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Figure 1. Study Envollment and Randomization.
Atotal of 464 chidren underwent randomization, with
226 children assigned to early adenotonsillectomy and.
22710 2 strategy of watchful waiting with supportive care.
Atotal of 194 children in the early-adenctonsillectomy
&roup and 203 in the watchful-waiting group were in-
cluded in the analysis of the primary outcome, the at
tention and executive-function score on the Develop-
mental Neuropsychological Assessment (NEPSY).
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Based on cephalometric analysis, pediatric patients compliant
with PAP for 2.5 yoars show overall maxilary retrusion,
counterclockwise tiping of the palatal plane, and flaring of the
maxlary incisors.
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HYPOTHESIS ANDTHEORY ARTICLE

o P

NEUROLOGY

Pediatric obstructive sleep apnea and the critical role of
oral-facial growth: evidences

Yu-Shu Huang' and Christian Guilleminault**

Stoap Makcins Dwison, Stan

Review of evidence in support of an oral-facial growth impairment in the
development of pediatric sleep apnea in non-obese children

|__NonObese |
T

Am J Orthod. 1981 Apr;79(4):359-72.
Primate experiments on oral respiration.
Harvold EP, Tomer BS, Vargervik K, Chierici G.

w

Mouth-breathing
was developed
in monkeys
by obstruction

of the nasal passages d
with silicon nose plugs
A "

BT ———————
g et s e et e v

o et ek e 1 4 s o B

changes in the function
of the masticatory muscles

All experimental animals
gradually acquired a facial
appearance and dental
occlusion different from those of
the control animals
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CHRONIC MOUTH BREATHING

« Clockwise rotation of
mandible
~ Molar supraeruption
~ Long lower facial height
— Retrognathic appearance

Roberts SL. AADSM 2016
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CHRONIC MOUTH BREATHING

+ Low tongue posture
~ Constricted maxillary
arch
« High arch palate
« Posterior crossbite
* Maxillary dental crowding
~ Wide mandibular arch
- Proclined mandibular
incisors
— Tongue thrust
— Speech complications

Roberts SL. AADSM 2016

TUTRICAL PRACTICr LLIINALCRruY

C iofacial morphological ch

istics

in children with obstructive sleep apnea

syndrome
A systematic review and meta-analysis

-
(mandibular plane angle)
- Retrusive chin
= Tendency toward anterior open bite and lip

mm Smaller nasopharyngeal airway spaces.

JADA 2013,144(3):269-277




Mouth breathing

Infections and enhanced growth of lymphatic fissue
Low fongue posture
Low mandibular posture

DGZS

DEUTSCHE GESELLSCHAST
ZAHNARZTLICHE SCHLAFMEDIZIN

The Emerging Role of Dental Sleep
Medicine in SDB
Prof. C. Sullivan, 2010

DENTISTS SHOULD PLAY
A CRITICAL ROLE IN:

Intercepting OSAS patients
Recognising the need for MF treatment
. Treating adult OSAS patients

. Treating children with RME

NN

RME: rapid maxillary expansion

1l ——mh

i

Several studies have demonstrated the effectiveness of RME in children
even if they present adenotonsillar hypertrophy
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Fig . Position basse de la langue. Insuffisance de développemer

nt transversal |
(daprés A Patt)

du maxillaire supérieur un

Rollet D. L'ORTHODONTIE FONCTIONNELLE ET LES EDUCATEURS COMPORTEMENTO-
FONCTIONNELS SOUPLES: EVOLUTIONS OU REVOLOTIONS ¢

ol Chimere, iskes.fr
f
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The purpose of maxillary expansion is to normalize
the diameter of maxillary bone and to achieve a
significative decrease of nasal resistances

TBaccettietf al.
American Journal of Orthodontics & Dentofacial Orthopedics 2010
C Enoki et al.
International Journal of Pediatric Otorhinolaryngology, 2006

KF Christie e al.
American Journal of Orthodontics & Dentofacial Orthopedics, 2010
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IWASAKI et al. Am J Orthod Dentofacial Orthop. 2012, 2013
SOKUCU et al, Angle 2009
GRACCO etal Angle 2010

—____Improved nasararway venmanon

Improved tongue posture

Enlargement of pharyngeal airway
Significant increase of palatal volume,

with insignificant relapse after 2,5 years
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Rapid Maxillary Expansion in Children with Obstructive Sleep Apnea Syndrome
Paca st 005" Mz Sapona, MO', Chistn Gulinau, ND, i

