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My Journey into the Sleep The Father of Sleep

William Charles Dement
(July 29, 1928 – June 17, 2020)

World 1st sleep Clinic and Lab at Stanford
Discovered 5 stages of Sleep

Establish Full Sleep Study ( Polysomnography )
Invented AHI ( Apnea-Hypopnea Index)

Founder of American Academy of Sleep Medicine

“The paper I wrote on REM sleep
was rejected five times before it was
finally accepted for publication.”
--William Dement,1957s.

Rapid Eye movement
(REM)

The Father of Sleep

William Charles Dement
(July 29, 1928 – June 17, 2020)

World 1st sleep Clinic and Lab at Stanford
Discovered 5 stages of Sleep

Establish Full Sleep Study ( Polysomnography )
Invented AHI ( Apnea-Hypopnea Index)

Founder of American Academy of Sleep Medicine

Christian Guilleminault
(1938–9 July 2019)

Coined the term “ Obstructive Sleep Apnea Syndrome”
Described “ Pediatric Sleep Apnea”

Coined the term “ Upper Airway Resistance Syndrome”
Invented AHI ( Apnea-Hypopnea Index)

Founder of World Association Sleep Medicine

Professional Experience 
Clinical Professor
Sleep Medicine division 
Department of Psychiatry and Behavioral Sciences
Stanford University,  School of Medicine

Now we have “dental sleep medicine specialty clinic”
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Professional Experience 
Director : Dental Sleep Medicine Clinic
Department of Orthodontics
University of the Pacific, Arthur A. Doguni School of Dentistry

Now we have “dental sleep medicine clinic” under orthodontic department

Professional Experience 
Director : Dental Sleep Medicine Clinic

Department of Orthodontics
University of the Pacific, Arthur A. Doguni School of Dentistry

Now we have “dental sleep medicine clinic” under orthodontic department

Now we have “Sleep Disorder Screening”  as part of a new pt exam for all university pt

Sleep Questionnaire is mandatory ! 

Sleep Disorder Course for Undergrad Dental Students as part of curriculums

Pacific Dental Sleep Medicine Fellowship for orthodontist 

Education
Class / Course

How to read Sleep Study
Understand pathophysiology

Understand Sleep Study

Clinical Experience
Experience/ learn clinical skills

Oral appliance
DOME/MMA Surgery

Craniofacial development 
Growth Modification

Multidisciplinary Approach
Work with Stanford Sleep Medicine and Sleep Surgery 

Establish network
How to communicate and work as a team

Research
Establish evidences

Leading SDB researching centre

World DentoFacial Sleep Society
https://dentofacialsleep.org/

2026

Please Join Us !

WDSS 2026 June 14-15, 2026
Baltimore, MD, USA
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• Increasing level of awareness of sleep apnea 
and related health issues

• Role of dental and orthodontic professionals 
in screening and treating sleep apnea patients

Why  Sleep  ?
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Malocclusion can be a sign of other medical conditions

Orthodontic 
Treatment 

Surface Meaning : Malocclusion
(Narrow, high arch maxilla
Retrognathic mandible 

Vertical Growth Pattern, 
Openbite)

Deeper Meaning : Nasal Obstruction
Mouth Breathing
Abnormal Tongue Postures
Sleep Disordered Breathing
TMJ disfunction 
Myofunctional Disfunctions

Airway affects development of malocclusion

Zone of Equilibrium : Neutral Zone
The forces of tongue pressing outward are neutralized by the forces of the cheeks and lips

Chewing, speaking, swallowing and Breathing

Marc Geissberger. Esthetic Dentistry in Clinical Practice. John Wiley & Sons, 2013. ISBN 9781118694930.

Zone of Equilibrium : Neutral Zone

Tongue Posture 
Relates to Habits, Tongue Tie, Mouth breathing, Nasal 
Blockage,  Adenoids and tonsils, Allergies and Asthma

Low tongue posture

Narrow, high arch palate

Tongue Posture 
Anterior                                           Class II /Open                                      Class III
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Relationships among nasal resistance, adenoids, tonsils, and tongue posture and 
maxillofacial form in Class II and Class III children.

Iwasaki T et al,  Am J Orthod Dentofacial Orthop. 2017 May;151(5):929-940.

Class II with nasal 
obstruction 
with enlarged tonsils
: Tongue & Hyoid bone  
are low

Class III without nasal 
obstruction 
with enlarged tonsils
: Tongue is inferior and 
pushed forward 

Class III without nasal 
obstruction 
with small tonsils
: Tongue is unaffected, 
inferior due to big Mn

Page 21

Interdisciplinary OSA Treatment Protocol

OSA Pt 

Non- Growing Pt 

PAP Therapy

Sleep Surgery

Oral Appliance
Therapy

Growth
Modification 

Growing Pt 

Page 22

• Medical Treatment is not always successful or 
indicated for pediatric patient with OSA

• Dentists may provide valuable alternative and 
adjunctive treatment options for pediatric OSA

Why  Pediatric Sleep / Growth Modification ?

Conclusion: Early diagnosis and intervention are critical in managing PSDB. Dentists, through 
screening and early treatment, can significantly influence craniofacial growth and health outcomes. A 
multidisciplinary approach is essential for effective management, improving the quality of life and 
long-term health of affected children.
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Craniofacial anatomical determinants of pediatric sleep‐disordered breathing: A comprehensive review
Kyung-A Kim , Su-Jung Kim, Audrey Yoon Journal of Prosthodontics: 18 November 2024   

Pathophysiologic factors of pediatric OSA

Craniofacial anatomical determinants of pediatric sleep‐disordered breathing: A comprehensive review
Kyung-A Kim , Su-Jung Kim, Audrey Yoon Journal of Prosthodontics: 18 November 2024   

Influence of sleep‐disordered breathing on orofacial growth

Mouth Breather             vs             Nasal Breather 

OSAS : A child is not just a small adult

■Airway is growing ! 
: Craniofacial growth 
Skeletal growth 

• Cranial Base
• Nasomaxillary Complex 
• Mandible

Pharyngeal  growth 
Soft Tissue growth
Brain/ Neural Tissue growth

Key to Pediatric SDB 

1) Recognize risk factors Early
2) Treatment for a long
Stability : Structure and Function 
• Maximize growth potential
• Improve muscle tone and 

response
• Orofacial growth modification 

*                Ultimate goal of Pediatric SDB   
Nasal Breathing + Promote positive orofacial growth
• Lip together, Tongue on the palate
• 100% Nasal Breathing  Promote positive orofacial growth 

25 26
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Understanding 
Airway Anatomy

Anatomic Basis

Pharynx Anatomy
■Nasopharynx:
• Base of the skull to soft palate
• Adenoid tonsils
■Oropharynx:  
• Soft palate to superior border of 

the epiglottis.
• Lingual tonsils, Palatine tonsil
• Superior Pharyngeal Constrictor 

muscle.  
■Laryngopharynx:
• The superior border of the 

epiglottis and inferior border of 
the cricoid cartilage.

• Middle and inferior Pharyngeal 
constrictors

What is Origin of Pharyngeal Collapse?
Sleep Med. 2003 May;4(3):185-94.

The Great Leap Forward: the anatomic basis for the acquisition of speech and obstructive sleep apnea.    
Davidson TM1.

■Other mammals and the infant human have velo-
epiglottal Overlap
■The Oro-pharynx is UNIQUE to humans  
■This open area of throat between soft palate and 
epiglottis non-intranarial airway is unique to 
humans makes it possible to choke to death on 
aspirated food

Will show you endoscopy
: know your anatomy !

Fiberoptic Nasopharyngoscopy
■Determines level of 
obstruction
■Provides behavior of 
airway collapse 
■Technique
○supine (i.e., in a sleeping 
position)
○snore maneuver
○Jaw thrust maneuver
○Mueller maneuver- inspire 
against a closed airway

31 32
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In Office Nasopharyngoscopy Sites of airway collapse ( Drug Induced Sleep Endoscopy) 

Tonsil
Pharyngeal wall collapse 

Velum Tongue Base ( AP collapse) 

37 38

39 40

41 42



3/13/2026

8

Epiglottis
Lower Pharyngeal Wall Collapse

Epiglottis Collapse

Concentric Circumferential 
Collapse

Tonsils

A-P Collapse ( Tongue Base)

Where does snoring coming from ? 
( Drug Induced Sleep Endoscopy ): Uvula, Tongue, Arytenoid Guess what is the problem of this patient?

Courtesy of Dr Stanley Liu, MD, DDS
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*  VOTE classification, 2 of 3 patients showed an improvement in their tongue level, from 2A-P (complete 
anteroposterior collapse) to 1ap (partial anteroposterior collapse). 3rd pt showed no changes

Sleep Breathing Disorder: Where are we ?

2018 ADA Policy
Dentistry’s Role in Sleep Related 
Breathing Disorders

 Screen patients for SRBD as part of a comprehensive 

medical and dental history

 Recognize symptoms such as sleepiness, choking, 

snoring or witnessed apneas and an evaluation for risk 

factors such as obesity, retrognathia, or hypertension

 Refer as needed to appropriate physicians for proper 

diagnosis.

2018 ADA Policy
Dentistry’s Role in Sleep Related 
Breathing Disorders

 In children, screening through history and clinical 

examination may identify signs and symptoms of deficient 

growth and development, or other risk factors that may lead 

to airway issues. If risk for SRBD is determined , intervention 

through medical/dental referral or evidenced based 

treatment may be appropriate to help treat the SRBD and/or 

develop and optimal physiologic airway and breathing 

pattern.

■AAPD Guideline - Policy Statements
• Screen patients for snoring and sleep-related breathing 

disorders, OSA
• Assess the tonsillar pillar area for hypertrophy
• Assess tongue positioning 
• Recognize obesity
• Recognize craniofacial anomalies may be associated with OSA
• Refer to an appropriate medical provider ( ENT, Sleep 

physician, pulmonologist)
• Consider non-surgical intraoral appliances after a complete 

orthodontic/craniofacial assessment of the patient’s growth 
and development as part of a multi-disciplinary approach

AAO White Paper:  Obstructive Sleep Apnea and Orthodontics

49 50
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AAO White Paper:  Obstructive Sleep Apnea and Orthodontics

?

