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Today we will coveré 

ÅThe basics of normal sleep 

ÅThe basics of sleep disordered breathing 

ÅSleep apnea in adults and children 

ÅDiagnosis and treatment of snoring and sleep 

apnea 

ÅThe dentistôs role in screening, diagnosis and 

treatment of sleep apnea 

ÅOral appliance therapy for OSA 
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Definitions of Events 
Apnea 
Åcomplete cessation of breathing for at least 10 seconds 

Hypopnea 
Ådecrease in tidal volume of 30-50% associated with a fall 

in oxygen saturation (4%) or arousal response 

Arousal 
Åshift in EEG for at least 3 seconds (in REM sleep 

requires also increase in EMG or movement) 
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Index Definitions 

ÅApnea Index      AI 

ÅApnea Hypopnea Index    AHI 

ÅRespiratory Effort Related Arousal  RERA 

ÅRespiratory Disturbance Index  RDI 

 RDI = AHI + RERA 
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Apnea Hypopnea Index (AHI) 

ÅNormal:  less than 5 events per hour 

ÅMild:  5-15 events per hour 

ÅModerate:  16-30 events per hour 

ÅSevere:  over 30 events per hour 
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Oxygen Saturation 

ÅNormally, the blood oxygen level should be 

above 90%.  With obstructions, you can have 

varying degrees of desaturations.  The 

severity of the problem depends on %. 

 

ÅMild problem:  85-90% 

ÅModerate problem:  80-84% 

ÅSevere problem:  below 80% 
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Normal Sleep 
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Sleep Architecture 

Sleep is an Active and Complex State 

 

Non-REM Sleep: 

 Stage 1 (N1): Transitional Phaseð5% 

 Stage 2 (N2): Light Sleepð50% 

 Stage 3&4 (N3): Delta Slow Wave Sleepð20% 

REM Sleep: 

  The Dream Stageð25% 

 



Å These brain waves, taken by electroencephalogram, are used by sleep experts to identify the 

stages of sleep. Close your eyes and your brain waves will look like the first band above, 

ñrelaxed wakefulness.ò Theta waves indicate stage one sleep. Stage two sleep shows brief 

bursts of activity as sleep spindles and K-complex waves. Deep sleep is represented by large, 

slow delta waves (stages three and four). Lawrence Epstein, M.D., Improving Sleep: A Guide to 

a Good Nightôs Rest,  

Å Harvard Health Publications 2007.  

http://www.health.harvard.edu/special_health_reports/Improving_Sleep.htm
http://www.health.harvard.edu/special_health_reports/Improving_Sleep.htm


Sleep  Stages 

Stage 1 (N1) ñLight Sleepò  

  4-5% of total sleep time is considered normal 

ï increases to 15% by age 70 

 
 



Sleep  Stages 

 Stage 2 (N2) ñRestful Sleepò 

  45-55% of total time 



Stage III and Stage IV (N3) ñDeep Sleepò  
ÅDelta or slow wave sleep 

ÅRange of total sleep:  10-20% 

ÅPercentage decreases with age 

ÅAbove 40-50% in children; to total absence 

by age 40-60 

ÅUsually appears only in the first 1/3 of the 

sleep episode 

ÅGrowth hormone usually appears in Delta 

sleep and reaches peak levels in Stage 4 
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Rapid eye movement sleep  -  ñREMò  
ÅObserved eye movements 

Å20-25% total sleep time 

ÅBody paralysis ï atonia 

ÅMind very active 

ÅVery vivid hallucinatory imagery or dreaming 

ÅDo problem solving 



What is the Sleep Cycle? 

ÅSleep is characterized by two distinct states, non-

REM sleep and REM sleep that alternate in 90 to 110 

minute cycles. 

ÅA normal sleep pattern 

has 4-5 cycles  

throughout the night. 



Normal sleep histogram of healthy young adult. 



