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overview
Obstructive Sleep Apnea and the Orthodontist
LOUIS CHMURA, DDS, MS

In this regular column, JCO provides an overview
of a clinical topic of interest to orthodontists.
Contributions and suggestions for future subjects
are welcome.

T

hink back to your most stressful and exhausting finals week
(for me it was my second year
in dental school—14 finals in five
days). Recall how you felt after surviving on caffeine and adrenaline
and no sleep: irritable, physically
tired, mentally fuzzy, short-tempered,
and unfocused. When it was over, it
took a few days or even weeks to
catch up on sleep and rejuvenate.

Dr. Chmura is in the private practice of
orthodontics at Chmura Ortho, 214 Winston Drive, Marshall, MI 49068; e-mail:
louiechmur@aol.com. His two-part JCO
webinar on Obstructive Sleep Apnea is
available at https://www.jco-online.
com/continuing-education/webinarsrecent (free to JCO subscribers).
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Now, imagine that you never recover. Every
time you enter deep sleep, your breathing stops and
you begin to suffocate. Eventually, your body releases adrenaline and jars you back to a light sleep.
Even working harder to breathe through snoring
or upper-airway resistance results in many of the
same comorbidities as full-blown obstructive sleep
apnea (OSA). This cycle is repeated, sometimes
50-100 times per hour, every night, forever. Living
with OSA is like reliving the end of your worst
finals week—forever.
It doesn’t happen overnight. The symptoms
gradually increase over time, so you don’t fully
realize what you’ve lost. The lack of deep sleep and
long-term oxygen deprivation lead to an increased
risk of type 2 diabetes, high blood pressure, cardiac arrest, Alzheimer’s disease, and stroke. OSA
affects nearly every system in the body—from
neurological to hormonal to immunological. The
hormonal changes increase your appetite for
fast-energy foods and depress your ability to realize you’re full, so that OSA often leads to morbid
obesity. I know this personally.
I was first diagnosed with OSA in the mid2000s. By then, I had my master’s degree in orthodontics and my wife, Penny, was a nurse practitioner in neurology. Despite our training, it took
years to realize that my mental and social difficulties were not just me being a jerk, but were actually due to a lack of deep sleep. It wasn’t until
Penny was awake all night, poking me every time
I stopped breathing, that we sought help. I had a
series of polysomnograms (PSGs) and was diagnosed and fitted for a continuous positive airway
pressure (CPAP) machine. It was (and still is) the
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“The bottom line is

