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KEY POINTS

� Dentists are becoming increasingly aware of the importance of detection and manage-
ment of obstructive sleep apnea.

� The anatomic and neuromuscular risk factors in the pathogenesis of obstructive sleep
apnea are reviewed with particular emphasis on oral findings.

� Mandibular repositioning appliances hold an important role in the treatment of this condi-
tion; however, knowledge of indications and contraindications for treatment, potential
areas of oropharyngeal obstruction, appliance design, and treatment steps are vital to
ensure maximum treatment success.
INTRODUCTION

The understanding of the complex link between healthy sleep and brain and body
function is relatively new. The knowledge base of sleep disorders has exponentially
increased over the past 20 years beginning with the publication of the first book on
sleep medicine in 1989 titled, The Principles and Practice of Sleep Medicine, edited
by Kryger and colleagues,1 recognizing sleep as a specialty in its own right. Dental
sleep medicine is also a rapidly emerging discipline that supports sleep specialists,
pulmonologists, otolaryngologists, neurologists, and psychiatrists in screening pa-
tients for sleep-disordered breathing and providing treatment for many of these pa-
tients. The importance of a multidisciplinary approach cannot be understated as the
most effective method of treating this condition. New research is showing links
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between sleep-disordered breathing, nocturnal parafunction, sleep-related move-
ment disorders, and finally, sleep-orofacial pain interactions.2 A greater awareness
of these links would increase skills in providing a more holistic approach to care for
patients. Although continuous positive airway pressure (CPAP) remains the first line
of treatment for sleep apnea, there is an important role for mandibular advancement
devices, which require dentists to have a good understanding of occlusion, temporo-
mandibular disorders (TMD), and removable appliance therapy. In consideration that
these areas of learning are already being taught in prosthodontics creates a natural
selection for dental sleep medicine in this publication. It is the intention to provide a
brief review of sleep apnea and guidelines for the dentist to encourage participation
of the dentist in recognition of this condition and understanding of treatment options
for their patients.

PREVALENCE/INCIDENCE

Sleep-disordered breathing (SDB) conditions are highly prevalent in society and often
undiagnosed. SDB decreases the quality of sleep by breaking its continuity and tends
to bring the individual to a state of transient arousal. When these arousals are too
frequent or too long, they can cause a multitude of neurocognitive complaints.
Compromised airflow can result in oxygen desaturation. Sleep disturbance and oxy-
gen compromise are associated with a variety of consequences (Box 1), which can
affect the individual and impair their ability to function in society.3

Obstructive sleep apnea (OSA) is associated with hypertension, myocardial infarc-
tion, coronary artery disease, and arrhythmias.4 There is also evidence to suggest neu-
rocognitive impairment, excessive daytime sleepiness, fatigue, mood disturbance,
structural brain changes, and reduced quality of life.5–10

SDB consists of obstructive and nonobstructive breathing disorders during sleep
(Fig. 1). Obstructive disorders such as upper airway resistance syndrome cause frag-
mented less efficient sleep and increased work of breathing because of narrowing of
the pharynx or narrowness in the nasal airway. There is no oxygen desaturation less
than 4%.11 OSA causes both fragmented sleep and oxygen desaturation. OSA is char-
acterized by repetitive pharyngeal collapse at the level of the soft palate or base of
tongue. Obstructive apnea refers to nearly complete cessation of breathing for 10 sec-
onds or more. Obstructive hypopnea refers to partial collapse of the airway resulting
in either arousal or oxyhemoglobin desaturation exceeding 3%. Nonobstructive
breathing disorders during sleep include central sleep apnea (lack of respiratory drive)
and sleep-related hypoventilation or obesity hypoventilation syndrome. Hypoven-
tilation can arise from obesity, chronic obstructive pulmonary disease or asthma,
Box 1

Adverse outcomes associated with OSA

Metabolic disturbances: impaired glucose and lipid metabolism, systemic inflammation

Cardiovascular disturbances: hypertension, stroke, congestive heart failure, arterial fibrillation

Excessive daytime sleepiness

Increased risk of motor vehicle accidents

Impaired quality of life

Depression

Cognitive impairment



Fig. 1. Classification of SDB. UARS, upper airway resistance syndrome.
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neuromuscular disorders, or chest wall defects. Central apnea is more common in pa-
tients with a history of stroke, brain injury, heart failure, or opiate use. Oral appliances
are contraindicated for both central apnea and hypoventilation.
DEFINITIONS

