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A follow-up study of dental and skeletal
changes associated with mandibular
advancement splint use in obstructive
sleep apnea
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Introduction: Mandibular advancement splints (MAS) are a recognized therapeutic option in the treatment
of obstructive sleep apnea (OSA). This study aimed to investigate side effects and possible changes in the
dentofacial complex associated with long term use of MAS. Methods: The sample included 64 patients with
OSA who had been using MAS on average for 25.1 � 11.8 months (range, 10.7-64.5 months). A specifically
designed questionnaire was used to investigate the patients’ self-assessment of the side effects of wearing
MAS; cephalometric analyses and dental cast measurements were conducted to identify objectively dental
and skeletal changes caused by MAS over time. Results: The most commonly reported side effects were jaw
discomfort, tooth tenderness, excessive salivation, and dry mouth. Subjectively, snoring improved in 56
patients (88%), and daytime sleepiness (Epworth sleepiness scale) scores significantly decreased from
pretreatment to follow-up (11.4-7.1, P �.001). Small subjective occlusal changes were experienced by 8
patients (12.5%). Reductions in overbite (�0.3 � 0.08 mm, P �.01) and overjet (�0.2 � 0.06 mm, P �.05)
were found, and cephalometric analysis showed statistically significant but clinically insignificant changes
limited to anterior movement of the mandibular incisors (0.5 � 0.12 mm, P �.001). Conclusions: Side effects
of MAS use over long periods are common but mild and well tolerated by most patients, and dentofacial

changes are negligible. (Am J Orthod Dentofacial Orthop 2007;132:806-14)
Mandibular advancement splints (MAS) have
been reported to be an effective treatment
option for common upper airway disorders

such as snoring and obstructive sleep apnea (OSA).1

MAS therapy has gained increasing popularity over
other treatment methods such as continuous positive
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airway pressure and surgical procedures because of its
high acceptance, noninvasiveness, cost effectiveness,
and increased patient compliance.2 The efficacy of oral
appliances in OSA was shown by improvements in
sleep-related parameters, such as apnea and hypopnoea
frequency and duration, arousal frequency, and oxygen
saturation.3 However, little is known about the exact
mechanism of their effect. These oral appliances hold
the mandible in a forward position, changing the
dimensions of the upper airway, including the hypo-
pharynx, the oropharynx, and the nasopharynx. This
action improves upper airway patency and reduces its
collapsibility.4 It has been suggested that MAS therapy
increases the passive muscle tension in the pharyngeal
wall, thereby reducing the vibration of the soft tissues
and the turbulent airflow.5

There are many MAS designs with variable effica-
cies. Most MAS are modified functional appliances
used routinely in orthopedic treatment for growth
modification in children and adolescents. The usual
method of securing the MAS to provide mandibular
protrusion is full-arch occlusal coverage with acrylic.

Appliances can be 1 piece or 2 piece and might include
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clasps for retention.6 Some designs enable adjustments,
and the activation ranges from opening 2 to 9 mm
vertically and advancing 3 to 16 mm sagittally.7

Dental and bony changes with the use of functional
appliances in growing patients are well documented.8,9

Mandibular unit length increases, restriction of forward
maxillary growth, retroclination of the maxillary inci-
sors, and proclination of the mandibular incisors have
been reported with appliances resembling MAS de-
signed for full-time wear during growth.10 However,
MAS are prescribed for OSA in adults for use during
sleep only, and dental and skeletal changes are unde-
sirable. Considering the chronic nature of OSA and
consequent length of time of MAS wear, published data
are limited on dentofacial changes and side effects
associated with long-term MAS use.

Excessive salivation and transient discomfort for a
brief time after awakening are commonly reported with
initial use and might prevent early acceptance of an oral
appliance.11 Temporomandibular joint (TMJ) discom-
fort, occlusal changes, mouth dryness, gum irritation,
and headaches are other side effects that were investi-
gated.12,13 Dental and skeletal changes associated with
MAS use were evaluated with cephalometric analysis
in 100 patients by Robertson14 and in 30 patients by
Bondemark and Lindman.13 The authors of both studies
found significant changes in dental relationships and in
the position or size of the mandible. The aim of our
study was to investigate the long-term effects of MAS
for the treatment of OSA on the dentition and bony
structures and other side effects affecting MAS use.

