Sleep, Breathing,
and
By Robert R. Rogers, DMD

Orthodontics

How we can help treat snoring and apnea
“The acquisition and processing of oxygen is the primary mission of any
air-breathing vertebrate. Chewing,
walking, reproducing, and thinking are
all fine, but first one has to breathe … .”1

T

he human pharynx is unique
in the animal kingdom in that
it is predisposed to collapse
during sleep. In each and every one of
us, the upper airway tends to diminish in size and shape to some degree
from the relaxing influence of our
nocturnal slumber. Most of us, fortunately, manage to breathe silently and
effectively despite this ominous challenge to our well-being. This is not so
for millions of others, however.
Sleep-disordered breathing (snoring
and obstructive sleep apnea) affects
tens of millions of people worldwide.
Obstructive sleep apnea (OSA) alone
may afflict as many as 17% of
Americans,2 a figure that is expected
to approach 20% in the coming years
due to the trend toward obesity.
On the most basic of levels, the
human organism has but three critical needs for survival: eating, sleeping,
and breathing. For those of us suffering from sleep-disordered breathing
(SDB), two out of three of these requirements are in jeopardy every time
our head hits the pillow. As sleeping
and breathing are compromised night
after night for years on end, the most
recent research demonstrates that we
are at greater risk for hypertension,
heart attack, stroke, depression, and
diabetes.3–8 In addition, it has been
shown that patients with OSA are involved in traffic accidents two to three
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times more often than the general
population9 and are at increased risk
for injury in the workplace.10 Finally,
the prevalence of undiagnosed sleep
apnea in middle-aged adults suggests
that untreated OSA may cause $3.4
billion in additional medical costs in
the United States.11
The human pharynx is intimately involved with swallowing, breathing, and speaking; hence, it is called
upon to be alternately stiff or flexible
depending on the task at hand. The
tendency, during sleep, for the upper
airway to partially collapse (as in the
case of snoring) or to completely obstruct (as with OSA) is multifactorial.
Upper-airway patency is a delicate
balancing act pitting pharyngeal
anatomy and baseline muscle tone
against the negative pressures created
upon inhalation. During waking
hours, patency is easily maintained.
However, with the relaxing influence
of sleep and the gravitational effects
of the supine position, maintaining a
clear airway becomes a titanic struggle for many people. Multiple stresses
arise from intermittent airway occlusion, which include repetitive oxygen
desaturation, carbon dioxide retention, and disrupted sleep from the
arousals secondary to these blood gas
discrepancies. As such, there are
strong associations between OSA and
the risk for cardiovascular disease
and metabolic dysfunction.
Treatment modalities for managing sleep-disordered breathing include behavioral/lifestyle changes,
positive airway pressure, surgery, and
oral-appliance therapy. To date, none
has proven universally effective with

high patient acceptance, and therefore, health care providers are left
with the task of mixing and matching
patients to modalities.
Over the past 15 years, properly
trained dental professionals have
emerged as key players in the treatment mix of this serious malady. By
working closely with medical colleagues, dentists have been able to create and maintain upper airways in
many patients to allow for adequate
breathing and sleep. Therapy with oral
appliances repositions and stabilizes
the mandible, genioglossus, and hyoid
bones. At the same time, the baseline
muscle tone of much of the pharyngeal musculature is enhanced to diminish collapsibility during sleep.
In 1995, the American Sleep
Disorders Association published a
Review
Paper
and
Practice
Parameters. It focused on the scientific literature supporting the use of
oral appliances in the treatment of
snoring and OSA, and outlined the
therapeutic protocols governing such
use. This February, the same organization, renamed the American
Academy of Sleep Medicine, published a revision of the Parameters in
its journal, Sleep.12 In it, the use of
oral appliances was found to be a
necessary and effective mode of therapy to treat snoring and OSA. This
scientific review focuses on several
hundred studies and includes a preponderance of higher evidence levels
than previously analyzed. And the
practice parameters outline recommendations regarding the use of oral
appliances as reflected in the outcomes of the studies reviewed.

