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Case Report

Occlusal Side Effects Caused by a Mandibular Advancement
Appliance in Patients with Obstructive Sleep Apnea

Edmund C. Rose, Dr med dent, Dr Meda; Christina Schnegelsberg, Dr Med Denta;
Richard Staats, Dr Medb; Irmtrud E. Jonas, Univ-Prof Dr Med Dentc

Abstract: Mandibular advancement appliances (MAA) have been established as an alternative treatment
option for obstructive sleep apnea (OSA). Although the therapeutic effect of these devices has been proven
both clinically and polysomnographically through various studies, there are very few follow-up examina-
tions in existence concerning possible dental side effects caused by the MAA. However, if lifelong treat-
ment of OSA is considered, these follow-up examinations are of utmost importance. This article presents
2 cases with unexpected dental side effects and occlusal alterations caused by MAA therapy. (Angle Orthod
2001;71:452–460.)
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INTRODUCTION

Obstructive sleep apnea (OSA) is caused by the periodic
reduction or cessation of breathing due to narrowing or oc-
clusion of the upper airway during sleep for which there
are different therapeutic options. Among the general mid-
dle-aged population OSA is present in 4% of men and 2%
of women.1

In terms of construction design, mandibular advancement
appliances (MAA) are predominantly derived from func-
tional orthodontic devices. Treatment with MAA is cur-
rently recommended, especially for primary snoring and a
mild-to-moderate degree of OSA, in patients for whom im-
provement of sleep hygiene and the removal of etiological
factors are not possible. MAAs are also being used in mod-
erate to severe degrees of OSA when patients refuse nasal
continuous positive airway pressure (nCPAP) therapy.

When assessing the treatment effectiveness during noc-
turnal polysomnographic registration, respiratory, somno-
graphic and subjective improvement of OSA-specific symp-
toms are considered. These are mainly excessive daytime
sleepiness, alertness and snoring. The appliance displaces
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the mandible and the neighboring soft tissues in an anterior
position during sleep. The pharyngeal space, in particular
the area of the oro- and hypopharynx is enlarged by this
protrusion and kept from nocturnal collapse. Numerous
studies have examined the initial effect on respiratory pa-
rameters of the MAA; however, there are very few long-
term studies concerning respiratory parameters and occlusal
side effects.5–7 This article reports on 2 patients who de-
veloped significant occlusal changes during treatment with
an MAA.

Mandibular Advancement Appliance

In both cases, a modified activator was used as an MAA
(Figure 1). This activator was made of acrylic and split
horizontally. Teeth in the lower jaw were covered fully by
the acrylic whereas, in the upper dentition, only the pre-
molar and molar regions were covered. In order to leave
sufficient space for the tongue, the upper anterior teeth were
left uncovered. This also allows for sufficient space for
breathing through the mouth. The construction bite for dis-
placing the mandible in the vertical and the sagittal plane
was taken individually for each patient.

Recording and Analysis

Medical evaluations of both patients were carried out at
admission and at follow-up examinations. These records
contained their medical history, a recording of the Epworth
Sleeping Scale8 (ESS) and polysomnographic analyses from
the sleep laboratory at Freiburg University Medical Hos-
pital. The ‘‘SleepLab 1000P’’ equipment (Jäger Company,
Würzburg, Germany) was used in a standard 12-channel
recording. The data was evaluated by a physician special-
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FIGURE 1. Intraoral view of the inserted activator; frontal view.

FIGURE 2. Cephalometric parameters. Reference lines: Nasion-Sel-
la line (NS), NS-perpendicular (NSp), Menton-Gonion (MeGo), and
MeGo-perpendicular (MeGop). Vertical measurements: Articular an-
gle (SarGo), Gonion angle (arGoMe), Ratio of the anterior (NMe) to
the posterior (SGo) facial height, and SNMeGo angle. Anteropos-
terior measurements: angle SNA, SNB, ANB, SN-Pog. Dental rela-
tion: Inclination of the lower incisors (L1 to MeGo), position of the
anterior teeth with respect to NPog (U1 to NPog, U1 to NPog). Po-
sition of the upper incisors to the SN-perpendicular (SNp–1s) and to
the upper molar (SNp–ms), position of the lower incisors to SNp to
incision inferior (SNP–1i) and to the lower distal molar (SNp–mi).

ized in the field of somnology. The sleep laboratory, in
accordance with the recommendations of the American
Academy of Sleep Medicine,2–9 assessed the severity of the
OSA and established the need for an MAA.