MATERIAL AND METHODS

The sample included 64 patients (50 men, 14

Table I. Relative frequency distribution (patients’ perc
symptoms and side effects of patients with OSA (n �

Side effect

Severity

Mild Moderate Severe Rarely

Jaw discomfort 75 21 4 25
Jaw joint pain 67 20 13 47
Tooth tenderness 79 14 7 21
Excessive salivation 69 31 0 21
Dry mouth 66 30 4 33
Teeth grinding 60 40 0 22
Gum irritation 80 10 10 70
Jaw joint noises 37 63 0 25
Headaches 50 40 10 60
Bite N/A N/A N/A N/A
MAS fit N/A N/A N/A N/A

N/A, Not applicable.
women) recruited from the patient data bank at a
multidisciplinary sleep disorders clinic in St George
University Hospital. All patients had been assessed by
a respiratory physician and an orthodontist associated
with the sleep disorders clinic and had been prescribed
MAS for their OSA. A selection criterion for this
follow-up study was the issue of a MAS at least 6
months before the study. Overnight polysomnography
was undertaken before treatment with a MAS (T1) to
confirm the degree of severity of the OSA and again
after acclimatization (T2) to assess MAS efficacy.
Patients received a questionnaire and were contacted as
soon as practicable for a clinical and radiographic
examination. The study was approved by the institu-
tional ethics committee, and written informed consent
was obtained from all patients.

All patients used the same appliance: a unique
2-piece acrylic design, as described previously by
Mehta et al,1 providing full occlusal coverage and a
screw device to titrate the advancement. The efficacy of
this appliance was demonstrated in a randomized con-
trolled study with rigorous criteria for treatment suc-
cess.1 Significant improvements in sleep parameters were
found compared with inactive control devices. The apnea/
hypopnea index (AHI, number of apneas and hypopneas
per hour of sleep) more than halved on average, and
minimum oxyhemoglobin saturation (minSaO2) levels
increased on average from 87% to 91%.

A custom questionnaire was mailed to each patient
to obtain subjective ratings of overall satisfaction with
the MAS, treatment compliance, appliance fracture,
and the severity and frequency of various side effects
associated with its use (Table I). The severity of a side
effect was rated as mild, moderate, or severe. The

es) of ratings of severity, frequency, and changes in
0 men)

ency Changes

times Often Better None Worse Never a problem

7 18 11 34 22 33
3 20 9 38 15 38
1 18 9 30 23 38
8 21 13 30 25 32
8 19 22 34 17 27
4 14 19 36 3 42
0 20 6 28 6 60
3 12 9 25 2 64
0 0 13 27 5 55
A N/A 10 53 20 17
A N/A 17 28 16 39
entag
64; 5

Frequ

Some

5
3
6
5
4
6
1
6
4

N/
N/
frequency of a side effect was rated as rarely, some-
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times, or often. The patients were asked to consult their
bed partner when responding to the questions.

The questionnaire was collected and followed by a
clinical examination (T3), consisting of medical and
dental histories, anthropometric measurements, ex-
traoral and intraoral examinations, and evaluations of
mandibular and TMJ function. Anthropometric mea-
surements included neck circumference at the cricothy-
roid cartilage, and height and weight measurements to
calculate body mass index. These measurements were
compared with data taken at T1. The extraoral exami-
nation was carried out by 1 operator (R.J.H.), assessing
the TMJ as outlined by Zarb and Carlsson.15 A history
of pain and joint noises was included followed by
palpation of the joint and the muscles of mastication
according to the method of Okeson.16 The intraoral
examination included identification of discrepancy be-
tween centric relation and centric occlusion, maximum
opening, protrusion, and left and right lateral move-
ments.17 The patient’s functional evaluation was graded
by using the clinical dysfunction (Di) and anamnestic
dysfunction (Ai) indexes and the index for occlusal
state (Oi) according to Helkimo.18 In addition, a mea-
sure was taken of the vertical opening of the incisal
edges and the overjet with the MAS in place with a dial
caliper, to the closest 0.05 mm (Mitutoyo, Kanagawa,
Japan). The caliper was also used to measure mandib-
ular protrusion (MAS Pro) and maximum protrusion
(Mx MAS Pro) with the MAS in place. Alginate
impressions and a centric relation wax bite were taken
to produce dental study models.

