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STUDY OBJECTIVES: To establish the safety and efficacy of a novel oral appliance (O,Vent Mono, Oventus Medical Pty Ltd., Brisbane,
Australia), that incorporates a built-in enclosed airway, as an alternative treatment for obstructive sleep apnea (OSA).

METHODS: A prospective, single-arm, single-center study was performed. Participants had mild-moderate OSA or continuous
positive airway pressure (CPAP) intolerant severe OSA. Ambulatory polysomnography (PSG), subjective snoring, and subjective nasal
obstruction were assessed at baseline and following acclimatization with the device. Baseline mandibular protrusion was set at 50%
and was increased to a maximum of 85% if required as determined by questionnaire and PSG. Participants with a > 50% reduction in
apnea-hypopnea index (AHI) were classified as responders. Compliance was recorded via a questionnaire.

REsuLTS: In 29 participants (20 males, 9 females), mean + standard deviation age = 49.3 + 8.6 years, body mass index = 29.9 + 6.1
kg/m?, AHI decreased from 41.8 + 26.5 to 16.2 £+ 15.4 (P <.001) or 62.5 + 21.1%. Time spent below 90% oxygen saturation as assessed by
pulse oximetry improved from 9.3 + 12.7% to 2.2 + 3.4% (P = .001). Seventeen participants (59%) had subjective nasal obstruction and
22 (75.9%) were classified as responders. Subgroup analysis between those with nasal obstruction (NO) and without nasal obstruction
(NNO) revealed no significant difference in percentage of change in AHI from baseline (NO = 66.3 + 18.1%, NNO = 57.0 + 24.6%,
P =.280) or response rate (NO = 76.5%, NNO = 75%, chi-square = 0.930). Overall compliance was 82.8%, and three minor transient
device-related adverse events occurred.

ConcLusIons: This novel device was safe, effective, and well tolerated in a group of participants with relatively severe OSA. There was
aclinically and statistically significant reduction in AHI of 62% as well as improvement in oxygen saturation. Importantly, the efficacy

and response do not appear to be reduced by the presence of nasal obstruction.

CLINICAL TRIAL REGISTRATION: Trial name: A prospective, single arm, single center pilot trial to establish the
safety and efficacy of the Oventus device to treat mild to moderate obstructive sleep apnea and snoring. URL:
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INTRODUCTION

Obstructive sleep apnea (OSA) is characterized by repetitive
occlusions of the upper airway during sleep, resulting in sleep
fragmentation and oxygen desaturations.! The prevalence of
OSA is reported to be 34% in men and 17% in women, whereas
OSA accompanied by symptoms of sleepiness is reported to
occur in 14% of men and 5% of women between 30-70 years
old? OSA is an important contributor to cardiovascular
disease,*” stroke,*®® and depression'® and is a recognized risk
factor for motor vehicle accidents,'"* workplace injuries, and
loss of productivity.'***

Although continuous positive airway pressure (CPAP)
remains the treatment of choice for OSA, custom-fit oral appli-
ances that advance the mandible—a mandibular advance-
ment device (MAD)—are emerging as an alternative treatment
option. These devices are used primarily in patients with
mild to moderate OSA, CPAP intolerant OSA, and primary
snorers.'*” Studies consistently demonstrate that CPAP
reduces the apnea-hypopnea index (AHI) further than oral
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appliances; however, CPAP efficacy is likely to be offset by
reductions in usage and adherence."” In support of this, recent
studies have demonstrated that the health outcomes in patients
with moderate to severe OSA after treatment with CPAP and
MAD are similar.!”?° Patients with high nasal resistance may
have difficulty in using both CPAP and traditional oral appli-
ances, with studies reporting high nasal resistance being asso-
ciated with both CPAP * and oral appliance * intolerance.
High nasal resistance is an indication of reversible or irrevers-
ible nasal obstruction and its prevalence is high in OSA.*

The novel oral appliance studied in the current study
(O,Vent Mono, Oventus Medical Pty Ltd., Brisbane, Australia)
(Figure 1) incorporates both mandibular advancement to
reduce pharyngeal collapsibility and an enclosed airway that
allows airflow through the device to circumvent nasopharyn-
geal obstruction. Titration is achieved by sequential relining
of the upper silicone insert, which is changed over to a more
retentive dual laminate material after the optimum level of
advancement is achieved. Thus, although a monobloc design,
it can be considered as a titratable device during the treatment
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Figure 1—Oventus O,Vent Mono device.

