CONTINUING EDUCATION

3D orthopedic development for pediatric
Obstructive Sleep Apnea (OSA)

Dr. Steven R. Olmos offers information to raise awareness about the signs and treatment of OSA

his article seeks to evaluate the 3D

volumetric changes that are necessary
to treat pediatric Obstructive Sleep Apnea
(OSA). Adult static therapies are not
indicated for children. Children require
dynamic therapies to encourage and correct
skeletal development to improve sleep-
breathing disorders. Formulas for arch width
expansion are currently based on dental
space and skeletal calculations and are
not applicable nor are they validated in the
treatment of pediatric OSA. Treating children
with OSA requires a new formula of skeletal
development for both maxilla and mandible
based on correction of the immediate medical
problem evaluated by overnight sleep testing
called polysomnography (PSG) (attended) or
home sleep testing (HST) (unattended).

The awareness and treatment for OSA is
the fastest growing segment of dentistry. The
Council on Dental Accreditation now requires
a course in sleep pathology. The education
of sleep-breathing disorders in the under-
graduate dental curriculum in the United
States is less than 1 hour per year." All of the
education currently provided in dental school
curriculums and most postgraduate educa-
tion is based on the treatment for adults.

Successful treatment for adults includes
positive pressure devices, oral appliances,
oral soft tissue implants or surgery, nasal
surgery, bi-maxillary advancement surgery,
hypoglossal nerve stimulation, myofunctional
therapy, diet, exercise, or a hybrid of any of
the above. Unfortunately for most adults,
OSA can only be managed for the rest of
their lives.

In children, orthodontists have the ability
to make significant improvement and, in
some cases, cure the condition.?® This is
significant, as children with OSA have a
sevenfold risk of mortality and had greater
morbidity at least 3 years before their
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Educational aims and objectives
This article aims to raise awareness about the signs and treatment of 0SA.

Expected outcomes

Orthodontic Practice US subscribers can answer the CE questions on page XX to
earn 2 hours of CE from reading this article. Correctly answering the questions will

demonstrate the reader can:
e Recognize the risks of OSA in children.

Recognize some of the symptoms of OSA in children.

L]
e |dentify some orthodontic treatment options for children with OSA.
e Realize some of the symptoms and treatments for OSA in adults.

diagnosis. After diagnosis, OSA has been
associated with incidences of endocrine,
nutritional, and metabolic diseases (OR
1.78, 95% Cl 1.29 to 2.45), nervous condi-
tions (OR 3.16, 95% Cl 2.58 to 3.89), ENT
diseases (OR 1.45, 95% Cl 1.14 to 1.84),
respiratory system diseases (OR 1.94, 95%
Cl1.70 to 2.22), skin conditions (OR 1.42,
95% CI 1.06 to 1.89), musculoskeletal
diseases (OR 1.29, 95% CI 1.01 to 1.64),
congenital malformations (OR 1.83, 95%
Cl 1.51 to 2.22), abnormal clinical or labo-
ratory findings.* Children with OSA suffer
from immune suppression, attention deficit
hyperactivity disorders (ADHD), heart rate/
blood pressure variability, neurocognitive,
and endothelial inflammation.5®

Prevalence rates for pediatric OSA range
between 1.2% and 5.7%.%"" These figures
are likely low as screening for pediatric OSA
is not common in most medical or dental
practices.

The American Academy of Pediatrics
since 2012 has made the following
recommendations:

1. All children/adolescents should be

screened for snoring.

2. Polysomnography should be
performed in children/adolescents
with snoring and symptoms/signs
of OSAS."™

3D orthopedic treatment for pedi-
atric OSA

Treating children with OSA requires
immediate and effective therapy throughout
its course to ensure proper management
for this serious medical problem. Static

therapies used for adults to treat OSA
prevent proper skeletal development such
as CPAP (headgear effect) and static oral
appliances. Adult surgeries such as uvulo-
palatopharyngoplasty (UPPP), nasal correc-
tive surgery, and tongue reduction are
contraindicated in children.