Dental measurements obtained from the dental study
models were compared with T1 measurements in a subset
of patients whose T1 records were available. These
measurements included overjet (OJ), overbite, maxillary
arch length, and mandibular arch length. The vertical
distance from centric relation was calculated as the sum of
the overbite and the vertical distance between the incisors
with the MAS in place. The percentage of maximal
protrusion from centric relation (% Max Pro) provided by
the MAS was calculated by the following formula:

% Max Pro �
MAS Pro � OJ

Mx MAS Pro � OJ
� 100

Lateral cephalometric radiographs were taken of each
patient in centric occlusion at T1 and T3 in natural head
position with a barium mouthwash with Orthoralix SD
(Phillips, Monza, Italy). All radiographs were traced by
1 operator (R.J.H.) and digitized using Image Pro/
Quick Ceph 2000 (Quick Ceph Systems, San Diego,
Calif).
The cephalometric analysis was based on the meth-
ods described by Pancherz19 and Forsberg et al.20

Sagittal changes were measured parallel to occlusal
plane (Fig 1). Vertical changes were measured parallel
to the line perpendicular to the constructed plane 7°
with NS line (Fig 2). Soft-tissue and angular measure-
ments are detailed in Figure 3.

Overnight polysomnographs were recorded for all
patients at T1 and for 95% of the patients at T2.
Variables were recorded continuously on a 20-channel
computerized sleep monitoring system (Compumedics,
Victoria, Australia). Calculated respiratory variables
were AHI and minSaO2. Follow-up sleep studies (T3)
were performed on a smaller subset of patients with a
portable sleep study machine (Autoset Portable II;
ResMed, Ryde, Australia). Air pressure through a nasal
cannula and percutaneous oxygen saturation levels
through a noninvasive finger probe were measured, and
AHI and minSaO2 calculated.

Statistical analysis

The data were compiled and analyzed by using
statistical analysis software (version 8; SPSS, Chicago,
Ill). The data are expressed as means and standard

Fig 1. Cephalometric linear measurements indicating
sagittal changes.
deviations at T1, and means and standard errors of the
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differences at T3. Pretreatment vs recall values for the
anthropometric, dental study model, and cephalometric
measures were compared by using paired t tests. A
repeated measures analysis of variance (ANOVA) for
AHI, minSaO2, and the Epworth sleepiness scale
(ESS), with the 3 time points as the repeated values,
was carried out to compare changes in the sleep
parameters at the 3 time points taken as a whole.
Within-subject contrasts were carried out to compare
T2 with T1 and T3 with T1. Differences with proba-
bilities of less than 5% (P �.05) were considered
statistically significant.

Twenty cephalograms of 10 randomly selected
patients were digitized on 2 separate occasions. Mean
absolute percentage error was calculated for all cepha-
lometric values and found to be less than 5% for
sagittal, vertical, and angular measurements. It was
above 5% for the following soft-tissue measurements:
H-MP, PhW-spt, MinPhW, and PAS, indicating the
difficulty in landmark identification for these points.

RESULTS

All 64 patients completed the questionnaire, and 57

Fig 2. Cephalometric linear measurements indicating
vertical changes.
patients (89%) underwent a clinical examination. Suf-
ficient records at T1 and T3 were available to complete
the dental study model analysis in 45 patients (70%)
and radiographic analysis in 46 patients (71%).

The results from the questionnaires are summarized
in Figures 4 and 5 and Table I. Eight patients (12.5%;
6 men) had no side effects. Bed partners assisted in
answering the questionnaire in 46 patients (72%). Nine
patients (14%) were not assisted by their partners, and
9 patients had no partners.

