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Although there is increasing interest in the use of oral appliances to
treat obstructive sleep apnea (OSA), the evidence base for this is
weak. Furthermore, the precise mechanisms of action are uncertain.
We aimed to systematically investigate the efficacy of a novel man-
dibular advancement splint (MAS) in patients with OSA. The sample
consisted of 28 patients with proven OSA. A randomized, controlled
three-period (ABB/BAA) crossover study design was used. After an
acclimatization period, patients underwent three polysomnographs
with either a control oral plate, which did not advance the mandi-
ble (A), or MAS (B), 1 wk apart, in either the ABB or BAA sequence.
Complete response (CR) was defined as a resolution of symptoms
and a reduction in Apnea/Hypopnea Index (AHI) to < 5/h, and par-
tial response (PR) as a = 50% reduction in AHI, but remaining = 5/h.
Twenty-four patients (19 men, 5 women) completed the protocol.
Subjective improvements with the MAS were reported by the ma-
jority of patients (96%). There were significant improvements in
AHI (30 = 2/h versus 14 = 2/h, p < 0.0001), MinSag, (87 + 1% ver-
sus 91 = 1%, p < 0.0001), and arousal index (41 * 2/h versus 27 *
2/h, p < 0.0001) with MAS, compared with the control. The control
plate had no significant effect on AHI and MinSag,. CR (n = 9) or PR
(n = 6) was achieved in 62.5% of patients. The MAS is an effective
treatment in some patients with OSA, including those patients with
moderate or severe OSA.

Obstructive sleep apnea (OSA) is a very common disorder, af-
fecting approximately 4% of men and 2% of women in the
middle-aged workforce (1). It is characterized by repetitive,
complete or partial closure of the upper airway during sleep,
resulting in sleep fragmentation and oxygen desaturation (2).
Continuous positive airway pressure (CPAP) applied to the up-
per airway via a nose mask during sleep, first reported in 1981
(3), remains the accepted treatment of choice. Although it is an
extremely effective treatment, its cumbersome nature makes
tolerance and compliance less than optimal (4-6).

During the last decade, a number of studies have reported
successful treatment of OSA by various oral appliances. Al-
though they are thought to primarily act by advancing the
mandible during sleep (7), other potential mechanisms such as
stimulation of neuromuscular reflex pathways in the oral cav-
ity and alteration of the bite relationship have not been ex-
plored to any great extent. They have potential advantages
over nasal CPAP, in that they are far less obtrusive, more por-
table, make no noise, and are generally less costly. However, a
number of methodologic deficiencies in previous studies of
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these appliances, including small sample sizes, weak study de-
signs, and liberal definitions of treatment success, leave con-
siderable doubt as to the role of these appliances in the rou-
tine management of OSA (7, 8). Furthermore, questions
relating to appliance design and prediction of treatment out-
come remain unresolved. Hence, the primary aim of this study
was to assess the efficacy of a newly designed oral appliance
for OSA in a controlled fashion. In addition, we aimed to ex-
amine the potential of anthropomorphic, polysomnographic,
and radiographic parameters to predict treatment outcome.

METHODS

Study Population

Twenty-eight adult patients (22 men and six women) were recruited
from a multidisciplinary Sleep Disorders Clinic in a university teach-
ing hospital. Inclusion criteria were the presence of at least two symp-
toms of OSA (snoring, fragmented sleep, witnessed apneas, daytime
sleepiness), and evidence of OSA on polysomnography, with an ap-
nea/hypopnea Index (AHI) = 10/h. Patients were excluded if there
was evidence of periodontal disease, edentulism, an exaggerated gag
reflex, or regular use of sedatives. The study was approved by the in-
stitutional ethics committee, and written informed consent was ob-
tained from all patients.

Oral Appliance

Each mandibular advancement splint (MAS) was custom-made from
dental impressions. A wax interocclusal record was taken with the
mandible in the most protrusive position that the patient could com-
fortably maintain. The design features of the MAS (Figures 1 and 2)
included the following: (1) Upper and lower removable clear acrylic
plates with full occlusal coverage that fitted onto both dental arches.
The average thickness of each upper and lower appliance was be-
tween 1.5 and 2.0 mm. (2) Two acrylic flanges, one on either side of
the palatal aspect of the molars of the upper plate. These flanges fit-
ted into slots cut into the acrylic on the lingual sides of the lower plate
in the molar region. This unique coupling mechanism prevents poste-
rior movement of the mandible, while permitting free opening of the
mouth. (3) Two 10-mm screws to enable incremental anterior ad-
vancement of the lower plate.

In an attempt to control for some other potential effects of the
MAS on upper airway function and, hence, apneic activity, such as
stimulation of neuromuscular reflex pathways in the oral cavity and
alteration of the bite relationship, we used the lower dental plate
alone as a control. This had no protrusive effect on the mandible.

Study Design

A randomized crossover study design, with an extra period (ABB/
BAA), was used (Figure 3). The ABB/BAA design has more statisti-
cal power than the conventional AB/BA design and allows the treat-
ment effects to be estimated, even in the presence of carryover (9).
After an acclimatization period, during which the mandible was incre-
mentally advanced until resolution of symptoms or attainment of the
maximal comfortable limit of advancement, each patient was random-
ized into either Group I (sequence ABB) or Group II (sequence
BAA). After a 1-wk washout, patients underwent three nocturnal
polysomnographs at 1-wk intervals, each being performed after 1 wk
of treatment with control (A) or MAS (B), according to the randomly
allocated sequence.



1458

Figure 1. Photograph of upper and lower plates of the mandibular ad-
vancement splint mounted on a study model, with mandible in pro-
trusion.

Outcome Measures

Questionnaires. A detailed questionnaire to assess subjective snoring
frequency and intensity, quality of sleep, and daytime sleepiness (Ep-
worth Sleepiness Scale: ESS) (10) was completed by patients at the be-
ginning and the end of the acclimatization period. At the end of the
study each patient was asked to rate their satisfaction with the MAS and
whether they would choose to use the MAS as a long-term treatment.
Polysomnography. Standard nocturnal polysomnography was per-
formed, with electroencephalogram (EEG), electrooculogram, and
submental electromyogram (EMG) electrodes applied in the standard
fashion for sleep stage determination (11). Respiratory variables in-
cluded chest wall and abdominal movement, diaphragm EMG, nasal
airflow and pressure, and oxygen saturation by pulse oximetry. Calcu-
lated respiratory variables were AHI (number of apneas and hypo-
pneas per hour of sleep), and minimum oxyhemoglobin saturation
(MinSa,). Apnea was defined as cessation of airflow for at least 10 s
with oxygen desaturation of more than 3% and/or associated with
arousal. Hypopnea was defined as a reduction in amplitude of airflow
or thoracoabdominal wall movement of greater than 50% of the base-
line measurement for more than 10 s with an accompanying oxygen

Figure 2. Oblique posterior view of the mandibular advancement
splint, showing the coupling mechanism and titrating screw on one
side.
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Figure 3. Schematic diagram summarizing the study design.

desaturation of at least 3% (no time limit), and/or associated with
arousal. These events were considered obstructive if they occurred in
association with continued diaphragm EMG activity and thoracoab-
dominal wall movement. EEG arousals were scored according to the
ASDA 3-s rule (12), and arousal index was calculated as the number
of arousals per hour of sleep. In addition, sound intensity was mea-
sured using a calibrated sound level meter positioned 1 m above the
patient’s head, and snoring frequency was calculated as the number of
snores per hour. All variables were recorded continuously on a 20-
channel computerized sleep monitoring system (Compumedics, Vic,
Australia). Sleep recordings were scored in 30-s epochs by an experi-
enced polysomnographer, who was blinded to the patients’ treatment.

Treatment Outcome

Complete response was defined as a resolution of symptoms plus re-
duction in AHI to < 5/h. Partial response was defined as improved
symptoms plus = 50% reduction in AHI, but AHI remaining = 5/h.
Treatment failure was defined as ongoing clinical symptoms and/or a
< 50% reduction in AHI. Compliance failure was defined as an in-
ability of the patient to continue to use the treatment.

Cephalometric Radiographs

A lateral cephalometric radiograph was taken for each subject before
treatment, according to previously described methodology (13, 14).
Radiographs were taken at end-expiration with the head in the natu-
ral position, achieved by asking the subjects to look into their own pu-
pils reflected in a mirror located at eye level. All lateral head radio-
graphs were hand-traced (by AM). The landmarks and measurements
used for the cephalometric analysis are detailed in Figure 4. To quan-
tify the level of random errors, 12 cephalograms were randomly cho-
sen from the main series, and the tracings were replicated and mea-
sured under the same conditions a month later.

Statistical Analyses

Data were analyzed using a statistical package (SPSS Version 8.0;
SPSS Inc, Chicago IL). Unpaired ¢ tests were used to compare physi-
cal characteristics and baseline data between Groups I and II. Paired ¢
tests were used to compare ESS before and with the use of the MAS
at the end of the acclimatization period, and to determine whether
there was a significant treatment effect of the control plate when com-
pared with baseline polysomnographic variables. A General Linear
Model (GLM) was used to analyze polysomnographic data from the
crossover design. Type I1I sums of squares were used for tests, and ad-
justed treatment means were obtained (9). A multivariable regression
model was constructed to examine the relationship between several
variables and AHI (with MAS). All descriptive statistics are pre-
sented as mean * SD. Estimated means are presented as mean *
SEM. Using data from a previous study (15), we estimated that a sam-
ple size of 30 was required to achieve a power of 0.80 and 2o = 0.05.

RESULTS

Study Population

From the sample of 28 patients recruited into the study, 24
completed the protocol. Two patients withdrew as they were
unable to acclimatize to the MAS because of excessive saliva-
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Figure 4. Definitions of cephalometric landmarks and measurements.
Anatomical landmarks: ANS = Anterior Nasal Spine, the tip of the me-
dian sharp bony process of the palatine bone in the hard palate. A
Point = deepest midline point on the maxillary alveolus between ANS
and the maxillary alveolar crest. B Point = deepest midline point be-
tween the mandibular alveolar crest and the gnathion. Ba = Basion,
the most inferior point on the anterior margin of the foramen mag-
num in the median plane. Go = Gonion, the most lateral external
point at the junction of the horizontal and ascending rami of the man-
dible. Gn = Gnathion, the most anteroinferior point on the bony man-
dibular symphysis. H = Hyoidale, the most superior-anterior point on
the body of the hyoid bone. Me = Menton, the lowest point on the
bony outline of the mandibular symphysis. MP = Mandibular plane,
line joining Me and Go. N = Nasion, the most anterior point of the fr-
ontonasal suture. PNS = Posterior nasal spine, the tip of the posterior
spine of the palatine bone in the hard palate. spt = tangent point on a
line parallel to the long axis of the soft palate at the maximum width.
Phw = Posterior pharyngeal wall, the point on the posterior pharyn-
geal wall at the same horizontal level as spt. S = Sella, the center of
the sella turcica. Measurements: BaSN (degrees) = Cranial base angula-
tion in midsagittal plane, SN (mm) = anterior cranial base length. Go-
Gn (mm) = mandibular length. SNA (degrees) = angle from S to N to
A Point. SNB (degrees) = angle from S to N to B Point. ANB (degrees) =
angle from A Point to N to B Point. SN-MP (degrees) = angulation of
the mandibular plane with the SN line. H-MP (mm) = perpendicular
distance from the MP to H. RPAS (mm) = width of nasopharynx from
Phw to spt. PAS (mm) = distance between the posterior pharyngeal
wall and the dorsal surface of the base of the tongue, measured on the
line that intersects Go and B point.

tion and temporomandibular joint pain, and were classified as
compliance failures. One patient developed unstable angina
and was therefore excluded from the study. The other dropout
did not wish to continue because of inability to comply with the
time demands of the protocol. Patient characteristics at base-
line for the entire group, and subgroups, are presented in Table
E1 in the online data supplement to this article. Patients who
completed the protocol (19M, 5F) had a mean (* SD) age of
48 * 9 yr (range, 35 to 73 yr), body mass index of 29.4 + 3.1 kg/
m? (range, 24.8 to 36.3 kg/m?), baseline AHI of 27 *= 17/h
(range, 10 to 68/h), and MinSap, of 85 * 8% (range, 61 to
96%). There was no significant difference in baseline charac-
teristics between the two groups. The mean acclimatization pe-
riod was 19.7 * 8.8 weeks (range, 5 to 40 wk). The mean man-
dibular advancement with the MAS was 7.5 = 1.8 mm (range,
5.0 to 11.5 mm), representing a mean of 78% (63 to 89%) of
maximal protrusion at the end of the acclimatization period.

Subjective Outcomes

The MAS was well tolerated by 21 of the 24 patients who com-
pleted the protocol (87.5%). Side effects included excessive
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TABLE 1. EFFECT OF MAS ON POLYSOMNOGRAPHIC VARIABLES*

Variable Control MAS p Value

Sleep variables
TST, min 3725 3635 NS
REM sleep, min 61 + 4 75+ 4 < 0.05
REM, % 16 =1 21 +1 < 0.005
NREM sleep, min 311 + 4 287 + 4 < 0.0001
NREM, % 84 x1 80 =1 < 0.005
TST spent supine, % 46 = 4 55*4 NS
Arousal Index/h 41 x2 27 £2 < 0.0001
Sleep efficiency, % 87 1 851 NS

Respiratory variables
AHl/h 302 14 +2 < 0.0001
MinSao,, % 87 %1 91 +1 < 0.0001
Snoring frequency/h 402 = 29 242 + 28 < 0.005
Mean snoring intensity, dB 52+1 49 =1 < 0.0001
Maximum snoring intensity, dB 70 =1 68 £ 1 NS

Definition of abbreviations: MAS = mandibular advancement splint; NREM% = time
in NREM sleep as a % of TST; REM% = time in REM sleep as a % of TST; TST = total
sleep time.

* All values represent mean = SEM.

salivation (50%), gum irritation (20% ), mouth dryness (46%),
jaw discomfort (12.5%), and tooth grinding (12.5%). These were
described as mild to moderate, lasting less than 3 wk, and they
did not preclude continued use of the MAS. The majority of
patients reported substantial improvements in snoring (70%),
sleep quality (91%), and daytime sleepiness (ESS, 10.1 = 1.1
versus 3.9 = 0.6, p < 0.01). Twenty-one patients (87.5%) re-
ported nightly use of the appliance. Twenty-three patients
(96%) stated they would like to continue to use the MAS be-
cause of a perceived improvement in their symptoms.

Objective Outcomes

Polysomnographic outcomes are summarized in Table 1. The
control plate had no significant effect on AHI (30 = 2 versus
27 = 3, p = ns) or MinSag, (87 = 1 versus 85 * 2%, p = ns)
compared to baseline. Total sleep time did not change with
the MAS, but there was a significant redistribution to more
REM sleep and less NREM sleep. Sleep efficiency was not sig-
nificantly different. The MAS resulted in a significant reduc-
tion in AHI (by 53%), arousal index (by 34%), mean snoring
frequency (by 47%), and mean intensity (by 3dB), compared
with the control plate. There was a significant improvement in
MinSa,. No significant carryover, sequence, or period effects
were identified for these polysomnographic variables.

Treatment Outcome

The MAS resulted in either partial or complete response in 15
patients (62.5%). Complete response was achieved in nine
(37.5%) patients, and partial response in six (25%). Treatment
failure occurred in nine (37.5%) patients. Baseline OSA sever-
ity category did not influence treatment outcome (Figure 5).
For comparison with other published studies, treatment outcome
was also examined at two other AHI cutoffs. At a cutoff of
10/h, complete response was achieved in 54 %, partial response
in 17%, and failure occurred in 29%. At a cutoff of 15/h, com-
plete response was achieved in 75%, partial response in 4%,
and failure occurred in 21 %.

Model for Outcome Prediction

Multiple regression analysis identified four independent pre-
dictors of outcome: neck circumference (NC), baseline AHI,
and two cephalometric measurements—retropalatal airway
space (RPAS) and the angle between anterior cranial base
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Severe OSA  All patients
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OSA severity at baseline

Figure 5. Graph showing treatment outcome in all patients and ac-
cording to baseline OSA severity, defined as mild (AHI < 20/h), mod-
erate (AHI, 20 to 40/h), and severe (AHI > 40/h).

and mandibular plane (SN-MP). The derived equation to pre-
dict AHI with the MAS was:

AHI (MAS) = 19.4 + 1.3NC — 2.7 RPAS + 0.4 BaseAHI
~1.0SN-MP (R® = 0.82, s = 8.06).

The reliability index of the repeated cephalometric mea-
surements ranged from 0.98 to 0.99, indicating a high degree
of reproducibility.

A power calculation indicated that the achieved power for
the study was 0.96.

DISCUSSION

Although there has been increasing interest in the use of oral
appliances to treat snoring and sleep apnea, numerous meth-
odologic weaknesses in previous studies leave uncertainty
about the role of this therapy in the routine management of
OSA. In this randomized, controlled crossover study, we
found the MAS was effective in completely controlling OSA
in more than one third of patients. Hence, it is suggested that
this MAS may be a viable alternative to nasal CPAP in a sig-
nificant proportion of patients with OSA, including some with
moderate or severe OSA.

As in other studies (7), the majority of our patients derived
a significant subjective benefit from the MAS, with 83% re-
porting combined improvements in snoring, sleep quality, and
daytime sleepiness. Similarly, the MAS was well tolerated by
most patients (87.5%), although two were compliance failures,
withdrawing from the study during the acclimatization period
because they were unable to tolerate the appliance. The side
effects that were reported in this short-term study were of mild
to moderate intensity, and most symptoms resolved within 3
wk with continued use of the MAS. These included jaw dis-
comfort, salivation, dryness of the mouth, and grinding of the
teeth, as reported in other studies (7). However, the potential
long-term side effects of the MAS warrant serious consider-
ation, and close follow-up of patients who embark on long-
term therapy is recommended (16). The short-term compliance
rate with the MAS was high, at least by self-report. This com-
pares favorably with the rates reported by other studies using
oral appliances (7). It would be preferable to measure compli-
ance objectively, but the technology to enable this is still under
development (17). All but one patient stated they wanted to
continue to use the MAS because they perceived it conferred a
health benefit. This high acceptance rate contrasts with CPAP
which, although more effective, is associated with poor accep-
tance and compliance because of its obtrusive nature (4).

The impressive subjective responses contrasted consider-
ably with the objective responses, with 37.5% of patients be-
ing classified as treatment failures despite subjective improve-
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ment. This suggests that the MAS had a placebo effect on
symptoms. Despite the symptomatic benefit in these patients,
long-term therapy with the MAS would be inappropriate,
highlighting the need for follow-up polysomnography. It re-
mains uncertain whether treatment failure resulted from tech-
nical factors, i.e., the mandible was simply not advanced
enough to achieve objective success, or whether failure was
truly due to ineffectiveness of the treatment. Hence, we be-
lieve the observed success rate is conservative, and that more
aggressive advancement may improve outcomes, albeit with
the potential for more side effects. This study found a signifi-
cant reduction in mean AHI of 53% with the MAS, compared
with control. This result is similar to that reported in other
studies (7, 18-23). However, our finding of a significant im-
provement in minimum oxygen saturation and arousal index
has not been a consistent finding in other studies (15, 20, 21,
24). It is interesting to note that the mean arousal index did
not return to the normal range. Although this raises the possi-
bility of persistent upper airway resistance, the majority of pa-
tients reported resolution of daytime sleepiness. Furthermore,
MAS treatment resulted in improved sleep architecture, with
a redistribution to more REM sleep and less NREM sleep.

A particular strength of our study was the robust definition
of complete response, a weakness of almost all previous stud-
ies (7, 18-23). This allows comparison of outcome with nasal
CPAP treatment, where the goals of therapy are to return the
AHI to the normal range (< 5/h), improve sleep architecture,
and symptoms. This outcome was achieved in 37.5% of our
patients. Using more liberal definitions of success, for the pur-
pose of comparing to previously published studies, complete
response was achieved in 54 and 75% of patients at AHI cut-
offs of < 10/h and < 15/h, respectively. These results are
among the highest response rates reported. Moreover, in our
study treatment outcome was similar across all categories of
OSA severity, with complete response being achieved in some
subjects with moderate and severe OSA. This finding is simi-
lar to that reported by Henke and colleagues (23), but con-
trasts with other studies, which have generally reported im-
provement at the mild end of the severity spectrum (7).
Practice parameters on the use of oral appliances in the treat-
ment of OSA, produced by the American Sleep Disorders As-
sociation (8), recommend oral appliances only in snorers or
those with mild OSA, and in patients with moderate or severe
OSA only if CPAP treatment is intolerable or refused. Al-
though a number of studies comparing CPAP with oral appli-
ances have shown that CPAP is more effective in lowering
AHI (15, 24, 25), our data suggest that treatment with MAS
merits consideration as first-line therapy, even in patients with
moderate or severe OSA. However, we caution the need for
close monitoring and polysomnographic evaluation of out-
come in these patients. Notably, there has been no systematic
comparison of different oral appliances to determine the po-
tential influence of appliance design on treatment outcome.
Hence at this stage it would seem prudent not to extrapolate
the outcomes of this study to all other oral appliances.

Another strength of our study was that snoring was mea-
sured objectively, as well as subjectively. O’Sullivan and col-
leagues (21) found an 18% reduction in snoring frequency and
a 15.8% reduction in snoring intensity, reflected by the propor-
tion of snores = 50 dB. The MAS used in our study resulted in
a greater reduction (40%) in mean snoring frequency. Simi-
larly, we observed a significant reduction in snoring intensity,
with a mean 3 dB reduction. Notably, the maximum snoring
intensity did not change, despite the major subjective im-
provements. These results indicate that the MAS is a very ef-
fective treatment for the symptomatic control of snoring.
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The choice of control in this study was an oral plate that did
not induce mandibular advancement. This choice was based
on the possibility that part of the effect of the MAS could be
related to factors other than mechanical advancement of the
mandible such as the potential for stimulation of neuromuscu-
lar reflex pathways within the oral cavity and changes in the
bite relationship. Although patients generally found the con-
trol plate easier to tolerate as it did not advance the mandible,
none reported significant changes in symptoms. However, this
was not systematically assessed in this study. Comparison of
polysomnographic respiratory variables at baseline and with
the control plate revealed no significant difference, confirming
that the dominant mechanism of action of the MAS is me-
chanical advancement of the mandible, and that the other po-
tential mechanisms we considered have little or no role.