An apnea-hypopnea index (AHI) is given for the number of apnea events (complete
cessation of breathing) and hypopnea events (partial cessation of breathing) per
hour of sleep (Box 2). This key measure along with the mean and lowest oxyhemo-
globin levels during sleep quantifies disease severity.
The prevalence of OSA/hypopnoea syndrome in population-based studies is debat-

able but estimated to be from 3% to 7% in men and 2% to 5% in women.12 Specif-
ically, in the middle-age category, the prevalence increases to 9% in women and a
remarkable 24% in middle-aged men,13 although this may vary substantially with
geographic, ethnic, and economic factors. Menopause and obesity are significant
risk factors for sleep apnea in women.14 It is likely the prevalence of OSA will continue
to increase because one of the main causative factors, obesity, continues to increase
dramatically in adults and children in the United States.15

Although awareness is increasing among the general public and health professions,
OSA remains an underdiagnosed condition in both obese and lean populations and is
associated with a range of adverse outcomes. Dentistry offers a key position in the
early diagnosis of this condition because of the high frequency of contact intervals
and the regular observation of the oropharyngeal structures in the supine position.
Communication and partnership with physicians on early identification can reduce
the patient’s risk of morbidity and mortality associated with OSA.
Box 2

Definitions

Apnea: cessation of breathing for more than 10 seconds

Hypopnea: a reduction in airflow accompanied by arousal or drop in oxygen saturation

AHI: number of apneic and hypopneic events per hour of sleep
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DIAGNOSIS

The diagnosis of OSA syndrome typically is formed by a comprehensive sleep history,
presence of characteristic clinical features, together with the objective demonstration
of SDB.16

Screening for OSA can easily be introduced in the dental practice setting. Based
on medical history alone, high-risk patients for OSA can be identified (Box 3).17

Self-reported questionnaires given to patients at examination appointments offer
incorporation into the routine systemic health evaluation. The most widely used of
such questionnaires are the Berlin Questionnaire18 and the Epworth Sleepiness Score.
Emerging questionnaires like the STOP-Bang questionnaire may provide greater clin-
ical utility for identifying the pretest probability of apnea.19 The STOP-Bang question-
naire is considered positive for high risk of OSA if 3 or more items are positive (Box 4). If
screening is positive, further questions can be asked pertaining to assessment of risk.
It is highly desirable to also interview the bed partner, who can usually provide impor-
tant additional information based on direct observation of the patient while asleep.18

The diagnosis of OSA/hypopnoea syndrome is not based solely on the medical his-
tory, self-questionnaires, and detection of clinical features (Box 5),20 but also requires
demonstration of abnormal respiratory events with polysomnography (PSG) or home
apnea testing. For this reason, if dentists have a suspicion of OSA, it should trigger a
comprehensive sleep evaluation by a qualified physician.

OBJECTIVE TESTING

Whether they are home studies or overnight sleep studies, interpretation by a qualified
sleep physician is mandatory before a dentist renders treatment. The “gold standard”
for the diagnosis of OSA is attended PSG. PSG requires the recording by technical
personnel with sleep-related training and the monitoring of the following physiologic
signals20–22:

� Electroencephalogram
� Electrooculogram
� Nasal pressure
� Oral or oronasal thermistor
� Oxygen saturation
� Respiratory effort
� Electrocardiogram
Box 3

Diagnosis: history taking

Patients at high risk for OSA

Obesity (body mass index [BMI] >35)

Congestive heart failure

Treatment refractory hypertension

Type 2 diabetes

Nocturnal dysrhythmias

Stroke

Pulmonary hypertension

High-risk driving populations



Box 4

STOP-Bang questionnaire items

1. Snoring

2. Tiredness

3. Observed apneas

4. Hypertension

5. BMI >35

6. Age >50 years old

7. Neck >40 cm

8. Male gender
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� Electromyogram
� Audio, video

The total number of apnea, hypopnea events divided by total sleep time in hours
observed on electroencephalogram yields the AHI. Some laboratories will include
RERA in the tabulation of AHI, whereas others will add respiratory effort related
arousal to the AHI and report a total respiratory disturbance index (RDI 5 apnea 1
hypopnea 1 RERA/total sleep time in hours). A diagnosis based on AHI is shown in
Table 1. Relevant comorbidity that lowers the threshold for treatment includes
insomnia, hypersomnia, fatigue, or other neurocognitive complaints, coronary artery
disease, hypertension, history of stroke, myocardial infarction, pulmonary hyperten-
sion, heart failure, or arrhythmia.11
Box 5

