complicated by suboptimal acceptance and compliance. In these cases, 
a MAD is often a good and non-invasive alternative. (3-4)
Long-term studies of MAD and CPAP therapy generally show a more 
pronounced effect of CPAP in terms of AHI reductions and improvements 
in oxyhemoglobin saturation. (1,5) Six studies have evaluated MAD 
treatment outcomes after a follow-up period exceeding 2 years. (3,6-10) 
Of these six studies, only two studies compared the results of MAD with 
CPAP therapy. (3,8) All patients experienced a reduction in AHI values 
at follow-up. In addition, no difference was observed between MAD 
and CPAP therapy in improvements of long-term daytime sleepiness. 
However, when evaluating the effects on daytime sleepiness in only 
severe OSA patients, CPAP is more effective than MAD therapy. (5) With 
long-term therapy aging and increases in weight may explain a relapse 
of treatment efficacy. (11) However, with MAD therapy bite changes may 
also account for this phenomenon. This could reduce the advancement 
of the mandible, thereby reducing the efficacy of the MAD on the long-
term. (12,13) 

Despite the numerous studies regarding treatment efficacy of MAD and 
CPAP therapy, long-term follow-up studies comparing both interventions 
are scarce. The aim of this longitudinal follow-up of a subset of subjects 
included in a randomized clinical trial is to evaluate the objective and 
subjective outcomes of the both MAD and CPAP therapy in OSA patients 
on the long-term (i.e. a 10-year follow-up). (13)
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MATERIALS AND METHODS

	 PATIENT SELECTION
Participants were recruited for a randomized controlled trial, which 
was previously conducted and reported in two separate publications 
(ISRCTN18174167). (3,13) Patients were recruited between September 
2002 and August 2005 through the Department of Home Mechanical 
Ventilation of the University Medical Center Groningen, The Netherlands. 
This study was approved by the Groningen University Medical Center’s 
ethics committee (METc2002/032). A written informed consent was 
obtained from each patient before enrollment. 

	 STUDY DESIGN
For this study initially 103 patients were selected. At baseline patients 
were randomly allocated to MAD or CPAP therapy (Supplement). The 
present study is a longitudinal follow-up study taken from a subset of 
patients initially enrolled in this randomized controlled clinical trial. Focus 
of the present 10-year follow-up study was to evaluate only those patients 
still using their initially assigned treatment. 

	 INTERVENTIONS
At baseline all patients in the MAD group received the TAP appliance 
(Thornton Adjustable Positioner type-1, Airway Management Inc., Dallas, 
TX, USA). This duo block MAD fixes the patients’ mandible in a forward 
position by a screw mechanism incorporated in the frontal area of the 
appliance. At baseline the appliance was set at approximately 50% 
of patient’s maximum protrusion. Patients were instructed to advance 
their appliance until symptoms abated or until further protrusion of 
the mandible resulted in discomfort. After an 8-week follow-up period 
a checkup was arranged to further adjust the appliance if necessary. 
When OSA symptomatology was improved or when further protrusion 
was not tolerated by the patient, a second evaluation was performed 
(i.e. a polysomnographic study, physical examination and subjective 
questionnaire evaluation). 

The patients in the CPAP group received a nasal CPAP. After a 2-week 
adaptation period, patients returned for a follow-up visit to resolve any 
difficulties. After an 8-week follow-up period a checkup was arranged to 
further adjust the therapy if necessary. When OSA symptomatology was 
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improved or when further pressure adjustments were not tolerated by 
the patient, a second evaluation was performed (i.e. a polysomnographic 
study, physical examination and subjective questionnaire evaluation). If 
polysomnography indicated an AHI ≥ 5, CPAP was adjusted if possible 
and a third polysomnography was performed. 

Successful treatment was defined as an AHI<5 or an AHI reduction of 
>50% from the baseline value to a value <20 in a patient without symptoms 
while using the therapy. If treatment was not successful or if patients were 
non-adherent, the alternative (either MAD or CPAP therapy) was offered. 
Patients were excluded when they switched therapy or received upper 
airway surgery during follow-up. Furthermore, minimum therapeutic use 
for inclusion in this study was >5 nights per week for >5 hours per night. 
(13) Patients were asked to fill out a questionnaire on how many hours 
per night and how many nights per week they used their therapy. 

