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CHAPTER 7
			 
Dental side effects of  long-term obstructive 
sleep apnea therapy; a 10-year follow up 

study.

 

This chapter is based on the following 
publication:

Uniken Venema JAM, Doff MHJ, Joffe-
Sokolova DS, Wijkstra PJ, van der 
Hoeven JH, Stegenga B, et al. Dental 
side effects of long-term obstructive 
sleep apnea therapy: a 10-year  follow-
up study. Clin Oral Investig. 2020 
Sep;24(9):3069–76.
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ABSTRACT

	 OBJECTIVES
Patients with Obstructive Sleep Apnea (OSA) are usually treated with 
either Mandibular Advancement Device (MAD) or Continuous Positive 
Airway Pressure (CPAP) therapy. The objective of this study is to evaluate 
changes in dental occlusion associated with long-term MAD and CPAP 
therapy.

	 MATERIALS AND METHODS
Data from 14 OSA patients using MAD and 17 OSA patients using 
CPAP therapy were evaluated at baseline, 2-year and 10-year follow-up. 
Changes in dental occlusion were analyzed from dental plaster casts 
with a digital sliding caliper.

	 RESULTS
At 2-year follow-up, MAD therapy resulted in significant dental changes 
when compared with baseline values. In MAD therapy, overjet and overbite 
decreased with 1.1±1.8 mm and 1.1±1.2 mm respectively.  With CPAP 
therapy overjet and overbite decreased significantly with 0.2±0.5mm 
and 0.3±0.5mm, respectively. Both groups also showed significant 
changes in molar occlusion. After a 10-year follow-up, significant and 
more pronounced changes were seen in overjet and overbite. In MAD 
therapy overjet and overbite decreased with 3.5±1.5mm and 2.9±1.5mm 
respectively when compared with baseline values. In CPAP therapy overjet 
and overbite decreased with 0.7±1.5mm and 0.8±1.4mm respectively 
when compared with baseline values. 

	 CONCLUSION
This study demonstrates that MAD and CPAP therapy result in significant 
changes in dental occlusion. These changes appear progressive and 
more pronounced with MAD compared to CPAP therapy.

 



157

  7

INTRODUCTION

Obstructive Sleep Apnea (OSA) is an increasing problem in today’s society. 
OSA is a sleep related breathing disorder, characterized by repetitive 
obstructions of the upper airway during sleep. (1) It is associated with 
excessive daytime sleepiness and an increased risk of cardiovascular 
disease, but also with endothelial dysfunction and neurocognitive deficits. 
(2)

During sleep, the muscle tone of the upper airway decreases which 
may result in a collapse. A complete obstruction of the upper airway is 
labeled as an apnea and a partial obstruction for more than 10 seconds 
as a hypopnea. (3) OSA can be diagnosed in case of 5 or more apneas/
hypopneas per hour of sleep and is quantified by the Apnea-Hypopnea 
Index (AHI), as determined by polysomnography.  Based on the AHI OSA 
may be classified as mild (AHI 5-15), moderate (AHI 15-30) or severe 
(AHI >30). (4) 

Treatment of OSA depends mainly on the severity of the disease and 
symptoms as well as the patient’s preference. In addition, anatomical 
characteristics and health status are important factors that should be 
contemplated when selecting the appropriate treatment modality. 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 as primary intervention. Other 
treatment modalities include lifestyle changes and upper airway surgery. 
(3, 5, 6) 

A MAD acts by advancing the mandible in a more forward and downward 
position, thereby reducing upper airway collapsibility. It improves upper 
airway patency by pulling the tongue base, epiglottis and soft palate 
forward and by stimulating upper airway musculature. (7) MAD’s are 
especially effective in patients with mild to moderate OSA. (8)

CPAP acts by means of continuous positive airway pressure, which is 
applied through a nasal, mouth or facemask. As a result of this continuous 
positive airway pressure, the airway is restored and obstructive breathing 
events are reduced. CPAP is very effective in patients with moderate 
to severe OSA, but can be complicated by suboptimal acceptance and 
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compliance in a substantial degree of patients. (6, 9)