It is wholly incumbent
question and explore the
on any dental practitioner
implications of problematic
who treats snoring and OSA
sleeping and breathing in
to be familiar with the entire
children. Habitual snoring
contents of the Practice
affects 27% of all children,13
Parameters and to practice
and even in the absence of
within the recommendations
frank, OSA has been associas published. Following are
ated with restless sleep and
some pertinent highlights of
daytime sleepiness as well
Figure 1: Direct air channel from the external nares through the nasal
the parameters:
as neurobehavioral deficits
cavities, nasopharynx, larynx, and trachea into the lungs. Food passes
on either side of the interlocked larynx and nasopharynx into the
“The presence or absuch as behavioral hyperacesophagus without interfering with the patient airway.
sence of OSA must be detertivity and learning probmined before initiating
lems.14 As the partial
upper-airway collapse (snoring)
treatment with oral appliances (OAs)
signs and symptoms of worsening
graduates to complete obstruction
to identify those patients at risk due
OSA. Research to define patient char(OSA), comorbidity becomes more
to complications of sleep apnea and
acteristics more clearly for OA acserious. The implications of OSA and
to provide a baseline to establish the
ceptance, success, and adherence is
the associated hypoxemia and sleep
effectiveness of subsequent treatneeded.”
fragmentation in children are potenment. OAs are indicated for use in
Serious clinicians interested in
tially complex. If left untreated or
patients with mild to moderate OSA
comprehensive education and traintreated late, pediatric OSA may lead
who prefer them to continuous posiing in dental sleep medicine may
to significant morbidity affecting
tive airway pressure (CPAP) therapy,
contact the American Academy of
multiple target organs and systems,
or who do not respond to, are not apDental Sleep Medicine at www.denand such deleterious consequences
propriate candidates for, or who fail
talsleepmed.org. Board certification
may not be completely reversible detreatment attempts with, CPAP. Until
is offered by the American Board of
spite appropriate treatment. The pothere is higher quality evidence to
Dental Sleep Medicine.
tential consequences of OSA in
suggest efficacy, CPAP is indicated
Prevention and Intervention
children include behavioral disturwhenever possible for patients with
As the dental profession adbances and learning deficits, pulsevere OSA before considering OAs.
vances the application of oral applimonary hypertension, systemic
Oral appliances should be fitted by
ances to manage the collapsible
hypertension, and compromised soqualified dental personnel who are
airway during sleep, we must not igmatic growth.15 In addition, pediatric
trained and experienced in the overOSA is associated with poor quality
nore the possibility of preventing the
all care of oral health, the temporoof life and increased health care utiproblem in the first place. As dental
mandibular joint, dental occlusion,
lization.16
professionals, we are well-known for
and associated oral structures. Dental
It is abundantly clear that proper
our commitment to prevention. In
management of patients with OAs
sleep and breathing are necessary for
this regard, it is becoming apparent
should be overseen by practitioners
children to thrive. How and when to
that the field of orthodontics may
who have taken serious training in
treat is of major importance.
hold the key by virtue of its ability to
sleep medicine and/or sleep-related
However, before addressing this
manage facial form and airway inbreathing disorders with focused emdilemma, let us once again step back
tegrity early on.
phasis on the proper protocol for diand consider some basic concepts
The AAO recommends orthoagnosis, treatment, and follow-up.
such as the evolution of the modern
dontic screening no later than 7 years
Follow-up polysomnography or an
human pharynx and the morphologof age. This recommendation derives
attended cardiorespiratory (Type III)
ic development of the upper airway.
from sound concepts and has served
sleep study is needed to verify efficawell in the past. However, more recy, and may be needed when sympEvolution of the Airway
cent concern for upper-airway patentoms of OSA worsen or recur.
As stated earlier, the human
cy would seem to demand scrutiny
Patients with OSA who are treated
pharynx is unique in the animal
much earlier. The age of 5 years has
with oral appliances should return
kingdom because it is predisposed to
been suggested, but even by then the
for follow-up office visits with the
collapse during sleep. Why is this so?
face has achieved most of its adult
dental specialist at regular intervals to
To answer this question, one has to
proportion. What, then, is an appromonitor patient adherence, to evaluconsider the function of the strucpriate time to engage in the considerate device deterioration or maladtures of the pharyngeal airway and
ation of craniofacial morphology as
justment, and to evaluate the health
compare the differences between
it relates to sleep and breathing?
of the oral structures and the integriother
mammals
and
man.
First, it may be prudent to
ty of the occlusion. Regular follow-up
Postmortem dissections on many
consider the significance of this
is also needed to assess the patient for
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types of mammals reveal that the
epiglottis extends up behind the soft
palate to directly join the larynx to
the nasopharynx (Figure 1, page 32).
This provides a firm, uninterrupted
air channel from the external nares,
through the nasal cavities and nasopharynx, past the larynx, and down
to the trachea and lungs. As such, no
pharyngeal muscles were designed
specifically to maintain upper-airway
patency, since none were necessary.
In addition, the tongue is located anteriorly, entirely within the oral cavity and separate from the pharynx, so
it cannot impact the pharyngeal
space at any time. This allows the animal to eat and breathe at the same
time, preserving the sense of smell so
necessary for survival.
Over time, however, human evolution has given rise to the separation
of the epiglottis and the soft palate to
create an upper airway that is longer
and more flexible. This separation allows the tongue to reside partially
within the pharynx to create a softwalled oropharynx unique to modern
humans, which provides a resonating
chamber for refined vocalizations
(speech and language). Unfortunately,
it also provides the opportunity for
sleep-induced collapse of the upper
airway. To complicate matters, continuing evolution of our species resulted
in an erect posture that brought the
facial skeleton to lie below the frontal
region of the braincase, rather than in
front of it as in most quadruped animals. This facial migration, known as
klinorynchy, constricts the available
subcranial space to the extent that a
change in pharyngeal and laryngeal
morphology is necessitated.17 Barsh18
posits that the key to understanding
the physiology and pathology of OSA
may lie in the space between the uvula
and the epiglottis known as the
oropharynx (Figure 2). Further, he
reasons that because the adult human
pharynx developed an oropharynx as
a result of evolvement of upright
posture and speech, the adult
human—unlike other air-breathing
vertebrates—did not ontogenetically
develop specific musculature to dilate
and maintain dilation of the pharynx.
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Figure 2: Because the oropharynx is
unique to modern man and because modern man is the only mammal to suffer from
obstructive sleep apnea, it would seem
reasonable to assume that the key to understanding the physiology and pathogenesis of obstructive sleep apnea may lie in
the space between the uvula and epiglottis
known as the oropharynx.