During follow-up, patients were subjected to a regular yearly checkup and 
encouraged to contact our clinic when problems were faced concerning 
their OSA treatment. 

	 POLYSOMNOGRAFY
At baseline, 3-months follow-up and at the 1-,2- and 10-year follow-up a 
polysomnographic evaluation was performed (Embla A10 digital recorder, 
Medcare, Reykjavik, Iceland). Each polysomnographic recording started 
no later than 23.00 o’clock and ended no later than 9.00 o’clock the next 
morning. Outcomes were limited to the time in bed of the nocturnal part 
of the recording. All studies were conducted while patients slept at home 
and were analyzed by the same neurophysiologist, who was blinded for 
patients’ treatment (JHvdH).

	 PHYSICAL AND NEUROBEHAVIORAL EXAMINATIONS 
Physical and neurobehavioral examinations were also performed at 
baseline, 2-months and at the 1-, 2- and 10-year follow-up. This included 
registration of BMI, neck circumference, alcohol consumption, tobacco 
use and medications. The neurobehavioral examination was performed 
according to the following questionnaires: Epworth Sleepiness Scale 
(ESS), Functional Outcomes of Sleep Questionnaire (FOSQ), Short Form 
Health Survey (SF) and a questionnaire evaluating compliance. (14-16)



  116

	 STATISTIC ANALYSIS
Statistical analyses were performed with the Statistical Package for 
the Social Sciences (version 24, SPSS Inc., Chicago, IL, USA). Means 
and standard deviations (SD) were reported. For comparing outcomes 
between continuous variables between baseline, two months, 1-, 2- and 
10-year follow-up, ANOVA tests for repeated measurements analyses 
were performed. For comparing categorical variables, Chi-square tests 
were performed. In all cases a significance level α of 0.05 was used. 
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RESULTS

	 BASELINE CHARACTERISTICS
At baseline 103 patients were selected for this study, 51 subjects were 
assigned to MAD and 52 subjects were assigned to CPAP therapy 
(Supplement). After 2 years of treatment 27 MAD (53%) and 37 CPAP 
(71%) patients completed the follow-up successfully while using their 
initial treatment modality. (3) After 10 years of treatment, out of the 
patients we were able to contact, we know that 18 MAD patients (35%) 
and 24 CPAP patients (46%) were still using their initial therapy. Of these 
patients, 4 subjects in the MAD group and 7 in the CPAP group were 
not willing to undergo another polysomnographic evaluation at the 10-
year follow-up. Consequently, 14 MAD and 17 CPAP patients could be 
included for this long-term follow-up study (supplement). 
The mean follow-up in the MAD group was 10.0 ± 0.6 years (mean±SD), 
while the mean follow-up in the CPAP group was 10.3 ± 0.6 years 
(p>0.05). None of the patient’s characteristics differed significantly at 10-
year follow-up (table 1). The mean therapeutic use in nights per week at 
10-year follow-up was 6.8±.5 and 6.8±8.5 in the MAD and CPAP group, 
respectively. Furthermore, mean therapeutic use in hours per night was 
7.3±1.2 and 7.1±8.8 in the MAD and CPAP group, respectively. These 
data did not differ significantly (table 1).

 

Table 1: Patient characteristics at 10-year follow-up 

Variable MAD (n=14) CPAP (n=17)

Male/female ratio 12/2 17/0

Age (years) (baseline) 61±8 59±10

Body Mass Index (kg/m2) 

(baseline)

32.4±6.6 33.2±3.6

Body Mass Index (kg/m2) 

(10-year follow-up)

31.3±5.9 32.5±4.8

Therapy Frequency nights/week 

(10-year follow-up)

6.6±1.0 7.0±0.0

Therapy Frequency hours/night 

(10-year follow-up)