Diagnosis: characteristic symptoms and clinical features

Nocturnal symptoms:

� Snoring

� Witnessed apneas by bed partner

� Nocturnal choking, snorting, or gasping

� Nocturnal reflux

� Bruxism

� Insomnia

� Other nocturnal symptoms: enuresis, nocturia, frequent arousals, diaphoresis, impotence

Daytime symptoms:

� Excessive daytime sleepiness

� Other daytime symptoms: fatigue, memory impairment, personality changes, morning
nausea, morning headaches, depression

Physical characteristics/examination:

� Obesity: neck size >17 inches (men), >16 inches (women); BMI >35

� Craniofacial anatomy: retrognathia, micrognathia, tonsillar hypertrophy, macroglossia,
inferior displacement of the hyoid bone, narrowing of oropharyngeal airway

� Hypertension: especially drug-resistant hypertension



Table 1
Grading of OSA

Severity Grading

Mild OSA AHI �5 and <15 per hour of sleep 1 symptoms or comorbidity factors

Moderate OSA AHI �15 and <30 events per hour of sleep

Severe OSA AHI �30 events per hour of sleep
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Although there has been an increase in need for assessment of patientswith possible
OSA, the presence of resource limitations for this extensive study has led to a focus of
attention on the role of home-based sleep studies. Although there is a clear cost-saving
advantage to home-based studies, there are also disadvantages. The raw data is less
informative, and the summary reports are thus not as detailed. The AHI denominator is
time and can be inflated with home testing if considerable time is spent awake in bed
during the test, which can lead to the risk of false negatives. The lack of technician
supervision means that dislodged leads are not replaced during the study, and conse-
quently, the likelihood of technically unsatisfactory studies is higher.20 These home
portable monitors should be used in the diagnosis of OSA only in conjunction with a
comprehensive sleep evaluation by a sleep physician.17 These portable monitors
should record at a minimum: airflow, respiratory effort, and blood oxygen saturation.17

TREATMENT OPTIONS FOR OSA
Treatment

OSA should be treated as a chronic disease requiring long-term, multidisciplinary
management. There are medical, dental, behavioral, and surgical treatment options.
In many cases there is a primary treatment modality that is supported with adjunctive
therapies to manage the condition. The patient performs a vital role in managing his or
her own treatment and should be actively involved in understanding the severity of the
OSA, their risk factors, and the methods of treatment.17

Options for Treatment:
1. Positive airway pressure (PAP)
2. Upper airway surgical procedures
3. Pharmacologic treatment
4. Oral appliances
5. Behavioral modification: weight loss, alcohol avoidance, alteration of sleeping

position

PAP was first reported in 1981 and provides pneumatic splinting of the upper airway
andstill remains the standard treatment ofOSA.23,24PAPmaybedelivered inCPAP,bile-
vel PAP, or autotitrating PAPmodes. Nasalmasks are themost frequently used interface
but the occurrence of mouth leaks can jeopardize the effectiveness.25 Oronasal masks
(also known as full facemasks) allow for nasal and oral breathing, but can worsen apnea
if tightening of the interface displaces themandible and therefore the tongue posteriorly.
These oronasal masks are often preferred by patients with impaired nasal breathing.
PAP has proven to improve symptoms, normalize the risk of traffic and workplace

accidents, and reduce the elevated sympathetic activity and risk for cardiovascular
morbidities, especially arterial hypertension. Most recently, it has been shown that
CPAP normalizes mortality in patients with severe OSA syndrome.26,27 Although
CPAP is highly efficacious in terms of reduction of AHI and producing positive out-
comes, there has been significant criticism with regards to its expense, and local
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side effects at the nose or face, or discomfort due to themask. These side effects have
a consequent negative effect on compliance28 and have led to the search for other op-
tions of treatment. Alternative therapies include lifestyle modification, position restric-
tion to avoid supine sleep, nasally applied exhalation pressure valves, oral appliances,
and upper airway surgery.3 Advances in surgically implanted devices show promise in
both animal and human models but are not yet available for routine use.
Oral appliance therapy has emerged as an alternative to CPAP for snoring, and mild

to moderate OSA in patients who refuse or fail to adhere to the use of the CPAP de-
vice. Although mandibular repositioning appliances (MRAs) seem to be less effica-
cious than CPAP,29–33 in instances when both treatments are effective, patients
usually prefer oral appliances over CPAP. A summary of treatment indications and
objectives with oral appliance therapy established by AASM Practice Parameters34

are shown in Table 2.

