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over time within both groups (p = 0.650). In the nCPAP group, 
the AHI improved 4.1 events/h more than in the MAD group 
(p = 0.000). The EDS values showed a gradual improvement 
over time (p = 0.000), and these improvements were similar 
for both groups (p = 0.367). In the nCPAP group, more pa-
tients withdrew from treatment due to side effects than in 
the MAD group.  Conclusions:  The absence of significant 
long-term differences in EDS improvements between the 
MAD and the nCPAP groups with mild/moderate obstructive 
sleep apnea may indicate that the larger improvements in 
AHI values in the nCPAP group are not clinically relevant. 
Moreover, nCPAP patients may show more problems in ac-
cepting their treatment modality than MAD patients. 

 Copyright © 2011 S. Karger AG, Basel 

 Introduction 

 Obstructive sleep apnea (OSA) is characterized by re-
current obstruction of the upper airway, often resulting 
in oxygen desaturation and arousal from sleep  [1] . Exces-
sive daytime sleepiness (EDS), snoring and reduction in 
cognitive functions are among the common symptoms of 
this condition  [2] .
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 Abstract 
  Background:  Long-term trials are needed to capture infor-
mation regarding the persistence of efficacy and loss to fol-
low-up of both mandibular advancement device (MAD) ther-
apy and continuous positive airway pressure (CPAP) therapy. 
 Objectives:  The aim of the study was to compare these treat-
ment aspects between MAD and nasal CPAP (nCPAP) in a 
1-year follow-up.  Methods:    Forty-three mild/moderate ob-
structive sleep apnea patients (52.2  8  9.6 years) with a mean 
apnea-hypopnea index (AHI) of 20.8  8  9.9 events/h were 
randomly assigned to two parallel groups: MAD (n = 21) and 
nCPAP (n = 22). Four polysomnographic recordings were ob-
tained: one before treatment, one for the short-term evalu-
ation, and two recordings 6 and 12 months after the short-
term evaluation. Excessive daytime sleepiness (EDS) was also 
evaluated at the polysomnographic recordings.  Results:  The 
initially achieved improvements in the AHI remained stable 
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  Although continuous positive airway pressure (CPAP) 
has been proposed as the most effective treatment for 
OSA  [3] , nowadays, mandibular advancement devices 
(MADs) play an important role in the treatment of mild/
moderate OSA patients  [2, 4] . These devices increase the 
pharyngeal space by protruding the mandible and ad-
vancing the tongue.

  The short-term therapeutic efficacy of MADs has been 
compared with that of CPAP and was proven to be satis-
factory in several randomized controlled trials [e.g.  5–
12 ]. However, long-term parallel-group trials are needed 
to capture information regarding the persistence of effi-
cacy and the loss to follow-up  [3] . Therefore, the aim of 
the present study was to compare these treatment aspects 
between MAD and nasal CPAP (nCPAP) in a 1-year fol-
low-up study.

  Materials and Methods 

 Participants 
 This study is the 1-year follow-up of a short-term randomized 

controlled trial (RCT), in which 3 therapy groups (MAD, nCPAP 
and placebo) were compared  [12] . OSA patients were invited for 
participation in the initial short-term study when they fulfilled 
the following inclusion criteria: age  1 18 years, an apnea-hypop-
nea index (AHI) between 5 and 45 events/h and an Epworth 
Sleepiness Score  6 10  [13]  or at least two of the symptoms sug-
gested by the American Academy of Sleep Medicine Task Force, 
for example, unrefreshing sleep and daytime fatigue  [1] . The pla-
cebo group was excluded from the long-term study for ethical 
reasons. Moreover, OSA patients with an AHI  1 10 events/h and 
less than 50% reduction in AHI at the short-term evaluation were 
also excluded from the long-term study. The baseline character-
istics of the patients at the time of therapy allocation are present-
ed in  table  1 . This long-term study was also approved by the 
Slotervaart Hospital’s Ethics Committee (No. U/1731/0326, 
U/2679/0326).