Given that treatment success with oral appliances is not
achievable in all patients, it would be advantageous to be able
to predict which patients will derive benefit so as to avoid in-
appropriate delays in therapy and wastage of resources. From
our data, we were able to derive an equation to predict AHI
with the MAS. This highly predictive model indicates that
AHI with the MAS is positively correlated with neck circum-
ference and baseline AHI and, negatively correlated with the
width of the retropalatal airway and angulation of the mandib-
ular plane to the anterior cranial base. Notably, baseline AHI
is only a minor, albeit significant, contributor to the model.
Others have also attempted to predict the outcome of treat-
ment with oral appliances (20, 26), but the utility of these
models in the clinical setting is yet to be confirmed.

Our study has a number of potential limitations. Patients
were selected from a specialized multidisciplinary sleep disor-
ders clinic with a research interest in dental therapies for OSA.
Hence, there may have been referral bias. In addition, patients
elected to use the MAS as a treatment option rather than the
conventionally advocated CPAP, leading to a further potential
for sample bias. Nevertheless, we believe that our sample is rea-
sonably representative of patients with OSA, and that our re-
sults can be extrapolated to a general OSA population. Al-
though the sample size would appear to be modest, the power of
the study was very high because of the robust study design.
Symptoms were assessed before and after the acclimatization
period, during which active treatment with the MAS was insti-
tuted and subsequently titrated. Hence, subjective outcomes
were not assessed in a randomized, controlled fashion. There
may have been an element of responding to the questionnaire in
a socially desirable way (response bias). This may have contrib-
uted to the observed discrepancy between subjective and objec-
tive outcomes. Hence, this leaves some uncertainty as to the au-
thenticity of the reported improvements in daytime sleepiness,
even in those who were complete responders. Objective mea-
sures of daytime vigilance and performance are required in fu-
ture studies to verify these subjective improvements.

In conclusion, we have demonstrated that the MAS used in
this study is well tolerated, at least in the short term, and is as-
sociated with substantial subjective and objective improve-
ments in a significant proportion of patients. Hence, we be-
lieve that this form of therapy is a viable alternative to nasal
CPAP, even in some patients with more severe forms of OSA.
However, follow-up polysomnography should be mandatory
in these patients, as reliance on subjective response may be
highly misleading. Our study also suggests that treatment out-
come can be predicted by a combination of anthropomorphic,
polysomnographic, and radiographic measurements, but this
requires verification from a prospective study.
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The aim of this study was to assess the effect of bite opening induced
by a mandibular advancement splint (MAS) on efficacy and side
effects in the treatment of obstructive sleep apnea. In arandomized
crossover fashion, 23 adult patients received either MAS-1 (4 mm
of interincisal opening) or MAS-2 (14 mm of interincisal opening)
for 2 weeks, followed by the alternate treatment for 2 weeks, with
an intervening 1-week washout. Complete response was defined
as a resolution of symptoms and a reduction in apnea/hypopnea
index (AHI) to less than 5 per hour. Partial response was defined
as improved symptoms and a reduction in AHI of 50% or more,
with the AHI remaining at a value of 5 or more per hour. Both
MAS-1 and MAS-2 produced similar reductions in mean ( SEM)
AHI from baseline: 21 2 versus 8 1/hour and 21 2 versus 10
2/hour, respectively (p  0.001). Either complete response or partial
response occurred in 74 and 61% of patients with MAS-1 and
MAS-2, respectively. Subjective improvements were reported with
both appliances by the majority of patients. Patients preferred
MAS-1 (78 versus 22%, p  0.007). This study suggests that the
amount of bite opening induced by MAS does not have a significant
impact on treatment efficacy but does have an impact on patient
acceptance.

Keywords: obstructive sleep apnea; oral appliance; vertical dimension

Over the last decade, numerous studies have reported the
use of oral appliances in the treatment of obstructive sleep
apnea (OSA) (1-6). These removable oral appliances are
thought to act primarily by advancing the mandible during
sleep (7). Although published reports indicate variable effi-
cacy, oral appliances do appear to be a viable alternative
to continuous positive airway pressure treatment in some
patients with OSA, including those with moderate to severe
disease (6). Reliable evidence supporting the role of these
oral appliances in clinical practice is only just emerging (8).
Most of the published studies have several shortcomings,
including small sample sizes, with no control or comparison
group, and are usually retrospective in design, and treatment
outcome criteria are usually poorly defined, weak, and subjec-
tive (6, 8). A consistent observation is that patients prefer
mandibular advancement splint (MAS) therapy over continu-
ous positive airway pressure treatment because MAS are less
costly, easy to transport, silent, less obtrusive, and do not
require a power supply (2-4). However, some patients appear
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to derive a placebo effect from the treatment (6); hence,
it is important to follow patients carefully using objective
techniques.

The influence of appliance design on treatment outcome
has received very little attention. The variable success rate
of the numerous types of oral appliances available to treat
OSA may, at least in part, be related to design differences.
There are conflicting data regarding the effect of the degree
of bite opening (vertical dimension of opening [VDO]) in-
duced by oral appliances on treatment outcome. Although
some studies have shown that appliances that promote an
increased VDO are effective (5, 7, 9), physiologic evidence
suggests that the VDO should be kept to a minimum to
optimize treatment outcome (10). Hence, the aim of this
study was to systematically assess the effect of the vertical
dimension of an oral appliance on efficacy and side effects
in the treatment of OSA.

METHODS
Study Population

Patients were recruited from a Sleep Disorders Clinic in a University
Teaching Hospital. Criteria for inclusion were the presence of at least
two symptoms of OSA (snoring, fragmented sleep, witnessed apneas,
daytime sleepiness) and evidence of OSA on polysomnography (apnea/
hypopnea index [AHI]  5/hour). Patients were excluded if there was
evidence of central sleep apnea, periodontal disease, or edentulism.
The institutional ethics committee approved the study, and written
informed consent was obtained from all patients.

Mandibular Advancement Splints

Dental impressions and an interocclusal record with the mandible in
the most comfortable protrusive position were used to fabricate two
configurations of the MAS (Figure 1). MAS-1 was a modified version
of an appliance previously reported (6) and induced an interincisal
opening of 4 mm. Once the final level of advancement was determined
for each patient, a removable acrylic overlay was constructed and fitted
between the upper and lower appliances to achieve an interincisal
distance of 14 mm (MAS-2). The extent of mandibular advancement
with each MAS remained constant along the advanced arc of opening
and closing, which was designed to parallel the normal arc of opening
and closing for each patient. This was achieved through the design of
the coupling mechanism between the two plates (Figure 1).

Study Design

A randomized, crossover design (AB/BA) was used. At baseline, pa-
tients completed two questionnaires assessing OSA symptoms and un-
derwent overnight polysomnography. They were advised that the aim
of the study was to compare MAS-1 and MAS-2 during the crossover
phases. Patients underwent an acclimatization period with MAS-1 for
4 to 6 weeks, during which incremental advancement of the mandible
occurred until the maximum comfortable limit was reached. The abso-
lute amount of protrusion was measured with a stainless steel ruler as
the horizontal distance from the lower central incisors in maximum
intercuspation to the maximum comfortable protrusion position. Symp-
tomatic responses were not assessed during this period to avoid pre-
conditioning patients to MAS-1. After acclimatization, patients were
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Figure 1. Photograph of the MAS with (A) 4 mm of interincisal opening
(MAS-1) and (B) with an additional 10 mm of interincisal opening
(MAS-2). The design features of MAS-1 (A) included: (1) upper and
lower removable acrylic appliances using tooth undercuts for retention;
(2) buccal flanges angled at 80 on the lower appliance, which fitted
against buccal blocks on the upper appliance to prevent posterior move-
ment of the mandible; (3) ball clasps embedded in the anterior aspect
of the appliances to ensure that they were kept together during sleep,
by use of an orthodontic elastic band; and (4) the average thickness
of each upper and lower appliance at the incisor region was 2.0 mm,
producing an interincisal distance of 4 mm. MAS-2 (B) featured an
added removable acrylic overlay 10-mm thick at its most anterior aspect,
which fitted between the upper and lower appliances. It was retained
by acrylic protrusions fitting against two retentive grooves in the lower
appliance.

randomized into either Group I (AB) or Group II (BA), and after a
1-week washout period during which no appliance was worn to avoid
carryover (6), patients were treated with either MAS-1 (A) or MAS-2
(B) for 2 weeks and with the alternate treatment for another 2 weeks,
with an intervening washout period of 1 week. Outcomes were assessed
at the end of each treatment period.

Outcome Measures

Questionnaires. A detailed, self-administered questionnaire was com-
pleted by patients, assessing the frequency, severity, and duration of
side effects as well as treatment compliance and satisfaction with each
MAS. Daytime sleepiness was determined using the Epworth sleepiness
scale (11).

Polysomnography. Polysomnography was performed in a standard-
ized fashion, as previously described by our group (6). Complete re-
sponse to treatment was defined as a resolution of OSA symptoms and
a reduction in AHI to less than 5 per hour. Patients with a baseline
AHI of 6 to 10 per hour (n  5) were required to fulfill the additional
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criterion of a reduction in AHI of more than 50% compared with the
baseline value. Partial response was defined as improved symptoms
and a reduction in AHI of 50% or more, with the AHI remaining at
a value of 5 or more per hour. Treatment failure was defined as presence
of ongoing clinical symptoms and/or less than 50% reduction in AHI.

Statistical Analysis

Data were analyzed using SPSS software (Version 10.0; SPSS Inc.,
Chicago, IL). Unpaired ¢ tests were used to compare baseline character-
istics between Groups I and II. A general linear model with univariate
analysis of variance and Type-I sums of squares was used to analyze
Epworth sleepiness scale scores and polysomnographic data and to
assess carryover and sequence effects. Questionnaire data were ana-
lyzed using Z tests and chi-square tests. On the basis of the results of
a previous study (6), a sample size calculation suggested that 24 patients
were required to achieve a power of 0.8 and an  value of 0.05. Descrip-
tive statistics are presented as mean  SD, whereas estimated mean
values are presented as mean  SEM. The level of significance used
was 0.05.

RESULTS

Study Population

Of the 24 patients (21 men, 3 women) recruited in this study,
23 completed the protocol, with 1 male patient withdrawing
after initial dental examination due to time constraints. Patient
characteristics at baseline are outlined in Table 1. Body mass
index did not change significantly during the study period. The
mean mandibular advancement with MAS-1 was 7.3 0.5 mm,
representing 87 4% of the maximal protrusion.

Subjective Outcomes

The MAS was well-tolerated by all patients. Although there
was no significant difference in the proportion of patients who
reported excessive salivation (48 versus 57%, p  0.55), dry
mouth (26 versus 22%,p  0.73), tooth grinding (22 versus 13%,
p 0.43), and gum irritation (22 versus 13%,p  0.43) between
MAS-1 and MAS-2, there was a trend toward a greater propor-
tion of patients reporting jaw discomfort with MAS-2 (48 versus
70%,p  0.13). There was no significant difference in reported
severity, frequency, or duration of side effects between appli-
ances. Generally, side effects were reported to be mild in nature,
to occur “sometimes” to “often,” and to last for at least 1 week.

There was a highly significant and equal reduction in the
Epworth sleepiness scale score from baseline values with each
MAS (18 1versus 12 1,p 0.0001). The improvement in
sleep quality in 87% of patients with MAS-1 and in 78% of
patients with MAS-2 did not differ between appliances (p
0.43). Similarly, there was no significant difference in the propor-
tion of patients who reported an improvement in snoring with
each MAS (100 versus 95%, p  0.31).

Nightly use of MAS-1 and MAS-2 was reported by 91 and
78% of patients, respectively (p  0.21). Ninety-six percent of
patients stated that they would like to continue to use either
MAS due to a perceived improvement in OSA symptoms. How-
ever, a significantly higher proportion of patients preferred to
use MAS-1 in comparison with MAS-2 (78 versus 22%, p
0.007).

Objective Outcomes

Polysomnographic outcomes are outlined in Table 2. Initial AHI
improved significantly with both MAS-1 (by 62%) and MAS-2
(by 52%). Similarly, arousal index decreased significantly with
MAS-1 (by 28%) and MAS-2 (by 33%). Of the remaining poly-
somnographic variables examined, none was found to differ with
either treatment in comparison with baseline. The time spent
supine with MAS-1 and MAS-2 was not significantly different.
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TABLE 1. PATIENT CHARACTERISTICS AT BASELINE
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All Subjects Group | Group Il

Variables (n 23; 19M:3F; 87%:13%) (n  12; 9M:3F, 75%:25%) (n 11; TIM:0F; 100%:0%) p Value*
Age, yr 50 10 (29-64) 50 10 (29-64) 50 10 (39-64) 0.75
Height, cm 172 7 (162-184) 172 8 (162-184) 172 5(163-182) 1.00
Weight, kg 93 17 (63-130) 96 17 (63-127) 90 18 (72-130) 0.45
BMI, kg/m? 31 5(22-43) 32 4 (24-43) 31 6(22-43) 0.48
AHI, /hour 21 12 (6-47) 24 14 (6-47) 18 7 (6-30) 0.20
MinSao,, % 87 4 (80-94) 86 3 (80-94) 88 4 (82-94) 0.12

Definition of abbreviations: AHI  apnea/hypopnea index; BMI  body mass index; F females; M males; MinSao, minimum

arterial oxygen saturation level.
* p Value refers to comparison of Group | and Group II.
Values presented are mean  SD (range).

Nosignificant differences in estimated mean values, carryover, or
sequence effects were found for any polysomnographic variables
between appliances.

Treatment Outcome

Treatment outcomes for individual patients with each MAS are
illustrated in Figure 2. Complete response was achieved in 52%
of patients with MAS-1 and in 35% of patients with MAS-2
(p  0.23). Complete response was achieved in 57% of patients
with either MAS. Partial response occurred in 22% of patients
with MAS-1 and in 26% of patients with MAS-2 (p  0.73).
Treatment resulted in either complete response or partial re-
sponse in 74% of patients with MAS-1, in 61% of patients with
MAS-2 (p  0.34), and in 83% of patients with either MAS
(taking the best result of either MAS-1 or MAS-2).

DISCUSSION

The optimum vertical dimension of an oral appliance required
to achieve a successful treatment outcome in patients with OSA
has been an issue of debate. Our randomized, controlled, cross-
over study examined this important aspect of appliance design
by comparing the efficacy of two identical oral appliances, each
producing equal mandibular advancement, but with one inducing
minimal interincisal opening (4 mm) and the other producing
an additional 10 mm of interincisal opening. Significant reduc-
tions in the AHI and arousal index were achieved with both
oral appliances in comparison with no treatment, as reported in
previous studies (1, 5, 6, 12), but these treatment effects were

not statistically significantly different for the two appliances.
Furthermore, no significant differences were found in any other
polysomnographic variables between each appliance and base-
line or between appliances.

Our study is the first to systematically evaluate two predeter-
mined specific levels of mouth opening. In a small group of
patients, Lamont and colleagues (9) compared an MAS that
repositioned the mandible by 3-5 mm and produced 3—4 mm of
interincisal opening with an MAS that produced up to 70%
maximal advancement and 6-9 mm of interincisal opening. Only
the latter MAS produced a significant reduction in AHI and
minimum arterial oxygen saturation level (MinSao,). However,
possible contributors to this result may have been differences
in protrusion levels between splints and/or variability in the
amount of bite opening with each appliance, or between-subject
variability due to the parallel group study design. In a random-
ized, crossover trial performed in 24 patients, Bloch and col-
leagues (5) compared a Herbst appliance that produced 4-6 mm
of interincisal opening with a Monobloc device fixed at 5-10 mm
of interincisal opening, both of which produced identical levels
of protrusion. The two devices were found to be equally effective
in decreasing AHI; however, significant reductions in arousal
index and percent of sleep time spent with an oxygen saturation
less than 90% were achieved only with the Monobloc. These
findings must be considered in the context that the potential
range of oral opening with the Herbst device was greater than
15 mm. In a case series by Henke and colleagues (13), the change
in polysomnographic outcomes with and without a repositioning

TABLE 2. EFFECT OF EACH MANDIBULAR ADVANCEMENT SPLINT ON POLYSOMNOGRAPHIC

VARIABLES
Variable Baseline MAS-1 p Value* MAS-2 p Value®
Sleep variables
TST, min 334 12 363 13 NS 361 12 NS
REM sleep, min 58 6 69 6 NS 70 6 NS
REM, % 17 2 19 2 NS 19 2 NS
NREM sleep, min 273 9 294 10 NS 291 10 NS
NREM, % 82 1 81 1 NS 81 1 NS
Arousal index, /hr 36 4 26 4 0.001 24 4 0.001
Sleep efficiency, % 79 1 84 2 NS 84 3 NS
Respiratory variables
AHI, /hr 21 2 8 1 0.001 10 0.001
MinSao,, % 87 1 89 1 NS 88 1 NS

Definition of abbreviations: AHI
oxygen saturation level; NREM
significant; REM  rapid eye movement; REM%

* Baseline versus MAS-1.

T Baseline versus MAS-2.

apnea/hypopnea index; MAS
nonrapid eye movement; NREM%
time in REM sleep as a percentage of TST; TST

mandibular advancement splint; MinSap, ~ minimum arterial
time in NREM sleep as a percentage of TST; NS not
total sleep time.
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appliance causing bite opening to increase on average by 11.5
1.8 mm (range 8.8-16.5) was not related to the amount of bite
opening, which is consistent with our findings. The treatment
outcome with each oral device in the current study was similar
to that of previous studies, many of which used more liberal
definitions of treatment success (3-6, 12, 14).

Both our MAS configurations were equally effective in sig-
nificantly reducing the Epworth sleepiness scale score by an
average of six points compared with the baseline. An equal
improvement in Epworth sleepiness scale scores was also
achieved by the two appliances used by Bloch and colleagues
(5). The substantial improvements in reported quality of sleep
and snoring with each appliance in the present study concur
with previous findings (1, 3-6). Subjective tolerance to both
devices was positive and also comparable to that found in other
studies (1-4, 6). Interestingly, although there was no significant
difference in the proportion of patients who reported side effects
between appliances, a significantly higher proportion preferred
to use the MAS inducing minimal bite opening. This is supported
by a trend toward a higher compliance rate with MAS-1. A
likely explanation for this finding was the greater comfort level
in wearing MAS-1, indicated by a trend toward a smaller propor-
tion of patients reporting jaw discomfort with this splint. Hence,
it appears that the VDO with the MAS may play an important
role in the acceptance and possibly adherence to such therapy,
with the suggestion that minimal bite opening may be more
conducive to better compliance. Moreover, the potential long-
term impact of bite opening on temporomandibular joint func-
tion, which was not addressed by our study, warrants careful
consideration. Bloch and colleagues (5) also reported side effects
to be of equal prevalence with both their appliances; however,
in contrast to our study, these investigators showed a greater
preference among patients for the Monobloc device, which pro-
moted a greater oral opening of the two splints.

The findings of our study do not support the hypothesis that
minimal bite opening with oral appliances for OSA results in
superior treatment effects (10, 15-17). Kuna and Remmers (18)
propose that mouth opening causing dorsoventral movement
of the angle of the mandible is associated with a decrease in
pharyngeal lumen diameter. In a fluoroscopic study, L’Estrange
and colleagues (10) demonstrated that jaw opening is associated
with synchronous posterior movement of both tongue and soft
palate, with consequent narrowing of the oropharyngeal airway
in patients with OSA. Similarly, Meurice and colleagues (17)
demonstrated in healthy volunteers that mouth opening at an
interincisal distance of 15 mm during sleep was associated with
an increase in upper airway collapsibility. However, Lowe (7)
has proposed that advancement of the mandible displaces the
tongue away from the posterior wall of the upper airway, whereas
its inferior displacement shifts the tongue away from the soft
palate. Hence, mandibular protrusion in combination with an
increased VDO may negate pharyngeal closure induced by in-
creased mandibular opening alone. According to George (19),
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choosing an appropriate VDO for an oral appliance requires the
additional consideration of individual facial structure of patients.
The author proposes that the downward stretch of the upper
airway is at least as effective as anterior expansion in maintaining
its patency. A recommendation of 5 mm of vertical opening is
made on the basis of the premise that this would provide an
individual with a short lower facial height sufficient downward
stretch, whereas an opening of more than 5 mm would result in
excessive backward compression in someone with a long lower
facial height. Although craniofacial structure may be a significant
determinant of treatment response (6, 14), the recommendation
of a specific fixed level of vertical bite opening is not supported
by our study. It is also postulated that oral appliances improve
OSA by affecting upper airway muscle function (20). Altering
the VDO with oral appliances may increase tongue activity,
thereby improving sleep-disordered breathing (21). However,
Ono and colleagues (22) found a reduction in tongue activity
with the use of a tongue-retaining device in patients with OSA.
Although genioglossus activity may be influenced by the VDO,
the comparable treatment effects between appliances demon-
strated in our study suggests that if this is so, its impact may be
minimal.

Our study has a number of potential limitations. Patients
were recruited from a sleep disorders clinic known for its interest
in dental therapy research; hence, referral bias may have re-
sulted. However, sample characteristics at baseline were compa-
rable to those of the general OSA clinic population and hence
may be extrapolated to it. An advantage of the crossover nature
of the study design was the interpretation of MAS comparisons
without the added potential influence of between-subject vari-
ability. Any subjective improvements in daytime sleepiness may
have been influenced by response bias; hence, objective mea-
sures are required to confirm such findings. Importantly, al-
though the observed 17% difference in complete response rate,
favoring MAS-1, was not statistically significant, this could well
represent a Type-II error. Hence, it is possible that a clinically
important, albeit small, difference between the two appliances
does exist.