7.8±0.9 6.8±0.9

Follow-up (years) 10.0 ± 0.6 10.3 ± 0.6

Values are means ± standard deviations; No significant differences calculated
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	 POLYSOMNOGRAFIC OUTCOMES
At baseline the mean AHI did not differ significantly between the groups. 
When evaluating the AHI after a 10-year treatment period a slight increase 
in both groups was observed when compared with the 1 and 2-year 
follow-up (figure 1, table 2). At the 1-year follow-up the mean AHI in the 
MAD group was 1.3±1.9 and in the CPAP group 1.7±3.4. At the 2-year 
follow-up the mean AHI in the MAD group was 2.7±3.2 and in the CPAP 
group 0.47±1.1 (p<0.05). At the 10-year follow-up the mean AHI in the 
MAD group was 9.9±10.3 and in the CPAP group 3.4±5.4 (p<0.05). Both 
therapies showed significant improvements (p<0.05) from baseline to the 
10-year follow-up (figure 1, table 2). When evaluating the patients in the 
MAD group individually, a wider statistical range in AHI results is seen 
at the 10-year follow-up compared with the CPAP group (figure 2a+b). 
When evaluating the lowest oxyhemoglobin saturation (SpO2) between 
baseline and 10-year follow-up a significant improvement is seen in both 
groups. Besides, the ‘Non-REM Sleep stage 3&4 (%)’ was significantly 
improved between baseline and 10-year follow-up in both groups (table 
2a+b).

Figure 1: Mean Apnea hypopnea index (AHI) Mandibular Advancement Device 
(MAD) and Continuous Positive Airway Pressure (CPAP) therapy
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Figure 2a: Individual Apnea hypopnea 
index (AHI) values of patients who 
completed 10-year Mandibular 
Advancement Device (MAD) treatment 
follow-up. 

 

Figure 2b: Individual Apnea hypopnea 
index (AHI) values of patients who 
completed 10-year Continuous Positive 
Airway Pressure (CPAP) treatment 
follow-up 

Table 2A: Polysomnographic outcomes in the Mandibular Advancement Device 
(MAD) group (n=14) 

Variabele Baseline 3-months 

follow-up

1-year 

follow-up

2-year 

follow-up

10-year 

follow-up
Apnea hypopnea index/ 

hour (AHI) (events/hr)

31.7±20.6 2.2±3.6* 1.3±1.9* 2.7±3.2* 9.9±10.3 *

Lowest oxyhemoglobin 

saturation (SpO2) (%)

79.6±6.8 90.0±3.6* 89.7±3.0* 89.0±4.1* 85.3±5.0 *

Sleep efficiency (%) 86.6±12.3 84.9±10.2 89.0±6.8 88.8±6.8 89.4±11.9

Total sleep time (hours) 7:38±1:35 7:03±1:16 7:01±0:53 7:00±0:55 6:56±0:54

Non-Rapid Eye Movement 

(REM)

Sleep stage 1&2 (%)

64.4±12.2 51.4±10.2* 52.9±7.0* 53.8±6.4* 59.0±10.5

Non-Rapid Eye Movement 

(REM)

Sleep stage 3&4 (%)

12.4±7.8 20.7±5.9* 21.8±6.8* 20.3±5.4* 20.0±9.3*

Rapid Eye Movement 

(REM) sleep (%)

23.3±6.6 27.9±7.4* 25.4±5.0 26.0±6.4 21.1±5.4

Values are means ± standard deviations; * Values are significantly different from baseline (p<0.05)
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Table 2B: Polysomnographic outcomes in the Continuous Positive Airway Pressure 
(CPAP) group (n=17) 

Values are means ± standard deviations; * Values are significantly different from baseline (p<0.05)

	 TREATMENT OUTCOME 
At the 2-month follow-up 80% of analyzed patients using a MAD and 86% 
of analyzed patients using a CPAP were treated successfully according to 
the predefined criteria. Unfortunately, the number of patients returning for 
treatment follow-up dropped over the years. At the 1-year follow-up 94% 
of analyzed patients using the MAD and 100% of analyzed patients using 
a CPAP were treated successfully. At the 2-year follow-up this percentage 
was 93% and 95% for the MAD and CPAP group, respectively.  Finally 
at the 10-year follow-up 86% of analyzed patients using a MAD and 94% 
of analyzed patients using a CPAP were treated successfully (figure 3). 
Out of all patients initially treated with MAD therapy, 12 patients (24%) 
were treated successfully at the 10-year follow-up. Out of 51 patients, 
22 patients (43%) were defined as non-successful, 3 (6%) patients were 
defined as non-adherent and 14 patients (28%) were defined as loss to 
follow-up. In this 10-year period a total 12 patients (24%) switched from 
MAD to CPAP therapy (figure S1, table S1).
At 10-year follow-up, 2 out of 14 (14%) MAD patients were defined as 

Variabele Baseline 3-months 

follow-up

1-year 

follow-up

2-year 

follow-up

10-year 

follow-up
Apnea hypopnea index/ hour 

(AHI) (events/hr)