  Randomization and Interventions 
 At the start of the short-term RCT, using block randomization, 

consenting patients were allocated to the interventions. The al-
location sequence was automatically generated and concealed by 
an independent co-worker. The two interventions studied in this 
parallel-group follow-up study were: MAD  [14, 15]  and nCPAP 
(REMstar Pro; Respironics, Herrsching, Germany). 

  Both MAD and nCPAP were titrated before the start of the 
treatment  [12] . The titration of nCPAP was performed during a 
polysomnographic (PSG) recording. The pressure was increased 
in incremental steps of 1 cm H 2 O/h, until respiratory disturbanc-
es and respiration-related arousals were reduced to  ̂  5/h, and 
snoring was minimized. The average value of the pressure was 7.3 
cm H 2 O (SD 1.9, range 4–11). For the titration of the MAD, 4 am-
bulatory PSG recordings were obtained at regular intervals  [15] . 
The most effective protrusion position of the MAD (that is, the 
mandibular position that yielded the lowest AHI value) was cho-

sen from among 4 randomly offered positions (0, 25, 50 and 75% 
of the maximum protrusion). The MAD was set at 25% of the 
maximum protrusion in 1 patient, at 50% in 7 patients and at 75% 
in 12 patients.

  Analyst blinding was ascertained by assigning codes to data 
sets and by analyzing these sets in random blocks. For more de-
tails, see Aarab et al.  [12] .

  Procedure 
 From all patients, 4 PSG recordings were obtained in the sleep 

laboratory of the Slotervaart Medical Center: 1 before treatment, 
1 for the short-term evaluation (approximately 6 months after 
therapy assignment) and 2 for the long-term evaluation (approxi-
mately 6 and 12 months after the short-term evaluation). The 
montage was performed at the Slotervaart Medical Center by a 
trained co-worker. Each PSG recording was analyzed manually, 
under blind conditions, by the same examiner, who was experi-
enced in scoring PSG recordings, using internationally accepted 
criteria  [1, 16] . Sleep stages were scored in 30-second epochs and 
standard sleep and respiratory outcome variables were obtained. 
The mounting and procedure of the PSG recordings are described 
in detail in Aarab et al.  [17] . The primary and secondary outcome 
measures were obtained at the time of the PSG recordings.

  The therapy evaluation PSG recordings were followed by a vis-
it at ACTA, during which the participants were interviewed about 
their compliance (percent of nights per week of usage) and pos-
sible side effects (nature and number).

  Outcome Measures 
 The change in the AHI between baseline and therapy evalua-

tion ( � AHI) was the primary outcome variable. Secondary out-
come variables were the changes in sleep variables and in EDS 
between baseline and therapy evaluation. Other secondary out-
come variables were self-reported compliance and side effects.

  Statistical Analyses 
 Differences in patient characteristics at baseline between the 

two therapy groups were analyzed using independent t tests and 
 �  2  tests. Outcome variables that showed significant between-
groups differences at baseline were used as covariate in the sub-
sequent analyses (see below).

Table 1.  Patient characteristics (mean 8 SD) at baseline of the 
MAD and nCPAP groups

MAD 
(n = 21)

nCPAP 
(n = 22)

Age, years
Number of men/women
Apnea-hypopnea index, events/h 
Body mass index*
Neck circumference, cm
Excessive daytime sleepiness

50.488.9
17/4
21.4811.0
27.183.1
41.782.9
12.085.7

54.9810.1
15/7
20.189.0
30.583.4
43.283.8
11.084.4

*  Statistically significant at the 0.05 probability level.