In conclusion, this systematic study has confirmed the efficacy
of MAS in the treatment of OSA, including patients with moder-
ate and severe OSA. Our study suggests that the amount of
vertical opening induced by the appliance does not have an
impact on treatment efficacy to any great extent. However, the
patients’ preference for the MAS minimizing bite opening sug-
gests that it is the better treatment option in the long term,
particularly with the as yet unresolved concern about long-term
side effects associated with greater amounts of bite opening.
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The aim of this study was to evaluate the effect of a mandibular
advancement splint (MAS) on daytime sleepiness and a range of
other symptoms in obstructive sleep apnea (OSA). Using a random-
ized crossover design, patients received 4 weeks of treatment with
MAS and a control device (inactive oral appliance), with an interven-
ing 1-week washout. At the end of each treatment period, patients
were reassessed by questionnaire, polysomnography, and multiple
sleep latency test. Fifty-nine men and 14 women with a mean ( SD)
age of 48 11 years and proven OSA experienced a significantly
improved mean ( SEM) sleep latency on the multiple sleep latency
test (10.3 0.5 versus 9.1 0.5 minutes, p  0.01) and Epworth
sleepiness scale score (7 1versus9 1,p 0.0001) with the MAS
compared with the control device after 4 weeks. The proportion of
patients with normal subjective sleepiness was significantly higher
with the MAS than with the control device (82 versus 62%, p
0.01), but this was not so for objective sleepiness (48 versus 34%,
p 0.08). Other OSA symptoms were controlled in significantly
more patients with the MAS than with the control device. MAS
therapy improves a range of symptoms associated with OSA.

Keywords: sleep apnea; obstructive; orthodontic appliances

Obstructive sleep apnea (OSA) is a prevalent disorder, par-
ticularly among the middle-aged (1). It is marked by recurring
partial or complete occlusion of the upper airway during
sleep, resulting in oxyhemoglobin desaturation and arousal.
The associated excessive daytime sleepiness (EDS) and noc-
turnal symptoms such as snoring, witnessed apneas, and sleep
disruption can lead to emotional, marital, social, occupa-
tional, and road safety impairment (2, 3). The management
of OSA is primarily targeted toward the relief of such debili-
tating symptoms (4). Although the gold standard of treatment
for the disorder is nasally applied continuous positive airway
pressure (nCPAP) (5), suboptimal patient compliance rates
attributed mainly to its side effects and obtrusive nature have
driven the search for a suitable alternative (6).

Mandibular advancement splint (MAS) therapy is gaining
increasing recognition as a treatment option for a substantial
number of patients with OSA (4, 7-14). These removable
oral devices are believed to act by maintaining the mandible
in a protruded position during sleep, thereby preventing pha-
ryngeal collapse (15). Despite being less effective in control-
ling sleep-disordered breathing compared with nCPAP, they
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are preferred by patients due to their user-friendliness and
fewer side effects (8-10, 13). To date, however, reports on
the effect of MAS therapy on symptoms associated with OSA
have been predominantly based on findings from uncon-
trolled case series with small study populations and often a
sparse description of study procedures (7, 12). Moreover, the
impact of this treatment on EDS has been confined to either
subjective evidence alone (7-11, 13, 14) or limited objective
evidence from uncontrolled trials (16, 17). Hence, the aim
of this study was to further elucidate the clinical role of MAS
therapy by systematically assessing its effect on objective
and subjective daytime sleepiness and on a range of other
symptoms commonly linked with OSA.

METHODS
Study Participants

The present study formed part of a larger trial investigating the effect
of MAS therapy on a range of health outcomes in OSA, including
blood pressure and neurocognitive function. Consecutive patients who
were referred for assessment and treatment of OSA to a multidiscipli-
nary clinic for sleep disorders in a teaching hospital were recruited.
Inclusion criteria were (I ) evidence of OSA on polysomnography (re-
spiratory disturbance index [RDI]  10/hour) and at least two of the
following symptoms: daytime sleepiness, snoring, witnessed apneas, or
fragmented sleep; (2) age more than 20 years; and (3) the ability to
protrude the mandible by at least 3 mm. Exclusion criteria were (/)
predominant central sleep apnea on sleep study; (2) psychiatric disease,
use of narcotics, sedatives, or psychoactive medications; (3) insufficient
teeth to permit adequate splint retention; (4) periodontal disease or
dental decay; or (5) an exaggerated gag reflex. Approval was obtained
from the institutional Ethics Committee, and all subjects gave their
written informed consent.

Study Treatment

The MAS was custom-made for individual patients, as illustrated in
Figure 1. The control device consisted of the upper appliance alone,
which had no protrusive effect on the mandible. Patients were informed
that the aim of the study was to examine the efficacy of oral appliance
therapy for OSA by comparing two appliances. With ethics approval,
patient blinding to active and control treatments was achieved by con-
cealing the likely inactive nature of the control device.

Study Design

A randomized, controlled, two-period crossover trial (AB/BA) was
performed. At baseline, patients completed the Epworth sleepiness
scale (ESS) questionnaire and a symptom questionnaire and underwent
overnight polysomnography. This was followed by a period of acclimati-
zation to the MAS, during which the mandible was incrementally ad-
vanced until the maximum comfortable limit was reached. The purpose
of acclimatization was solely to permit adaptation to the MAS, to ensure
an adequate therapeutic trial during the subsequent crossover phases
of the study. Symptomatic response was specifically not assessed during
this period so as to avoid potentially unblinding patients. Patients then
underwent a washout period of 1 week, after which they were random-
ized to receive either active or control treatment for a period of 4
weeks, followed by the alternate treatment for 4 weeks with an interven-
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Figure 1. Photograph of the MAS mounted on study models. Design fea-
tures of the MAS were (1) separate upper and lower acrylic appliances
anchored onto the dental arches and covering the occlusal surfaces of
all teeth. (2) Two acrylic flanges situated bilaterally on the buccal surface
of the lower appliance in the molar region. These fit against a slot on
the upper appliance in the same region, thus allowing engagement of
the two appliances. The length and angle of the flanges were used to
guide the mandible forward and maintain advancement. (3) Two 10-
mm “Lewa” screw devices (Rocky Mountain Orthodontics, Denver, CO)
to enable advancement of the slots; this permits incremental protrusion
of the mandible. The vertical height of the MAS was kept to a minimum
(the average thickness of each upper and lower appliance was between
1.5 and 2.0 mm).

ing washout period of 1 week. At the end of each 4-week period,
subjects completed the ESS questionnaire and a symptom questionnaire
and underwent overnight polysomnography with the appliance, fol-
lowed by a multiple sleep latency test (MSLT) the next day.

Outcome Measures

Questionnaires. Subjective assessment of sleepiness was performed us-
ing the ESS, a reliable and validated, self-administered questionnaire
(18). Patients were deemed to be sleepy when they had an ESS score
greater than 10 (18). A self-administered, detailed, in-house question-
naire was used to document the frequency and intensity of a range of
nocturnal and daytime symptoms and treatment-related side effects and
satisfaction. Treatment compliance was monitored by diary completion.

Polysomnography. Nocturnal sleep studies were performed by a
trained sleep technician in a standard fashion (19). Respiration and
snoring sound measurement techniques and the definition of arousal
have been reported previously (14, 20). Sleep recordings were scored by
an experienced polysomnographer who was blinded to patient clinical
status.

Treatment outcome. A complete response (CR) to treatment was
defined as a reduction in RDI to less than five per hour (21). A partial
response (PR) was defined as a reduction of 50% or more in RDI
compared with baseline, but with the RDI remaining at five or more
per hour. Treatment failure was defined as less than 50% reduction in
RDI compared with baseline. OSA severity was defined according to
the RDI: mild, 5 to less than 15 per hour; moderate, 15 to 30 per hour;
and severe, greater than 30 per hour (21).

Multiple sleep latency test. Objective daytime sleepiness was assessed
by the MSLT, according to the standard research protocol (22). A
polysomnographer blinded to patient clinical status and treatment allo-
cation performed and manually scored the MSLT. Resolution of EDS
was defined as a return of the mean sleep latency (MSL) to normal;

TABLE 1. STUDY SAMPLE CHARACTERISTICS AT BASELINE*

Group | (AB) Group Il (BA) Total
Variable (n  36) (n 37) (n 73
Sex 30M, 6F 29M, 8F 59 M, 14 F
Age, yr 48 11 48 11 48 11
BMI, kg/m? 284 5.2 29.6 4.1 29.0 4.7
Neck circumference, cm 39.9 3.2 40.7 3.1 40.3 3.2
Waist:hip 0.9 0.1 09 0.1 09 0.1
RDI, per h 283 173 259 13.2 271 153
MinSao,, % 85 6 86 5 86 6
Arousal index, per h 35.0 147 349 123 35.0 135
ESS score 115 m 5 M 5

Definition of abbreviations: BMI  body mass index; ESS  Epworth Sleepiness
Scale; F female; M male; MinSao,  minimum arterial oxygen saturation;
RDI  respiratory disturbance index.

* Groups compared using Student’s two-sample t test. Data are presented as
mean  SD.

i.e., more than 10 minutes (23). Pathologic sleepiness was defined as
an MSL of less than 5 minutes (23).

Statistical considerations. Data were stored and analyzed on SPSS
(version 10.0; SPSS Inc., Chicago, IL). The response to treatment,
period effects, and interactions between treatment and period were
determined using two-way analysis of variance (ANOVA), with treat-
ment order as a between-subject factor and treatment as a within-
subject factor (24). A two-sided significance level of 0.1 was considered
significant for carryover (25). Univariate ANOVA was used to assess
the relationship between daytime sleepiness treatment response (within-
subject differences between the MAS and the control) and potential
prognostic variables, after adjustment for regression to the mean. Cate-
gorical data were analyzed by the chi-squared test. Descriptive statistics
are presented as mean  SD and estimated means as mean  SEM.
Differences in estimated means are presented with 95% confidence
intervals (CI). All probability values were calculated from two-tailed
tests of statistical significance. A 0.05 significance level was maintained
throughout these analyses.

RESULTS

Study Population

A total of 85 patients were eligible for study participation.
Twelve patients withdrew from the study due to the following
reasons: refusal to participate after initial recruitment (chose and
received nCPAP) (n  1); work interference (n  3); permanent
relocation interstate (n  2); extended overseas trip (n  1);
self-perception during acclimatization that any treatment was
not required (n  1); unrelated health problems (n  3); and
refusal to continue with alternate treatment due to a self-per-
ceived improvement in OSA symptoms with the MAS during
Phase 1 (n  1). Comparison of those who withdrew with those
who completed the study revealed that the two groups did not
differ in sex distribution, age, or ESS scores. However, there
was a significant difference in body mass index (BMI) and RDI,
with study patients having both a lower mean BMI (29.0 0.5
versus 340 1.9 kg/m? p  0.01) and mean RDI (27.1 1.8
versus 39.5  6.7/hour, p  0.05).

The 73 patients who were randomized and followed for the
duration of the study period consisted of 59 men and 14 women
and, as a group, were middle-aged and overweight. OSA severity
subgroups revealed a predominance of moderate and severe
OSA, with 41 patients (56%) and 21 patients (29%) in each
subgroup, respectively. Thirty-eight patients (52%) were consid-
ered to be subjectively sleepy according to the ESS. The baseline
characteristics were comparable for the two sequence groups
(Table 1). Considering the small proportion of women included
in the trial cohort and the lack of significant difference between
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TABLE 2. NOCTURNAL POLYSOMNOGRAPHY AT BASELINE,
WITH MANDIBULAR ADVANCEMENT SPLINT AND WITH
CONTROL DEVICE

Baseline MAS Control

Variable (n 73) (n 73) (n 73)
Respiratory

RDI, per h* 27 2 12 2 25 2

MinSao,, %* 86 1 89 1 86 1
Sleep architecture

TST, minf 349 8 370 7 366 7

TST in REM, min 66 3 68 3 63 3

TST in NREM, min* 283 6 299 6 303 6

TST in REM, % 18 1 18 1 17 1

TST in NREM, % 82 1 81 1 83 1

Sleep efficiency, % 81 1 84 1 82 2

Arousal index, per h* 35 2 25 2 33 2
Snoring

Snoring frequency, per h* NA 207 20 366 21

Mean snoring intensity, dB* NA 48 1 51 1

Maximum snoring intensity, dB¢ NA 67 1 70 1

Definition of abbreviations: MAS  mandibular advancement splint; MinSao,
minimum arterial oxygen saturation; NA  not available; NREM  nonrapid eye
movement; RDI  respiratory disturbance index; REM  rapid eye movement;
TST  total sleep time.

MAS and control treatments compared using two-way analysis of variance.
Baseline and control treatment compared using paired ¢ test. Data are presented
as mean  SEM.

*p  0.0001, MAS versus control.

p  0.05, baseline versus control.

*p  0.01, baseline versus control.

$p  0.01, MAS versus control.

sex groups in baseline and outcome measures, results were
pooled for men and women.

Acclimatization Phase

The mean period of acclimatization to the MAS was 8 4 weeks
(range, 2-22 weeks). The mean advancement of the mandible
with the MAS was 7 2 mm (range, 3-13 mm), representing
80 9% (range, S0-95%) of maximum jaw protrusion.

Study Outcomes

Objective daytime sleepiness. The MAS resulted in a significantly
longer MSL of 10.3 0.5 minutes on the MSLT, compared with
9.1 0.5 minutes for the control device (p  0.01). The mean
difference was estimated as 1.2 minutes (95% CI;0.3,2.1). Thirty-
five patients (48% ) showed a normal MSL with active treatment,
compared with 25 patients (34%) with the control treatment
(p  0.08). Of those who remained objectively sleepy with the
MAS, five (7%) were pathologically sleepy. Eleven (29%) of
the patients whose MSLT was not in the normal range with
active treatment achieved a CR and 10 (26%) achieved a PR.

Subjective daytime sleepiness. The MAS resulted in a small
but highly significant reduction in the mean ESS score compared
with the control device (7 1 versus9 1,p  0.0001). The
difference in estimated means was two points (95% CI; 1, 3).
Subjective sleepiness with the control treatment was significantly
less than at baseline (9 1 versus 11 1, p  0.01). Active
treatment produced a normal ESS score in 60 patients (82%),
compared with 45 patients (62%) on the control treatment (p
0.01).

Polysomnographic markers of OSA. Findings for treatment
effects on polysomnography are detailed in Table 2. The MAS
produced a 52% reduction in mean RDI and a significantly
higher mean minimum arterial oxygen saturation (MinSao,)
compared with the control device. Twenty-six patients (36%)
showed a CR to the MAS, whereas 20 patients (27%) showed
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a PR. Twenty-seven patients (37%) were treatment failures. The
control device had no statistically significant effect on baseline
RDI, MinSao,, or other sleep variables (Table 2). Whereas the
MAS resulted in a highly significant reduction in the mean
arousal index compared with the control device, there was no
significant difference in mean total sleep time (TST), mean sleep
efficiency, or sleep stage distribution between appliances. Active
treatment resulted in a highly significant reduction in objective
snoring frequency and in both average and maximum snoring
intensity in comparison with the control treatment.

There was no statistically significant treatment-by-period in-
teraction or period effect for MSL on the MSLT, ESS score, or
polysomnographic variables.

Other subjective outcomes. There was a highly significant re-
duction in both the reported frequency and intensity of snoring
with the MAS compared with the control device (p  0.0001)
(Figure 2). Whereas significantly more patients reported im-
proved sleep quality with active treatment (p  0.0001) (Fig-
ure 3), sleep fragmentation did not differ between appliances in
terms of the reported average number of nights woken per week
or the average number of times woken per night (p  0.05).
The main reason specified for waking up with each appliance
was nocturia. However, at baseline, patients reported waking
up mainly due to nocturia, the bed partner who was disturbed
by the patient’s snoring, or a dry mouth. Six patients (8%)
reported witnessed apneas with the MAS compared with 20
patients (27%) using the control device (p  0.05). The propor-
tion of patients reporting nocturnal choking episodes did not
differ between active and control treatments. A significantly
higher proportion of patients experienced side effects with the
MAS than with the control device; namely, jaw discomfort (p
0.0001), tooth tenderness (p  0.0001), and excessive salivation
(p  0.05). The majority of patients who complained of side
effects reported them to be generally mild in nature and to last
for the duration of the relevant treatment phase.

Significantly greater treatment satisfaction was achieved with
the MAS (p  0.0001). Active and control treatments were found
to be very satisfactory in controlling subjective OSA symptoms
in 30 patients (41%) versus 5 patients (7%), satisfactory in 40
patients (55%) versus 25 patients (34% ), and not satisfactory in
3 patients (4%) versus 43 patients (59%), respectively. At the
end of the relevant treatment phase, 72 patients (99%) expressed
a desire to continue with active treatment, compared with 36
patients (49%) who wished to continue with the control (p
0.0001).

Self-reported compliance. Self-reported treatment compli-
ance during each 4-week treatment period was high and did not
differ between appliances. Patients reported wearing both the
MAS and the control device for an average duration of 6.7
0.1 hours per night. There was no difference in reported mean
percentage of nights the MAS and control device were used
during the 4 weeks (97 1 versus 96  1%).

Prognostic variables. The BMI, neck circumference, and the
average number of hours patients reported sleeping per night
during each treatment phase did not differ significantly between
the MAS and the control device (Table 3). However, the mean
percentage of TST spent supine during overnight polysomnogra-
phy with the MAS was significantly higher compared with that
when using the control device (Table 3). Drugs known to produce
sleepiness were not detected on urine drug screening at the end
of each MSLT. Univariate ANOVA revealed that the within-
subject change in objective daytime sleepiness between the MAS
and control was unrelated to age, sex, BMI, RDI, OSA severity
subgroup, MinSao,, arousal index, ESS score, or subjective sleep-
iness status at baseline. Similarly, no significant associations were
found with measures of protrusion or concurrent changes in
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RDI, MinSao,, arousal index, time spent in rapid eye movement
sleep and nonrapid eye movement sleep, sleep efficiency, or ESS
score. The change in within-subject subjective daytime sleepiness
between treatments was not associated with any of the aforemen-
tioned variables. However, a trend was evident for an association
with respiratory treatment outcome, although this was not statis-
tically significant (p  0.06).

DISCUSSION

The key symptoms of OSA have an adverse impact on both
the individual and the wider community. The results of this
randomized, controlled, crossover trial in patients with mild to
severe OSA demonstrate significant objective and subjective
evidence of improvement in such symptoms with MAS therapy.
To our knowledge, this is the first systematic study to show a
significant objective reduction in daytime sleepiness with a MAS.
The mean MSL with the active appliance after 4 weeks of treat-
ment was in the range of MSL scores achieved by normal adult
volunteers (26). In the only other study assessing the effect of
oral appliance therapy on objective daytime sleepiness in OSA,
Menn and colleagues (17) showed a marked improvement in
MSL on the maintenance of wakefulness test of 7 minutes in 13
patients with MAS treatment, 10 of whom achieved a normal
sleep latency. Although these improvements were substantially
greater than in the present study, they were based on a patient
subgroup favoring responders with moderate to severe OSA
from a case series agreeable to testing after treatment with the
MAS for 3 months. Furthermore, results from the two different
tests may not be comparable as they may measure different
abilities (27).

The efficacy of the MAS in resolving objective sleepiness
in comparison with nCPAP remains uncertain. Interestingly, a
randomized, controlled, crossover study of nCPAP for OSA
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Figure 3. Relative frequency distribution of sleep quality with the MAS
and the control device. n  73. Percentages may not add up to 100
due to rounding. p  0.0001 (MAS versus control device).
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0 CCNTROL (B) snoring intensity with the
MAS and the control device.
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with patient entry criteria similar to those used in our study also
showed an improvement in mean MSL on MSLT of approxi-
mately 1 minute with active therapy, compared with a tablet
placebo after 4 weeks of treatment, but the improved sleep
latencies remained within the abnormal range (28). A similar
study performed in patients with moderate to severe OSA repor-
ted an increase of 2.4 minutes with nCPAP, with scores reaching
normal limits (29). A parallel group study in patients with an
ESS score greater than 10 at baseline showed a 7-minute im-
provement in median maintenance of wakefulness test time with
therapeutic nCPAP versus subtherapeutic nCPAP after 4 weeks
of treatment (30). The mean test time after therapeutic treatment
was similar to the mean in healthy people. A randomized, con-
trolled trial of MAS therapy against nCPAP in patients with
OSA would be required to make a valid comparison of the
efficacy of the two treatments in resolving objective sleepiness.

Whereas the magnitude of improvement in subjective sleepi-
ness with the MAS in our study sample was highly significant,
the two-point decrease in the ESS score may not be clinically
important. Case review studies of oral appliances for OSA (7)
and a study by Menn and coworkers (17) found that a self-
reported improvement in sleepiness occurred in the majority of
patients after treatment. However, unlike the present study,
these investigators did not use a validated and reliable instrument
to assess subjective sleepiness. Nevertheless, our findings must
be considered with the knowledge that the main limitation of
the ESS, as with any subjective report, is that it is open to
response bias. Two randomized, crossover trials by Ferguson
and coworkers (10) and Bloch and coworkers (11) reported study
samples with a mean ESS score at baseline similar to ours and
showed significant reductions in the mean ESS score of 5.6 points
and in the median ESS score of 4.5 points, respectively. However,
these improvements were in comparison with no treatment. In-
terestingly, subjective sleepiness with the control was found to
be significantly less than at baseline in the current study, sug-

TABLE 3. POTENTIAL CONFOUNDERS AND EFFECT
MODIFIERS WITH MANDIBULAR ADVANCEMENT SPLINT
AND CONTROL DEVICE

Variable MAS Control
BMI, kg/m? 30.0 0.6 30.0 0.6
Neck circumference, cm 39.8 0.4 39.7 04
TST spent supine, %* 50 3 42 3
Time slept per night during

treatment phase, h 7.0 0.1 7.1 0.1

Definition of abbreviations: BMI ~ body mass index; MAS  mandibular ad-
vancement splint; TST  total sleep time.

Comparison made using paired t test. Data are presented as mean  SEM.

*p 0.05.
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gesting the possibility of regression to the mean or a placebo
effect and hence highlighting the importance of using a “sham”
control to establish the true treatment effect of such a physical
therapy. Randomization assured the validity of our study by
ensuring that treatment groups were similar on average and by
controlling for regression to the mean, period effects, learning
effects, treatment order effects, and placebo effects. It is interest-
ing to note that similar reductions in ESS scores have been
shown with sham (subtherapeutic) nCPAP in some randomized,
controlled trials (30, 31, 32) but not in others (33).