AAO White Paper Update  2026

1.
SDB encompasses a spectrum of breathing abnormalities, ranging from habitual snoring to OSA. 
SDBs can significantly impact the developing child and adults, and early detection is beneficial. 
Only a physician can diagnose SDB, and no SDB-related intervention is appropriate before proper 
diagnosis. Patients with SDB are ideally cared for with an interdisciplinary team.
2.
Current evidence does not support that any orthodontic intervention, such as maxillary expansion or 
functional appliances, can prevent the development of SDB. There is no evidence to support the 
prophylactic use of pediatric palatal expansion as a preventive measure for SDB at any age. 
3.
Current evidence does not support that orthodontic tx is a stand-alone therapy for managing SDB.

AAO White Paper Update
4.
No currently known craniofacial phenotypes can identify the presence of SDB.
5.
Imaging analysis of the upper airway, such as widths, volumes, and areas, using cephalograms or CBCTs, 
is not suitable for diagnosis, risk assessment, or outcome assessment of intervention in SDB. This finding 
differs from the 2019 white paper.

6.
The use of validated questionnaires is an effective method for assessing SDB risk. Once a risk is identified, a 
referral for a definite diagnosis by a physician is strongly recommended before any intervention.
7.
Current evidence does not support ankyloglossia as an SDB etiology. Routine frenectomy is not 
recommended for SDB prevention or treatment.
8.
Current evidence does not support that traditional orthodontic procedures and mechanics, such as 
extractions and distalizing mechanics, affect the etiology or increase the likelihood of any SDB.
9.
It is strongly recommended that the management and treatment of SDBs be an interdisciplinary 
collaboration between dental and medical health care professionals.

Evaluation of Current Screening and Treatment Patterns for Pediatric 
Obstructive Sleep Apnea Among Practicing Pediatric Dentists in the United 

States:  A Pilot Study
Pediatric Dent 2016 Oct 15;38(5):393-397.

RESULTS:
 43.2% of respondents were uncomfortable or very uncomfortable 

screening for OSA/SDB
 61.4% indicated no formal training in OSA/SDB during residency

CONCLUSIONS:
 While awareness of OSA and SDB is high among pediatric dental specialists, 

educational opportunities are limited, routine screening is not standard, and 
treatment is not commonly provided.

ASKED 6,017 active AAPD members ( Pediatric Dentists)  : 7 % response rate

The Prevalence of Pediatric Dentists Who Screen for OSA
Journal of Dental Sleep Medicine 2017;4(1):5-10

RESULTS:
 70 % of pediatric dentists do some form of screening for OSA 
 Young Pediatric dentists ( < 5 yrs practice ) vs Old Pediatric 

Dentists ( >30 yrs practice) = 82 % vs 60 % 
 Western States vs Northeast States = 82 % vs 60 % 
 72 % pediatric dentist report lack of confidence regarding their 

capability for OSA screening. 

CONCLUSIONS:
 The need for pediatric dentists to become more aware of OSA 

screening.
 The screening tools need to be improved more accurately and 

confidently. 

55 56
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History, Questionnaires, examination 
are the keys to identifying patient at 
risk for SDB

Screening

Nighttime Symptoms of Pediatric SDB

 Snoring ( > 3 nights/wk), Noisy Breathing
 Breathing Pauses/ Gasping
 Restless Sleep :toss & turn, position changes
 Paradoxical chest and abdominal motion
 Bruxism
 Sleeping in odd positions ( such as hyperextended neck ) 

in order to open the airway or sleep sitting up
 Night Sweats - indicate increased effort to breathe
 Bed Wetting – Nocturnal Enuresis
 Recurrent Nightmares or night terrors 

Daytime Symptoms of Pediatric SDB

 Sleepiness and Fatigue
 Difficulty to wake up
 Mouth breathing – Dry mouth, inflamed gingiva
 Cognitive and Behavioral Issue— irritability, crankiness, frustration, mood 

changes,  hyperactivity, and difficulty paying attention. ADHD ?
 Learning and Academic Challenges - poorly in school, labeled as “slow” or “lazy”
 Frequent tonsils, adenoids, ear infections, nasal obstruction 
 Frequent headaches 
 Stunted growth

Nighttime Symptoms of Adult SDB

 Loud, Chronic Snoring
 Witnessed Apneas 
 Gasping, Choking, or snorting during sleep
 Restless, fragmented Sleep
 Bruxism
 Frequent Nocturia ( nighttime urination) 

Daytime Symptoms of Adult SDB

 Excessive daytime sleepiness
 Morning headaches
 Fatigue and low energy
 Poor concentration
 Memory loss, or focus
 Mood changes — irritability, depression, anxiety
 Dry mouth

61 62
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Long Term Consequences of SDB

■Cardiovascular Risks 
○Hypertension (oȅen resistant to medications), Atrial fibrillation, arrhythmias
○Increased risk of myocardial infarction (heart attack)
○Stroke and transient ischemic attacks (TIAs)
○Heart failure progression (both systolic and diastolic)
○Pulmonary hypertension
■Metabolic & Endocrine Disorders 
○Insulin resistance and impaired glucose tolerance, Increased risk of type 2 diabetes
○Metabolic syndrome (obesity, dyslipidemia, hypertension, insulin resistance)
○Weight gain and difficulty losing weight (due to hormonal dysregulation: leptin/ghrelin 
imbalance)

Long Term Consequences of SDB

■Neurocognitive & Mental Health 
○Impaired memory, learning, and executive function
○Poor concentration and decreased productivity
○Depression, anxiety, and irritability
○Increased risk of dementia and neurodegeneration (Alzheimer’s, Parkinson’s )
■Accidents & Safety Risks 
○Excessive daytime sleepiness → motor vehicle accidents
○Higher risk of workplace accidents, reduced vigilance and reaction time
■Other Systemic Effects 
○Increased perioperative risks Association with chronic kidney disease
○Worsening gastroesophageal reflux disease (GERD)
○Reduced life expectancy overall

Pediatric Sleep Questionnaire  ( PSQ ) - Children 

Chervine et al.  Pediatric sleep questionnaire: Validity and Reliability of scales for sleep disordered breathing, 
snoring, sleepiness, and behavioral problems, SLEEP MEDICINE 2000; 1:21-32

If eight or more “ Yes”, consider referring for sleep evaluation

Pediatric Epworth Sleepiness Scale (ESS- CHAD) Epworth Sleepiness Scale (ESS)

• ESS Scores increased with the severity of OSAS
• A score of > 9 was found to correlate to an RDI of 30 
- Gottlieb, D et al. Am J Respir Crit Care Med. 1999 Feb;159(2):502-7

• ESS Scores significantly distinguished primary snoring from OSAS
- Johns, M. Sleep. 1991 Dec; 14(6):540-5

Interpretation 
0-7 : unlikely abnormally 
sleepy
8-9 : Average daytime 
sleepiness
10-15 : Excessively sleepy, 
may want to consider seeking 
medical attention
16-24 : Excessively sleepy, 
should consider seeking 
medical attention

67 68
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STOPBANG - Adult 

• If you have answered Yes to  3 or more,  
there is a likelihood of OSA  

Questionnaires

Clinical Note / Forms

■Children with primary snoring has similar or higher level of cognitive deficits 
to children with OSA 
■Robust evidence of multiple neurocognitive impairments in children with 
Primary Snoring

Snoring in kids linked to behavioral problems

Snoring in kids linked to behavioral problems

■ Longitudinal study with 11,000 children. Effects of sleep-disordered 
breathing (SDB) symptom trajectories from 6 mo to 7 yrs on subsequent 
behavior.

■ Children with trouble breathing during sleep from 6 mo + were more likely 
to have behavioral or emotional problems by age 7

■ Early-life SDB symptoms had strong, persistent statistical effects on 
subsequent behavior in childhood. Findings suggest that SDB symptoms 
may require attention as early as the first year of life.

Nocturnal enuresis 
Putative mechanisms for pathogenesis of enuresis in patients with SDB

• Dampening effects of OSA on arousal responses
• Changes in bladder pressure
• Secretion of the hormones involve in fluid regulation

ADH = antidiuretic hormone
ANP = atrial natriuretic peptide
BNP = brain natriuretic peptide

Obstructive sleep-disordered breathing, enuresis and combined disorders in children: chance or related 
association? Swiss Med Wkly. 2017;147:w14400   Marco Zaffanello et al

73 74
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Attention Deficit Hyperactivity Disorder and SDB

 ADHD symptoms are related SDB
 ADHD symptoms improve after adenotonsillectomy
 Patient with ADHD symptom should receive SDB screening
 Treatment of SDB should be considered before ADHD medication

CLINICAL EXAMINATION

 Screener/ Questionnaire

 Mallampati Classification

 Brodsky Tonsil Grading

 Dental Conditions

 Skeletal Conditions

 Tongue / frenulum movement

 Radiography / CBCT  

( not mandatory, but  invaluable source of information)

Hard Palate

Soft Palate

Uvula

Tonsil

Tongue

Class I Class II Class III Class IV

OSA Surgery & Modified 
Mallampati Score

( Friedman ) 

Class I: Entire Uvula and tonsil Pillars are visible
Class II: Soȅ Palate and most of the Uvula visible
Class III: Soȅ palate +/- base of Uvula visible
Class IV: Only Hard Palate visible

Tonsil Grading ( Brodsky: 1-4, Friedman: 0-4)

0
Surgically Removed 

Tonsil

1
Tonsils hidden within 

tonsil Pillars

2
Tonsils extending to 

the pillars

3
Tonsils are beyond 

pillars

4
Tonsils extend to 

midline

Large Scalloped Tongue
Bruxism: Wear facets, Molar pits

Risk factors related to sleep bruxism in children: A systematic literature review
Tommaso Castroflorio et al   Archives of Oral Biology Volume 60, Issue 11, November 2015

79 80
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• The pediatric version of the Functional 
Airway Evaluation Screening Tool 
(FAIREST-15)

• The mean age :8.86 years (SD=1.88), Total 
96 healthy children (46 males and 50 
females), age 6-12 yrs old at UCLA 
Pediatric Dental Clinic, March 2018-March 
2019

• Sleep Disturbance Scale for Children 
(SDSC) by patient parents. 

