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Abstract Oral appliances gained acceptance over the last de-
cade and, at the same time, have been proven to be an effective
way to manage sleep breathing disorders. Their role has be-
comemore acceptable since the first practice parameters paper
was published in 1995. Over a 10-year period since then, they
have gained an even larger and expanded role. This has oc-
curred because of an increased number of articles with a
higher level of evidence relative to efficacy, they are more
widely recognized by the sleep medicine and physician com-
munity, and there are improved outcomes associatedwith their
use. In the future, oral appliances will be more recognized and
accepted. This will occur as two key areas emerge in the fu-
ture: studies that validate the use of oral appliances, including
long-term studies, and the role of oral appliances as part of
combined therapy with positive airway pressure (PAP)
devices.
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Introduction

Sleep breathing disorders encompass a wide variety of condi-
tions that may occur during sleep. These range from simply
mouth breathing to the more recognized conditions of snoring
to sleep apnea. The most common as well as best known
management technique has been and continues to be CPAP
and other positive airway pressure (PAP) devices. Oral appli-
ances, however, have been utilized in situations where PAP
may not be the best option, where the patient desires another
option, or where the patient simply cannot tolerate the PAP
device. There are many valid studies that demonstrate that oral
appliances can be equally effective and, in turn, are better
tolerated. Understanding the specifics relative to the action
of oral appliances and to the evidence that supports their role
in the management of sleep breathing disorders will in the end
be of benefit to the patient. When the patient has a choice of
therapies, this may result in improved outcomes.

Review of the Practice Parameters for Oral
Appliances

Oral appliances originally were considered more for snoring
when they were first used. They were relatively crude and
were not well known. In the 1980s, there were more oral
appliances that were made and were available. It was in
1995 that the first practice parameters paper was published
in the journal Sleep by the American Academy of Sleep
Medicine [1]. This gave rise to the establishment of the first
criteria for the use of oral appliances for the management of
snoring and sleep apnea. At this time, there was limited evi-
dence regarding their use. The main function of oral appli-
ances was for snoring in the absence of sleep apnea and as
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an alternative for those patients with mild apnea or who were
intolerant to CPAP.

In 2006, the original practice parameters paper was
reviewed and this resulted in the recognition of more evidence
supporting the use of oral appliances in an expanded role [2].
Oral appliances now were for snoring in the absence of sleep
apnea but, more importantly, were recognized as an option for
patients with mild to moderate sleep apnea. In addition, they
were also recognized as a reasonable alternative for those
patients who were unable to tolerate PAP devices or who
had failed surgery.

Recently, a clinical practice guideline was published that
reviewed the most current evidence regarding the use of oral
appliances [3•]. This paper did not significantly alter the
criteria for the use of oral appliances, but it did provide better
evidence regarding the use of oral appliances and it spelled out
more specific recommendations regarding the use of oral ap-
pliances from both the medical and dental perspectives. The
most important recommendation in the guideline is recom-
mendation 4.2b. This states that oral appliances should be
recommended rather than no treatment for patients (adults)
with obstructive sleep apnea who cannot tolerate CPAP or
who “prefer alternate therapy”.

In 2013, Dr. Schmidt-Nowara published a commentary that
recommended that patients be involved in the selection of
their treatment [4]. The recommendation is based on the fact
that the majority of patients diagnosed with a sleep breathing
disorder are not severe; thus, based on the current evidence, an
oral appliance is an appropriate option for them. In addition,
the public is now better informed about available choices, as
he put it “empowered” so they are looking for the best per-
sonal option. Also, reimbursement has improved and con-
tinues to do so and the number of dentists involved in provid-
ing this therapy is also increasing.

Another topic of concern is the determination of who is
qualified to provide oral appliance therapy. The clinical prac-
tice guideline addresses this by stating that certain criteria
need to be followed as established by the American
Academy of Dental SleepMedicine (AADSM). This involves
a variety of avenues for being considered as qualified. These
include certification by a non-profit organization, such as a
program in a dental school, becoming the dental director of
a dental sleep medicine facility, or by taking at least 25 hours
of education specifically in dental sleep medicine. The recom-
mendations from this guideline paper for the use of oral ap-
pliances are summarized in Table 1.

