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Preface

Our world has been always in a constant change; things we used to do only 10 or 
20 years ago could be obsolete, proven wrong, or replaced with new ideas. This 
applies to so many things, and the medical and dental world is no exception into 
this. This fast pace of change has implication to any profession, and without any 
doubt, every dentist has experienced this in his or her career.
Dentistry as it was taught 20 or more years ago was more conventional; it was con-
sidered as a separate discipline that only borders medicine. Dentistry is still taught 
as a profession for people with extreme good manual dexterity; most dentist can 
remember the dental school admission requirement of sculpting a soap bar. More 
and more emphasis is given to other qualities like:
• A desire to learn: Having a willingness to learn new things and a desire to 

improve your skills is a great trait. This is the best way to cope with constant 
change.

• Good problem-solving skills: Problem-solving skills are an essential trait for a 
dentist. Not every patient will have a dental/medical problem with a clear-cut 
solution. Sometimes a dentist needs to think outside the box in order to deter-
mine the best treatment approach for the patient.
Becoming a dentist takes an interest in science and a desire to help people.
Dentistry slowly becomes an important partner in healthcare; we have seen pub-

lications of correlations of the common gingivitis and heart disease [1]. Oral health-
care professionals can identify patients who are unaware of their risk of developing 
serious complications as a result of cardiovascular disease and who are in need of 
medical intervention.

We have seen publications about the value of early detection of oral cancer [2]. 
The prevention of oral cancer and its associated morbidity and mortality hinges 
upon the early detection of neoplastic lesions.

The oral cavity is an important anatomical location with a role in many critical 
physiologic processes, such as digestion, respiration, and speech. The mouth is fre-
quently involved in conditions that affect the skin or other multi-organ diseases. In 
many instances, oral involvement precedes the appearance of other symptoms or 
lesions at other locations [3].

The latest trend is the involvement of dentistry in the management of obstructive 
sleep apnea [4]. The general dentist can play an important role in the recognition of 
signs and symptoms of patients with obstructive sleep apnea syndrome. Obstructive 
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sleep apnea (OSA) is defined as the repetitive airway obstruction due to the collapse 
of the pharyngeal airway during sleep potentially causing partial or complete cessa-
tion of airflow for breathing. Although many suffer from symptoms of sleep apnea 
syndrome, most remain undiagnosed until significant problems occur, such as car-
diopulmonary disease, neurologic dysfunction, and hypersomnolence. In recent 
years, sleep apnea has become a significant public health concern. Both medical and 
dental practitioners have become increasingly aware of sleep apnea. Early detection 
of this condition by the dental practitioner can lead to the prevention of comorbid 
diseases and improved quality of life for many patients.

General dentists are involved in the management of OSA of adults by providing 
alternative treatment with oral appliances (common acronyms: OAT, oral appliance 
therapy; MAD, mandibular advancement device; MAS, mandibular advancement 
splint). The gold standard for the treatment of OSA (adults and children) has been, 
and still is, the use of positive airway pressure (PAP) treatment. The immediate 
treatment outcome of the use of a PAP device is usually excellent; however, compli-
ance is an issue. Adherence to positive airway pressure treatment for obstructive 
sleep apnea is a critical problem with adherence rates ranging from 30% to 60%. 
Poor adherence to PAP is widely recognized as a significant limiting factor in treat-
ing OSA, reducing the overall effectiveness of the treatment and leaving many OSA 
patients at heightened risk for comorbid conditions, impaired function, and quality 
of life [5]. Dentists who have received additional training can provide alternative 
treatment with OAT, and commonly the adherence rate is better than with PAP ther-
apy [6].

OSA does not only affect adults; it does also affect children. The health conse-
quences of OSA on adults are well documented [7]. There is now a wealth of infor-
mation indicating that untreated obstructive sleep apnea is associated with an 
increased risk of fatal and nonfatal cardiovascular event, a higher propensity of 
sudden death during sleep, and a greater risk for stroke and all-cause mortality.

The health consequences for children with OSA are even more compelling. We 
have begun to understand that pediatric sleep disorders in general, and more particu-
larly sleep-disordered breathing (SDB), can lead to substantial morbidities affecting 
the central nervous system (CNS), the cardiovascular and metabolic systems, and 
somatic growth, ultimately leading to reduced quality of current and future life. We 
have also monitored the altered behavior of children with OSA [8]. This can be 
confusing and can sometimes lead to a wrong diagnosis and treatment. Behavioral 
problems are prevalent in children with either mild SDB or OSA, and both groups 
of children show significant improvements in behavior after treatment. Research 
has also identified a link between sleep disorders and problematic and hyperactive 
behaviors and mood disturbances [9].

Charles Dickens has in 1836 described in his The Pickwick Papers a boy, called 
Joe, that has the characteristic of a person who suffers from sleep-disordered breath-
ing [10]. Unknowingly, he described a child with pediatric SDB. This was the first 
description in the main literature about sleep-disordered breathing; for that reason, 
SDB is also initially known as the “Pickwickian syndrome.”
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The process of understanding pediatric sleep apnea is ongoing, and I am sure 
there is still a lot to be discovered. We already understand that pediatric sleep apnea 
has other dimensions than adult sleep apnea. Children are not just small people; 
strategies that apply to adults do not automatically apply to children. Side effects of 
OSA (adult) treatment are sometimes magnified when applied to children. As an 
example, we see that the compression forces of the mask of a PAP device limit the 
craniofacial growth of the child, potentially making the craniofacial structure more 
unfavorable for a normal (nasal) breathing.

There was a pilot study [11] with the pediatric application of MAD (oral appli-
ances) that was designed for adults; after the initial promising results, we have not 
seen any further publications. One can only guess why this study has been 
terminated.

The most common cause of pediatric OSA is the enlargement of lymphoid tis-
sue: adenoids and lingual tonsils. The enlargement of these tissues can create a 
structural blockage of the upper airway and higher airflow resistance. The most 
common treatment is the surgical removal of these tissues. Not enough attention is 
given why in the first place these tissues are hypertrophied; alternative management 
and understanding of these tissues will be researched in the coming years. Most 
importantly is that we need to develop a strategy to avoid adenotonsillar hypertro-
phy in the first place.

Quite commonly, children that are diagnosed with OSA do have a dysfunction in 
the way they breathe, speak, eat, and drink. Quite often, the children have an 
impaired nasal breathing leading to mouth breathing. A dysfunctional orofacial sys-
tem is one of the causes of disturbed craniofacial growth and teeth crowding. A 
correction or, even better, reeducation of these functions has been shown in the lit-
erature as an effective (co-)treatment of pediatric OSA [12]. Current literature dem-
onstrates that myofunctional therapy decreases apnea-hypopnea index by 
approximately 50% in adults and 62% in children! Myofunctional therapy could 
serve as an adjunct to other obstructive sleep apnea treatments.

The most promising treatment option of treatment of pediatric OSA is currently 
dentofacial orthopedic and orthodontics. This option has the ability to correct struc-
tural issues to improve nasal and pharyngeal airways. This allows to normalize 
structures so the orofacial complex can function how they should function. There 
are many publications [13–15] that report reduction of the apnea-hypopnea index 
after the expansion of the palate through rapid palatal expansion (RPE). It is believed 
that palatal expansion increases the palatal tongue space and nasal airway and facili-
tates nasal breathing.

In cases where there is a midfacial deficiency, a combination of palatal expansion 
with the use of a reverse pull headgear (protraction headgear) seems to have very 
good results [16].

One of the unknown and underestimated facts is that dentistry is in the best posi-
tion to recognize the signs and symptoms of pediatric sleep apnea; dentists see 
children from a young age (2 years and up) on a scheduled regular base; they do 
inspect the orofacial region, and they could detect or recognize any signs or 
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symptoms that could be related to pediatric sleep disorders. Dentists will also be 
able to observe the behavior and mood; this could sometimes be a sign of a pediatric 
sleep disorder.

However, at this time, there is a lack of awareness and education about this very 
important topic, and this book is one of the contributions to correct that void.

Burnaby, BC, Canada Edmund Liem

References
 1. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3100856/
 2. http://www.ncbi.nlm.nih.gov/pubmed/9089529
 3. http://emedicine.medscape.com/article/1081029-overview
 4. http://www.ncbi.nlm.nih.gov/pubmed/24192732
 5. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2972705/
 6. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1794626/
 7. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2645248/
 8. http://www.ncbi.nlm.nih.gov/pubmed/17667138
 9. h t t p : / / j o u r n a l s . l w w. c o m / c o - p u l m o n a r y m e d i c i n e / A b s t r a c t / 2 0 0 7 / 1 1 0 0 0 /

Neurocognitive_and_behavioral_morbidity_in.7.aspx
 10. h t t p : / / w w w . c h a r l e s d i c k e n s i n f o . c o m / n o v e l s / p i c k w i c k - p a p e r s /

the-pickwick-papers-and-sleep-apnea-charles-dickens/
 11. http://news.ubc.ca/2009/02/05/archive-ubcreports-2009-09feb05-apnea/
 12. http://www.ncbi.nlm.nih.gov/pubmed/25348130
 13. http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3004500/
 14. https://www.researchgate.net/publication/261763395_The_impact_of_rapid_palatal_expan-

sion_on_children’s_general_health_A_literature_review
 15. http://www.ncbi.nlm.nih.gov/pubmed/21437777
 16. http://www.jdsm.org/ViewArticle.aspx?pid=30401

Preface

http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3100856/
http://www.ncbi.nlm.nih.gov/pubmed/9089529
http://emedicine.medscape.com/article/1081029-overview
http://www.ncbi.nlm.nih.gov/pubmed/24192732
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2972705/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC1794626/
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC2645248/
http://www.ncbi.nlm.nih.gov/pubmed/17667138
http://journals.lww.com/co-pulmonarymedicine/Abstract/2007/11000/Neurocognitive_and_behavioral_morbidity_in.7.aspx
http://journals.lww.com/co-pulmonarymedicine/Abstract/2007/11000/Neurocognitive_and_behavioral_morbidity_in.7.aspx
http://www.charlesdickensinfo.com/novels/pickwick-papers/the-pickwick-papers-and-sleep-apnea-charles-dickens/
http://www.charlesdickensinfo.com/novels/pickwick-papers/the-pickwick-papers-and-sleep-apnea-charles-dickens/
http://news.ubc.ca/2009/02/05/archive-ubcreports-2009-09feb05-apnea/
http://www.ncbi.nlm.nih.gov/pubmed/25348130
http://www.ncbi.nlm.nih.gov/pmc/articles/PMC3004500/
https://www.researchgate.net/publication/261763395_The_impact_of_rapid_palatal_expansion_on_children's_general_health_A_literature_review
https://www.researchgate.net/publication/261763395_The_impact_of_rapid_palatal_expansion_on_children's_general_health_A_literature_review
http://www.ncbi.nlm.nih.gov/pubmed/21437777
http://www.jdsm.org/ViewArticle.aspx?pid=30401


ix

My most sincere appreciation is to my parents who have guided me throughout my 
life. Without their guidance and encouragements, I would never be in the position 
where I am now.

This book is dedicated to them.
I wish to thank the many friends (dental colleagues and assisting staff) I have met 

on my 40+ year journey through the never-ending development of my professional 
side; they have shared comraderies, knowledge, and passion for the best health out-
come of the patients who have trusted us. We have started in dentistry with blinders 
on our eyes and after many years, slowly our vision has widened, and we are now 
amazed how much interaction and participation we can have in the care of the total 
health of our patients.

It is impossible to list everybody who has influenced me on my journey, so I will 
name the 4 most influential persons in my professional career as a dentist:

• Dr. John Witzig whose passion sparks me to explore the world of functional 
orthodontics

• Dr. Brock Rondeau who gave me a solid foundation in orthodontics
• Dr. John Mew who gave me the understanding of the importance of “oral 

posture”
• Dr. Steven Olmos who taught me the connection of TMD and OSA

I thank my 7 other siblings (2 of them are also dentists) for encouraging me in 
my profession.

Last but not least, I thank all the coauthors of this book; without their willingness 
to share knowledge and their hard work, this book would never have seen the 
daylight.