The novel oral appliance incorporates an enclosed airway that
allows airflow through the device while maintaining a stable jaw
position.

optimization and acclimatization period. The aim of the
current study was to evaluate the safety and efficacy of this
novel oral appliance for the treatment of OSA. In addition, we
wanted to examine whether compliance with or the response
rate to the device were influenced by the presence of subjective
nasal obstruction.

METHODS

This was a single-center, prospective pilot study to establish
the safety and efficacy of the oral appliance in treating OSA.
The study protocol was approved by an independent Human
Research Ethics Committee (Bellberry Limited, Australia), and
appropriate informed consent was obtained from all partici-
pants. Clinical trial and data management was performed
by a contract research organization (Mobius Medical Pty
Ltd, Australia) to ensure independent oversight of regulatory
compliance, monitoring, and reporting.

Participant Selection

Male and female participants aged 18 years and older were
recruited from Turbot Street Medical Centre presenting for
consideration of oral appliance therapy. Inclusion criteria were
grade 2-3 snoring (regular: more than 3 nights/wk or every
night) and either mild to moderate sleep apnea (AHI > 5and <30
events/h) and recommended for oral appliance therapy, or
CPAP-intolerant patients with moderate to severe sleep apnea
(AHI > 15 events/h). Additional inclusion criteria were eligi-
bility to receive a MAD with adequate dentition for retention
and the ability to provide written informed consent to all study
procedures. Diagnosis was based on polysomnography (PSG)
within the past 12 months by a qualified sleep physician. Exclu-
sion criteria were pregnancy or lactation, current participation
in another clinical trial, periodontal disease, exaggerated gag
reflex, medication usage that could influence respiration or
sleep (eg, regular use of sedatives, heavy alcohol consumption),
OSA with uncontrolled or untreated cardiovascular disease,
central sleep apnea > 5 events/h, previous uvulopalatopharyn-
goplasty (UPPP), and severe somatic or psychiatric disorders.

Journal of Dental Sleep Medicine

Three-dimensional cone beam computed tomography (CBCT)
scans were completed to screen for dental pathology and to
assess the temporomandibular joints.

Oral Appliance

The initial jaw position at 50% of maximum mandibular
protrusion was recorded by a researcher who is a qualified
dentist using a George gauge with a 5-mm bite fork (Great Lakes
Orthodontics, Tonawanda, New York, United States) to obtain
5 mm of vertical opening. Maxillary and mandibular impres-
sions were taken using Imprint 4 Preliminary VPS Impres-
sion Material (3M ESPE, Landsberg am Lech, Germany). The
impressions were poured with dental stone, and the models and
bite were scanned using TRIOS 3 Scanner (3Shape, Szczecin,
Poland) and converted to a sterolithography file. Computer-
aided design using proprietary software was used to customize
the size and shape of the bimaxillary oral appliance.

The inner core of the oral appliance (Figure 1) was printed
three-dimensionally using Ti6Al4V ELI Titanium Powder
Grade 23 (Arcam AB, Molndal, Sweden). The titanium core
has a customized airway, which divides at the level of the
canines, and passes posteriorly between the occlusal surfaces
of the maxillary and mandibular teeth to deliver air to the
oropharynx in the region of the second molars, with the aim
of bypassing nasopharyngeal obstruction during sleep and
allowing for breathing through the low-resistance device
airway when nasal flow is compromised. The cross-sectional
area of the bilateral airway is consistent with the average patent
nasal airway and a lip seal can be maintained around the ante-
rior opening.

After polishing the titanium core, a silicon primer was
applied (NuSil Technology, Carpinteria, California, United
States) to allow for bonding of the maxillary silicone inserts,
constructed using Bona-Bite Crystal Vision (DMP Ltd,
Markopoulo, Greece). The mandibular insert was a dual
laminate material (Erkodent, Wembley, Western Australia,
Australia) with a hard outer lining and soft inner lining for
greater retention and durability. The upper silicone inserts
were positioned with the mandibular protrusion as obtained
from the bite record and impressions. Further titration during
the protocol was performed by sequential relining and replace-
ment of the upper silicone inserts, resulting in the mandible
being in a more advanced position.