 Aarab   /Lobbezoo   /Heymans   /Hamburger   /
Naeije    

Respiration 2011;82:162–168164

  The associations between one or more predictors and missing 
values in AHI at the therapy evaluations were studied using logis-
tic regression analyses. Several variables were found to be related 
to the missing values. These predictors of missing values were in-
cluded in an imputation model to estimate the missing values by 
applying multiple imputation (MI)  [18] . MI was based on the mul-
tivariate imputation by chained equations procedure  [19] . This 
procedure allows one to specify the multivariate structure in the 
data as a series of conditional regression models, based on the in-
formation of other variables included in the imputation model. 
Ten separate imputation samples were generated, for both treat-
ment groups separately.

  Following the MI procedure, generalized estimating equation 
 [20]  analyses were performed to study differences between both 
groups (MAD and nCPAP) for the primary and secondary out-
come variables. For each variable, its baseline value was used as a 
covariate to protect against potential regression to the mean ef-
fects. Interactions of treatment groups with time were used to 
study if differences in treatment effects increased or decreased 
over time. Generalized estimating equation analyses were done in 
each imputed dataset, and the results were summarized using Ru-
bin’s rules  [21] .

  All statistical tests were performed with the SPSS 17.0 (SPSS 
Inc., Chicago, Ill., USA) and R (R Foundation for Statistical Com-
puting, Vienna, Austria) software packages.

  Results 

 A total of 64 patients were enrolled in the initial short-
term study, and were randomized at the start of the RCT 
as shown in  figure 1 . The placebo group was excluded 
from the long-term part of the study.  Table 1  illustrates 
that the MAD group had a significantly lower BMI than 
the nCPAP group (T = 3.921; p = 0.001). This difference 
was constant over time (F = 1.456, p = 0.242).

  The mean ( 8 SD) baseline values of the respiratory, 
subjective, and sleep variables as well as the changes in 
these variables from baseline to therapy evaluation are 
shown in  table 2 .

  Loss to Follow-Up 
 At the short-term evaluation, three patients in the 

MAD group were instructed to stop with the therapy, be-
cause it was not effective (AHI  1 10 events/h and less than 
50% reduction in AHI). These 3 patients were offered a 
treatment with nCPAP instead. After the short-term 
evaluation, a total of 35 patients in the MAD and nCPAP 

Completed evaluation (n = 17)

Completed evaluation (n = 15)

Enrolled for study (n = 64)

Allocated to nCPAP (n = 22)

Lost before evaluation (n = 1)

Discontinuation because

of side effects (n = 3)

Completed evaluation (n = 18)

Lost before evaluation (n = 1)

Discontinuation because

of side effects (n = 1)

Completed evaluation (n = 16)

Lost before evaluation (n = 1)

Discontinuation because

of side effects (n = 2)

Completed evaluation (n = 13)

Allocated to MAD (n = 21)

Lost before evaluation (n = 1)

Therapy not effective (n = 3)

Completed evaluation (n = 20)

Discontinuation because

of side effects (n = 2)

Short-term evaluation

6 months follow-up

12 months follow-up

Allocated to placebo (n = 21)

Lost before evaluation (n = 1)

Did not receive placebo (n = 1)

Completed evaluation (n = 19)

  Fig. 1.  Flow chart of the patients through each stage of the trial. The placebo group (grey area) was excluded 
from the long-term part of the study for ethical reasons.  
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groups started with a 1-year follow-up. In the MAD 
group, 2 patients dropped out, because they experienced 
more side effects than benefits from the treatment. These 
2 MAD patients reported the following side effects: dis-
comfort in wearing (n = 2), tenderness in the masseter 
muscle region upon awakening (n = 1) and feeling of a 
changed occlusion upon awakening (n = 1). In the nCPAP 
group, 2 patients dropped out because of private reasons 
that were unrelated to the study and 3 patients dropped 
out because they experienced more side effects than ben-
efits from the treatment. The following side effects were 
reported by these 3 nCPAP patients: problems with expi-

ration against the positive pressure (n = 3), pain due to 
pressure of the mask (n = 1) and difficulty in changing 
sleep position (n = 2). Finally, a total of 28 patients com-
pleted the entire study protocol (see  fig. 1 ).

