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Sleep Med Clin. 2016 Jun;11(2):173-87. doi: 10.1016/j.jsmc.2016.03.001.
Novel Approaches to the Management of Sleep-Disordered Breathing.

Morgan TD'.

"They want to know if they can have their arrows back."
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Menn SJ, Loube DI, Morgan TD, Mitler MM, Berger JS, Erman MK. The
mandibular repositioning device: role in the treatment of obstructive

sleep apnea. Sleep. 1996 Dec;19(10):794-800.
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Exhibit 4 - OSA Pati Method in the US
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1Frost & Sullivan, Vital Signs, The Price of a Good Night’s Sleep: Insights
into the US Oral Appliance Market, January, 2015

Over the past decade, the body of scientific evidence addressing the use of
oral appliance therapy and associated clinical outcomes has grown
considerably?

The U.S. oral appliance market for OSA is projected to double by the year
20202

Exhibit | — US Market for Oral Appliances for Obstructive Sleep Apnea (2013-2020)
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1Ramar, K. et al., Journal of Clinical Sleep Medicine, Vol. 11, No. 7, 2015.
2 Frost & Sullivan, Vital Signs, The Price of a Good Night’s Sleep: Insights into the US Oral
Appliance Market, January, 2015
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Ramar K, Dort LC, Katz SG, Lettieri CJ, Harrod CG, Thomas SM, Chervin RD.
Clinical practice guideline for the treatment of obstructive sleep apnea and snoring with oral
appliance therapy: an update for 2015. Journal of Dental Sleep Medicine 2015;2(3):71— 125.

Ramar K, Dort LC, Katz SG, Lettieri CJ, Harrod CG, Thomas SM, Chervin RD.
Clinical practice guideline for the treatment of obstructive sleep apnea and snoring with oral
appliance therapy: an update for 2015. Journal of Dental Sleep Medicine 2015;2(3):71— 125.
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Hoffstein V, Review of oral appliances for treatment of sleep-disordered breathing. Sleep Breat
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Kushida CA,
Morgenthaler, Littner
MR

Ferguson,
Cartwright, Rogers,
Schmidt-Nowara

Chan AS, et al

Schwarting S, et al

Oral appliances for OSA — Cochrane Database

Practice parameters for the treatment of
snoring and OSA with oral appliances: An
update for 2005

Dental appliance treatment for OSA

Royal Surrey County
Hospital

SLEEP

CHEST

! CONCLUSION

therapy to patients with mild sympathetic OSA,
or those unable/unwilling to tolerate CPAP
therapy

MRD’s indicated for use in patients with mild to
moderate OSA who prefer them to CPAP
therapy, or fail treatment attempts with CPAP
therapy

Literatue rev of OA therapy for OSA now
provides better evidence for the efficacy of this

modality and guid: garding
frequency of adverse effects

MRD’s less efficacious than CPAP, but generally
preferred by patients

Position paper on the use of
advancement devices in adults with sleep
related breathing disorders

P 7 y Society Task Force on
Non-CPAP therapies in sleep apnoea

DG Z8-G Society
Dental Sleep Medicine

ERJ

hasis on i isciplinary app of MRD
therapy and suggests treatment under
guidance of dentists trained in sleep medicine

upported
tomy
seems as efficient as CPPA in patients who
refuse conservative tx. UPPP, pillar implants and
hyoid suspension should only be considered in
selected pts where risk of Ig term side effects
are considered.

Holley AB, Lettieri CJ, Shah AA Efficacy of an adjustable oral appliance and comparison with
continuous positive airway pressure for the treatment of obstructive sleep apnea syndrome.

Chest. 2011 Dec;140(6):1511-6.
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Holley AB, Lettieri CJ, Shah AA

Efficacy of an adjustable oral appliance and comparison with continuous positive airway
pressure for the treatment of obstructive sleep apnea syndrome. Chest. 2011 Dec;140(6):1511-6.
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From Sullivan, 1981
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Without MRD: pharynx is collapsed With MRD: pharynx is open
and airflow is blocked and air flows freely
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Endoscopic velopharyngeal images
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“"When CPAP doesn't bring a grin,
remember to advance the chin”
_Todd Mo
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Neural mechanisms
(Pharyngeal dilator muscle contraction)
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anterior

Image by Douglas L. Chenin, DDS. Director of Clinical Affairs, Anatorage. Adjunct Faculty, UOP Dental School Ortho. Dept.