Edmund Liem

Acknowledgments



xi

 1  Obstructive Sleep Apnea Syndrome  . . . . . . . . . . . . . . . . . . . . . . . . . . . .   1
Manisha Budhdeo Witmans

 2  Signs and Symptoms of Non-restorative Sleep . . . . . . . . . . . . . . . . . . . .  21
Osman S. Ipsiroglu

 3  Craniofacial Growth and Development  . . . . . . . . . . . . . . . . . . . . . . . . .  39
German O. Ramirez-Yañez

 4  Craniofacial Signs, Symptoms and Orthodontic  
Objectives of Paediatric Obstructive Sleep Apnoea . . . . . . . . . . . . . . . .  57
Seng-Mun (Simon) Wong

 5  Physical Assessment in Pediatric Sleep Hygiene  
and Airway Health  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  89
Kevin L. Boyd

 6  Airway Orthodontics, the New Approach . . . . . . . . . . . . . . . . . . . . . . . .  97
Barry D. Raphael

 7  Orthodontic and Dentofacial Orthopedic Treatment Strategies  
for Pediatric Sleep Disorders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 107
Edmund A. Lipskis

 8  Treatment of Myofunctional Pathology  . . . . . . . . . . . . . . . . . . . . . . . . . 127
Joy L. Moeller, Martha Macaluso, and Ruth Marsiliani

 9  Future Perspectives of Sleep Disorder  
Treatment in Pediatric Dentistry . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
Edmund Liem

Contents



xiii

Contributors

Kevin L. Boyd, DDS, MS Lurie Children’s Hospital, Chicago, IL, USA

Private practice, Dentistry for Children, Chicago, IL, USA

Osman S. Ipsiroglu, MD Department of Paediatrics, Faculty of Medicine, 
University of British Columbia, Vancouver, BC, Canada

H-Behaviours Research Lab [Previously Sleep/Wake-Behaviour Research Lab], 
BC Children’s Hospital Research Institute, University of British Columbia, 
Vancouver, BC, Canada

Edmund Liem, DDS Vancouver TMJ & Sleep Therapy Centre, Burnaby,  
BC, Canada

Edmund A. Lipskis, DDS, MS The Centre for Integrative Orthodontics,  
St. Charles, IL, USA

Martha Macaluso, RDH Academy of Orofacial Myofunctional Therapy,  
Pacific Palisades, CA, USA

New York University College of Dentistry, New York, NY, USA

Ruth Marsiliani, RDH Academy of Orofacial Myofunctional Therapy,  
Pacific Palisades, CA, USA

New York University College of Dentistry, New York, NY, USA

The City University of New York, New York City College of Technology, 
Brooklyn, NY, USA

Joy L. Moeller, RDH Academy of Orofacial Myofunctional Therapy,  
Pacific Palisades, CA, USA

German O. Ramirez-Yañez, DDS, MS Private Practice, Aurora Kids Dentistry, 
Aurora, ON, Canada

Barry Raphael, DDS Raphael Center for Integrative Orthodontics,  
Clinton, NJ, USA

Manisha Budhdeo Witmans, MD University of Alberta, Edmonton, AB, Canada

Seng-Mun (Simon) Wong, DDS Private Practice, Melbourne, VIC, Australia

Orthotropics Module, Department of Orthodontics, University of Valencia, 
Valencia, Spain



1© Springer Nature Switzerland AG 2019
E. Liem (ed.), Sleep Disorders in Pediatric Dentistry, 
https://doi.org/10.1007/978-3-030-13269-9_1

M. B. Witmans (*) 
University of Alberta, Edmonton, AB, Canada

1Obstructive Sleep Apnea Syndrome

Manisha Budhdeo Witmans

1.1  Introduction

Sleep is a basic physiological need, and humans spend about one third of their lives 
sleeping. Sleep architecture is composed of two basic types of sleep called rapid eye 
movement (REM) sleep and non-REM (NREM) sleep. NREM sleep can be further 
subdivided into stages N1, N2, and N3, which make up different portions of the 
night that the individual spends sleeping. The amount of each stage can change on 
the basis of the person’s age. Less is known about gender differences in sleep. The 
different sleep stages are characterized by different electroencephalogram patterns 
and electro-oculography patterns. NREM sleep makes up 75% of the night (5% is 
stage N1 sleep, 45–55% is stage N2 sleep, and about 25% is stage N3 sleep), while 
REM sleep accounts for the remaining 25% [1]. In contrast to children and adults, 
infants spend almost 50% of the time in REM sleep, and as much as 80% of sleep is 
spent in REM sleep in premature infants. Physiologically, humans are most vulner-
able to perturbations in breathing during REM sleep, thus often classified as sleep-
related breathing disorders when there are associated disturbances in gas exchange. 
The primary sleep disorder associated with breathing abnormalities in REM sleep is 
obstructive sleep apnea (OSA). Different names are used to describe the spectrum 
of this disorder and may include upper airway resistance syndrome, sleep apnea, 
obstructive apnea, sleep-disordered breathing, and obstructive sleep apnea hypop-
nea syndrome.  This form of sleep-disordered breathing is different from central 
sleep apnea and hypoventilation, which are related to other pathophysiological 
mechanisms and involve different treatment options. The reader is encouraged to 
read the International Classification of Sleep Disorders (3rd Edition) for more com-
prehensive discussion and explanations about the various sleep-related breathing 
disorders. The focus of the following discussion will be relevant to obstructive sleep 
apnea. This is arguably a very important disorder in sleep medicine, as it has many 
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serious consequences for the affected individuals, including increased morbidity 
and mortality and for society in general as its impact affects performance, vigilance, 
and optimal functioning. Unfortunately, at this time, although there are treatment 
options that may help manage the resulting symptoms and prevent complications, 
we are certainly nowhere near the point of lifelong cure. The treatment may allevi-
ate or reduce symptoms and sequelae for a period of time; age is a risk factor for 
persistence or recurrence of the disorder.  However, we remain hopeful that advances 
in science and technology will improve the management of sleep apnea and enable 
us to develop more customized and individual specific treatment options.

1.2  History

Obstructive sleep apnea was initially reported in the 1970s. It has become increas-
ingly prevalent and is a significant public health problem. Descriptions of OSA in 
the lay literature can be traced back to Shakespeare, as well as the famous charac-
ter Joe from The Pickwick Papers, the Charles Dickens novel. Use of the term 
Pickwickian syndrome is discouraged because this term is not only used to 
describe obstructive sleep apnea but also has been used to describe individuals 
with obesity hypoventilation syndrome.  In the medical literature, Dr. John Cheyne 
was the first person to describe sleep-disordered breathing associated with heart 
failure and an irregular breathing pattern during sleep [2]. Cases were slowly 
reported over time until the mid-twentieth century, when the problem became 
widely recognized, and its consequences extend to every sphere of medicine. 
Obesity was thought to be the primary factor in the development of sleep apnea, 
until the 1970s, when Drs. Dement and Guilleminault showed that sleep apnea 
could occur in thin individuals [1]. They were instrumental in establishing the 
field of sleep medicine and first described OSA in children in 1976 [1]. Since 
then, the field has expanded exponentially to become a subspecialized field of 
medicine, rooted in several disciplines, including respirology, neurology, psychia-
try, psychology, pediatrics, otolaryngology, internal medicine, cardiology, anes-
thesia, and dentistry.

Obstructive sleep apnea is a disorder characterized by recurrent episodes of 
partial upper airway obstruction (hypopnea) or complete upper airway obstruction 
(apnea) during sleep, despite respiratory efforts, and it results in sleep disruption, 
usually an arousal, and ventilatory instability [3] (drops in oxygen saturation, and 
swings in blood pressure during the apneic episodes). The Task Force of the 
International Classification of Sleep Disorders (3rd Edition) has defined obstruc-
tive sleep apnea in children and adults separately, particularly because of the dif-
ferences in the diagnostic criteria noted below. The spectrum of disordered 
breathing during sleep can range from snoring to frank OSA with its associated 
consequences. Snoring is more prevalent in children and adults compared to OSA, 
with rate estimates ranging from 17% to 33% in men versus 7–19% in women 
(Principles and Practice of Sleep Medicine). OSA associated with daytime sleepi-
ness affects 3–7% of adult men and 2–5% of adult women [1]. Depending on the 
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criterion used, the lowest estimates suggest 4% prevalence in males and 2% preva-
lence in females. A recent systematic review determined the prevalence rates to be 
widely variable in adults, based on the threshold for defining sleep apnea, and 
estimated rates as high as 49%!  In some older age groups, the estimates were 
higher than 80% [4]. In children the prevalence rates of OSA vary from 1% to 5%, 
depending on the diagnostic criteria used to define OSA.  The disease defin-
ing quantitative parameter used to calculate the frequency and severity of airflow 
obstruction is called the apnea–hypopnea index (AHI) (Table 1.1), measured dur-
ing overnight polysomnography (PSG). The American Academy of Sleep Medicine 
(AASM) has classified the severity of sleep apnea on the basis of cutoffs for apnea/
hypopnea. Mild, moderate, and severe OSA are classified as ≥5, ≥15, and ≥30 
events per hour, respectively. OSA-related symptoms include excessive daytime 
sleepiness, morning headaches, behavioral mood problems, insomnia, and identi-
fied comorbidities such as hypertension. The challenge of this definition is that 
using this as the only indicator of disease is that it fails to provide information 
regarding the physiological and/or functional impact of this disorder on affected 
individuals. Various candidate genes such as TNFa have been linked to phenotypes 
of OSA and are being evaluated.

What is not understood with absolute certainty is the threshold of change from 
benign snoring to OSA along the continuum of breathing during sleep. Snoring may 
certainly be disruptive to a bed partner or the affected individual but does not result 
in any reportable consequences. In contrast, it is arguable that any snoring reflects 
airflow limitation in the airway, and any resulting consequences may not be appreci-
ated until the severity of the problem is significant enough to affect the bed partner 
or to result in sleepiness, daytime impairment, and/or cardiovascular consequences. 

Table 1.1 Types of events associated with obstructive sleep apnea, according to the American 
Academy of Sleep Medicine (AASM) [5] scoring manual in adults. In children, the same defini-
tions apply but the duration is for greater than or equal to 2 breaths and not 10 seconds. Children 
13–18 can be scored using adult criteria. 

Obstructive apnea: Decrease in the peak airflow signal excursion by 90% of the pre-event 
baseline for 10 s with continued or increased respiratory effort throughout the entire period of 
absent airflow
Hypopnea: Decrease in the peak airflow signal excursion by 30% of the pre-event baseline for 
10 s with associated arousal or 3% oxygen desaturation with any one of the following: snoring, 
increased inspiratory flattening of the airflow signal, or associated thoracoabdominal paradox
Central apnea: Decrease in the peak airflow signal excursion by 90% of the pre-event baseline 
for 10 s with absent respiratory effort throughout the entire period of absent airflow
Central hypopnea: Decrease in the peak airflow signal excursion by 30% of the pre-event 
baseline for 10 s with associated arousal or 3% oxygen desaturation with none of the following: 
snoring, increased inspiratory flattening of the airflow signal, or associated thoracoabdominal 
paradox
Hypoventilation: Increase in the arterial PCO2 to a value 55 mmHg for 10 min or an increase in 
arterial PCO2 by 10 mmHg from the awake baseline to a value >50 mmHg for 10 min. In 
children, this is defined as hypercapnia, or increased PCO2 > 50 mmHg for at least 25% of the 
total sleep time. 

PCO2 partial pressure of carbon dioxide

1 Obstructive Sleep Apnea Syndrome
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In fact, snoring alone has been associated with excessive daytime sleepiness, and 
those who snore tend to have a higher Epworth sleepiness score (ESS) >10 [6]. In 
children, snoring has been associated with poorer executive function. As in other 
disorders, many of the origins of adult sleep apnea may stem from infancy or child-
hood. Children with OSA have been found to have elevated blood pressure 
10–15  mmHg higher than nonsnoring controls during sleep, irrespective of the 
severity of the sleep apnea [7]. OSA is a highly prevalent and serious chronic dis-
ease with significant morbidity and mortality and with increasing prevalence world-
wide [8]. If it does indeed start in childhood, this behooves us to address the problem 
early and comprehensively.

1.3  Pathogenesis

Obstructive sleep apnea occurs because there is a lack of adequate compensation 
to maintain an open airway when the normal reduction in pharyngeal dilator 
muscle activity is superimposed on a narrowed airway with increased collaps-
ibility [9]. A  Starling resistor model is used to  explain the human pharyngeal 
airway during sleep [10]. However, the inspiratory flow decreases with increas-
ing effort which is called negative effort dependence, rather than being fixed as 
predicted by  the Starling model. Wellman and colleagues have shown that the 
resistance in the upper airway can vary considerably in patients with sleep 
apnea and  in turn influence downstream narrowing as well [11]. Although the 
pathogenesis of OSA has not been conclusively determined, certain factors have 
been identified that are attributable to obstructive sleep apnea.  (1) Pharyngeal 
anatomy and collapsibility determine the critical closing pressure, which is the 
pressure at which the airway will narrow or close as described above and its 
inherent variability within individuals. This has been shown to be less negative, 
meaning more collapsible, in children and adults with sleep apnea. (2) Ventilatory 
control system gain or loop gain, which is the responsivity of the system to deal 
with perturbations in respiratory control. Therefore, a high loop gain will pro-
mote apneas as a response to the initial disturbance because of overcompensa-
tion, whereas a low loop gain will reduce the perturbations in breathing [12]. (3) 
The ability of the airway to dilate or stiffen in response to an increase in ventila-
tory drive. (4) Arousal threshold is the point at which an individual may respond 
to the apnea and the associated perturbations with a cortical arousal to an apnea. 
(5) Fluid shift which refers to the increased volume of venous fluid and/or upper 
airway mucosal fluid may contribute to the decreased surface area and increased 
resistance during sleep, which may decrease the volume of the airway during 
sleep [13]. Elegant work by Marcus and colleagues in children have shown that 
children with obstructive sleep apnea have impaired two-point discrimination in 
the tongue and palate compared to healthy controls [14]. They also showed that 
the palate is not affected as it is in adults when using vibration perception as a 
measurement in small number of control with sleep apnea [15]. Taken together, 

M. B. Witmans



5

this has implications for selecting specific treatment targets for children and 
adults with sleep apnea depending on how the upper airway is affected during 
sleep. There have been developments in the last several years to try and pheno-
type adults in order to discern best treatment options for the sleep apnea. However, 
this is difficult in children for many reasons.  