Clinical Assessment Tool for Sleep-Disordered Breathing in Pediatric Dental Patients (FAIREST-6)

P-value95% 
Confidence 
Interval

Clinical ThresholdExam FindingDomain

p<0.00012.5 – 21.2Unable to breathe through nose with lips 
sealed for >3 minutes

Mouth breathingFunctional

p=0.00861.3 – 83.5Oral incompetence characterized as 
moderate-severe dimpling of chin upon mouth 
closure

Mentalis strainExtraoral 

p<0.00013.6 – 76.1Brodsky grade 3-4 (Tonsils occupy >50% of 
oropharyngeal width)

Tonsil hypertrophyIntraoral Soft 
Tissue

p=0.00291.5 – 8.5Kotlow free tongue measurement <16 mm 
and/or TRMR grade 3-4

Ankyloglossia

p<0.00014.6 – 77.4Moderate to severe deterioration resulting in 
dentin exposure

Dental wear Intraoral Hard 
Tissue

p<0.00013.2 – 22.6Maxillary constriction defined as intercanine 
distance <31 mm and/or intermolar distance 
<46 mm (mesiobuccal cusps)

Narrow palate 

Determinants of Sleep-Disordered Breathing During the Mixed Dentition
: Development of a Functional Airway Evaluation Screening Tool 

Pediatric Dentistry V 43 / No. 4  Jul/Aug 21
James Oh, Soroush Zaghi, Cynthia Peterson, Clarice S Law, Daniela Silva, Audrey J Yoon 

6 RED Flags 

Increased Risk of Sleep-Disturbance by Number of Red-Flags in Pediatric Patients
The score on the FAIREST-6 is equal to # of red-flags items present on the clinical exam.

Determinants of Sleep-Disordered Breathing During the Mixed Dentition: Development of a 
Functional Airway Evaluation Screening Tool 

Pediatric Dentistry V 43 / No. 4  Jul/Aug 21
James Oh, Soroush Zaghi, Cynthia Peterson, Clarice S Law, Daniela Silva, Audrey J Yoon 

85 86
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Diagnosis for OSA
- Sleep Study

Page 92

OSA Classification: Children vs Adult
AHI- Apnea Hypopnea Index

S everity FOÒÕŇǾÑŌĀŒ ĖĢH ĂĜQÑŌPŒCOŎÞǾÅ A dults' A H I (Events/hour)

Normal < 1 <5

M ild 1–5 5–15

Ì ŎŇÑǾMPÑ 5–10 15–30

S evere >10 > 30

Understanding 
Maxillary Morphology 

and Airway

Maxillary Morphology and Tongue Posture Tongue Posture

91 92
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Narrow Maxilla/ High Arched Palate

Narrow Nasal Floor
Low Tongue Posture Treatment of Maxillary Transverse Deficiency

 Rapid Palatal/Maxillary Expander ( RPE / RME)

Landmark Paper : Sleep 2004  Pirelli et al

• 31 children, mean age 8.7, no adenotonsillar hypertrophy, upper jaw constriction 

• AHI 12.2 per hour  AHI <1 after 4 months ( all of  children )

Follow up Paper : Sleep medicine 2015  Pirelli et al

• 31 children, yearly check up for 12 yrs for 23 children ( 73 % initial group)

• Long term, stable post RME treatment ( PSG normal, expansion stable)

“ Maxillary Expansion ; Sleep ; Breathing ”
15 Systemic reviews, 10 Meta-analysis, 293 Single articles

97 98

99 100
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Conclusions: An early orthodontic intervention may be 
effective in the management of pediatric OSAS.  
Children with maxillary contraction and dental 
malocclusion have excellent results. 

Diagnostics, 2024 Jan 29

Sleep Medicine Review, 2023 Dec

Conclusions: 
MAA with RME  or  RME with AT  ( not RME alone )
may be associated with benefits for pediatric patients 
with OSA. 

Sleep Medicine Review, 2023 Feb

Laryngoscope, Jul 2017

Conclusions: Improvement in AHI and lowest oxygen 
saturation has consistently been seen in children 
undergoing RME especially in the short term. 

J Clin Exp Dent, 2022

Conclusions: The results show a reduction in AHI 
following RME therapy in growing patients

J of Evidence Based Dental Practice, Sep 2017

Conclusions: Increasingly the evidence indicates that 
RME devices reduce AHI in children with OSAS, making
RME therapy an appropriate alternative treatment 
option for there patients. 

Sleep Medicine Review, 2016

Conclusions: Increasingly the evidence indicates that 
RME devices reduce AHI in children with OSAS, making
RME therapy an appropriate alternative treatment 
option for there patients. 

“ We found only one randomized clinical trial comparing RME with watchful waiting” 

“ In the absence of solid evidence with RCT, RME should not be recommended ” 

• Biomarker : KLK1 , ORM2, perlecan, gelsolin decreased in RME group
• Conclusions : SRME treatment considered as useful approach in children with OSAS

Treatment (T1)Treatment (T0)Control (C1)Control (C0)

1.79 ± 1.052.50 ± 1.121.80 ± 1.082.67 ± 1.23AHI

103 104
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ApneaLink
portable device
: Not Appropriate

for Children

RPE for teens 
with OSA 
( Mean age, 
12.27 ± 1.93 ) 
Less Effective 
than MARPE

Page 110

• 11 systematic reviews ( 5 meta-analysis, 132 single studies) was reviewed
• Conclusion
: Significant and Stable increases in the nasal and oropharyngeal space volumes 
and a decrease in airway resistance of growing children and adolescents, occur 
immediately after RME and at 3, 6 and 12 month follow-up

Hijazi, T. et al. (2025). Journal of Clinical Medicine, 14(1), 20.

Conclusions:
The systematic review and meta-analysis provided sufficient significant data in 
favor of the alternative hypothesis to indicate that RME is an effective 
treatment option in the management of obstructive sleep apnoea, in terms 
of the AHI reduction and SpO2 increase.

Ask AI

Maxillary Expansion 
improve Sleep and 
Breathing? 

Please based on only 
peer-reviewed journal, 
highest evidences 

Consensus AI

Pediatric SDB 
: What is 
Missing link ? 

• Too much attention on AHI for 
treatment decision

• AHI not is perfect metric

• Multiple Factors playing role at the same 
time

: Anatomical, physiological, behavioral

• Poor Phenotyping and understanding all 
factors involved

• Offering similar treatment to all 
• One size fits all
• Trial and Error method
• RPE as an only standalone treatment 

109 110
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How Does Palatal Expansions IMPROVE OSA?

1 . Nasopharynx

: Expand nasal cavity 

 Decrease resistance to airflow through the nose

 Improve nasal breathing

( Deeb at al. Am J Orthod Dentofacial Orthop 2010)
( Zeng at al. Sleep 2008) 

How Does Palatal Expansions IMPROVE OSA?

1 . Nasopharynx

: Expand nasal cavity 

 Expand nasal cavity volume

 Expand nasal floor

 Decrease resistance to airflow 
through the nose

 Improve nasal breathing

( Deeb at al. Am J Orthod Dentofacial Orthop 2010)
( Zeng at al. Sleep 2008) 

Internal Nasal Valve
The narrowest part of the nasal passageway

It represents 50% of the total airflow resistance

115 116
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2. Oral Cavity : Expand oral cavity

 Create more tongue spaces( esp. roof of the mouth) 

 Pull Palatal muscles to tighten soft palate

( Nasopharynx )

How Does Palatal Expansions IMPROVE OSA?

2. Oral Cavity : Expand oral cavity

 Create more tongue spaces

( esp. roof of the mouth) 

 Improve tongue posture

How Does Palatal Expansions IMPROVE OSA?

2. Oral Cavity : Expand oral cavity

 Improve tongue posture ( Advance and raise the tongue into the oral cavity )  
Expand posterior airway space

How Does Palatal Expansions IMPROVE OSA?

2. Oral Cavity : Expand oral cavity

 Improve tongue posture ( Advance and raise the tongue into the oral cavity )  
Expand posterior airway space

How Does Palatal Expansions IMPROVE OSA? How Does Palatal Expansions IMPROVE OSA?
3. Pharynx ( Collapsibility ) 

121 122
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Conclusions:  
• The methodologic inconsistencies and 

disagreements especially on the oropharyngeal 
dimensional changes after RME lead to 
significant uncertainties about the consistency 
of the effect of RME changes, especially on the 
oropharynx region dimensions. 

RME not always changing pharyngeal volume ? Oropharynx  Volume  Measurement is not a good metric 
to determine the success

J Oral Maxillofac Surg :1-13, 2023

Coppelson at al, J Oral Maxillofac Surg :1-13, 2023

Slide credit: Stanley Liu MD, DDS

Anatomic Basis
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Critical Closing Pressure, Pcrit
airway pressure at which the airway collapses

Fig ２

PL plane

EB plane
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Evaluation of the nasal airway model using computational fluid dynamics. 

A B C

B

Evaluation of upper airway pressures during inspiration using computational fluid dynamics

Table 1. Comparisons of PSG Parameters, intermaxillary molar width, nasal width, pharyngeal airway volume, intraoral airway volume and 

nasal airway model resistance before DOME and after DOME 

 Before DOME  After DOME  Treatment change  P 

 mean  SD      95% CI  mean  SD      95% CI  mean  SD        95% CI   

AHI (events/hr) 17.81  17.56  9.59  26.02   7.82  7.11  4.49  11.14   -9.99  13.65  -16.38  -3.60   < 0.001 

ODI (events/hr) 9.67  15.84  2.25  17.08   4.92  5.88  2.16  7.67   -4.75  11.91  -10.32  0.82   0.011  

AI (events/hr) 5.30  17.53  -2.91  13.50   0.78  2.34  -0.32  1.87   -4.52  15.20  -11.64  2.60   0.012  

LOS (%) 88.15  7.21  84.78  91.52   90.90  4.23  88.92  92.88   2.75  5.53  0.16  5.34   0.036  

Intermaxillary molar 

width (mm) 

34.97  3.53  33.32  36.63   42.24  3.28  40.70  43.78   7.27  2.45  6.12  8.41   < 0.001 

Nasal width (mm) 22.41  2.34  21.31  23.51   26.68  2.33  25.59  27.77   4.27  1.46  3.59  4.96   < 0.001 

Pharyngeal airway 

volume (cm3) 

16.00  5.57  13.39  18.60   18.20  6.19  15.30  21.10   2.21  3.50  0.57  3.84   0.011  

Intraoral airway volume 

(cm3) 

2.41  4.54  0.29  4.53   1.08  3.08  -0.36  2.52   -1.33  2.64  -2.57  -0.09   0.036  

Nasal airway model 

resistance (Pa/cm3/s) 

0.53  0.38  0.35  0.71   0.16  0.10  0.12  0.21   -0.37  0.35  -0.53  -0.20   < 0.001 

DOME, distraction osteogenesis maxillary expansion; AHI, apnea-hypopnea index; ODI, oxygen desaturation index; AI, apnea index;  LOS, 

lowest oxygen saturation;  95% CI, 95% confidential interval.  