The absence of a relationship between the ESS score and
MSL on the MSLT in the present trial is consistent with findings
from previous studies in patients with OSA (34, 35). A poor
correlation has also been demonstrated between the complaint
of sleepiness and the MSLT score (36, 37). Furthermore, im-
provements in reported sleepiness after treatment for OSA have
not always been reflected in MSLT results (37).

Although a significant improvement was found in both objec-
tive and subjective sleepiness with the MAS, a significant propor-
tion of patients did not respond to treatment and some patients
experienced only a partial recovery. There are several possible
explanations for this. OSA was either not improved or was not
optimally controlled with the MAS in 55% of the patients with
a persistently abnormal MSL, and this is a likely explanation
for any lack of improvement in EDS. Although the mean arousal
index was significantly reduced for the 73 patients, it did not
reach normal levels (38). This raises the possibility that although
the MAS improves sleep-disordered breathing, upper airway
resistance may persist (39) and could account for sleepiness
among complete responders. Furthermore, the prescribed treat-
ment period of 4 weeks may not have been sufficient to correct
chronic EDS in all patients. The allocated treatment period was
chosen on the basis of previously reported improvement in EDS
with nCPAP after an equivalent treatment interval (29). An
additional explanation may be the presence of residual sleepi-
ness, as has been suggested for persistent sleepiness in patients
treated with nCPAP (40).

The present study found significant improvements with active
treatment in respiratory and sleep variables as previously re-
ported (7, 9-11, 14, 17). The mean percentage of TST spent
supine during nocturnal polysomnography was significantly
higher with the MAS than with the control device and hence
may have led to an underestimate of the benefit of active therapy.
The mean snoring frequency was significantly reduced by 43%,
and both the mean snoring intensity and maximum snoring inten-
sity by 3 dB, similar to the study by Mehta and coworkers (14).
O’Sullivan and colleagues (41) found an 18% reduction in snor-
ing frequency and a 15.8% reduction in snoring intensity re-
flected by the proportion of snores of 50 dB or more. Bloch and
coworkers (11) found that time spent snoring during polysom-
nography did not change; however, the snoring index with their
Herbst and Monobloc devices was reduced by 36 and 58%,
respectively, compared with no treatment. Significantly more
patients reported a reduction in snoring frequency and intensity
with the MAS as in previous studies of such oral appliances that
assessed subjective snoring outcomes (7, 9-11, 14). However,
only a small proportion of patients (23%) reported an absence of
snoring with the MAS, which is also in agreement with previous
results (10, 11, 14, 41).

Although the proportion of patients who reported improved
sleep quality was significantly greater with the MAS than with
the control device, our study found no statistically significant
difference in the number of patients who reported sleep fragmen-
tation and choking episodes or witnessed apneas between treat-
ments. Three randomized, controlled trials (8-10) have shown
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that both oral appliance therapy and nCPAP improve a range
of OSA symptoms.

Patient acceptance of the MAS was very high, with almost
all (99%) expressing a desire to continue with such treatment.
Short-term treatment-related side effects were generally mild
and transient, similar to those reported previously (7-10). Inter-
estingly, 30 patients (41%) believed that the control treatment
was either very satisfactory or satisfactory in controlling their
symptoms, and 36 patients (49%) wished to continue with the
control. This further highlights the need for objective evidence
of clinical improvement with the MAS. Although dropouts had
a significantly lower mean BMI and RDI, all but one was unre-
lated to treatment, and hence it is unlikely that the intervention
itself would have acted as a major source of bias. High acceptance
rates of the MAS have also been reported by others (9-11, 14).

The objective and subjective treatment effect in daytime
sleepiness with the MAS was not significantly associated with
any potential prognostic factors; however, there was a trend for
subjective sleepiness improvement to be associated with better
respiratory treatment outcomes. Similar observations have been
made with respect to nCPAP treatment (28, 29).

A particular strength of this study stems from the use of
an inactive control oral appliance. Although use of a matched
placebo control in any randomized trial would be ideal to elimi-
nate the placebo effect and to ensure double blinding, this is
not achievable with a physical therapy such as MAS. A viable
solution to this important issue is the use of a control device
that is physically comparable to the device being evaluated but
does not produce any changes in OSA. Such an approach has
been adopted by a number of investigators by using nCPAP at
subtherapeutic pressures (sham nCPAP) as the control device
(30-33). We believe that we have achieved a similar effect in
our study. Despite a difference in the anteroposterior position
of the mandible between the MAS and the control device, pa-
tients were kept blind to active and control treatments as a result
of the physical similarity between the two oral appliances and
by concealment of the inactive nature of the control. The compa-
rable compliance with the two appliances during each treatment
phase suggests that patients were equally interested in the two
treatments. Similarly, the improved subjective daytime sleepi-
ness with the control treatment and the reported desire to con-
tinue treatment with the control device by a significant propor-
tion of patients indicate an effective blinding process. The a
priori assumption of the inactive nature of the upper appliance
alone was confirmed on finding that OSA severity, determined
by the RDI and MinSa,,, did not differ significantly between
the control treatment and baseline. This is in accordance with
our previous study in which the control device consisted of a
single lower plate (14), and confirms the importance of advance-
ment in achieving a positive therapeutic effect.

The final MAS setting ranged from 50 to 95% of maximal jaw
protrusion, indicating the wide variability in tolerance between
patients. The lack of significant association between measures
of sleepiness with the MAS and measures of protrusion do not
make it possible to draw conclusions as to the optimal advance-
ment for resolution of EDS with such appliances. Whereas most
randomized, controlled trials of MAS therapy for OSA have
reported advancing the mandible with the MAS by a set amount
for all patients (9, 10, 41), the present study chose the maximum
comfortable limit of advancement as the stopping point to ac-
count for between-subject tolerance to mandibular protrusion
and to maintain patient blinding.

In conclusion, this study has shown that 4 weeks of MAS
therapy improves daytime sleepiness and a range of other symp-
toms associated with OSA. This study extends our previous
findings, confirming the efficacy of MAS therapy in controlling
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OSA in a substantial number of patients, including those with
moderate and severe OSA. However, it remains unclear which
patients benefit and what factors predict this improvement. Im-
provement in sleepiness with treatment does not appear to
equate solely with the extent of resolution of sleep-related abnor-
malities. These findings support suggestions by others (35, 36)
for the need to develop better and more responsive tests for
sleepiness and to identify clinically important variables that re-
late better to sleepiness.

Acknowledgment: The authors thank Dr. Atul Mehta for assisting with patient
treatment, and the sleep laboratory staff for technical support with polysomnogra-
phy and MSLT.

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

18.

Young T, Palta M, Dempsey J, Skatrud J, Weber S, Badr S. The occur-
rence of sleep-disordered breathing among middle-aged adults. N Engl
J Med 1993;328:1230-1235.

. Guilleminault C, Carskadon M. Relationship between sleep disorders

and daytime complaints. In: Koella WP, Levin P, editors. Sleep 1976:
memory, environment, epilepsy, sleep staging: proceedings of the third
European Congress on Sleep Research, Montpellier, September 6-10,
1976. Basel, Switzerland: Karger S; 1977. p. 95-100.

. Barbe Pericas J, Munoz A, Findley L, Anto JM, Agusti AG. Automobile

accidents in patients with sleep apnea syndrome: an epidemiological
and mechanistic study. Am J Respir Crit Care Med 1998;158:18-22.

. American Sleep Disorders Association. Practice parameters for the treat-

ment of snoring and obstructive sleep apnea with oral appliances.
Sleep 1995;18:511-513.

. Ballester E, Badia JR, Hernandez L, Carrasco E, de Pablo J, Fornas C,

Rodriguez-Roisin R, Montserrat JM. Evidence of the effectiveness of
continuous positive airway pressure in the treatment of sleep apnea/
hypopnea syndrome. Am J Respir Crit Care Med 1999;159:495-501.

. Wright J, Johns R, Watt I, Melville A, Sheldon T. Health effects of

obstructive sleep apnea and the effectiveness of continuous positive
airways pressure: a systematic review of the research evidence. BMJ
1997;314:851-860.

. Schmidt-Nowara W, Lowe A, Wiegand L, Cartwright R, Perez-Guerra

F,Menn S. Oral appliances for the treatment of snoring and obstructive
sleep apnea: a review. Sleep 1995;18:501-510.

. Clark GT, Blumenfeld I, Yoffe N, Peled E, Lavie P. A crossover study

comparing the efficacy of continuous positive airway pressure with
anterior mandibular positioning devices on patients with obstructive
sleep apnea. Chest 1996;109:1477-1483.

. Ferguson KA, Ono T, Lowe AA, Keenan SP, Fleetham JA. A random-

ized crossover study of an oral appliance vs nasal-continuous positive
airway pressure in the treatment of mild-moderate obstructive sleep
apnea. Chest 1996;109:1269-1275.

Ferguson KA, Ono T, Lowe AA, al-Majed S, Love LL, Fleetham JA.
A short-term controlled trial of an adjustable oral appliance for the
treatment of mild to moderate obstructive sleep apnea. Thorax 1997,
52:362-368.

Bloch KE, Iseli A, Zhang JN, Xie X, Kaplan V, Stoeckli PW, Russi EW.
A randomized, controlled crossover trial of two oral appliances for
sleep apnea treatment. Am J Respir Crit Care Med 2000;162:246-251.

Ferguson K. Oral appliance therapy for obstructive sleep apnea: finally
evidence you can sink your teeth into. Am J Respir Crit Care Med 2001;
163:1294-1295.

Wright J, White J. Continuous positive airways pressure for obstructive
sleep apnea. Cochrane Database Syst Rev 2000;2:CD001106.

Mehta A, Qian J, Petocz P, Darendeliler MA, Cistulli PA. A randomized,
controlled study of a mandibular advancement splint for obstructive
sleep apnea. Am J Respir Crit Care Med 2001;163:1457-1461.

Lowe AA. Oral appliances for sleep breathing disorders. In Kryger MH,
Roth T, Dement WC, editors. Principles and practice of sleep medi-
cine, 3rd ed. Philadelphia, PA: Saunders; 2000. 929-939.

Meier-Ewert K, Brosig B. Treatment of sleep apnea by prosthetic man-
dibular advancement. In Peter H, Podszus T, von Wichert P, editors.
Sleep related disorders and internal diseases. Berlin: Springer-Verlag;
1987. p. 341-345.

Menn SJ, Loube DI, Morgan TD, Mitler MM, Berger JS, Erman MK.
The mandibular repositioning device: role in the treatment of obstruc-
tive sleep apnea. Sleep 1996;19:794-800.

Johns MW. A new method for measuring daytime sleepiness: the Ep-
worth sleepiness scale. Sleep 1991;14:540-545.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

3s.

36.

37.

38.

39.

40.

41.

Rechtschaffen A, Kales A. A manual of standardized terminology, tech-
niques and scoring system for sleep stages of human subjects. Los
Angeles: Brain Information Service/Brain Research Institute; 1968.

American Sleep Disorders Association. EEG arousals: scoring rules and
examples: a preliminary report from the Sleep Disorders Atlas Task
Force of the American Sleep Disorders Association. Sleep 1992;15:
173-184.

The Report of an American Academy of Sleep Medicine Task Force.
Sleep-related breathing disorders in adults: recommendations for syn-
drome definition and measurement techniques in clinical research.
Sleep 1999;22:667-689.

Carskadon MA, Dement WC, Mitler MM, Roth T, Westbrook PR, Kee-
nan S. Guidelines for the multiple sleep latency test (MSLT): a stan-
dard measure of sleepiness. Sleep 1986;9:519-524.

American Sleep Disorders Association. The International Classification
of Sleep Disorders: diagnostic and coding manual. Rochester, MN:
Davies Printing, American Sleep Disorders Association; 1990.

Hills M, Armitage P. The two-period cross-over clinical trial. Br J Clin
Pharmacol 1979;8:7-20.

Grizzle JE. The two period changeover design and its use in clinical
trials. Biometrics 1965;21:467-480.

Thorpy MJ. The clinical use of the multiple sleep latency test: the Stan-
dards of Practice Committee of the American Sleep Disorders Associa-
tion. Sleep 1992;15:268-276.

Sangal RB, Thomas L, Mitler MM. Maintenance of wakefulness test
and multiple sleep latency test: measurement of different abilities in
patients with sleep disorders. Chest 1992;101:898-902.

Engleman HM, Martin SE, Deary 1J, Douglas NJ. Effect of continuous
positive airway pressure treatment on daytime function in sleep ap-
noea/hypopnoea syndrome. Lancet 1994;343:572-575.

Engleman HM, Martin SE, Kingshott RN, Mackay TW, Deary 1J, Doug-
las NJ. Randomised placebo controlled trial of daytime function after
continuous positive airway pressure (CPAP) therapy for the sleep
apnoea/hypopnoea syndrome. Thorax 1998;53:341-345.

Jenkinson C, Davies RJ, Mullins R, Stradling JR. Comparison of thera-
peutic and subtherapeutic nasal continuous positive airway pressure
for obstructive sleep apnoea: a randomised prospective parallel trial.
Lancet 1999;353:2100-2105.

Montserrat JM, Ferrer M, Hernandez L, Farre R, Vilagut G, Navajas
D, Badia JR, Carrasco E, De Pablo J, Ballester E. Effectiveness of
CPAP treatment in daytime function in sleep apnea syndrome: a
randomized controlled study with an optimized placebo. Am J Respir
Crit Care Med 2001;164:608-613.

Henke KG, Grady JJ, Kuna ST. Effect of nasal continuous positive
airway pressure on neuropsychological function in sleep apnea-hypo-
pnea syndrome: a randomized, placebo-controlled trial. Am J Respir
Crit Care Med 2001;163:911-917.

Barbe F, Mayoralas LR, Duran J, Masa JF, Maimo A, Montserrat JM,
Monasterio C, Bosch M, Ladaria A, Rubio M, et al. Treatment with
continuous positive airway pressure is not effective in patients with
sleep apnea but no daytime sleepiness: a randomized controlled trial.
Ann Intern Med 2001;134:1015-1023.

Benbadis SR, Mascha E, Perry MC, Wolgamuth BR, Smolley LA, Dinner
DS. Association between the Epworth sleepiness scale and the multiple
sleep latency test in a clinical population. Ann Intern Med 1999;130:
289-292.

Chervin RD, Aldrich MS. The Epworth Sleepiness Scale may not reflect
objective measures of sleepiness or sleep apnea. Neurology 1999;52:
125-131.

Chervin RD, Kraemer HC, Guilleminault C. Correlates of sleep latency
on the multiple sleep latency test in a clinical population. Elec-
troencephalogr Clin Neurophysiol 1995;95:147-153.

Roth T, Hartse KM, Zorick F, Conway W. Multiple naps and the evalua-
tion of daytime sleepiness in patients with upper airway sleep apnea.
Sleep 1980;3:425-439.

Mathur R, Douglas NJ. Frequency of EEG arousals from nocturnal sleep
in normal subjects. Sleep 1995;18:330-333.

Guilleminault C, Stoohs R, Clerk A, Cetel M, Maistros P. A cause of
excessive daytime sleepiness: the upper airway resistance syndrome.
Chest 1993;104:781-787.

Kribbs NB, Pack Al Kline LR, Getsy JE, Schuett JS, Henry JN, Maislin
G, Dinges DF. Effects of one night without nasal CPAP treatment
on sleep and sleepiness in patients with obstructive sleep apnea. Am
Rev Respir Dis 1993;147:1162-1168.

O’Sullivan RA, Hillman DR, Mateljan R, Pantin C, Finucane KE. Man-
dibular advancement splint: an appliance to treat snoring and obstruc-
tive sleep apnea. Am J Respir Crit Care Med 1995;151:194-198.



J Orofac Orthop 2004;65(6):489-500.

Case control study in the treatment of obstructive sleep-
disordered breathing with a mandibular protrusive
appliance.

ROSE EC, GERMANN M, SORICHTER S, JONAS IE.

Department of Orthodontics, University of Freiburg i. Br., Germany,
edmund.rose@uniklinik-freiburg.de

BACKGROUND:. Mandibular protrusive appliances have long been used to treat
obstructive sleep apnea/hypopnea syndrome (OSAHS). Their efficacy regarding
respiration during sleep varies greatly and remains difficult to predict. In this study the
efficacy of a two-splint appliance on nocturnal breathing disorders, sleep profile, and
daytime sleepiness were evaluated according to a specially-designed treatment process.
PATIENTS AND METHODS.:. In this study 42 consecutive OSAHS patients who had
been fitted with a mandibular protrusive appliance according to a preset treatment
regimen were included in a follow-up analysis. The diagnosis and the degree of severity
of OSHAS were determined by polysomnography in the sleep laboratory. The treatment
regimen was established with the sleep laboratory physician. Treatment regimen included
the diagnostic procedure in the sleep laboratory, each patient's dental requirements, the
fabrication of the appliance used, and the titration of the mandibular protrusion. After
having grown accustomed to the appliance for 24.5 +/- 7.8 days, 34 patients underwent
overnight polysomnography. RESULTS:. The mean apnea/hypopnea index decreased
significantly from 19.6 +/- 12.8 to 3.3 +/- 7.8 events per hour to 83%; the apnea index
also improved significantly, as did minimal oxygen saturation and the desaturation index.
Changes in sleep profile did not reach statistical significance; the arousal index (p < 0.02)
and the subjectively-assessed daytime sleepiness (p < 0.02) decreased significantly. A
therapeutically-required AHI of below 5 events per hour was achieved in 88.2% of the
patients. CONCLUSION:. A significant improvement in the respiratory situation of the
vast majority of OSAHS patients, particularly in their AHI, can be achieved when one
applies the procedural steps and employs the mandibular protrusive appliance we
describe herein.
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Oral Appliance Therapy for Obstructive Sleep Apnea

Finally Evidence You Can Sink Your Teeth Into

In the last decade there has been an explosion of interest in us-
ing oral appliances to treat obstructive sleep apnea (OSA).
Based upon available evidence they generally have been recom-
mended for the treatment of mild OSA or simple snoring (1, 2).
Oral appliances are appealing because they are simple to use, re-
versible, portable, and appear to be quite safe (although long-
term safety data are lacking). Anterior mandibular positioners
are the most commonly used appliances and the best studied.

In 1997 a much debated paper was published in the British
Medical Journal that reviewed the research evidence for the
health consequences of OSA and the effectiveness of continu-
ous positive airway pressure (CPAP) therapy (3). The authors
concluded that the health effects of OSA were exaggerated and
that the effectiveness of CPAP in improving health outcomes
had been poorly evaluated. The state of the literature on oral
appliance therapy was even more deficient with few controlled
trials. Many clinicians and scientists did not agree with the over-
all conclusions of the article (4) but most agreed that further re-
search was needed (5). The state of the CPAP literature has im-
proved considerably since 1997 but the debate continues (6, 7).

The majority of published trials of oral appliance therapy
are small, short term, and usually retrospective in design, with-
out any control or comparison group. Many studies have
poorly defined outcome criteria, usually subjective, and have a
failure of all patients to have polysomnography at baseline
and outcome. Most studies exclude patients with severe OSA
and include patients who failed other treatment modalities,
which introduces a significant source of bias. Many studies
provide little detail of the actual appliance used, the method
to select the optimal amount of mandibular protrusion, or
even the timing of the outcome study. The nature and severity
of side effects and complications are generally not reported.
To date, important outcomes of therapy such as the impact on
sleepiness and performance have not been systematically eval-
uated and predictors of treatment success are not known. Fi-

nally, no studies have reported objective compliance and only
a few have reported subjective compliance.

An article in this issue of the Journal (pp. 1457-1461) is a
major step forward in correcting many of the deficiencies of
the published literature (8). Mehta and colleagues have con-
ducted the first prospective randomized placebo-controlled
crossover trial of an anterior mandibular positioner for the
treatment of patients with symptomatic OSA. Previous cross-
over studies of oral appliances have compared them with
CPAP (either in a randomized [9, 10] or nonrandomized [11]
design) or to another oral appliance (12). The primary aim of
this randomized study was to assess efficacy of an adjustable
mandibular advancement splint (MAS) and secondarily to ex-
amine whether any anthropomorphic, polysomnographic, or
radiologic characteristics could predict treatment outcome.

Twenty-eight patients received an adjustable oral appli-
ance with full occlusal coverage. The placebo was the lower
plate of the device that did not specifically alter mandibular
position. All patients had an acclimatization period during
which the mandible was incrementally advanced until symp-
toms resolved or maximum tolerated protrusion was obtained.
Patients were then randomly assigned to treatment with the
placebo followed by the MAS or treatment with the MAS fol-
lowed by the placebo. The authors used a conservative defini-
tion of treatment success. They defined a complete response
to be a reduction in apnea/hypopnea index (AHI) to < 5/h. A
partial response was defined as an improvement in symptoms
combined with a = 50% reduction in AHI but the AHI re-
mained > 5/h. Treatment failures were defined as having on-
going symptoms and/or a < 50% reduction in AHI. Compli-
ance failure was defined as an inability of the patient to use
the treatment. Other outcomes included the effects on sleep
structure, oxygenation, and snoring and questionnaires evalu-
ating snoring, quality of sleep, and daytime sleepiness.

The patients were typical of a population of OSA pa-
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tients—middle aged, overweight, and mostly male. One im-
portant strength of this study is that it included patients who
had a range of severity of OSA with AHI between 10 and 68/h.
The placebo device had no impact on the AHI or on oxygen
saturation. The MAS resulted in a partial or complete re-
sponse in 15 patients or 62.5% (complete response in 9—
37.5%). Other studies have used a cutoff of an AHI of 10/h to
define treatment success and 71% of patients had a complete
or partial response by this criteria. The MAS had beneficial ef-
fects on the amount of rapid eye movement (REM) sleep,
snoring intensity and frequency, the number of arousals, and
oxygenation. Patients tolerated the treatment well and re-
ported improvements in sleep quality and daytime sleepiness.
Side effects were few and there were no complications. They
found four independent predictors of the treated AHI—neck
circumference, baseline AHI, and two cephalometric vari-
ables. The predictive equation requires validation to see if it is
generalizable to other patient populations.