1.4  Risk Factors

It was assumed that OSA is a disorder in adults only. However, this is not the case, 
because OSA can affect any individual from cradle to grave, and we are learning that 
the syndrome involving obstructive sleep apnea includes signs and symptoms result-
ing from partial or complete upper airway obstruction leading to arousals, sleep frag-
mentation, hypoxemia, hypercapnia, and blood pressure perturbations during sleep 
[16]. The genetic predisposition towards OSA is largely  inherited based on racial 
studies, chromosomal mapping, familial studies, and twin studies. About 35–40% of 
the variance in the pathogenesis for OSA can be attributed to genetic factors. The 
genetic factors may be associated with body fat distribution, craniofacial structure, 
and neurophysiological control of the upper airway, and central regulation of breath-
ing that may be affected. The interaction of these factors and possible environmental 
factors may result in the wide range of effects that are seen with OSA syndrome. The 
definitions and how the OSA was measured in various studies may account for the 
great variances found among the studies. Nevertheless, genetic underpinnings are an 
important consideration and may affect the likelihood of comorbidities as well. The 
strongest risk factors for OSA are obesity and male gender [17]. Although obesity 
increases the risk of sleep apnea about 10–14 fold, it accounts for about 30–50% of 
the  variance suggesting involvement of other factors.  There are genetic overlaps 
between the factors that mitigate obesity and OSA. Increasing age is also a risk factor 
for increased airway collapsibility. In addition, craniofacial structure involving the 
hard and soft tissue  features of the upper airway is also genetically determined. 
Various features such as macroglossia, retrognathia, micrognathia, and type II mal-
occlusion, elongated soft palate, and inferior displacement of the hyoid have been 
implicated. Ventilatory control patterns may also play a role in influencing breathing 
during sleep but also the airway collapsibility. Abnormal ventilatory responses have 
been implicated and may shed some light on why some individuals are more suscep-
tible than others. Further impact of genes involving sleep and circadian rhythm may 
also further influence the phenotype of sleep apnea, and increasing age increases the 
likelihood of sleep apnea. Risk factors for OSA include a body mass index (BMI) ≥ 
35 kg/m2, advancing age, male gender, structural factors (craniofacial abnormalities, 
hypotonia  as in all individuals with Down syndrome, nasal obstruction, and an 
increased neck circumference), ethnicity, family history, cigarette smoking/exposure 
to environmental tobacco smoke  (in children), lower socioeconomic status, and a 
history of prematurity [1]. Endocrine-related disorders such as hypothyroidism and 
acromegaly are also risk factors for OSA. OSA is more common is individuals with 
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certain neurological disorders affecting the muscles such as myotonic dystro-
phy. OSA severity is also likely affected by alcohol consumption [18] and/or use of 
sedative medication before sleep onset.  Conditions associated with OSA are listed 
in Table 1.2.

Male sex is certainly an important risk factor in adults, in that the male-to-female 
ratio of the reported prevalence is 2-3:1, but this has not been reported in children, 
as boys and girls are equally affected. Women tend to have an increased risk of OSA 
after menopause, decreasing the disparity in gender. The presentation in women like 
cardiovascular disease also tends to be different. Obesity is strongly linked with 
OSA. An increase in body weight of 10% has been associated with a sixfold greater 
risk of developing OSA, in comparison with healthy weight [19, 20]. Nasal conges-
tion, resulting in airflow obstruction, has also been linked to obstructive sleep apnea, 
and more severe OSA is linked to individuals with allergies, compared with nonal-
lergic individuals [21–23]. Finally, certain genetic craniofacial conditions—such as 
Apert, Crouzon, Marfan, Pierre Robin, and Down syndromes—are also associated 
with a higher prevalence of OSA [24].

1.5  Clinical Features

Obstructive sleep apnea is a relatively common but underdiagnosed disease with 
significant sequelae. The symptom cluster is often brought to light because snoring 
during sleep is either disruptive to the bed partner or results in daytime impairment 
for the affected individual (excessive daytime sleepiness, insomnia from fragmented 
night time, or associated conditions or comorbidities that become apparent, such as 
hypertension). Since the onset can be insidious and can occur at any age, all health 
care providers should have a low threshold for screening for OSA. Dentists are ide-
ally positioned to implement screening for OSA in their practice. Common present-
ing features of OSA include loud snoring, choking, gasping, increased work of 
breathing during sleep, and pauses in breathing in adults. Other reported symptoms 
may include gastroesophageal reflux, mood disturbance, and erectile dysfunc-
tion.    In children, similar symptoms may occur, but children tend to have more 
partial airflow obstruction with increased work of breathing and not frank apneas as 
adults.  The compliant chest wall makes them more vulnerable to paradoxical 

Table 1.2 Associations and comorbidities

Metabolic dysregulation including type 2 diabetes
Hypertension
Congestive heart failure, atrial fibrillation, ischemic heart disease, and presence of OSA may 
further exacerbate underlying conditions
Pregnancy
Headache, cerebrovascular disease, or stroke
Depression
Respiratory disease (asthma, chronic obstructive pulmonary disease, pulmonary hypertension, 
pulmonary fibrosis) and the presence of OSA may further exacerbate underlying conditions
Gastroesophageal reflux disease

M. B. Witmans



7

breathing, particularly in REM sleep.  Children who have muscle weakness, low 
tone, or hypermobility syndromes may not snore, but may present with obstructive 
hypoventilation. The children may sleep in unusual positions to maintain airway 
patency.  The affected individual may be unaware of the symptoms, but concerns 
may be brought to light by the bed partner or a parent. Associated symptoms can 
range from insomnia to fragmented sleep, nonrestorative sleep, and morning head-
aches. Nocturia and secondary enuresis have also been linked to OSA.  This sleep 
fragmentation resulting from arousals secondary to OSA may present as excessive 
daytime sleepiness, hyperactivity, moodiness, or irritability or even as attention and 
behavior issues in children.    Academic performance may be affected including 
executive functioning and working memory. Excessive sleepiness may be present in 
older children and adolescents but less commonly noted in children. The OSA fea-
tures may also be associated with other sleep disorders because of OSA-induced 
arousals resulting in parasomnias (confusional arousals, sleepwalking, night ter-
rors) or REM behavior disorder. There may be comorbid seizure disorder, which 
may either be exacerbated by sleep apnea or the sleep apnea may result in sei-
zures.  Parents may cosleep with their children out of concern or worry because of 
the severity of apneas or to be present to stimulate the child to breathe.  

Features that could increase the suspicion of sleep apnea on physical examina-
tion for development of OSA include craniofacial and upper airway abnormalities, 
malocclusion, obesity, and increased neck circumference in adults. Airway dimen-
sions are often graded clinically using the Mallampati classification to objectively 
state the airway relationship, which ranges from class I (an easily viewed airway) to 
class  IV (inability to view the posterior pharynx because of the position of the 
tongue and palate). Higher grades suggest a more crowded airway and thus an 
increased risk of sleep apnea. In children, adenotonsillar hypertrophy is the most 
common reason in preschool children and obesity in adolescence.  The tonsil size is 
similarly graded from grade 0 to grade 4, which denotes kissing tonsils. In children, 
the grade of the tonsils can be helpful but do not always correlate with the severity 
of the symptom complex or the severity of the apnea hypopnea index. Other factors 
in children can be related to the conditions that involve craniofacial abnormalities 
such as cleft palate, and mucopolysaccharidoses.  

1.6  The United Airway of Inflammation: Rhinitis, Asthma, 
and Sleep Apnea. Causal or Association?

It is apparent that OSA is a disorder resulting in systemic inflammation, as evi-
denced by the plethora of evidence linking sleep apnea, obesity, and cardiovascular 
outcomes. Therefore, any inflammatory condition could certainly contribute to the 
severity of OSA. Asthma is one of the most prevalent chronic diseases in chil-
dren. The prevalence of OSA and asthma have increased in the last decade. They 
share common inflammatory mediators such as cysteinyl leukotrienes. Studies in 
both children and adults have shown that asthma increases the likelihood of OSA 
and sleep apnea can make asthma management more difficult [25–28]. In fact, 

1 Obstructive Sleep Apnea Syndrome



8

Bhattacharjee evaluated asthma outcomes based on a database of 13,506 children 
with asthma who underwent an adenotonsillectomy. Asthma outcomes were com-
pared in the year preceding tonsillectomy versus after adenotonsillectomy. In addi-
tion, 27,012 age, sex, and geographically matched children with asthma without 
adenotonsillectomy were included to include asthma outcomes in children without 
known OSA. In the children who underwent the adenotonsillectomy with OSA and 
asthma, the adenotonsillectomy was associated with significant reductions in acute 
asthma exacerbations (30.2%), acute status asthmaticus episodes (37.9%), asthma- 
related emergency room visits (25.6%), and asthma-related hospitalizations 
(35.8%). Furthermore, adenotonsillectomy was associated with significant reduc-
tions in most asthma prescription refills, including bronchodilators (16.7%), 
inhaled corticosteroids (21.5%), LTRA (13.4%), and systemic corticosteroids 
(23.7%) [29]. It is clear that the two chronic diseases are related but what is still not 
established is if there is causality implying that one leads to the other [30]. Rhinitis 
and asthma are linked, and in turn, they are associated with OSA and can overlap 
with reflux. Obesity further complicates these interrelationships in that obesity 
itself is a risk factor for both asthma and OSA. Factors linking asthma, obesity, and 
sleep apnea may include mechanical factors and activation of the inflammatory 
cascade, which is exacerbated by hypoxemia. Gastroesophageal reflux disease has 
also been linked to OSA. Although adenotonsillar hypertrophy is the most com-
monly cited etiology, the underlying reason for the lymphoid hyperplasia may be 
related to atopic disease or systemic inflammation in general and lymphoid tissue 
such as lingual tonsils have also been reported. Some of the inflammation may be 
related to common cellular mechanisms. Therefore, other conditions mediating 
inflammation such as gastroesophageal reflux, or atopic disease such as food allergy, 
or eosinophilic esophagitis may also further exacerbate inflammation.  Most 
recently, inflammation related to celiac disease has also been linked to OSA symp-
toms in children and a gluten-free diet led to resolution of symptoms [31]. These 
associations therefore suggest that the pathophysiological processes resulting in 
symptoms can be quite complex and multifactorial. any health, any health profes-
sionals, particularly dentists, are in the ideal position to screen for sleep-disordered 
breathing and be involved in the management of the airway with the other 
specialists. 

1.7  Sequelae Associated with Obstructive Sleep Apnea

Dr. David Gozal was one of the first people to present strong evidence that OSA 
affects academic performance in children. He evaluated schoolchildren in grade 1 
for OSA and showed that those who underwent an adenotonsillectomy for OSA had 
a substantial improvement in their academic performance in grade 2, equivalent to 
an intelligence quotient (IQ) increase of 10 points [32]. Gozal and Pope evaluated 
this hypothesis further, linking poor academic performance to associated snoring. 
They asked if adolescents had snored during childhood and had undergone an ade-
notonsillectomy, and they found that 13% of poorly performing adolescents had 
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snored loudly, versus only 5% of high-performance adolescents. In addition, 3% 
had undergone an adenotonsillectomy in infancy due to snoring, versus only 1% of 
the high performers [33]. These findings illustrate that OSA can result in long- 
lasting adverse cognitive consequences. Moreover, Dr. Ron Chervin showed that 
OSA led to hyperactive behavior in a pediatric population [34]. Since that study by 
Dr. Gozal, elegant research by his group and others have shown that obstructive 
sleep apnea is linked to sequelae in children across metabolic, cardiovascular, and 
neurobehavioral domains (Principles and Practice of Sleep Medicine). 

Clinicians often ask how much snoring is too much and what differentiates per-
sistent versus transient snorers. It appears that there is a difference. In one study the 
strongest predictors of persistence of snoring were lower socioeconomic status and 
absence of breast feeding or a shorter duration of it, and persistent snorers had sig-
nificantly higher rates of behavioral problems, particularly hyperactivity and depres-
sion [35]. These factors allude to the role of epigenetics in determination and 
persistence of airway obstruction. Ongoing work with genes and biomarkers will 
shed further light in this area.

Untreated sleep apnea is associated with hypertension, myocardial infarction, 
cardiac failure, stroke, cardiac dysrhythmias, increased risk of motor vehicle acci-
dents, and sudden death. Furthermore, there is emerging evidence that neurocogni-
tive abilities—including attention, working memory, and executive function—are 
also impaired in individuals with OSA. It is not only children with sleep apnea who 
have an increased risk of injury; adults with OSA are also more likely to have 
motor vehicle crashes from drowsy driving. The rising prevalence rates of obesity 
has also led to an increase in the prevalence of OSA. Data from the Wisconsin 
Cohort study showed that a 10% increase in body weight was associated with a 
sixfold increase in the development of OSA over a 4-year period and rise in AHI 
by 32% [36].