49.2±26.1 1.7±2.9* 1.7±3.4* 0.47±1.1* 3.4±5.4 *

Lowest oxyhemoglobin 

saturation (SpO2) (%)

76.7±10.1 91.9±2.9* 90.5±4.7* 90.9±3.3* 89.3±3.9 *

Sleep efficiency (%) 84.8±14.1 84.3±11.2 91.0±6.5 87.4±7.5 87.9±10.6

Total sleep time (hours) 6:58±1:19 6:27±1:08 7:26±1:06 6:57±0:46 6:46±1:05 

Non-Rapid Eye Movement 

(REM)

Sleep stage 1&2 (%)

70.3±15.6 54.2±11.3* 52.7±9.6* 55.3±11.7* 58.6±11.3*

Non-Rapid Eye Movement 

(REM)

Sleep stage 3&4 (%)

10.2±11.4 22.1±8.6* 20.3±9.8* 21.4±10.6* 19.2±8.7*

Rapid Eye Movement (REM) 

sleep (%)

19.5±8.3 23.6±5.8 27.6±6.3* 25.3±5.7* 22.0±8.7
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non-successful. One of these two patients switched to CPAP therapy 
resulting in an AHI of 1.3. Another patient was diagnosed with Central 
Sleep Apnea Syndrome. Another patient, who was already successfully 
treated at 10-year follow-up (AHI reduction from 28 to 14), received a 
new MAD that resulted in an AHI of 5.1. The first PSG result of 10-year 
follow-up was used for the present analysis (figure 2a).
Out of all 52 patients initially treated with CPAP therapy, 16 patients (31%) 
were treated successfully at the 10-year follow-up. Out of the 52 patients, 
6 patients (12%) were defined as non-successful, 8 (15%) patients were 
defined as non-adherent and 22 patients (42%) were defined as loss to 
follow-up. In this 10-year period a total 4 patients (8%) switched from 
CPAP to MAD therapy (figure S1, table S1).
At 10-year follow-up, therapy was defined as non-successful in 1 out of 
17 (6%) CPAP patients. 
Patients using an MAD rated their therapy with 8.5±1.3 points on a scale 
of 1-10. CPAP patients rated their therapy with 8.2±0.9 points. These 
outcomes did not differ significantly. 

Figure 3: Treatment success 
* Successful treatment was defined by an Apnea hypopnea index (AHI) <5 or an AHI reduction of >50% 

from the baseline value to a value <20 in a patient without symptoms while using the therapy. 
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	 PHYSICAL AND NEUROBEHAVIORAL OUTCOMES 
Physical variables including BMI, neck circumference, alcohol 
consumption, tobacco use and medication did not differ between both 
treatment groups at baseline. Besides, no difference was observed 
between the baseline and 10-year follow-up data in both groups (table 
S1). However out of the patients who were not successfully treated at 
10-year follow-up, two lowered their BMI (1 MAD and 1 CPAP group) and 
one increased his BMI (MAD group).

Outcomes with respect to the Epworth Sleepiness Scale (ESS) 
and Functional Outcomes of Sleep Questionnaire (FOSQ) showed 
improvement of neurobehavioral outcomes in both treatment groups. 
Most of the variables did not differ significantly between both therapies; 
only the baseline values of the ESS were significantly higher in the CPAP 
group. Significant improvements between baseline and the 10-year 
follow-up results in MAD and CPAP group were seen in all outcomes of 
the ESS and FOSQ questionnaires, except for the FOSQ-SE (Intimate 
relationships and sexual activity) (table 3, table S2). 

Outcomes on the Short Form Survey (RAND-36) did not differ significantly 
between the treatment groups. Significant improvement between baseline 
and 10-year follow-up were seen in the MAD group in Vitality, Social 
Functioning and Reported Change. Significant improvements between 
baseline and 10-year follow-up were seen in CPAP group in Physical 
Health, Vitality, Social Functioning and Mental Health. 
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Table 3: Neurobehavioral outcomes Mandibular Advancement Device (MAD) (n=14) 
and Continuous Positive Airway Pressure (CPAP) (n=17) group 

Values are means ± standard deviations; * Values are significantly different from baseline (p<0.05)