first treatment recommended for
are positive or potentially a false
that our towns and
OSA. At that point, I reasoned that
negative, an attended overnight sleep
practices are filled
since this disease manifests as a coltest (PSG) is ordered. In a PSG, the
lapse of the airway, there must be an
patient is connected to several dozen
with people who have
anatomical component, and since
leads taking 14-20 physiological
undiagnosed breathwe deal with facial and dental anatmeasurements, including brain acing and airway issues.
omy every day, orthodontists may
tivity (EKG), muscle activity
have some solutions to offer. Since
(EMG), blood pressure, and clenchWe can help.”
then, I have been on a professional
ing. The results are then evaluated
and personal journey to help underby a board-certified sleep physician.
stand, screen for, and treat this disease.
The results of a PSG are reported using the
apnea-hypopnea index (AHI) or respiratory disturbance index (RDI), along with oxygen desaturation
OSA Is Prevalent
levels. An apnea is defined as an instance when the
How does OSA affect orthodontic practices?
patient stops breathing for 10 seconds or more. A
First, realize that an estimated 20% of the adults
hypopnea is when the patient does not stop breathin the United States (about 18 million) have OSA,
ing, but exhibits shallow breathing (a partial obbut about 85% of those are undiagnosed.1-4 Forty
struction) that results in a blood oxygen drop of
percent of men and 24% of women snore; although
3-4%. The AHI is the total number of apneas and
OSA worsens with age and increased weight,1-4 it
hypopneas per hour.
isn’t just a disease of overweight, middle-age men.
Respiratory event-related arousals (RERAs)
In 2009, an estimated 10% of children snored reghave been shown to have similar comorbidities to
ularly, and 2-4% suffered from OSA.1-4 I suspect
apneas and hypopneas. An RERA is characterized
those numbers have risen since then. The sympby increased respiratory effort for 10 seconds or
toms in children are often different—less daytime
more, leading to an arousal from sleep that does
sleepiness and more hyperactivity, 5 behavioral
not fulfill the criteria for apneas or hypopneas. The
problems, and drops in intelligence scores.6 The
RDI is the total number of apneas, hypopneas, and
potential long-term effects of sleep and oxygen
RERAs per hour.
deprivation during the years in which the face and
In adults, an AHI or RDI of less than 5 is
intellect are developing are daunting. The bottom
considered normal; 5-15 indicates mild OSA, 16line is that our towns and practices are filled with
30 is moderate, and greater than 30 is severe. In
people who have undiagnosed breathing and airchildren, an AHI or RDI greater than 1 is considway issues. We can help.
ered abnormal and should be treated.7
Blood oxygen level is measured as a percentage, with 95% or more considered normal. Blood
Medical Diagnosis
oxygen levels vary slightly throughout the day, but
OSA is one of hundreds of sleep disorders,
a level below 90% is a cause for concern. In fact,
which means that its diagnosis is a medical responit is unusual for the oxygen level in an awake pasibility. This is not to say that orthodontists can’t
tient to drop below 94%. During apnea, oxygen
or even shouldn’t have a partial role—just that the
desaturation can drop into the 80s or even 70s,
primary diagnosis is made by a medical doctor,
generally resulting in an arousal in which the body
and the initial treatment is generally rendered by
senses the drop and forces itself out of deep sleep
the medical community.
to address the low oxygen level.
In general, the process goes as follows: symptoms are identified, and the patient is referred for
Screening
evaluation to a sleep doctor, who provides a home
Like most professionals, orthodontists tend
sleep test to wear overnight. If the results of the test
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Second, we pay particular attention to asto notice and treat things we know we have solupects of the health history that are associated with
tions for. I personally did not notice tongue ties
OSA, including a family history of high blood
until I learned how to relieve them with my
pressure, type 2 diabetes, cardiac arrest, stroke,
soft-tissue laser. I became familiar with the signs
obesity, gastroesophageal reflux disease (GERD),
and symptoms of unhealthy breathing when I
or Alzheimer’s disease.
found that I had solutions for some of these issues.
Third, every patient fills out a sleep questionMy office now screens every patient (and family
naire. We ask adults to fill out the Epworth Sleepmember) for OSA and diminished airway. That
iness Scale; for children, we use the Pediatric Sleep
meant changing a number of things in our diagQuestionnaire from the University of Michigan.
nostic protocol.
Next, I pay particular attention to aspects of
First, we added a few questions to our health
our extra- and intraoral examination that are assohistory:
ciated with OSA. Some examples:
1. Have you ever been diagnosed with sleep apnea?
2. Do you snore?
1. Head posture: The skull should sit over the
3. Do you have headaches when you wake up?
shoulders. When there is difficulty breathing, it is
4. Have you ever worn a CPAP?
not uncommon to see hyperextension of the neck,
5. Are you aware or have you been told that you
resulting in a forward head posture, or kyphosis.
stop breathing during sleep?
This can be detected as the patient enters the room.
For children—who exhibit different behaviors with OSA—we added these questions for their
2. Adenoid facies: Also known as long-face synparents to answer:
drome, adenoid facies was first described by C.V.
1. Does your child have ADD or ADHD? [While
Tomes in 1872.9 As orthodontists, we are well
only an estimated 2-3% of children have OSA, 25aware of the signs of adenoid facies, many of which
26% of children with even mild attention-deficit/
are associated with SDB.
hyperactivity disorder (ADHD)
have OSA.5]
2. Does your child snore or
3. Nasal anatomy: Since an ob“In adults, an AHI or RDI of
“breathe heavily” while sleeping?
struction can occur anywhere
less than 5 is considered
[Children should never snore; the
along the upper airway, I’ve addnormal; 5-15 indicates
American Academy of Pediatrics
ed the size and shape of the nares,
issued a statement in 2012 that all
nasal asymmetries and deviations,
mild OSA, 16-30 is moderchildren should be screened for
and a number of radiographic
ate, and greater than 30 is
breathing problems, and that any
items to my exam. Narrow, colsevere. In children, an AHI
who snore should be tested for
lapsible nares or intranasal insleep-disordered breathing (SDB)
flammation can negatively affect
or RDI greater than 1 is
and sleep apnea.8]
the upper airway. Likewise, a seconsidered abnormal and
3. Do they wet the bed?
vere septal deviation can reduce
should be treated.”
4. Do they wake up in the same
airflow.10-12
position or are they “all over the
4. Skeletal retrognathia: This
bed” at night?
condition can negatively affect the airway. It is
5. Is there increased sweating?
not uncommon to see a retrognathic mandible
6. Any changes in behavior or difficulty “managaccompanying a dental overjet or Class II, diviing” themselves at school?
sion 1 malocclusion. It is often more difficult to
7. Any marked changes in the child’s attention?
recognize, however, when there is a Class I oc[Johns Hopkins found the average IQ in a group of
clusion with no overjet, and both the upper and
children with OSA to be 85, as compared with 101
lower jaws are retrognathic. Ideally, there should
in a matched non-OSA group.6]
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be some prominence to the cheekbones; flat or
concave cheekbones may indicate a maxillary
anterior deficit.
5. Neck size: One of the indicators for sleep apnea
is a neck circumference greater than 17" for males
or 16" for females.13

9. Clenching/grinding: Sleep bruxism occurs in
2-40% of the pediatric population18 and 8-16% of
the adult population.18,19 When you note clenching
or grinding in the exam, look closely for other
signs and symptoms of OSA.