1.8  Why Is Pediatric Sleep Apnea Different from Adult Sleep 
Apnea?

Although, by definition, OSA is a condition that can occur along the continuum of 
the life-span—from cradle to grave—the nature, characteristics, and presentation 
of sleep-disordered breathing or sleep apnea differ between children and adults. 
Some basic developmental reasons why children are different from adults include 
a smaller airway, more fatigable muscles, less respiratory reserve, a more collaps-
ible airway, and younger age [37]. There is limited evidence as to whether OSA in 
children is predictor of adult OSA.

Narrow nasal and nasopharyngeal airways, narrow dimensions of the max-
illa, and positional or relative differences between the cranial base, maxilla, and 
mandible have been reported in both children and adults with nasopharyngeal 
obstruction related to adenoids using various techniques from acoustic rhinom-
etry, cone beam CT, and lateral cephalograms and most recently dynamic MRI 
to assess the airway [38].
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An interesting retrospective review recently showed that nasal obstruction related 
not only to adenoidal hypertrophy but also to a narrow nasal maxillary complex may 
contribute to OSA in adults [39]. The authors suggested that smaller dimensions 
related to the nasal maxillary complex in children with more severe nasal obstruc-
tion appeared to be continuous by age. This finding supports the notions that there 
are indeed childhood origins of adult OSA and that early intervention could poten-
tially result in improved outcomes. This would be best accomplished by an interdis-
ciplinary team, addressing different anatomical, neuromuscular, and skeletal 
relationships to optimize airway diameter stability.

1.9  Diagnosis

There is a spectrum of sleep-related breathing disorders. The most prevalent is OSA, 
affecting about 1–3% of children. The gold standard method for diagnosing OSA and 
sleep-disordered breathing is overnight laboratory PSG. However, this is a cumber-
some, resource-intensive, and very specialized diagnostic procedure with limited 
access. There are ongoing efforts to develop more simplified, easily accessible tools 
with devices that include cardiorespiratory signals or, in some cases, just one or two 
recording channels, such as oximetry. Evidence has been established for the diagnos-
tic utility of these ambulatory devices in comparison with that of PSG, particularly in 
severe OSA, in adults [40]. More recently, a randomized, controlled, multicenter trial 
has provided strong support for the role of ambulatory testing (or home sleep apnea 
testing) in the treatment and management of OSA. In fact, it showed that ambulatory 
devices were equally efficacious and more cost effective in managing symptoms in 
individuals with sleep apnea [41]. However, home sleep testing is contraindicated in 
individuals with heart failure, neuromuscular disease, significant chronic lung dis-
ease, or hypoxemia. In those individuals, an attended in-laboratory study is preferred. 
In contrast, there is limited evidence for home sleep apnea testing in children. Two 
small studies have shown that ambulatory studies can be used as a screening tool for 
OSA in the context of a more comprehensive clinical evaluation. For many years, 
oximetry has been used in Canada to screen for OSA in children [42, 43], and it is 
more easily accessible than laboratory PSG. Although there have been tremendous 
improvements in the technology used to diagnose OSA, the skills and instrumenta-
tion required make it a highly specialized service, which is readily available to only 
a few. There is also ongoing active research aimed at identifying OSA in children by 
using biomarkers or metabolites. Unfortunately, we are still years away from a sim-
ple and effective biomarker test for use in screening for OSA.

There is interest in identifying factors that are helpful for predicting the likeli-
hood of the need for treatment of OSA and, more importantly, which children are 
ideal candidates for surgery. The children in the surgical treatment arm of the 
Childhood Adenotonsillectomy (CHAT) study were assessed to determine if PSG 
data or the Pediatric Sleep Questionnaire (PSQ) offered any predictive value for 
improvement related to obstructive sleep apnea syndrome (OSAS). At baseline, 
each 1–standard deviation (SD) increase in the baseline PSQ score was associated 
with an adjusted odds ratio that was approximately 3–4 times higher for behavioral 
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morbidity, 2  times higher for reduced global quality of life, 6  times higher for 
reduced disease-specific quality of life, and 2 times higher for sleepiness. Higher 
baseline PSQ scores (denoting a greater symptom burden) also predicted postsurgi-
cal improvement in parent ratings of executive functioning, behavior, quality of life, 
and sleepiness. In contrast, baseline PSG data did not independently predict these 
morbidities or their postsurgical improvement. Neither PSQ nor PSG data were 
associated with objectively assessed executive dysfunction or improvement at fol-
low-up [44]. What these data tell us is that the PSQ may be a good tool to use in an 
office setting to identify children at risk. The CHAT study data were also used to 
determine if any clinical parameters could predict OSAS severity in children. It was 
concluded that although a number of clinical parameters are associated with sever-
ity of OSA in children, none of the demographic variables, physical findings, nor 
questionnaire responses were able to predict OSA severity [45]. This implies that 
objective testing is essential for determining the severity of OSA in children and 
planning for perioperative care, but the PSG related variables in the CHAT study 
were not able to predict postoperative complications [46]. Explanations may include 
the limited hypoxemia criteria for inclusion in the study, the restricted age range of 
the children (5–9 years), the inclusion of relatively healthy children, and perfor-
mance of the study at academic centers where the expertise of the attending clinical 
teams would likely be a confounder. In other studies, overnight pulse oximetry has 
been shown to be helpful in planning of perioperative care [47–50].

1.10  Treatment of Obstructive Sleep Apnea

The treatment of OSA is multifactorial, with the aim being to improve airway 
patency. Some of the interventions include limiting or omitting exposure to environ-
mental tobacco smoke, particularly for children, avoidance of alcohol and other 
sedative agents that can worsen respiratory control, weight loss, improved sleep 
hygiene, regular exercise, and avoidance of sleep deprivation. The following discus-
sion highlights the evidence-based treatment options for OSA. Use of complemen-
tary alternative therapies are beyond the scope of this review.  

1.10.1  Surgery

The first line of treatment for pediatric OSA still continues to be 
adenotonsillectomy.

The landmark, randomized, controlled CHAT trial showed that children with OSA 
showed improvement in their condition with adenotonsillectomy, with reduced sleepi-
ness and improved quality of life. Interestingly, there was no difference in attention 
and executive function between children with sleep apnea and those without [45]. 
Furthermore, almost half of the children who did not have surgery experienced an 
improvement on their own over a 7-month period [51]. The children who did undergo 
adenotonsillectomy, compared with watchful waiting, had improvements in parent-
reported quality-of-life measures and OSA symptoms [52]. This has been confirmed 
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in other studies. There is evidence of improvement in behavioral parameters, school 
performance, and quality of life improvement after treatment of OSA [53].

A recent meta-analysis on the role of tonsillectomy for obstructive sleep- 
disordered breathing involved 11 studies in children with follow-up of generally 
<1 year showed that there was an improvement in the AHI in children who received 
an adenotonsillectomy, in comparison with watchful waiting, which included three 
randomized, controlled trials [54, 55]. However, studies have demonstrated that the 
cure rate achieved with adenotonsillectomy is not nearly as substantial as was previ-
ously reported [56, 57]. A meta-analyses of these studies included predisposition 
toward asthma, obesity, age, and likely family history [58]. As the risks of surgery 
include postoperative bleeding and potentially death, there is a need for more 
thoughtful consideration about the role of surgery in treating the spectrum of sleep-
disordered breathing and children (CHAT study) [59]. Recent approaches to address 
residual sleep apnea post adeno-tonsillectomy have used drug induced sleep endos-
copy to target any surgical intervention. In a study of 20 pediatric patients, age 2-12 
yrs, with residual OSA post-adenotonsillectomy, various surgeries have been per-
formed using this type of endoscopy: total of 14 total tonsillectomies (70%), 7 with 
associated pharyngoplasties; 5 radiofrequency turbinate reductions (25%); 7 radio-
frequency lingual tonsil reductions (35%); and 10 revision adenoidectomies (50%). 
No surgery-related complications were observed. The AHI scores at follow-up were 
significantly lower than AHI scores before surgery (1.895+/−1.11 vs 6.143+/−4.88; 
p<0.05) and, in 85% (n=17) of patients, the AHI was <3/hr. The outcome of drug-
induced sleep endoscopy- directed surgery for persistent obstructive sleep apnea 
after adenotonsillar surgery [60] concludes that it is a useful and safe technique to 
decide a therapeutic strategy and to obtain good objective and subjective results 
regarding resolution of the syndrome. This suggests that targeted treatment 
approaches may be the optimal treatment method in the era of personalized medi-
cine and children may need to undergo several interventions for potential cure.  

Various surgical approaches are used in adults but are not indicated for pediatric 
OSA patients. One approach used in pediatrics and adults is lingual tonsillec-
tomy. In a database review in 2013-2014, lingual tonsillectomies were performed in 
adults (mean age 36.5 yrs, 58% males) for obstructive sleep apnea as the most com-
mon indication for 58.7% of the 602 surgeries [61]. The resolution or efficacy was 
not reported.  Upper airway surgery for OSA, across the continuum of the life-span, 
continues to evolve, ranging from uvulopalatopharyngoplasty to mandibular oste-
otomy with genioglossus advancement, mandibular distraction osteogenesis, sagit-
tal split ramus osteotomy, hyoid myotomy, and bimaxillary advancement. Other 
techniques include osteogenic distraction radiofrequency ablation and possibly bar-
iatric surgery for the treatment of OSA in obese patients.

1.10.2  Continuous Positive Airway Pressure Therapy

Continuous positive airway pressure (CPAP) therapy was invented over 25 years 
ago by Colin Sullivan. It consists of a portable device that provides a fan-gener-
ated continuous flow of air into the upper airway via a mask fitted over the nose 
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and/or mouth, creating a pneumatic splint that prevents airway collapse associated 
with obstructive respiratory events. CPAP has been increasingly utilized in chil-
dren. Its efficacy has been demonstrated, with improvements in sleep quality, day-
time functioning, oxygenation, and ventilation [62–64]. Although the duration of 
use in adults is established, showing that longer use is associated with less sleepi-
ness and improved respiratory outcomes, even use for as little as 2 h per night has 
correlated with improved behavioral outcomes in children. The biggest predictor 
of use in children is the maternal educational level, irrespective of the diagnosis, 
the age of the child, the severity of the sleep apnea, or developmental delay saem 
reference as above [63]. In addition, early and consistent use of CPAP predicts 
long-term use. Therefore, the first week of initiation of CPAP is most critical for 
troubleshooting to improve adherence and efficacy (Nixon et al). CPAP improves 
the AHI, decreases daytime sleepiness, and improves other parameters such as 
blood pressure, glycemic control, depression, and cognitive function [65]. The 
advances in the CPAP technology have exploded, resulting in better utilization, 
improved comfort, and a wide variety of interfaces, which can be individualized 
according to patient preference. The American Thoracic Society has recently pub-
lished a patient education information series about positive airway pressure (PAP) 
therapy and tips for troubleshooting (PAP Therapy, American Thoracic Society, 
Patient Education, Information Series) [66].  Auto CPAP has also shown to be 
efficacious in children and adults [65, 67].

When CPAP was initially introduced, the titration was often performed within a 
laboratory setting. Advances in the technology have led to the development of 
autotitrating PAP devices with sophisticated wireless technology to not only treat 
but also monitor individuals on treatment.

Despite the efficacy of PAP treatment for children, there are some serious side 
effects to consider for long-term use of these devices. The interface of the PAP unit 
consists of a strap that goes behind the head of the child, and this create a continu-
ous compressing force on the midface, resulting in stunting of the natural growth of 
the midface, which, in turn, has the potential to aggravate the structural component 
of OSAS. Unfortunately, this happens during the time at which the greatest cranial 
growth is occurring (at 4–6 years of age). By the age of 8 years, the skull has grown 
to over 90% of its adult size.

1.10.3  Medical Therapy

Medical therapy targeted two words each increasing inflammation of the airway, 
specifically decreasing the size of the tonsils and adenoids was first proposed over 
two decades ago. Several studies have independently demonstrated the role of 
inflammation-suppressing agents, such as inhaled corticosteroids and leukotriene 
receptor antagonists, in the treatment of OSA in children [68–70]. This is based on 
the premise that leukotrienes are inflammatory mediators and receptors for them 
have been found in the tonsils in children with OSA. At present, there is limited 
evidence to support wide use of this treatment, but there is emerging evidence to 
support its use [71–74]. In fact, there is a randomized, controlled trial in progress to 
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address the role of intranasal steroids and leukotriene receptor antagonists in the 
treatment of OSA.

1.10.4  Mandibular Advancement Devices

Dental sleep medicine has expanded rapidly in the last two decades, and its role in 
the continuum of management of OSA is emerging. Some of the concepts are high-
lighted in detail in other chapters in this volume. The evidence in children suggests 
that mandibular advancement devices can help treat sleep apnea [50, 75]. Most of 
the evidence is based on studies performed by a selected group of researchers. 
Another study showed that use of a mandibular advancement device decreased 
NREM sleep instability in children with OSA [76]. The focus is changing from 
cosmetic dentistry to airway-based treatment in collaboration with pediatric otolar-
yngology and sleep medicine. Studies comparing appliances such as mandibular 
advancement devices and  tongue  retaining devices are generally less effective in 
reducing the AHI and the oxygen desaturation index than CPAP. However, symptom 
control is reported to be adequate in adults using oral appliances.