Tor Vergasa; “Deparimens of Neswology and ENT. La Sapienza Universiy, Rome ltay. *Stanford

stuty. The was 122 events pe hour. Al e

Objective:
Wit nasa breathing and tstnctve slee agnea. e

Method: Recrufmert cf chidren wit maclary it of
adonod ypeticghy. wihabody mass ndex < 24 W2 whchsucte

4month flowup, the anterio rhinomety was normal, and al chidren
had a0 apnea ypogrea index < 1 event per hou, The mean cross-sec
tonal expansin of the maxila wes 4.32 £ 0.7 . There was a mean

soep apnea syndrome domonstaled by and whoso
parerts sgred irformed consert. Otolryngobge and athognathicadon.
1009 evaluation wih cirical evakuaton, anterr hincmelry and nasd
eroscopy. panoramic radographs, areroposteror and lakeciter -
cephalometry were perfommed at enry and folow-.

Intorvention: Rapis milary exgansion (e, actve phase of teatment)
was performed fo 10 1o 20 days, maintenance of devce (or consolds-

increase 13203mm
Conclusion: Rapd maxiay expansico may be & usell apgeoach i
desling wih abnomal breating durng siesp

Kay Wors: Rape iy e, chucin o aa
drame, chidren. nasal openi
Gitaon: ol . Sporara i Gullmnait C. Ragd miry
560 in chithen wih otstucive sieep sgnea syndome. SLEEP 0

ton) and crthodonti ¥eatment on testh lasted 6 0 12 moris a
Results: 31 chidren (19 boys), mean age 87 years, paricpaled in the

Original Article

Airway compartments volume and oxygen saturation changes after rapid
maxillary expansion:
A longitudinal correlation study

Rosamaria Fastuca*; Giuseppe Perinetti’; Piero Antonio Zecca*; Riccardo Nucera®;
Alberto Caprioglio*

Angle Orthodontist, Vol 85, No 6, 2015

Table 1. Aeway Compartment Volumes and Respiratory Functionsl Parameters Recorded at Each Time Point (n = 16)*

Time Point
Parameter Baseine 12Mo Cranges

Total airway vokme (mmv) 16,995 + 5163 22389 + 7610

Upper sirway volume (m) 7716 + 3324 10021 + 3046 2305 = 1014
Micde airway volume (men’) 5856 = 2371 7001 = 2690 1144 = 835
Lowe airway volume (mr) 3451 = 1613 5368 = 2685 1915 = g82"

2 (%) 90751 961+ 45 5.
AHI {eventsh) 58+11 16+09 4221

D 79 show 5 e 2 €0 for e e, adas mean = SE o g cvr e
S50 coygen sskratr: AHL swneu'yscones e
Levels of signiicance: * P < 05, ™ P < 001




riginal Article

lapnea: a 12-year follow-up
PPaola Pirelli *, Maurizio Saponara °, Christian Guilleminault <*

of Tr Rome, el

Stanford Universty Siep Disorders Cinic, Redwood City, CA USA-

jective: i this study long: rapid max-

llary expansion (RME) in a group of children with obstructive sleep apnea (OSA).

ateial and method: Thity-one chidren diagnosed with OSA were involved in th study. These chil-
lat \denotonsils at baseline.

individuals (73% or the initial group) were followed up annually over a mean of 12 years after the com-
letion of orthodontic treatment at a mean age of 8.68 years. Eight children dropped out over time due
o either moving out of the area (n = 6) or refusal to submit to regular follow-up (n = 2). Subjects under-
Jwent clinical reevaluation over time and repeat polysomnography (PSG) in the late teenage years or i
heic early 205 During the follow-up period,eght children dropped out and 23 ndividuals(ncluding
10 girls) underwent a final clinical of 209 years). The final
™) pigghlry

fnent findings.
esults d d
kionnaire scores, were consistently normal over time, and PSG findings remained normal at the 12-year
follow-up period. The stability and maintenance of the expansion over time was demonstrated by the
fnaklary ase widch an the dstance ofthe prerygld processes measure usiog CTtmagig.
onclusion: A maxil
dulthood present stable, Iung term results post RME treatment for pet
©2015 Elsevier BV. All rights reserved.
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Rapid maxillary expansion (RME) for pediatric obstructive sleep @rm“_,‘

sl Arice
apid maxillary expansion (RME) for pediatric obstructive sleep
pnea: a 12-year follow-

ok Pl Ml Spueea . Gl

Table 1
Polysomnographic results immediately post treatment and at long-term (12 years)
follow-up.
Results after Resultsatlong ~ p-value
completion of term follow-up
initial RME (n=31) (n=23)
PSG parameters
AHI 04211 03109 NS
range 0-21 0-18 Ns
Nadir SpO2 (%) 95317 972215 Ns
% sleep time with Sp02< 92% 1311 1110 NS
Sleep efficiency (%) 892:77 90165 NS
Legend: AHI: apnea-hypopnea-index X sleep time with Sp02< 92%: percentage of
sleep-time spent below 92%.