Radiography

6. Tongue tie: It has often been noted that mouthAs viewed on CBCT, the minimal cross-
breathers tend to exhibit excessive vertical growth,
sectional area (MCA) of the airway when prone
which has been attributed in part to the tongue not
and sleeping is about 40% of the MCA when upstaying in the roof of the mouth during swallowing.
right and awake.20 The average MCA for non-OSA
adults is about 150mm2, but with a
One underdiagnosed symptom is
large standard deviation.21 Avrahami
ankyloglossia, where the tongue
“My office now
and Englender have suggested that
cannot reach the roof of the mouth.
patients are at low risk for OSA if
This has long been suspected as a
screens every patient
the MCA is greater than 110mm2, at
contributor to OSA, and recent stud(and
family
member)
moderate risk if the MCA is 50ies have confirmed the relationfor OSA and dimin110mm2, and at high risk if the MCA
ship.14,15
is less than 50mm2.22
ished airway.”
7. Enlarged tonsils/adenoids: AlSchendel and colleagues anathough they are easily diagnosed
lyzed the airways of 1,300 subjects
from cone-beam computed tomography (CBCT),
ranging in age from 6 to 90.23 Their results have
been used to indicate that a normal MCA during
enlarged adenoids can usually be seen on a lateral
childhood is about 10 times the subject’s age. While
cephalogram as well, and palatine tonsils can often
these figures are roughly correct, they are based on
be seen during intraoral examination.14 The tonsillar grading scale is used to indicate the potential
averages with substantial standard deviations (Table
severity of the impact of palatine tonsils on the
1). Since it is rare that an orthodontic patient would
airway.16
be exactly average, the authors’ conclusion seems
appropriate: “The airway size and length increases
8. GERD: A known side effect of OSA,17 GERD
until age 20, at which time there is a variable period
presents as smooth, mother-of-pearl-like depresof stability, after which the airway at first decreassions on the occlusal or lingual surfaces of the
es slowly in size and then, after age 50, more rapteeth (Fig. 1).
idly” (Fig. 2).22 Therefore, we want to maximize the
airway before age 20.
There is a large variability in MCA during
exhaling, inhaling, and swallowing, making it a
poor predictor of OSA or breathing difficulties
and of questionable use in comparing the efficacy
of various treatment modalities (Fig. 3). To account for these differences, Iwasaki and colleagues
attempted to standardize the patient’s position
while taking CBCT scans.24 When we attempted
to replicate their method, we found that when the
patients held their breath, they also occluded the
airways with their tongues, so that the obstructions
Fig. 1 8-year-old male showing dental depressions
increased to 100%.
characteristic of gastroesophageal reflux disease.
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TABLE 1
MINIMAL CROSS-SECTIONAL AREA OF AIRWAY (mm2) BY AGE GROUP*
Age Group
6-8

9-11

12-14

15-17

18-20

21-25

26-30

31-35

36-40

41-45

46-50

51-55

≥56

Average

S.D.

Average

77.70

89.89 128.64 169.13 171.55 160.97 172.18 159.22 157.31 149.26 144.39 143.18 121.83 141.94

30.15

Average S.D.

48.78

47.77

80.89

20.63

Average

70.92

95.38 138.21 150.16 185.97 184.49 177.77 168.70 171.63 137.98 150.29 146.19 107.28 145.00

35.48

Average S.D.

44.29

49.10

78.32

23.32

Average

84.21

83.47 120.80 188.87 155.92 137.53 159.15 143.06 132.92 161.48 134.34 137.33 136.99 136.62

29.03

Average S.D.

52.35

45.85

27.56

66.31

86.19 113.98

80.97

81.28

81.68

84.54 120.83

75.44

81.66

82.15

Female
70.00

72.98 140.55

94.27

84.86

80.33

86.31

75.44

74.45

79.61

65.99

Male
62.68

94.84

a

73.82

56.89

b

71.90

82.53

76.51 155.84

77.08

86.44

94.46

79.32

c

Fig. 2 Minimal cross-sectional areas of airways in different age groups. A. Group 1: ages 6-20. B. Group 2: ages
21-50. C. Group 3: ages 51-90.*

This is not to say that CBCT does not have a
place in OSA/airway diagnosis and treatment. It
allows us to more precisely measure the relative
width of the jaws, helps us determine the location
of an obstruction, and gives us a more accurate way
to superimpose volumes and evaluate treatment
effects.