Despite the success of treatment of adult OSAS with oral appliances, these 
devices are not suitable for a growing individual; for that reason they are contrain-
dicated for children. As the technology and science advance, there will likely be 
further delineation of individuals that may benefit from such devices for treating 
OSA.

1.10.5  Orthodontic/Dentofacial Orthopedics

The air that we breathe in can enter the body only through the nose and mouth. The 
nose is anatomically designed for breathing, and the mouth functions as a back-up 
airway entrance.

Any obstructions in this area will have an effect on the airflow to the body and con-
sequently will increase resistance and create a partial or completely blockage. 
Orthodontic/dentofacial orthopedics has the greatest potential to improve OSAS; there 
are separate chapters dedicated to this treatment option elsewhere in this volume.

1.10.6  Other Therapies

Since it is clear that form and function both contribute to an airway that is affected 
by OSA, there is interest in exploring other surgical or medical targets for treatment. 
Myofunctional therapy involves training of the muscles to improve tongue tone and 
potentially decrease respiratory symptoms in children with OSA. In one study, 54 
children (mean age 7 years) diagnosed with OSA were randomized to receive myo-
functional therapy versus no treatment. The study showed that oropharyngeal exer-
cises appear to effectively modify tongue tone, reduce OSA symptoms and oral 
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breathing, and increase oxygen saturation, and may thus play a role in the treatment 
of OSA [77]. This therapy looks quite promising, but we are still uncertain of its 
role in all children. Villa et al. have substantial experience in treating these children 
by using dental and myofascial therapy.

1.11  Conclusions

Obstructive sleep apnea (OSA) is a highly prevalent medical disorder with signifi-
cant associated sequelae in both children and adults. There are both genetic and 
environmental factors that can influence the onset and severity of OSA. It can occur 
throughout the life-span. The morbidity and mortality associated with OSA are sig-
nificant, and it has widespread effects on cognitive performance, physical health, 
mood, and behavior. Therefore, screening for OSA should be integrated into health 
care visits. The treatment involves interdisciplinary cooperation to optimize the out-
come and prevent sequelae, and ranges from medical therapy to orthodontics and 
surgery. Furthermore, the prevalence of this disorder in the context of other chronic 
disease is significant and has comorbidities that a comprehensive, multisystem and 
multimodal therapy will likely be required to substantially alleviate the burden of 
this disease.
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2Signs and Symptoms of Non-restorative 
Sleep

Osman S. Ipsiroglu

2.1  Overview and Concepts: Sleep/Wake Behaviours 
Assessments in Clinical Practice of Non-sleep Experts

2.1.1  Introduction

Through my daily clinical work in developmental paediatrics and child and adolescent 
psychiatry, I have seen an increasing number of children and youth with 
neurodevelopmental and/or neuropsychiatric conditions, who suffer from undiagnosed 
and/or untreated sleep problems. I came to the realization that the lack of attention 
given to these problems by medical care providers came from the scarcity of explanatory 
models for reported symptoms. All patients had received various developmental 
paediatrics and mental health diagnoses, based on their daytime presentations (e.g. 
attention deficit hyperactivity disorder, ADHD; autism spectrum disorder, autism). 
However, the possible effect that chronic sleep deprivation had on daytime symptoms 
was either recognized but not investigated further or remained unrecognized and was 
therefore taken as given or even considered to be part of the condition.

Inspired by Charles Dickens, I decided to approach clinical encounters from a 
medical anthropology and educational psychology viewpoint. Applying the concepts 
of ethnography and ecology helped me to discover the inadequacies of the current 
clinical explanatory models, which overlooked children’s sleep problems [1]. In 
clinical practice, ethnography refers to neutral (unconfounded or unbiased) 
exploration of a patient [2–4] and ecology recognizes the importance of respecting 
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the complex interconnections in the lives of patients [5–8]. Integrating ethnography 
and ecology during clinical encounters automatically leads to bidirectional 
communication or explorative interviewing. Explorative interviewing exceeds 
unidirectional communication and can help clinicians overcome misunderstandings 
with patients and develop a shared language among all involved parties. This article 
gives an overview of how, during clinical encounters, the description of behaviours 
and clinical features as clinical best practice can change our understanding of sleep 
problems in children with neurodevelopmental and/or neuropsychiatric conditions.

2.1.2  Preface: A Plea for Explorative Interviewing

This chapter was written for practitioners with backgrounds in medicine, dentistry, or 
rehabilitation and professionals who encounter orofacial morphology or functioning 
during their work in orthodontics, oral surgery, sleep medicine, physiotherapy, 
physical medicine, paediatric dentistry, otolaryngology, occupational therapy, speech-
language pathology, myofunctional therapy, dental hygiene, and lactation consulting. 
Independent of background, training, and discipline, the goal of this chapter is to 
convey to readers the importance of developing a shared language and bidirectional 
communication with patients, to increase mutual understanding of the most common 
sleep problems and find effective therapeutic solutions. It is devoted to Charles 
Dickens, the well-known British novelist, who was able to describe the entire 
dimension of sleep-disordered breathing (SDB) in his book, The Pickwick Papers 
(serialized in 1836 and published in book format in 1837, [9]). He accomplished this 
task 160  years before the American Academy of Sleep Medicine released their 
consensus statement about sleep-disordered breathing [10, 11]. How could a writer, 
who had never studied medicine, describe the entire spectrum of SDB so accurately 
almost 200 years before contemporary scientists? Dickens’ detailed and empathetic 
case report of SDB is based on his objective, curiosity-driven, and neutral observational 
skills and should encourage us to review clinical challenges similarly without missing 
the big picture. Thus, this chapter addresses the shortfalls of academic sleep lab-based 
research and offers clinical practitioners an explorative best practice approach.

2.2  Sleep Problems in Children with Neurodevelopmental 
and/or Neuropsychiatric Conditions: Adoption 
of an Orphan into Medical Concepts or Why We Do Need 
an Explorational Interviewing Concept?

2.2.1  Aetiological and Neurophysiological Aspects

2.2.1.1  Sleep
Sleep is a neurologic, restorative function that is essential for childhood develop-
ment, physical health, cognitive function,  and psycho-mental well-being [12]. 
Consequently, sleep problems should be of particular concern in children with 
neurodevelopmental and/or neuropsychiatric conditions. In the first comprehensive 
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review of sleep habits of children with neurodevelopmental and/or neuropsychiatric 
conditions affecting sleep and sleep/wake behaviours, Jan et al. [13] estimated a 
75–80% prevalence rate of chronic sleep problems for these children, in contrast to 
30–35% prevalence in otherwise healthy children [13]. A majority of these sleep 
problems manifest themselves as insomnia, difficulties in falling asleep and 
maintaining sleep, resulting in chronic sleep deprivation [14–17].

2.2.1.2  Sleep Deprivation
Sleep deprivation in children generally manifests itself as daytime inattention, 
hyperactivity, and mood disturbances [18, 19]; this is also the case in patients with 
neurodevelopmental and/or neuropsychiatric conditions [13]. However, among 
these children, sleep problems are only one of many different types of medical 
problems and, as a result, often go undiagnosed and untreated [15]. Moreover, the 
causal role of sleep problems in children’s behaviours and in their entire clinical 
picture may be underestimated or remain unrecognized [20].

2.2.1.3  Spectrum of Sleep Disorders
Most sleep problems encountered in children with neurodevelopmental and/or neuro-
psychiatric conditions are due to a myriad of conditions affecting multiple organ sys-
tems and functions, which are essential prerequisites for a normal sleep. Conditions 
include craniofacial malformations (e.g. cleft palate syndromes, high- arched palate), 
neuromuscular disorders (e.g. Duchenne-Becker muscular dystrophy), rare biochemical 
disorders (e.g. mucopolysaccharidoses), obesity, Down syndrome, and the neurologic 
disorder, Willis-Ekbom disease/restless legs syndrome (WED/RLS). The underlying 
pathophysiology includes upper airway obstructions, muscle weakness impacting 
respiratory drive, reduced secretion of sleep-related hormones (mainly melatonin) and 
neurotransmitters (e.g. dopaminergic substances), and sensorimotor symptoms. Further, 
epilepsy (e.g. manifesting as seizures during the night), discomfort or pain, hunger or 
gastrointestinal tract irritation (e.g. through nocturnal gastrostomy tube feeding), and 
side effects of pharmacological treatments are additional causes of sleep problems in 
children with neurodevelopmental and/or neuropsychiatric conditions. Psychological 
trauma, mental health disorders (e.g. ADHD), but also autism spectrum disorders, 
prenatal alcohol exposure, congenital or acquired brain injuries, and various forms of 
cerebral palsy are almost invariably associated with sleep problems. Pathophysiological 
targets for specific treatments of sleep problems are widely unknown; therefore, 
therapies mainly focus on interventions targeting daytime symptoms.

2.2.1.4  Sleep-Disordered Breathing
Research on sleep-disordered breathing has mainly been conducted in the domain 
of lab-based research for the last 35  years. It focused initially on infants with 
periodic breathing, as well as on central and obstructive apnoea. The focus then 
shifted to the broader spectrum of sleep-disordered breathing and included 
hypopnea, upper airway restrictions, and flow limitations. Recently, it has been 
recognized that in addition to lack of oxygen, desaturation and limb movement- 
associated arousals can result in a fragmentation of sleep and are one of the main 
causes of non-restorative disturbed sleep.
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2.2.1.5  Insomnia in Children
Insomnia in children has been mainly conceptualized as a behavioural problem as 
almost all children, due to secondary ‘learned behaviours’, caused some parental 
insomnia [21]. Successful analysis of potential causes for behavioural insomnia led 
paediatricians, psychologists, and researchers to focus on sleep hygiene measures, 
which were investigated and analysed from various aspects [12]. The reviews of 
sleep hygiene/health measures of children with neurodevelopmental and/or 
neuropsychiatric conditions, which framed the clinical practice and research at our 
Sleep/Wake Behaviour Clinic of the last decade, impressively demonstrated the 
limitations in our understanding and the need for more phenomenological research 
into the causes of insomnia in children [13, 14, 22].

2.2.1.6  Willis-Ekbom Disease/Restless Legs Syndrome (WED/RLS)
Recently, there has been renewed interest among sleep researchers in WED/RLS 
symptoms in children and adolescents [23]. The clinical picture of WED/RLS is 
well known in adults and was first described by Sir Thomas Willis in 1672 [24]. 
Most adults suffering from WED/RLS describe that they first experienced symptoms 
at a very young age. WED/RLS may cause delayed sleep onset in children with 
neurodevelopmental and/or neuropsychiatric conditions and can contribute 
significantly to childhood insomnia. Also, the discomfort of suppressing the urge to 
move most likely delays pineal melatonin production and secretion. The delayed 
recognition of WED/RLS as a main cause of insomnia is a puzzling observation, as 
WED/RLS typically accompanies sensory processing abnormalities, and many 
children with neurodevelopmental and/or neuropsychiatric conditions experience 
major sensory processing difficulties already at a very young age [25].

2.2.2  Sleep and Neurodevelopmental and/or Neuropsychiatric 
Conditions

Sleep is an integral component of cerebral function and a prerequisite for the devel-
opment of cognitive, emotional, and behavioural skills. The negative impact of 
sleep problems on child development has been well documented [26, 27]. Transient 
sleep problems are highly prevalent across all ages and cause major problems [28]; 
chronic sleep problems have devastating consequences as they adversely affect 
cognition, emotion, and behaviours [29, 30]. However, the degree to which early- 
onset and chronic sleep problems in children with underlying developmental 
conditions can contribute to (a) aggravation of developmental delay or intellectual 
disability and (b) mental health disorders or (c) trigger misdiagnosis and 
overmedication has not been investigated. Given the fact that up to 20% of children 
and adolescents live with chronic physical, neurodevelopmental and/or neuropsy-
chiatric, and behavioural or emotional conditions [31], and up to 80% of these chil-
dren suffer from chronic sleep problems [13, 29, 32], we consider sleep as a main 
factor affecting well-being and quality of life of affected children and their families/
caregivers.
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2.3  The Sleep/Wake Behaviours Assessment

2.3.1  A Face-to-Face History Taking

The clinical and narrative sleep/wake behaviours history taking is conducted as a semi-
structured explorative face-to-face interview (without a desk obstructing the view to 
the patient and/or accompanying parents). For facilitating visualization of experienced 
challenges, the patient/parents are encouraged to narrate the sleep- and wake-related 
behaviours of their child in their own words and in the context of everyday routines 
with descriptions [1, 33]. Special emphasis is given to transitioning behaviours during 
day-, bed-, and night-time, as well as daytime resting activities. BEARS domains 
(bedtime, excessive daytime sleepiness, awakenings, regularity/routines, and snoring) 
[34] are explored with standard questions (such as how often? and since when?) with 
an emphasis on urge-to-move patterns in the first four domains. To further support the 
clinical assessment and develop a more comprehensive clinical picture, some 
adaptations were made to the BEARS [35] (Table 2.1). Snoring was changed to sleep-
disordered breathing, and facial  cues that might signify breathing difficulties are 
captured. In positive cases, symptoms are further investigated with the Sleep 
Disturbance Scale for Children (SDSC) [37] and/or the pediatric sleep questionnaire 
(PSQ) [38]. Additional areas for developing a holistic understanding included medical 
and functional diagnoses of co-morbidities, ongoing therapies, medications and 
medication effects (psychotropic medications in particular), and scales for subjective 
assessment of how symptoms impact the well-being of the child and caregivers. The 
extended sleep/wake behaviours family history includes questions addressing familial 
sleep disturbances associated with non-restorative sleep (e.g. snoring, dry mouth, 
sweating, restlessness during sleep) and WED/RLS-related symptoms (e.g. behaviours 
during TV watching as an example for restful activity in the evening, quality of sleep, 
e.g. deep or light sleeper, restful or restless sleeper, and awakening behaviours), as well 
as history of familial iron deficiency. This extended history captures the dimensions of 
non-restorative sleep with a focus on sleep-disordered breathing, insomnia, and the 
family sleep habits, thus supporting the development of a shared language (Table 2.1).