The ESS is a questionnaire that assesses the general level
of daytime sleepiness. Subjects have to rate the chances that
they would doze off or fall asleep in 8 different common
situations. A score below 7 is considered as normal.

A dental examination was carried out in the Department
of Orthodontics and involved a functional analysis10 and
panoramic and lateral cephalometric radiography in centric
occlusion. The same person traced the cephalometric radio-
graphs at different times. We used analyses based on the
Freiburg Analysis11 and a modified method by Björk.12 Sig-
nificant landmarks and lines of reference are shown in Fig-
ure 2. The cephalometric radiographs were superimposed
at the sella-nasion (SN) line. Anteroposterior measurements
were carried out referring to the SN-perpendicular (SNp)
and to the Menton-Gonion-perpendicular (MeGop).

Case 1

The sleep laboratory for treatment referred a 61-year-old
female professor with oral appliances to us. She presented
with a polysomnographic diagnosis of moderate OSA ac-
companied by bruxism events. The patient had refused
nCPAP therapy. On direct questioning, she complained of
loud snoring, arousal reactions due to apnea at night, and
pronounced daytime sleepiness with a score of 16 on the
ESS. She complained of tenderness in the temporomandib-
ular joint region caused by bruxism. Her Body Mass Index
(BMI) was 25.6 kg/m2. She did not consume alcohol on a
regular basis.

Intraoral examination revealed no need for restorative,
periodontal, or prosthetic treatment. The patient had fixed
partial dentures in the posterior region of the upper and
lower jaw. There was edema of the buccal mucosa and the
uvula was hypotonic and prolonged. The patient had a
Class II malocclusion with deep overbite; the cephalometric

analysis revealed Class II skeletal pattern. Her occlusion
was stable and she had no crossbite or forced bite. On pal-
pation, the masseter muscles and the lateral pterygoid mus-
cles were slightly tender on both sides. No clicking, lock-
ing, or crepitus could be detected in the temporomandibular
joint. The difference between postural rest position was 2
to 3 mm below and behind centric occlusion recording in
the canine area.

A modified tooth-borne activator with sagittal mandibu-
lar protrusion of 4 mm and a vertical jaw opening of 8 mm
was manufactured for the patient. According to the patient,
she wore the device continuously for 6 to 7 hours each
night. A control polysomnographic registration was carried
out 4 weeks after appliance insertion. Subjectively, the pa-
tient was content with the treatment effect at the occasion
of the follow-up examination. Although mild daytime
sleepiness remained, as documented by an ESS of 7, snor-
ing and apnea had ceased. The patient reported increasing
tenderness in the temporomandibular joint during the first
2 weeks and difficulty finding occlusion in the mornings.
By the time we did the polysomnographic follow-up, these
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TABLE 1. Case 1 Polysomnographic Data

Initial
First

Control
Second
Control

AI (hour)
RDI (hour)
Desaturation Index (hour)
O2-basal (%)
O2-min. (%)
REM (%)
S3 1 S4 (%)

8.5
23
22.3
96.8
90.7
9.4

22.2

0
1
4.8

95.9
90.0
7.2

22.7

2.2
7.2

10.5
96.0
90.4
10.6
23.4

Medical examinations were carried out before therapy (initial), after
6 weeks (first control) and 2.8 years (second control) after insertion
of the MAA. AI indicates apnea index; RDI, respiratory disturbance
index; O2-basal, basal oxygen saturation; O2-min, minimal oxygen
saturation; REM, phases of rapid eye movement sleep; S3 1 S4,
sleep stages 3 and 4 corresponding to deep sleep.

FIGURE 3. Case 1: Initial study casts. (A) Frontal view. (B) Lateral
view.

FIGURE 4. Case 1: Follow-up study casts. (A) Frontal view. (A) Lat-
eral view.

symptoms had ceased. Respiratory improvement of the re-
corded parameters and an increased amount of sleep stage
III and IV reinforced the subjectively perceived treatment
success (Table 1).