This study provides confirmation of the efficacy of adjust-
able mandibular positioner therapy in some patients with
OSA. They had good results in patients with more significant
OSA (AHI = 40) and many patients elected to continue on
with MAS therapy as they had a good symptomatic response.
Subjective response to the MAS was clearly superior to the
objective response (reduction in AHI). The study suggests
that the mechanism of action of oral appliances is mandibular
advancement because the presence of an intraoral device
without advancement showed no clinical benefit.

Long-term studies are still required that objectively evalu-
ate performance and sleepiness and that monitor for compli-
cations that may not emerge for several years. Perhaps these
authors will continue to follow these patients and report later
on their long-term outcome. On the horizon for the field of
oral appliance therapy is the introduction of a compliance
monitor that will allow an objective determination of appli-
ance usage. In addition, several investigators are developing
systems that would allow overnight titration of oral appliances
in the sleep laboratory. Results from this study support the use
of this treatment in patients with symptomatic OSA as long as
a follow-up sleep evaluation occurs.
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Oral appliance therapy reduces blood pressure in obstructive sleep apnea: a randomized,
controlled trial.

Gotsopoulos H, Kelly JJ, Cistulli PA.

Department of Respiratory & Sleep Medicine, St George Hospital, The University of
New South Wales, Sydney Australia.

STUDY OBIJECTIVE: To investigate the short-term effect (4 weeks) of oral appliance
therapy for obstructive sleep apnea on blood pressure. DESIGN: Randomized, controlled,
_crossover trial. SETTING: Multidisciplinary sleep disorders clinic in a university
teaching hospital. PATIENTS: Sixty-one patients diagnosed with obstructive sleep apnea
on polysomnography (apnea hypopnea index > or = 10 per hour and at least 2 of the
following symptoms--daytime sleepiness, snoring, witnessed apneas, fragmented sleep;
age > 20 years; and minimum mandibular protrusion of 3 mm). INTERVENTION: A
mandibular advancement splint (MAS) and control oral appliance for 4 weeks each.
MEASUREMENTS AND RESULTS: Polysomnography and 24-hour ambulatory blood
pressure monitoring were carried out at baseline and following each 4-weck intervention
period. Patients showed a 50% reduction in mean apnea hypopnea index with MAS
compared with the control and a significant improvement in both minimum oxygen
saturation and arousal index. There was a significant reduction with the MAS in mean
(+/- SEM) 24-hour diastolic blood pressure (1.8 +/- 0.5 mmHg) compared with the
control (P = .001) but not in 24-hour systolic blood pressure. Awake blood-pressure
variables were reduced with the MAS by an estimated mean (+/- SEM) of 3.3 +/- 1.1
mmHg for systolic blood pressure (P = .003) and 3.4 +/- 0.9 mmHg for diastolic blood
pressure (P < .0001). There was no significant difference in blood pressure measured
asleep, CONCLUSION: Oral appliance therapy for obstructive sleep apnea over 4 weeks
results in a reduction in blood pressure, similar to that reported with continuous positive
airway pressure therapy.

Publication Types:
Clinical Trial
Randomized Controlled Trial

PMID: 15453552 [PubMed - indexed for MEDLINE]
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EDITORIAL

Treatment of the Obstructive Sleep Apnea/Hypopnea Syndrome: the Effect on

Blood Pressure

Comment on Gotsopoulos H et al. Oral appliance therapy reduces blood pressure in obstructive sleep apnea: a random-

ized, controlled trial. SLEEP 2004;27(5):934-41.

Neil J Douglas MD DSc PRCPE

Respiratory Medicine, University of Edinburgh, Scotland, UK

THERE IS NOW FIRM EPIDEMIOLOGICAL EVIDENCE
THAT THE OBSTRUCTIVE SLEEP APNEA/HYPOPNEA
SYNDROME (OSAHS) IS ASSOCIATED WITH HYPERTEN-
SION INDEPENDENT OF CONFOUNDERS SUCH AS OBE-
SITY, CENTRAL OBESITY, GENDER, MIDDLE AGE,
ALCOHOL, SMOKING AND CAFFEINE IN NORMAL,!-3
SLEEP APNOEA#> AND HYPERTENSIVE¢® POPULATIONS.
This is supported by a case-control study’ demonstrating that 24
hour blood pressure was 4 to 5 mmHg higher in OSAHS patients
compared to carefully matched controls, with the greatest differ-
ences occurring during the night. Data from animal studies show
that intermittent apneas® or hypoxemia®® during sleep increase 24
hour blood pressure. In animal models, this is at least partly due
to increased sympathetic tone® which is also found in patients
with SAHS!0 and is reduced by CPAP therapy.!!-!2 Randomized
controlled studies have shown that CPAP can reduce blood pres-
sure in patients with OSAHS!3-15 and this issue of the journal
contains the first randomized controlled trial indicating that oral
appliances may also reduce blood pressure in OSAHS.!® There
is a need thus to try to clarify which therapy should be used in
which patients in terms of efficacy in treating blood pressure.
The reduction in blood pressure produced by CPAP therapy
varies markedly between studies. In the first randomized placebo
controlled study by Faccenda and colleagues, there was a small
but significant mean reduction in 24 hour diastolic blood pressure
of 1.4 mmHg across all patients with the greatest falls between 2
am and 10 am, and no significant change in systolic pressure.!?
However, the falls in blood pressure were greater in two groups
selected “a priori”, those using CPAP more than 3.5 hrs/night
having diastolic decreases of 1.9 mmHg and those with more
than twenty 4% desaturations/hr having decreases of S mmHg in
diastolic and 4 mmHg systolic pressure.!3 A parallel group study
by Pepperell and colleagues showed a decrease in mean arterial
pressure of 3 mmHg, with a larger drop of 5 mmHg in those with
more than thirty three 4% desaturations/hr.'> A third study by
Becker and colleagues found a greater fall in mean blood pres-
sure of 9.9 mmHg.'* The different magnitudes of drop in blood
pressure need explanation. Possible reasons include differences
in the extent of transient hypoxemia during sleep. Firstly, the
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patient groups were different with less severe OSAHS and par-
ticularly less severe nocturnal hypoxemia in Faccenda’s study
which showed least change in blood pressure.!3 In that study,
there was no requirement for hypoxemia either as a direct entry
criterion or in the definition of hypopneas and the median num-
ber of 4% desaturations was 7/hr. In contrast, the entry criterion
for Pepperell’s study'> was more than ten 4% desaturations/hr
and in Becker’s study,!4 the mean minimum saturation was 63sd
15% indicating very severe desaturation. Other potential differ-
ences include differences in patient supervision throughout the
study period in Becker’s trial'* and the fact that only 53% of
Becker’s patients completed the trial opening the possibility of
selection bias towards responders and users.

Gotsopoulos’ well designed study in this issue reports that oral
appliances result in a decrease in mean 24 hour diastolic blood
pressure of 1.8 mmHg!¢ in patients with OSAHS. These results
add significantly to the randomized controlled studies carried out
by the same group showing improved sleep and breathing during
sleep!” and improved symptoms!8 with oral devices. Two unex-
pected results in the current study were the failure to show any
drop in blood pressure during sleep, a consistent finding in the
CPAP studies, and the lack of relationship between oxygenation
and blood pressure change across the patients. Both may reflect
sample size, but in comparison to the CPAP studies this study
was better,!4 or as well powered.!3!5 How would this compare
with the effect of CPAP on similar patients? The entry criterial®
included an AHI of more than 10 with hypopneas requiring
accompanying 3% desaturation or arousal, and overall the
patients had a mean AHI of 27sd15 and a lowest oxygen satura-
tion of 85sd6%. Gotsopoulos’ patients were probably similar to
those in Faccenda’s study (Faccenda’s patients median AHI 35
with no desaturation or arousal requirement and median lowest
oxygen saturation of 88%), and were probably milder than those
in the Pepperell study. Thus, the reported reduction in blood pres-
sure with the oral appliance may be similar to that expected with
CPAP in similar patients, although direct comparative studies are
needed. Also required are studies to determine whether either
therapy results in significant decreases in blood pressure com-
pared to placebo in the very large number of individuals who
have many apneas and hypopneas during sleep but are not sleepy.
All 4 studies'3-1¢ showing significant falls in blood pressure with
treatment have been in sleepy patients with OSAHS, the only
investigation in asymptomatic individuals with OSAH showed
no significant fall in blood pressure with CPAP.1?

Both CPAP and oral appliances are obtrusive and sometimes
uncomfortable treatments and ensuring continued patient use can
be difficult. The extent of this problem is well documented with
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CPAP20 but unclear with oral appliances. All existing data on oral
appliance use are based on self reports with only partial follow
up, and self reports of use are known to be over optimistic at least
for CPAP,2! and there is a real need for objective data on appli-
ance use. Some studies have indicated that no more than 50% of
those prescribed oral appliances used them long-term?2 but used
fairly basic oral appliances and data are urgently required on
usage of more sophisticated oral appliances. Direct comparisons
of oral devices and CPAP in terms of symptoms and vigilance are
few and conflicting,23-24 although the largest indicated that bene-
fits were greater with CPAP,2* although again basic oral appli-
ances were used. Cistulli’s group’s work!6-18 challenges the field
to do well designed and well powered studies comparing the
effects of state of the art CPAP against state of the art oral appli-
ances on long term outcomes including blood pressure in
OSAHS patients. Until these are done, the conservative position
is to regard CPAP as the treatment of choice for OSAHS, but the
fact that oral appliances have now been shown to improve blood
pressure further strengthens their position to be the second line
therapy of choice.
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Randomized, Controlled Trial

Oral Appliance Therapy Reduces Blood Pressure in Obstrucive Slep pea: a

Helen Gotsopoulos, BDS, MPH (Hons)'; John J. Kelly, MD, PhDZ, Peter A. Cistulli, MD, PhD1

!Depariment of Respiratory & Sleep Medicine; *Departiment of Nephrology, St George Hospital and The University of New South Wales, Sydney

Australia

Study Objective: To investigate the shori-term effect (4 weeks) of oral
appliance therapy for obstructive sleep apnea on blood pressure.
Design: Randomized, controlled, crossover lrial,

Setting: Multidisciplinary sleep diserders clinic in a university teaching
hospital.

Patients: Sixty-one patients diagnosed with obslructive sleep apnea on
polysomnography (apnea hypopnea index 2 10 per hour and at least 2 of
the following symptoms—daytime sleepiness, snoring, witnessed apneas,
fragmented sleep; age > 20 years; and minimum mandibular protrusion of
3 mm).

Intervention: A mandibular advancement splint (MAS) and conlrol oral
appliance for 4 weeks each.

Measurements and Results: Polysomnography and 24-hour ambulatory
blood pressure moniloring were carried out at baseline and following each
4-week intervention period. Patients showed a 50% reduclion in mean
apnea hypopnea index with MAS compared with the control and a signif-

icant improvement in both minimum oxygen saluration and arousal index.
There was a significant reduction with the MAS in mean (+ SEM) 24-hour
diastolic bioed pressure (1.8 + 0.5 mmHg)} compared with the control (P =
.001) but not in 24-heur systolic blood pressure. Awake blood-pressure
variables were reduced with the MAS by an estimated mean (+ SEM) of
3.3+1.1 mmHg for systalic blaod pressure (P =.003) and 3.4 & 0.9 mmHg
for diastolic blood pressure (P < .0001). There was no significant differ-
enceé in blood pressure measured asleep.

Conclusion: Oral appliance therapy for obstructive sleep apnea over 4
weeks results in a reduction in blood pressure, similar to that reported with
continuous positive airway pressure therapy.

Key Words: obstructive sleep apnea; orthodontic appliances; blood pres-
sure

Citation: Gotsopoulos H; Kelly JJ; Cistulli PA.  Oral appliance therapy
reduces blood pressure in obstructive sleep apnea: a randomized, con-
trolled trial. SLEEP 2004;27(5).934-41. N

INTRODUCTION

OBSTRUCTIVE SLEEP APNEA (OSA) IS A COMMON DIS-
ORDER CHARACTERIZED BY REPETITIVE EPISODES OF
PARTTAL OR COMPLETE OBSTRUCTION OF THE UPPER
AIRWAY DURING SLEEP, OFTEN RESULTING IN ARTERI-
AL OXYGEN DESATURATION AND AROQUSALS.'? The
recurrent apneic events of OSA and the consequent transient ele-
vations in nocturnal blood pressure {BP) have been implicated in
the development of sustained hypertension.?# A number of recent
randomized controlled trials evaluating the effect of the most
widely preseribed treatment for OSA, nasal continuous positive
airway pressuie (CPAP), on diurnal BP have demonstrated a sig-
nificant improvement.”™®

Onral appliances are a treatment alternative for a significant pro-
portion of patients with OSA.1%-12 They are typically designed to
protrude the mandible during sleep, thereby preventing pharyn-
geal collapse. While such devices are overall less effective in
controlling sieep-disordered breathing than CPAP, they are pre-
ferred by patients primarily due io their unobtrusive nature and
ease of use.”? In view of the demonstrated benefit of CPAP on BP
in OSA, it is important to determine whether oral appliance ther-
apy is associated with a similar benefit. Hence, the aim of our
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study was to assess the effect of oral appliance therapy on BP in
patients with OSA.

METHODS
Study Population

The present trial formed part of a larger study investigating the
effect of oral appliance therapy on key health outcomes in
patients with OSA, including symptoms, neurocognitive func-
tion, and cardiovascular outcomes. Symptomatic outcomes from
the study have been previously published.!2 Patients were recruit-
ed from a multidisciplinary sleep disorders clinic in a university
teaching hospital. Inclusion criteria were OSA on polysomnogra-
phy (apnea-hypopnea index {AHI] = 10 per hour), at least 2 of the
following symptoms---daytime sleepiness, snoring, witnessed
apneas, fragmented sleep; ape > 20 years; and minimum
mandibular protrusion of 3 mm. Exclusion criteria were predom-
inant central sleep apnea, insufficient teeth for splint retention, or
evidence of active periodontal disease or dental caries. Approval
was obtained from the institutional Ethics Committee, and sub-
jects gave their written informed consent.

Intervention

The mandibular advancement splint (MAS) was custom made,
consisting of upper and lower removable oral appliances with
design features as previously described.!? The control consisied
of the upper appliance alone and did not advance the mandible.!?
Patients were informed that the aim of the study was to evaluate
the efficacy of oral appliance therapy for OSA by comparing 2
appliances. With ethics approval, patient blinding was achieved
by concealing the likely imactive or subtherapeutic nature of the
control.
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Study Design

We conducted a randomized, controlled, crossover (rial
(AB/BA). At baseline, patients underwent overnight
polysomnography, standard sphygmomanometry {clinic BP), and
24-hour ambulatory BP monitoring (ABPM). This was followed
by acclimatization to the MAS during which the mandible was
incrementally advanced to the maximum comfortable limit. The
aim of acclimatization was to permit MAS adaptation to ensure
an adequate therapeutic trial during the subsequent crossover
phases. Patients then underwent a washout period of 1 week,
after which they were randomly assigned to a group via a pre-
sealed and numbered opaque white envelope that included the
assignment 1o receive 4 weeks of treatment with MAS and con-
trol in alternating order, with an intervening 1-week washout. At
the end of each 4-week period, patients underwent polysomnog-
raphy with the respective appliance, followed by ABPM.
Randomization was by means of a balanced design in blocks of
4. Sequence allocation was determined by a random nurber gen-
erator. The research assistant who assigned patients to their treat-
ment group was not involved in outcome assessment.

Qutcome Measures
Blood Pressure

BP was recorded in the sitting position using mercury sphyeg-
momanometry and an appropriate cuff size. This was followed by
ABPM (Spacclabs 90207, Spacelabs Medical Products, Sydney,
Australia). BP was recorded half hourly throughout the 24-hour
period. Patients recorded their time asleep and awake in a diary.
Criteria for acceptable BP monitoring were > 80% successful
readings encompassing at least 18 awake and 9 asleep readings.
The primary study endpoints were average systolic {SBP) and
diastolic (DBP) BP for the 24-hour, awake, and asleep intervals.
Mean arterial pressuwre (MBP) and heart rate (IR} werc sec-
ondary outcomes. For those patients on BP treatment, the type
and dosc of antihypertensive medication was recorded. The use
of medication in each treatment phase was quantified using a
medication score, defined by the number of medications used and
the defined daily dose of antihypertensive therapy. BP monitor-
ing was carried out blind to intervention type.

Polysomnography

Nocturnal polysomnography was performed in a standard fash-
ion.1* Respiration measurement techniques and the definition of
arousal have been reported previously.!2!3 In brief, apnea was
defined as cessation of airflow for at least 10 seconds with oxy-
gen desaturation of more than 3% and/or associated with arousal.
Hypopnea was defined as a reduction in amplitude of airflow,
measured as pressure change at the nares, or thoracoabdominal
wall movement of greater than 50% of the baseline measurement
for more than 10 seconds with an accompanying oxygen desatu-
ration of at least 3% (no time limit), and/or associated with
arousal. These events were considered obstructive if they
oceurred in association with continued diaphragm electromyo-
gram activity and thoracoabdominal wall movement. Sleep
recordings were scored without knowledge of patient clinical sta-
tus.

SLEEP, Vol. 27, No. 5, 2004

Treatment Outcome

A priori definitions of treatment outcome were used. A com-
plete response to treatment was defined as a reduction in AHI to
< 5 per hour, and a partial response as a reduction of > 50% in
AHI compared to baseline, but with the AHI remaining = 5 per
hour. Treatment failure was defined as < 50% reduction in AHI
compated to baseline.!!-1?

Statistical Analysis

Data were stored and analyzed on SPSS (Version 10.0; SPSS,
Inc, Chicago, 11., USA). Data analysis was carried out according
to a preestablished analysis plan. BP treatment effects were pre-
defined and were first assessed using paired ¢ tests, on an inten-
tion-to-treat basis with no change being assumed when follow-up
BP data were unavailable. On subsequent analysis of patients
with complete BP outcome data, neither the direction nor statis-
tical significance of the results was affected. Thus, we proceeded
with our analysis in those participants with complete BP? outcome
data. Treatment response, period effects, and interactions
between treatment and period were determined using 2-way anal-
ysis of variance, with treatment order as a between-subject factor
and treatment as a within-subject factor.!® A 2-sided significance
level of 0.1 was considered significant for carryover.!”
Relationships between continuous variables were examined
using Pearson correlation coefficient. The association between
BP treatment response and potential prognostic variables was
assessed using repeated measures analysis of variance, after
adjustment for potential regression to the mean. Categorical data
were analyzed by the 2 test or Fisher exact test. Descriptive
stafistics are presentcd as mean * SD and estimated means as
mean + SEM. A significance level of .01 was considered signifi-
cant at a 2-sided .05 level for BP treatment effects and correla-
tions using the Bonferroni correction. A signilicance level of .05
was used for all other analyses. A sample size of 62 was chosen
a priori to detect a difference in both SBP and DBP between treat-
ments of § mmHg with a power of 90% at the .01 significance
level.®

RESULTS
Study Population

The trial profile is shown in Figure 1. A total of 74 patienis
were recruited for study participation between February 1999 and
October 2001. Sixty-seven patients were randomty assigned to
treatment groups, and 61 completed the protocol with complete
outcome data. Overall, the study sample included predominanily
men, who were middle aged and overweight (Table 1. A pre-
dominance of moderate to severe OSA was revealed with 36
patients (54%) and 19 patients (28%) in each subgroup, respec-
tively. Twenty-six patients (39%) were on antihypertensive med-
ication. Baseline characteristics were comparable for patients in
each of the 2 sequence groups (Table 1). Sex groups did not dif-
fer in age, body mass index (BMI), AH! or BP.
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Study Outcomes

Blood Pressure

Findings for treatment effects on ABPM are defailed in Tables
2 (intention to treat) and 3 (subset efficacy). The 24-hour profile
of BP and HR with MAS and control are shown in Figures 2 and

3, respectively. The MAS resulted in a reduced 24-hour DBP

compared with the control, primarily due to its effect on awake
DBP. ABPM variables measured awake were reduced by an esti-
mated mean (& SEM} of 3.3 = 1.1 numHg for SBP (P =.003), 3.4
1 0.9 mimHg for DBP (P < .0001), and 3.6 + 0.9 mmHg for MBP
(£ <.0001). Similarly, HR was reduced with the MAS during the
24-hour period, mainly due to a mean awake reduction of 4 + 1
beats per minute compared with the contrel, (P < .0001). There

Eligible Patients (n=75)

—

I refused {chose nCPAP)

Acclimatization Entry (n=74)

Approx 6-8 weeks

2 work commitments

2 permanent move interstate
1 felt no need for treatment
I extended overseas trip

1 acute depression

[ Washout Period (1 week) ]

I

35 received MAS for 4 weeks

/

| died of cancer

32 received Control for 4 weeks

T~

1 self-perceived symptomatic
improvement

[ Washout Period (1 week)

1 work commitmenis

N

31 received MAS for 4 weeks

—»

Completed trial (n=30)

1 inadequate BP «
data quality

1 BP monitoring unavailable

\/ hl

T

33 received Control for 4 weeks

Compteted trial (n=33)

[

1 inadequate BP data quality

Study Sample (n=61)

Figure 1—Trial Profile. nCPAP refers Lo nasal continuous positive airway pressure; MAS, mandibular advancement splint; BP, blood pressure
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was no significant difference in any BP outcome variables during
sleep, or in any other ABPM variables between treatments. The

control had no statistically significant effect on BP in comparison
to baseline.