2.3.2  Standardized Description of (Behavioural) Observations 
and Functioning

2.3.2.1  Facial Anatomical Features
Independent of craniofacial conditions/malformations (e.g. cleft palate, Apert syn-
drome) and space assessment via the Mallampati score, mandibular positioning 
(retrognathia, overflow), maxillary hypoplasia, high-arched palate and teeth posi-
tioning, and functional observations such as mouth/nose breathing and oromo-
tor  hypotonia should be reviewed and investigated. The suggested clinical 
immobilization test (SCIT) allows for standardized observations of behaviours and 
movements with/without an electromyography (EMG). The SCIT is administered to 
both the child and the parent(s) (see Fig. 2.1a); in cases where the SCIT cannot be 
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administered (e.g. due to lack of comprehension, behavioural compliance, or motor 
ability), observations of the child (with shoes and socks removed) while moving 
around, coming to rest, and starting movements again in the examination room can 
be used instead ([25]; informal SCIT; see Fig. 2.1b). Explaining the observations 
from the SCIT to the parents usually triggers additional narratives of related 
information about similar situations at home.

Table 2.1 Clinical sleep/wake history taking

Clinical 
assessment 
categories Descriptions
B Bedtime situations which facilitate the patient’s ability to fall asleep

1.  For example, during passive transfers are further explored (i.e. “how long 
does it take him/her to fall asleep in the stroller or during a car ride?”)

2.  Movement patterns, including gestalt of these movement patterns prior to 
falling asleep, immediately after falling asleep, and during resting situations 
when awake (i.e. “how still can he/she be in the car seat, can you describe 
his/her movement patterns?”), are further explored

E Excessive daytime sleepiness was altered to excessive daytime behaviours, as 
hyperactive-like behaviours are explored ex aequo, also perceptions about 
stressful daytime situations in accounts that relate to the well-being of the 
child (and themselves)

A Awakenings, parasomnias, and rhythmic movement disorders are explored. 
Parents are encouraged to elaborate about their perceptions of stressful 
night-time situations and restorative/non-restorative sleep perception in 
accounts that relate to the well-being of the child (and themselves)

R Routines and regularity (e.g. hours of sleep) are asked with special focus on 
transitioning situations (i.e. from movement to rest and vice versa, e.g. at 
school or during dinner), in addition to sleep health measures

S Snoring was changed to sleep-disordered breathing, and signs of sleep- 
disordered breathing, such as open-mouth posture, signs of non-restorative 
sleep (restless/sweating), and problems in getting up in the morning were 
screened

Non-restorative 
sleep

Waking up not refreshed despite having enough hours of sleep

Well-being 
(quality of life)

Ranking of current well-being and well-being if sleep problems improved, on 
a scale from 0 (lowest) to 10 (highest) for patient and parent/caregiver(s)

As a qualitative exploratory interviewing approach of best/worst sleep/wake situations, we use the 
modified mnemonic (Vancouver Polar BEARS) [35], which also includes questions about (1) 
family ecology [6, 7, 36], e.g. “can you give some descriptions related to the child’s strengths and 
problem behaviour and how these affect the child, you, and your family?” [1]; (2) child 
development, e.g. describing his/her development and behaviour and describing sleep patterns and 
any breathing or sensory problems; (3) any sleep/wake behaviours treatments, e.g. what efforts 
have been made to improve sleep?; and (4) the impact of sleep problem on the family, e.g. how did 
your child’s sleep problem impact your life/the life of your family and the life of the child? From 
“De-medicalizing sleep: sleep assessment tools in the community setting for clients (patients) with 
FASD & prenatal substance exposure,” by O. S. Ipsiroglu, N. Carey, J. Collet, D. Fast, J. Garden, 
J.  E. Jan., … M.  Witmans, 2012, National Organisation for Fetal Alcohol Syndrome  – UK 
(NOFAS-UK): Fetal Alcohol Forum. Copyright 2012 by NOFAS-UK
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a

b

Fig. 2.1 (a) Formal SCIT procedure. Clinician asks the participant to (1) remove their socks/
shoes; (2) stand up, stretch, and shake out; and (3) sit down in a heightwise appropriately sized 
chair. Clinician interacts with participant until he/she feels relaxed (e.g. by telling a joke or lightly 
shaking the participant’s knee(s): relaxation might trigger sensations, an urge to move, and/or 
involuntary H-movements). (4) Pre-SCIT: clinician observes participant’s sitting position 
(“gestalt of posture”), (A) relaxed, (B) inconclusive, and (C) tense. (5) SCIT: clinician asks 
participant to sit in a relaxed way for up to a maximum of 5 min with their feet flat on the floor 
and observes the participant. The time can be shortened if the participant can describe the 
sensations or the urge to move; usually there are short movements, and after discussing them the 
entire procedure should be repeated starting from 2 (getting up and shaking out). (6) Post-SCIT: 
clinician indicates that the test is over and observes any compensatory movement patterns (to get 
rid of discomfort) and/or (in)voluntary movements the participant has after the test, (A) significant 
movement patterns and (B) minimal to no movement patterns. (7) Clinician explores again any 
sensations and movement patterns the participant has felt during the SCIT and/or post-SCIT. From 
“Video Recordings of Naturalistic Observations: Pattern Recognition of Disruptive Behaviours in 
People with Mental Health or Neurodevelopmental Conditions,” by O. S. Ipsiroglu, G. Kloesch, 
N.  Beyzaei, S.  McCabe, M.  Berger, H.  J. Kuhle, … H.  Garn, 2017, Brücken bauen: 
Kinderschlafmedizin verbindet  - Aktuelle Kinderschlafmedizin 2017 [Building Bridges: 
Combining Pediatric Sleep Medicine  - Current Pediatric Sleep Medicine 2017] (pp.  54–76). 
Copyright 2017 by Kleanthes Verlag für Medizin und Prävention. Reprinted with permission. (b) 
Informal SCIT procedure. In cases where the full SCIT cannot be administered (e.g. due to lack 
of comprehension, behavioural compliance, or motor ability), (A) observations of the child (with 
shoes and socks removed) while (B) moving around, coming to rest, and starting movements 
again in the examination room should be used instead. From “Video Recordings of Naturalistic 
Observations: Pattern Recognition of Disruptive Behaviours in People with Mental Health or 
Neurodevelopmental Conditions,” by O.  S. Ipsiroglu, G.  Kloesch, N.  Beyzaei, S.  McCabe, 
M.  Berger, H.  J. Kuhle, … H.  Garn, 2017, Brücken bauen: Kinderschlafmedizin verbindet  - 
Aktuelle Kinderschlafmedizin 2017 [Building Bridges: Combining Pediatric Sleep Medicine  - 
Current Pediatric Sleep Medicine 2017] (pp. 54–76). Copyright 2017 by Kleanthes Verlag für 
Medizin und Prävention. Reprinted with permission
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2.3.2.2  Exploration of Sensory Processing Abnormalities (SPAs)
During the assessment (usually following the SCIT), parents are asked to identify (1) if 
their child had experienced any SPAs (“Does your child have any sensory processing 
challenges?” and “Have sensory processing challenges been mentioned by any health 
care professionals?”). (a) If yes, the types of experienced SPAs were further explored 
with narratives provided by the parent(s) (e.g. “He/she must wear clothes with the 
labels removed”.). The pain threshold of the child and affected family members is 
further explored in each case. (b) If no, sensory challenges are further explored with 
specific questions about the inability to integrate and respond to sensory stimuli 
appropriately (“Does your child show any responses to touch or auditory stimuli which 
you consider different from your own responses or that of other children or his/her 
peers?”). Parents are also asked to identify (2) whether a formal sensory assessment 
had been conducted by an occupational therapist trained in assessing sensory problems.

2.3.3  Quality Control

2.3.3.1  Sleep/Wake Behaviours Reports
The end product of the assessment is a sleep/wake behaviours report, including (1) 
a detailed description and summary of sleep/wake behaviours (including excerpts of 
original quotations by patients/parents); (2) interpretations for healthcare providers, 
incorporating the parents’ narrative in plain language, i.e. avoiding medical 
terminology; (3) and recommendations for parents, and community-based support 
teams (if involved). We used inclusive language at a grade-five reading level [1, 33]. 
Parents were asked to review and edit the reports in collaboration with the healthcare 
professionals involved in the assessment [39, 40]. Complex cases were followed up 
and discussed with involved community-based paediatricians and therapy teams.

2.3.4  “What Are the Consequences of Unrecognized Sleep 
Problems?”

Undiagnosed chronic sleep problems pave the way for overmedication and poly-
pharmacy in adolescents with FASDs, autism, and Down syndrome.

Our initial observation was that none of these children and adolescents had been 
assessed systematically with a relevant open-ended screening questionnaire [34] or a 

Implications for Best Practice in the Community: Explorative interviewing in 
clinical encounters supports the creation of bidirectional communication and 
strengthens therapeutic relationships. It is applied in various ways by all 
professionals; there are subgroups of professionals, who apply it due to the 
nature of their service (e.g. occupational therapists), whereas some 
subspecialists might not have the time for bidirectional communication (e.g. 
in the emergency room during triage). In children with neurodevelopmental 
and/or neuropsychiatric conditions, sleep/wake behaviours assessments have 
to be conducted via explorative interviewing. 
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more formal diagnostic questionnaire [38, 41, 42] prior to the prescription of sleep 
medication and other symptomatic strategies for intractable chronic insomnia. 
Eventually, after the initial medication proved ineffective in treating the sleep problems, 
patients were then referred to our clinic for formal systematic assessments [1].

The second core observation was prescription of multiple, off-label, and concur-
rent pharmaceutical medications [43]. We performed in-depth analysis of the chal-
lenging/disruptive sleep and wake behaviours and medication history of 17 adolescent 
patients with a pharmacotherapy timeline. We captured (1) the medications and order 
of prescriptions and (2) the age at the time of first prescription. All patients presented 
with intractable chronic insomnia and fulfilled the diagnostic criteria for familial 
WED/RLS. Eleven of 17 had additional clinical signs of SDB, and 14/17 showed 
excessive daytime behaviours (sleepiness and/or hyperactive-like behaviours to fight 
fatigue/sleepiness). The medication analysis revealed two prescription strategies: (a) 
targeting sleep problems with melatonin, second- generation antipsychotics, and/or a 
combination of both (10/17) and (b) targeting hyperactive-like daytime behaviours 
with a psychostimulant (7/10). In addition, many medications were prescribed in 
combination and at alarmingly young ages [43]. One 4.5-year-old patient with an 
FASD was prescribed a psychostimulant, and another patient with autism was pre-
scribed a second-generation antipsychotic at 2.5 years of age.

Our third observation was that the prescription strategies for children with autism 
under 6 years started to change over the last decade: recently, children with autism 
below the age of 6 are less medicated [44]. Our understanding is that the focus on 
behavioural therapeutic interventions has highlighted sleep problems among 
children with autism [15], and recently a more thoughtful prescription pattern has 
emerged. This includes a review of the need for iron supplementation [45] or the 
need to address sensory processing abnormalities [46].

2.4  Results

2.4.1  Non-restorative Sleep: Diagnostic Versus Explorational 
History Taking

The main reason why professionals who practise in community settings need a new 
perspective on non-restorative sleep in children (and most probably in geriatric 

Implications for Best Practice in the Community: Vulnerable patient 
groups,  like children and adolescents with neurodevelopmental and/or 
neuropsychiatric conditions, are at particular risk for iatrogenic harm due to 
gaps in our clinical understanding and lack of time for in-depth investigations. 
New clinical research priorities include examining the association between 
behavioural or neurologic adverse drug reactions to psychostimulants and 
antipsychotics and challenging/disruptive sleep and wake behaviours in 
patients with WED/RLS, whose insomnia and/or non-restorative sleep was 
triggered by medications.
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patients) is because current diagnostic criteria for SDB and WED/RLS are based on 
descriptions by parents/caregivers or self-description. While in SDB the gold 
standard for diagnosis is polysomnography (PSG) [47], there is no device-based 
gold standard for the diagnosis of WED/RLS [48]. Periodic limb movements 
(PLMs) in sleep can support the diagnosis of WED/RLS [23], but access to 
polysomnography is limited in many geographical regions around the world 
(including Canada). How can we optimize our clinical understanding and try to 
describe the relationship between non-restorative sleep and excessive daytime 
behaviours better?