  At the end of the present study, patients were advised 
to continue with their treatment and were monitored 
with polysomnography on a yearly basis.

  Primary Outcome Variables 
 Analyses of the imputed data sets showed that the 

MAD group had a significantly smaller  � AHI value than 
the nCPAP group (p = 0.000;  table 3 ). The mean differ-

Table 2.  The mean (8SD) baseline and Δ values (that is, difference between baseline and therapy evaluation) of the respiratory, sub-
jective and sleep outcome variables of the MAD group and the nCPAP group

MAD n CPAP

Baseline 
value 
(n = 21)

Δ value at 
short-term 
therapy 
evaluation 
(n = 20)

Δ value at 6 
months after 
short-term ther-
apy evaluation 
(n = 17)

Δ value at 12 
months after 
short-term ther-
apy evaluation 
(n = 15)

Baseline  
value 
(n = 22)

Δ value at 
short-term 
therapy 
evaluation 
(n =18)

Δ value at 6 
months after 
short-term ther-
apy evaluation
(n = 16)

Δ value at 12 
months after 
short-term ther-
apy evaluation 
(n = 13)

Respiration
AHI, events/h

Subjective 
Excessive daytime sleepiness 

Sleep
Stage NREM, %
Stage REM, %
Respiratory arousals, events/h

21.4811.0

1285.7

81.586.4
18.686.4
17.5810.4

16.3810.3

1.684.2

2.186.4
–1.986.4
14.6810.2

15.6810.1

4.885.1

0.687.8
–0.587.7
13.789.8

15.0810.5

4.784.5

4.184.3
–4.084.1
13.1810.5

20.189.0

11.084.3

80.486.3
19.686.3
17.9813.0

19.588.7

1.284.9

0.787.1
–0.787.1
15.788.3

19.6810.7

3.685.0

0.688.6
–0.588.5
15.489.6

20.288.6

5.284.6

0.388.5
–0.388.5
16.988.4

REM  = Rapid-eye-movement; NREM = non-rapid-eye-movement.

Table 3.  Outcomes of the GEE analyses for the primary and secondary outcome variables

Treatment effect1

(MAD vs. nCPAP)
T ime effect1

mean difference 
between groups

p2 mean dif ference over 
time within groups

p2

Primary outcome variables
ΔAHI, events/h

Secondary outcome variables
ΔEDS
Δ Respiratory arousals, events/h
Δ Stage NREM, %
Δ Stage REM, %

–4.1 (–5.7, –2.5)

–0.9 (–2.8, 1.0)
–3.2 (–4.5, –1.8)

0.2 (–1.8, 2.2)
–0.1 (–2.2, 1.9)

0.000*

0.367
0.000*
0.854
0.897

0.2 (–0.7, 1.1)

1.9 (1.3, 2.5)
0.1 (–0.6, 0.7)
0.2 (–0.7, 1.1)

–0.2 (–1.1, 0.7)

0.650

0.000*
0.816
0.692
0.703

Δ V alues show the  difference between baseline and therapy 
evaluation value. Figures in parentheses are 95% confidence in-
tervals. REM = Rapid-eye-movement; NREM = non-rapid-eye-
movement. *  Statistically significant at the 0.001 probability 
 level. 

1 For all variables, there was no significant interaction of the 
groups with time. Therefore, only the between-groups effect and 
the time effect within groups are reported. 

2 p value as result of the GEE-analyses, controlled for the ef-
fects of the baseline value and of BMI. 
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ence between both groups in  � AHI was 4.1 events/h ( ta-
ble 3 ). The change in AHI was stable over time as indi-
cated by the non-significant time effect (p = 0.650;  ta-
ble 3 ). For the  � AHI, there was no significant interaction 
of the groups with time.

   Figure 2  shows the AHIs over time for each patient 
who completed the trial. nCPAP treatment was offered to 
the patient who had an AHI of 20 events/h at the 6-month 
evaluation, because the therapy was considered ineffec-
tive. This patient, however, wanted to continue the MAD 
treatment for 6 months, because he experienced subjec-
tive benefits of the treatment (improvement in EDS and 
a decrease in snoring sound).