                 

 

Table 4.  Correlation between sleep data and upper airway ventilation condition before DOME, after DOME, and treatment change  

  Pre DOME  Post DOME  Treatment change 

  AHI ODI AI LOS  AHI ODI AI LOS  AHI ODI AI LOS 

nasal velocity (m/s) rs .665 .416 .496 -.336  .373 .333 .525 -.355  .479 .661 .284 -.368 

 P .001** .068 .026* .147  .105 .152 .017* .125  .033* .002** .225 .110 

nasal pressure (Pa) rs -.573 -.371 -.413 .380  -.452 -.417 -.443 .431  -.437 -.635 -.478 .428 

 P .008** .108 .071 .098  .045* .067 .050 .058  .054 .003** .033* .060 

RA velocity (m/s) rs .570 .330 .195 -.140  -.019 .081 -.031 -.073  .360 .308 .420 .048 

 P .009** .155 .411 .555  .936 .734 .898 .760  .119 .187 .065 .840 

RA pressure (Pa) rs -.700 -.519 -.440 .429  -.501 -.482 -.454 .499  -.465 -.725 -.440 .506 

 P .001** .019* .052 .059  .024* .031* .045* .025*  .039* .000** .052 .023* 

OA velocity (m/s) rs .485 .340 .093 -.372  .216 .020 .012 .067  .365 .423 .368 -.360 

 P .030* .142 .696 .107  .361 .934 .959 .778  .114 .063 .110 .119 

OA pressure (Pa) rs -.678 -.498 -.412 .398  -.533 -.515 -.466 .514  -.425 -.688 -.370 .511 

 P .001** .025* .071 .082  .015* .020* .038* .020*  .062 .001** .109 .021* 

HA velocity (m/s) rs .313 .146 -.060 -.176  .370 .146 .178 -.080  -.158 -.265 -.121 -.204 

 P .178 .540 .800 .458  .108 .538 .453 .737  .505 .259 .612 .389 

HA pressure (Pa) rs -.714 -.510 -.459 .400  -.594 -.568 -.581 .556  -.419 -.638 -.376 .491 

 P .001** .022* .042* .081  .006** .009** .007** .011*  .066 .002** .102 .028* 

nasal width (mm) rs -.126 .025 -.064 -.126  -.179 -.192 -.206 -.008  -.399 -.091 -.099 -.041 

 P .597 .916 .787 .595  .450 .418 .384 .972  .082 .702 .677 .864 

Intermaxillary first  rs .072 .179 -.216 -.383  .035 .042 -.218 -.158  -.002 .100 -.005 -.368 

molar width (mm) P .762 .450 .360 .095  .885 .859 .356 .506  .995 .674 .983 .110 

DOME, distraction osteogenesis maxillary expansion; RA, retropalatal airway; OA, oropharyngeal airway; HA, hypopharyngeal airway; AHI, 

apnea-hypopnea index; ODI, oxygen desaturation index; AI, apnea index; LOS, lowest oxygen saturation; **, Statistically significant at P < 

0.001;  *, Statistically significant at P < 0.05. 

 

A B

A, before DOME, the nasal airway velocity was high (yellow arrow) <-> A large negative pressure was observed 
at the lower part in the upper airway (red arrow) : Collapsible pharyngeal airway

B, after DOME, the nasal airway velocity slowed (blue arrow) <-> negative pressure in the pharyngeal airway 
was reduced (blue arrow): Low negative pressure at inspiration, Stable pharyngeal airway

Improvement of the upper airway ventilation condition using DOME in OSA 
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A B

DOME changes Airway Collapsibility ( Pcrit ) How Does Palatal Expansions IMPROVE OSA?

3. Pharynx ( Collapsibility ) 

How Does Palatal Expansions IMPROVE OSA?
4. Tonsils and Adenoids 

5 yrs old 
Snoring

Restless Sleep
Tonsil : Grade 3
Adenoid : 60 % 

occluded 

N Eng J Med 2013

• If  Watchful waiting -> 
• 46%: normalization of the PSG
• No improvement of symptoms (PSQ 

changes : 0)
• 35 % : worsening of OSA 

• If Early adenotonsillectomy-> 
• 79% : normalization of the PSG
• Symptoms, 2ndary Behavior, quality of life 

and PSG findings : improvement

CHAT study

JAMA Pediatr. Published online March 17, 2025.

CONCLUSIONS AND RELEVANCE 
This study found that adenotonsillectomy was associated with reduced all-cause HCU in 
children with mild SDB, supporting early intervention for children with mild SDB.

•The study, which included 459 children, showed a 32% reduction in total health care 
encounters and a 48% reduction in prescriptions after adenotonsillectomy.

• Primary dentition stage: 
Habits and crossbites should be 
diagnosed and if predicted not likely to 
be self correcting, they should be 
addressed as early as feasible to 
facilitate normal occlusal relationships. 

5 yrs old 
Pacifier until 3 yr -> 

lower lip sucking 
habit

Snoring
Restless Sleep

Narrow high arch 
palate

Overjet : 9 mm
Class II div 1 

Adenoid : 
Tonsil : Grade 3
Adenoid : 60 % 

occluded 

ENT referral
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• Treatment Consideration : * Primary 
dentition stage

a. all anomalies of tooth number and size 
b. anterior and posterior crossbites
c. presence of habits along with their dental 
and skeletal sequelae
d. openbite
e. airway problems.

5 yrs old 
Pacifier until 3 yr -> 

lower lip sucking 
habit

Snoring
Restless Sleep

Narrow high arch 
palate

Overjet : 9 mm
Class II div 1 

Adenoid : 
Tonsil : Grade 3
Adenoid : 60 % 

occluded 

ENT referral

147

Objectives

• To compare the size of adenoid and palatine tonsils 
with RPE using 3D volumetric analysis

Materials and Methods
• Total 60 pts: 40 RPE vs 20 Control 
• Mean ages: 9.79 yrs old, range 5-15, 32 females, 28 males
• RPE was necessary orthodontically & Enlarged tonsils and 

Adenoids

148

Results
• RPE group:  97.5 % of pt tonsil shrinkage, 

90% of pt adenoid reduction
• Average volume reduction 
: Adenoids 16.8 % & Tonsils 38.5%

Conclusion
• RPE significantly reduced the size of 

adenoid and tonsils 
: another long-term benefit of RPE

Before RPE After RPE
Videos (Auto-play)
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How Does Palatal Expansions shrink tonsils?

Less Irritation of lymphoid Tissue

Increase Nasal Volume 

( esp. internal nasal valve area ) 

 Decrease resistance to airflow through 
the nose

 Decrease Air Velocity  &  Decrease Air 
resistance & 

 Lower Inspiratory Pressure & Improve 
collasibility

 Improving the irritation of 
lymphoid tissue

How Does Palatal Expansions shrink tonsils?

Nitric oxide (NO) 

• One of the most important signal 
molecules in the body : selectively 
mediating cell signaling

• Involved in virtually every organ
• Keep blood vessels flexible
• Encourage vasodilation
• Lower blood pressure
• Improve mood & cognition
• Support immune system ***
• Defends against pathogens ***

How Does Palatal Expansions shrink tonsils?

Nitric oxide (NO) 

• A  strong neurotransmitter that increases 
ventilation-perfusion ratio 

• Produced in the nose and the 
paranasal sinuses

• Plays a role in maintaining upper airway 
dilator muscles tone, regulation of 
spontaneous respiration, and 
neuromuscular control during sleep.

• Helps in boosting immunity & rids of 
bacteria in airborne particles

Haight JS, Djupesland PG. Nitric oxide (NO) and obstructive sleep apnea (OSA). Sleep Breath. Jun 2003

How Does Palatal Expansions shrink tonsils?

Nasal Breathing Restoration
• Nasal Breathing Restoration reverse 

the hypertrophic response of tonsils 
to antigen

• Reduce inflammation and irritation of 
lymphoid tissues

AADSM ANNUAL MEETING         •   SAN ANTONIO

Pag 
15
5

Interdisciplinary OSA Treatment Protocol

OSA Pt 

Non- Growing Pt 

PAP Therapy

Sleep Surgery

Oral Appliance
Therapy

Growth
Modification 

Growing Pt 

Emerging Trends in Dental Sleep Medicine

Craniofacial growth 
modification in children

Adult Nasomaxillary 
expansion
-Non-Surgical Approach

Smart Oral appliances
- new emerging technologies
- first-line alternatives to 

CPAP

Anatomical airway Imaging for 
screening,  diagnosis & 
monitoring
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Oral Appliances
Oral appliances are custom-made 
mouthpieces intended to pull the jaw 
forward during sleep to help open 
upper airway

Oral Appliances
Good alternative to CPAP

• Primary snoring
• Mild to moderate OSA
• Severe OSA in case of CPAP 

intolerance
The American Academy of Sleep Medicine ( 
1995 )

An effective first-line treatment

• Primary Snoring
• Mild to moderate OSA
The American Academy of Sleep 
Medicine ( 2006 ) 

Oral Appliances for Severe OSA

Randomized Trial 144 Severe OSA with hypertension

Comparing the effectiveness and adherence of mandibular advancement devices and CPAP

Study Design

• Randomized trial (CRESCENT 
substudy)

• Randomized to MAD (n=73) vs 
CPAP (n=71)

• 12-month follow-up

• Primary outcome: 24-h 
ambulatory BP

• Secondary outcomes: sleepiness, 
QoL, cardiac MRI, biomarkers

VS
Main Results

Outcome MAD CPAP

AHI ( at 6 mos) ~21 ( from 44) ~2 ( from 50)

Adherence (≥6h/night) 56% 28%

Asleep mean BP reduction ~-4 mmHg No significant change

Sleepiness (ESS) Improved Slightly better 
improvement

Quality of Life Improved Improved
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Blood pressure (BP) changes from baseline to 12-mo follow-up 
MAD (pink) and continuous positive airway pressure (CPAP) (green).

Conclusion & Clinical Implications

MAD is less effective than 
CPAP for AHI reduction

MAD improved asleep 
blood pressure

Both treatments improved 
quality of life

In severe OSA patients with hypertension, MAD may be a viable alternative to 
CPAP, particularly for those who cannot tolerate or adhere to CPAP therapy. 