It’s More than Anatomy
OSA has components that involve not only
aberrant anatomy, but also physiological and behavioral aspects.25 Treating OSA is truly interdisciplin-
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ary! Although one modality of treatment will rarely solve all the underlying causes of OSA or
another breathing disorder, orthodontic treatment
is certainly one aspect of this important care. Therefore, it is instructional to consider the differences
between orthodontic and medical treatment goals.
Orthodontists strive for perfection: perfect
alignment, ideal smile arc, facial harmony. In medicine, you can’t always achieve perfection, and any
*Reprinted from the Journal of Oral and Maxillofacial Surgery,
volume 70, Schendel, S.A.; Jacobson, R.; and Khalessi, S.: Airway
growth and development: A computerized 3-dimensional analysis,
2174-2183, © 2012, with permission from Elsevier.
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Fig. 3 Cone-beam computed tomography showing variability of airway measurements during inspiration, expiration,
and swallowing (courtesy of Dr. Marianna Evans).

movement toward the goal is considered progress—for example, reducing the severity of OSA,
even if it isn’t fully eliminated.
Orthodontists tend to solve most of the problems we see single-handedly. When we think of
interdisciplinary care, we’re primarily thinking of
aligning teeth before restorations. In OSA treatment, we need to interact with a plethora of other
professional specialists, including board-certified
sleep doctors, pulmonologists, ENTs, myofunctional therapists, cardiologists, and pediatricians.
In orthodontics, we tend to focus on bio
mechanics to solve problems. OSA is a multifactorial disorder that affects nearly every bodily
system. With a breathing disorder, it is critical not
only to correct the anatomy, but also to train the
patient to change habits and to work with the medical community to alter physiology.

Behavioral Treatments
There are a host of strategies requiring only
patient cooperation to help reduce the severity of
OSA. These should be mentioned in the course of
advising patients with OSA:
• Reduce alcohol intake, particularly after 6 p.m.
• Quit smoking.
• Avoid caffeine and other stimulants after noon.
• Minimize exposure to blue-light screens for at
least two hours before sleeping.

14

• Reduce weight. Because OSA is exacerbated by
weight gain, losing weight often reduces severity.
The difficulty with this advice is that hormonal
changes accompanying OSA may include reduced
leptin, 26,27 which signals fullness, and increased
ghrelin, which stimulates caloric intake. Those
who suffer from OSA thus have an increased appetite for food and, at the same time, less ability
to recognize when they are full.27
Eliminating these behaviors, which are often
significant contributors to OSA, can be difficult
for sleep-deprived patients. There are alternatives.

CPAP
In an adult with a confirmed OSA diagnosis,
CPAP is the standard first treatment. While there
are many variations in equipment, a CPAP machine basically involves a mask held on by straps
around the head and neck, connected to a fan that
forces air through the upper airway into the lungs.
A post-diagnostic PSG is usually required to determine the proper air pressure needed to push past
the obstruction.
CPAP has been shown to be as much as 95%
effective in normalizing AHI when worn properly.28 Due to difficulties maintaining a seal, skin
**Inspire Medical Systems, Inc., Minneapolis, MN; www.
inspiresleep.com.