  Secondary Outcome Variables 
 The MAD group had a significantly smaller change in 

respiratory arousal index than the nCPAP group (p = 
0.000;  table 3 ). The mean difference between both groups 
in the change of the respiratory arousal index was 3.2 
events/h ( table 3 ). There was no significant difference be-
tween both groups in the change of EDS ( � EDS). The 
 � EDS increased over time, as indicated by the time effect 
(p = 0.000;  table 3 ).

  The MAD patients who completed the trial used their 
appliance 85.8% (SD 18.8) of the nights, the nCPAP pa-
tients 84.8% (SD 20.6) of the nights. There was no sig-
nificant difference between both groups in compliance.

  The nature and number of side-effects at the first eval-
uation are described in detail in Aarab et al.  [12] . In most 

cases, the side effects in the MAD group had a dental na-
ture (for example, sensitive teeth upon awakening, ten-
derness in masseter muscle region and feeling of changes 
in occlusion upon awakening). The side effects in the
nCPAP group were in most cases related to the mask and 
the cumbersome nature of the CPAP device (for example, 
pain due to pressure of the mask and problems with ex-
piration against the positive pressure). The number of 
side effects decreased over time within both groups (p = 
0.000). In the MAD group, the number of side effects re-
duced from 1.5 at the short-term evaluation to 0.7 at the 
12-month evaluation. In the nCPAP group, the number 
of side effects was reduced from 2.2 at the short-term 
evaluation to 1.0 at the 12-month evaluation. For all sec-
ondary outcome variables, there was no significant inter-
action of the groups with time.

  Discussion 

 The short-term improvement in AHI was maintained 
in both the MAD group and the nCPAP group in this 
1-year follow-up. The EDS further improved over time for 
both treatment modalities.

  Randomized clinical trials are a powerful tool for in-
vestigating treatment effects, but in human trials there 
are often problems of noncompliance, where the patient 
does not adhere to the treatment assigned. A common 
approach to the analysis of data with missing values is to 

Baseline nCPAP in situ 6 months 12 monthsBaseline MAD in situ

MAD nCPAP
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  Fig. 2.  Individual values of the AHI of the 28 patients who completed the entire study protocol (MAD, n = 15; 
nCPAP, n = 13) obtained from the baseline PSG recordings and from the subsequent therapy evaluation PSG 
recordings. 
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exclude the patients with missing values. Typically, this 
leads to a reduction in statistical power and to estimates 
that can potentially be biased when the probability of a 
missing value is related to the characteristics of the pa-
tients  [22] . To overcome this problem, imputation meth-
ods for missing data have been developed  [23] . There is 
increasing evidence of the superiority of multiple imputa-
tion methods to replace missing values, suggesting that 
these methods should be preferred over other imputation 
methods  [18, 22] . Therefore, in this study, the multiple 
imputation method was used to replace the missing val-
ues.

  In the short-term evaluation, no difference in the 
 � AHI was found between the MAD and nCPAP thera-
pies. Only in the worst case scenario, with the failure and 
success patterns set at their extreme values in favor of
nCPAP, the difference between the two treatment mo-
dalities was significant  [12] . In the present long-term 
evaluation, with more measurement points, a significant 
difference in  � AHI of 4.1 events/h was found between the 
two therapies. However, this small difference may not be 
clinically relevant, because there was no significant dif-
ference between the two groups in the improvement of 
EDS.