With both therapies mild and transient side effects occur. The MAD 
may cause tooth pain, myofascial pain, temporomandibular joint pain, 
excessive salivation, a dry mouth or gum irritation. (10-12) Long-term 
MAD use results in dental changes, including a decrease in overbite 
and overjet. Secondly the anterior-posterior distance and the number 
of occlusal contact points decreases with MAD therapy. Besides, 
craniofacial changes and temporomandibular dysfunction are associated 
with MAD treatment. Craniofacial changes result in an increased lower 
and total anterior facial height and downward rotation of the mandible. 
Temporomandibular dysfunction results in temporomandibular joint 
pain, temporomandibular joint sounds and myofascial pain. (13, 14) 
No differences in terms of bite changes have been observed between 
younger persons and elderly. (15)

Mild and transient side effects with CPAP therapy include nasal 
congestion, rhinorrhea, eye irritation, and a sense of suffocation. (16) 
Long-term CPAP use may also result in dental changes, such as a 
decrease in overbite and overjet. (17-19) In addition, CPAP may result 
in a decrease in intermaxillay relationship, a retrusion with retroclination 
of the maxillary frontal teeth and a setback of supramentale and chin 
position with a decrease of facial convexity. (20) These changes are less 
pronounced when compared to MAD. (19)

Previous studies have evaluated the progression of dental changes with 
MAD treatment over time. (21) However, to date studies comparing dental 
side effects following 10 years of MAD and CPAP therapy are lacking. It 
is unknown to what extent MAD and CPAP cause dental side effects after 
a decade of treatment and whether these changes are progressive over 
time. This study aims to evaluate changes in dental occlusion, which are 
associated with long-term MAD and CPAP therapy.
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MATERIALS AND METHODS

	 PATIENT SELECTION
Participants were recruited from a randomized controlled trial, which 
was previously conducted and reported in two separate publications 
(ISRCTN18174167) (5, 6). 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 cross-sectional study 103 patients were selected. At baseline 
patients were randomly allocated to MAD or CPAP therapy (Supplement). 

	 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 patient’s 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 the 
range from central relation to the patient’s maximal 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 mandibular protrusion and 
vertical dimension of the oral appliance was kept constant during the 
further follow-up period.

After CPAP-titration, all patients received a similar CPAP device (Breas® 
PV10, Mölnlycke, Sweden). 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 therapy if 
necessary. When OSA symptomatology was improved or when the patient 
did not tolerate further pressure adjustments, a second evaluation was 
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performed (i.e. a polysomnography, 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 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. (5) The therapeutic use was discussed with the patient at each 
checkup. All patients included for analyses in the present study met this 
compliance criterion.

During follow-up, patients were subjected to a regular yearly checkup 
and were encouraged to contact our clinic when problems were faced 
concerning their OSA treatment. Besides patients were asked about 
their opinion on their teeth and possible dental side effects. No specific 
questionnaire was used. 

	 STUDY MODEL ANALYSIS
At baseline, 2-year and at the 10-year follow-up, dental plaster models 
were obtained from all patients to determine changes in dental occlusion. 
The intermaxillary relationship between the arches was recorded with 
vinyl polysiloxan registration material Exabite II NDSTM (GC America 
Inc, Alsip, Il, USA) in maximal occlusion. 

Measurements were obtained clinically (mandibular protrusion) and on 
the dental plaster casts by means of a 0.01mm resolution digital sliding 
caliper. All measurements were performed twice by the same observer 
who was blinded for the patient’s treatment. For continuous variables, 
the mean of both measurements was used for further analysis. 

Anterior overjet and overbite were measured at the maxillary central 
incisors. Overjet was measured as the horizontal distance, of the mesial 
end of the incisal edge of the upper central incisor to the labial plane 
of the lower central incisor. The overbite was measured as the vertical 
distance, of the incisal edge of the lower central incisor to the incisal 
edge of the labial plane of the upper central incisor. Delta overjet and 
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overbite were calculated as the difference between pre-treatment and 2- 
or 10-year follow-up models. Negative values were related to a reduction 
of overjet and overbite and positive values to an increase. 