Mechanisms of Action

Mandibular repositioning is designed to open the airway by
advancing the mandible and the tongue base so that during
sleep they are less capable of occluding the airway. However,

it is not exclusively done by advancement. There is a certain
degree of vertical opening that contributes to their success. To
what degree this vertical opening plays a role has not been
studied extensively. One article recently looked at raising the
vertical without any mandibular advancement and found that
vertical opening alone may actually worsen the apnea-
hypopnea index (AHI) [5]. One study looked at vertical open-
ing; however, only two measurements of vertical were consid-
ered, 4 and 14 mm, with similar degrees of mandibular ad-
vancement [6]. It was further reported that patients preferred a
lesser degree of vertical opening. In reality, 14 mm of vertical
opening is excessive. I have found that often times opening
the bite vertically as opposed to simply advancing the mandi-
ble on the horizontal has been equally successful in improving
the effectiveness. Typically, the vertical is between 5 and
7 mm of the inter-incisal distance (measured as the distance
between the incisal edges of the maxillary and mandibular
anterior teeth (incisors) at or near the midline). It must be
understood that with any amount of advancement, there has
to be some degree of vertical opening as well. In likemanner if
the titration of the oral appliance is going to focus on vertical
opening, then a small degree of advancement must accompa-
ny that opening based on the arc of mandibular movement
associated with this vertical change. In addition, the amount
of vertical opening cannot be such that it leads to an inade-
quate lip seal and the potential for more mouth breathing. The
theory is that this vertical opening improves the amount of
tongue space and hence lessens the ability of the tongue to
fall back into the oropharyngeal airway.

Mandibular advancement has been the main focus of the
treatment. The difficulty is that the amount of advancement is
variable and individualized for each patient. There is no stan-
dard or absolute for the degree of mandibular advancement
either at the start of the treatment or for the titration of the oral
appliance [7]. Oral appliances are proposed to work through a
combination of opening of the airway, or what might be
termed airway dilation, and the stabilization of the mandible
and tongue such that it is more difficult for them to collapse
back into the airway space. It is proposed that without the oral
appliance, the airway is somewhat restricted, and with the oral
appliance, there is improvement in airway caliber, thus reduc-
ing the tendency to collapse.

The Role and Management of the Tongue

The tongue, and particularly the tongue base, has been the
major area of concern as it relates to airway compromise as-
sociated with sleep breathing disorders. The tongue has been
termed a muscular hydrostat [8]. It is made up of more than
just the genioglossus muscle and, as such, can take on many
shapes and form. It can move in many ways so exercises
designed to position the tongue can actually improve the air-
way and reduce many of the signs and symptoms of a sleep
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breathing disorder [9, 10]. These exercises are termed
myofunctional or oropharyngeal tongue exercises. The current
research has shown that these exercises, when done indepen-
dently, also have an impact on the management of sleep apnea
(reduced Epworth Sleepiness Scale score, improved AHI, and
improvement in quality of life). The theory is that these exer-
cises, when done during the daytime, become learned and, as
such, carry over into and during the time of sleep.

The Role of the Nasal Airway

The role of the nasal airway associated with breathing is not
addressed at the level that it should be. The purpose of the
nose and nasal breathing is well understood [11]. However, it
is not a priority when it comes to improved outcomes for oral
appliance therapy as well as for PAP devices.

The general purpose of the nasal airway is to improve the
quality of the air one breathes. The nose has been termed the
carburetor of the body. Its function is to warm and humidify
the air [12]. When the patient is a chronic mouth breather, the
quality of the inspired air is reduced; hence, the blood oxygen
levels may be less than the optimum. Nasal airway resistance
has been shown to negatively impact the success of oral ap-
pliance therapy [13••]. Hence, reduced nasal resistance may
be beneficial in improved outcomes with the use of an oral
appliance. Because of this, steps need to be taken to improve
the nasal airway. These may consist of addressing any aller-
gies, nasal dilation whereby the nasal valve is improved, and
nasal irrigation.