  Similar to the present study, a 4-year follow-up study 
of CPAP therapy reported that AHI values were stable 
over time  [24] . Surprisingly, there are no other studies to 
determine whether the efficacy of CPAP is still adequate 
more than 3 months after the start of the treatment  [25] . 
In line with our findings, MADs were still effective in the 
long term in other studies  [26, 27] . Others also found that 
MADs were effective, but they both observed a tendency 
for the efficacy to reduce over time  [28, 29] ; a tendency 
which was not found in the present study. Since OSA is 
usually a lifelong condition  [30] , it is of importance that 
therapy is effective in the long term. Although all above-
mentioned studies followed patients in the long term, 
studies including both MAD therapy and nCPAP therapy 
are lacking  [3] . Differences between these treatment mo-
dalities can only be found by including both modalities 
in a single study. This is the first study in which this treat-
ment aspect is compared between MAD and nCPAP in a 
single study.

  Interestingly, the improvement in EDS, which was al-
ready seen in the short-term evaluation  [12] , further im-
proved in this 1-year follow-up. This was surprising, be-
cause the AHI value and the respiratory arousal index 
value did not reduce anymore. It indicates that EDS in 
OSA patients may need time to show further improve-
ment in mild/moderate OSA patients, which was also 

found in another study  [24] . As hypothesized by Meurice 
et al.  [24] , a slow progressive reversibility of abnormal ce-
rebral functions under long-term treatment may be pos-
sible. On the other hand, also a deterioration or no change 
in the initially achieved improvement in EDS has been 
reported in the long term  [26, 27] . Future studies are 
needed to confirm and explain a possible delayed effect 
on EDS.

  The side effects reported by both groups were compa-
rable with those in previous studies  [31–34] . Side effects 
can lead to the discontinuation of the treatment  [34, 35] , 
which was also found in the present study. From the start 
of the short-term RCT until the end of the long-term 
RCT, 6 patients in the nCPAP group and 2 patients in the 
MAD group withdrew from treatment due to the occur-
rence of side effects, suggesting that nCPAP patients show 
more problems in accepting their treatment modality 
than MAD patients. Further, it should be noted that in 
the MAD group, 3 patients withdrew from treatment af-
ter the short-term evaluation, because the therapy was 
not effective.

  In conclusion, the absence of significant long-term 
differences in EDS improvements between the MAD and 
the nCPAP groups with mild/moderate OSA may indi-
cate that the larger improvements in AHI values in the 
nCPAP group are not clinically relevant. In the nCPAP 
group, more patients withdrew from treatment due to the 
occurrence of side effects, suggesting that nCPAP pa-
tients show more problems in accepting their treatment 
modality than MAD patients.

  Acknowledgements 

 The authors thank the staff of the Center for Sleep-Wake Dis-
orders of Slotervaart Medical Center in Amsterdam, The Nether-
lands, for their assistance with this work, Dr. Corine Visscher and 
Dr. Irene Aartman for their assistance with the statistical analyses 
of this study, and the Dental Laboratory Excent, Amsterdam, The 
Netherlands, for the assistance in the development of the MAD 
used in this study. The Netherlands Institute for Dental Sciences 
(IOT) supported this work.

  Financial Disclosure and Conflicts of Interest 

 No actual or potential conflicts of interest exist for any of the 
authors, nor is there any personal or financial support and author 
involvement with organizations with financial interest in the sub-
ject matter of the paper to be disclosed for any of the authors.
 



 Aarab   /Lobbezoo   /Heymans   /Hamburger   /
Naeije    

Respiration 2011;82:162–168168

 References 

  1 American Academy of Sleep Medicine Task 
Force: Sleep-related breathing disorders in 
adults: recommendations for syndrome defi-
nition and measurement techniques in clini-
cal research. Sleep 1999;   22:   667–689. 

  2 Cistulli PA, Gotsopoulos H, Marklund M, 
Lowe AA: Treatment of snoring and obstruc-
tive sleep apnea with mandibular reposition-
ing appliances. Sleep Med Rev 2004;   8:   443–
457. 

  3 Giles TL, Lasserson TJ, Smith BH, White J, 
Wright J, Cates CJ: Continuous positive air-
ways pressure for obstructive sleep apnoea in 
adults. Cochrane Database Syst Rev 2006;  
 3:CD001106. 