The proposed concept of structured observations in the context of explorational 
history taking can be applied during an office visit and provides information on 
factors that put a patient at high risk for SDB and/or WED/RLS.  Why is this 
necessary?

 1. Because of Communication Barriers. The complex biographies of patients con-
tribute to “communication barriers”. These barriers are often related to the com-
mon medical practice of diagnostic history taking, utilizing checklists, leading to 
unidirectional communication due to time constraints [49].

 2. Because Conventional Daytime-Focused Mainstream Views need to be chal-
lenged. Clinical explorational history taking and reviews of patients’ records 
verified that symptoms were identified, but not attributed to possible sleep prob-
lems as an aggravating factor. All diagnoses were complicated by multiple co-
morbidities [1, 25]. Most striking was that children with a prenatal alcohol 
exposure [35] and an autism diagnosis beyond the age of 6 [44], respectively, 
had been medicated for sleep problems (including chloral hydrate and atypical 
antipsychotics) without a systematic reproducible assessment. The in-depth 
clinical investigations revealed that many of these children had behaviours not 
previously reported in their histories, including disordered breathing and prob-
able familial WED/RLS.  These conditions, which had not been investigated 
previously, may have contributed to a significant degree to the FASD- or autism- 
related multiple co-morbidities [50]. In other words, the current diagnostic his-
tory taking of professionals did not recognize sleep problems as a distinct 
category for clinical investigation and diagnosis that encompassed both daytime 
and night-time well-being and behaviour. In summary, clinical investigations 
revealed that the provision of a categorical diagnosis of prenatal alcohol expo-
sure and/or autism obscured the need for full functional assessment and inter-
vention [1, 44].

 3. Because of Missing Knowledge. The examination of the patient records con-
firmed that sleep problems were noted by physicians from various disci-
plines, but they were not integrated into the clinical assessment with a 
structured approach, despite providing symptomatic pharmaceutical, 
behavioural, and occupational treatment for the children’s sleep problems [1, 
25]. Delays in completing formalized sleep assessments were noted, with 
delays ranging from less than a year to 8 years in our first study [1], but also 
up to 18 years in clinical everyday practice and in general patients who had 
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already been prescribed medications affecting their sleep and wake 
behaviours. Below are some of these behaviours described by parents and/or 
caregivers: 

Oh he - it’s like his brain didn’t turn on when you woke him up. It’s just like automatically 
he’ll forget when he’s in the shower the soap; he won’t brush his teeth; he forgets his shoes 
on his way out the door to school; he forgets his backpack; he forgets his lunch; he forgets… 
It’s just like his brain didn’t turn on when he woke up. Just like when you wake up, you think 
I gotta do this, this and this during the day… (Ipsiroglu et al. [1])

… Because then if he has a good night’s sleep, he’s cheerful:, he’s cooperative:, he’s pleas-
ant to be around (.) then ((inaudible)) fun, it’s great to be around him when he wakes up. 
When he’s not had enough sleep, he’s just the total opposite child, it’s just like night and 
day almost. You know, you get this kid that hasn’t had enough sleep and is grumpy, he 
doesn’t listen and then he also has a hard time at school. It’s-that’s the days that we find 
that he has had an outburst at school, or hasn’t gotten along with the kids at school, hasn’t 
done his work at school … … big temper tantrum!!! (Ipsiroglu et al. [1])

…. and he-his head will be at awkward strange angles to the point where sometimes I will 
even like, remove a pillow from under his head so that he can-it just looks better for me, 
((laughs)) like letting him [sleep]… …Like this. (.) Or like this even. ((chuckles)) Like it’s 
really weird angles, way far back and seem to be draped over things. … ((chuckles)) With 
his butt in the air (.) is probably the weirdest one and he’s fast asleep. Just with his thumbs 
in the air like he’s kneeling. (Ipsiroglu et al. [1])

2.5  Structured Observations

2.5.1  Sleep-Disordered Breathing

In our first study, functional sleep/wake behaviours assessments revealed that 30% 
(8/27) of the children with a prenatal alcohol exposure (Foetal Alcohol Spectrum 
Disorder, FASD diagnosis) had signs of SDB [1]. In our second FASD study, this 
figure increased to 95% (38/40) with 68% (27/40) showing signs of upper airway 
narrowing due to adenoids and/or anatomical facial features [51]. In a third study 
investigating familial WED/RLS in children with various neurodevelopmental and/
or neuropsychiatric conditions and their mothers, 93% (26/28) of children and 54% 

Implications for Best Practice in the Community: To unravel challenging/dis-
ruptive sleep/wake behaviours, use a bidirectional explorative communication 
strategy. This will help to develop a shared language. To understand clinical 
presentations from the parents’ point of view and to give parents a voice, use the 
modified semi-structured screening concept of BEARS [34] and implement 
BEARS at the first interview. Parents can fill out BEARS using their own words 
[35]. Encourage parents to elaborate about their perceptions of “stressful 
situations” and “restorative sleep” in short accounts that relate to the well-
being of the child (and themselves) before they come to the clinic.
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(15/28) of mothers displayed symptoms [25]. All these diagnoses caused systematic 
efforts and specific actions (e.g. prescription of mometasone furoate, referral to ear- 
nose- throat specialist or to the sleep lab), and they also reveal that the capacity to 
reduce co-morbidities and optimize individual well-being had been missed or 
focused upon insufficiently. This situation seems to mirror a systemic neglect of 
sleep problems in our healthcare system [52].

The difference between categorical and functional diagnosis became evident in 
our Down Syndrome Needs Study, which was conducted in 2015, in collaboration 
with the Down Syndrome Research Foundation [53]. Individuals with Down 
syndrome are considered to be one of the high-risk populations for disturbed sleep; 
in childhood, prevalence rates of SDB are as high as 50% [54], and these rates 
increase in adulthood to more than 90% [55]. Interestingly, the Down Syndrome 
Needs Survey revealed that SDB, as a categorical diagnosis, was given to 19% 
(59/311) of surveyed individuals; however, 85% (n  =  222/261) had one or a 
combination of primary SDB symptoms, mainly mouth breathing (59%), snoring 
(54%), restless sleep (43%), observed breathing pauses (30%), and gasping during 
sleep (16%). These symptoms had not been investigated before, and thus 
opportunities for interventions and treatment of SDB symptoms were missed.

2.5.2  WED/RLS

Twenty-eight paediatric patients with early-onset and intractable chronic insomnia 
and neurodevelopmental and/or neuropsychiatric conditions, as well as their moth-
ers, were assessed at a sleep/wake behaviours clinic. In addition to clinical assess-
ments, structured behavioural observations were obtained during a SCIT [25]. All 
patients fulfilled the criteria for circadian sleep/wake rhythm disorders, 50% had 
reported parasomnias, and 20/28 presented with signs of sleep-disordered breathing. 
In order to examine a patient population with familial WED/RLS, we focused only 
on patients whose mothers had been previously diagnosed with WED/RLS 
(n = 28/31). Quotations from parents illustrated the experienced clinical symptoms 
from a narrative-based perspective. The formal and informal SCIT-related informa-
tion was positive in all cases. Formal test: 17 (61%) participated actively in the for-
mal test; 16/17 (94%) patients reported various descriptions of their urge to move 
and showed signs of involuntary movements of legs/feet/toes. Only one patient 
(treated with clonidine 0.1 mg/daily at night-time) who was previously diagnosed 
with parasomnia and an anxiety disorder (treated with fluoxetine mgs/daily) in our 
cohort did not show/report motor signs and sensory discomfort during the formal 

Implications for Best Practice in the Community: The first major achievement 
was describing and discussing facial features with patients/parents as a high-
risk factor for SDB and as a frequent cause of challenging/disruptive sleep 
and wake behaviours, intractable insomnia, and ADHD-like behaviours, 
respectively.
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test. In the remaining 11 (39%) cases, patients could not participate actively in the 
test; therefore, the observation-based involuntary motor movements at random rest 
situations were utilized as an informal test from the reports. Sensory processing 
abnormalities were stratified based on the types of parental reports and observations, 
all patients presented with various sensory processing abnormalities: 96% (n = 27) 
had a tactile sensitivity, 69% (n = 20) presented with a shifted pain threshold, and 
auditory, visual, and/oral sensitivities were reported in 21% (n = 6) of the patients.

2.6  Conclusion and Solutions

Analysis of professionals’ systematic inattention to the sequelae of sleep problems 
revealed that this practice was due to an insufficient understanding of the 
interconnections between night-time problems and daytime behaviours. The 
awareness is present but training is missing (i.e. the interviewed physician shared 
the statement: I was not formally trained to address sleep problems [1]). This 
testimonial reveals a culture of separation between practically experienced and 
academically learned knowledge when it comes to making clinical decisions. 
Interpretations of sleep-related symptoms and decision-making in clinical practice 
are negatively impacted by categorical diagnoses and the complexity of situations 
in which these diagnoses present; therefore, symptoms are not well-understood, and 
the expectations from involved parties (e.g. parents) might bias further understanding. 
From a public health perspective, appropriate diagnosis and treatment of sleep 
problems might prevent medication prescription cascades that children and youth 
with  neurodevelopmental  and/or neuropsychiatric conditions often experience, 
causing iatrogenic harm in children with complex neurobehavioural symptomatology, 
as we have previously observed and reported. Many children referred to our clinic 
had previously received child psychiatry/mental health diagnoses, which were 
partly or completely resolved after treatment of the underlying cause of their sleep 
problems [43, 44].

Implications for Best Practice in the Community: The SCIT, as applied in 
functional sleep/wake behaviours assessments, enabled the structured, obser-
vational assessment of the first three self-reported criteria that are essential 
for diagnosis: (1) an urge to move the legs, usually accompanied by uncom-
fortable or unpleasant sensations in the legs; (2) symptoms begin or worsen 
during periods of rest; and (3) symptoms are partially or totally relieved by 
movement. This way the discussion of the 4th essential WED/RLS criteria (i.e. 
symptoms occur mainly in the evening/night) and 5th criteria (i.e. differential 
diagnoses: symptoms cannot be solely accounted by another medical condi-
tion) was also cued in a structured way. In addition, the SCIT lays a founda-
tion of shared understanding between patients/families/caregivers and 
professionals.

2 Signs and Symptoms of Non-restorative Sleep
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2.6.1  Solution I: Parents as Partners

Feedback from a non-governmental organization advocating for patient rights high-
lighted that the conventional reporting method was perceived as unidirectional and 
thus inefficient. In response to this feedback, we started to address parents directly in 
all reports. This change reflects that parents are acknowledged in the reports as first-
line treatment providers and partners. Furthermore, the commitment to present the 
symptoms that parents had reported in their own words was fulfilled by incorporating 
direct quotations into the reports and implementing a patient- based quality assur-
ance strategy. After a very short period of time, it became clear that parents and 
assessing professionals were describing (for the first time in many cases) the same 
phenomena (many of which were not well-recognized by the assessing physician) 
using a shared language. In this manner, assessing physicians and parents collabora-
tively explored presentations and dimensions of the intractable sleep problem of their 
child. In consequence, we developed assessment forms, which capture parents’ 
descriptions of behaviours and activities, as well as quotations of clinically relevant 
descriptive features of sleep and wake behaviours [56, 57].

The use of plain and transparent language to describe patients’ behaviours and 
patient/family interactions avoids inaccessible medical terminology, is perceived by 
parents as respectful, and increased adherence. Sentences about parents are started 
by using their names (never refer to them in third person, as he or she, and always 
address parents/caregivers by their last names) and avoided language that has 
negative implications or is disrespectful (e.g. he denies that his daughter snores) 
toward parents/caregivers. Hence, the reports became a document of shared 
understanding adding the concept of plot development to the foundational framework 
of our clinic.

2.6.2  Solution II: Structuring Assessments in the Community

In an atmosphere of economic constraints, protected space for discussions between 
physicians and other healthcare professionals is scarce. When educating physicians, 
we often refer to paediatric sleep research and must convince the referring physician 
that considering the underlying cause of the sleep problem as a primary cause of 
disease might reverse mental health diagnoses such as ADHD [43] and/or as autism 

Implications for Best Practice in the Community: Upon analysing the com-
munication deficits and optimizing our understanding about various percep-
tions and knowledge in regard to challenging/disruptive sleep/wake 
behaviours, we adapted the concept of explorational history taking and 
developed together a plot (therapeutic emplotment) as a shared language 
strategy in our clinical setting. 