Snoring was subjectively reported to be “better” in
56 patients (88%) of the subset continuing MAS use; 6
patients (9%) reported “no change.” The remaining 2
patients (3%) rated their snoring as “never a problem.”
However, 40 patients (63%) answered “yes” to snoring,
despite a frequency of MAS use greater than 5 nights
per week (Fig 4). Snoring intensity was rated as
“medium” or “low” by 60 patients (95%) of this group.
Daytime sleepiness was subjectively “better” in 45 of
the respondents using MAS (70%), whereas 14 patients
(22%) found “no change,” and, in 8%, it was “never a
problem.” Correspondingly, ESS scores decreased
significantly (P �.001) from T1 to T3. Within-
subjects comparisons showed that the average ESS
score dropped from 11.4 at T1 to 6.9 at T2 and then
increased slightly but not significantly (P � .83) to
7.1 at T3.

The changes in variables measured on the 57

Fig 3. Cephalometric angular measurements and soft
tissue measurements indicating upper airway dimen-
sions.
patients (44 men, 13 women) at the clinical examina-
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Fig 4. Patients’ subjective ratings overall satisfaction with the MAS.
Fig 5. Patients’ subjective ratings of the symptoms and side effects associated with use of the

MSA.
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tion and the dental study model analysis completed for
45 patients (33 men, 12 women) are detailed i n Table II.
The cephalometric analysis completed on 46 patients
(34 men, 12 women) is summarized in Table III. The
average length of MAS use was 25.1 � 11.8 months,

Table II. Anthropomorphic and dental changes in OSA
(n � 45; 33 men)

Variable

T1

Mean (SD)

Age (y) 49.4 (9.82) 2
BMI (kg/m2) 29.1 (4.99) 1
Neck circumference (mm) 39.9 (3.18) 3
Maxillary arch length (mm) 25.2 (3.71) 1
Mandibular arch length (mm) 21.5 (3.76) 1
Overbite (mm) 2.8 (2.28) �
Overjet (mm) 2.9 (1.32)

NS, Not significant; BMI, body mass index.

Table III. Effect of long term use of MAS on cephalom

Measurements

T1

Mean (SD) Me

Sagittal (mm)
ss-OLp 80.4 (5.68) �0.
Pg-OLp 87.9 (7.83) 0.
Co-Pg 121.7 (7.65) 0.
Is-OLp 89.0 (6.46) �0.
ii-OLp 85.1 (6.13) 0.
ms-OLp 50.6 (5.88) 0.
mi-OLp 51.5 (6.58) 0.

Vertical (mm)
n=-Me= 126.2 (7.47) 0.
S-Go= 85.2 (7.86) 0.
n=-is= 86.2 (5.22) �0.
ii=-ms= 42.8 (3.76) �0.
n=-ms= 76.8 (5.38) �0.
mi=-Mo= 43.8 (3.74) 0.

Angles (°)
SNA 81.3 (3.84) 0.
SNB 78.5 (3.69) 0.
ANB 2.8 (3.10) �0.
MP/SN 32.8 (5.44) 0.
is/SN 99.9 (9.46) 0.
is/PP 106.8 (10.51) �0.
ii/MP 92.4 (9.07) 0.
ii/is 134.7 (15.73) �1.
ii/OL 73.5 (9.05) �1.

Soft tissues (mm)
H-MP 21.3 (5.96) 0.
C2C4-SN 108.6 (6.84) 0.
PhW-spt 11.3 (3.13) 0.
MinPhW 9.6 (3.05) �0.
pm-P 42.0 (4.85) 0.