It is interesting to note at this
point that the pharyngeal anatomy of
the human newborn and very young
infants closely approximates the
anatomy of the upper airway of nonhuman mammals.19 Specifically, the
epiglottis and soft palate overlap and
the tongue is completely anterior to
the airway. No oropharynx, per se, is
present. This allows for the simultaneous suckling of milk and breathing. By
approximately 18 months of age, however, the laryngeal complex has migrated caudally, giving rise to the
oropharynx, the ability to vocalize,
and the concomitant predisposition to
sleep-induced upper-airway collapse.

When to Screen
From very early on, the propensity for upper-airway collapse becomes a threat to breathing and,
therefore, sleep. With this perspective, now is a good time to revisit the
question of when to begin “orthodontic screening.” If we can include
observation and monitoring of the
upper airway as an integral part of
the screening, then it would seem
reasonable to begin within the first
several years following birth. The ultimate goal would be to encourage

craniofacial development that
would maximize the potential for
upper-airway patency during sleep
throughout the life of the individual.
This screening process would not
necessarily be the exclusive domain
of the orthodontist. A cooperative
team approach that includes the parents, the pediatrician, the general
dentist, and the ear, nose, and throat
(ENT) surgeon would best serve the
needs of the individual.
Although the newborn arrives
with some genetic predisposition affecting upper-airway anatomy, it is
well-documented that environmental
and functional forces influence morphologic development. What can we
do at the earliest that would benefit
craniofacial development? Given the
literature available, it seems reasonable to consider the benefits of
breast-feeding over bottle-feeding,
limit the use of commercial pacifiers,
and control finger habits.
Breast-feeding has been shown to
encourage proper development of the
swallowing action of the tongue, good
alignment of the teeth, and proper
shaping of the hard palate.20, 21
Hultcrantz22 found that 6.2% of the
children he studied snored every night
by age 4, and another 18% snored
when they were sick. While 60% of
snorers used pacifiers, 35% of nonsnorers did. Breast-feeding has been
the primary means of infant nourishment until relatively recent times.
Palmer23 studied 600 prehistoric skulls
from three different exhibition venues
and noted a near absence of malocclusion. Of particular note were the
broad hard palates and U-shaped, uncrowded arches in 98% of the specimens. Subsequent observation of
more recent skulls from the bottlefeeding/pacifier era revealed a significant number of high, arched palates,
narrow archforms, and crowded teeth.
Indeed, Kushida et al24 have shown
that a high palate and a narrow arch
are good predictors of snoring and
obstructive sleep apnea. Additionally,
breast-feeding imparts certain immunological and antibiotic benefits
that, when absent, may stimulate
overgrowth of adenotonsillar tissue

that can become a major obstructor in
the young airway and can influence facial growth. Strong consideration
should be given to adenotonsillectomy
early on when frequent snoring and/or
mouth-breathing is apparent.
As high, arched palates are seen
with alarming frequency in our population, and are associated with
mouth-breathing, ENT pathology,
poor facial development, and sleepdisordered breathing, it seems reasonable for general dentists as well as
medical practitioners to enlist the orthodontist as a key player in the creation of healthy faces that allow for
healthy airways. Whether the arched
palate is a result of genetic predisposition, maxillary compression during
birth, improper molding from bottlefeeding or finger habits, or allergic
adenotonsillar hypertrophy, the orthodontist can be very effective in orthopedically widening the maxilla.
Many contemporary clinicians believe
the ideal time for this may be between
the ages of 4 and 8 years of age so as to
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prevent the related sequelae of the
malformed hard palate. Often, however, we are forced to address problems later on in the older individual.
In 1996, Cistulli25 showed that maxillary expansion was effective in resolving the sleep-disordered breathing
events and daytime symptoms in an
obese 22-year-old.

In Summary
Sleep-disordered breathing is a
worldwide epidemic with health and
economic consequences that range
from annoying to deadly. Currently,
treatment of snoring and obstructive
sleep apnea calls upon a mix of
modalities and a coordinated team of
clinicians. Positive-airway pressure,
surgery, and therapy with oral appliances are frequently effective in managing the sleep-induced unstable
airway. However, common sense dictates that preventing disease in a natural way far outweighs any alternative
that addresses the problem after it
manifests. Those who place their

health in our hands are best served if
we can focus on the proper development of the upper airway immediately after birth and then work as a team
to recognize and manage any abnormalities in breathing and facial morphology as early as possible. z
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