JCO/january 2022

CHMURA

ent. With CPAP, the goal is to reduce
irritation, claustrophobia, headaches,
“OSA has components
AHI into the normal range. An oral
and dehydration, however, noncomthat involve not only
appliance is considered successful if
pliance is greater than 70%, often
aberrant anatomy, but
the AHI is reduced by 50%, which
rendering CPAP ineffective as a
means that a severe case of OSA may
long-term solution.29 There is also
also physiological and
evidence that long-term use can dispersist.33 Another limitation of oral
behavioral aspects.
appliances is that they do not correct
rupt cellular immune factors and
Treating OSA is truly
the underlying anatomy.33
increase the risk of upper respirato30
There are hundreds of oral apry and sinus infections.
interdisciplinary!”
In a growing child, a CPAP
pliance designs, but the majority
machine can have significant negafunction by bringing the mandible,
tive social effects, and the backward pressure of
and therefore the tongue, forward and out of the
the mask may limit anterior growth of the maxilla
pharyngeal airway. There is also evidence that inand mandible, which is anatomically contrary to
creasing the vertical dimension can improve airthe preferred direction of growth.31 Perhaps most
flow with less mandibular protrusion, provided the
important, CPAP treatment does not correct the
lips can still close. It should be noted that while
underlying anatomy—the patient must wear it inCPAP pressures can be increased to bypass obdefinitely for it to be effective.
structions anywhere in the upper airway, an oral
appliance works best when the obstruction is in the
pharyngeal airway.
Other Medical Solutions
In addition, the more forward the mandible
• Tracheotomy: nearly 100% effective, but conis positioned, the more likely the patient will exsidered a last resort.
perience muscle soreness, jaw pain, or tooth move• Uvulopalatopharyngoplasty: about 50% effecment. Some of these side effects can be reduced
tive.32
by trading vertical for anterior positioning.
• Somnoplasty: efficacy under evaluation.
• Genioglossus advancement: to bring the tongue
Orthodontic Treatment
forward, a rectangular section of chin bone, where
There is no one-size-fits-all solution to sleep
the genioglossus muscle attaches, is advanced, roapnea; treatment generally requires not only more
tated 90°, and reattached.
than one approach, but often more than one spe• Inspire**: a programmable neurostimulator
cialty.34 Whether combining orthodontic alignment
with breathing sensors and leads attached to the
with orthognathic surgery to advance both jaws or
tongue is implanted in the patient’s chest and concombining a sleep appliance with CPAP to reduce
trolled by a remote. The patient turns the device
the needed pressures and improve the seal, we
on while sleeping, and it activates the tongue.
must think beyond our own offices and learn to
partner with other professionals.
Oral Appliances
When a patient is diagnosed with OSA, I conThe American Academy of Sleep Medicine
sider the following:
recommends oral appliances as an alternative to
• Diagnosing the location of the obstruction will
CPAP in cases of mild to moderate sleep apnea, or
allow an optimal strategy to be designed.
when there is noncompliance with CPAP. While
• Treating patients with sleep apnea is about much
they are only 70% effective for treatment of sleep
more than offering sleep appliances. It’s about inapnea, oral appliances are easier to wear than CPAP
cluding anatomical and behavioral improvements
devices, so that compliance is often higher. It is
in the diagnosis and treatment planning, to effect
difficult to compare the efficacy of oral appliances
lasting change that doesn’t require patients to wear
to CPAP because the criteria for success are differsomething whenever they sleep.
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• Bringing the mandible forward is often advanworst AHI scores tend to occur during REM sleep,
tageous.
when voluntary muscles are paralyzed. This is an
• Increasing the vertical dimension is often adexample of where a combination of approaches may
vantageous.
be necessary: allowing the mandible to position
• Increasing maxillary width and uprighting the
forward, but perhaps also using an appliance while
lower posterior teeth have been proven to be adsleeping to hold it forward and keep the bite closed.
vantageous.
When the mandible is shorter than normal,
• Nasal breathing is preferred.
there is often a concomitant relative narrowness of
There are a number of benefits to nasal breaththe maxilla (so that a wider part of the mandible
ing. First, the inspired air is filtered by the nasal
fits against a wider part of the maxilla). McNamara
hairs to reduce the amount of pollen, dust, or other
and others described a “spontaneous” Class II corallergens causing inflammation that reaches the
rection after expansion of the maxilla,39,40 but this
is debatable. Haas showed that correcting incisor
upper airway. Second, nasal breathing allows the air
angulation in a Class II, division 2 patient often
to be humidified and warmed, enhancing the transresults in forward positioning of the mandible.41-43
fer of O2 and CO2 in the lungs. Finally, during nasal
One of the more difficult diagnoses to make
breathing, nitric oxide is released. Nitric oxide is a
is when both the maxilla and the mandible are retvasodilator, which enhances blood flow, leading to
rognathic. In this case, there may be a
a more efficient transfer of O2 to the rest
of the body.
Class I occlusion with normal overbite
Nasal breathing also seems to
and overjet, but impingement of the air“Clearly, from an
have positive effects on facial growth.35
way due to jaw position. Although it has
OSA standpoint,
Alves and colleagues, comparing the
been suggested that activating the preit is advantaairway dimensions between groups of
maxillary suture by pushing the upper
mouthbreathers and nasal breathers,
incisors forward is the same as maxilgeous to bring
found that the nasal breathers had greatlary advancement,44 many of the prethe jaws forward.”
sented examples seem to show more
er airway volumes and MCAs and thus
tipping of the upper incisors than actugreater airflow.36 Hakan and colleagues,
comparing the airway volumes of 140 boys and girls
al jaw growth.
grouped by molar classification, observed that the
Class II subjects had significantly lower volumes of
The Vertical Dimension
both the oropharynx and the nasopharynx than in
37
Less studied are changes in the vertical dithe other groups.
mension and their effect on OSA. Again, some of
the evidence comes from the oral appliance literaThe Anteroposterior Dimension
ture. When a mandibular-advancement appliance is
Oral appliances move the mandible forward
fabricated to treat sleep apnea, a protrusive bite is
and improve AHI in most cases. Orthognathic surused. In our office, we use an Andra Gauge*** begery brings the mandible (or both jaws) forward,
cause it allows adjustment of the vertical dimension
resulting in a dramatic reduction in AHI. Clearly,
in addition to the anteroposterior and lateral dimenfrom an OSA standpoint, it is advantageous to
bring the jaws forward.
***Space Maintainers Laboratories, Chatsworth, CA; www.sml
global.com.
The problem is that because orthodontic
†Trademark of Henry Schein Orthodontics, Carlsbad, CA; www.
treatments have limited potential for altering manhenryscheinortho.com.
38
dibular growth, most techniques involve more
‡Modified from the American Journal of Orthodontics and
Dentofacial Orthopedics, volume 142, Miner, R.M; Al Qabandi, S.;
mandibular anterior positioning than true growth.
Rigali, P.H.; and Will, L.A.: Cone-beam computed tomography
In a patient with OSA, it may not be enough to
transverse analysis, Part 1: Normative data, 300-307, © 2012, with
allow the mandible to position forward, since the
permission from Elsevier.
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sions. A video (available in the online version of this
article at www.jco-online.com) illustrates what is
called the “Step Back Technique,” in which the patient’s mandible is first brought forward until they
cannot make a snoring sound, then the orthodontist
“trades” a millimeter of protrusion at a time for a
millimeter of increased vertical dimension. This is
important because the more protrusion, the more
anteroposterior force on the teeth, and therefore the
more tooth movement from an oral appliance. The
increase in the vertical dimension is limited by the
necessity to keep the lips closed. Having made
about 100 of these appliances with the Andra
Gauge, I can attest that we can, in fact, trade protrusion for vertical.
In addition, we have numerous case reports
of Class III patients who wore elastics to Class III
Carriere Motion† appliances, which cause retraction and extrusion of the lower canines and thus
open the bite. In our office, all such patients have
shown increases in MCA, and many report fewer
SDB symptoms.