Circadian Biological Clock 

ÅCircadian rhythms 

ÅSynchronized or 

ñentrainedò to 24 hour 

day by environmental 

cues 

ÅLight most powerful cue; 

leads to suppression of 

melatonin secretion by 

the pineal gland 

ÅPeaks and troughs of 

alertness in 24 hours 

 

Retino-hypothalamic  

tract 

Suprachiasmatic  

Nuclei (SCN) 

Hypothalamus 



Pharyngeal  Patency 

ÅWhile awake, the pharynx is always held 

open except during swallowing. 

ÅThis is accomplished by reflexes 

controlling the activity of pharyngeal 

muscles. 

ÅDuring sleep, reflex control of the 

pharyngeal muscles is lost. 

ÅDuring sleep, the pharyngeal airway can 

narrow severely or close completely. 



Sleep Disorders 
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II.  Parasomnias 

 A.  Arousal disorders 

 B.  Sleep-Wake transition disorders 

 C.  Parasomnias usually associated with REM sleep 

 D.  Other parasomnias 

 
III. Medical/Psychiatric Sleep Disorders 

A. Associated with mental disorders 

B. Associated with neurological disorders 

C. Associated with other medical disorders 

 
IV.   Proposed Sleep Disorders 

I. Dysomnias 

A. Intrinsic sleep disorders 

B. Extrinsic sleep disorders 

C. Circadian rhythm sleep disorders 



The following can contribute 

to sleep disordersé 

ÅElectric light 

ÅNon-stop radio 

ÅNon-stop television 

ÅFast paced lifestyles 

ÅInternet and e-mail 

ÅCellular telephones 

ÅJet travel 

ÅPain 

ÅDietary factors 

ÅStimulants 

ÅDrugs/Alcohol 

ÅIrregular bedtime and 

wake times 

ÅPoor sleep hygiene 

ÅObesity  

ÅDistress 



ñSeventy million Americans suffer from 

sleep disorders.ò 

Carl E. Hunt, Director 

National Center on Sleep Disorders Research 
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Sleep Disorders  

and Public Safety 

ÅAviation ï pilot, control tower, security 

ÅMedicine ï surgeon, anesthesiologist, nurse, 

PA 

ÅMilitary personnel 

ÅPolice 

ÅTruck drivers 

ÅRailroad engineer 

ÅBoat, barge or ship captain 



47% of truck drivers report falling asleep at the 

wheel at some point in their driving career; 25% 

report dosing off on at least 1 occasion in the 

past year. 

Study of Fatigue Related Driving Among Long 

Distance Truck Drivers, New York State,McCartt 

A, et al, 1997. 



West J Med.  2001 March;  174(3):  180 . 

Does sleep deprivation impair cognitive  

and motor performance as much as  

alcohol intoxication? 
 

 

 

Alice A Kuo 
 

University of California,  

Los Angeles School of Medicine 



OBJECTIVES 

To compare the relative effects on performance of sleep 

deprivation and alcohol. 

 

 

PARTICIPANTS AND METHODS 

Performance effects were studied in 39 participants over a 

period of 28 hours of sleep deprivation and after measured 

doses of alcohol up to about 0.1% blood alcohol concentration 

(BAC). Of the 39 individuals, 30 were employees from the 

transport industry and 9 were from US military. 

West J Med. 2001 March; 174(3): 180. 



RESULTS 

 

After 17 to 19 hours without sleep performance on some 

tests was equivalent or worse than that at a BAC of 0.05%. 

Response speeds were up to 50% slower for some tests, 

and accuracy measures were significantly poorer than at this 

level of alcohol intoxication. After longer periods without 

sleep, performance reached levels equivalent to the 

maximum alcohol dose given to the participants (BAC of 

0.1%). 

 

West J Med. 2001 March; 174(3): 180. 