Mechanism of Action of Oral Appliances

Oral appliance therapy functions by repositioning the tongue and mandible forward
and downwards to reduce airway collapse. The treatment aims to widen the lateral as-
pects of the upper airways to improve the upper airway patency and reduce snoring
and OSA.35 The upper airway can be defined by 3 regions: the velopharynx (hard pal-
ate to tip of uvula), oropharynx (tip of uvula to tip of epiglottis), and hypopharynx (tip of
epiglottis to vocal cords). The velopharynx is the most common site of primary pharyn-
geal collapse in OSA.36,37 The MRA has a lateral wall widening effect on the velophar-
yngeal and oropharyngeal space.38,39

Results of Clinical Trials on the Efficacy of Oral Appliances

A review of the literature on clinical trials testing the use of oral appliances for the treat-
ment of sleep apnea and snoring indicates inhomogeneity in several variables, such as
amount of follow-up, respiratory variables measured, measures of success, presenta-
tion of results, and type of oral appliances tested. In addition, timing and type of over-
night diagnostic testing before and with the appliance differed.
Treatment success with MRA, defined as an AHI of less than 5, was found in 19% to

75% of the patients and, when success was defined as an AHI of less than 10, the
range was 30% to 94%.40–55 Positive effects on blood pressure, cardiac function,
endothelial function, markers of oxidative stress, and simulated driving performance
have been reported from MRAs.43,48,53,56–60 Not only can MRAs reduce AHI and
improve physiology of the individual but the patient experiences reduced daytime
Table 2
Treatment indications and objectives with oral appliance therapy

Indications Objectives

Primary snorers without features of OSA Reduce snoring to a subjectively acceptable
level

Mild to moderate OSA with a preference for
oral appliances, demonstrated intolerance
to CPAP, poor candidates for CPAP, or
failure to comply with behavioral changes

Resolution of clinical signs and symptoms of
OSA

Normalization of the AHI and
oxyhemoglobin saturation levels

Severe OSA with initial trial of nasal CPAP
Upper airway surgery may precede oral

appliance therapy

Resolution of clinical signs and symptoms of
OSA

Normalization of the AHI and
oxyhemoglobin saturation levels
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sleepiness and improved quality of life compared with control treatments.61 Quality of
life may further improve because of sleep improvement of the bed partner.
MRA can be considered in combination with CPAP to reduce pressure and stabilize

the position of the mandible and is of particular interest in the aforementioned patients
that have worsening of mandible position on a CPAP interface that goes over both the
nose and the mouth (full facemask). Anecdotal reports are promising, but to date there
is limited scientific evidence to support combined use and this area warrants further
investigation.

Types of Oral Appliances

Three broad classes of appliances have emerged, namely MRA, tongue retaining de-
vices (TRD), and soft palate lifters. These appliances are listed in order of popularity
with the MRA being vastly more common with most of the quantity and quality of sci-
entific literature being greater as well. MRA cover the upper and lower teeth and hold
the mandible in an advanced position with respect to the resting position. TRD pro-
duce a suction of the tongue into an anterior bulb, thereby widening the upper airway
and advancing the tongue. Because the teeth are not used for anchorage of the de-
vice, TRDs are proposed as a treatment option for patients with hypodontia, edentu-
lism, and significant periodontal disease.
MRAs are further subdivided into titratable (2-piece appliance) and nontitratable

(1-piece appliance) custom-made appliances, and pre-fabricated appliances. Exam-
ples of some oral appliances available on the market today are listed in Table 3. An
analysis of the comparison studies testing the efficacy of different types of appliances
show no clear advantage between custom-made MRAs. However, there is a superior
treatment response with MRAs that are custom-made over prefabricated designs. The
requirements of an MRA are as follows:

1. Good retention form to 1 or 2 arches
2. Sufficient protrusion of the mandible at an increased vertical dimension
3. Appliances that do not restrict jaw movement laterally or vertically are optimal for

temporomandibular joint (TMJ) comfort.