Current Status of Oral Appliances

Mean Disease Alleviation

Recently, Vanderveken et al. had proposed a method that eval-
uates the outcome of oral appliances as well as CPAP based on
the relationship between efficacy and compliance that is
termed mean disease alleviation (MDA) [14••]. Efficacy is
based on the reduction of the AHI, and compliance is related

to the number of hours of the use of either the oral appliance or
the CPAP. The MDA is measured by a percentage. What has
been found is that the oral appliance and the CPAP are nearly
equivalent in outcomes. This concept is in line with what most
of the current studies show as it relates to the comparisons of
the oral appliance and PAP devices based on hours of use and
their relative effectiveness.

At this time, the development of compliance monitors that
can be used with an oral appliance is developing [14••]. They
are currently available on a limited basis, and at this time, only
one is being utilized. These are thermal sensitive devices that
can measure hours of use of an oral appliance. The limitation
of these devices is that unlike PAP monitoring devices, these
are not able to measure any of the parameters of sleep such as
oxygen saturation, oxygen nadir, or AHI.

Oral Appliances for Sleep Breathing Disorders

At this time, the literature that addresses oral appliances is
mainly focused on their role as it relates to CPAP. Since PAP
devices are considered the gold standard, how oral appliances
measure up or relate to them is a major focus. A significant
review paper on oral appliances dates back to 2007 [15]. In
this article, it was concluded that oral appliances, although not
as effective as CPAP, were actually better than UPPP surgery
and had a definite role as a means to treat snoring and sleep
apnea.

A comparison of oral appliances to CPAP showed that oral
appliances were similar to CPAP in lowering the AHI to less
than 5 [16]. This study determined that oral appliances were
very effective; however, the CPAPwas more effective in those
with moderate to severe sleep apnea.

Recently, the literature is finding very similar results: the
use of the oral appliance in terms of hours per night is much
greater than a PAP device, yet the impact on the apnea in most
cases is improved more with the PAP device especially as it
relates to the more severe patients. The comparison of oral
appliances to CPAP as it relates to adherence and the hours
of use has demonstrated that oral appliances have a greater

Table 1 Clinical practice
guidelines for oral appliance
therapy for obstructive sleep
apnea

Recommendations Grade

Sleep physicians prescribe oral appliances as opposed to not therapy for those that snore and apnea
has been ruled out

Standard

A qualified dentist should provide the oral appliance when prescribed by a sleep physician and a
diagnosis of sleep apnea has been made

Guideline

Oral appliance should be prescribed by the sleep physician as opposed to not treatment for adults
with sleep apnea. Applies to those who do not tolerate CPAP or are seeking an alternative

Standard

Qualified dentists should provide “oversight” when an oral appliance is used. This is to manage
outcomes, reduce their incidence (side effects), and monitor for occlusal (bite) changes

Guideline

Sleep physician should do follow-up testing to determine outcomes (efficacy) of the oral appliance Guideline

Ongoing follow-up (periodic visits should be done by the qualified dentist and the sleep physician) Guideline
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degree of adherence. The improved adherence found with oral
appliances is believed to result in improved treatment because
the oral appliance is typically worn for longer periods of time
during the night than CPAP is typically used or worn [17••, 18,
19]. In addition, it has been found that oral appliances that are
adjustable provide improved outcomes as compared to oral
appliances that are not adjustable [20, 21].

Oral Appliances Impact on Health and Medical
Conditions

Oral appliances have been shown to have an impact similar to
PAP devices on a variety of medical conditions. A recent
study showed that oral appliances and CPAP have a similar
effect on blood pressure [22••]. This was a meta-analysis
which determined that there was no statistical difference in
blood pressure outcomes as it relates to CPAP or oral appli-
ances. Another study reports that health outcomes, comprised
of blood pressure, quality of life, and subjective sleepiness,
were all improved with an oral appliance when compared to
CPAP [17••]. The results reported after 1 month showed sim-
ilar results with both forms of treatment; however, oral appli-
ances were superior to CPAP as it relates to quality of life. A
meta-analysis recently also shows that oral appliances are ef-
fective in improved blood pressure control in patients with
mild to moderate sleep apnea [23]. It appears that even a
modest reduction in the blood pressure may result in a lower
risk for stroke and coronary artery disease. This study also
indicates that the effect of the oral appliance is not specific
to one type of oral appliance but seems to apply generically to
most oral appliances.