Dental Parafunction 



Sleep Bruxism 



1.2mm Airway!!! 
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Snoring 



Simple  Snoring 

ÅVibration of the soft palate (25 times per 

second) 

ÅVirtually no increase in resistance to 

airflow 

ÅNo compromise in respiratory status 

during sleep (i.e., normal arterial oxygen 

saturation) 

ÅOccurs mainly in Non-REM sleep 
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Does Snoring and Sleep Apnea affect 

the Bed Partnerôs Sleep?  

JRS 2014 



Mayo Clin Proc. 1999 Oct;74(10):955-8. 
The effect of snoring and obstructive sleep apnea on the sleep quality of bed partners. 

Beninati W, Harris CD, Herold DL, Shepard JW Jr. 

ÅMATERIALS AND METHODS: We studied 10 married 

couples in which 1 member was undergoing 

polysomnography to evaluate suspected OSA. The 

patients and their spouses underwent simultaneous 

polysomnography. Midway through the 1-night study, the 

patients received nasal continuous positive airway 

pressure (CPAP) with the pressure adjusted to eliminate 

snoring and obstructive breathing events.  

http://www.ncbi.nlm.nih.gov/pubmed?term="Beninati W"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Harris CD"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Herold DL"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Shepard JW Jr"[Author]


Mayo Clin Proc. 1999 Oct;74(10):955-8. 
The effect of snoring and obstructive sleep apnea on the sleep quality of bed partners. 

Beninati W, Harris CD, Herold DL, Shepard JW Jr. 

ÅRESULTS: The patients (all male) demonstrated a 

median (range) apnea-hypopnea index of 26 (3-75) that 

decreased to 7 (0-34) during the trial of nasal CPAP 

therapy (P < .05).  

ÅDuring the CPAP trial, the median (range) arousal index 

of the spouses decreased from 21 (14-34) to 12 (4-27) 

(P < .01), and the spouses' median (range) sleep 

efficiency increased from 74% (56%-80%) to 87% (64%-

95%) (P < .01). 

http://www.ncbi.nlm.nih.gov/pubmed?term="Beninati W"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Harris CD"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Herold DL"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Shepard JW Jr"[Author]


Mayo Clin Proc. 1999 Oct;74(10):955-8. 
The effect of snoring and obstructive sleep apnea on the sleep quality of bed partners. 

Beninati W, Harris CD, Herold DL, Shepard JW Jr. 

ÅCONCLUSION: The elimination of snoring and OSA in 

these patients was associated with an improvement in 

the quality of their bed partners' sleep, as indicated by 

improved sleep efficiency and continuity, even when the 

spouses had been habitually exposed to snoring and 

OSA. Assuming that 480 minutes were spent in bed for 

sleep, a 13% improvement in sleep efficiency (i.e., from 

74% to 87%) translates to an additional 62 minutes of 

sleep per night for the spouses of snorers with OSA. 

http://www.ncbi.nlm.nih.gov/pubmed?term="Beninati W"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Harris CD"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Herold DL"[Author]
http://www.ncbi.nlm.nih.gov/pubmed?term="Shepard JW Jr"[Author]


ÅñEveryone who snores will eventually have 

sleep apneaéif they live long enough.ò 

 
ÂJames OôBrien, M.D. 
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Sleep Apnea 
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Types of Sleep Apnea 
Obstructive (OSA): 

ÅApnea with ventilatory efforts due to pharyngeal collapse 

Å~90% of sleep apnea cases 

 

Central (CSA): 

ÅApnea without ventilatory effort due to withdrawal of central 
drive 

ÅThought to be due to decreased cardiac output 

ÅCheyne-Stokes respiration a subset of CSA 

Å~10% of sleep apnea cases 

 

Mixed/Complex: 

ÅApnea with central component followed by obstructive 
component 

ÅOften classified as obstructive sleep apnea 
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Primary Snoring 
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Hypopnic event-Airflow signal is reduced by approximately 50% 

Hypopnea 

E|le

¸i 

IÂle

¸i 

Airflow reduction 
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PeÆehÄ

| EÂhÊ 

SAO2 Desaturation 
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Obstructive Apnea Recordings 
A complete blockage of the airway despite efforts to breath.  