  4 Lim J, Lasserson TJ, Fleetham J, Wright
J: Oral appliances for obstructive sleep ap-
noea. Cochrane Database Syst Rev 2006;  
 1:CD004435. 

  5 Barnes M, McEvoy RD, Banks S, et al: Effi-
cacy of positive airway pressure and oral ap-
pliance in mild to moderate obstructive sleep 
apnea. Am J Respir Crit Care Med 2004;   170:  
 656–664. 

  6 Clark GT, Blumenfeld I, Yoffe N, Peled E, La-
vie P: A crossover study comparing the effi-
cacy of continuous positive airway pressure 
with anterior mandibular positioning devic-
es on patients with obstructive sleep apnea. 
Chest 1996;   109:   1477–1483. 

  7 Engleman HM, McDonald JP, Graham
D, Lello GE, Kingshott RN, Coleman EL, 
Mackay TW, Douglas NJ: Randomized 
crossover trial of two treatments for sleep ap-
nea/hypopnea syndrome: continuous posi-
tive airway pressure and mandibular reposi-
tioning splint. Am J Respir Crit Care Med 
2002;   166:   855–859. 

  8 Gagnadoux F, Fleury B, Vielle B, Pételle B, 
Meslier N, N’Guyen XL, Trzepizur W, Ra-
cineux JL: Titrated mandibular advance-
ment versus positive airway pressure for 
sleep apnoea. Eur Respir J 2009;   34:   914–920. 

  9 Hoekema A, Stegenga B, Wijkstra PJ, van der 
Hoeven JH, Meinesz AF, de Bont LG: Ob-
structive sleep apnea therapy. J Dent Res 
2008;   87:   882–887. 

 10 Lam B, Sam K, Mok WY, et al: Randomised 
study of three non-surgical treatments in 
mild to moderate obstructive sleep apnoea. 
Thorax 2007;   62:   354–359. 

 11 Randerath WJ, Heise M, Hinz R, Ruehle KH: 
An individually adjustable oral appliance vs 
continuous positive airway pressure in mild-
to-moderate obstructive sleep apnea syn-
drome. Chest 2002;   122:   569–575. 

 12 Aarab G, Lobbezoo F, Hamburger HL, Naei-
je M: Oral appliance therapy in obstructive 
sleep apnea: a randomized, placebo-con-
trolled trail. Respiration 2011;81:441–449. 

 13 Johns MW: A new method for measuring 
daytime sleepiness: the Epworth sleepiness 
scale. Sleep 1991;   14:   540–545. 

 14 Aarab G, Lobbezoo F, Wicks DJ, Hamburger 
HL, Naeije M: Short-term effects of a man-
dibular advancement device on obstructive 
sleep apnoea: an open-label pilot trial. J Oral 
Rehabil 2005;   32:   564–570. 

 15 Aarab G, Lobbezoo F, Hamburger HL, Naei-
je M: Effects of an oral appliance with differ-
ent mandibular protrusion positions at a 
constant vertical dimension on obstructive 
sleep apnoea. Clin Oral Invest 2010;   14:   339–
345. 

 16 Rechtschaffen A, Kales A: A Manual of
Standardized Terminology, Techniques and 
Scoring Systems for Sleep Stages of Human 
Subjects. Los Angeles, Brain Information 
Service/Brain Research Institute, UCLA, 
1968. 

 17 Aarab G, Lobbezoo F, Hamburger HL, Naei-
je M: Variability in the apnea-hypopnea in-
dex and its consequences for diagnosis and 
therapy evaluation. Respiration 2009;   77:   32–
37. 

 18 Sterne JA, White IR, Carlin JB, Spratt M, 
Royston P, Kenward MG, Wood AM, Car-
penter JR: Multiple imputation for missing 
data in epidemiological and clinical re-
search: potential and pitfalls. BMJ 2009;  
 338:b2393. 

 19 van Buuren S, Boshuizen HC, Knook DL: 
Multiple imputation of missing blood pres-
sure covariates in survival analysis. Stat Med 
1999;   18:   681–694. 