Treatment Questionnaire Range Baseline 3-months 

follow-up

1-year 

follow-up

2-year 

follow-up

10-year 

follow-up
MAD Epworth 

Sleepiness 

Scale

0-24 10.6±7.5 3.6±3.0* 4.0±3.9* 2.8±3.3* 5.5±4.1*

CPAP Epworth 

Sleepiness 

Scale

0-24 15.3±3.5 4.8±3.5* 6.5±6.6* 5.3±3.2* 5.1±3.2*

MAD Functional 

Outcomes of 

Sleep Ques-

tionnaire

5-20

Total 

score

13.4±3.0 18.2±2.1* 17.1±3.5* 17.6±1.9* 17.7±2.1*

CPAP Functional 

Outcomes of 

Sleep Ques-

tionnaire

5-20

Total 

score

13.7±3.0 17.5±2.8* 17.8±2.2* 18.1±2.2* 18.8±1.1*
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DISCUSSION

This study compared two major OSA therapies after a decade of treatment. 
To date it was largely unknown how treatment outcomes for OSA patients 
develop over a 10-year treatment period. In this study we evaluated the 
basic characteristics, polysomnographic data and subjective data of 
patients treated with either CPAP or MAD therapy after a 3-month, 1-, 2- 
and 10-year follow-up period. Many of the primary included patients did 
not complete the 10-year treatment follow-up. However, of the patients 
who did most were still successfully treated in terms of AHI reduction 
and subjective outcomes. It also appears that patients who maintain their 
therapy after a 10-year follow-up are very content with their treatment. 
Striking is however that after 10 years the majority of the patients 
randomized for either MAD or CPAP therapy was either not using their 
device or we were not able to reach them.
When performing a 10-year follow-up study it is often challenging to 
perform the analysis with all patients included at baseline. At baseline 
patients were randomly allocated to MAD or CPAP therapy. Consequently, 
the study started with two homogeneous groups. However, because of 
the high dropout and therapeutic failure rate in both groups, a reliable 
comparison between both groups at the 10-year follow-up was not 
appropriate.  This resulted in a longitudinal follow-up of a subset of 
subjects included in a randomized clinical trial. 

Although most of the patients were still effectively treated at the 10-year 
follow-up, it was notable that the AHI in both the MAD and CPAP group 
increased compared with the previous follow-up moments. The relapse 
in AHI could possibly be explained by a change in lifestyle, health status 
or aging. With aging, there is an increase in pharyngeal closing pressure 
and upper airway resistance, due to a decrease in upper airway dilatator 
muscle strength. (17) Other possible reasons as to why AHI values 
increase with relative constant BMI values are not supported by scientific 
data yet. Relapse of MAD or CPAP therapy may result from an increase 
in upper airway laxity with time. In addition, BMI values reflect the body 
obesity that is not specific to the head and neck area. Fluid accumulation 
or shifts and local fat apposition in the head and neck area could also 
be factors attributing to changes in MAD and CPAP success on the very 
long-term. In addition, MAD therapy is known to result in changes in 
the dental occlusion and possibly maxillomandibular morphology. These 
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aspects may also influence the amount of mandibular protrusion with the 
appliance thereby affecting MAD outcome. (18) 

Both therapies resulted in a successful treatment outcome at 10-year 
follow-up for most of the patients who completed the study. A confounding 
factor is however that one of the inclusion criteria of the study was a 
compliance of at least 5 hours per night and 5 nights per week. This 
results in a selected group of adherent patients evaluated for the present 
study. When both therapies are compared, CPAP is better in terms of 
lowering AHI values after a decade of treatment. However MAD therapy 
tends to have a more positive result on improving the subjective values 
such as sleepiness. Studies are performed on validity and reliability of 
the ESS and suggest that the score is useful for in-group comparison, 
however not for individual-level comparison. (19)

Unfortunately, most of the initially included patients in this study did not 
complete the 10-year follow-up. Some of them were unsuccessful, whereas 
others were non-adherent, died or were lost to follow-up. Eventually only 
24% of MAD patients and 31% of CPAP patients completed the 10-year 
follow-up. Because we were not able to contact all patients, success 
rates are probably an underestimation of the true clinical effect of both 
therapies. Furthermore, patients in this study had the opportunity to 
switch therapy if they were considered non-adherent or non-successful. 
This might have biased our follow-up results. 