Tonsil and adenoid surgery is effec-
tive for children for a short time; however,
studies show that there is a high relapse
after 6 months.'®'® Dento-facial develop-
ment in snoring children is not changed
by adenotonsillar surgery regardless of
symptom relief as stated in otorhinolaryn-
gology literature. It is recommended that
“If snoring persists or relapses, that ortho-
dontic maxillary widening and/or functional
training should be considered. Collabora-
tion between otorhinolaryngologist, ortho-
dontists, and speech language pathologists
is strongly recommended.”'” Enlargement of
the lymphatic tissue may be a consequence
of sleep-disordered breathing (SDB)."®

Palatal expansion has been shown to
reduce apnea, increase nasal volume, correct
skeletal deformities related to breathing
dysfunction, improve sleep-related symp-
toms such as fatigue, nocturnal enuresis,
conductive hearing loss, restore proper func-
tional nasal breathing, and uprighting head
posture.’9-25

Efficacy of orthodontic therapy for pedi-
atric OSA is increased when treated at
earliest onset of symptoms.?® Benefits of
palatal expansion for OSA symptoms have
been demonstrated to be long-standing in
12-year follow-up utilizing PSG and Epworth
Sleepiness Scale (ESS).?”
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Figure 1: 2.36% volumetric increase for each mm of expansion

(Reprinted with permission of Dr. Melih Motro)

Palatal expansion can be accomplished
with expansion devices and myofunctional
exercise therapies to increase nasal volume
and restore proper functional nasal breathing.
A recent study quantified the three-dimen-
sional increase of volume of the nose with
palatal expansion. It was found that there
is a 2.36% volume increase with each milli-
meter of transverse expansion (Figure 1).
Another important finding is that this ratio
was constant in the population base from
9- to 22-year-old patients.? This challenges
the belief that expansion is not possible in
adults. Optimal outcome is accomplished
with combined therapies.

Palatal expansion has been performed
for many years prior to the discovery of
sleep-breathing disorders. Expansion tradi-
tionally has been based on space necessary
for dentition and dental alveolar bone aligned
with opposing arch width, without evaluation
of nasal or sleep-breathing pathology.

A historical review of expansion measure-
ment guides has been dependent on space
for teeth.

Various arch width determination
methods are:

e Pont’s analysis (1909), which has
been disproven long ago, determined
the premolar width by muiltiplying
the sum of the four maxillary incisors
length (SI) by 100 divided by 80. The
molar width is determined by Sl x 100
divided by 64.

e Linder Harth Index uses the same
calculations with slightly different
numbers in his equation: SI x 100
divided by 85 for the premolar width
and S| x 100 divided by 64 for the
molar width (Figure 2).

e Korkhaus Analysis uses Linder
Harth’s formula and adds the
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Figure 2

Figure 3

length of a line that bisects the maxil-
lary centrals (Figure 3).

e The Bolton Analysis states that the
sum of the mesiodistal widths of the
12 mandibular teeth should be 91.3%
of the mesiodistal widths of the 12
maxillary teeth, and it is permissible
to extract teeth to accomplish this
ratio (Figure 4).

This may be the beginning of the thought
process for extraction for the space provided,
without regard to the underdevelopment of
the arches and their relative skeletal position
in regard to upper airway obstruction.

Proper functional breathing is through the
nose. Air is warmed, moistened, filtered, and
mixed with nitric oxide (NO) gas, which is
drawn from the maxillary sinuses where it is
concentrated up to 40 times. NO is important
in mucociliary flow of the sinuses to ensure
clearing of inhaled materials and irritants,
antimicrobial effect on the lungs to prevent

Figure 5: Four points of obstruction

respiratory function, and cardiac and periph-
eral vasodilation that can reduce blood pres-
sure.?>%8 |t has been recommended that the
final endpoint in treating OSA is restoration
of nasal breathing.*®
Establishing/developing patency of the
four points of obstruction (Figure 5) are
necessary to prevent orthodontic relapse,
(anterior or posterior open bite). This is most
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evident in cases that have been retained with
bonded anterior archwires and even orthog-
nathic surgery with fixation plates (Figures
6-10).4° Harvold, in his work with primates,
was the first to demonstrate craniofacial
deformations and skeletal open bite with
silicon obstruction of their noses.*’

A new paradigm is proposed that the
determination of expansion of the maxilla
and mandible in pediatric patients with OSA
be the optimal individual reduction of Apnea
Hypopnea Index (AHI) and respiratory effort-
related arousals (RERA), rather than the tradi-
tional space for dentition. (According to the
American Academy of Sleep Medicine, AHI
is an average that represents the combined
number of apneas and hypopneas that occur
per hour of sleep.)