Polysomnography

The effect of cach intervention on polysomnography is shown
in Table 4. The MAS resulted in a 50% reduction in mean AHI
compared with the control and an improvement in minimuwm oxy-
gen saturation (MinSaO,). The arousal index with the MAS was
reduced compared with the control. There was no difference
between treatments in any other measured polysomnographic
variables. Twenty-one patients (34%) achieved a complete
response with the MAS and 18 patients (30%) had a partial
response o active treatment. Twenty-two patients (36%) were
treatment failures. Mean (+ SEM) AHI with the control (24 + 2

Table 1—Characteristics of Study Participants at Baseline*

Variable Group I (AB) Group il (BA) Total
{(n=135) {(n=732) (N =6T7)
Sex, men 29 24 53
Age, ¥ 48 + 11 48+ 12 48 £ 11
Anthropomorphic
BMil, kg/m? 28452 30.0+42 292+ 48
Neck circumference, cm 40.0 £ 3.3 409+ 3.3 404 £33
Waist-hip ratio 09=+0.1 095201 0.9+0.1
Respiratory
AHI, events/h 28 + 17 26+ 13 27115
Min Sa0,, % 85+6 85+6 85£6
Sleep architecture
TST, min 353 £ 68 339 + 64 346 + 60
TST in REM, min 66 29 63130 05+30
TST in NREM, min 287 + 54 276 £ 46 282 £ 50
TST in REM, % 18+7 18+7 187
TST in NREM, % 827 827 32+7
Sleep efficiency, % St+12 80+13 SoL12
Arousal index, events/h 34.7+ 147 359+ 11.3 3521 13.1
Blood pressure, mmkHg
Systolic
24-h 1269+ 11.7 127.7+98 1273 +108
Awake 1307124 131.6%+11.6 131.1+1]1.9
Asleep 156127 1160101 1158115
Diastolic
24-h 76.8+ 7.6 78671 717174
Awake 799+79 81.4+£89 806+84
Aslecp 68.0£9.2 69.5£7.06 68.7+8.4
Mecur
24-h 934+ 8.0 951+ 74 942 £ 7.7
Awake 96.6 £ 8.2 98.2+ 963 973+ 87
Asleep 83.9x98 85.0+8.1 84.4+9.0
Heart rate, bpm
24-h T4£8 7518 75+ 8
Awake TTE7 78+9 718
Asleep 67 £ 11 658 66+ 10

BMI refers to body mass index; AHI, apnea hypopnea index; Min
Sa0;, minimum oxygen saturation; TST, total slecp tiime; REM, vapid
eye movemeni sleep; NREM, non-rapid eye movement steep; bpm,
beats per minute.

*Groups compared using Student 2-sample ¢ test. No significant dif-
ferences noted. Data are presented as mean £ SD.

SLEEP, Vol. 27, No. 5, 2004

per hour) was marginally lower than at baseline (28 % 2 per hour),
(P = .018). Polysomnographic variables did not differ between
control and baseline. There was no significant treatment-by-peri-
od interaction or period effect for polysomnographic or ABPM
variables.

Oral Appliance Treatment

The mean advancement of the mandible with the MAS was 7
4 2 mm. Patient diaries revealed MAS and control use for a mean
(+ SEM) duration of 6.8 £ 0.1 hours and 6.9 £ 0.1 hours per night,
respectively. Both interventions were used on average 97% + 1%
ot nights during the 4 weeks.

Prognostic Variables

The BMI, neck circumference, and self-reported time slept at
night during cach treatment phase did not differ between treat-
ments (data not shown). Similarly, there was no signiticant
change in medication score {1 £ 0 for both treatments) or type of
antihyperiensive agents used between treatments. However, the
mean percentage of total sieep time spent supine during
polysomnography with the MAS was higher compared with that
when using the control (50% + 4% versus 41% + 4%, P = 014).

Awake and 24-hour DBP at baseline were both positively cor-
related with baseline AITI, (' = 0.39, P = .002) and (r = 0.38, P =
.003) respectively. In addition, a trend was shown toward a posi-
tive correlation between both of the above B variables and base-
line arousal index, {r = 0.30, 7 = .017) and (r =032, P = .01 1}
respectively. There was no comrelation between any DBP vari-
ables and MinSaQ; on entry or between baseline SBP and the
above sleep variables.

The within-subject change in BP between treatmenis was unre-
lated to age, sex, or BMI at baseline, While the magnitude of the
positive correlation of the within-subject change in mean 24-hour
DBP between interventions and concurrent changes in arousal
index (r=0.34, P =.008) and AHI (r = 0.31, P = .016) was sim-
ilar, this was only significant for the former. There was no corre-
lation between within-subject changes in other measured ABPM
variables and concurrent changes in the above sleep variables. No
correlations were found between changes in any ABPM variables
and change in MinSaQ, or between self-reported mean hours
slepi with the control and any measured ABPM variables.

Age, sex, BMI, BP, and AIl at bascline, measures of protru-
sion, and change in MinSa0; between treatments were not inde-
pendent predictors of BP treatment effects. A positive association
was shown between change in arousal index between treatments
and 24-hour DBP treatment response (P = .009), after allowing
for the effect of baseline DBP. There were no significant interac-
tions between treatment outcome and any other ABPM variables.

DISCUSSION

This study shows that 4 weeks of MAS therapy for OSA result-
ed in a significant fall in 24-hour DBP attributed mainly to a
reduction of approximately 3 mmHg in the early moming period.
A similar reduction was also achieved in SBP during the early
morning,

Overal], the MAS resulted in a 50% reduction in mean AHI
compared with the control and a significant improvement in
MinSa0; and arousal index, as previously reported.!? A complete
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response was achieved in 34% of patients, across all grades of
OSA severity, similar to the results from a previous efficacy
study by Mehta et al."! Despite the fact that treatment success was
not achieved in all patients, a significant overal! freatment effect
on BP was still observed. The magnitude of the BP reduction dur-
ing MAS treatment, while small (~ 3 mmHg reduction in awake
DBEP), is clinically significant. This result may indeed be an
underestimation of the benefit of active treatment in view of a
significantly higher mean percentage of total sleep time spent
supine during polysomnography with the MAS. Based on pub-
lished data, one might expect a 20% reduction in the risk of
stroke if this degree of BP reduction were maintained for 2 to 3
years.!920 Furthermore, the BP reduction observed with MAS

treatment was apparent in the early morning, which is the time of
peak risk of acute myocardial infarction?! and stroke.22 BP reduc-
tion at this time of the day may provide further protection against
these adverse cardiovascular events. Thus, both the magnitude
and timing of BP reduction observed with MAS treatment is like-
ly to be beneficial in terms of reducing the excess cardiovascular
morbidity and mortality reported in OSA.

Randomized controlled trials have shown conflicting evidence
on the impact of CPAP on BP in patients with OSA, with some
studies reporting limited or no effect®®2S while others have found
benefit.”? Qur study, the first to evaluate the effect of oral appli-
ance therapy on BP in patients with OSA, showed treatment
effects that were similar in terms of magnitude and timing to

Table 2—Analysis by intention-ta-treat of 24-hour ambulatory blood pressure monitoring*®
Variable Baseline Control MAS Difference (99% CI) P valuet
Blood pressure, mimHg
Systolic
24-h 1273113 126.7+ 1.3 1252+13 -1.5£0.7(-3.4 10 0.5) .05
Awake 13i.1 £ 1.5 1297+ 1.5 1267+ 1.7 -3.0 1.0 (-53.7 10 -0.4) - .003
Asleep 1158t 1.4 1163+ 1.5 1162415 0.1 £1.3(-33103.5) 96
Diastolic
24-h 77.7 0.9 78.0+£ 038 764+ 0.9 -1.6+0.5(-291t0 -0.3) .001
Awake 806£1.0 805+ 1.0 773%1.2 31 +08(-5.210-1.1) <.0001
Asleep 687+ 1.0 69.7+ 1.0 693111 -04 209 (-2.8 to 2.0) .66
Mean
24-h 94.2+09 9431038 92809 -1.5+0.5(-3.0t0-0.1) 006
Awake 973+ 1.1 970+ 1.0 937+t 1.3 -3.2 + 0.8 {-5.5 to -1.0) < .0001
Asleep 344 +1.1 8§55+ 1.1 85.2+1.2 -0.3%1.0(-3.0102.5) .78
Heart rate, bpin
24-h 75+ T6£1 741 2+ 1 (-4to00) 009
Awake 771 79+ 1 76+ 1 3+ 1(-5t0-1) < .0001
Asleep 6611 67 +1 67+1 0+1(-2103) 70
MAS refers to mandibular advancement splint; CI, confidence interval.
*Data are for 67 patients and arc presented as mean + SEM.
iComparisons between MAS and controls, made using paired  test.
Table 3—Subset eflicacy analysis of 24-hour ambulatary blood pressure monitoring*
Variable Baseline Control MAS Difference (99% CI}) P value
Blood pressure, mmHg
Systolic
24-h 1276 £ 1.3 1269+ 1.3 1253+ 13 -1.6 £ 0.8 (-3.7 t0 0.6) 0.052
Awake 131,615 130.1£1.5 126.7 £ 1.7 <33+ 1.1 (-6.2 to -0.5) 0.003
Asleep 1162+ 1.4 1166+ 1.5 116.7+ 1.5 0.1 +1.4(-3.6t03.8) 0.95
Diastolic
24-h 771+ 0.9 78.0+ 0.8 762 £ 09 1.8 +£05(-3.2 to-0.4) 0.001
Awake 809+ 1.0 807+ 1.0 77.2+12 34 +09(-5.7t0-1.2) <0.0001
Asleep 068.7x 1.1 6985+ 1.0 693+ 1.1 -04 £ 1.0(-3.0t02.2) 0.67
Mean
24-h 94.3+09 Q4.4 £0.8 92.7+09 -1.7£0.6 (3.3 10-0.1) 0.006
Awake 97.7 1.0 973 %09 937113 36+09(-6010-1.1) <0.0001
Asleep 84.6t1.1 857x 1.1 854 +12 0.3+ 1.1(-3.3102.8) 0.80
Heart rate, bpm
24-h 7411 76+1 7411 2+1{(d4t00) 0.009
Awake 77+1 79+1 75+1 -4 +1(-6to-1) <0.0001
Asleep 65+1 66+ 1 6711 1+1(-3tod) 0.67
MAS refers 1o mandibular advancement splint; CI, confidence interval.
*Data are for 61 patients and are presented as mean £ SEM. Comparisons between MAS and controls, made using paired ! test.
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those of trials by Faccenda et al” and Pepperell et al.8 This is a
remarkable finding given that the active treatment with MAS was
successful in only a subgroup of patients. A potential explanation
is that compliance with oral appliance therapy is higher than with
CPAP treatment. Granted its limitations, self-reported compli-
ance was 6.8 hours per night on average with MAS, exceeding
the mean objective CPAP compliance in the studies by Faccenda
et al? (3.3 hours per night} and Pepperell et al® (4.9 hours per
night). Hence, a partial benefit of MAS on sleep-disordered
breathing sustained over a longer period of the night appears to

produce a BP lowering effect similar to that seen with CPAP,
which is generally more effective at eliminating OSA but appears
to be used for less of the night. Furthermore, patients in 1.study?
were normotensive on entry, which may account for a possible
floor effect.

The mechanism by which OSA leads to an increase in BP
remains poorly understood, although increased sympathetic ner-
vous system activity appears to play a key role?6?? While our
study did not investigate mechanisms by which reductions in BP
oceurred, the reduction in puise rate observed during treatment is
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Figure 2—Graph comparing 24-hour systolic and diastolic blood pressure (BP) profiles between mandibular advancement splint and control. Error
bars represent SEM for every 30-minute BP reading, with all recordings synchronized from midnight (00:00 hours) to midunight {24:00 hours), (N
= 61). Note that the greatest differences in systolic and diastolic BP are evident during the morning period.
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Figure 3—Graph comparing 24-hour heart-rate recordings between patients treated with mandibular advancement splint and contrel, (N = 61).
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consistent with a reduction in sympathetic activity. The concur-
rent improvement in arousal index between treatments and 24-
hour DBP treatment response is consistent with the suggestion
that cortical arousals can mediate increased sympathetic activi-
ty.2829 However, unlike researchers in 2 trials of CPAP,"% we did
not find a correlation between the magnitude of oxygen desatu-
ration during sleep and BP, which is somewhat surprising in light
of the concept that hypoxia is another mediator of sympathetic
activation in OSA .30

Our study has a number of strengths. Firstly, it used a random-
ized, controlled, crossover design. Our control was physically
similar to the device being evaluated but without producing any
improvement in OSA or BP. While use of a matched “placebo”
control would be ideal to eliminate the “placebo effect” and to
ensure double blinding, this is not achievable with a physical
therapy such as a MAS. This approach has been adopted in CPAP
studies, in which subtherapeutic pressures (sham CPAP} acted as
the control.5? The comparable usage rates of our 2 appliances
suggest that patients were equally interested in the 2 treatments.
Secondly, 24-hour ABPM was used to measure BP, as this corre-
lates more closely than conventional measurement with target
organ damage associated with hypertension’! and is a more sen-
sitive predictor of cardiovascular outcome.® Finally, our study
did not exclude patients who were taking antihypertensive medi-
cation. Hence, we believe that the results of this trial can be gen-
eralized to the broad OSA population. Patients were representa-
tive of a typical OSA clinic population, with a wide range of OSA
severity and the presence of comorbid hypertension.

In conclusion, we have demonstrated that treatment of OSA
with a MAS for 4 wecks results in a reduction in BP, similar to
that achievable with CPAP therapy. With growing evidence in
favor of the acceptable efficacy of oral appliances,'’:!? their pos-
itive impact on OSA symptoms,'? and their greater acceptance
than that of CPAP,? we suggest that oral appliance therapy is a
viable aliernative to CPAP treatment in a significant number of
patients. However, further studics are required to determine
whether the magnitude of BP reduction observed in this study is
maintained during more extended periods of treatment and to
determine the mechanism by which MAS treatment reduces BF.
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Effect of Oral Appliance Therapy on Upper Airway
Collapsibility in Obstructive Sleep Apnea

Andrew T Ng, Helen Gotsopoulos, Jin Qian, and Peter A Cistulli

Department of Respiratory and Sleep Medicine, St. George Hospital, University of New South Wales, Sydney, Australia

Oral appliance therapy is emerging as an alternative to continuous
positive airway pressure for the treatment of obstructive sleep apnea
(OSA). However, its precise mechanisms of action are yet to be de-
fined. We examined the effect of a mandibular advancement splint
(MAS) on upper airway collapsibility during sleep in OSA. Ten patients
with proven OSA had a custom-made MAS incrementally adjusted
during an acclimatization period until the maximum comfortable
limit of mandibular advancement was reached. Polysomnography
with the splint was then performed. After a 1-week washout period,
upper airway closing pressures during sleep (with and without MAS)
were determined. Significant improvements with MAS therapy
were seen in the apnea/hypopnea index (25.0 3.1vs.13.2 4.5/
hour, p  0.03) and upper airway closing pressure in Stage 2 sleep
(-1.6 0.4vs.-3.9 0.6cmH,0,p 0.01)and in slow wave sleep
(-25 0.7vs.-47 0.6 cm H,0, p 0.02) compared with no
therapy. These preliminary data indicate that MAS therapy is associ-
ated with improved upper airway collapsibility during sleep. The
mediators of this effect remain to be determined.

Keywords: mandibular advancement splint; obstructive sleep apnea;
upper airway collapsibility

Obstructive sleep apnea (OSA) is a common disorder occurring
in around 4% of men and 2% of women in the middle-aged
workforce (1). It is characterized by recurrent obstruction of
the upper airway during sleep (2). The current treatment of
choice is continuous positive airway pressure delivered via
a nasal mask to the upper airway during sleep (3). This is
an extremely effective treatment, but its cumbersome nature
often leads to reduced tolerance and compliance (4-6). An
emerging treatment alternative is oral appliance therapy (7),
which has potential advantages over continuous positive air-
way pressure because it is less obtrusive, does not make noise,
and is more portable. Of the five randomized crossover trials
comparing continuous positive airway pressure with oral appli-
ances (8-12), all but one (12) demonstrated a patient pref-
erence in favor of oral appliances. However, although oral
appliance therapy has been shown to be effective across all
grades of OSA severity (13, 14), a key limitation is reduced
effectiveness compared with continuous positive airway pres-
sure (8-12).

Current understanding of the precise mechanisms of ac-
tion of oral appliances in OSA is incomplete. A better un-
derstanding of these mechanisms could improve our ability
to predict treatment outcome, a key unresolved issue. Intu-
itively, one would believe that mandibular advancement
should improve the anteroposterior dimension of the oro-
pharynx. However, recent studies suggest that increases in
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upper airway caliber occur in the lateral dimension at the
level of the velopharynx (15, 16). Hence, the anatomic changes
induced by mandibular advancement appear to be quite com-
plex, presumably due to the intricate linkages between upper
airway structures. Regardless of these anatomic changes, the
ultimate determinant of upper airway closure is the degree
of upper airway collapsibility during sleep. Abnormal upper
airway collapsibility during sleep has been clearly documented
in both snorers and patients with OSA compared with normals
(17, 18). Furthermore, treatment of OSA by weight loss or
surgery has been shown to improve upper airway collapsibility
in responders (19, 20). We postulate that oral appliance ther-
apy reduces upper airway collapsibility during sleep. Hence,
our aim was to examine the effect of oral appliance therapy
on upper airway collapsibility during sleep.

METHODS
Study Population

Adult patients were recruited from a multidisciplinary Sleep Disorders
Clinic in a University Teaching Hospital. Inclusion criteria were the
presence of at least two symptoms of OSA (snoring, fragmented sleep,
witnessed apneas, daytime sleepiness) and evidence of OSA on polys-
omnography, with an apnea/hypopnea index (AHI) of 10/hour or more.
Patients were excluded if there was evidence of periodontal disease, dental
caries, edentulism, an exaggerated gag reflex, or predominant central sleep
apnea on polysomnography. The study was approved by the institutional
Ethics Committee, and written informed consent was obtained from all
patients before commencement. We used a mandibular advancement splint
(MAS) as described previously by our group (13, 14).

Study Design

A prospective study design was used. Each patient underwent three
sleep studies. The first diagnostic polysomnogram confirmed an AHI
of more than 10/hour and was performed before study commencement.
After an acclimatization period during which incremental anterior ad-
justments of the mandible were made until the maximum comfortable
limit was reached, an additional polysomnogram was performed with
the MAS to determine treatment efficacy. Patients then underwent no
treatment during a 1-week washout period. A final sleep study was then
performed, solely for the purpose of making upper airway closing pressure
(UACP) measurements, with and without the MAS (treatment order
was randomly assigned within this study night).

Outcome Measures

Polysomnography. Standard nocturnal polysomnography was performed
as described previously (13, 14). Sleep recordings were scored in a standard
fashion (21, 22) by an experienced polysomnographer who was blinded
to the patients’ treatment.

UACP. The technique used to measure UACP was first reported
by Issa and Sullivan (17, 18). Patients slept in the supine position with
the head and neck kept in the neutral position. A specially designed
nose mask system was used, allowing for the provision of continuous
positive airway pressure as well as complete external occlusion at the
nose. Complete external nasal occlusion applied at end-expiration causes
each inspiratory effort to produce a progressive increase in suction
pressure to a maximum value, followed by a rapid return to baseline.
Each subsequent occluded inspiratory effort produces a larger (more
subatmospheric) increase in nasal pressure until a critical pressure is
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reached, at which point the nasal pressure ceases to increase despite
increasing inspiratory efforts as evidenced by the increasing respitrace
and diaphragm EMG activity. This critical pressure has been defined as
the UACP. A typical recording from one of the study patients is shown
in Figure 1. The more negative the UACP, the less collapsible the air-
way. Two qualitatively different patterns of response to nasal occlusion
have been identified (17). In the most commonly seen type 1 response,
the airway closure occurs only during the inspiratory phase. In the type
2 response, the critical pressure reached during inspiration is also main-
tained during expiration, indicating complete obstruction during both
phases of the respiratory cycle. Multiple measurements were taken in
each of the conditions and were highly reproducible. The validity of this
technique has been verified by concurrent measurement of esophageal
and tracheal pressures (17).

Treatment Outcome
Complete response was defined as a resolution of symptoms and reduc-
tion in AHI to less than 5/hour. Partial response was defined as im-

proved symptoms plus a 50% reduction or more in AHI but remaining
S/hour or more. Failure was defined as less than 50% reduction in AHI.

Statistical Analysis

Data were analyzed using a statistical package (SPSS Version 8.0; SPSS
Inc, Chicago, IL). Paired ¢ tests were used to compare clinical and physio-
logic variables before and after MAS treatment. Correlation analysis was
performed using Spearman’s rank correlation coefficient for nonparamet-
ric data. The Mann—Whitney U test was used to compare UACP measure-
ments between treatment outcome groups. All descriptive statistics are
presented as mean  SD. Estimated means are presented as mean
SEM.

RESULTS
Study Population

The study sample consisted of 10 patients (nine males and one
female), all of whom completed the protocol. Patient characteris-
tics at baseline are presented in Table 1. There was no significant
difference between baseline and treatment regarding weight.
The mean mandibular advancement with the MAS was 4.6
1.4 mm (range, 3.0-8.0) from centric occlusion.

Outcomes

The MAS was well tolerated. Only mild side effects were experi-
enced, which included excessive salivation, gum irritation, mouth
dryness, and jaw discomfort. These did not preclude use of the
MAS.

Polysomnographic outcomes are summarized in Table 2. MAS
treatment resulted in a significant reduction in AHI and a significant
increase in minimum Sa,,. The MAS resulted in complete response
in five patients (50%), partial response in two patients (20%),
and treatment failure in three patients (30%). Six patients (60%)
achieved an AHI of less than 10/hour.
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TABLE 1. BASELINE CHARACTERISTICS OF PATIENTS
Variable Mean SD(n 10) Range
Sex, male/female 91
Age, yr 44 12 28-58
BMI, kg/m? 30.8 6.2 24.6-46.8
Neck circumference, cm 40.3 0.5 38.0-42.5
AHI, h ! 250 9.8 14.6-44.6
MinSao,, % 86 4 79-93

Definition of abbreviations: AHI  apnea/hypopnea index; BMI ~ body mass

index; MinSap,  minimum Sao,.

MAS treatment resulted in significant improvements in UACP
during Stage 2 non-REM sleep and slow wave sleep (Table 2).
Improvement was noted in all subjects, albeit to different degrees.
Nine patients had the type 1 response with and without MAS.
One patient had the type 2 response without MAS, converting
to a type 1 response with MAS.