The Transverse Dimension
This is the best-studied aspect of orthodontic
care with respect to OSA. It has led, however, to a
major controversy over which is better: expansion
or extraction?
Let’s start with diagnosis. Traditionally, the
need for expansion was determined by the presence of a dental crossbite or a “high, vaulted palate.” Miner and colleagues showed the problem
with such a limited view: the angulation of the
posterior teeth may mask an underlying skeletal

discrepancy45 (Fig. 4). They compared the relative
widths of the upper and lower jaws, dividing them
into five groups based on the angulation of the
posterior teeth. The subjects with no crossbites and
minimal curves of Wilson (33% of the total sample) had relative widths similar to those of the inferior convergent group (20%), with both upper and
lower posterior segments tipped lingually. The
remaining 47%, including unilateral crossbite, bilateral crossbite, and superior convergent groups,
also had similar relative widths. The authors concluded that there was “significant maxillary narrowness even in the absence of crossbite.”45
McNamara suggested that a “transpalatal
width of 36-39mm would accommodate a dentition
of average size without spacing or crowding,
whereas maxillary arches less than 31mm in width
may be crowded and in need of orthopedic or surgically assisted expansion.”46 The “transpalatal
width” is measured as the distance between the
closest points of the upper first molars. Besides
failing to account for tipping of teeth, however, this
method uses tooth positions to determine jaw discrepancies, and it is counterintuitive: it’s hard to
imagine the transpalatal width would be the same
for a 6′4" NFL linebacker as for a 5′ ballerina.
Tamburrino and colleagues proposed using
each patient as an individual standard, demonstrating three different methods of measuring the relative width of the upper and lower jaws independent of the teeth. 47 Each method found that the
maxilla was 3-5mm wider than the mandible. The
easiest way to determine this measurement is from
a CBCT, but there are other methods described in
the article that don’t require one. In any case, it

Fig. 4 Relative widths of five groups of upper and lower jaws, divided according to angulation of posterior teeth.‡
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makes sense to use the patient as a standard to
avoid a population bias and to determine whether
the problem is a narrow maxilla (indicating sutural
expansion) or dental compensation, as in the inferior convergent group (indicating arch expansion).

