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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 

 

6

 

 2/h versus 14 

 

6

 

 2/h, p 

 

,

 

 0.0001), MinSa

 

O

 

2

 

 (87 

 

6

 

 1% ver-
sus 91 

 

6

 

 1%, p 

 

,

 

 0.0001), and arousal index (41 

 

6

 

 2/h versus 27 

 

6

 

2/h, p 

 

,

 

 0.0001) with MAS, compared with the control. The control
plate had no significant effect on AHI and MinSa

 

O

 

2

 

. CR (n 

 

5 

 

9) or PR
(n 

 

5 

 

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

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.
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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

 

O

 

2

 

). 

 

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

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 

 

t

 

 tests were used to compare physi-
cal characteristics and baseline data between Groups I and II. Paired 

 

t

 

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 III 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 

 

6

 

 SD. Estimated means are presented as mean 

 

6

 

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 2

 

a

 

 

 

5

 

 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-

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

Figure 2. Oblique posterior view of the mandibular advancement
splint, showing the coupling mechanism and titrating screw on one
side.

Figure 3. Schematic diagram summarizing the study design. 
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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 (

 

6

 

 SD) age of
48 

 

6

 

 9 yr (range, 35 to 73 yr), body mass index of 29.4 

 

6

 

 3.1 kg/
m

 

2

 

 (range, 24.8 to 36.3 kg/m

 

2

 

), baseline AHI of 27 

 

6

 

 17/h
(range, 10 to 68/h), and MinSa

 

O2

 

 of 85 

 

6

 

 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 

 

6

 

 8.8 weeks (range, 5 to 40 wk). The mean man-
dibular advancement with the MAS was 7.5 

 

6

 

 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

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 

 

6

 

 1.1
versus 3.9 

 

6

 

 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 

 

6

 

 2 versus
27 

 

6

 

 3, p 

 

5 

 

ns) or MinSa

 

O2

 

 (87 

 

6

 

 1 versus 85 

 

6

 

 2%, p 

 

5

 

 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

 

O2

 

. 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

Figure 4. Definitions of cephalometric landmarks and measurements.
Anatomical landmarks: ANS 5 Anterior Nasal Spine, the tip of the me-
dian sharp bony process of the palatine bone in the hard palate. A
Point 5 deepest midline point on the maxillary alveolus between ANS
and the maxillary alveolar crest. B Point 5 deepest midline point be-
tween the mandibular alveolar crest and the gnathion. Ba 5 Basion,
the most inferior point on the anterior margin of the foramen mag-
num in the median plane. Go 5 Gonion, the most lateral external
point at the junction of the horizontal and ascending rami of the man-
dible. Gn 5 Gnathion, the most anteroinferior point on the bony man-
dibular symphysis. H 5 Hyoidale, the most superior-anterior point on
the body of the hyoid bone. Me 5 Menton, the lowest point on the
bony outline of the mandibular symphysis. MP 5 Mandibular plane,
line joining Me and Go. N 5 Nasion, the most anterior point of the fr-
ontonasal suture. PNS 5 Posterior nasal spine, the tip of the posterior
spine of the palatine bone in the hard palate. spt 5 tangent point on a
line parallel to the long axis of the soft palate at the maximum width.
Phw 5 Posterior pharyngeal wall, the point on the posterior pharyn-
geal wall at the same horizontal level as spt. S 5 Sella, the center of
the sella turcica. Measurements: BaSN (degrees) 5 Cranial base angula-
tion in midsagittal plane, SN (mm) 5 anterior cranial base length. Go-
Gn (mm) 5 mandibular length. SNA (degrees) 5 angle from S to N to
A Point. SNB (degrees) 5 angle from S to N to B Point. ANB (degrees) 5
angle from A Point to N to B Point. SN-MP (degrees) 5 angulation of
the mandibular plane with the SN line. H-MP (mm) 5 perpendicular
distance from the MP to H. RPAS (mm) 5 width of nasopharynx from
Phw to spt. PAS (mm) 5 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.

 

TABLE 1. EFFECT OF MAS ON POLYSOMNOGRAPHIC VARIABLES*

 

Variable Control MAS p Value

Sleep variables
TST, min 372 

 

6

 

 5 363 

 

6

 

 5 NS
REM sleep, min 61 

 

6

 

 4 75 

 

6

 

 4

 

,

 

 0.05
REM, % 16 

 

6

 

 1 21 

 

6

 

 1

 

,

 

 0.005
NREM sleep, min 311 

 

6

 

 4 287 

 

6

 

 4

 

,

 

 0.0001
NREM, % 84 

 

6

 

 1 80 

 

6

 

 1

 

,

 

 0.005
TST spent supine, % 46 

 

6

 

 4 55 

 

6

 

 4 NS
Arousal Index/h 41 

 

6

 

 2 27 

 

6

 

 2

 

,

 

 0.0001
Sleep efficiency, % 87 

 

6

 

 1 85 

 

6

 

 1 NS
Respiratory variables

AHI/h 30 

 

6

 

 2 14 

 

6

 

 2

 

,

 

 0.0001
MinSa

 

O2

 

, % 87 

 

6

 

 1 91 

 

6

 

 1

 

,

 

 0.0001
Snoring frequency/h 402 

 

6

 

 29 242 

 

6

 

 28

 

, 0.005
Mean snoring intensity, dB 52 6 1 49 6 1 , 0.0001
Maximum snoring intensity, dB 70 6 1 68 6 1 NS

Definition of abbreviations: MAS 5 mandibular advancement splint; NREM% 5 time
in NREM sleep as a % of TST; REM% 5 time in REM sleep as a % of TST; TST 5 total
sleep time.