Sutherland et al. Sleep 34: 469-477, 2011
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Volumetric Reconstructions of the Upper Airway in a Responder
Showing the Increase in Caliber of the Upper Airway With
Mandibular Advancement (MRI)

Without MAS With MAS

“Subanalyse§gn responders and non-responders to MA

treatment shQWed that the increase in upper airway
calibre with,mgp'd\ibular advancement occurred only in
respondersJ’l i

Airway volume 12.6 cm? Airway volume 14.7 cm?

Chan et al. Thorax 2010;65:726-732 o ‘
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CBCT: Hyoid Loses Density with Progression of
Disease?

NAVE Moderate Mild OSA
Non-Positional Positional OSA

DISE
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Drug-induced sleep endoscopy as a selection tool for mandibular advancement therapy by oral device in
patients with mild to moderate obstructive sleep apnoea. Acta Otorhinolaryngol Ital. De Corso E,
Bastanza G, Della Marca G 2015 Dec;35(6):426-32.
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Neural mechanisms
(Pharyngeal dilator muscle contraction)
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Apneic Subject Normal Subject

BMI: 34.2 kg/m? BMI: 35.0 kg/m?

AHI: 59.1 events/hour AHI: 9.6 events/hour
Tongue Volume: 95,492 mm? Tongue Volume: 65,674 mm?
Tongue Fat Volume: 41.686 mm? Tongue Fat Volume: 16,056 mm®
Tongue Fat Percentage: 42% Tongue Fat Percentage: 24%

Tongue fat and its relationship to obstructive sleep apnea. Kim AM, Keenan BT, Jackson N,
Chan EL, Staley B, Poptani H, Torigian DA, Pack Al, Schwab RJSleep. 2014 Oct 1;37(10):1639-48.

Pharyngeal dilator muscle contraction




Stanford Morphometric Model
P+ (Mx - Mn) = 3 x OJ+ 3x (BMI - 25) x (NC/BMI)

P = palatal height

Mx = maxillary intermolar distance
Mn = mandibular intermolar distance
OJ = overjet

NC = neck circumference

BMI = body mass index

“Model has clinical utility and predictive values for
patients with suspected obstructive sleep apnea™

D24 Modern (1940) high palate / small posterior aperture

A predictive morphometric model for the obstructive sleep apnea
syndrome. Kushida CA', Efron B, Guilleminault C. Ann Intern Med. 1997 Oct
15;127(8 Pt 1):581-7.
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versus

Tsuiki S, Isono S, et al, Anesthesiology, 2008

Ethnic differences in OSA risk factors

T
Obesity

Chinese A Caucasian
Upper airway obstruction

3

Lee etal. SLEEP 2010 "*%4
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2. Weiss TM, Atanasov S, Calhoun KH.
The Association of Tongue Scalloping With Obstructive Sleep Apnea and Related Sleep
Pathology Otolaryngology -- Head and Neck Surgery December 2005

One point increase ==

Sleep. 2006 Jul;29(7):903-8. Physical examination: Mallampati score as an independent
predictor of obstructive sleep apnea. Nuckton TJ', Glidden DV, Browner WS, Claman DM.
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Herbst
T Telescopic
Appliance

(Thermoactive
Material)
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Tanzawa H, Nishino T

AHI IN DIFFERENT MANDIBULAR POSITIONS

ows

Am J Orthod Dentofacial Orthop. 2004 May;125(5):548-55. Effects of an anteriorly titrated mandibular position
on awake airway and obstructive sleep apnea severity. Tsuiki S', Lowe AA, Almeida FR, Fleetham JA.
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Differences in AHI based on MAD titration
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Differences in Snoring based on MAD Titration
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Low-5.5mm

ayvng
SN

High - 8.0mm

Accommodates full range of arch widths

~

p<0000|"';p<0,05'\ p<001*%;p<005* A

Apnea Index

Overall Supine Non-supine Overall Supine Non-supine

M Untreated M Apnea Guard i Custom MRD ) \ MUntreated M Apnea Guard M Custom MRD )

Levendowski DL, Morgan T et al. Initial Evaluation of a Titration Appliance for
Temporary Treatment of Obstructive Sleep Apnea J Sleep Disord Ther 2011

31



10/1/16

El-Solh et al. Sleep Breath. 2011 May;15(2):203-8
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El-Solh et al. Sleep Breath. 2011 May;15(2):203-8
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Singh GD et al. Dent Today 2011
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