Most MRAs use traditional dental orthodontic appliance design and involve a 1- or
2-piece appliance that is retained by one or both dental arches. Design features can
include metallic rod and tube fittings, inter-arch elastic, metal or plastic connectors, or
even magnets.32

Due to the advantages of the oral appliance (Box 6), there has been a strong
research effort over the last decade to provide evidence and create protocols for
the clinical role of MRA in the treatment of snoring and OSA. A treatment flow chart
Table 3
Examples of oral appliances

Somnomed Aveo-TSD Adjustable Soft Palate Lifter

The silencer Tongue-locking appliance Silent night

Klearway Snore guard Snore EX

NAPA Silent night TPE

TAP TheraSnore Esmark

Herbst Snore-no-more HAP

SNOAR PM positioner Tessi

SUAD TheraSnore Respire



Box 6

Advantages of oral appliances

1. Nonintrusive

2. Lack of noise

3. Simplicity

4. Reversible treatment modality

5. Smaller and more portable than CPAP devices

6. No need for power source

7. Comfortable: fits inside the mouth

8. Potentially lower cost of treatment (Fig. 2)

Adapted from Epstein LJ, Kristo D, Strollo PJ, et al. Clinical guideline for the evaluation,
management and long-term care of obstructive sleep apnea adults. J Clin Sleep Med
2009;5(3):263–76.
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is proposed in Box 6 to demonstrate the sequence of steps from diagnosis of SDB to
treatment options available.

Patient Selection Criteria for MRA

The presence or absence of OSA must be determined before prescribing any treat-
ment with MRAs. The severity of sleep-related respiratory problems must be estab-
lished by a medical provider with an interpreted PSG or portable monitor and a
referral made to the dentist for an MRA. Initiating treatment before establishing a cor-
rect diagnosis puts the patient at risk (Fig. 2). A correct diagnosis of type of SDB and
verification of the presence or absence of central apnea, hypoventilation syndrome,
severe oxygen desaturation, or severity of respiratory events must be known before
recommending treatment of any modality. Treatment with MRA is largely restricted
to adults because of the limited research available to support effective use in chil-
dren.62 There is currently no evidence to support the clinical role for MRA in the treat-
ment of other SDB, including central sleep apnea and hypoventilation syndromes,62

which require attended monitoring and PAP therapies.
Predicting who will respond to oral appliance therapy is not yet possible.63 Several

studies have compared various parameters to establish criteria of success. It is sug-
gested that milder OSA, supine-dependent OSA, female gender, and nonobesity61 are
variables associated with success with MRAs. These findings are relatively consistent
with our extensive experience, suggesting that lean patients with less oxygen compro-
mise, modest soft palate, and good nasal breathing tend to have better outcomes and
are more likely to approach the extent of respiratory disturbance index reduction seen
withCPAP. If positional apnea is present, adding positional restriction typically improves
the extent of response. Patient selection is also based on results of the dental examina-
tion. More research is needed on isolating ideal patients for oral appliance therapy.

History Intake

OSA is a medical diagnosis. However, the dentist must make an appraisal of the sleep
disorder by reviewing the sleep study, current radiographs, recommendations by the
physician, clinical history, and dental examination before approving oral appliance
therapy.17 If MRA therapy is initiated, detailed documentation of the subjective and
objective data before treatment provide a baseline onwhich to base treatment efficacy.



Fig. 2. Flow chart for evaluation and treatment of patients suspected of having OSA. pt, patient.
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The clinical history should document the following:
1. Presence and severity of snoring
2. Presence and severity of witnessed apneic events
3. Presence and severity of excessive daytime sleepiness
4. Energy level during day
5. Quality of sleep (provide a scale of 1–10)
6. Quantity of sleep (number of hours of sleep per night)
7. Number of awakenings per night
8. Sleep position: side, back, stomach
9. Presence of other symptoms

a. Recent weight gain
b. Bruxism
c. Morning headache
d. Gastroesophageal reflux disease
e. Depression
f. Impotence
g. Nasal congestion

Dental Examination

Patients should undergo a thorough dental examination to assess candidacy for an
oral appliance. A complete dental history is required, which includes any orthodontic
or periodontal treatment rendered. A complete intra-oral examination will provide an
assessment of risks to treatment (Table 4). This examination should include a caries
Table 4
Relative dental contraindications to oral appliance therapy