Angle classification was identified at the left and right cuspids and first 
molars of the maxilla and mandible. When cuspids or first molars were 
missing or damaged, outcomes were listed as indefinable.  Class I was 
identified as neutro-occlusion, class II as disto-occlusion and class III 
as mesio-occlusion. Differences in Angle classification between pre-
treatment and 2- or 10-year follow-up models were listed as a mesial or 
distal shift in occlusion. 

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

At 2-year follow-up 29 MAD and 37 CPAP patients were analyzed and 
included in the study by Doff et al. (6). At 10-year follow-up 18 MAD 
patients and 24 CPAP patients were still using their therapy. Eventually 
14 out of 18 MAD and 17 out of 24 CPAP patients were willing to return 
for evaluation and could subsequently be included in this 10-year follow-
up study. The mean age of the patients at baseline was 50.2 years (±8.1) 
in the MAD group and 49.4 years (±10.3) in the CPAP group (table 1). 
At 10-year follow-up 12 out of 14 (85.7) MAD patients were defined as 
successful (AHI<5 or AHI<20 with >50% reduction in AHI). One patient 
switched to CPAP therapy, yielding an AHI of 1.3. The other patient was 
diagnosed with Central Sleep Apnea Syndrome. At 10-year follow-up, 16 
out of 17 (94.1%) CPAP patients were defined as successfully treated. 
The mean AHI in both groups dropped significantly between baseline and 
10-year follow-up. The AHI dropped from 31.7±20.6 to 9.9±19.3 in the 
MAD group and from 49.2±26.1 to 3.4±5.4 in the CPAP group (table 1). 
When evaluating therapeutic use of the appliances, no significant 
differences were found at the 2-year follow-up. Both devices were used 
on average 7 days a week and 7 hours a night. At 10-year follow-up 
a significant difference (p<0.05) was found between the hours/night 
use of the appliances. The MAD was used 7.8±0.9 hours/night and the 
CPAP was used 6.8±0.9 hours/night. The mean mandibular protrusion 
of the mandible in the MAD group was 83.1±22.2 percent of maximum 
mandibular protrusion (table 1).

	 STUDY MODEL ANALYSIS
When evaluating the number of present teeth, no significant differences 
were found between the 0 and 10-year follow-up in each group or 
between the MAD and CPAP group. However, the delta overbite and 
delta overjet did differ significantly between the 2- and 10-year follow-
up in each treatment group and between the treatment groups (table 1, 
figure 1-4). When evaluating the delta overbite, there was a tendency 
towards the occurrence of an open bite, especially in the MAD treatment 
group. The overbite in the MAD group reduced on average 2.9 ±1.5 mm in 
10-years. In the CPAP group the reduction in overbite was 0.8±1.4 mm in 
10-years. These values differed significantly (p<0.05). When evaluating 
the delta overjet, there was a tendency towards a reduction of the overjet 
to a mesio-occlusion. The overjet in the MAD group reduced on average 
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3.5±1.5 mm in 10-years. In the CPAP group the reduction was 0.7±1.5 
mm in 10-years. These values also differed significantly (p<0.05). 

Table 1: Baseline characteristics, therapeutic use, and cast analysis of patients 
who completed the 10-year follow-up

Abbreviations: MAD= Mandibular Advancement Device, CPAP= Continuous Positive Airway Pressure
1= independent samples T-test, 2= oneway ANOVA
Values are means ± standard deviations 
Therapy frequency is determined as a self-reported questionnaire 
Underlined values Significant differences calculated, compared to baseline (p<0.05)
* Significant differences calculated; MAD compared to CPAP (p<0.05)

Variable Baseline 2-year follow-up 10-year follow-up

MAD CPAP MAD CPAP MAD CPAP

Male/female ratio 12/2 17/0

Age (years) 61±8 59±10

Follow-up (years) 2.3±0.2 2.4±0.3 10.0 ± 0.6 10.3 ± 0.6

Apnea Hypoapnea 
Index (events/hr)