NS, Not significant.
with a minimum of 10.7 months and a maximum of
64.5 months. The maximum protrusion provided by the
MAS was on average 72.9% � 11.9% (range, 12.5%-
92.3%). The average vertical distance from the centric
relation with the MAS in place was 7.1 � 2.2 mm
(range, 2.7-12.7 mm).

nts at T3 (n � 57; 44 men) and study model analysis

T3

P valueMean (SE) Range

5 2.1 (0.13) 0.9-5.4 NS
4 0.2 (0.23) �8-5.4 NS
0 1.1 (0.23) �3.0-5.0 �.001
6 0.0 (0.10) �2.1-1.5 NS
7 �0.2 (0.11) �1.6-1.9 NS

�0.3 (0.08) �1.2-1.7 �.01
�0.2 (0.06) �0.9-1.3 �.05

measurements in OSA patients (n � 46; 34 males)

Mean absolute % error P value)

0) 0.64 NS
5) 0.94 NS
3) 1.05 NS
3) 0.77 NS
2) 0.90 �.001
2) 1.07 NS
1) 1.74 �.01

2) 0.93 NS
9) 1.18 NS
8) 0.67 NS
5) 2.08 NS
3) 1.02 NS
2) 1.48 NS

0) 0.66 NS
0) 0.69 NS
0) 1.46 NS
9) 3.33 NS
0) 1.15 NS
0) 1.09 NS
0) 2.19 �.01
8) 2.68 �.01
4) 3.15 �.01

7) 6.63 NS
7) 0.50 NS
5) 7.70 NS
0) 6.81 NS
6) 1.84 NS
patie

Range

9.4-72.
9.9-42.
4.5-48.
7.3-35.
3.5-31.
3.6-9.8
0.0-6.1
etric

T3

an (SE

09 (0.1
05 (0.1
38 (0.2
12 (0.1
52 (0.1
01 (0.1
26 (0.1

10 (0.2
15 (0.1
12 (0.0
12 (0.1
14 (0.1
01 (0.1

08 (0.1
17 (0.1
09 (0.1
01 (0.1
06 (0.2
22 (0.2
96 (0.3
69 (0.5
02 (0.3

62 (0.5
71 (0.7
44 (0.3
01 (0.4
05 (0.4
Clinical TMJ assessment at T3 showed that 16
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patients were clinically symptom free (Di 0 � 28%); 38
patients were experiencing mild symptoms (Di I �
67%); 3 patients were experiencing moderate symp-
toms (Di II � 5%). No patients had severe symptoms
(Di III � 0%). The patients’ subjective assessment of
their TMJ status at T3 showed that 35 patients were
symptom free (Ai 0 � 61%); 20 patients were experi-
encing mild symptoms (Ai I � 35%); 2 patients were
experiencing severe symptoms (Ai II � 4%). Assess-
ment of the occlusal status showed that, at T3, 1 subject
had no occlusal disturbances (Oi 0 � 2% percent); 13
patients had moderate occlusal disturbances (Oi I �
23%); 43 patients had severe occlusal disturbances
(Oi II � 75%).

Subjective occlusal and jaw functional changes
were reported by 8 patients (12.5%) and 2 patients
(3%), respectively. The occlusal changes were slight
and nonspecific except in 3 patients who described
them in terms of inability to chew nails, cut cotton
thread, or open packets with incisors since using the
MAS. The jaw functional changes were described by
the 2 patients as more forward habitual posture and
decreased jaw-muscle power.

AHI and minSaO2 data at T1 were available for all
57 patients (100%) who were examined clinically. At
T1, the average AHI was 25.3 � 17.74 per hour (range,
3.0-81.0), and the average minSaO2 was 86.7% � 6.9%
(range, 54.0%-96.0%). Data at T2 were available for 54
patients (95%) and at T3 for 16 patients (28%). There
were significant differences for both AHI (P � .001)
and minSaO2 (P � .003). Within-subjects comparisons
for AHI showed significant differences for both T2 vs
T1 (P � .001) and T3 vs T1 (P � .012). The mean AHI
values from T1 to T2 to T3 were 25.4 to 7.8 to 13.7
per hour. Within-subjects comparisons for minSaO2

showed a significant difference for T2 vs T1 (P �
.002), but T3 vs T1 was not significant (P � .59). The
mean minSaO2 values from T1 to T2 to T3 were 86.7%
to 90.9% to 83.1%.