Systematic Review

Rapid Maxillary Expansion for Pediatric Obstructive Sleep Apnea: A
Systematic Review and Meta-Analysis

Macario Camacho, MD; Edward T. Chang, MD, MS; Sungjin A. Song, MD; Jose Abdullatif, MD;
Soroush Zaghi, MD; Paola Pirelli, DDS; Victor Certal, MD, PhD; Christian Guilleminault, MD

Obfectives/Hypothests: o perorm o symemaii revew whth Inety-azsyss for sheep stdy owtcomes n childen who
oo wnderguns ropkd maxllhvy expansion (RME) as nnrmem  for bitrucive sleep apoes (0SA).
es: PubMed/MEDLINE and eight additi

w Methods: Three auhors independently and sysematicaly reviewed the internaionsl leratur through Feb-
ary 21,2016,

" * esult: Seventeen studies reported outcomes for 314 children (7.6 = 20 years o) with bigvarched and/or narrow
hard palates (transverse maxilary deficiency) and OSA. Data were lmlylrd based on follow-up duration: <3 years (314
patent) and >3 years (52 patients). For <34 -year folow-up. the pre- nd pust-RME apnea-typopues index (AHT) decreased

n = standard deviation (M * SD) of 89 = 7.0/hr 10 27 + 3:3/hr (70% reduction). The cure rate (AHI <1/hr)
for 90 patients for whom it could be calculated was 25.6%. Random effects modeling for AHI standardized mean difference

(SMD) i 154 lrge effct), Lowes caygen saurston (LSKT) improved from 87.0 = 5.1% to 960 = 27% Random efects
modeling for LSK SMD s 174 (large efect). A improved more in chidren with previous adenctonsiliectomy or smal ton-
sils (73-95% reduction) than Lo tonss (615 recucton). For =3 yeer oiow-up (range = 63-12 years),
the ANl was reduced from an M = 5D of 7.1 * S.3/hr 10 15 = L8/hr (79% reduction)

-onclusions: Improvement in AHI and lowest oxygen saturation has consistently been seen in children undergoing

RME, especilly in the short term (<3-year follow-up). Randomiaed trials and more stuies reporting long term data (>3-
yearfllowup) wld belp determine th effc of growth 3nd spotaneaus rescuton of O

- Dbtrucive slecp apnea, ey micine. Soe apnca e eviw: mekyansyss
Laryngoscope, 127:1712-1719, 2017
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In the long term

Baratieri C, Alves MJr, de Souza MM, de Souza Araujo
MT, Maia LC. Does rapid maxillary expansion have long
term effects on airway dimensions and breathing? Am
J Orthod Dentofacial Orthop. 2011 Aug; 140(2):146-56.

SYSTEMATIC REVIEW

Moderate evidence that in growing children improves
nasal breathing and that the result is stable
for at least 11 months after therapy

E uropean Joumal of Paediatric Dentistry 2015
The impact of rapid
M. Eichenberger, 5. Baumgartner palatal expansion
Departmentof Ortrodinics nd acaaricoenisry - ON Children’s general
University of Zirich, Switzerland health: a |ItePatuPe
review
Positive side effect of RPE Level of evidence
Yes  Unclear No High  Moderate  Low
Obstructive sleep apnea syndrome (OSAS)
Cistulli et al. 1998 X X
Pirell et al. 2004 X X
Villa et al. 200782011 X X

What is the role of tratment timing in the determinatio
of craniofacial modification following RME therapy?

- Patients treated before pubertal peak show
significantly greater short-term increase in the width
of the nasal cavities

- In the long term (minimum 5 years) maxilary
skeletal width was greater in the early-treated
patients

- RME treatment before pubertal peak is able to
induce more pronounced transverse craniofacial
changes at the skeletal level

Baccettiet al. Angle Orthod. 2001

10
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Is maxillary constriction the only predisposing factol

fo OSASe

GUILLEMINAULT et al. O and
y in the of OSAS in p children. SLEEH

2008

A significative difference has
been detected when the
patient underwent to a
combined treatment:
surgery + RME

...Miofunctional therapy
may increase stability

o displace « balloon

o
bl

Breath in through ot noetz and breath ot through the othe, using the thush
o close the other rostel o

contemporary wluation of th chis smusch

perpesbeubrly forwasd

Press one lip agaist the other eeping the teeth closed.