31.7±20.6 49.2±26.1 2.7±3.2* 0.47±1.1* 9.9±10.3 * 3.4±5.4 *

Body Mass Index (kg/
m2)

32.4±6.6 33.2±3.6 32.1±6.6 33.9±4.2 31.3±5.9 32.5±4.8

Neck circumference 
(cm)

43.6±3.7 44.6±3.2 42.9±3.7 44.6±2.6 43.8±3.8 44.4±2.8

Therapy Frequency 
nights/week

6.9±0.4 7.0±0.0 6.6±1.0 7.0±0.0

Therapy Frequency 
hours/night

7.1±0.7 6.5±0.9 7.8±0.9* 6.8±0.9*

Number of teeth Up-
per Arch

13.0±1.5 13.7±1.3 12.5±2.1 13.3±1.4

Number of teeth Low-
er Arch

13.3±1.4 13.1±1.0 13.1±1.3 12.6±1.8

Overjet (mm) 4.8±2.3 4.2±2.3 3.7±3.0 3.9±2.3 1.3±3.1* 3.5±2.1*
Delta Overjet (mm)
0 to 2-year and 0 to 
10-year follow-up

-1.1±1.8 -0.2±0.5 -3.5±1.5* -0.7±1.5*

Overbite (mm) 4.2±2.4 3.9±2.0 3.0±2.7 3.6±1.9 1.3±2.2 2.9±2.4
Delta Overbite (mm)
0 to 2-year and 0 to 
10-year follow-up

-1.1±1.2* -0.3±0.5* -2.9±1.5* -0.8±1.4*

Percentage of maxi-
mal protrusion (%)

84.3±22.5
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Figure 1: Overjet of MAD (Mandibular 
Advancement Device) and CPAP 
(Continuous Positive Airway Pressure) 
treatment at baseline 2-year and 10-
year follow-up

 

 
Figure 3: Delta Overjet of MAD 
(Mandibular Advancement Device) 
and CPAP (Continuous Positive Airway 
Pressure) treatment 

Figure 2: Overbite of MAD (Mandibular 
Advancement Device) and CPAP 
(Continuous Positive Airway Pressure) 
treatment at baseline 2-year and 10-
year follow-up

 

Figure 4: Delta Overbite of MAD 
(Mandibular Advancement Device) 
and CPAP (Continuous Positive Airway 
Pressure) treatment 

In the MAD group the Angle Classification of the teeth in the cuspid 
region at 10-year follow-up could be determined in 12 patients on the left 
side and in 8 patients on the right side. In 12 out of 12 on the left side 
and 6 out of 8 on the right side, the Angle Classification did change in the 
MAD group. In the CPAP group the Angle Classification of the teeth in 
the cuspid region at 1-year follow-up could be determined in 14 patients 
on the left side and 11 patients on the right side. In 8 out of 14 on the left 
side and 6 out of 11 on the right side, the Angle Classification did change 
in CPAP group. The proportion of Angle class III cases increased in both 
treatment groups over time (table 2a+2b).
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Table 2a: Cuspid occlusion at baseline and follow-up, MAD group

Table 2b: Cuspid occlusion at baseline and follow-up, CPAP group 

In the MAD group the Angle Classification of the teeth in (pre)molar region 
at 10-year follow-up could be determined in 8 patients on the left side and 
8 patients on the right side. In 6 out of 8 on the left side and 7 out of 8 
on the right side, the Angle Classification did change in MAD group. In 
CPAP group the Angle Classification of the teeth in (pre)molar region at 
10-year follow-up could be determined in 10 patients on the left side and 
7 patients on the right side. In 5 out of 10 on the left side and 4 out of 7 
on the right side, the Angle Classification did change in CPAP group. The 
proportion of Angle class III cases increased over time, especially in the 
MAD group (table 3a+3b). 