Sutural Expansion vs. Arch Expansion
With rare exceptions, fixed expanders will
both expand the maxilla and tip teeth. The relative
amounts depend on where the force is directed,
whether the appliance is fixed or removable, and
the age of the patient. In general, the higher the
expansion screw relative to the centers of rotation
(position 1 or 2), the more force is directed toward
maxillary sutural expansion (Fig. 5). The more
inferior the expansion screw (positions 4, 5, or 6),
the more the forces will tip the teeth. Also, the
lower the position of the expansion screw, the more
“tongue space” it occupies, thus exacerbating OSA.
Fixed expanders direct more force toward sutural
expansion than removable appliances. Younger
patients also tend toward more sutural expansion
than more mature patients, whose sutures fuse at
about age 14-15 in females and 15-16 in males.48
All studies with before-and-after PSGs have
involved fixed expanders, turned at least once a
day, with subjects ranging in age from 7 to 14. To
make sense of the claims, however, it is useful to
differentiate the type of expansion in terms of how
the appliance is attached (fixed or removable), how
it is turned (rapidly or slowly), the position of the
expansion screw relative to the center of rotation,
the age of the patient, and the amount of facial
growth remaining. It’s a daunting task to sort

Fig. 5 Cross-section of upper arch indicating centers
of rotation of maxillary molars (courtesy of Dr. Ryan
Tamburrino).
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through all the variables.
So does expansion really affect OSA? The
answer is maybe and perhaps minimally, depending on what is meant by “expansion.” The true test
for sleep apnea is the overnight sleep study. There
are a number of studies49-52 showing a reduction in
AHI after rapid maxillary expansion (RME), with
improvements persisting at least 24 months past
RME treatment.51 There are also numerous studies
showing a reduction in OSA symptoms, 50,53 nasal
airflow resistance, 54 and bedwetting53-57 after
RME, which has numerous other positive effects
on children’s health.58
There are also studies that have compared
RME to slow maxillary expansion (SME) and suggested that the two approaches affect the maxillary
structures similarly. Whether this translates to an
equivalent improvement in OSA has not been
demonstrated.59 Turning the screw twice a day for
six days, followed by three turns a week for three to
four months, caused intraoral effects similar to those
of RME—namely, anterior displacement of the
maxilla.57,60 Martina and colleagues (using CBCT)
noted similar effects from RME and SME on maxillary structures in 10-year-olds.61 Wong found the
same pattern of results in 100 children with a mean
age of 7.7.62 I have not seen any studies of SME
using before-and-after PSGs. All the effects noted
were anatomical; because of the age differences of
the subjects, the variance in what constituted slow
expansion, and the different methods of measurement, it is difficult to compare SME to RME.
More recently, there appears to be a movement
toward using archwires and/or removable appliances to expand the maxilla—or even myofunctional
therapy to position the tongue palatally and thereby
expand the maxilla—under the erroneous belief that
expansion is positive and extractions are negative.
My practice has case reports demonstrating a dramatic improvement in AHI after only alignment and
development of “collapsed” archforms, with an AHI
of 52 before treatment and 6 after treatment.34
There is also evidence that sutural expansion
increases nasal airflow and reduces nasal resistance to some extent.63-65 This seems to be the
biggest differentiator between sutural expansion
and arch expansion. If we not only make the