Upon her dentist’s advice, the patient returned after 2.8
years. She reported having worn the device for approxi-
mately 6 to 7 hours each night during the previous 2 years.
Due to a reduction in symptoms and a general lack of com-

plaints, she had not felt it necessary to appear at any of her
follow-up appointments. She had no daytime sleepiness
(ESS of 4) and snoring and night arousals had ceased. Tem-
poromandibular tenderness was overcome. From time to
time she still had brief difficulty finding occlusion in the
mornings. Upon clinical examination, we found an alter-
ation of the occlusion primarily in the sagittal and the trans-
verse relationship. The deep bite was raised and there was
a Class I relationship with a lateral open bite in the molar
and premolar region on both sides. Model analysis showed
a decrease in overbite from 5.8 mm to 2 mm, with the
overjet being reduced from 5.8 mm to 2.7 mm. A forward
displacement of the lower teeth of 2.8 mm in both the ca-
nine and molar regions on each side had taken place. In
order to elucidate the occlusal changes, both the pretreat-
ment and follow-up models are shown in Figures 3 A,B
and 4 A,B. Clinical examination revealed no change in the
distance between habitual occlusion and postural rest po-
sition. The mandible showed no anterior sliding action, nor
could it be forced manually into a more backward position.
Maximum jaw opening was unlimited with a value of 50
mm. There was neither clicking nor crepitus in the area of
the temporomandibular joints. Neither the masseter muscle
nor the temporal muscle was tender on palpation.
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FIGURE 5. Case 1: Lateral cephalograms. (A) Initial x-ray. (B) Follow-up x-ray after 2.8 years of MAA-treatment.

A second cephalometic analysis was carried out 2.8 years
after insertion of the MAA (Table 2)(Figure 5). Whereas
skeletal parameters were not altered substantially, the man-
dible did rotate slightly downward and backward. This can
be deduced from changes of the SNMeGo angle, articular
angle, facial height ratio, and the SNPog angle. The upper
incisors tipped lingually from 1048 to 968 in reference to
SN. The lower front teeth showed labial tipping of 58 to
the reference line Menton-Gonion (MeGo). These alter-
ations resulted in a change of the interincisal angle of 4.58
from 127.58 to 1318. Although the upper incisal point
tipped to the lingual, correlation to SNp increased by 2 mm.
Changes were minimal in the posterior region. Labial tip-
ping of the mandibular front teeth is also responsible for
the enhanced antepositioning of the lower incisors with re-
spect to NPog (L1 to NPog 4 mm) (Figure 6).

In order to reevaluate the treatment indication, we con-
ducted a control polysomnography. The therapeutic effect
of the MAA treatment was still guaranteed but was de-
creased, particularly with regard to the apnea-hypopnea in-
dex (Table 1).

At the beginning of treatment the patient had been in-

formed about the possible dental side effects caused by this
therapeutic approach. Indication for a continuation of treat-
ment continues. The patient has refused a change to n-
CPAP-therapy for the time being, due to fear of recurring
tenderness in the temporomandibular joint. For extrusion of
the posterior region, the activator was trimmed in the molar
and premolar areas. Regular recalls have been arranged
with the patient.

Case 2

A 53-year-old man complained of heavy snoring and
night arousals which were observed by his wife for many
years. Due to the noise, his wife slept in a different bed-
room. The patient had no daytime sleepiness (ESS of 6).
He was undergoing treatment for arrhythmia. His BMI was
not excessive with a value of 24.3 kg/m2. Oral examination
showed inflamed and edematously changed pharyngeal mu-
cosa. The polysomnograph findings were consistent with a
diagnosis of moderate OSA (Table 3). The patient was wary
of nCPAP therapy and elected MAA treatment.

A construction-bite revealed a sagittal mandibular pro-
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TABLE 2. Pre- and Posttreatment Data of the Roentgenocephalometric Analysis of Both Patients

Standard
Value

Case 1

Initial Control

Case 2

Initial Control

Skeletal relation-vertical

SarGo (8)
arGoMe (8)
SNMeGo (8)
Facial height ratio (%)

143 6 6
130 6 7
34
62 2 65

148
121
33
67

150
121
35
69

143
119
29
67

147
117
31
68.5

Skeletal relation-sagittal

SNA (8)
SNB (8)
ANB (8)
ind. ANB (8)
SNPog (8)

81
79
2

80

82
78
4
3.9

81

82
77
5
4.3

79

84
80
4
4.3

80

84
79
5
4.7

81.5

Metric

OK (mm)
UK (mm)
R.a. (mm)