Angle 

classification

Mandibular Advancement Device (MAD) group
Right side cuspid occlusion Left side cuspid occlusion
Baseline

n=14

2-year 

follow-up

n=14

10-year 

follow-up

n=14

Un-

changed

n=5

Baseline

n=14

2-year 

follow-up

n=14

10-year 

follow-up

n=14

Un-

changed 

n=1
Class I 1 1 1 0 4 1 3 0

Class II 8 9 4 2 7 8 6 0

Class III 0 1 3 0 0 0 3 0

Indefinable 5 3 6 3 3 5 2 1

Angle 

classification

Continuous Positive Airway Pressure (CPAP) group
Right side cuspid occlusion Left side cuspid occlusion
Baseline

n=17

2-year 

follow-up

n=17

10-year 

follow-up

n=17

Un-

changed

n=10

Baseline

n=17

2-year 

follow-up

n=17

10-year 

follow-up

n=17

Un-

changed 

n=7
Class I 3 3 3 2 5 3 6 2

Class II 6 6 8 3 10 10 6 4

Class III 0 0 0 0 0 0 2 0

Indefinable 8 8 6 5 2 4 3 1
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Table 3a: Molar occlusion at baseline and follow-up, MAD group 

Table 3b: Molar occlusion at baseline and follow-up, CPAP group 

Angle 

classification

Mandibular Advancement Device (MAD) group
Right side (pre)molar occlusion Left side (pre)molar occlusion
Baseline

n=14

2-year 

follow-up

n=14

10-year 

follow-up

n=14

Un-

changed

n=3

Baseline

n=14

2-year 

follow-up

n=14

10-year 

follow-up

n=14

Un-

changed 

n=4
Class I 0 2 2 0 1 1 1 0

Class II 9 9 2 1 8 9 4 2

Class III 0 1 4 0 0 1 3 0

Indefinable 5 2 6 2 5 3 6 2

Angle 

classification

Continuous Positive Airway Pressure (CPAP) group
Right side (pre)molar occlusion Left side (pre)molar occlusion
Baseline

n=17

2-year 

follow-up

n=17

10-year 

follow-up

n=17

Un-

changed

n=10

Baseline

n=17

2-year 

follow-up

n=17

10-year 

follow-up

n=17

Un-

changed 

n=8
Class I 1 2 0 0 2 3 1 1

Class II 7 6 7 3 6 8 7 4

Class III 1 1 0 0 0 0 2 0

Indefinable 8 8 10 7 9 6 7 3
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DISCUSSION

This study compared the dental side effects of two major OSA therapies 
after a decade of treatment. To date no studies have been published 
regarding the development of dental side effects comparing MAD and 
CPAP therapy over a 10-year treatment period. From earlier performed 
research it is known that CPAP, but especially MAD therapy may result in 
dental side effects. (17-19, 22) However, it is unknown whether these side 
effects are progressive over time with both treatments. Because MAD 
and CPAP therapy are considered a life-long requisite, attention must 
be paid to their dental side effects. In this study the cast models of MAD 
and CPAP patients were evaluated at baseline, 2-years and 10-years 
follow-up. It was observed that both MAD and CPAP therapy resulted 
in significant dental changes with long-term use. However, the dental 
changes in the CPAP group were less pronounced when compared with 
the MAD group. In addition, the dental changes in both treatment groups 
were progressive over time. 

Inter-individual treatment variations are likely to occur in a 10-year follow-
up study. In this study, the margin of inter-individual error was maintained 
as small as possible by treating all patients in this cohort by the same 
clinician. Furthermore, all measurements were done by a skilled and 
trained professional blinded for the treatment assignment. 

One of the inclusion criteria was to use the appliance at least 5 days 
a week and 5 hours a night. This results in a treatment group of highly 
compliant patients. The average treatment use in this study was 7 days 
per week for the MAD and CPAP group, 8 hours per night for the MAD 
group and 7 hours per night for the CPAP group. It could be suggested that 
highly compliant patients, such as the patients in this treatment group, 
also display more side effects. It must however be noted that patients on 
average did not grade the dental side effects as negative or disturbing. 
Patients whom are less compliant are possibly less susceptible to dental 
changes but are more likely to experience continued OSA symptomatology 
due to a suboptimal therapeutic effect.