* All values represent mean 6 SEM.
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and mandibular plane (SN-MP). The derived equation to pre-
dict AHI with the MAS was:

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-

AHI MAS( ) 19.4 1.3 NC 2.7 RPAS 0.4 BaseAHI
1.0 SN-MP R2( 0.82, = s 8.06 ).=–

+–+=

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.

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).



Mehta, Qian, Petocz, et al.: Oral Appliance for Sleep Apnea 1461

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.

Acknowledgment : The writers thank Dr. S. Faniran for her assistance with
data entry; M. Lazaris, M. Troth, and W. Eaglesham for their technical support

with polysomnography; and Dr. H. Gotsopoulos for her critical appraisal of
the manuscript. Dr. Richard Palmisano contributed to the appliance design.

References
1. 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.

2. Cistulli PA, Sullivan CE. In: Sullivan CE, Saunders NA, editors. Sleep
and breathing, 2nd ed. New York: Marcel Dekker; 1994. p. 405–488.

3. Sullivan CE, Issa FG, Berthon-Jones M, Eves L. Reversal of obstructive
sleep apnea by continuous positive pressure applied through the nares.
Lancet 1981;1:862–865.

4. Kribbs NB, Pack AI, Kline LR, Smith PL, Schwartz AR, Schubert NM,
Redline S, Henry JN, Getsy JE, Dinges DF. Objective measurement
of patterns of nasal CPAP use by patients with obstructive sleep ap-
nea. Am Rev Respir Dis 1993;147:887–895.

5. Engleman HM, Asgari-Jirhandeh N, McLeod AL, Ramsay CF, Deary
IJ, Douglas NJ. Self-reported use of CPAP and benefits of CPAP
therapy: a patient survey. Chest 1996;109:1470–1476.

6. Weaver TE, Kribbs NB, Pack AI, Kline LR, Chugh DK, Maislin G, Smith
PL, Schwartz AR, Schubert NM, Gillen KA, Dinges DF. Night-to-
night variability in CPAP use over the first three months of treatment.
Sleep 1997;20:278–283.

7. Schmidt-Nowara W, Lowe A, Wiegand L, Cartwright R, Perez-Guerra
F, Menn S. Oral appliances for the treatment of snoring and obstruc-
tive sleep apnea: a review. Sleep 1995;18:501–510.

8. American SDA. Practice parameters for the treatment of snoring and
obstructive sleep apnea with oral appliances. Sleep 1995;18:511–513.

9. Jones B, Kenward MG. Design and analysis of cross-over trials. New
York: Chapman and Hall; 1989. p. 140–188.

10. Johns MW. A new method for measuring daytime sleepiness: The Ep-
worth Sleepiness Scale. Sleep 1991;14:540–545.

11. Rechschaffen A, Kales A. A manual of standardized Terminology, Tech-
niques and Scoring System for Sleep Stages of Human Subjects. Los An-
geles: Brain Information Service/Brain Research Institute; 1968. p. 204.

12. American SDA. EEG arousals: scoring rules and examples. Sleep 1992;
15:173–184.

13. Guilleminault C, Riley R, Powell N. Obstructive sleep apnea and abnor-
mal cephalometric measurements. Chest 1984;86:793–794.

14. Jamieson A, Guilleminault C, Partinen M, Quera-Salva MA. Obstruc-
tive sleep apneic patients have craniomandibular abnormalities. Sleep
1986;9:469–477.

15. 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 apnoea. Thorax 1997;52:362–368.

16. Pantin CC, Hillman DR, Tennant M. Dental side effects of an oral de-
vice to treat snoring and obstructive sleep apnea. Sleep 1999;22:237–240.

17. Fleetham JA, Ferguson KA, Lowe AA, Ryan CF. Oral appliance therapy
for the treatment of obstructive sleep apnea. Sleep 1996;19:S288–S290.

18. Schmidt-Nowara WW, Mead TE, Hays MB. Treatment of snoring and
obstructive sleep apnea with a dental orthosis. Chest 1991;99:1378–1385.

19. Clark GT, Arand D, Chung E, Tong D. Effect of anterior mandibular posi-
tioning on obstructive sleep apnea. Am Rev Respir Dis 1993;147:624–629.

20. Eveloff SC, Rosenberg CL, Carlisle CC, Millman RP. Efficacy of a
Herbst Mandibular Advancement Device in Obstructive Sleep Ap-
nea. Am J Respir Crit Care Med 1994;149:905–909.

21. 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.

22. Pancer J, Al-Faifi S, Al-Faifi M, Hoffstein V. Evaluation of variable
mandibular advancement appliance for treatment of snoring and sleep
apnea. Chest 1999;116:1511–1518.

23. Henke E, Frantz DE, Kuna ST. An oral elastic mandibular advancement
device for obstructive sleep apnea. Am J Respir Crit Care Med 2000;161:
420–425.

24. 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.

25. Clark GT, Blumenfeld I, Yoffe N, Peled E, Lavie P. A crossover study
comparing the efficacy of continuous positive airway pressure with an-
terior mandibular positioning devices on patients with obstructive
sleep apnea. Chest 1996;109:1477–1483.

26. Mayer G, Meier-Ewert K. Cephalometric predictors for orthopaedic
mandibular advancement in obstructive sleep apnoea. Eur J Orthod
1995;17:35–43.