73
46
57

73
46
57

45.5
81
61

45.5
81
61

Dental relationships

Overjet (mm)
Overbite (mm)
Interincisal angle (8)
U1 to SN (8)
L1 to MeGo (8)
U1 to NPog (mm)
L1 to NPog (mm)
SNp-Is (mm)
SNp-ms (mm)
MeGop-Ii (mm)
MeGop-mi (mm)

2
2

135
102 6 2
90 6 3

122 14
222 12

6
5.5

127.5
104
95
8.5
2.0

54
16
56.7
23.5

3
2

131
96

100
8
6

56
16.5
66
27.5

3
2

133
100
91
6
2

63
5

68
11

0
0

128.5
97

104
7
4

60
5

72
14

←

FIGURE 6. Superimpositions of the cephalometric tracing of the ini-
tial and follow-up X-ray. The superimposition on NS shows that the
upper incisors were retruded and tipped to the lingual and the man-
dible was rotated in a downward and backward direction.

TABLE 3. Case 2: Polysomnographic Data

Initial
First

Control
Second
Control

AI (/h)
RDI (/h)
Desaturation Index (/h)
O2-basal (%)
O2-min. (%)
REM (%)
S3 1 S4 (%)

5.8
20
19.6
95.5
93.1
8.0

18.9

3
4.1
7.2

95.1
90.8
5.2

29.4

1.2
7.5

11.2
94.3
92.8
8.4

23.6

Medical examinations were carried out at the following times: be-
fore treatment (initial), 8 weeks (first control) and 2.4 years (second
control) after insertion of the MAA. AI indicates apnea index; RDI,
respiratory disturbance index; O02-basal, basal oxygen saturation;
O2-min, minimal oxygen saturation; REM, rapid eye movement; S3
1 S4, sleep stages 3 and 4 corresponding to deep sleep.
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FIGURE 7. Case 2: Initial study casts. (A) Frontal view. (A) Lateral
view.

FIGURE 8. Case 2: Follow-up study casts. (A) Frontal view. (A) Lat-
eral view.

trusion of 5.5 mm and a vertical opening of 10 mm. Two
months after the MAA was inserted he returned to the sleep
laboratory for a control polysomnography which revealed
a relatively well-adjusted OSA (Table 3). Snoring was es-
sentially reduced, so that he and his wife could again share
the same bedroom. Treatment with the MAA continued.
The patient did not return for follow-up appointments.

After 2.3 years, the patient returned complaining of new
increased snoring, particularly when sleeping on his back.
His wife had not observed any more night arousals. No
temporomandibular joint symptoms were present. BMI had
increased slightly to 25.2 kg/m2. The patient underwent po-
lysomnography in the sleep laboratory once more with the
intraoral device in place. Respiratory parameters were sub-
stantially reduced compared to baseline results. The thera-
peutic effect had, however, deteriorated in relation to the
initial clinical findings; in particular, the desaturation and
apnea-hypopnea index had increased (Table 3).

We discovered both a lateral open bite and a displace-
ment of the bite in this case. The front teeth were positioned
in an edge-to-edge-relationship. The patient himself was not
aware of these changes and continued to feel fine. Overjet
was reduced by 2.8 mm, the overbite by 2.3 mm. Measur-

ing in the canine region, a 2 mm mesial displacement of
the lower dentition in the sagittal plane could be diagnosed
on both sides (Figures 7A,B and 8 A,B).

Changes similar to those seen in Case 1, were found by
roentgenocephalometric analysis (Table 2). There was a dis-
crete downward and backward rotation of the mandible,
with an increase in the facial height ratio and the SNMeGo
angle. Clinical dental findings showed a change in overbite.
The upper incisors had tipped to the lingual (U1 to SN 238)
and the lower front teeth had tipped to the labial (L1 to
MeGo 1138). Overbite was reduced from 2 mm to 0 mm
and the overjet from 3 mm to 0 mm (Figures 9A, B and
Figure 10).

The patient was informed about the occlusal alterations
but still refused nCPAP therapy. Due to the dental changes
and the simultaneous tendency of worsening in the respi-
ratory parameters, further close follow-up appointments
have been arranged with the patient.