Regarding success rates of the patients returning for follow-up 
polysomnography 76,5% of MAD patients and 82,7% of CPAP patients 
were treated successfully at the 2-month follow-up. (13) At 2-year follow-
up success rates were 93,1% in the MAD group and 100% in the CPAP 
group. (3) Regarding success rates of the patients who returned for the 
10-year follow-up, 86% of MAD patients and 94% of CPAP patients were 
treated successfully according to the success criterion used. Besides, 
an improvement of SpO2, percent rapid eye movement sleep and quality 
of life was observed. If we compare our data to success rates reported 
in other studies, similar outcomes are reported. A meta-analysis by 
Sharples et al. concluded significant improvement of AHI in both MAD 
(-9.3/hr, p<0.00) and CPAP (-25.4/hr, p<0.00). (5) In a meta-analysis, 
Li et al concluded improvement of AHI in both groups with a significant 
difference in favor of CPAP (p<0.00), whereas quality of life improvement 
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was scored similar in both groups. (20) However, in both meta-analyses 
the mean follow-up of most analyzed studies was 12 weeks or less. 
Unfortunately, no studies have been done on the long-term outcomes of 
both interventions. 

Some studies have reported on the success rates of long-term MAD 
therapy. In the 10-year follow-up study by Eriksson et al, 70% of MAD 
patients were treated successful in terms of AHI reduction. (8) However, 
the patients in the study overestimated treatment effect since 89% of 
MAD patients considered themselves cured. In the present study a similar 
phenomenon was observed. All patients rated their therapy positively at 
the 10-year follow-up, despite the fact that 3 out of 31 patients were not 
successfully treated. Consequently, a control polysomnographic study 
once every few years may be contemplated to check if treatment is still 
effective. Eriksson et al analyzed 37 OSA patients at 10-year follow-
up. He also mentioned that weight and neck size remain stable in the 
group of positive responders. (8) In the present study, BMI and neck 
circumference did not change significantly over time. Out of the patients 
who were unsuccessfully treated at 10-year follow-up two lowered their 
BMI (one MAD and one CPAP group) and one increased his BMI (MAD 
group). Unfortunately, we were not able to analyze the patients who 
dropped out of the study. 

As mentioned above, one of the confounding factors for treatment success 
on the long-term is aging. Aging may result in anatomical changes in the 
upper airway that are associated with a decrease in upper airway dilator 
muscle activity and a decrease in the genioglossus negative pressure 
reflex. (21) Consequently, the AHI could increase as a resultant of an 
increased pharyngeal collapsibility and increased pharyngeal resistance. 
(17) Besides aging other factors and systemic disorders, such as arthritis, 
cardiovascular disease or stroke, may complicate OSA treatment. (22,23) 
Finally, as a result of dental side effects and bite changes associated with 
long-term MAD therapy, a more protrusive position of the mandible may 
be necessary to maintain the same effect on the upper airway. (12)

When subjective outcomes in this study are evaluated, an improvement 
is observed that is maintained at the 1-, 2- and 10-year follow-up. In 
addition, patients were generally very satisfied with their treatment. Both 
therapies were graded higher than 8 on a scale to of 1 to 10, slightly 
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favoring the MAD group.  However, similar to the objective outcomes 
we saw a slight deterioration in sleepiness, between the 2- and 10-year 
follow-up especially in the MAD group. However, subjective outcomes 
are still significantly improved between baseline and the 10-year follow-
up. If we compare the outcomes with normal values, we can conclude 
that both therapies, if continued, have a favorable effect on long-term 
subjective symptomatology.
It is concluded that MAD and CPAP therapy, both result in a positive 
treatment outcome in terms of subjective and objective improvements 
after a 10-year follow-up. Both therapies significantly improve AHI, SpO2, 
percentage of rapid eye movement sleep and have a positive effect on 
subjective parameters. On average, patients who continued treatment, 
remained stable in their favorable treatment outcome after a 3-month, 1-, 
2- and 10-year follow-up. Therefore, when indicated, both therapies are 
appropriate modalities for the long-term management of OSA.  
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SUPPLEMENTARY MATERIAL

	 PATIENT SELECTION
The University Medical Center Groningen includes most patients of 
the northeastern part of the Netherlands. Patients suspected having 
Obstructive Sleep Apnea (OSA) are referred to this hospital by general 
practitioners and physicians of pulmonary medicine, neurology and ear 
nose and throat surgery. For this randomized controlled trial, we adopted 
the recommendations of the American Academy of Sleep Medicine to 
diagnose OSA. (24)
Patients over the age of 20 who were diagnosed with OSA based on 
polysomnography were eligible for inclusion. (1) Besides patients required 
fulfilling predefined medical, psychological, and dental inclusion criteria. 