Condition Concern Risk

Periodontal disease Status: active or stable
Concern: mobility of teeth

Reduced anchorage potential
with appliance

Increasing degree of mobility,
and bite change with MRA

Optional use of TRD

Temporomandibular
dysfunction

Need to assess degree
of TMD

Concern with potential
aggravation of TMD and
limitation of advancement
potential with MRA

Number of remaining
teeth

If <6–10 teeth per arch,
or uneven distribution

Reduced anchorage

Protrusive capacity of the
mandible

If <6 mm Potential contraindication due
to limitation of efficacy of
MRA treatment

Bruxism Patterns of wear Early damage to appliance
from overload or increase in
pain with rigid appliance
holding them in a fixed
position

Occlusion Number of tooth-to-tooth
contacts, horizontal and
vertical overjet

Reduced initial contacts will
decrease patient awareness
of bite change with MRA

Maximum vertical opening If <25 mm Inability to seat MRA

Exaggerated gag reflex Poor adaptation potential Inability to wear MRA



Table 5
Oral anatomic variables potentially directly or indirectly affecting airway space

Mallampati score Score of 3 or 4, probability
of OSA is 58%–82%

Tonsillar size

Mandibular tori Impingement of oral space
for the tongue

Macroglossia Obstructive size effect

Serrations on lateral
border of tongue

Indications of tongue size/arch
size discrepancy, and possible
nocturnal clenching

Steep soft palate
drape

In combination with a large
tongue, the soft palate can
reduce airway dimension
especially in the supine
position

Retrognathia and
micrognathia

Negative effect on pharyngeal
airway dimension

(continued on next page)
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Table 5
(continued)

Loss of vertical
dimension of occlusion

Overall reduction of
oral volume

V-shaped arch forms Reduction of tongue
space and reduction
of pharyngeal airway
dimension
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assessment, a periodontal examination, and TMJ evaluation including the muscles of
mastication, occlusal analysis, and parafunctional habits. Current dental radiographs
should be reviewed for any possible dental pathologic abnormality.64 Some practi-
tioners obtain a cephalometric radiograph to help prognosticate success with oral ap-
pliances65,66 or monitor for craniofacial change with the appliance use over time.
Indications of a successful outcome have been shown to be found with a shorter
soft palate and a decreased distance between the hyoid bone and the mandibular
plane.65 Others have found the combination of a narrower SNB (sella, nasion, B point)
angle, wider SNA (sella, nasion, A point) angle, shorter soft palate, and narrow
oropharynx reflects a more positive outcome with MRAs.66 More studies are required
in this area to formulate more general recommendations.
Other imaging modalities such as computed tomography and magnetic resonance

imaging have also demonstrated increases in pharyngeal airway size and volume with
mandibular advancement.67,68 Because increases in the airway size are at least part of
the mechanism for the positive effect of MRAs on OSA, pretreatment imaging might
provide useful as a predictor of success. The precise utility of magnetic resonance
imaging and computed tomography needs to be further verified.
Although predictions of patient response to treatment based on anatomic and phys-

iologic findings are not reliable at this time, understanding the patient’s anatomy and
possible restrictive effects on the velopharyngeal and oropharyngeal spaces help to
understand causes of OSA, help in patient selection for MRA, and guide expectations
for treatment. The cause of the smaller sized airway is due to skeletal structures,
enlarged soft tissues such as adenoids or tongue, form of soft palate, or obesity.69,70

Understanding the relationship of the patient’s hard and soft tissue to the airway space
will help to determine which treatment modality would be most effective in treating this
condition. Indicators of oral space limitations are provided in Table 5.28,32,34,65

PALATO-PHARYNGEAL ASSESSMENT
Mallampati Classification

The American Academy of Sleep Medicine recommends assessing the modified
Mallampati score when screening for sleep apnea and should be incorporated into
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dental practice as well.17 This assessment is preferably done with the patient in an
upright position. Leaving the tongue in the mouth and relaxed provides an important
view of how the mass of the tongue relates to the space available within the mouth.
Protruding the tongue helps view the extent of tongue length and may improve visu-
alization of tonsillar pillars, length of soft palate, and the posterior oropharynx, further
assisted by a tongue blade for some patients (Fig. 3). The base of the uvula and the
appearance of the soft palates are visualized and scored. A high score (class 3 or 4)
is a predictor of sleep apnea.71,72 Fig. 4 demonstrates the modified Mallampati
classification.