How Does Oral Appliance Work ?
( Kim et al, Eur Arch Otorhinolaryngol 2018; Thorax , Ryan Et Al 1999 )

Palatoglossus

Genioglossus

Mechanism: 3D Opening Of Pharynx
( Kim et al, Eur Arch Otorhinolaryngol 2018; Thorax , Ryan Et Al 1999 )

Genioglossus

Palatoglossus

Oral appliances pull tongue and hyoid and upright soft palate
-> Retroglossal and Retropalatal opening 

Expanding 
Lateral 

Pharyngeal 
Walls

(Thorax , Ryan Et Al 
1999)

Stretching Lateral Pharyngeal Wall

DOSE DEPENDENT EFFECT OF 
Oral Appliance

Kato, J., S. Isono, A. Tanaka, T. Watanabe, D. Araki, H. Tanzawa and T. Nishino (2000). "Dose-dependent effects of 

mandibular advancement on pharyngeal mechanics and nocturnal oxygenation in patients with sleep-

disordered breathing." Chest 117(4): 1065-1072.

Dose-Dependent Effects of Mandibular Advancement 

on Pharyngeal Mechanics and Nocturnal Oxygenation 
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169

Predictors Of Oral Appliance Treatment Response 
Awake Fiberoptic Nasopharyngoscopy

Determines Level And 
Degree Of Obstruction

Behavior Of 
Muscle Collapse

Technique

• Supine (i.e., in a sleeping position)
• Jaw Thrust Maneuver
• Snore maneuver
• Mueller maneuver- inspire against 

a closed airway

170

Drug Induced Sleep Endoscopy 
For Mandibular Advancement Devices

Jaw ThrustOpen Mouth

Efficient Calibrationn 
Better monitoring and managing 

with Oral Appliance

169 170
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The Leading non-CPAP OSA Therapy®The Leading non-CPAP OSA Therapy®

Buccal Mucosal Oximeter, Technology
Bluetooth 

Communication 
Chip

Anatomical Design, 
Custom Comfort Fit

Flexible Circuit 
Board

Oxygen, Pulse 
Rate (PPG) 

Sensor Wireless 
Charging Coil 

or Pad

Data Storage, 
Up to 3 days of 

Sleep Data

Proprietary, Medical-Grade 
Material

• Highest level of biocompatibility
• Indestructible and stain resistant

Rechargeable 
battery

Motion (Accelerometer), 
Proximity & Temperature 

Sensors

The Leading non-CPAP OSA Therapy®The Leading non-CPAP OSA Therapy®

Docking Station, Daily Recharging
The Leading non-CPAP OSA Therapy®The Leading non-CPAP OSA Therapy®

Introducing the ProSomnus HWO2 Device

The Leading non-CPAP OSA Therapy®The Leading non-CPAP OSA Therapy®

Oxymetrx Smartphone App
Daily Monitoring Reports and Communication
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SomnoMed Avant with Rest Assure

Flowchart of data collection, transfer, and analysis from sMAD to cloud-based platform

Shape Memory Material
Tera Harz TC-85

AADSM ANNUAL MEETING         •   SAN ANTONIO

Pag 
18
6

Interdisciplinary OSA Treatment Protocol

OSA Pt 

Non- Growing Pt 

PAP Therapy

Sleep Surgery

Oral Appliance
Therapy

Growth
Modification 

Growing Pt 
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AADSM ANNUAL MEETING         •   SAN ANTONIO

Sleep Medicine is preventive medicine

- Christian Guilleminault

Page 191

Orofacial Growth Modification

Do we need 
to intervene 

or not ?
( rationality) 

When to
Intervene ?

( timing )

Where to 
Intervene ?

( target structure
: phenotyping )

How to 
Intervene ?

( methodology )

Page 192

unlimited

Orofacial Growth Modification

Do we need 
to 

intervene 
or not ? 

When to
Intervene ?
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Page 193

Spectrum of Obstructive Sleep Disordered Breathing

** Computer

Upper Airway
Resistant 
Syndrome

( UARS )

Severe
Sleep Apnea

Mouth
Breathing Snoring Mild

Sleep Apnea
Moderate

Sleep 
Apnea

Disease
No 

Disease
Increasing Airway Resistance

Obesity
Hypoventilation

Syndrome

Marcus CL, et al. Thorax 2016;0:1–9

OSA Pathophysiology
The Interaction Between Anatomic and Neuromotor factors

Marcus CL, et al. Thorax 2016;0:1–9

OSA Pathophysiology
The Interaction Between Anatomic and Neuromotor factors

Page 196

unlimited

Growth Modification

Do we need 
to 

intervene 
or not ? 

When to
Intervene ?

Where to 
Intervene ?

How to 
Intervene ?

Page 198

Pediatric Growth and Development

Preschool 

Primary 

Dentition 

Age 0 6 11 15 18

School  

Early Mixed 

dentition

Adolescence

Permanent

Dentition

School

Late Mixed 

Dentition

Post-

adolescence

5 1612109
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Page 199

Pediatric Growth and Development

Age 0 6 11 15 18
Post-adolescence

5 1612109

Preschool 

Primary Dentition 
School Early

Mixed dentition

School

Late Mixed 

Dentition

Adolescence

Permanent 

Dentition

Nasal Breathing
Nasal Expansion

Postural Correction 

Nasomaxillary  AP growth
Midfacial Advancement 

Conventional Semi Rapid / Rapid 
Maxillary Expansion ( Transverse ) 

Peak Mn. Growth
Stimulate Mandible 

A-P Growth
Consider TAD to change 

growth direction 

TAD anchored Orthopedic to advance midfacial Advancement

TAD assisted Maxillary Expansion 
( MARPE )

TAD for
Mandibular  Autorotation 

Cranial

Base

Nasomaxillary 

Complex

Mandible 
Unlock deep overbite and overjet to grow mandible

Functional Appliance ( controversial )
Control Vertical growth for favorable Mn Growth

Adenotonsillectomy ( Enlarged tonsil peak at age 3-7, adenoid age 10) 

Myofunctional Therapy ( Nasal Breathing, Proper Tongue Posture, chewing, swallowing, Address Parafunctions )

Lymphoid 

Functional

Slow / Semi Rapid 
Maxillary Expansion 

Lingual Tonsillectomy

Audrey Yoon1, David Gozal2, Clete Kushida1, Rafael Pelayo1, Stanley Liu3, 
Jasmine Faldu4 ,Christine Hong4

1Division of Sleep Medicine, Department of Psychiatry and Behavioral Sciences, Stanford University, School of Medicine, Redwood City, CA, 94063, USA
2Department of Orofacial Sciences, School of Dentistry, University of California, San Francisco (UCSF), San Francisco, CA, 94143, USA 

3Department of Child Health, University of Missouri, School of Medicine, Columbia, MO 65201, USA
4Division of Sleep Surgery, Department of Otolaryngology, Stanford University, School of Medicine, Redwood City, CA, 94063, USA

A Roadmap of Craniofacial Growth Modification for 
Children with Sleep Disordered Breathing:    

A Multidisciplinary Proposal

Sleep, Volume 46, Issue 8, August 2023, 
zsad095, https://doi.org/10.1093/sleep/zsad095

A Multidisciplinary Roadmap of Craniofacial Growth Modification for Children with Sleep Disordered Breathing

The appropriately targeted and patient-specific application of these orthodontic techniques provide an important therapeutic 
option for children and adolescents with symptomatic sleep disordered breathing and may help also mitigate or prevent its onset.

Well-controlled longitudinal and long-term studies aimed at the effectiveness of treatment on the change of trajectory of 
growth and stability are necessary.
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Pediatric Dentistry
Textbook

7th edition

Chapter 48.  Sleep Disordered Breathing
Audrey Jung-Sun Yoon, Heesoo Oh

• Treatment objectives:  managing adverse growth, correcting dental and 
skeletal disharmonies, improving esthetics of the smile and the accompanying 
positive effects on self-image, and improving the occlusion. 

• Primary dentition stage: Habits and crossbites should be diagnosed and
if predicted not likely to be self correcting, they should be addressed as early 
as feasible to facilitate normal occlusal relationships. 

• Treatment Consideration : * Primary dentition stage
The objectives of evaluation include identification of:

a. all anomalies of tooth number and size 
b. anterior and posterior crossbites
c. presence of habits along with their dental and skeletal sequelae
d. openbite
e. airway problems.

• Recommendations 
Oral habits : Oral habits include, but are not limited to, nonnutritive sucking, bruxism, tongue thrust 
swallow and abnormal tongue position, self injurious/self-mutilating behavior, and obstructive sleep 
apnea (OSA).

• Research on the relationship between malocclusion and mouth breathing suggests that impaired nasal 
respiration may contribute to the development of increased facial height, anterior open bite, 
increased   overjet, and narrow palate but is not the sole or the major cause of these conditions.

• Interdisciplinary care with medical colleagues or other dental specialists may be beneficial

• Recommendations 
Oral habits : Oral habits include obstructive sleep apnea (OSA).

• OSA may be associated with narrow maxilla, crossbite, low tongue position, vertical growth, 
increased overjet, and openbite. History associated with OSA may include snoring, observed 
apnea, restless sleep, daytime neurobehavioral abnormalities or sleepiness, and bedwetting. 

• Physical findings may include growth abnormalities, signs of nasal obstruction, adenoidal facies, 
enlarged tonsils, hyponasal voice quality, and possible retrognathia, micrognathia, macroglossia, 
and hypoplasia of the midface.

• OSA is more prevalent in, but not limited to, children with craniofacial anomalies, neurologic
disorders (e.g., cerebral palsy, muscular dystrophy), sickle cell disease, as well as a history of 
prematurity. 
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• Recommendations 
Oral habits : Oral habits include, but are not limited to, nonnutritive sucking, bruxism, tongue 
thrust swallow and abnormal tongue position, self injurious/self-mutilating behavior, and 
obstructive sleep apnea (OSA).

• The identification of an abnormal habit and the assessment of its potential immediate and long-
term effects on the craniofacial complex and dentition should be made as early as possible. 

• The dentist should evaluate habit frequency, duration, and intensity in all patients with habits. 
Anticipatory guidance on long-term sequelae should be provided and intervention to terminate 
the habit should be initiated if indicated.