Study Protocol

During the baseline visit, demographic information was
collected and sleep questionnaires administered. Subjective
nasal obstruction was assessed at the baseline visit using
a 10-point scale where 0 = no obstruction, 5 = moderate
obstruction, and 10 = complete obstruction of nasal airflow.
Based on the response to this question, nasal obstruc-
tion was recorded as a dichotomous variable with 0 being
no, and all other responses as yes. A dental examination
was performed to ensure dental suitability for oral appli-
ance therapy by an investigator who is a qualified dentist,
who then completed records for construction of the device.
Baseline physiological parameters were obtained prior to
insertion of the device using a Somte PSG Level II device
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Table 1—Sleep and respiratory indices at baseline and following treatment with the oral appliance (n = 29).
Baseline 0O.Vent Mono P
mean * SD mean * SD

TST, min 403.0 £49.7 399.9 £ 68.7 .801

SE, % 94.2+4.1 92.6+4.4 129

S1, % 10.5+171 52+4.1 .093

S2, % 474 +15.1 50.9+11.1 .240

SWS, % 241+154 20.7+£9.5 .160

REM, % 25.3+255 23.2+7.0 .681

Arousal index, events/h 40.6 £16.3 224+124 <.001

AHI total, events/h 41.8+26.5 16.2+ 154 <.001

AHI NREM supine, events/h 36.7+£31.9 10.8£17.9 <.001

AHI NREM nonsupine, events/h 36.8 £29.2 10.1 £ 155 <.001

AHI REM supine, events/h 43.5+30.6 21.1+£28.0 .002

AHI REM nonsupine, events/h 43.4 £ 30.8 204 +20.4 <.001

Minimum SpO. 82.7+8.9 86.3+5.9 .005

% time < 90% SpO. 9.3+127 22+34 .001

Baseline 0O.Vent Mono

Snoring Frequency n n

Rarely 0 2

Occasionally 5 1 < 001

Often 5 2

Every night 19 0
AHI = apnea-hypopnea index, NREM = non-rapid eye movement, REM = rapid eye movement, S1 = Stage 1, S2 = Stage 2,
SD = standard deviation, SE = sleep efficiency, SpO, = saturation of peripheral oxygen, SWS = slow wave sleep, TST = total
sleep time.

(Compumedics, Abbotsford, Victoria, Australia) measuring:
electroencephalogram, electrooculogram, submental elec-
tromyogram, electrocardiogram, oronasal flow using nasal
cannula, thoracic and abdominal respiratory effort, snore
sound, and body position. All PSG was conducted and scored
according to The AASM Manual for the Scoring of Sleep and
Associated Events: Rules, Terminology and Technical Speci-
fications Version 2.2. The recommended hypopnea rule was
adopted (ie, hypopnea defined as a > 3% oxygen desatura-
tion from pre-event baseline and/or the event is associated
with an arousal). Analysis was performed by a single regis-
tered polysomnographic technologist (RPSGT) and reported
by a qualified sleep physician. Participants who fulfilled
the inclusion criteria were fitted with the oral appliance
and given care and maintenance instructions before being
sent home. Following 1 week to 1 month of acclimatization,
participants returned for a follow-up visit where a clinical
review for compliance, comfort, and efficacy of the device
was conducted via questionnaires. If participants were
compliant, defined as using the device for at least 4 h/night
for at least 5 d/wk, an additional level II PSG was conducted.
If participants were nonresponders to treatment (< 50%
reduction of AHI from baseline) as determined by PSG, the
oral appliance was titrated to 75% maximum protrusion and
another clinical review with PSG was performed after 1 week
to 1 month. If the second treatment PSG at 75% protrusion
indicated nonresponse, and further advancement was toler-
ated, a final titration to 85% protrusion was performed with
a final clinical review and PSG after 1 week to 1 month.
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Based on the Simons II stage design, a sample size of 30
participants would yield 80% power with 95% confidence to
rule out a 5% response rate in favor of at least a 20% response
rate. Assessment of device-related adverse events occurred
at each visit and was reported according to ISO 14155-2011.
Events of interest included excessive salivation, temporo-
mandibular joint pain, gum irritation, mouth dryness, jaw
discomfort, tooth loosening, tooth wear, and jaw set.