Vibnte the ips blowing out oisily

| movemest resembling that of & windscrven wiper

Bimaxillary expansion therapy for pediatric sleep-disordered
breathing

Stacey D. Quo *, Nelly Hyunh °, Christian Guilleminault ©*

«schoolof Denciry, Uiversity of Coforni ar San Francisca, San Franiec, A USA
Focuky of Dentswy, Unives de Moniréul, Monéréal Canada
Medicie Divison.Stnford Usiversity School of Medicine, Sanfod, GA. USA

L —p—
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Sagittal correction
of a short or retropositioned mandible
can increase the oropharyngeal space
and significantly decrease AHI

American Journal of Respiratory and Critical Care Medicine
2002 MP Villa et al.

Original Article

Class Il lion imp nocturnal ing in

9

Teresa Cristina Barros Schiitz'; Gladys Cristina Dominguez*; Marcia Pradella Hallinan";
Thays Crosara Abrahao Cunhar; Sergio Tufik®

12 months Herbst appliance:

- length of the mandible was increased

- antero-posterior position of the maxilla remained
stable

- posterior airway space was increased

- length of the fongue was preserved

- hyoid bone was moved to a more anterior position

- increase in airway volume

- decrease in numbers of obstructive events in PSG

12



Original Article

Correlation between skeletal changes by maxillary protraction and upper
airway dimensions

Ji-Won Lee*; Ki-Ho Park®; Seong-Hun Kim; Young-Guk Park"; Su~Jung Kim*

Sagittal correction of an underdeveloped maxillary

9-12 months Delaire Mask 6-8 years:

significant increase in  maxillary forward
displacement

- increase in nasopharyngeal space rather
than that of oropharyngeal space

improve tongue posture due fo the
increased space in the oral cavity caused
by the forward growth of maxilla

Cochrane  Tswevience

informed decisions,

Library setterheatth

Intervention Review

Oral appliances and functional orthopaedic appliances for obstructive sleep apnoea in children
Fernando R Carvalho'*, Débora A Lentini-Oliveira', Marco Antonio C Machado?, Humberto Saconato?, Lucila BF Prado’, Gilmar F Prado®
Editorial Group: Cochrane Oral Health Group

Published Onling: 18 APR 2007

Assessed as up-to-date: 14 FEB 2007

DOI: 10.1002/14651858.CD005520.pub2

Copygight © 2008 The Cochrane Collaboration, Published by John Wiley & Sons, Ltd,

Authors' conclusions
Atpresent there is no o state that oral appli functional orthopaedic appli are effective in the treatment of OSAS in children
Oral appliances or functional orthopaedic appliances may be helpful in the treatment of children with craniofacial anomalies which are risk factors for apnoe:

ORAL APPLIANCES
( ADULT PATIENTS)

Reposition and maintain the
mandible and tongue
anteriorly, increasing upper
airway volume and thus
decreasing resistance to
airflow.

Increase the resting tonicity in
the genioglossus and
palatoglossus muscles.

11/8/17
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Sites of Obstruction

Rama, A: Chest 2002; 122

Medline review of articles from /,“,::;:]m
1980-2002 to determine the most the
common sites of obstruction in studies of e
0SA
Sof paiste ol
i e

Although there was considerable variability
in techniques and results, the most
common Site of obstruction detected by
these studies was at the level of the
oropharynx (retropalatal and retroglossal)

SITES OF OBSTRUCTIONS

- Combination of the
\ . different sites of upper
* airway (UA) obstruction

242 som Total number of
obstructions at a given site
50 peaon of the upper airway for
each patient

[re—

Courtesy of Dr. Ulrich Sommer-Mannheim

AIRWAY VOLUME IS EXPANDED

Red = Tongue

Blue = Airway

Three Dimensional reconstructions courtesy of Alan A. Lowe, DMD, FRCD (C ), FACD

11/8/17
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Courtesy of Dr. Ghabi Kaspo. Detroit, MI

Airway Volume =

Courtesy of Dr. Ghabi Kaspo. Detroit, M|

Courtesy of Dr. Ghabi Kaspo. Detroit, M1
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WERICAN ACADEMY OF SLEEP MEDICINE

-4

&
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Indications for Oral Appliances
Sleep 2006;29(2):240-243