Page 212

Pediatric Growth and Development

Preschool 

Primary 

Dentition 

Age 0 5

Age 1-5 : 
Toddler & Preschool 

Primary Dentition 

• Up to 80 % of Cranial development occurs by age 6 yrs

• Craniofacial growth is influenced by;

– Genetics and epigenetics: traits, prematurity, 
disorders, hormonal influence

– Environment: inflammatory diseases, trauma, etc

Aknin et al, 2007; Guilleminault et al, 2014; C Martinez-Maza et al, J Anat. 2013

Cranial Base Growth Mechanism

Spheno-Occipital Synchondrosis
: Close at 12 yrs

Intersphenoid synchondrosis
: junction between ant and post

: Close at birth-12 months 

Spheno-ethmoidal 
synchondrosis
: Close at 6 yrs

Function : Template / Frame for facial growth

 Elongation : Endochondral growth at synchondrosis
 Cortical Drift /Remodeling 
 Sutural Growth

Cranial Base Growth : Lengthening 
Function :

Displace Maxilla forward 
Template / Frame for facial growth

Determine Dolichofacial vs Brachyfacial Pattern
Template / Frame of facial growth 

Relation of Cranial Base Flexure to Cranial Form and Mandibular Position
D. Anderson, F Popovich ;  Am J Phys Anthropol 1983.  June  
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Age 1-5 : 
Toddler & Preschool  

Primary Dentition 

• Skeletal growth : 

1. Cranial Base : Flexing and lengthening

2. Nasomaxillary Complex : 
Development by anterior cranial base lengthening

Nasal cavity development by nasal septal cartilage

3. Mandible: During first postnatal year, mandible has the greatest growth to 
secure the pharyngeal airway. 

AP growth ( body length) > vertical growth ( ramus )

Aknin et al, 2007; Guilleminault et al, 2014; C Martinez-Maza et al, J Anat. 2013

Age 1-5 : 
Toddler & Preschool  

Primary Dentition 

• Pharyngeal  growth 

: Tonsillar hypertrophy peak age is 3-7 years old

• Tongue 

: Backward and downward displacement toward oropharynx

: Tongue strength increase rapidly from 3-6.5 yrs

• Hyoid bone descends and moves slightly anteriorly 

( low posterior tongue posture -> decent hyoid -> impairs Mn growth and affect 
symphysis growth by extended suprahyoid muscle) 

Aknin et al, 2007; Guilleminault et al, 2014; C Martinez-Maza et al, J Anat. 2013

Age 1-5 : 
Toddler & Preschool  

Primary Dentition 

• Functional Development

Tongue strength increase rapidly from 3-6.5 yrs

 Breathing-sucking-swallowing coordination

 Breathing-chewing-swallowing coordination

 Breathing-voice-speech coordination

 Dissociation and grading of movement of tongue, lips and jaws

 Speech development

 Stability at rest and during movement of tongue, lips and jaw

Aknin et al, 2007; Guilleminault et al, 2014; C Martinez-Maza et al, J Anat. 2013

Strategies
• Nasal Breathing Establishment  

: Developmental interplay between muscle function and the facial skeleton

:  Suction, chewing, swallowing, and nasal breathing Impairment has negative 
feedback on facial growth-> reduced airway size

• Adenotonsillectomy

• Myofunctional therapy, Proper tongue posture

• Postural Correction

• Nasomaxillary Complex Expansion and Advancement  

: Unlock deep overbite/overjet to unlock mandibular growth, Consider Slow Expansion

• Functional Appliance for tongue posture and forward mandibular growth 

Aknin et al, 2007; Guilleminault et al, 2014; C Martinez-Maza et al, J Anat. 2013

Age 1-5 : 
Preschool 

Primary Dentition 

Orthodontic Airway Plate for Pierre Robin Treatment 

• Custom-fabricated removable 
oral appliance

: Pre-epiglottic baton plate, first described 
by Pielou (1967) in Northen Ireland

: TPP in Germany over 10 yrs

: Install and adjust under awake 
endoscopy

:Full time wear for 3-6 months depending 
on feeding and respiratory needs

:Parent clean and place once a day

to clean 

(Coquerelle et al.,2013; Inoue et al., 2019)

Pierre Robin Treatment : Orthodontic airway Plate 
( instead of Mandibular Distraction Osteogenesis )
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Orthodontic Airway Plate

Vs 

Mandibular Distraction Osteogenesis
• Airway-related and feeding related outcomes 

appear similar 

Pierre Robin Treatment

Growth Velocity ( Height )

0

1
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Height ( Boy)    cm/ yr

Growth Velocity ( Mandible )

0

2

4

6

8

10

12

14

16

18

20

Co-Gn mm/ yr

Mandible

Angle Orthodontist Vol 80, 2010

Early
Nasomaxillary

Expansion
Decisions

01
Habits and crossbites 
if predicted not likely to be 
self correcting

02
Medical Conditions
: Sleep Disordered Breathing, 
Myofunctional Disorders
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3 yr 3 month old boy
Restless Sleep
Obstructed Airway
Adenotonsillectomy -> 
Residual symptoms
PSQ: 13->9  

Earlier Treatment showed greater and faster skeletal results in 
less time

we recommend that treatment be started as soon as the diagnosis is made 
and cooperation allows for it. 
Young patients show greater and faster results in less time. 
Esthetics are greatly enhanced, compliance is improved, and the possible 
psycho-social scars can be greatly reduced.

PSQ: 9 -> 4

Nocturnal enuresis 
Putative mechanisms for pathogenesis of enuresis in patients with SDB

• Dampening effects of OSA on arousal responses
• Changes in bladder pressure
• Secretion of the hormones involve in fluid regulation

ADH = antidiuretic hormone
ANP = atrial natriuretic peptide
BNP = brain natriuretic peptide

Obstructive sleep-disordered breathing, enuresis and combined disorders in children: chance or related 
association? Swiss Med Wkly. 2017;147:w14400   Marco Zaffanello et al

Page 233

Pediatric Growth and Development

Age 0 6 11 15 18
Post-adolescence

5 1612109

Preschool 

Primary 

Dentition 

School Early

Mixed dentition

School

Late Mixed 

Dentition

Adolescence

Permanent 

Dentition

CS3 CS5CS4CS2CS1 CS6

Ant. Cranial 
Base

Nasal Expansion 

Nasomaxillary  Adv.
Midfacial Advancement

Conventional Maxillary Expansion ( Transverse ) 

Cranial

Base

Nasomaxillary 

Complex

Mandible 

Unlock Narrow Max
Deep OB for Mn growth

Functional Appl
Control Vertical for Man. Rotation
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Pediatric Growth and Development

Preschool 

Primary 

Dentition 

Age 0 6 11

School  

Early Mixed 

dentition

School

Late Mixed 

Dentition

5 109

229 230

231 232

233 234



3/13/2026

40

Nasomaxillary Complex Growth
The maxilla is more responsive than the mandible to 

orthopedic force

Maxillary Growth 

• 1) At the suture that connect the 
maxilla to the cranium and cranial 
base

• 2) By surface remodeling

The Maxilla can be Under 
Your Control 

Mandibular Growth
• 1) in cartilage covering the mandibular 

condyle
• 2) direct surface apposition and 

remodeling

The Mandible has a mind 
of its own

• Skeletal Growth

1. Cranial Base : Anterior cranial base growth is complete. Posterior cranial 

base grows ( S-N increases by 1 mm per year , N-B  increases by approximately 1.7 mm per 

year between 6 and 16 years of age)

2. Nasomaxillary Complex : Downward and forward, Nasal Cavity continue 

to grow together 

( abnormal habit-> impaired palatal bone drift-> deep palatal vault, narrow high arch, narrow nasal 

cavity) 

oAge 6-9  : Maxillary growth in horizontal direction

oAge 10-12  : Maxillary growth in more vertical direction

School Age 
Mixed Dentition ( Age 6-11 )

Early Mixed (Age 6-9)
Late Mixed ( Age 10-11)

• Skeletal Growth

3. Mandible: Increase body length and ramus 

Juvenile growth spurt : mandibular internal rotation 

( gonial angle decrease -> determine Mn shape) 

( mouth breathing-> poor internal rotation-> high angle, increases mandibular 

divergency) 

• Pharyngeal  growth :  

: Enlarged adenoid ( peak at 10-11 old)

: Enlarged tonsil ( Peak at 3-7 yrs old)  Tonsil size reduced ( age 10-11 yrs )

School Age 
Mixed Dentition ( Age 6-11 )

Early Mixed (Age 6-9)
Late Mixed ( Age 10-11)

• Tongue  

age 6-9 :  Increase in tongue size -> transient 
decrease retroglossal airway

age 10-11: Tongue size growth complete 

Tongue strength increases slowly throughout 

• Functional

: Transition from immature swallowing to mature 
swallowing through changes in dentition and 
palatal growth

School Age 
Mixed Dentition ( Age 6-11 )

Early Mixed (Age 6-9)
Late Mixed ( Age 10-11)

Strategies
• Nasomaxillary Complex Expansion and Advancement

– Maxillary Expansion ( Age 6-11) : Unlock deep overbite/overjet 
to unlock mandibular growth

– Midfacial Advancement

• Age 6-9  : RPE and Facemask

• Age 10-12  : Consider TAD anchored RPE / MARPE and 
Facemask

Adenotonsillectomy after expansion 

School Age 
Mixed Dentition ( Age 6-11 )

Early Mixed (Age 6-9)
Late Mixed ( Age 10-11)
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Pediatric Growth and Development

Age 0 6 11 15 18
Post-adolescence

5 1612109

Preschool 

Primary 

Dentition 

School Early

Mixed dentition

School

Late Mixed 

Dentition

Adolescence

Permanent 

Dentition

CS3 CS5CS4CS2CS1 CS6

Ant. Cranial 
Base

Nasal Expansion 

Nasomaxillary  Adv.
Midfacial Advancement

Conventional Maxillary Expansion ( Transverse ) 

Cranial

Base

Nasomaxillary 

Complex

Mandible 
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Pediatric Growth and Development

Preschool 

Primary 

Dentition 

Age 0 6 11 15

School  

Mixed 

dentition

Adolescence

Permanent 

Dentition

School

Late Mixed 

Dentition

5 12109

• Skeletal Growth

1. Cranial Base : Most of growth is complete

2. Nasomaxillary Complex : Downward and forward more vertical 

direction, Nasal Cavity continue grow together

3. Mandible: body length and ramus 

: Mandibular growth peak at age 11-13 ( Early Adolescent)

: Vertical growth of condyle and ramus -> counterclockwise external 

rotation and surface modeling 

4. Hyoid : 2nd puberty of hyoid growth  

• Pharyngeal growth : T & A reduction

Adolescent 
Permanent Dentition 

( Age 12-15 )

Strategies
• Nasomaxillary Complex Expansion and Advancement

– Maxillary Expansion 

• Consider TAD anchored RPE ( MARPE )

• Unlock deep overbite/overjet to unlock mandibular growth

– Midfacial Advancement

• MARPE with facemask or Tandem 

• Bollard mini-plates for a long term

Adolescent 
Permanent Dentition 

( Age 12-15 )

Strategies

• Enhance Mandibular Growth  

– Functional appliance to grow the mandible  

– Consider TAD to change growth direction ( mandible 
autorotation & rotation )

– Bollard Plate with Herbst (?)