When evaluating the delta overbite and overjet, it was notable that over 
time, there was a reduction of both with a tendency towards an Angle 
class III, sometimes resulting in an end-to-end frontal occlusion. (17, 18, 
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23, 24) This difference was especially prominent in the MAD treatment 
group. The reduction in overbite and overjet in the MAD group probably 
resulted from the pressure, transferred by the appliance. The maxillary 
incisors were subjected to a palatal directed force and the mandibular 
incisors were subjected to a labial directed force. Because of these 
forces, there was a tendency towards an anterior open bite. However, 
in the CPAP group there was also a significant reduction of the overbite 
and overjet. (20) This reduction may occur as a result of pressure of 
the (nasal) mask on the frontal part of the maxilla, which may result in 
a more palatal inclination of the maxillary incisors. Previous research 
regarding natural movement of teeth and change of overbite and overjet 
over time showed that in general population there are changes, however 
they are insignificant. (25) This suggests that, in this study, the changes 
in both groups are a result of the therapy. Besides, a posterior open bite 
was observed in many of the patients in both the CPAP and MAD group. 
Quantification of changes in posterior support was however difficult since 
in many patients a determination of the number of posterior contact points 
was not reliable at every time-point. For this reason, statistics in these 
parameters were not included in the analyses of the present study. When 
evaluating the difference in delta overbite and overjet it was notable that 
in some patients these changes are larger than in other patients. This 
could possibly be explained by the position of the mandible. Previous 
research regarding dental changes in MAD treatment showed that the 
higher the percentage of mandibular protrusion the larger the changes. (7, 
26) Besides it is hypothesized that changes will be larger in patients, who 
have fewer teeth and reduced periodontal and dental health. However, 
from this study this cannot be concluded because the periodontal health 
was not scored other than the fact whether a patient was suitable or not 
for inclusion. 

Between the baseline to 2-year and the 2-year to 10-year follow-up 
the changes in dental occlusion appear to decrease in magnitude. The 
alteration in overjet and overbite therefore seems to decrease over the 
years. However, these changes are still significant. The stabilization of 
the dental side effects can be explained by the fact that most patients in 
this study did not alter the protrusion of their appliance after the 2-year 
follow-up. Besides, in a general population dental changes such as a 
reduction of overjet and overbite are also observed. (25)
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The total number of teeth per jaw was stable over the 10-year follow-
up. It was expected that patients would lose more teeth as a result of 
tooth decay or periodontal problems, especially in a group where much 
more force is applied to the teeth as a result of CPAP and especially 
MAD therapy. (27) However, there was no significant decrease in the 
number of teeth per jaw measured after a 10-year treatment period.  This 
could possibly be explained by a higher dental self-care in OSA patients 
because they are constantly faced with their dental health and repeatedly 
explained that is vital in OSA treatment.

It can be concluded that there are dental side effects associated with 
long-term MAD therapy. To keep these side effects as small as possible, 
attention must be paid to an adequate selection of suitable patients. First 
of all, attention must be paid to dental and periodontal health. Secondly, 
attention must be paid to the number of healthy teeth in each jaw (c.q. 
at least 8 teeth).  Thereby, possible dental side effects will be kept to a 
minimum. If changes are unfavorable or too prominent, an alternative 
intervention should be considered. Conversely, it should also be noted 
that CPAP therapy may also result in changes in dental occlusion. (25) 
However, these changes are less pronounced when compared to MAD 
therapy on the long-term. Attention must be paid to the clinical relevance 
of these changes. It can be concluded that patients are satisfied with 
their treatment if they complete 10-year follow-up, so the observed dental 
side effects are unlikely to be a complicating factor in daily life. Besides, 
factors such as periodontal health and vertical skeletal characteristics 
were not taken into account and could possibly be responsible for the 
observed differences. 