DISCUSSION

In this study, we found that MAS therapy is
subjectively effective and well tolerated despite the side
effects reported by many (87.5%) patients. Most pa-
tients (97%) found control of OSA symptoms to be
satisfactory or better after an average of 25.1 � 11.8
months. Sleep quality was reported as moderately or
very refreshing in 83% of patients, and the subjective
improvements in snoring and daytime sleepiness agree
with data from other studies.5,10,21 Although the ques-
tionnaire was not validated, the reduction in subjective
daytime sleepiness was supported by the significant

decreases in ESS scores. A small study of covertly
measured compliance showed an average of 6.8 hours
of MAS use per night.22 Compliance of 5 nights per
week or greater was reported by 83% of our sample.
Furthermore, 97% tolerated the MAS longer than 5
hours per night. This is a relatively high level of
compliance compared with some long-term studies.7,23

The most commonly reported side effects were
jaw discomfort, tooth tenderness, excessive saliva-
tion, and dry mouth. The patients reported that the
side effects were temporary or transient, especially
during the early stages of MAS use. The proportion
of the sample (�45%) experiencing these side ef-
fects was similar to that in other studies.24,25 In
general, the side effects were rated as mild with the
exception of joint noises and headaches, which,
along with craniomandibular problems such as feel-
ings of fatigue in the jaws and facial pain, increase
with age in the general population.17 Increases in
joint noises and improvements in headache suffering
with MAS use were reported previously.13 Our data
showed that joint noises and headaches subjectively
affected a small proportion of the sample at T3 (12%
and 16%, respectively) and that the changes in these
symptoms during MAS use were rated as “better” in
9% and 13%, respectively. These symptoms were
“never a problem” or did not change for more than
82% of the patients during MAS use.

Sleep bruxism was shown to occur at least weekly
in over 8% of the general population and in a higher
percentage of patients with OSA and to have a signif-
icant effect on quality of life.26 The study found that
bruxism had significant consequences (muscular dis-
comfort on awakening, disturbing tooth grinding, ne-
cessity of dental work) in half of the patients.26 We
found that only 2 patients weree sufficiently concerned
about tooth damage to stop using MAS, and 22%
indicated bruxing as a side effect, with 3% rating it as
worse during MAS use. This information further sup-
ports findings that MAS therapy does not appear to
have a major adverse effect on the stomatognathic
system in the long term.7,13

Dental study model measurements showed statisti-
cally significant reductions in both overbite (�0.3 �
0.08 mm; P �.01) and overjet (�0.2 � 0.06 mm;
P �.05) with MAS use, although the changes were
clinically insignificant. This finding was supported in
the cephalometric analysis; dental changes were limited
to the mandibular anterior teeth and the mandibular
molars moving anteriorly a statistically significant but
clinically insignificant amount. Specifically, the man-
dibular anterior teeth proclined an average of 0.96° �
0.30° (P �.01), and the incisal edge moved anteriorly

0.52 � 0.12 mm (P �.001). The mean absolute
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percentage errors for these 2 measurements were 2.19%
and 0.90%, respectively, indicating accurate reproduc-
ibility of the cephalometric analysis. This contrasts
with the findings of Robertson,14 who found as much as
4.9° of proclination of the mandibular incisors after 30
months of appliance wear. That sample included only
patients who stated compliance of 5 to 6 hours per night
and 7 nights per week of appliance wear; this, in
conjunction with the treatment time, might account for
the markedly different result in our study. Full occlusal
coverage with acrylic might account for the mandibular
molar anterior movement of 0.3 � 0.77 mm (P �.05).
There was no significant effect on the maxillary denti-
tion, mandibular length (Co-Pg), or mandibular posi-
tion (Pg-OLp), indicating neither an orthopedic effect
nor a functional adaptation. Similar results were shown
in a series of case reports of tissue-borne functional
appliances in adults by McNamara.27 However, Bond-
emark28 found a small but statistically significant in-
crease in mandibular length and position after 2 years
of nocturnal treatment with a MAS and speculated that
the cause was condylar or glenoid fossa remodeling.
Similarly, Robertson14 showed vertical repositioning of
the condyle relative to the cranial base as early as 6
months into MAS use. Neither study investigated
vertical movements of the molars as a factor in the
change in mandibular position. We found no significant
vertical changes either dentally or skeletally, but the
anterior dental movements were similar to those in
other studies.13,23 No soft-tissue measurement showed
a statistically significant change. Therefore, long-term
MAS use does not appear to affect pharyngeal shape or
hyoid position.