Notice the effort gradually increasing ending in airway opening. 

Blood oxygen levels reduce to  

<  3% of  baseline value 

Inhale 

Exhale Airway obstructs Airway opens 

Paradoxing 

Paradoxing Ends 

EKG 

 

 

Airflow 

 

Thoracic 

effort 

Abdominal  

effort 

 

SAO2 

 

Effort gradually increases 
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Obstructive apnea ï no airflow even 

with chest and abdominal effort. 
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These are central apneas with minimal oxygen desaturation. Note the low SAO2 
at the beginning of this tracing.  This is associated with a previous apnea.  

Airflow 

Thor. Effort 

Abd. Effort 

SAO2 

ECG 

Central Apnea 
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With both central and obstructive components 

EKG 

Airflow 

Thoracic Effort 

Abdominal Effort 

SAO2 

Mixed Apnea 
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Snoring and Sleep Apnea  

in the United States 

Snoring and Sleep Apnea 
ÅMore than 40% of adults over 40 snore 

Å87 million Americans snore  

Å45 million snore every night 

Å9% of men and 4% of women have OSA 

Å4% of men have OSA symptoms 

Å2% of women have OSA symptoms 
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Prevalence of OSA in the USA 

Å OSA - 20 million 

ÅCompare with 

Å Asthma - 10 M 

Å Diabetes - 16 M 

Å More common in males than females 

Å Progressively worsens with age 

Å Progressively worsens with increasing weight 



ÅObstructive sleep apnea in non -obese patients: age, 

gender and severity  

ÅTeimur Yeligulashvili, PhD 
Å Abstract presented at SLEEP 2009  

 

ÅResults confirmed that OSA in non -obese  patients is 

most prevalent in middle -aged men with larger 

neck sizes. Fifty-four percent (2,906) of 5,426 non -

obese patients were OSA positive , and most of 

them were middle age (57 percent). An equal 

number of patients had mild OSA (50.4%) or 

moderate to severe OSA (49.6%).  Male prevalence 

and neck size were significantly higher in the group 

with moderate to severe OSA.    

 



Å Sleep apnoea is a common occurrence in females  

Å Karl A. Franklin et. al.  

Å European Respiratory Journal, August 2012  

 

ÅWe investigated 400 females from a population -

based random sample of 10,000 females aged 20 ð

70 years. They answered a questionnaire and 

performed overnight polysomnography . 



Å Sleep apnoea is a common occurrence in females  

Å Karl A. Franklin et. al.  

Å European Respiratory Journal, August 2012  

 

ÅObstructive sleep apnoea (apnoea -hypopnoea 

index Ó 5) was found in 50% (95% CI 45ð55%) of 

females aged 20 ð70 years.  Sleep apnoea was 

related to age, obesity and hypertension but not to 

daytime sleepiness. Severe sleep apnoea (apnoea -

hypopnoea index Ó 30) was scored in 14% (95% CI 

8.1ð21%) of females aged 55 ð70 years and in 31% 

(95% CI 12ð50%) of obese females with a body -mass 

index of >30 kg·m ĭ2 aged 50 ð70 years.  
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Clinical Signs & Symptoms of OSA 

ÅExcessive Daytime Sleepiness 
(EDS) 

ÅNon-restorative sleep 

ÅPoor memory, clouded intellect 

ÅPoor concentration and 
performance 

ÅFatigue 

ÅMorning headache 

ÅDecreased sex drive, impotence 

ÅDepression, irritability 

ÅGastro-esophageal reflux (GERD) 

ÅPersonality changes 

Daytime Symptoms: 
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Clinical Signs & Symptoms of OSA 

Nighttime Symptoms: 