Tonsil Size

Some studies have reported a correlation between tonsil size and AHI,73 whereas
others did not.74 Tonsil size grading ranges from 0 to 4. Table 6 defines the grading
system.

ADVERSE EVENTS

Side effects and complications are common with oral appliance therapy and can lead
to failed treatment adherence. Due to the myriad of appliance designs and lack of
standard therapeutic protocol in the use of appliances, there is a wide range of side
effects with differing occurrence rates found in the literature.75–78 Side effects can
be grouped into 2 broad categories (Table 7)64:

1. Minor in severity and temporary: tend to resolve during a short adaptive period of 6
to 8 weeks or are tolerable and do not resolve. Frequency reported from 6% to
86%.64

2. Moderate to severe and continuous: these side effects can occur at any stage dur-
ing treatment and might lead to intolerance and discontinuation of the appliance.

DEGREE OF PROTRUSION

Protrusion of the mandible is required to make the MRA effective40 unless it is being
used as a stabilizing appliance in conjunction with CPAP when the requirement is
more reduction of pressure. Determination of the amount of mandibular advance-
ment and vertical opening required to prevent OSA is unclear. Reports of effective
degrees of advancement range from 6 to 10 mm, or from 65% to 70% of maximum
Fig. 3. Protrusion of tongue showing long tongue extension, long soft palate, and lack of
visibility of uvula.



Fig. 4. Modified Mallampati score. Class 1, complete visualization of the soft palate; class 2,
complete visualization of the uvula; class 3, visualization of only the base of the uvula;
class 4, soft palate is not visible at all. (Reprinted from Ginapp T. Ask the clinical instructor.
Cath Lab Digest 2012;20(7); with permission.)
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protrusive potential.79 Studies have explored the possibility of a prospective means
of determining ideal advancement position using a remotely controlled mandibular
positioner test and a temporary oral appliance during the PSG.80 Further validity
testing is required.
The value of a titratable appliance is the opportunity to initiate therapy at a mandib-

ular position that is no more than 50% of maximum protrusion, which although may be
below optimal level, would allow for slow advancement thereby reducing negative side
effects such as muscular tension or TMD. Patients can remain at this level during an
adaptive period of 1 to 8 weeks during which period most if not all of the transient
negative side effects resolve.
Titration of an MRA should be slow as well for patient assessment of improvement

of OSA symptoms and for the bed partner’s assessment of sleep sounds. Rapid
advancement could lead to unnecessary side effects and possible rejection of the
appliance. In addition, it has been shown that excessive advancement can lead
to an increase in airway obstruction.52,81 Therefore clinicians must make the deci-
sion on the initial advancement position based on anatomic and neuromuscular
evaluation, periodontal assessment, TMJ assessment, parafunction levels, and
severity of OSA, and not on the maximum achievable degree of protrusion
(Fig. 5). The rate of advancement depends on the patient’s pre-existing conditions
and the total active titration period could typically last 1 to 4 months. A timeline of
events is described in Fig. 6.
Table 6
Tonsil size

Grade Definition

0 Patient had a tonsillectomy

1 Tonsils are in the tonsillar fossa, barely seen behind the anterior pillars

2 Tonsils are visible behind the anterior pillars

3 Tonsils extend three-quarters of the way to the midline

4 Tonsils are completely obstructing the airway



Table 7
Two categories of side effects

Minor and Temporary Moderate to Severe and Continuous

TMJ pain TMJ pain

Myofascial pain Myofascial pain

Tooth pain Tongue pain (with TRDs)

Salivation Gagging (mostly with soft palate lifters)

TMJ sounds Tooth pain

Dry mouth Gum pain

Gum irritation Dry mouth

Morning after occlusal changes Salivation

Bad taste or odor Tooth movement: decrease in overbite and overjet,
mobility of teeth, intrusion, retrusion effects

Loss of crown or restorations Skeletal changes: change in vertical condylar position,
change in arch width