It can be concluded that MAD and CPAP therapy in this RCT both resulted 
in significant dental changes with long-term use. It must be kept in mind 
that OSA usually requires lifelong treatment. Therefore, it is important to 
pay attention to the possible dental side effects and to discuss this with 
the patient before initiation of therapy and at every check-up visit if these 
changes are observed.



  170

REFERENCES

1.	 Jenkinson C, Davies RJ, Mullins 
R, Stradling JR. Comparison of 
therapeutic and subtherapeutic nasal 
continuous positive airway pressure 
for obstructive sleep apnoea: a 
randomised prospective parallel 
trial. Lancet. 1999;353(9170):2100-
5.

2.	 Marin JM, Carrizo SJ, Vicente E, 
Agusti AG. Long-term cardiovascular 
outcomes in men with obstructive 
sleep apnoea-hypopnoea with or 
without treatment with continuous 
positive airway pressure: an 
observational study. Lancet. 
2005;365(9464):1046-53.

3.	 Jordan AS, McSharry DG, Malhotra 
A. Adult obstructive sleep apnoea. 
Lancet (London, England). 
2014;383(9918):736-47.

4.	 Ramar K, Dort LC, Katz SG, al. e. 
Clinical Practice Guideline for the 
Treatment of Obstructive Sleep 
Apnea and Snoring with Oral 
Appliance Therapy: An Update 
for 2015. Journal of clinical sleep 
medicine : JCSM : official publication 
of the American Academy of Sleep 
Medicine. 2015;11(7):773-827.

5.	 Hoekema A, Stegenga B, Wijkstra 
PJ, al. e. Obstructive sleep apnea 
therapy. Journal of dental research. 
2008;87(9):882-7.

6.	 Doff MH, Hoekema A, Wijkstra 
PJ, al. e. Oral appliance versus 
continuous positive airway 
pressure in obstructive sleep apnea 
syndrome: a 2-year follow-up. 
Sleep. 2013;36(9):1289-96.

7.	 Ferguson KA, Cartwright R, 
Rogers R, Schmidt-Nowara W. 
Oral appliances for snoring and 
obstructive sleep apnea: a review. 
Sleep. 2006;29(2):244-62.

8.	 Chan AS, Lee RW, Cistulli PA. 
Dental appliance treatment for 
obstructive sleep apnea. Chest. 
2007;132(2):693-9.

9.	 Sawyer AM, Gooneratne NS, 
Marcus CL, al. e. A systematic 
review of CPAP adherence across 
age groups: clinical and empiric 

insights for developing CPAP 
adherence interventions. Sleep 
medicine reviews. 2011;15(6):343-
56.

10.	Doff MH, Veldhuis SK, Hoekema 
A, Slater JJ, Wijkstra PJ, de Bont 
LG, et al. Long-term oral appliance 
therapy in obstructive sleep apnea 
syndrome: a controlled study on 
temporomandibular side effects. 
Clinical oral investigations. 
2012;16(3):689-97.

11.	 Gong X, Zhang J, Zhao Y, Gao 
X. Long-term therapeutic efficacy 
of oral appliances in treatment of 
obstructive sleep apnea-hypopnea 
syndrome. The Angle orthodontist. 
2013;83(4):653-8.

12.	Giannasi LC, Almeida FR, Magini M, 
Costa MS, de Oliveira CS, de Oliveira 
JC, et al. Systematic assessment of 
the impact of oral appliance therapy 
on the temporomandibular joint 
during treatment of obstructive sleep 
apnea: long-term evaluation. Sleep 
& breathing = Schlaf & Atmung. 
2009;13(4):375-81.

13.	Almeida FR, Lowe AA, Sung JO, 
Tsuiki S, Otsuka R. Long-term 
sequellae of oral appliance therapy 
in obstructive sleep apnea patients: 
Part 1. Cephalometric analysis. 
American journal of orthodontics 
and dentofacial orthopedics : 
official publication of the American 
Association of Orthodontists, its 
constituent societies, and the 
American Board of Orthodontics. 
2006;129(2):195-204.