 20 Zeger SL, Liang KY: Longitudinal data anal-
ysis for discrete and continuous outcomes. 
Biometrics 1986;   42:   121–130. 

 21 Little RJA, Rubin DB: Statistical Analysis 
with Missing Data. New York, John Wiley 
and Sons, 2002. 

 22 Schafer Jl: Analysis of Incomplete Multivari-
ate Data. London, Chapman and Hall, 1997. 

 23 Little RJA, Rubin DB: Statistical Analysis 
with Missing Data. New York, John Wiley 
and Sons, 1987. 

 24 Meurice JC, Paquereau J, Neau JP, Caron F, 
Dore P, Ingrand P, Patte F: Long-term evolu-
tion of daytime somnolence in patients with 
sleep apnea/hypopnea syndrome treated by 
continuous positive airway pressure. Sleep 
1997;   20:   1162–1166. 

 25 Gay P, Weaver T, Loube D, Iber C, Positive 
Airway Pressure Task Force, Standards of 
Practice Committee, American Academy of 
Sleep Medicine: Evaluation of positive air-
way pressure treatment for sleep related 
breathing disorders in adults. Sleep 2006;   29:  
 381–401. 

 26 Ghazal A, Sorichter S, Jonas I, Rose EC: A 
randomized prospective long-term study of 
two oral appliances for sleep apnoea treat-
ment. J Sleep Res 2009;   18:   321–328. 

 27 Marklund M, Sahlin C, Stenlund H, Persson 
M, Franklin KA: Mandibular advancement 
device in patients with obstructive sleep ap-
nea: long-term effects on apnea and sleep. 
Chest 2001;   120:   162–169. 

 28 Rose EC, Barthlen GM, Staats R, Jonas IE: 
Therapeutic efficacy of an oral appliance in 
the treatment of obstructive sleep apnea: a 
2-year follow-up. Am J Orthod Dentofacial 
Orthop 2002;   121:   273–279. 

 29 Walker-Engström ML, Tegelberg A, Wil-
helmsson B, Ringqvist I: 4-year follow-up of 
treatment with dental appliance or uvulopal-
atopharyngoplasty in patients with obstruc-
tive sleep apnea: a randomized study. Chest 
2002;   121:   739–746. 

 30 Young T, Peppard PE, Gottlieb DJ: Epidemi-
ology of obstructive sleep apnea: a popula-
tion health perspective. Am J Respir Crit 
Care Med 2002;   165:   1217–1239. 

 31 Pépin JL, Leger P, Veale D, Langevin B, Rob-
ert D, Lévy P: Side effects of nasal continuous 
positive airway pressure in sleep apnea syn-
drome. Study of 193 patients in two French 
sleep centers. Chest 1995;   107:   375–381. 

 32 de Almeida FR, Lowe AA, Tsuiki S, Otsuka 
R, Wong M, Fastlicht S, Ryan F: Long-term 
compliance and side effects of oral applianc-
es used for the treatment of snoring and ob-
structive sleep apnea syndrome. J Clin Sleep 
Med 2005;   1:   143–152. 

 33 Marklund M, Franklin KA: Long-term ef-
fects of mandibular repositioning appliances 
on symptoms of sleep apnoea. J Sleep Res 
2007;   16:   414–420. 

 34 Baltzan MA, Elkholi O, Wolkove N: Evi-
dence of interrelated side effects with re-
duced compliance in patients treated with 
nasal continuous positive airway pressure. 
Sleep Med 2009;   10:   198–205. 

 35 Chan AS, Lee RW, Cistulli PA: Dental appli-
ance treatment for obstructive sleep apnea. 
Chest 2007;   132:   693–699. 

  



Copyright: S. Karger AG, Basel 2011. Reproduced with the permission of S. Karger AG, Basel. Further

reproduction or distribution (electronic or otherwise) is prohibited without permission from the copyright

holder.