A significant positive correlation was found between the
change in AHI and change in UACP in Stage 2 non-REM sleep
(r 0.64,p 0.05). A median improvement in UACP (Stage 2
non-REM sleep) of 2.8 cm H,O (25th, 75th percentiles 1.9, 5.7)
was observed in the complete responders, and this was significantly
greater than the median of 1.1 cm H,O (25th, 75th percentiles:
0.6, 1.2) seen in the combined group of partial responders and
treatment failures (Mann—Whitney U: z 241, p 0.01).

No significant correlation was found between baseline UACP
and AHI or between the degree of mandibular advancement and
change in UACP.

DISCUSSION

Despite the increasing use of oral appliances in the treatment of
OSA, considerable uncertainty about their precise mechanisms
of action exists. This is the first study to examine the influence of
an oral appliance on UACP during sleep. We found that the MAS
improved upper airway collapsibility and suggest that this is one
mechanism through which OSA is improved.

Upper airway patency is complex and involves a number of
interrelated factors. A balance exists between its tendency to
collapse, induced by the subatmospheric intraluminal pressure
during inspiration, and upper airway dilator muscle activity, which
is influenced by upper airway dimensions and complex neuromus-
cular reflex interactions (2). Upper airway collapsibility measured
by the UACP is likely to reflect the net effect of all these factors.
Our patients had a baseline average UACP of -1.6 0.4 cm H,O
in Stage 2 sleep and -2.5 0.7 cm H,O in slow wave sleep during
supine sleep. These results are consistent with previous findings
in patients with OSA by Issa and Sullivan (17).

Figure 1. Polygraph record showing a typical type 1 nasal
occlusion test during Stage 2 non-rapid eye movement
sleep in a patient with obstructive sleep apnea (OSA).
Complete external nasal airway occlusion was applied at
end-expiration (first arrow). Note that at a critical nasal
pressure (Pn 6.1 cm H,0) the fifth and sixth occluded
breaths have a prominent inspiratory plateau despite a
progressive increase in diaphragm EMG (EMG d) activity
and respitrace (chest and abdomen) deflection through-
out the occluded period. The inflection point in the nasal
pressure trace indicates the closing pressure of the upper
airway. Occlusion was released at the second arrow, fol-
lowed by an arousal. Inspiration is downward.
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TABLE 2. OUTCOME MEASUREMENTS

Variable No MAS MAS p Value
BMI, kg/m? 30.8 6.2* 309  6.1F 0.4
Neck circumference, cm 40.3 0.5* 40.4 0.5% 0.6
AHI, h ! 25.0 3.1* 13.2  4.57 0.03
MinSao,, % 86 6* 90 3f 0.01
UACP Stage 2 NREM, cm H,0 1.6 1.4 39 1.9 0.01
UACP SWS, cm H,O 25 1.9 4.7 1.7 0.02
Definition of abbreviations: AHI  apnea/hypopnea index; BMI  body mass

index; MAS  mandibular advancement splint; MinSao, minimum Sao,; UACP
Stage 2 NREM  upper airway closing pressure during Stage 2 non-rapid eye
movement sleep; UACP SWS  upper airway closing pressure during slow wave
sleep.

Comparison made using paired t test.

Data are presented as mean  SEM.

* Data obtained from baseline polysomnogram (without MAS).

" Data obtained from polysomnogram with MAS.

# Data obtained from closing pressure determination sleep study.

This study demonstrated a relationship between the magni-
tude of improvement in UACP during Stage 2 sleep and the
improvement in AHI. In addition, the improvement in UACP
during Stage 2 sleep in the group of complete responders was
significantly greater than that found in the other two groups com-
bined. However, an interesting finding in our study was that UACP
improved after MAS treatment even in the failures, albeit to a
lesser extent. This suggests that it is the magnitude of improvement
in UACP that determines treatment outcome. How mandibular
advancement improves upper airway collapsibility, however, re-
mains unclear. Anatomic improvements in the anteroposterior
dimension of the oropharynx have been postulated, although re-
cent studies (15, 16) suggest that it is the lateral dimensions of
the velopharynx that improve. Another mechanism proposed by
Isono and coworkers (23) is that mandibular advancement
stretches the soft palate, thus stiffening the velopharynx because
of the connection of the lateral wall of the soft palate to the base
of the tongue through the palatoglossal arch.

Improved upper airway collapsibility has been seen when other
treatment alternatives have been successful. Schwartz and cowork-
ers (19, 20) have demonstrated improvements in upper airway
collapsibility after treatment success with weight loss and also
with uvulopalatopharyngoplasty using a technique called the pha-
ryngeal critical pressure. This technique, which is different from
the closing pressure technique used in our study, examines pres-
sure—flow relationships during sleep using the Starling resistor
model (flow through a collapsible conduit) of the upper airway.
Pharyngeal critical pressure is the pressure below which occlusion
and cessation of airflow occurs. This pressure is found by measur-
ing maximal airflow at different nasal mask pressures and then
extrapolating to the pressure at which no airflow occurs (24).
Therefore, pharyngeal critical pressure is a derived value and
is believed to represent the pressure surrounding the locus of
pharyngeal collapse. This model predicts that when pharyngeal
critical pressure is positive relative to atmospheric nasal pressure,
the upper airway should close. The closing pressure technique
that we used measures the airway suction pressure at which
pharyngeal closure occurs in response to complete external nasal
occlusion, which is fundamentally different from the pharyngeal
critical pressure technique. We chose the closing pressure tech-
nique because it provides a direct measure of the pressure at
which airway collapse occurs.

In our study, the average mandibular protrusion of 4.6 mm is
less than that seen in other studies (13, 14). This was the maximum
comfortable limit tolerated by our study patients and was 65%
of the maximum possible protrusion on average.

One potential limitation of our study was treatment order
bias because UACP measurements were made with and without
MAS during a single night. This was reduced by randomizing
the treatment order during the closing pressure determination
study. As a result of the unpredictability of achieving REM sleep
during the overnight protocol, only two patients had reliable
UACP determinations in this sleep stage. Another limitation was
the inability of the technique to localize the site(s) of obstruction
within in the upper airway. This could be overcome in future
studies by using a catheter measuring pressure at different levels
in the upper airway during a closing pressure determination
study. Although the sample studied was small, there was unifor-
mity of the direction of effect in all patients.

In conclusion, we have demonstrated that oral appliance ther-
apy improves upper airway collapsibility during sleep in patients
with OSA. The magnitude of improvement in UACP was greater
in patients who achieved a complete response to treatment. Given
that treatment success with MAS is not achievable in every patient,
further research is needed to determine whether UACP can be
used as a predictor of treatment outcome.
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Summary Snoring and obstructive sleep apnea form part of a spectrum of sleep
disordered breathing affecting a significant proportion of the general population and
particularly the middle aged. The cansequences can be severe and even life threatening
for both the individual directly affected and those more remotely involved. Adverse
sequelae can manifest themselves acutely orin the longer term as a result of obstructive
breathing induced hypersomnolence, neurccognitive deficits and cardiovascular
abnormalities. The combination of anatomical and neuromuscular risk factars in the
pathogenesis of OSA has resulted in a varied approach to its management. One such
treatment option is mandibular repositioning appliances {MRA), which mechanically
stabilize the airway. Whitst the efficacy of this simple intervention has been rigorously
proven quite recently in a significant proportion of patients with varying disease
severity, individual patient selection in its application remains uncertain. Short-term
side-effects are common but usually transient, whilst in the long-term minor permanent
adverse developments on the dentition and ecclusion have been reported, Considering
both the medicolegal implications of snoring and GSA and the increasing popularity of
MRA, it is recommended that skilled multidisciplinary respiratory and dental personnel
form the primary care team.

© 2004 Elsevier Ltd. All rights reserved.

Introduction a precursor to OSA, is even more common affecting
40- 60% of adults.” These disorders result from sleep-
related narrowing of the upper airway, which is
thought to be due to varying combinations of
anatomical and neuromuscular factors that
cuiminate in an imbalance of forces acting on the

airway. This causes airflow limitation (snoring),

Obstructive sleep apnea (0SA) is a very common
disorder, affecting approximately 4% of men and 2%
of women in the middle-aged workforce.! Snoring,

“Corresponding author.

E-mail address: p.cistulli@unsw.edu.au {P.A. Cistulli),

' Peter Cistulli has agreed to act as a medical advisor to an
Australian start-up company that intends to commercialise an
oral appliance for snoring and sleep apnoea. it is anticipated that
the company will become operational some time in the second
half of 2004. Royalties from Kleenway sales are paid directly to
the University of British Coloumbia.

partial {hypopnea) or complete (apnea} closure of
the upper airway, with consequent adverse effects on
sleep quality and gas exchange. Daytime conse-
quences of O5A include a range of symptoms related
to excessive sleepiness, neurocognitive impairment,
and mood disturbance, which affect quality of life.

1087-0792/5 - see front matter © 2004 Elsevier Ltd. All rights reserved.

doi: 10.1016/j.smrv.2004.04.002
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Nomenclature

AHI apnea hypopnea index

Al apnea index

CPAP  continuous positive airway pressure
NC neck circumference

(0]1]] oxygen desaturation index

RCT  randomized controlled trial
MRA  mandibular repositioning appliance

MRI magnetic resonance imaging
MSLT  multiple sleep latency test
O5A  obstructive sleep apnea

PAS  posterior airway space

RPAS  retroplatal airway space

SN-MP angle between anterior cranial base and
mandibular plane

TRD  tongue retaining device

There is also growing evidence linking OSA to long-
term cardiovascular morbidity, including hyperten-
sion, myocardial infarction, and stroke, and an
increased risk of motor vehicle accidents. It is now
recognized that OSA is a serious public health
problem. Snoring, either as an accompaniment to
0SA or in isolation, also imposes a social burden to
patients and their bed partners.

Inbroad terms, the treatment of snoring and OSA is
aimed at reducing the vulnerability to upper airway
collapse during sleep. In the case of QSA, the most
commonly used treatment is Continuous Positive
Airway Pressure (CPAP), involving the administration
of pressurized air to the upper airway via a nasal or
face-mask during sleep. This pneumatically splints
the airway, thereby preventing collapse. Prior to
CPAP, the only effective treatment was tracheost-
omy to bypass the upper airway obstruction. Whilst
CPAP is a highly efficacious treatment in terms of
preventing snoring and obstructive events, as well as
producing positive outcomes in terms of sleep
quality, daytime function and blood pressure, criti-
cism has been leveled at its expense, obtrusive nature
and consequent effects on compliance.? This has
prompted a search for simpler alternatives.

One such alternative that has emerged particu-
larly over the last decade is oral appliance therapy,
which relies on repositioning of the tongue and
mandible in a way that reduces the tendency of the
airway to narrow or collapse during sleep. Two
broad appliance classes have emerged, namely
mandibular repositioning appliances [MRA) and
tongue retaining devices. The former are far more
commonly used in clinical practice, and the
quantity and quality of scientific literature support-
ing their use is greater than for tongue retaining
devices. Hence, this review will focus on the use of
MRA in the treatment of snoring and OSA.

Rationale for use of MRA in snoring
and OSA

Whilst details of the mechanism of action of MRA in
the treatment of snoring and OSA remain uncertain,

preliminary studies suggest that the tongue, soft
palate, lateral pharyngeal walls, and mandible
interact to control airway size, and that mandibular
advancement induces complex changes in these
structures, resulting in improved airway stability
(see Fig. 1}. Specifically, MRA have been shown to
increase the lateral dimension of the upper airway, *
to improve velopharyngeal obstruction,® and to
enhance the cross-sectional area of the velophar-
ynx, in both the lateral and anteroposterior dimen-
sions.® Progressive mandibular advancement
produces variable adaptive changes in the velo-
pharyngeal and oropharyngeal regions’ whilst

(a)

Figure 1 Schematic diagram of upper airway anatomy
(a) during obstructive sleep apnea without MRA and
(b) with MRA.
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active mandibular advancement causes an increase
in upper airway calibre at most levels, and
especially at the oropharynx.® A decrease in
collapsibility of the upper airway has alse been
shown to occur with MRA.® This has raised the
possibility of MRA causing neuromuscular activation
of upper airway dilator muscles, although evidence
supporting such a hypothesis is weak.

The attractiveness of this modality of treatment
over other modalities relates to its simplicity,
portability, lack of noise and need for a power
source, and potentially lower cost, This has
prompted a concerted research effort over the last
decade to define the clinical role of MRA in the
treatment of snoring and OSA.

Efficacy and effectiveness
of MRA treatment

Whilst interest in the use of MRA as a treatment for
snoring and OSA has been sparked since its inception
in the early days of dentofacial orthopedics, its
efficacy in the treatment of sleep-disordered brea-
thing has only been rigorously investigated during
the last decade. Randomized controlled trials (RCTs)
have been undertaken with MRA comparisons made
in the short term against no treatment,’® ™ both
active'®'*1% and non-active oral appliances, '416-1?
and CPAP."2°°25 Qutcomes have principally
focused on polysemnographic parameters, snoring,
daytime sleepiness and other major symptoms, and
patient preference. More recently, neuropsycholo-
gical®® and cardiovascular®® endpoints have also
been explored. At this time, both the short term
benefit of MRA in the treatment of upper airway
resistance syndrome (UARS),* and its comparison to
behavioral and surgical strategies for OSA is uncer-
tain as RCTs on the subject are lacking.

Short term efficacy

RCTs have proven MRA to be of significant benefit in
controlling or significantly reducing the number of
obstructive breathing events during nocturnal poly-
somnography in a significant proportion of patients
with mild to severe OSA (Table 1). Additionally,
both arterial oxygen saturation levels and arousal
frequency during steep have been shown to signifi-
cantly improve. Subjectively, in both non-apneic
snorers and those with OSA, snoring is reported to
be either improved or totally abolished, whilst
objectively, the frequency and intensity are reduced.
The impact of such treatment on symptomatic
daytime sleepiness is less well defined, with some

studies reporting a significant improvement with
MRA, 18:20.23 whilst others have not, %1% 19.21,22,24.25
irrespective of the therapeutic interval. Objective
findings are even less clear as only one RCT has been
carried out showing a small but significant improve-
ment in mean sleep latency on the Multiple Sleep
Latency Test with MRA compared with a non-active
oral appliance (10.3 + 0.5 min vs 9.1 + 0.5 min). '
Patients have reported significant improvements in
their quality of sleep with MRA.'®?® Notably,
Engleman et al compared MRA to CPAP and found
no difference in cognitive performance between
treatments.”® A more recent development in the
assessment of heatth outcomes with MRA has been
the detection of a significant reduction in 24-h
diastolic blood pressure compared to an inactive
oral appliance during a 4-week treatment interval,
similar to that achieved with CPAP.%®

With the exception of one study where consider-
ations of appliance desigh may be of relevance,?
MRA therapy has been shown to be preferred by
patients in comparison to CPAP. 20222425 However,
it is important to note that its clinical application is
Umited by a lesser overall objective efficacy
compared to CPAP, with the exception of the
study by Tan et al. who showed no difference in
therapeutic benefit between the two treatments,
although there was a high variability in their results
with the MRA (Table 1).%

RCTs using an inactive oral appliance as the
control treatment have identified an important
placebo effect, and this highlights the need for
abjective assessment of MRA efficacy, particularly
in cases of moderate to severe OSA.""® Forty-one
percent of 73 patients treated with an inactive oral
appliance by Gotsopoulos et al. expressed satisfac-
tory control of OSA symptoms and 49% indicated a
desire to continue with such treatment.'® Using the
same concept, Johnston et al. showed a significant
reduction in AHI with their MRA compared to the
control appliance, but there was no significant
difference in symptomatic scores.'®

Long term effectiveness

Long-term studies of MRA in the treatment of
snoring and sleep apnea suggest a high success rate,
with follow-up periods of 2 -5 years (Table 2). 12:2%-31
About 80% of patients that are initially successfully
treated will experience long-term control of OSA
using one-piece appliances according to these
studies, which range in sample size from 19 to 39
patients. 223" A similar or slightly lesser percen-
tage of patients will also be satisfied with the long-
term effect on snoring.'>?*-3" These long-term
results indicate that there is a slight attenuation
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Not

Not measured Not measured

No treatment Not measured

(n = 34) MRA

nights 3,

3,7, and
28 days

50 No treatment

Crossover ESS =170; CPAP use

Smith (2002)

measured

23 months and
(4 hrs per night;

18);
7, (n=16}
28, (n=11)

24

n=

(4% dips in Sa0;

70 2.2 £ 9.6/ 2.2 9.6/

2 months

CPAP

24 (20)

Crossover AHI < 50/hr

Tan (2002)

3.1 = 2.8 (<0.001)

8.0 + 10.9 (<0.001)

Treatment effects are presented as Mean (= 5D) or *(=SEM). *Nurnber of patients with AHI < 10/hr at baseline not stated. AR, apnea hypopnea index; B/S, baseline; Comp, comparison

treatment; CPAP, continuous positive airway pressure; ESS, Epworth sleepiness scale; hr, hour; MRA, mandibular repositioning appliance; MSLT, multiple sleep latency test; N/A, not

applicable NS, not significant; OSA, obstructive sleep apnea; $, significant; Sa0;, oxygen saturation; SD, standard deviation; SEM, standard error of the mean.

of the effect of the appliance on upper airway
patency over time. However, it is important to note
that the studied samples are biased in favor of long
term treatment successes since they only consti-
tute between 30 and 77% of all originally treated
patients, with the remaining patients discontinuing
treatment because of poor outcome or failure to
attend follow-up. Consequently, the long-term
effectiveness of MRA among initially unselected
patients is much lower, perhaps below 50% depend-
ing on the patients included. The most efficient way
to increase the long-term success rate with the
appliance is, therefore, to principally select only
patients who are particutarly likely to respond to
this type of treatment, although this is not
currently reliable due to a lack of evidence. It is
also important to follow-up patients in the longer
term in order to exchange the appliance with a new
one when needed and to reassess the effect of
treatment in patients who experience weight gain
or re-develop symptoms of sleep apnea in order to
adjust the appliance or recommend another
treatment.

The main mechanism of the appliance is to
mechanically increase the upper airway and reduce
pharyngeal collapsibility. Consequently, causes for
an attenuation of the treatment effect of MRA over
time will be related to factors that alter the
mechanical properties of the pharyngeal airway.
Based on limited long-term data, the main reasons
appear to be deterioration in the condition of the
MRA so that it no longer maintains advancement to
the prescribed position,®® or an increase in body
weight with reduced upper airway dimensions. -3
Further long-term studies of large samples are
required to define the factors determining long-
term treatment outcome,

Long-term use of MRA for snoring and sleep
apnea is associated with widening of the pharynx,
shortening and thinning of the soft palate and
greater flexion of head posture. This is probably
partly related to reduced pharyngeal edema due to
less soft tissue vibration from snoring. However, it
is unknown whether this long-term change in
morphology also produces an amelioration of
underlying upper airway pathophysiology. The
only study to date that has evaluated the change
in underlying OSA severity with long-term MRA use
suggests no significant change.?”

MRA as an adjuvant treatment for QSA

Whilst the focus of this review has been on the use
of MRA as a sole treatment for snoring and OSA,
there is also scope to use MRA as an adjuvant to
other therapies. For example, the combined use of
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Table 2 Long term effectiveness of MRA in OSA and snoring.

AHI means (/hr) Long term success in the long
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term samples (short term success)
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Long term Sleep apnea
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(2002)

79% (90%) 84% (90%) 74% (100%)

N/A

4.9  79% (79%)

22

5.0

24

Initial success

AHl =5

19

5

Marklund (2001)

(17) continued (2)

AHI, apnea hypopnea index; Al, apnea index; br, hour; MRA, mandibular repositioning appliance; N/A, not available or incomparable samples; ODI, oxygen delsaturaltion index;
“Registrations prior to treatment start. **Nine patients were evaluated prior to treatment start and 10 patients after treatment start when they had been without their devices for one

week. No difference in short term treatment effect between those subgroups.

CPAP and MRA has been suggested and this could
have application in situations where there is a
desire to reduce the CPAP pressure required to
control OSA, because of the potentially beneficial
effect of MRA on airway caliber. Currently, there is
little evidence to support this combined use with
CPAP. There is also the potential for combining MRA
treatment with conservative measures, for exampie
weight loss and nasal decongestants, to produce a
superior effect. Again, at this stage there is no
scientific evidence to support such an approach, but
this is an area that warrants investigation.

Patient selection criteria

General indications

The prescription of any treatment for OSA, includ-
ing MRA, follows both subjective and objective
appraisal. A clinical history, which preferably
includes bed partner input, reveals most frequently
the presence of nocturnal habitual snoring, noctur-
nal witnessed apneas, and excessive daytime
sleepiness, which often prompt medical consul-
tation in the first instance. However, these features
are not solely relied upon for a definitive diagnosis
of OSA, as they lack diagnostic sensitivity and
specificity. Overnight polysomnography, usually
carried out in the laboratory setting, is required
to confirm the presence and severity of the
condition. Research and clinical experience with
MRA in the treatment of snoring and/or sleep apnea
is largely restricted to adults, although one RCT in
children (mean age 7.1 years) with malocclusion has
reported effective control of snoring and 0SA.3*
Mandibular repositioning appliances have been
demonstrated to be particularly useful in relieving
snoring, at least subjectively,®® and hence non-
apneic snorers represent the largest subgroup for
which such treatment should be considered. Prac-
tice parameters developed by the American Acad-
emy of Sleep Medicine recommend their use in OSA
only for those patients with mild severity or those
who refuse or cannot tolerate CPAP.® However,
there is growing evidence supporting an expansion of
their use in more severe forms of OSA, provided
patients are followed cautiously and objective
verification of outcome is monitored. There is also
emerging evidence of the benefit of MRA in the
treatment of upper airway resistance syndrome,?”
although RCTs are lacking. There is currently no
known clinical role for MRA in the treatment of other
forms of sleep-disordered breathing, including
central sleep apnea and hypoventilation syndromes.
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From a dental perspective, the presence of
temporomandibular dysfunction may be a contra-
indication to the use of oral appliances, although this
should be assessed on a case-by-case basis by a
dentist. Insufficient teeth to support the device or
the presence of periodontal disease inducing tooth
mobility may preclude treatment. Similarly, a
limited capacity for mandibular protrusion
(<<6 mm) has been suggested to be a contraindica-
tion, although studies have reported success with
lesser degrees of mandibular advancement.? Petit
et al recently reported a study of 100 consecutive
OS5A patients in which 34% were assessed to have the
presence of these dental contraindications to oral
appliance therapy, the authors implying a limitation
of the scope of this form of therapy.