Increasing oral volume and pre-
venting airway collapse (vertical
and phonetic bite)

In situations where the patient has
decreased lower face height and or deep
overbite, they suffer from a reduced oral
volume. These patients often present with
canted plane of occlusion, which can
predispose the patient to unilateral TM
joint pathology (Figure 11). These condi-
tions require increasing the oral volume in
a three-dimensional way. Understanding
that increases in volume can require small
3D changes rather than the traditional linear
techniques of opening (vertical), protrusive,
and lateral movements. In reality, these

Figure 9: Orthognathic fixation with posterior open bite

MESIOCCLUSIGON

Figures 12-14 (Used with permission of Dr. German Ramierz)
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movements are not linear and are best
described as pitch (AP cant), roll (lateral cant),
and yaw (rotational cant). The coined term
“Airway Centric” is a physiological 3D posi-
tioning that prevents airway muscle collapse
and increases oral volume, while improving
orthopedic positioning and function of the
TM joints.*? This technique is known as the
Sibliant Phoneme Registration, which has
been shown to prevent airway collapse in
adults and currently is being researched for
pediatric OSA patients.*® Preventing airway
collapse is key in the treatment of obstruc-
tive apnea.*

Using the Sibilant Phoneme position
as a starting point for vertical stabilization
corrects medio-lateral cant asymmetries,
so it is an ideal technique for appliances or
materials added to teeth to increase vertical
(Planas Tracks or development/expansion
appliances, Figures 12-14).%° The increased

Figure 10: Same patient

vertical is beneficial for inflammatory

conditions of the TM joints, which is often
comorbid with sleep-breathing disorders in
children. Uneven loading of the TM joints
in these asymmetric conditions may lead
to craniofacial deformity. One in six chil-
dren and adolescents have clinical signs of
TMJ disorders.

Figure 8: Middle and inferior soft tissue hypertrophy blocking
nasal airway on same patient

Figure 11: Cant of plane of occlusion in patient with AHI 118

Figure 15: Screw linear transverse expander
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Figure 16: ALF (Applied Lightwire Force)

Myofunctional therapy for maxillary
arch development

Exercises for the tongue and skeletal
muscles has been shown to be effective in
the treatment of OSA.“6 The tongue must
have the ability for proper movement in swal-
lowing, breathing, chewing, and speech.
Evaluation for tongue tie is an important step
and should be identified as early as possible.
Tongue tie can result in pathology as early as
breast feeding and lead to craniofacial defor-
mities and sleep-breathing disorders as it fails
to develop the palate normally.*” In a normal
swallow, the dorsum of the tongue presses
against the palate to develop the maxilla.

Myofunctional therapy includes exercises
that are specific for developing the palate,
improving lip seal, and nasal breathing.“%-5°

Figure 1

Figure 3
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Figure 17: Coiled NiTi spring expander

f’;;f XY ie=r

. o

When myofunctional exercises and therapy
from certified therapists are combined with
oral appliance therapy for OSA, temporo-
mandibular dysfunction (TMD), arch develop-
ment, fixed vertical increase in oral volume
(Planas Tracts), and orthodontic therapy, the
net effect is maximized.®'

Dynamic oral appliances (mandi-
bular advancement) are effective
treatment for pedo OSA

Static oral appliances have been shown
to be effective in treating pediatric OSA;
however, continued use would prevent
skeletal development.®2 These would include
transverse expansive appliances in a linear
fashion: screw, coiled NiTi springs. Examples
of three dimensional expansive techniques

Figure 2

Figure 4
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Figure 18: Quadhelix expander

Figure 19: NiTi palatal expander

would be NiTi wires, applied light wire force
(ALF), NiTi palatal expander, quadhelix).