• Nasal Breathing Establishment : Exclusive nasal breathing should 
be achieved

• Myofunctional therapy: Swallowing maturation complete

Adolescent 
Permanent Dentition 

( Age 12-15 )

Limitation 

In 1964, a study by Krebs on orthopedic expansion demonstrated that 
expansion is 

50% skeletal and 50% dental in children 
35 % skeletal and 65 % dental in adolescents 

RME 
Rapid Maxillary 

Expansion

SARME 
Surgically Assisted 

Rapid Maxillary Expansion
Suture matures at 11 ~ 15 yrs
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Maxillary Expansion using TAD

Dental Expansion Skeletal Expansion 

Page 248

International Orthodontics 2022; 20: 100657

Conclusions
The short-term airflow changes after MARPE seems promising. 
MARPE is associated with greater skeletal maxillary expansion after retention, 
at various levels of the nasal cavity, compared to conventional RME.

Page 249

MARPE (N=14) : AHI 28.8 AHI 11.4 
Control (N=10) : AHI 27.4 AHI 24.2

Conclusion
MARPE promoted important occlusal and respiratory 
benefits. Daytime sleepiness and OSA-related quality of life, 
AHI (65.3%), oxygen saturation and snoring was improved.

Table The advantages and disadvantages of each design type of mini-screw assisted maxillary expanders.

Management of Obstructive Sleep 
Apnea - A Multidisciplinary Textbook 
with Evidence-Based Guidelines  
Kim et al  2020 1st edition
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Maxillary Expansion Protocol for OSA

Age 35+ for selective case Male: Age 25

Female : All Age (60+)

257

RPE 
Vs 

MARPE 

01
Medical Conditions
: Sleep Disordered Breathing, 
Myofunctional Disorders

A-P midface deficiency
Vertical Control
Amount of deficiency
Skeletal maturation 

02
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Page 260

unlimited

Pediatric Growth and Development

Preschool 

Primary 

Dentition 

Age 0 6 11 15 18

School  

Mixed 

dentition

Adolescence

Permanent

Dentition

School

Late Mixed 

Dentition

Post-

adolescence
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• Skeletal Growth

1. Cranial Base : Most of growth is complete

2. Nasomaxillary Complex : Most of growth is complete

3. Mandible: body length and ramus 

: Substantial Mandibular growth is done

Residual growth

• Lymphoid Tissue: • Hypertrophy of lingual tonsils ( after puberty )

• Tongue strength increases slowly until age 17

Post- Adolescent 
( Age 16-18 ) Check out Lingual Tonsil

Factors associated with hypertrophy of the lingual tonsils in adults with 
sleep-disordered breathing
MW Sung, WH Lee, JH Wee, CH Lee. 
JAMA Otolaryngol Head Neck Surg. 2013 

Strategies
• Nasomaxillary Complex Expansion and Advancement

– Maxillary Expansion 
• TAD anchored RPE ( MARPE )

– Midfacial Advancement : Not promising
• MARPE with facemask or Tandem 

• Bollard mini-plates

• Residual Mandibular Growth  
– Consider TAD for mandible autorotation

– Wait for Orthognathic Surgery 

• Nasal Breathing Establishment

• Myofunctional therapy

Adolescent 
Permanent Dentition 

( Age 16-18 )
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Pediatric Growth and Development

Age 0 6 11 15 18
Post-adolescence

5 1612109

Preschool 

Primary 

Dentition 

School Early

Mixed dentition

School

Late Mixed 

Dentition

Adolescence

Permanent 

Dentition

CS3 CS5CS4CS2CS1 CS6

Ant. Cranial 
Base

Nasal Expansion 

Nasomaxillary  Adv.
Midfacial Advancement

Conventional Maxillary Expansion ( Transverse ) 

Peak Man. 
Growth

Stimulate Man. 
Growth

TAD anchored Orthopedic

TAD assisted Maxillary 
Expansion ( MARPE )

TAD for
Man. Autorotation

Cranial

Base

Nasomaxillary 

Complex

Mandible 
Unlock Narrow Max

Deep OB for Mandible growth
Control Vertical for Man. Rotation

Adenoid Tonsillectomy

Myofunctional Therapy

Lymphoid 

Functional
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Maxillary Expansion Protocol for OSA

Age 35+ for selective case Male: Age 25

Female : All Age (60+)

MARPE Improves Upper Airway 
and Sleep Disordered Breathing 

Page 267

International Orthodontics 2022; 20: 100657

Conclusions
The short-term airflow changes after MARPE seems promising. 
MARPE is associated with greater skeletal maxillary expansion after retention, 
at various levels of the nasal cavity, compared to conventional RME.

•Key Findings:
•Increased nasal cavity width & volume → Improved nasal airflow. 
•Expanded nasopharyngeal & oropharyngeal volumes → Potential airway ventilation benefits. 
•Alar width & base width widened → Possible soft tissue adaptation. 

•Clinical Insights:
•MARPE may enhance respiratory function and potentially aid in OSA symptom reduction. 
•Expansion effectiveness varies based on mini-screw length & activation frequency. 

Page 269

MARPE (N=14) : AHI 28.8 AHI 11.4
Control (N=10) : AHI 27.4 AHI 24.2

•Significant improvements in daytime sleepiness, 
quality of life, AHI
•85% success rate, improvements in oxygen 
saturation and snoring duration.

Page 270

Key Findings:

•Statistically significant airway increases, especially in: 
• Nasal cavity: volume increased by 9.9%–31%
• Nasopharynx: volume increased by 6.4%–20.7%

•Improvements were observed immediately after expansion.
•MARPE affects upper airway anatomy favorably, but its direct role in reducing OSA 
incidence remains unclear.

Conclusions: MARPE lead to a statistically significant increase in the upper airway, 
especially in the nasal cavity and nasopharynx immediately after expansion

Dentistry Journal2024 Mar 1;12(3):60. doi: 10.3390/dj12030060

265 266

267 268

269 270



3/13/2026

46
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MINI-SCREW ASSISTED MAXILLARY EXPANSION TECHNIQUES FOR 
TREATMENT OF OBSTRUCTIVE SLEEP APNEA

Audrey Jung-Sun Yoon

Chapter 57

Management of Obstructive Sleep Apnea - A Multidisciplinary Textbook with Evidence-Based Guidelines Kim et al 2019 1st edition

DisadvantageAdvantageDesign
 Technique-sensitive 

:screw needs to be  placed at a non-favorable angle
: difficult to position – must be parallel to expansion vector to 
avoid asymmetric expansion

 Only single point contact on each side resulting in more 
concentrated forces during expansion

 Pre-fabricated design 
 Same day appointment process ( No lab work necessary )
 Can be inserted in areas with very narrow palate

Bar Type
 KLS Martin RPE
 TPD (Transpalatal Distractor) 

 High cost of fabrication
 High cost of components
 Multiple piece fabrication
 Process requires multiple appointments to complete

 Can choose design with mini-screw anchors on the side of palate or 
secured on roof of palate

 Can be custom-made to individual 
 No teeth involvement to avoid any dental periodontal damage

Multiple mini-screw supported expander

 Technique-sensitive
 Difficult to remove mini-screws after use
 Potential for food trap, especially surface area junction 

between acrylic and contact with surface of palatal 
tissue

 Multiple appointment process

 Cost-effective
 Fabricated in-house
 Easy refabrication for 2nd expander
 Can be custom-made to individual
 Able to insert very narrow palate
 No teeth involvement to avoid any dental periodontal damage

Acrylic Base reinforced with 4 mini-screws
 C-expander

 High cost of fabrication
 High cost of components
 Multiple piece fabrication
 Multiple appointment process
 Too bulky to insert into very narrow palate

 Easy to insert and remove mini-screws
 Reduced inventory
 Can be custom-made to individual
 Easy refabrication for 2nd expander
 High success rate of midpalatal suture splits on young adults

Hybrid Design: 
2 Molar bands + 2 miniscrews
 Hybrid Hyrax (Ludwig Design)

 High cost of fabrication
 High cost of component
 Multiple appointment process
 Jackscrews are too big for very narrow palate
 Location of mini-screws insertion into bone are limited 

and dictated by the pre-fabricated holes of expander
 Once mini-screw anchorage fails, hard to change the 

location
 Mini-screws often penetrate through nasal cavity 

(oroantral fistula)

 Pre-fabricated  design of jackscrew including miniscrew insertion 
holes

 Easy to insert and remove mini-screws
 Simple technique
 High success rate of midpalatal suture splits on young adults

Hybrid Design: 
2 Molar Bands + 4 miniscrews
 MSE (Maxillary Skeletal Expander)

273

DISADVANTAGEADVANTAGEDESIGN

 High cost of fabrication
 High cost of components
 Multiple piece fabrication
 Multiple appointment process
 Too bulky to insert into very narrow palate

 Easy to insert and remove mini-screws
 Reduced inventory
 Can be custom-made to individual
 Easy refabrication for 2nd expander
 High success rate of midpalatal suture 

splits on young adults

Hybrid Design: 2 Molar bands 
+ 2 miniscrews
 Hybrid Hyrax (Benedict 

Design)

 High cost of fabrication
 High cost of component
 Multiple appointment process
 Jackscrews are too big for very narrow 

palate
 Location of mini-screws insertion into 

bone are limited and dictated by the pre-
fabricated holes of expander

 Once mini-screw anchorage fails, hard to 
change the location

 Mini-screws often penetrate through nasal 
cavity (oroantral fistula)

 Pre-fabricated design of jackscrew 
including miniscrew insertion holes

 Easy to insert and remove mini-screws
 Simple technique
 High success rate of midpalatal suture 

splits on young adults

Hybrid Design: 2 Molar Bands 
+ 4 miniscrews
 MSE (Maxillary Skeletal 

Expander)
 KBE ( Kee’s Bone 

Expander)

Page 274

Ready-made 
MARPE (MSE)

Custom 3D Metal 
Printing MARPE 

275

Transfer Case 
38 yrs old Male

Missing UR3, UL3, LL1
Midfacial deficiency
Sleep Disordered Breathing
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Customized 3D printing MARPE 
How much better?