Supine-dependent OSA

Sleep posture has a significant influence on the
dimensions and collapsibility of the upper airway.
The tongue and soft palate constitutes a large mass
of soft tissue, and hence in the supine position
gravitational effects cause reduced airway dimen-
sions. Instead, in the lateral position there are
usually smaller amounts of soft tissue that exert
obstructive forces on the upper airway. Patients
with obstructive sieep apnea who change sleep
position from lateral to supine reduce their phar-
yngeal dimensions and increase pharyngeal collap-
sibility. In addition, these patients experience a
larger downwards and backwards movement of their
mandibles during sleep-induced muscle relaxation
than do healthy subjects.*® Moreover, men are
probably more susceptible to upper airway obstruc-
tion during sleep than women, since they undergo a
more marked reduction in airway size during
posterior movement of the mandible than women.**

More than half of patients with OSA have airway
obstruction primarily in the supine position, and
these patients with supine-dependent 0SA tend to
have less severe disease with better preserved
sleep quality, less obesity,*® and a more normal
pharyngeal morphology compared with patients
who have OSA in all positions. Patients who snore
only in the supine position have been found to be
unlikely to suffer from OSA, in contrast to patients
who snore also in the lateral position.” Hence, it
appears that increased frequencies of breathing
abnormalities in the non-supine position reflect
greater pharyngeal collapsibility. The earliest
manifestation of sleep-disordered breathing is
snoring in the supine position. This condition
evolves into snoring also in the lateral sleep
position and the occurrence of apneas in the supine
position. According to this hypothesis, the highest

pharyngeal collapsibility exists in patients with
snoring and apneas in both lateral and supine
positions.

Patients with supine-dependent OSA have a
higher success rate with MRA compared with
patients who have OSA in the lateral position,*%
Marklund et al. reported an odds ratio of 30 (p <
0.01) for treatment success in patients with supi-
ne-dependent OSA, defined as a supine apnea-
hypopnea index (AH!} = 10/h in combination with
a lateral AHI < 10/h.*? Analysis of men and women
separately in 188 patients with OSA revealed that
supine-dependent OSA predicted treatment success
only in men.?? The significant odds ratio for treat-
ment success in that study was 6 for supine-
dependent OSA in men, when controlled for man-
dibular displacement, obesity, weight changes,
nasal obstruction, smoking and the year in which
treatment started. This figure may be compared
with a significant odds ratio of 2.5 for mild sleep
apnea, defined as an AHI < 20/h.% Among women,
milder disease related to successful treatment with
anodds ratio of 12, controlled for the same variables
as for the men.*? Another important finding in that
study was that women were overall more successful
with the appliance than men with an odds ratio of
2.5, when controlled for disease severity, supine-
dependent OSA, body mass index and age of below 50
years compared with above.* Hence MRA is par-
ticularly indicated in women, and in men with
supine-dependent OSA. This is probably explained
by a lower pharyngeal collapsibility in these
patients, making it easier to achieve a patent airway
with the appliance during sleep.

Dental and anthropomorphic predictors
of outcome

Whilst significant progress has been made in proving
the efficacy of MRA for OSA, the ability to predict
treatment outcome and hence preselect suitable
candidates for this treatment option still remains in
its early stages. The pre-treatment AHI has been
suggested by some as a possible indicator of
treatment effect in OSA patients, with generally
more severe levels favoring failure,'®*® although
notable exceptions do exist, """ The strength of
the pre-treatment AHI in the prediction of treat-
ment success with MRA is probably related to
factors such as supine-dependency, obesity and
differences in jaw and pharyngeal morphology in
the studied samples. )

Cephalometric parameters alone or in unison
with other anthropomorphic and polysomnographic
characteristics have been considered to improve
the ability to predict post treatment AHI.17-46:47
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Indicators of a successful outcome have been shown
by one study to be a shorter soft palate and a
decreased distance between the hyoid bone and the
mandibular plane,* and by another, the combi-
nation of a narrower SNB angle, wider SNA angle,
shorter soft palate and narrow oropharynx (PAS).*
The collective effects of a larger retropalatal
airway space (RPAS) and larger angle between
anterior cranial base and mandibular plane (SN-
MP) as determined by cephalometry, a smaller neck
circumference (NCJ), and lower ARI, were shown by
Mehta et al. to favour a reduced AHI with their
appliance.” Liu et al. found a better treatment
response in patients who were younger and had a
lower body mass index, longer maxilla, smaller
oropharynx, smaller overjet, less erupted maxillary
molars, and a larger ratio of vertical airway length
to cross-sectional area of the soft palate.*® Whilst
collectively these studies suggest that treatment
outcome is chiefly related to anatomical charac-
teristics, such data are too limited to form any
general recommendations.

Mare sophisticated technology has been recently
introduced by Sanner et al. who were able to show
with MRl of the pharynx a lack of significant
occlusion on performing the Mueller maneuver
with MRA in five of their seven treatment successes.
In contrast, all six of the treatment failures showed
occlusion despite wearing the MRA.*® 8y measuring
pharyngeal pressure during sleep, Henke et al.
found that whilst oropharyngeal collapse had a very
favorable response to MRA, velopharyngeal closure
did not prevent a favorable response. *

Although the development of a valid and reliable
predictive tool in the recommendation of MRA is
warranted for obvious health, social and economic
reasons, this may be a difficult task in view of
the multifactorial nature of OSA and heterogeneity
of patients.

Design features and titration procedures
MRA designs

A multitude of MRA designs have been reported in
the literature and are available commercially. It is
not the intention of this review to describe specific
MRA, but rather to consider general design prin-
ciples. Most use traditional dental techniques to
attach a one- or two-piece appliance to one or both
dental arches and vary in design from relatively
simple acrylic moldings to appliances incorporating
metallic rod and tube fittings, interarch
elastic, metal or plastic connectors, or even

magnets.?'*>51-53 There is general consensus that
customized appliances are better tolerated and
tend to be more effective than the less commanly
used prefabricated appliances, but this is not based
on research evidence. This requires dental
impressions, a protrusive bite registration and
construction by a dental laboratory.

Little is known about the influence of appliance
design on treatment outcome. The principles of
MRA design are thought to include the need for good
retention, sufficient protrusion and vertical dimen-
sion. MRA that permit jaw movement, laterally® or
vertically,"'® may offer advantages in terms of
reducing the risk of temporomandibufar joint
complications and improving patient acceptance.
All MRA produce some downward rotation of the
mandible, but there are conflicting data on the
effect of the degree of bite opening on treatment
outcome. A recent randomized controlled study
comparing 4 and 14 mm of bite opening suggests
that there is little impact on treatment outcome,
although minimal bite opening was better tolerated
by patients.>?

Titration procedures

The conventional approach to MRA treatment
usually involves 4 weeks of adaptation to the
appliance followed by 2-3 months of incremental
titration, so as to maximize tolerance during this
initial phase. Details of such a process, including
the initial and target amount of mandibular
advancement and the rapidity with which incre-
mental changes are made are highly variable
between practitioners. The need for such an
acclimatization period is considered a drawback
of treatment, particularly in situations where rapid
initiation of treatment is warranted.
Determination of the amount of mandibular
advancement required to prevent OSA in a given
patient is a matter of trial and error, as there
does not appear to be a correlation between the
amount of advancement and therapeutic effect. 752
Reliance on symptomatic response alone can be
misleading because of the apparent placebo effect
associated with MRA.''® A recent study reported
the feasibility of single-night MRA titration using a
hydraulically controlled appliance.®® The benefit of
such a process for titration is the potential to
immediately ascertain the likelihcod of treatment
success as well as the ‘dose’ of mandibular
advancement required in the individual case. This
would avoid the need for an acclimatization period,
and potential wastage of resources in patients for
whom MRA proves ineffective. However, the poten-
tial difficulty of achieving the required mandibular



Treatment of snoring and obstructive sleep apnea with mandibular repositioning appliances 451

advancement without inducing discomfort on the
first night of use may be a limitation.

Adverse effects

Side-effects and complications

The reported adverse effects associated with MRA
have so far been of limited magnitude, 2:36-60
Almost 90% of patients who continue treatment on
a regular basis consider that the treatment benefits
outweigh any adverse effects.®’ Nevertheless, dis-
comfort from the appliance is the major cause for
discontinuation of treatment or poor compliance for
about 20-50% of initially treated patients,3%:61:62
This may be exacerbated by using a single position
appliance or too rapid titration of the appliance.
The usefulness of the appliance will therefore be
very much dependent on the patients’ own experi-
ences or their knowledge about painful or otherwise
troublesome side-effects.

The introduction of an appliance in the mouth
will produce temporary increased salivation and
may also induce pain in the teeth or jaws in relation
to the magnitude of the forces generated. MRA are
derived from functional erthedontic appliances. To
prevent airway collapse during sleep, these appli-
ances hold the mandible in a forward and verticalty
opened position. The MRA is anchored to the
dentition, but may also extend over the oral mucosa
in order to increase the area of retention. Even so,
the teeth are loaded with permanent forces when
the appliance is worn at night. The appliance
generates reciprocal forces on the teeth and jaws
due to its design. The appliance therefore transmits
labially directed forces against the lower incisors
and palatally directed forces against the upper
incisors as the mandible attempts to go back to its
normal postural position. Consequentty, teeth may
change their inclinations and the whole lower jaw
may also be displaced during longer term treatment

with MRA for snoring and obstructive sleep
apnea_12,33,56-5‘),63,64

Short term

The majority of the patients will experience one or
more short-term side-effects such as increased
salivation or dryness, discomfort from the teeth or
gums, or a perception of an abnormal bite from the
appliance. 735861 These side-effects are particu-
larly common in patients who discontinue during
the first year of treatment.®'-*2 Consequently, it is
especially important to continuously follow-up new
patients and adjust their appliances in order to

relieve side-effects. It is also important to maxi-
mize the effect of the appliance on snoring and
symptoms when indicated, since patients who do
not have a sufficient treatment effect are likely to
discontinue treatment and experience more dom-
inating side-effects.®* According to clinical experi-
ence, even small adjustments may enhance the
tolerability to the appliance and increase the
chance of success. The patients should be encour-
aged to make regular contact with the treating
dental practitioner whenever the appliance is
inconvenient or does not relieve symptoms.

Long term
Jaw and teeth discomfort, salivation problems and
experiences of an abnormal bite become less
prominent with time.?2%' |n contrast, the
orthodontic effects on the teeth and jaws are
side-effects that become progressively more
pronounced during long-term treatment, often
without the patient being aware of them.3%63-¢5
These adverse events from MRA appear to be quite
variable according to the studies reported to date.
The predicted orthodontic side-effects with a
backward movement of the upper front teeth and
a forward movement of the lower front teeth and
mandible are more or less obvious in the various
studies, Cephalometric X-ray evaluations have
revealed that the upper incisors will tip posteriorly
with average changes of between —1.9 and
—1.4°%8483 or be unchanged,’*%* and that the
lower incisors will incline anteriorly with average
changes of between 1.5 and 2.8°3%%4% o pe
unchanged after about 2 years treatment.?®* The
mandible may also move forward or downwards
during treatment®®®% or undergo a posterior
rotation resulting in a slight backward movement
of the mandibular position.***® Robertson found
that the mandibular condyle relocates downwards,
which in turn produces an increase in the lower face
height during treatment. There was no sagittal
change in jaw position in that study.®* In contrast,
Bondemark has described increased mandibular
prognathism by the appliance, with up to 2 mm
anterior movement of the mandible or a mean of
0.4° increase in the SNB-angle,®® but the signifi-
cance of this minor change is questionable. The
influence of MRA on the upper jaw (SNA) is generally
small and clinically insignificant.?358:63-65 Thase
cephalometric findings are confirmed in analysis of
plaster casts, where average changes are in general
minor.*-3%3 A more than 1 mm decrease in over-
jet has, however, been noticed in between 14 and
26% of longer term treated patients.

Some patients may experience extreme changes
in their acclusion during long-term treatment with
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MRA. Reductions in overjet up to 3mm and
posterior bite openings as large as 5 mm have
been observed in individual patients after 2 years or
less.>*>*% Moreover, retraclination of the upper
incisors with as much as 8° and proclination of the
lower front teeth by 13° have been reported. Age,
gender, treatment time, dental occlusion or the
skeletal dentofacial pattern have so far not
explained the differences in morphological changes
in studies, involving samples of about 30 patients of
between 27 and 80 years of age.®>% It has been
suggested that the use of a soft elastomeric
appliance that extends over the alveolar processes
may reduce the mesial shift in occlusion compared
with a hard acrylic appliance that is only fixed to the
teeth.®? Marklund et al. found that only half of
patients treated with soft elastomeric appliances
compared with those treated with hard acrylic
appliances were subjected to a decrease in overjet
of more than 1t mm.* It is likely that a number of
factors such as periodontal health, the inclination
of front teeth, the jaw morphology, or MRA
compliance influence the magnitude of these
long-term side-effects. Larger studies are needed
to more clearly define the importance of these
various factors.

Robertson has proposed the potential chronology
for various morphological adverse events that can
occur during treatment.® During the first 6 months,
the mandibular condyle may be displaced down-
wards, which in turn reduces the overbite and
overjet and increases the face height. Thereafter,
the upper front teeth may undergo a posterior
tipping, which progressively decreases the overjet
and overbite. After 2-2.5 years of treatment
praclination of lower incisors with a mean of 4.9°
becomes evident, and this produces the greatest
reductions in overjet and overbite.®* Consequently,
it is important to continuously monitor the bite
among patients treated with MRA, since dental
side-effects may develop at various stages of long-
term treatment. The appearance of more marked
dental side-effects may hinder the continued use of
the appliance and, on occasions, an alternative
treatment may need to be considered. Clinical
experience suggests that the bite changes diminish
when MRA is no longer used, although more
permanent dental side-effects have been
reported,5%:64

Medicolegal issues

There is growing evidence of medicolegal activity in
some jurisdictions in relation to OSA diagnosis and
treatment, including issues related to driver safety
and life insurance risk. Many driver licensing

authorities across the world recognize that QSA
may impair driver safety and have developed
guidelines restricting access to driver licenses
for patients with untreated OSA. There is good
evidence of a higher risk of motor vehicle accidents
among OSA patients compared with controls,%” and
CPAP treatment appears to normalize this risk.
Similar evidence for MRA do not yet exist, although
one would expect that driving risk on treatment
would be related to the extent of residual OSA.
Given the apparent placebo effect noted with MRA,
it is critical to objectively verify treatment out-
come when driver safety, particularly in the
commercial driver context, is an issue. This may
include the use of daytime vigilance tests in
appropriate circumstances. Furthermore, given
the current requirement for an acclimatization
period of some months, MRA are far from ideal
in circumstances where rapid initiation of effective
treatment is required for a sleepy driver, and hence
it is best to use CPAP in such circumstances.
With growing experience and awareness of the
dental complications of MRA treatment, albeit
generally minor, both medical and dental clinicians
involved in the care of these patients have an
obligation to comply with appropriate informed
consent procedures. This is becoming very impor-
tant in the context of long-term MRA related
side-effects, which may encompass permanent
orthodontic changes and consequent medicolegal
concerns.

Treatment compliance

The acceptance rate of MRA is moderately high and
this appears to be related to the simplicity of the
treatment itself.'>'7 ?* However, the interpret-
ation of adherence rates is subject to limitation by
over-inflated figures reported as a result of a lack of
intention to treat analyses and most importantly,
unlike CPAP, a lack of objective data for verifica-
tion. The main reasons for patient refusal to initiate
or continue with treatment are a tack of self-
perceived efficacy or MRA related side-effects.
Whilst reported usage is initially high,'®? there is
a declining trend over time. Reported compliance
figures after 1 year of treatment have varied from
55 to 82%.%3261¢% Clark et al. reported 48% of
patients continuing with their MRA after 2 years.*®
Pancer et al. indicated that 76% of their subjects
persisted with treatment after an average of
31 + 18 months.*® At 4 years, Walker-Engstrom
reported adherence to treatment by 62% of their
patients,*® and at 5 years Marklund et al. reported
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Figure 2 Clinical protocol for MRA in OSA {adapted from Lowe 20007°).

usage maintenance by 70% of patients.?’ Lowe
et al.,’* who used a covert compliance monitor
embedded in their MRA, revealed an average nightly
usage rate of 6.8 h which is comparable to both
diary data from a 4-week trial'® and self-reported
information from observational studies,39-61.62
Acceptance and compliance rates of MRA in
comparison to CPAP for QSA have been found to
vary, with no reported difference between treat-
ments?®#* to superior compliance with MRA.2%24

Comparison with other treatments

The overall benefit of a treatment is related to the
product of its effectiveness and the patient’s
adherence to treatment, the latter being deter-
mined to a large extent by the acceptability of the
treatment to the patient, and often the bed
partner. Whilst CPAP is unquestionably a more
effective treatment for OSA, there is now strong
evidence from RCTs that patients find MRA a more
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acceptable treatment than CPAPZ0-22:24.25 3nd that
for an important subset of patients (30-40%) MRA
treatment is as effective as CPAP.""'® This gives
rise to the question of whether greater adherence
to the less effective MRA treatment could have
an equivalent cumulative effect as the use of CPAP
for less than the entire sleep period. Whilst this
comparison may seem unjustified given the lack of
evidence on MRA adherence compared to objective
data on CPAP usage, this remains an impeortant and
unresolved question.

Clinical pathways and education

Integrative care appears to be central to the
successful management of patients with snoring
and OSA for whom MRA therapy is indicated. This
involves a multidisciplinary approach involving a
proficient sleep and dental team. Interdisciplinary
communication and treatment planning via a
coordinated care pathway would most likely enable
an efficient process in the care of these patients.
Patient access to and knowledge of such a process is
essential in optimizing patient ocutcomes, More-
over, the development and implementation of
evidence based clinical practice guidelines in
conjunction with continuing education of the
respective disciplines is key in achieving patient
focused goals. Whilst to date no formal integrative
care pathway has been implemented in the case of
MRA for O34, the Academy of Dental Sleep Medicine
has suggested its own clinical protocol (Fig. 2).7°
Such a pathway would require evaluation for its
clinical effectiveness and ongoing review for
further development.

Trends in usage

Anecdotal evidence suggests increasing awareness
about MRA for snoring and OSA, both among
clinicians and patients. This trend appears to
apply to North America, Europe, China, Japan,
and Australia. In Sweden, the number of prescribed
MRA for sleep apnea per annum has increased 3-fold
since 1999. During this period, medically indicated
MRA treatment has become incorparated in the
general health care system, resulting in lower fees
for the patients and registrations of MRA treat-
ments. In some jurisdictions of North America, up
to 50% of patients have some form of insurance that
offsets the cost of oral appliances. However, clear
evidence about current usage patterns, the exper-
tise of the treating dentists, the clinical pathways

being used, the types of appliances, and rigor of
follow-up procedures are not available. In 1997,
Loube and Strauss reported on a survey of 355
dentists who were members of the American Sleep
Disorders Dental Society.”' The response rate was
low (35%), but the data indicated a relatively
modest usage of oral appliances among these
motivated dentists, with a median of 27 0OSA
patients per annum. The level of knowledge was
mixed, with follow-up polysomnography to objec-
tively evaluate outcome being undertaken infre-
quently.”" It would be valuable for further studies
of this type to be conducted in order to glean a
better picture of current usage of appliances, with
the aim of designing interventions to improve
clinical practice in this area.

There are a multitude of appliances available
commercially, but there is little scientific evidence
on which to base treatment decisions regarding the
particular design to use in the individual patient.
Despite a growing momentum in research on MRA in
snoring and OSA, only relatively few of the available
designs have been subjected to the level of
scientific scrutiny upon which sound clinical prac-
tice can be based. Unlike CPAP treatment, which

Practice points

* MRA are increasingly being used in clinical
practice to treat snoring and OSA.

* MRA are indicated as first line treatment for
snoring.

« MRA are effective in a substantial proportion
of patients with mild to moderate OSA, and
lesser proportion of those with severe OSA,

+ Most OSA patients are improved with MRA
treatment, with up to 40% achieving a
complete response (defined as a return of
AHI to < 5/h) with some appliances.

¢ Supine-dependent OSA in men and female
gender appear to be strong predictors of
treatment success with MRA,

s A multidisciplinary approach, involving
collaboration between medical (e.g.
pulmoenologist, sleep physician, family
physician) and dental practitioners, to
diagnosis and treatment is recommended.

» Short-term side-effects with MRA are
common, but usually minor and transient,
and can usually be managed with
appropriate dental follow-up.

*» Long-term dental changes with MRA appear
to be common, but are generally minor.
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Patients must be informed about this prior
to commencement of treatment, and the
decision to discontinue treatment in the
event of such complications should be made
in association with the patients, taking into
account their desire to change to ancther
treatment.

» Long-term dental and medical follow-up is
essential in order to exchange or adjust the
appliance or recommend another treatment
in patients who gain weight or experience
increased symptoms.

Reseach agenda

+ Further studies to determine the impact of
MRA on health outcomes.

+ Identify predictors of treatment outcome
with MRA.

» |dentify methods to control dental side-
effects with MRA in order to increase its use
and the number of successfully treated
patients.

+ Determine the influence of design features
on treatment outcome and side-effects.

+ Further studies to develop single night
titration of MRA for use in clinical practice.

s Research on the cost-effectiveness of
treatment, particularty in comparison to
CPAP.

» Evaluation of clinical pathways for the
delivery of oral appliance treatment.

can be considered a generic modality, it is possible
that MRA effectiveness varies depending on design
features, and hence research data cannot be
reasonably extrapolated to the modality at large.
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