14.	Doff MH, Hoekema A, Pruim GJ, 
Huddleston Slater JJ, Stegenga B. 
Long-term oral-appliance therapy 
in obstructive sleep apnea: a 
cephalometric study of craniofacial 
changes. Journal of dentistry. 
2010;38(12):1010-8.

15.	Marklund M, Franklin KA. Treatment 
of elderly patients with snoring and 
obstructive sleep apnea using a 
mandibular advancement device. 
Sleep & breathing = Schlaf & 
Atmung. 2015;19(1):403-5.

16.	Li W, Xiao L, Hu J. The comparison 
of CPAP and oral appliances in 
treatment of patients with OSA: 



171

  7

a systematic review and meta-
analysis. Respiratory care. 
2013;58(7):1184-95.

17.	Martinez-Gomis J, Willaert E, 
Nogues L, Pascual M, Somoza M, 
Monasterio C. Five years of sleep 
apnea treatment with a mandibular 
advancement device. Side effects 
and technical complications. The 
Angle orthodontist. 2010;80(1):30-
6.

18.	Almeida FR, Lowe AA, Otsuka 
R, Fastlicht S, Farbood M, Tsuiki 
S. Long-term sequellae of oral 
appliance therapy in obstructive 
sleep apnea patients: Part 2. Study-
model analysis. American journal 
of orthodontics and dentofacial 
orthopedics : official publication 
of the American Association of 
Orthodontists, its constituent 
societies, and the American Board 
of Orthodontics. 2006;129(2):205-
13.

19.	Doff MH, Finnema KJ, Hoekema A, 
Wijkstra PJ, de Bont LG, Stegenga B. 
Long-term oral appliance therapy in 
obstructive sleep apnea syndrome: 
a controlled study on dental side 
effects. Clinical oral investigations. 
2013;17(2):475-82.

20.	Tsuda H, Almeida FR, Tsuda T, 
Moritsuchi Y, Lowe AA. Craniofacial 
changes after 2 years of nasal 
continuous positive airway pressure 
use in patients with obstructive sleep 
apnea. Chest. 2010;138(4):870-4.

21.	Pliska BT, Nam H, Chen H, Lowe 
AA, Almeida FR. Obstructive sleep 
apnea and mandibular advancement 
splints: occlusal effects and 
progression of changes associated 
with a decade of treatment. Journal 
of clinical sleep medicine : JCSM : 
official publication of the American 
Academy of Sleep Medicine. 
2014;10(12):1285-91.

22.	Ueda H, Almeida FR, Lowe AA, Ruse 
ND. Changes in occlusal contact 
area during oral appliance therapy 
assessed on study models. The 
Angle orthodontist. 2008;78(5):866-
72.

23.	Ghazal A, Jonas IE, Rose EC. 
Dental side effects of mandibular 

advancement appliances - a 2-year 
follow-up. Journal of orofacial 
orthopedics = Fortschritte der 
Kieferorthopadie : Organ/official 
journal Deutsche Gesellschaft fur 
Kieferorthopadie. 2008;69(6):437-
47.

24.	Sutherland K, Vanderveken OM, 
Tsuda H, Marklund M, Gagnadoux 
F, Kushida CA, et al. Oral appliance 
treatment for obstructive sleep 
apnea: an update. Journal of 
clinical sleep medicine : JCSM : 
official publication of the American 
Academy of Sleep Medicine. 
2014;10(2):215-27.

25.	Tsiopas N, Nilner M, Bondemark 
L, Bjerklin K. A 40 years follow-
up of dental arch dimensions 
and incisor irregularity in adults. 
European journal of orthodontics. 
2013;35(2):230-5.

26.	Marklund M, Franklin KA, Persson 
M. Orthodontic side-effects of 
mandibular advancement devices 
during treatment of snoring and 
sleep apnoea. European journal of 
orthodontics. 2001;23(2):135-44.

27.	Petit FX, Pepin JL, Bettega G, 
Sadek H, Raphael B, Levy P. 
Mandibular advancement devices: 
rate of contraindications in 100 
consecutive obstructive sleep 
apnea patients. American journal 
of respiratory and critical care 
medicine. 2002;166(3):274-8.