> Primary snoring

> Mild to moderate OSA who:
o Prefer OAs to CPAP
= Do not respond to CPAP
= Are not appropriate candidates for CPAP
- Fail treatment attempts with CPAP or behavioral

changes

- Patients with severe OSA who have failed an initial trial
of nasal CPAP [before considering OAs]

> Upper airway surgery may also supersede the use of OAs in
patients for whom these operations are predicted to be

TYPES OF ORAL APPLIANCES

There are more than 100 different OAs commercially

available; onlf few have been aEEroved by the FDA for the
managem TUCTIV

Two basic types:
> Mandibular repositioners; reposition and maintain the
mandible and tongue in a forward position

= There are also variations in which Ei_CPAP_connector %ap bﬁ
gar;%ne with an oral appliance, eliminating the need for head

> Tongue retainers; enga%e and hold only the tongue in a

forward position without affecting the mandible or teeth
(not FDA approved for OSA)

Oral appliances

Material

Cost

Retention

Mechanism of titration

Range of protrusion\advancement

Lateral movement

Comfort

11/8/17
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NON-ADJUSTABLE APPLIANCES

Snore Guard

ADJUSTABLE APPLIANCES

TAP

ADJUSTABLE APPLIANCES

SOMNODENT

11/8/17
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DREAM TAP

"'a—*‘
N

11/8/17

Compliance Monitoring

Effect of nasal or oral breathing route on upper airway resistance
during sleep

MF. Fitzpatrick*, H. McLean*, AM. Urton*, A. Tan*, D. O'Donnell*, H.S. Driver"

Eur Respir J 2003; 22: 827-832.

Upper ai
are significant

y resistance §uring sleep and the propensity tofobstructive sleep .lpnoea
ower_while Dreathing nasallv_rather ( orally

advantage may explain the preponderance of nasal breathing during sleep in nnrm.\l
subjects.

18



1 Physiol 5743 (2006) pp 850-866 E:

Influence of breathing route on upper airway lining liquid
surface tension in humans

Manisha Verma'-*, Margaret Seto-Poon'-*, John R. Wheatley'2, Terence C. Amis'-*
and Jason P. Kirkness'>

P < 0.001; linear regression). We conclude that oral breathing increases and nasal breathing
decreases the v of UAL in healthy subjects during wakeful We speculatethat nasalbreathi

e a low 7y of UAL that maytunlribu(e to reducing I
the severity of sleep-disordered breathing.

11/8/17

Dream Tap with Mouth Shield

=

TRIAL ORAL APPLIANCES

19



MyTap with Mouth Shield

11/8/17

SIDE EFFECTS OF ORAL APPLIANCES

Very common, but most often are minor and transient and
quickly resolve upon removal of the appliance

- Excessive salivation
- Dry mouth

= Tooth discomfort

< Jaw or muscle pain

- Di or damage of r
= Changes in occlusion

OCCLUSAL CHANGES

® POSTERIOR OPEN BITE IS COMMONLY
EXPERIENCED UPON REMOVAL OF THE
APPLIANCE IN THE MORNING

CHARACTERIZED BY PERSISTENCE OF THE JAW

IN A FORWARD POSITION RESULTING IN

® HEAVY CONTACT ON THE FRONT TEETH
(INCISORS)

® LITTLE OR NO CONTACT ON THE BACK
TEETH (MOLARS)

USUALLY RETURNS TO NORMAL WITHIN A FEW
SECONDS OR MINUTES AFTER REMOVAL OF THE
APPLIANCE

® CAN BE ACCELERATED BY ATTEMPTING TO
SQUEEZE TOGETHER ON THE MOLARS (MAY BE
FACILITATED BY USE OF A LEAF GAUGE)

20



Long-term sequellae of oral appliance therapy
in obstructive sleep apnea patients: Part 2.
Study-model analysis

— At A Lowa.” Ry
and Satory Tsumr
Vancomer, Brsh Colsmbis, Canads, Toky, Jpan, and Tehra, I

CLASS Il Division |

CLASS Il Division 2

Amerien o of Ot e Dol O

Fayorable, m
25(43,4%%)
Change m

60 (85.75%)

;

Fig. 2. The occlusal changes in 70 patients after an average of 7.4 years of MAS use.

« Retroclination of the maxillary incisors
« Distal tipping of the maxillary molars
« Proclination of the mandibular incisors

« Mesial tipping of the mandibular molars
« NO Changes in condyle position
Fig. 3. Dentoalveolar changes after 9 years of MAS use.

11/8/17
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LONG TERM SIDE EFFECTS

From European Respiratory monograph. December 2010

MDIGIOSIAQUNC.EDU
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