Retrospective Analysis of Success Rates and Complications in 100 Consecutive Adult 
Cases of Customized 3D-Printed Miniscrew-Assisted Palatal Expansion

Unpublished, Under Review,  In Submission, 2025

• Custom 3D-printed MAPE improves success in older patients 
by enhancing anchorage and fit, reducing pain and 
complications with a slower expansion protocol. 

• 100 consecutive custom MARPE in adult : 99.9% success rate 
in females and 97% in males. 

• These findings highlight the value of personalized design and 
precise mini-implant placement.

Audrey Yoon  , Eugene Y Kim , Heeyeon Suh 

Adult MARPE : Custom 3D Metal Printing MARPE 
( without cortipuncture or piezo) 
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Audrey Yoon  , Eugene Y Kim , Heeyeon Suh 

Retrospective Analysis of Success Rates and Complications in 100 Consecutive Adult 
Cases of Customized 3D-Printed Miniscrew-Assisted Palatal Expansion

Adult MARPE : Custom 3D Metal Printing MARPE 
( without cortipuncture or piezo) 

Under Revision,  In Submission, 2025

ADULT non-surgical MARPE Success : 100 % Female, 97.3 % Male ALL AGES 

Custom 3D Metal Printing 
MARPE 

90 % skeletal 
In adult expansion

Ready-made MARPE 
( MSE 2 )

40 % skeletal
In adult expansion 

•Objective: Compare 
Conventional MARPE (MSE-II) vs. 
Custom 3D-printed MARPE in 
Methods: CBCT analysis of 42 pt 
(16-35 years)
•Results: MxW/SCRW 0.9 in 
custom MARPE group and 0.4 in 
MSE(P=0.0001)
•Conclusion: Custom 3D-printed 
MARPE enhances maxillary 
expansion in adults with better 
design and implant placement. 

Custom 3D Metal Printing 
MARPE 

90 % skeletal 
In adult expansion

Ready-made MARPE 
( MSE 2 )

40 % skeletal
In adult expansion Skeletal expansion/ Screw turning

New MARPE Protocol : “No Diastema Protocol ”

Unpublished, Under Review,  In Submission, 2025

MARPE 
(Miniscrew Assisted Rapid Palatal Expander) 

MASPE or MAPE 
(Miniscrew Assisted Slow Palatal Expander) 

Page 288
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What is future ? 
Action to Next level : Diagnosis and Phenotyping 

• Can we avoid expensive overnight polysomnography?
• Can we avoid radiation or sedation? 

• Easy, Affordable and non-invasive way to calibrate and measure ?
• Can we prevent OSA from developing in high-risk population?

Precision Medicine
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Molecular signature for the diagnosis of paediatric 
sleep apnoea. 

- Molecular signature consisting of 32 markers. 

Rene Cortese et al. Eur Respir J 2023;61:2201465
©2023 by European Respiratory Society

Screening and Diagnosis of Pediatric OSA : Beyond AHI
What Is In The Future ? 

96 % accuracy

Mild congestion:
• High energy at lower frequencies and 

distinct energy bands

Moderate to severe congestion:
• Reduced energy at low frequencies due to limited 

nasal airflow

Can voice quality accurately predict

patient symptom severity of nasal congestion? 

Using AI:  Zero Radiation Smartphone Facial Scan 
with CT Level Accuracy  

Meliadis et al, EMBS 2023

Width Height

HeightWidthReal vs 
Estimated

0.252 ± 0.191 cm0.139 ± 0.084 cmAbsolute Error
6.38 ± 4.79 %4.13 ± 2.44 %Percent Error

Using AI:  Zero Radiation Smartphone Facial Scan
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AI Enabled Personalized Airway Management and Therapy 

• Provide a clear Therapeutic 
Pathway with Experienceable and 
Measurable milestones

• Appliance Therapy 

• Airway Autonomic Modulation
• personalized vibrational 

therapy for sustained 
patency and clear congestion 
free nasal breathing

• Real Time Patient patency and 
health checkStay in Tune, Launching this year

AADSM ANNUAL MEETING         •   SAN ANTONIO

Pag 
29
6

Interdisciplinary OSA Treatment Protocol

OSA Pt 

Non- Growing Pt 

PAP Therapy

Sleep Surgery

Oral Appliance
Therapy

Growth
Modification 

Growing Pt 

AADSM ANNUAL MEETING         •   SAN ANTONIO

Presurgical Evaluation
(Physical Examination, Cephalometric Analysis, Fiberoptic Pharyngoscopy)

Phase I
(Sites of Obstruction)

UPPP
(Type 1 Oropharynx)

GAHM
(Type 3 Hypopharynx)

UPPP + GAHM
(Type 2 Oropharynx + Hypopharynx)

Post-Operative Polysomnogram (6mos)
(Failure)

Phase II
Maxillomandibular Osteotomies (MMO)

Powell N, Riley R. A surgical protocol for sleep disordered breathing. Oral Maxillofac Surg Clin
North Am. 1995 Aug;7(3):345–356.

Original Stanford Sleep Surgery Protocol

AADSM ANNUAL MEETING         •   SAN ANTONIO

Updated Stanford sleep surgery algorithm

Improve PAP Adherence

No PAP, OAT

History, PE, Nasopharyngoscopy

Maxillomandibular 
Advancement    (MMA)

Nasal

Age / BMI / Comorbidity

Turbinate Reduction
Septoplasty
Nasal Valve Surgery

Maxillary 
Expansion 

Palate Tongue Lateral Pharyngeal Wall
CCC 

TB Reduction
Genioglossus Advancement
Upper Airway Stimulation

Tonsillectomy
UPPP

PAP Therapy

Drug Induced Sleep Endoscopy

Post-Operative PSG (6 months)

Bariatric

Drug Induced Sleep Endoscopy

Surgical Management of Obstructive Sleep Apnea: A Collaborative 
Approach to a Multidisciplinary Disease 

Allen Huang, 1,2 , Felix Kyle Yip,1,3 ,Eugene Y Kim, 4,  Audrey Yoon, DDS, MS 4,5

Seminar in Orthodontics, In press 2025

Surgical Management of Obstructive Sleep Apnea: A Collaborative 
Approach to a Multidisciplinary Disease 

Allen Huang, 1,2 , Felix Kyle Yip,1,3 ,Eugene Y Kim, 4,  Audrey Yoon, DDS, MS 4,5

Seminar in Orthodontics, In press 2025
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Classic Maxillomandibular Advancement 
Surgery for OSA

• Developed by Robert Riley, MD, DDS; 
Nelson Powell, MD, DDS; and Christian 
Guilleminault, MD at Stanford

• Maxillary driven procedure – greater 
success when maxilla is advanced 10 
mm or more and mandible over 11 mm

• Designed to maximize soft tissue 
tension - allow for larger 
advancements. 

Classic Maxillomandibular Advancement 
Surgery for OSA

• Earliest indications: 
• (1) severe OSAS, 
• (2) morbid obesity, 
• (3) severe mandibular deficiency
• (4) failure of other forms of therapy.

• Class 1 patients with or without 
bimaxillary hypoplasia.

• Often seen when there is history of 
extractions during orthodontic 
treatment.

Surgical Management of Obstructive Sleep Apnea: A Collaborative 
Approach to a Multidisciplinary Disease 

Allen Huang, 1,2 , Felix Kyle Yip,1,3 ,Eugene Y Kim, 4,  Audrey Yoon, DDS, MS 4,5

Seminar in Orthodontics, In press 2025

Surgical Management of Obstructive Sleep Apnea: A Collaborative Approach to a Multidisciplinary Disease 

Allen Huang, 1,2 , Felix Kyle Yip,1,3 ,Eugene Y Kim, 4,  Audrey Yoon, DDS, MS 4,5 MMA for Bi Max Case
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10mm advancement

Slide courtesy of Dr. Stanley Liu

40.0mm
42.7mm

F-H
2.7mm

7.6 degree

G.F.

• 18 yrs old
• Had 6 years orthodontic 

treatment (phase I, 
phase II, orthotropic) 

• AHI 45 at age 11
 Tonsillectomy, 

adenoidectomy, RF turb
 AHI improved 7.3, supine 

sleep AHI 9.5, REM sleep 
AHI 8.3, minimum O2 
93% at age 13

• Excessive daytime 
fatigue, decrease 
attention and centration

• Usually sleep 11 PM to 11 
AM ( 12 hours), still 
waking up unrefreshed
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5 weeks 
After 

c
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AHI : 68.8/hr AHI : 9/hr

c

Hypoglossal Nerve Stimulation 
with Maxillary Expansion
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Surgical Management of Obstructive Sleep Apnea: A Collaborative 
Approach to a Multidisciplinary Disease 

Allen Huang, 1,2 , Felix Kyle Yip,1,3 ,Eugene Y Kim, 4,  Audrey Yoon, DDS, MS 4,5

Seminar in Orthodontics, In press 2025

Upper Airway Stimulation ( Hypoglossal Nerve Stimulation )

- UAS simultaneously addresses 
multiple levels of airway 
collapsibility, despite the primary 
mechanism of action of tongue base 
protrusion.

Upper Airway Stimulation for OSA

Tongue Movement Confirmation
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Snore

Nasal Flow

SpO2

Baseline

Snore

Nasal Flow

SpO2

Functional Threshold

Snore

Nasal Flow

SpO2

(2.5 Volts)

Snore

Nasal Flow

SpO2

(2.6 Volts)

Snore

Nasal Flow

SpO2

Minimum Therapeutic Amplitude (2.6 Volts)

Snore

Nasal Flow

SpO2

(2.8 Volts)
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Upper Airway Stimulation for OSA

Building the anatomical structure which lasts the lifetime

Patient Specific Airway Design from Children to Adult 
The optimal esthetics and function
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Thank You  

audrey12@stanford.edu jungdds@gmail.com https://www.facebook.com/audrey.yoon

FALL 2025

343 344