JCO/january 2022

CHMURA

tongue space bigger, but also increase nasal airTongue Ties
flow, we get double the effect. Simply normalizing
Ankylogossia has been related both to OSA14
the size of the jaw doesn’t always result in proper
and
to
the development of orthodontic issues.69,70 It
tongue posture on swallowing. While myofuncis
relatively
straightforward to correct this problem
tional therapy has limited value as a stand-alone
in
an
orthodontic
office using a soft-tissue laser.71
66
solution for OSA, it is a wonderful adjunct for
Once
the
lingual
attachment
evaluation is a routine
retraining the tongue after expansion.
part
of
the
orthodontic
examination,
this can beOne of the newest additions to the expansion
come
a
helpful
way
to
improve
patients’
lives.
arsenal is the temporary anchorage device
67,68
Such devices are
(TAD)-supported expander.
often positioned within 1mm of the palate; rather
Extractions
than pushing on teeth for anchorage, they attach
Since the subject of expansion vs. extractions
directly to the palatal bone. As a result, all the
is a highly debated issue, a word about the studies
expansion force is directed toward sutural expanwe have regarding extractions and OSA. Stefanovic
sion and virtually none toward the dentition, proand colleagues compared 31 approximately 13-yearviding a dramatic enlargement of the nasal airway
old orthodontic patients, including a group who had
in addition to the tongue space. In addition,
four premolars extracted and a group of non
TAD-supported expanders open the door to nonextraction controls matched for age, sex, and phasurgical sutural expansion in young adults, with a
ryngeal airway size. Neither group showed any
concomitant improvement in OSA measurements
airway issues before or after treatment; both groups
and symptoms.
showed significantly enlarged nasopharyngeal and
Finally, a word about the multitude of new
oropharyngeal volumes as well as increased MCA.
so-called expansion devices being touted as the
The authors’ conclusion: “This study suggests that
latest, or biomimetic, solutions for sleep apnea.
either an extraction or non-extraction choice for
Nearly all of these are removable, with either a
orthodontic treatment would not
built-in expansion screw or finger
differently affect the pharyngeal
springs to move teeth and “exairway.”72 Since we know that the
pand” the jaw. I would suggest that
“The most predictable
airway is growing at this age,45 it is
these are not really new—they are
orthodontic-related
not particularly surprising to find
a step back to a time before modsolution for sleep apnea,
that MCA increased. When one
ern techniques were developed.
notes that the MCAs ranged from
There are no studies based on
at 93-100% effective55.05mm2 to 378.32mm2 at the bePSG data to confirm the efficacy
ness, is a combination
ginning of treatment, with a similar
of these devices. More important,
of orthodontics with
discrepancy at the end of treatment,
because they primarily tip teeth,
one has to wonder whether there
they are unlikely to improve nasal
double-jaw surgery.”
was a functional difference between
airflow; they might also push
the high and low MCAs.
teeth out of the bony housing and
Pliska and colleagues retrospectively studied
lead to dehiscences and recession, and they may
26 adults who had at least two premolars extracted
introduce balancing interferences due to tipping.
for orthodontic care, comparing their before-
Most critical, while getting some improvement in
and-after CBCT airway measurements to those of
airway, we may miss the opportunity to make as
48 nonextraction controls.73 They found no statismuch improvement as possible. Any one-size-fitstically significant differences between the average
all solution, regardless of how it is marketed,
before-and-after airway volumes or MCAs in the
should be used with caution. The process should
two groups, concluding: “These results suggest that
start with diagnosis, followed by the best treatdental extractions in conjunction with orthodontic
ment for each individual patient.
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treatment have a negligible effect on the upper airway in adults.” Note, however, that the mean total
airway MCA at T0 was 206.6mm2, with a standard
deviation of 98.4mm 2; at the end of treatment,
mean total airway MCA was 160.6mm 2, with a
standard deviation of 92.4mm 2. The treatment
change in total airway MCA for the extraction
group was –33.1mm2, with a standard deviation of
53.4mm2. I suspect the subject with an MCA of
68.2mm 2 would have a very different breathing
ability from the one with an MCA of 253mm2 (±1
standard deviation).
Larson and colleagues retrospectively compared a sample of 2,792 adults, 40-70 years old,
who had at least one premolar extracted in each
quadrant, to a control group of the same number,
matched for body mass index.74 There was no appreciable difference in the percentage of people
who had OSA between the extraction group
(10.71%) and the control group (9.56%).
What these studies have in common is that
they compared population averages with relatively
high standard deviations. They were not able to
control all the confounding factors, such as
before-and-after weight gain, amount of dental
crowding, severity of OSA, or number of subjects
never tested for OSA. Nonetheless, an AAO white
paper concluded that no orthodontic treatments,
including extractions, have been shown to cause or
increase the likelihood of OSA.75

Orthognathic Surgery
The most predictable orthodontic-related
solution for sleep apnea, at 93-100% effectiveness,
is a combination of orthodontics with double-jaw
surgery.32,76,77 In most such cases, both the maxilla
and the mandible are brought forward, but care
must be taken to preserve the esthetics of the face
and nose. In many patients, normalizing the palatal plane and then bringing the mandible forward
in a counterclockwise movement will maximize
the advancement without detracting from esthetics.
In the past, we would align the teeth first and
plan the surgery for 12-18 months into orthodontic
treatment. Today, with our enhanced technologies,
many practitioners are choosing a “surgery first”
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approach (described elsewhere in this issue of
JCO). Essentially, the orthodontist places brackets
and a passive wire with hooks, then the surgeon
normalizes jaw positions and corrects the apnea.
After surgery, the orthodontist finishes alignment,
but accelerates wire changes to take advantage of
the regional acceleratory phenomenon.

Conclusion
OSA and SDB are prevalent in our society,
and the majority of cases are undiagnosed and untreated. Those suffering from OSA/SDB will experience not only long-term negative consequences, but also a degradation in their day-to-day
quality of life. The Wisconsin Cohort Study, analyzing the life expectancy of 1,522 subjects, found
that subjects with severe OSA were 35% less likely to be alive 18 years later, compared to those with
normal AHI values.78
The most common solutions for OSA either
require patients to wear appliances for the rest of
their lives or are generally ineffective. While the
diagnosis is not ours to make, we orthodontists have
an opportunity to improve our patients’ health, in
addition to aligning their teeth, by screening all patients and family members for airway issues. As
orthodontists, we can alter the anatomy in a positive
way that can reduce the severity of OSA/SDB symptoms over the long term. In most situations, however, it will require more than one treatment to solve
OSA, making it crucial for every orthodontist to
develop a network of other professionals.
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