RESULTS

Thirty participants were enrolled into the study, with one
withdrawal due to personal reasons prior to a device being
issued. Results are presented in Table 1 as mean + standard
deviation for 29 participants (20 males and 9 females) who
completed the protocol with age = 49.3 + 8.6 years, body mass
index = 29.9 + 6.1 kg/m?. Fifteen participants (51.7%) were
initially recommended for CPAP but did not tolerate CPAP
prior to inclusion in the study. The study cohort therefore had
a greater representation of participants with severe OSA (62%).

Seventeen participants (59%) were advanced to 75%
maximum protrusion and four (14%) were advanced to 85%,
with a mean protrusion of 69.5 + 12.7% achieved over a mean
follow-up period of 82.1 + 33.3 days (Table 2).

Safety

The device had a favorable safety profile with no serious device-
related adverse events reported during the trial. Of the four
adverse events reported, only three were device related and all
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Table 2—Mandibular advancement summary.

Number of Advancements n (%)

0 (50% protrusion) 8 (28)

1 (75% protrusion) 17 (59)

2 (85%protrusion) 4 (14)
mean = SD
Average final mandibular advancement (%) 69.5+12.7
Average follow-up (days) 82.1+33.3

SD = standard deviation.

Figure 2—AHI at baseline and following treatment
with the oral appliance.
120
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AHI
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Baseline 0,Vent Mono

Individual responses are denoted by gray circles while group
mean + standard deviation is denoted by gray diamond. P < .001.
AHI = apnea-hypopnea index.

events were anticipated. These were jaw pain (on the first night
only) for one participant whereas another participant experi-
enced two events, sore tongue and mouth ulcers, all of which
resolved and were transient in nature.

Effect on OSA

The mean AHI at baseline was 41.8 + 26.5 (range 12.2 to 111.8)
events/h. After the final titration, the group mean AHI was
16.2 + 15.4 (range 0.2 to 67.0) events/h. The mean reduction in
AHI was 24.7 £ 16.8 (range 2.4 to 69.2) events/h, which is statis-
tically and clinically significant (P < .001). This represented
a reduction in AHI of 62.5 £ 21.1% from baseline (Figure 2),
with improvement observed in supine and nonsupine rapid eye
movement and non-rapid eye movement sleep. Arousal index
improved from 40.6 + 16.3 to 22.4 + 12.4 events/h (P < .001)
(Table 1).

The time spent below 90% oxygen saturation (T90%)
improved from 9.3 + 12.7% to 2.2 £ 3.4% (P = .001) as did
the minimum saturation of peripheral oxygen, SpO,, from
82.7 +8.9% to 86.3 £ 5.9% (P = .005).

Response rate to treatment according to multiple definitions
of AHI reduction were as follows: (1) 22 participants (76%) had
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Figure 3—Distribution of OSA severity pretreatment
and posttreatment.
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a 50% reduction in AHI compared to baseline, (2) 11 partici-
pants (38%) obtained a partial response with AHI < 10, and
(3) 4 participants (14%) obtained complete normalization with
AHI < 5 events/h. In this cohort, 90% of participants were
classified as having moderate or severe OSA (28% and 62%,
respectively), and we evaluated the changes in OSA severity
pretreatment and posttreatment according to the severity of
the AHI (Figure 3). Twenty-three participants (79%) obtained
a reduction in the classification of OSA severity. Of those with
moderate to severe OSA at baseline, 15 of 26 participants (58%)
shifted into the normal to mild category.

All participants reported snoring at baseline (Table 1) with
19 (66%) reporting snoring every night and 19 (66%) reporting
very loud snoring that can be heard in adjacent rooms. At the
conclusion of the study, 24 (82%) reported no snoring, and
the remaining 5 (18%) all indicated that the frequency and/or
intensity of snoring had improved.

Compliance

The device was well tolerated by participants who indicated
good compliance with the device and positive feedback when
reporting on comfort. Of the 29 participants who received
a device, the average usage of the device was 6 nights/wk.
Of the nights the device was used, participants averaged 7
hours of usage (range 4-8 hours). Participants were deemed
compliantif they used the device for atleast 4 hours for at least
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5 days a week. Based on the user comfort survey, compliance
was 82.8%.