	 GENERAL CRITERIA FOR INCLUSION
•	 Polysomnography showing an Apnea-Hypopnea Index (AHI) ≥ 5 in 

combination with:
•	 Excessive daytime sleepiness that is not better explained by other 

factors or
•	 Two or more of the following symptoms that are not better explained 

by other factors: choking or gasping during sleep, recurrent 
awakenings from sleep, unrefreshed sleep, daytime fatigue, impaired 
concentration. 

	 MEDICAL AND PSYCHOLOGICAL CRITERIA FOR EXCLUSION
•	 Previous treatment of obstructive sleep apnea (Continuous 

Positive Airway Pressure (CPAP), oral appliance therapy, or 
uvulopalatopharyngoplasty)

•	 Morphological airway abnormalities requiring treatment (a 
compromised nasal passage, enlarged tonsils or adenoids, upper 
airway or pulmonary neoplasm, or upper airway soft-tissue or 
craniofacial abnormality)

•	 Endocrine dysfunction (hypothyroidism, acromegaly, or pituitary 
adenoma)

•	 A reported or documented history of severe cardiac or pulmonary 
disease (daytime respiratory insufficiency, severe chronic obstructive 
pulmonary disease (Tiffeneau index < 40%), type 2 heart failure, 
coronary disease, or severe cardiac arrhythmias) 

•	 Moderate or severe periodic limb movement disorder (periodic limb 
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movement index > 25).
•	 A psychological condition precluding informed consent (mental 

retardation or psychiatric disorder; e.g., depression or schizophrenia)

	 DENTAL CRITERIA FOR EXCLUSION 
•	 Extensive periodontal disease or tooth decay
•	 Active temporomandibular joint disease (including severe bruxism)
•	 Restrictions in mouth opening (< 25 mm) or advancement of the 

mandible (< 5 mm)
•	 Partial or complete edentulism (fewer than eight teeth in upper or 

lower jaw)

Patients who were eligible for inclusion were given a brochure with details 
about the study. All patients had 1 week to decide whether or not they 
wanted to participate. If patients decided to participate, they needed to 
sign and return an informed consent form.

	 RANDOMIZATION
Each patient was given a serial number and diagnosis of disease severity. 
All patients were randomized for either MAD or CPAP therapy, by using 
Block randomization. (25) It was not possible to blind patients or clinicians 
for the treatment modality. 

	 INTERVENTIONS
Before treatment, all patients were instructed to adopt conservative 
measures; specifically, to avoid using depressants and to have at least 
7-8 hours of sleep each night. Patients were encouraged to give up 
smoking and lose weight. 

The oral appliance used in this study was the TAP appliance. (Thornton 
Adjustable Positioner type-1, Airway Management Inc., Dallas, TX, USA). 
This duo block MAD fixes the patient’s mandible in a forward position by 
a screw mechanism incorporated in the frontal area of the appliance. 
The patient could adjust the amount of mandibular advancement in 
0.2mm increments. The maximum advancement of the mandible was 
determinded with a George-GaugeTM (H Orthodontics, Michigan City, 
IN, USA).  At baseline the appliance was set at approximately 50% of 
patient’s maximum protrusion. After a 2-week adaptation period, patients 
were instructed to advance their appliance until symptoms abated or until 
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further protrusion of the mandible resulted in discomfort. After an 8-week 
follow-up period a checkup was arranged to further adjust the therapy if 
necessary. When OSA symptomatology was improved or when further 
protrusion was not tolerated by the patient, a second polysomnographic 
study, with physical examination and subjective questionnaire evaluation, 
was performed. In patients showing an AHI<5, therapy was considered 
successful. In patients showing an AHI ≥ 5, the appliance was further 
adjusted by the physician. Four weeks after adjustments, another 
polysomnographic study, with physical examination and subjective 
questionnaire evaluation, was performed. This was continued until OSA 
was successfully treated or until further adjustments were not tolerated 
by the patient. During follow-up the MAD was adjusted, when necessary, 
if OSA symptomatology appeared or when the patient experienced 
discomfort associated with wearing the appliance.