Little subjective awareness of occlusal change has
been shown in previous studies. Awareness of occlusal
changes was found in only 8 of 15 patients with a
measurable change in a sample of 106 patients by
Pantin et al,7 in no patients in a sample of 30 by
Bondemark,28 and in 3 patients from a sample of 69
by Marklund et al.23 We found that 8 patients (12.5%)
were aware of a permanent occlusal change and up to
43 patients (69%) endured occlusal disturbance indi-
cated by an increased index for occlusal state (Oi � II).
This adverse effect, however, was not enough to cause
the patients to discontinue MAS use. The assessment of
the occlusal changes was made immediately after the
removal of MAS at T3. The occlusal disturbance might
be a temporary adverse condition that will diminish
without the MAS. This is justified in this study, because
20% of the patients who indicated that a change in “the
way [their] teeth bite together” was “worse” reported
the condition to be transient and limited normally to 2

hours at most after MAS removal. Furthermore, ceph-
alometric and dental study model analysis showed that
the dental and skeletal changes were minimal, indicat-
ing a lack of structural changes to sustain the occlusal
disturbance (Table II).

A limitation of the clinical data is the lack of a
standardized pretreatment TMJ assessment. Neverthe-
less, examined by 1 operator (R.J.H.) at T3, more
patients were symptom free with less severe occlusal
disturbances than found in a general population sample
studied by Helkimo29 in the development of the index.
In addition, the 61% of symptom-free patients (Ai 0) at
T3 in our study compares well with the 69% of
symptom-free patients found by Bondemark and Lind-
man13 after 2 years of nocturnal MAS use. The latter
study also showed similar results in the clinical dys-
function index with Di0/Di I and Di II in 84% and 9%
of the patients, respectively, compared with 95% and
5% in our sample. Although TMJ problems are consid-
ered a risk in long-term MAS use,2 our findings show
that jaw joint pain and joint noises are indicated by
fewer than 25% of the sample as a long-term problem,
with severity rated as mild and the frequency low in
most cases. Furthermore, the scores in the study of
Helkimo29 suggest that symptoms of TMJ problems are
less than or equivalent to those in the general popula-
tion, and, therefore, long-term MAS use is not detri-
mental to TMJ health and function.

Evaluation of the changes in polysomnographic
variables was limited by the small number of patients
undergoing T3 sleep tests and the different methods of
polysomnograph recordings. Measures of AHI and
minSaO2 with portable monitors were shown to vary
compared with overnight polysomnography.30 Never-
theless, comparison of the results indicated a significant
improvement in AHI and minSaO2 from T1 to T2, with
a trend toward T1 levels for both parameters at T3.
Mean AHI values were almost halved from T1 to T3,
but mean minSaO2 at T3 decreased to below T1 levels.
MAS effectiveness might diminish over time, with
weight gain and MAS degradation considered impor-
tant factors.23 More studies are needed to understand
the reported impressive subjective responses and com-
pliance that contrast with the objective responses of
some sleep parameters. Negligible improvement in
minSaO2 was shown previously with MAS therapy.31

Further investigations with follow-up overnight polysom-
nographs are needed to more accurately examine the
long-term effectiveness of MAS on sleep parameters.

CONCLUSIONS

MAS therapy in the treatment of OSA has been
found to provide subjective and objective benefits with

minimal dental and skeletal side effects. Compliance
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levels in this study attest to patients’ satisfaction with
MAS therapy in spite of some minor side effects
associated with its use by most of the sample. The
extent to which this is influenced by design features of
the MAS remains to be determined. Management by a
multidisciplinary team, consisting of orthodontic, OSA,
and prosthetic professionals, is essential to adequately
assess the various facets of treatment progress and
address problems specific to the operators’ skills. A
recall program is recommended to monitor symptoms
and the effects of the MAS on both the stomatognathic
and the respiratory systems.

We thank J. Qian, E. Noakes, and G. Hughes for
their assistance in data collection.
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