Nasal Obstruction

Seventeen of the 29 participants (59%) were documented to
have subjective nasal obstruction. Subgroup analysis between
those with nasal obstruction (NO) and without nasal obstruc-
tion (NNO) revealed no significant difference in the percentage
of reduction in AHI (NO = 66.3 + 18.1%, NNO = 57.0 + 24.6%,
P = .280) or response rate defined as 50% reduction in AHI
(NO = 76.5%, NNO = 75%, chi* = 0.928). Importantly, no
differences were observed in compliance between those with
and without nasal obstruction (NO = 82.4%, NNO = 83.3%,
chi-square = 0.945) (Figure 4).

DISCUSSION

The results of this study demonstrate that the novel oral appli-
ance is safe and effective in treating patients with mild to
moderate OSA as well as CPAP-intolerant severe OSA. Impor-
tantly, the efficacy, response and compliance with treatment do
not appear to be reduced by the presence of nasal obstruction.
Comparisons of different MADs in the treatment of OSA are
complicated by many factors including differences in appliance
design, level of protrusion and vertical dimension, definition of
success, and duration of follow-up. In a review of mandibular
advancement therapy, Marklund et al. reported that the mean
reduction of AHI from all studies included in the review was
55% (range 28-80)," whereas Sutherland et al. reported success
rates in the range of 30% to 85% for posttreatment AHI < 10
events/h.* The current study achieved a mean reduction in AHI
of 62%, with 38% of the cohort achieving posttreatment AHI < 10
events/h. Although these results are broadly in line with other
studies of oral appliance efficacy, it is important to note that the
current study included a large proportion of patients (90%) with
moderate to severe OSA, making direct comparisons to other
studies difficult. However, a recent study by Gjerde et al. reported
treatment outcomes for 106 patients with moderate to severe OSA
using mixed monobloc and titratable appliances.”® The authors
report 75% of patients achieved treatment success as defined
by > 50% reduction in AHI, with a reduction in AHI in those
with severe apnea from 41.4 to 17.4 events/h. Using this defini-
tion of success, our overall cohort had strikingly similar results
both for overall success rate (76%) and decrease in mean AHI
from 41.8 to 16.2 events/h. However, complete resolution of OSA
with AHI < 5 events/h in the current study was 14% compared to
38% reported by Gjerde et al.,® which may be explained by the
higher proportion of individuals with severe apnea in our cohort
(62% versus 25%) despite mean AHI being similar between
groups. The differences of treatment success rates obtained with
various definitions as well as the individual variability in treat-
ment responses is well established. Although complete resolution
of OSA was not achieved in most participants, it is important to
note that 79% had a reduction in OSA severity classification; 50%
of those with severe OSA at baseline moved to the normal to mild
category after treatment. This is a clinically important result as
a dose-response relationship has been reported between OSA
severity and all-cause mortality, cardiovascular mortality,>” and
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Figure 4—Response rate by nasal obstruction.
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No difference observed in response rate between
participants with and without nasal obstruction.

incident events? and those with mild OSA may be at relatively
low risk of the development of cardiovascular complications. All
of the participants with severe OSA were intolerant to CPAP, and
a reduction in OSA severity with the device may offer the oppor-
tunity to provide health benefits even if the AHI is not completely
normalized. The posttreatment AHI may be an important deter-
minant of when combination therapies may be considered,
with recent studies reporting CPAP and oral appliances used
in combination may be of benefit.”’ Combination therapy using
CPAP and MAD may result in lower pressure requirements and
improve tolerance and treatment effectiveness in a group that
clinically is difficult to treat.

The effect of vertical opening on pharyngeal collapsibility is a
topic of current debate and has been evaluated with conflicting
results. In one study, increasing the vertical opening was found
to have a detrimental effect on pharyngeal collapse as assessed
during sleep endoscopy at the base of the tongue®; however, in
another study of individuals with apnea, there was no statisti-
cally significant difference in sagittal airway at 75% protrusion
and 5 or 10 mm vertical dimension.” In another randomized
crossover study, a vertical dimension of 4 or 14 mm did not
affect MAD eflicacy, although the increase in vertical dimension
was associated with a decrease in compliance.’® The required
vertical opening for the device used in the current study was
5 mm obtained with a standard 5-mm bite fork. This is within
the lower limits of tested vertical dimensions and therefore
unlikely to have an adverse effect on either appliance efficacy or
compliance.