Case Study

Seji, an 11-year-old boy, presented for
orthodontic treatment (Figure 1).

Expansion therapy was provided (Figure 2).

By all evaluations, it would seem that the
development was more than sufficient for
proper arch development and dental occlu-
sion (Figures 3-5); however, an overnight
sleep study (MediByte by Braebon) read by
a Board Certified Sleep Physician demon-
strates that he has an AHI (apnea-hypopnea
index) of 7.5. A child is diagnosed with OSA
(obstructive sleep apnea) if the AHI is greater
than 1. This young man has a moderate form
of OSA.
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Figure 5 Figure 6

Figure 7 Figure 8: Phonetic positioning

The TM joints and nasal skeletal relation-
ships are normal after expansion (Figures 6
and 7).

Treating pediatric OSA requires a 3D
development process with re-evaluations
of breathing in order to properly treat. This
requires a 3D mandibular correction to open
the airway and prevent collapse (Figure 8).

This is the position from which to deter-
mine orthopedic cephalometric evaluations
(Figures 9 and 10).

Crowding of dentition is the result of
retrognathia both maxilla and mandible.
Maxillary retrognathia is comorbid with devi-
ated septum and nasal obstruction. Nasal
obstruction results in mouth breathing and

Aisip? | . B

anterior open bite (malocclusion). It is recom- A—
mended that all children undergoing ortho-  Figyres 9-10

dontic therapy for underdeveloped maxilla,
dental crowding, malocclusion, and open
bite be evaluated for sleep-breathing disor-
ders. The hallmark symptom is snoring as
recommended by the American Academy of

octatrios. The BEARS pedatric sareenng Recommend screening of all orthodontic patients
or sleep-breathing disorders is an excel-

lent tool for this purpose. It has a range _ H H i i ;

ot s olsive of ot ohiden oo for sleep-breathing disorders, including snoring
adolescents.® This tool was developed by Ut|||Z|ng the BEARS Screening.

Dr. Judith Owens, professor at Harvard and
Director for Pediatric Sleep Disorders at
Boston Children’s Hospital. i
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BEARS Sleep Screening Tool

Preschool

(2-5 years)

School-aged

(6-12 years)

Adolescent

(13-18 years)

Bedtime problems

Excessive daytime
sleepiness

Awakenings during
the night

Regularity and
duration of sleep

Does your child
have any problems
going to bed?
Falling asleep?

Does your child
seem overlired or
sleepy a lot during

the day?

Does she still take
naps?

Does your child
wake up a lot at
night?

Does your child
have a regular
bedtime and wake
time?

‘What are they?

Does your child
have any problems
at bedtime? (P)

Do you have any
problems going to
bed? (C)

Does your child
have difficulty
waking in the
morning, seem
sleepy during the day
or take naps? (P)
Do you feel tired
alot? (C)

Does your child
seem to wake up a
lot at night? Any
sleepwalking or
nightmares? (F)

Do you wake up a
lot at night?

Have trouble
gelting back to
sleep? (C)

What time does
your child go to bed
and get up on school
days? weekends?
Do you think sfhe
is getting enough

Do you have any
problems falling

asleep at bedtime? (C)

Do you feel sleepy
alot during the day?
in school?

while driving? (C)

Do you wake up a lot
at night?

Have trouble getting
back to sleep? (C)

What time do you
usually go 1o bed on
school nights?

Weekends?
How much sleep do

sleep? (P) you usually get? (C)
Sleep-disordered Does your child Does your child Does your leenager
Breathing snore a lot or have loud or snore loudly or
have difficulty nightly snoring or or nightly? (P)
breathing at night?  any breathing
difficulties at
night? (P)
B bedtime probl E daylime sleepiness; Aawakenings during the night;

R regularity and duration of sleep; S sleep-disordered breathing; P Parent; C Child

Reprinted from Cwens and Dalzell [1]. Copyright © 2005, with permission from Elsevier,
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