As it relates to cardiovascular disease, oral appliances and
CPAP were found to be equivalent in reducing the risk for
fatal events in patients with severe sleep apnea [24]. The re-
port indicates that when there is adequate treatment, both oral
appliances and CPAP show a reduction in both fatal and non-
fatal cardiovascular events. These results are linked to the
reduction in the blood pressure. In addition, despite the fact
that oral appliances did not result in a similar improvement or
normalization of the polysomnographic indices, the use of the
oral appliance was similar to CPAP in reducing cardiovascular
mortality. This was also related to the improved adherence to
treatment with the oral appliances as compared to CPAP.

Combination Therapy: Oral Appliance with PAP Device

The use of the oral appliance in combination with the PAP
device has the potential of improving the management of the
apnea along with far better adherence. At the APSS sleep
meeting in Seattle in June of 2015, Vanderveken presented
data at that meeting as it relates to mean disease alleviation.
It was disclosed that with an oral appliance or CPAP, the

results were about equal. However, with the two in combina-
tion, the results were significantly improved.

It has been reported that combination therapy, not just oral
appliances with PAP devices, but oral appliances with posi-
tional therapy are also more effective at improving the desired
result [25••]. The combination of various available treatment
modalities may help to produce more of a long-term outcome.
Another study reported that the use of a tongue positioner, also
known as a tongue retainer, can be beneficial when used in
combination with CPAP [26]. In this case report, it was found
that this appliance improved the airway space and the patient’s
respiration and the sleep efficiency was improved all with an
associated reduction in the nasal CPAP (nCPAP). The data
demonstrates a reduction in the AHI from a baseline of 24.1
to 16.2 with the oral appliance. With the nCPAP, the AHI was
8.4, and with the two in combination, the AHI was 2.3. The
nCPAP was reduced from 13.5 to 10.1. A study in 2011 dem-
onstrated that with the combined use of an oral appliance with
CPAP, the pressures were reduced significantly and, at the
same time, the AHI become lower [27]. My personal experi-
ence with multiple patients has resulted in CPAPs being re-
duced by 50 % or more with an improved result.

A Case Report

Patient A presented a number of years ago to investigate
obtaining an oral appliance to manage his moderate to severe
sleep apnea. He had been using CPAP and was interested in
obtaining an oral appliance as an alternative or at least to use
when he traveled on business. He had been doing well with
the CPAP; however, the pressure was at 13. This pressure was
at times an issue. He obtained the oral appliance and found it
did not work quite as well as the CPAP when he was at home
but was adequate as a substitute when he was traveling, which
he did frequently. He returned to the sleep center and had
overnight testing with the oral appliance, and it was deter-
mined that it did not perform as well as the CPAP. However,
when he used the two in combination, the CPAP was reduced
to 5 and his AHI was 1.

Future Considerations

There are a number of considerations that need to be consid-
ered. These are as follows:

& How much does an improved nasal airway impact the
efficacy of the oral appliance?

& For patients with more severe apnea, is combination ther-
apy something that should be embraced more by the den-
tist and sleep physician?
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& How can “qualified dentists” who provide oral appliance
therapy be better identified given the number of different
groups claiming to be authorities in this field?

Conclusion

Numerous studies, as has been described, have continuously
indicated that the oral appliances have a positive effect on
sleep breathing disorders because of their improved adherence
as it relates to CPAP. CPAP certainly demonstrates improved
outcomes particularly related to the more severe patient. The
missing link may very well be the level of expertise of the
dentist providing this care. This is why the need to identify the
qualified dentist is so important. Ultimately, the patient who
chooses an oral appliance will benefit from this therapy if the
person delivering the treatment is well trained.

Other issues that need to be addressed are studies that sup-
port the use of oral appliances and long-term studies to objec-
tively support their use. This would no doubt include the use of
monitoring devices that can substantiate adherence. Probably
themost important is the development of a common agreement
about the follow-up testing that should be done and at what
time frame. Given that oral appliances work differently com-
pared to PAP devices, it can take time, often 6 months or more,
to objectively determine that an oral appliance is effective.

Regardless, oral appliances over the last 10 to 20 years
have demonstrated that they are an effective option for many
who desire this as the treatment of choice. More recently, the
option and acceptance of combination therapy may add addi-
tional benefit and improved outcomes in the future.
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