Previous studies of oral appliances demonstrate self-reported
short-term compliance to be 76% to 95%. Vanderveken et al.
conducted a 3-month prospective clinical trial that evaluated
oral appliance compliance using an embedded microsensor
thermometer to measure adherence. Regular use was defined
as > 4 hours per day on > 70% of nights and was achieved in
84% of 43 patients who had a complete dataset in the study.”
With the same definition of compliance assessed subjectively,
83% of participants in the current study were compliant at the
conclusion of the study, which is comparable with previous
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research. However, the duration of follow-up was variable and
further research is required to demonstrate long-term objec-
tive compliance with this device.

Long-term studies show that adverse effects with MADs
are common, but are minor and well tolerated, resulting in
good compliance.*> Common short-term side effects include
excessive salivation, gum irritation, mouth dryness, and jaw
discomfort, with reports that these adverse effects generally
last less than 3 weeks.*** Only three device-related adverse
events were reported by two participants during this study, all
of which were anticipated and consistent with known short-
term side effects. These transient events did not affect compli-
ance or the efficacy of the device, with participants continuing
to use their device after resolution of the events. Longer term
side effects of MAD wear include minor tooth movement,
changes in the overbite and overjet relationships, changes in
incisal proclination, and an increase in lower facial height.?¢-*°
Although dental changes may be evident after 6 months of
treatment* and are generally well tolerated, there is some
evidence that these changes are progressive and continue with
ongoing treatment.*! It is anticipated that similar long-term
side effects would be seen with the device used in this study;
however, a larger cohort with longer follow-up is required to
evaluate the long-term changes associated with this device.

As well as demonstrating safety and efficacy of the novel oral
appliance, we were able to show that compliance and efficacy,
as measured by the response rate (> 50% reduction in AHI),
was not different between patients with and without nasal
obstruction. This was an interesting finding as increased nasal
obstruction is common in OSA? and has been associated with
both CPAP? and oral appliance intolerance.? For patients who
cannot tolerate CPAP or traditional oral appliances, there are
very few treatment options left to consider. We speculate that
the similar compliance and response rate of approximately
75% in those with and without subjective nasal obstruction
observed in the current study is due to the presence of the built-
in device airway, which may improve tolerance and efficacy in
patients with increased nasal obstruction who otherwise may
find it difficult to breathe exclusively via the nasal route. This,
however, needs to be validated in a larger cohort with objective
assessment of nasal function.

This was a pilot study that established the safety and effi-
cacy of a novel oral appliance with a built-in enclosed airway
in the treatment of mild to moderate OSA and CPAP intolerant
OSA. Limitations of the study include small sample size and a
relatively short follow-up period. Nasal obstruction was evalu-
ated using subjective symptoms and other health outcomes
were not evaluated. Last, the final PSG during the treatment
optimization was conducted with silicone as the upper insert
material. In clinical practice, this is changed to a more reten-
tive and durable dual laminate material after the optimum
position has been identified. An additional sleep study with
the change in material at the same level of advancement was
not performed and as a consequence it is possible that the final
efficacy of this device may have been underestimated. Further
investigation is required to determine if treatment effectiveness
is affected by the change in material. The results of this study
are promising and further research in a larger cohort with
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objective assessments of nasal obstruction, health outcomes,
and compliance are warranted as are studies to evaluate the
contribution of the built-in airway to improvements in efficacy
and compliance.

CONCLUSIONS

This novel oral appliance was found to be safe and effective
in a cohort of patients with relatively severe OSA who experi-
enced very few side effects and demonstrated good compliance.
Use of the device was associated with a clinically and statisti-
cally significant reduction in AHI in the order of 62%, which
is broadly in line with published literature of oral appliance
efficacy in the treatment of OSA. According to the frequently
used definition of treatment success (> 50% reduction in AHI),
76% of participants were responders to treatment. Although a
complete resolution of OSA was achieved in a small number of
participants, this is partly explained by the relatively severe OSA
seen in the current cohort. Importantly, we observed a reduc-
tion in OSA severity classification that is likely to provide health
benefits, and the efficacy, response, and compliance with treat-
ment did not appear to be reduced by the presence of subjective
nasal obstruction. Larger studies with long-term follow up and
objective assessment of nasal obstruction and compliance are
required; however, the results of this study provide encouraging
data to support the notion that patients with OSA and increased
nasal resistance may also benefit from this device.
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