DISCUSSION

Oral protrusion appliances have been established since
the mid-1980s as a form of treatment for obstructive sleep
disorders.4,13–15 The effectiveness of this therapeutic ap-
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FIGURE 9. Case 2: Lateral cephalograms. (A) Initial x-ray. (B) Follow-up x-ray after 2.4 years of MAA-treatment with the MAA.

proach has been assessed in numerous studies.3,7,13,16–18 The
initial effect of the devices that were applied in our two
case reports has been verified by means of polysomnogra-
phy. There was a tendency for a decrease in effectiveness
of the MAA at the second control polysomnography taking
place after 2.3 and 2.8 years, respectively, as compared to
the initial results. However, the therapeutic effect was still
sufficient, even if limited. One major risk factor of OSA is
the body mass. Both patients were relatively thin with a
BMI of less than 25 kg/m2. Since many patients tend to
gain weight over time, a further lessening of the treatment’s
effect might be expected. Within this context we must con-
sider whether MAA treatment can be carried out on a life-
long basis or whether it should be used only as a transi-
tional treatment in preparation for nCPAP-therapy.

In terms of their design, MAA are derived historically
from functional orthodontic appliances since they move the
mandible into a protruded and fixed position. Functional
orthodontic appliances are used to treat skeletal and dental
changes in all three dimensions. Skeletal changes, particu-
larly in the temporomandibular joint region, are not to be
expected once condylar growth has stopped in adults. For
this reason functional appliances are also used for retention

after orthodontic treatment. Apart from skeletal effects,
these devices have also shown dental effects. The transition
of the force on the teeth can be minimized in these cases
by covering the teeth, especially the occlusal surface, with
acrylic.

Roentgenocephalometric studies before and 2 years after
treatment with an intraoral device identified few skeletal
changes,19 particularly in the position of the mandible. So
far, the dental side effects of MAA have been described as
minor.7 Only in the case report study of Panula and Keski-
Nisula6 have irreversible changes in the occlusion been re-
ported. Similar changes occurred in our cases presented
herein.

In order to achieve sufficient opening of the pharyngeal
space, we used devices with a sagittal mandibular protru-
sion of one-half to three-fourths premolar width and a ver-
tical opening of 8 to 10 mm. This substantial advancement
of the mandible evokes reciprocal forces that are transferred
onto the teeth. Because of muscular activation, tenderness
is often felt at the beginning of treatment in the masticatory
muscle. These findings appear in general during the adap-
tation period. In addition, retruding forces act on the upper
front teeth and protruding forces on the lower front teeth.
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FIGURE 10. Superimposition of the cephalometric tracing of the ini-
tial and control x-ray. The superimposition on NS reveals that the
upper incisors were retruded and tipped lingually. The mandible un-
derwent a downward and backward rotation.

This results in lingual tipping of the upper incisors and in
a reciprocal labial movement of the lower incisors.

The bite was raised in both of our cases and the mandible
underwent a backward rotation. This effect can be derived
from changes in the SNMeGo angle, the sum angle, and an
increase in the facial height ratio and the SNPog angle.
Since the premolars and molars did not erupt, a lateral open
bite manifested. No further differential diagnostics such as
magnetic resonance tomography (MRT) have been carried
out on the patients. It remains speculative as to what extent
changes were triggered by direct osseous adaptation in the
temporomandibular region.

To what extent an initially existing posterior functional
shift of the mandible, accompanied by condylar compres-
sion, was present in the first case cannot be determined in
retrospect. However, improvement in the temporomandib-
ular joint symptoms at follow-up indicates that such chang-
es did indeed occur.

The incidence of OSA increases with age, thus peri-
odontal disorders and sufficient anchorage of the device
must be considered before deciding upon treatment with
MAA. After the sleep laboratory has determined the med-
ical indication for MAA treatment, somnographic control
examinations are regarded as a standard means of assessing

treatment effects. As demonstrated by our case reports, the
patient must be carefully monitored through regular follow-
up visits in order to recognize eventual dental and occlusal
changes within the stomatognathic system as early as pos-
sible.

Final Evaluation

In summary, these cases prove that patients have to be
informed about possible dental side effects resulting in sub-
stantial occlusal disorders. If side effects occur, continua-
tion of treatment must be reevaluated by the patient and the
somnologists in charge. For overall evaluation of the effi-
cacy of OSA treatment with MAA, further studies concern-
ing the long-term effects of the appliance on both respira-
tory parameters and dentition are essential.
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