Barewal & Hagen174
DISCUSSION

The indication for use of MRA is to treat snoring and OSA. MRAs are effective in a sub-
stantial number of patients with mild to moderate OSA and to a much lesser degree
those with severe OSA. A referral is needed from the physician to the dentist based
on clinical history and findings and PSG or home monitoring. Evaluation of the patient
by the dentist is necessary to assess possible causes of OSA and possible risk factors
in treatment. Response to treatment can be somewhat predicted based on patient pre-
existing conditions, OSA severity, and protrusive capacity of the mandible. New ad-
vances are being made in testing target protrusive positions for the treatment of
OSAbefore fabrication of a permanentMRA (SomnomedMATRx, Frisco, TX, USA) dur-
ing an overnight sleep study. Also recent publications are demonstrating a link between
sleep bruxism and sleep-relatedmicro-arousals. During an overnight polysomnogram,
electromyogram patterns related to sleep bruxism are recorded as rhythmic mastica-
tory muscle activity. Dentists, in assessing their patients, must be aware that snoring,
with or without apneic or hypopneic events, may be concomitant with sleep bruxism. If
sleep bruxism is present, further investigations regarding the presence of a sleep
breathing disorder should precede treatment of the dental effects of bruxism.82
Fig. 5. Breakage of titanium advancement screw in MRA due to significant bruxism.



Fig. 6. Time line by visit number.
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Amultidisciplinary approach with sleep medicine physicians is mandatory to ensure
appropriateness of the treatment plan and weigh the risks and benefits of treatment
relative to other options. Collaboration with surgeons is also important as adjunctive
treatment to improve nasal breathing or reduce collapse at the velopharynx may be
necessary for adequate improvement with MRA relative to CPAP. Just as sleep med-
icine physicians must appreciate the role of MRA therapy and rely on dentists for this
much needed treatment, dentists must appreciate the role that CPAP has as the most
effective treatment for many patients. Dentists should be aware that most sleep pro-
gram patients obtain normalization of their sleep and breathing with good tolerability
on CPAP. Dentists without adequate training may succumb to the false impression
that patients do not succeed with CPAP, which is due to the selection bias of which
patients present to clinic for an alternative to CPAP. Surgical interventions, CPAP,
and MRA are not equal options for all patients with OSA; rather, each treatment mo-
dality has its place in treatment with degree of appropriateness based on a complex
combination of factors, including OSA severity, medical comorbidities, craniofacial
findings, and patient preference. Dentists and sleep medicine physicians share a
duty to assist their patients in obtaining the greatest good independent of which mo-
dalities that practitioner can provide. As access to MRA improves, sleep medicine
physicians providing CPAP from their office are obligated to refer appropriate cases
to a qualified dentist for MRA and not merely place all patients on CPAP. Similarly,
dentists have an obligation not to interfere with satisfied patients that are compliant
and benefitting from CPAP and to collaborate with sleep medicine physicians on
determining an appropriate treatment plan for apnea patients.
Further research aimed at identifying optimum patients for oral appliance therapy

will permit more generalizable treatment guidelines and further improve outcomes.
Patients with mild forms of apnea, lower body mass index, without significant compro-
mise in nasal airway or at level of the velopharynx seem to have more complete treat-
ment response with oral appliance therapy. Consistent with current guidelines, it is
found that many of these mild OSA cases are adequately treated with MRA as their
first-line therapy. Normalization of sleep and oxygen saturations is the first goal of ap-
nea treatments. Collaboration with a sleep medicine physician is needed for treatment
planning when a patient is electing MRA over CPAP therapy, combining MRA with
CPAP therapy, or in cases where the goal of treatment is modified to obtain improve-
ment short of normalization.
Although dental sleep medicine is a relatively new field, major research and clinical

advances continue rapidly. Collaborative studies with greater sample sizes, less
selection bias, and more control of subjects are needed. Further avenues of research
include evaluating how design features affect treatment outcomes and health out-
comes; and developing methods for objectively detecting MRA compliance, and pre-
dictable single-night titration of MRA to reduce treatment time and improve outcomes.
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Because of established training in TMD, removable appliance therapy, and occlu-
sion, prosthodontics is uniquely suited to educating dental students in sleep disorders
and oral appliance therapy. Prosthodontists can set a new standard by developing
more in-depth dental sleepmedicine training within prosthodontic residency programs
with access to multidisciplinary teams and to ensuring that dental sleep medicine con-
tinues to strive for excellence in the management of sleep apnea with oral appliances.
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