CPAP titration was performed during an afternoon nap in the outpatient 
clinic by a skilled nursing consultant 3. Patients were fitted with a 
comfortable CPAP mask before titration. The CPAP device used during 
titration was the Breas PV10 (Molnlycke, Sweaden.) After two weeks 
patients returned for a checkup and after an 8-week period another 
polysomnographic study, with physical examination and subjective 
questionnaire evaluation, was performed. If the AHI > 5, CPAP was 
adjusted if possible and raised by 1 or 2 cm H2O. A third polysomnographic 
study was performed 4 weeks after the adjustments. This was continued 
until OSA was successfully treated or until further adjustments were not 
tolerated by the patient.

Patients were monitored at 3 months, 1-year, 2-year and 10-year follow-
up by polysomnography. In case of recurrence of clinical symptoms 
polysomnography was also repeated in between these standard 
evaluation time points. Patients who were successfully treated continued 
their therapy. Patients who were not successfully treated were offered 
the alternative therapy, either CPAP or MAD. 
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Table S1: BMI and Neck circumference Mandibular Advancement Device (MAD) 
(n=14) and Continuous Positive Airway Pressure (CPAP) group 

Values are means ± standard deviations 

No significant differences calculated

Table S2A: Functional Outcomes of Sleep Questionnaire Mandibular Advancement 
Device (MAD) group (n=14)

Values are means ± standard deviations  		

* Values are significantly different from baseline (p<0.05)

Table S2B: Functional Outcomes of Sleep Questionnaire Continuous Positive 
Airway Pressure (CPAP) group (n=17)

Values are means ± standard deviations 		

* Values are significantly different from baseline (p<0.05)

Treatment Variable Baseline 1-year 

follow-up

2-year 

follow-up

10-year 

follow-up
MAD Body Mass Index (kg/m2) 32.4±6.6 32.3±6.3 32.1±6.6 31.3±5.9

CPAP Body Mass Index (kg/m2) 33.2±3.6 33.1±3.7 33.9±4.2 32.5±4.8

MAD Neck circumference (cm) 43.6±3.7 43.1±3.4 42.9±3.7 43.8±3.8

CPAP Neck circumference (cm) 44.6±3.2 44.3±2.6 44.6±2.6 44.4±2.8

Subject Range Baseline 3-months 

follow-up

1-year 

follow-up

2-year 

follow-up

10-year 

follow-up
General productivity 

(GP)

1-4 2.9±0.6 3.8±0.4* 3.6±0.7* 3.9±0.2* 3.7±0.4*

Social outcome (SO) 1-4 2.8±0.9 3.8±0.4* 3.6±0.8* 3.8±0.5* 3.6±0.6*
Activity level (AC) 1-4 2.5±0.8 3.6±0.5* 3.4±0.9* 3.7±0.4* 3.4±0.7*
Vigilance (VI) 1-4 2.6±0.8 3.7±0.4* 3.4±0.8* 3.8±0.4* 3.5±0.5*
Intimate relationships 

and sexual activity (SE)

1-4 2.6±1.0 3.1±1.4 3.2±1.0 2.4±1.6 2.9±1.5

Total score (Tot) 5-20 13.4±3.0 18.2±2.1* 17.1±3.5* 17.6±1.9* 17.7±2.1*

Subject Range Baseline 3-months 
follow-up

1-year 

follow-up

2-year 

follow-up

10-year 

follow-up
General productivity 

(GP)

1-4 3.0±0.7 3.7±0.4* 3.8±0.3* 3.6±0.5* 3.9±0.3*

Social outcome (SO) 1-4 3.1±0.8 3.7±0.7* 3.9±0.3* 3.9±0.3* 3.9±0.2*
Activity level (AC) 1-4 2.7±0.8 3.5±0.6* 3.5±0.7* 3.7±0.4* 3.7±0.4*
Vigilance (VI) 1-4 2.2±0.7 3.6±0.5* 3.6±0.6* 3.6±0.5* 3.8±0.3*
Intimate relationships 

and sexual activity (SE)

1-4 2.9±1.0 3.0±1.3 3.0±1.5 3.2±1.3 3.6±0.98*

Total score (Tot) 5-20 13.7±3.0 17.5±2.8* 17.8±2.2* 18.1±2.2* 18.8±1.1*
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