ÅSnoring: intermittent with pauses 

ÅSnorting, gasping 

ÅAwakening with gasping or 
choking 

ÅApnea, pauses in breathing 

ÅFrequent awakening 

ÅFragmented awakening 

ÅSweating 

ÅFragmented, non-refreshing, light 
sleep 

ÅThrashing in bed 

Å Insomnia 

ÅBRUXISM 



OSA in Children 

 





Symptoms  of  OSA   

in  Children 

ÅSnoring 

ÅHyperactivity 
(ADHD) 

ÅDevelopmental 
delay 

ÅPoor 
concentration 

ÅEnuresis 

ÅNightmares 

ÅNight terrors 

ÅHeadaches 

ÅRestless sleep 

ÅObesity 

ÅLarge tonsils 

ÅNoisy breathers 

ÅChronic runny noses 

ÅFrequent upper airway 
infections 

ÅEaraches 

ÅBRUXISM 



òA rapid maxillary expander is an effective appliance for 

treating children with OSAS.ó 

Villa NP, Malagola C. Rapid Maxillary Expansion in Children with OSAS: 12 month 

follow-up. Sleep Med. 2007 January 17. 

 



Hypertrophy (enlargement) of the tonsils and 

adenoids is the most common cause of 

obstructive sleep apnea in children. 

Brodsky L, Moore L, Stanievich JF.  A comparison of tonsillar size and 

oropharyngeal dimensions in children with obstructive adenotonsillar 

hypertrophy.  Int J Pediatr Otorhinolaryngol 1987 Aug;13(2):149-56. 



Tonsil removal may improve school performance. 

Gozal D.  Sleep-disordered breathing and school performance in children.  

Pediatrics 1988 Sep;102(3 Pt1):616-20. 



Girls with adenoids  

From Walter Mooreõs Peopleôs Health,  

New-York McMillan, 1913 



Attention  Deficit/Hyperactivity 

Disorder (ADHD) 

ÅSnoring is associated with higher levels of 

inattention and hyperactivity. 
 

Å81% of snoring children with ADHD (25%) 

could have their ADHD eliminated if their 

habitual snoring were effectively treated. 

 

 

 

Chervin, RD et al.  Symptoms of Sleep Disorders, Inattention and 

Hyperactivity in Children, 1997, Sleep 20(12): 1185-1192. 

 





Children with Attention Deficit Hyperactivity Disorder 

are 2-½ times more likely to be bed wetters. 

Robson WL, Jackson HP, Blackhurst D, Leung AK.  Enuresis in children 

with attention-deficit hyperactivity disorder. 

South Med J, 1997 May;90(5):503-5. 



Enuresis 

ñSurgical removal of upper airway obstruction led to 

a significant decrease in or complete cure of 

nocturnal enuresis in 76% of children studied.ò 
Weider, DJ. Nocturnal enuresis in children with upper airway obstruction, 

Otolaryngol Head Neck Surg 1991;105:417-32. 

ñNocturnal enuresis ceased within a few months in the 10 cases 

studied by using rapid maxillary expansion to reduce nasal 

constriction.ò 

Timms, D. Rapid maxillary expansion in the treatment of nocturnal enuresis, 

The Angle Orthodontist 1990, 60(3):229-33. 



Sleep Disorder Breathing Gets in the 

Way of Critical Functions 



Sleep Disorder Breathing Gets in the 

Way of Critical Functions 
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Physical Characteristics  

of 

Obstructive Sleep  Apnea 
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Medical Sleep Apnea Risk Factors 

ÅObesity 

ÅIncreasing Age 

ÅMale Gender 

ÅAnatomic Abnormalities of Upper Airway 

ÅFamily History 

ÅAlcohol or Sedative Usage 

ÅSmoking 

ÅHypertension 



OSA Physical Exam  
Risk Factors 

ÅBMI>30 

ÅNeck circumference >16in 

ÅHigh arched palate 

 

ÅMicro/retrognathia 

 

 

ÅMallampati class airway 