O. S. Ipsiroglu
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[44]. Autism alone might not explain the challenging and disruptive behaviours, and 
in fact, an underlying sleep problem, such as WED/RLS, might cause stereotypical 
repetitive discomfort or pain-associated behaviours (e.g. stomping with the feet or 
kicking walls). In other words, in patients with ASD and intractable insomnia, 
WED/RLS can cause discomfort and/or pain, and the effects of sleep deprivation 
contribute to the challenging and disruptive daytime behaviours and are treatable.
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3Craniofacial Growth and Development

German O. Ramirez-Yañez

3.1  Introduction

All human beings are born with the potential of growing and developing between 
normal patterns, with the exception of those born with a congenital syndrome or 
a genetic disorder. The pioneers in orthodontics described normal growth as achieving 
the best proportions of the mouth in a good relation with the other structures of the 
craniofacial system, maintaining a balance between them, and permitting each tooth 
to occupy its normal position [1, 2]. Such a statement is currently supported by 
insights on neurobiology and epigenetics [3–5]. So, the first question regarding the 
etiology of malocclusions is: are they genetically or environmentally induced?

A strong controversy still is on the table on that matter. At the beginning of last cen-
tury, some authors defended that craniofacial growth and development was genetically 
driven and, the only possibility of variation in the mouth was changing the position of 
the teeth [6]. Such theory postulated that craniofacial growth occurs exclusively by bone 
remodeling. It did not consider any role for other structures, such as sutures, cranial base 
synchondrosis, the mandibular condylar cartilage, or muscular loading on the craniofa-
cial bones [7]. Later, Moss proposed the functional matrix theory [8]. He theorized the 
size and shape of the maxillaries are determined by the functional matrices [8–12]. That 
plus the advent of new theories, including the cybernetic theory [13, 14], which causes 
a division where some authors dispute craniofacial growth is driven by genetics, while 
others argue it is led by function. The most recent developments in that field are showing 
that both sides may be in some way correct. Neither genetics alone nor function per se 
has the steering control. It appears to be genetics guided by function/environment which 
leads craniofacial growth and development. In other words, genetics is expressed 
accordingly to the functional demands.
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To understand that, it is important to remember that the craniofacial complex is 
composed by various tissues, which contain a matrix and cells. Currently, there is 
enough knowledge to understand that cell’s biology is controlled by the constantly 
changing environment and not by its genes [15]. An environmental stimulus on the 
cells modifies cytoplasmic processes altering gene expression. In that context, such 
stimulus influences cell movement, control cell survival, or even determine when a 
cell should die [16, 17]. All those phenomena are explained by epigenetics, which 
has helped the scientific community to understand the critical control of cell and 
tissue differentiation. It has also provided a better understanding of the complexities 
of craniofacial growth and development [3, 4, 18].

3.2  Craniofacial Growth and Development Driven by 
Epigenetics: A New Theory

A theory in modern science refers to a well-confirmed type of explanation of phe-
nomenon. Several theories of craniofacial growth and development have been pos-
tulated in the past, but none of them have fully explained that phenomenon, as they 
have based their arguments on either genetics or function. Today, it needs to be 
revised under the current knowledge of epigenetics.

Epigenetics is the science of how environmental signals select, modify, and regu-
late gene activity. It studies the molecular mechanisms by which environment con-
trols gene activity [15, 19, 20]. Cells process thousands of signals from the 
surrounding environment. In that way, cells determine the appropriate biological 
responses to ensure their survival [21, 22]. Genes contained in any cell in the body 
are not able to self-regulate their expression. When a gene product is needed, a 
signal from the environment activates the expression of that gene [23].

Today the scientific community has revealed the human genome, while the 
human epigenome is still under study. It is known that every gene, which is a DNA 
chain, is wrapped by a structure named the histone. Besides the histone, there are 
some small structures which are the epigenomes. They activate the histone, and so, 
the gene can be wrapped or unwrapped. In other words, the gene can be activated or 
deactivated [24]. That interaction can analogically be explained as the epigenome 
being the switch which may turn a light bulb on or off.

Thus, the next question is: who provide the information to the epigenomes to 
switch on or off a gene? The answer is: the environment. The epigenome acts as a 
link between the environment and the genes. It determines when a gene should 
produce or stop producing certain substance by the cells. In that way, the system is 
modified and adapts to environmental changes. So, the epigenome is sensing what 
is happening in the environment to modify the genetic expression [15].

For example, it has been demonstrated that only 5% of cancer and cardiovascular 
diseases are inherited [25] and a significant cases of cancer in humans are induced 
by environmental alterations and not by defective genes [26–28]. Is the current 
knowledge in epigenetics showing orthodontics that something similar may occur 
with malocclusions?
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It is generally accepted that malocclusions are a developmental problem 
highly influenced by genes’ expression. Most biological dysfunctions start at the 
level of cell’s molecules and ions. Knowing that cell biology can be modified by 
the environment, it can be argued that it is possible to modify the cell biology in 
the craniofacial complex to improve or disrupt the cells’ function. It is also valid 
to argue that at birth the environment start playing a critical role in determining 
genes’ expression in the cells found in the craniofacial tissues. Thus, every 
human being has the potential to grow and develop within normal or abnormal 
patterns. The environment to which a newborn is exposed (e.g., habits, correct or 
incorrect oral functions, correct or incorrect breathing pathway, diet, etc.) is 
going to determine the expression of the cells and so, how tissues develop and 
mature.

When a baby is born the genome is waiting for the epigenome to sense the envi-
ronment and determine how the genes should express. Regarding to craniofacial 
growth and development, if the baby’s mouth is exposed to an ideal environment, 
the epigenome will switch “on” certain genes and keep “off” others to produce a 
normal growth and development of the maxillaries  [5]. Conversely, when baby’s 
mouth is exposed to an unnatural environment (e.g., bottle-feeding instead of 
breastfeeding), the epigenome switches on or off the required genes adapting the 
system to that unnatural situation [29, 30]. Thus, at crucial moments of facial 
development, very small fluctuations can result in either of two very different types 
of occlusal relationship [31].

The genetic influence on malocclusion’s development has been supported by 
arguing children exhibit the same type of malocclusion to that one or both parents 
may have. Under the umbrella of epigenetics, it can be argued back that the parents 
replicated a similar environment for the child to that they had when they grew up. 
That environment (e.g., similar diet, habits and posture mimicking, etc.) produces 
an effect in the cells’ biology of the child, who will resemble the facial appearance 
of the parents [32]. Another argument against is the evidence demonstrating that 
rural populations significantly increase the incidence of malocclusions within one 
generation after moving to urban areas [33–35]. Figure 3.1 shows how environmental 
changes may be associated with deviation of the normal pathway and how correcting 
the oral functions may bring craniofacial growth and development into a more 
physiological pathway.

On the other hand, when a malocclusion has already established, it is valid to 
argue that such a change in the environmental conditions would continue modifying 
the cells’ biology in the craniofacial complex (e.g., lack of growth and development 
of the jaws). By directly treating the cause of the malocclusion, the dysfunctions, 
better results could be achieved. Up today, science has not elucidated how to do that 
directly by targeting the cells with a particular substance. However, there is scientific 
evidence demonstrating that by modifying wrong patterns in the environment (e.g., 
oral dysfunctions, tongue posture, mode of breathing, etc.), it is possible to improve 
the biological response at the craniofacial complex [36–38].

Therefore, craniofacial growth and development must be considered driven neither 
by genetics nor by function but by the epigenome. It interprets the environmental 
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conditions and switches “on/off” the genetic expression accordingly [5, 15, 19, 20, 24, 
36, 37]. Today’s scientific knowledge permits to say craniofacial growth and 
development is determined by both genetics and environment, with epigenetics acting 
as a modulator. That phenomenon occurs during the human life spam. Based on that 
knowledge, it can be postulated that when a deviation from the normal developmental 
pattern is observed or diagnosed, it can be reversed to normality by changing the 
environment, unless a congenital/genetic defect is involved.

Fig. 3.1 Photographs of identical twins, who did not look alike before as the one on the right had 
altered oral functions and his craniofacial growth and development proceeded in a different path-
way compared to his twin  brother. After correcting the oral functions, they look more alike. 
Photographs presented with permission from the patients and Dr. Chris Farrell
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As the environment changes in the craniofacial system, the epigenomes sense 
those changes and modulate genes’ expression. At an early developmental stage, 
when the cells are less differentiated and growth potential is still optimal, it would be 
easier to bring the system into a normal pattern of growth and development. At that 
moment, the environmental influences may produce better effects in genes’ expression, 
modifying tissue development and maturation. Thus, the best time for the environment 
to exert the most positive effect on craniofacial growth and development would be at 
the first years of life, when all oral functions and the breathing pattern are imprinted 
in the brain, as well as when the highest growth potential is at the jaws [39–41].

Epigenetics also explain what is generally accepted today: bone growth is stimu-
lated by the activity of the muscles [42, 43]. In a newborn, the muscular system in 
the head and neck needs to further develop in order to produce the correct loading 
on the craniofacial bones [44]. That stimulates both, endochondral and 
intramembranous ossifications in the mandible and the maxilla [43]. Then, both of 
them can reach an ideal size and shape for the teeth accommodating later. So, 
guiding craniofacial growth and development through stimulating correct muscular 
activity since the first day of life is critical. To achieve that, correct breastfeeding is 
an asset to stimulate muscular growth of the masticatory and facial muscles, 
that initiate a cascade of events, such as: (1) both, the maxilla and the mandible are 
properly loaded by the muscles (environment), (2) epigenomes in the oral system 
recognize that load (epigenetics), (3) the required genes for tissue growth and 
development are activated (genetics), and (4) all that lead to an ideal size and shape 
of the maxilla  and the mandible, which in turn produces enough space for the 
erupting teeth (outcome). In that context, breastfeeding becomes one of the 
milestones when considering the causes of malocclusion. However, it is not only 
encouraging breastfeeding. It has to be performed under certain considerations as 
explained later on this chapter to produce the best outcome.

3.3  The Importance of Breastfeeding on Craniofacial 
Growth and Development

Several human functions are developed during the first years of life, with three of 
them being critical for craniofacial growth and development: breathing, swallowing, 
and mastication. This section approaches craniofacial growth and development 
since birth from a different point of view to that considered in the traditional books, 
where growth and development of the mineralized tissues is the major focus.

The first premise proposed is that all human beings are born to have an ideal size 
of the dental arches, which permits a correct position of the teeth. Therefore, any 
unnatural behavior occurring during the first days of life starts a deviation in the 
breathing pattern and/or oral functions. That then initiates a cascade of events 
ending in a malocclusion. In that context, breastfeeding, the first function performed 
in all mammals, has to be in a correct and natural way [45], as it is the base for the 
development of a correct breathing, swallowing, and masticatory pattern, and so, 
producing an appropriate stimulus on the craniofacial complex [46, 47].
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3.3.1  Breastfeeding and Breathing

At birth, all human beings are premeditated to be nasal breathers [48]. The posterior 
part of the mouth is the entrance of the oropharynx, which is the conduit for two 
separated functions, swallowing and respiration. Over the first months of life, the 
entrance of the oropharynx, at the back of the mouth, is partially closed at the 
midline by the uvula and the epiglottis which are in a close proximity [48]. The 
sides of that entrance to the oropharynx remain open permitting the passage of the 
breast milk. In human infants, as in other mammals, swallowing and respiration 
should occur simultaneously [49–51]. In that context, the newborn can attach to the 
breast, maintain suction, and nibble mom’s breast to get the milk and swallow it 
while breathing through the nose. The breast’s nipple is hold between the palate and 
tongue, while the milk is extracted from the breast by sagittal movements of the 
mandible, with the lips sealing the mouth around the mom’s breast. In that way, the 
newborn learns how to breathe through the nose while milk passes through the 
mouth and reaches the lateral openings at the back of the mouth. In other words, 
nasal breathing is performed together with swallowing [40].

To perform the three functions (suction, swallowing, and breathing) without 
either one affecting the others, the baby has to be in a correct position. That permits 
the passage of air through the nose while the milk passes through the mouth. To 
achieve that, the newborn has to be fed in a semi-seated position and not lying down 
[45]. A wrong position can deviate the oral functions from a normal pattern and 
inappropriately stimulate growth in the various components of the oral system. 
Furthermore, it increases the risk of habits [46, 47].

Breathing is a primal function necessary for survival. Human beings are obligate 
nasal breathers, and the mouth is a backup organ for this function. The passage of 
air through the nose will create an airflow into the nose and the nasopharynx, which 
stimulates development of the nasal cavity [52–55]. The palate is at the same time 
the floor of the nose and the roof of the mouth. Airflow pushes down the floor of the 
nose, modeling and remodeling the maxilla and palatal bones [52, 53]. That force 
pushing downward is counteracted by the force delivered by the tongue on the 
palate holding the nipple. In such a situation, there are two counter-directional 
forces: one on the nasal aspect of the palate pushing downward and another on the 
oral aspect of the palate pushing upward. When two forces are delivered in an 
opposite vertical direction, the resultant force expresses toward the sides (Fig. 3.2).

Thus, a newborn breathing through the nose, properly breastfeeding, and swal-
lowing with no obstruction stimulates transverse development of the maxilla [56]. 
A natural palatal expansion occurs with breastfeeding, and the newborn learns to 
breathe through the nose [40, 56, 57]. That makes more room for the tongue and 
facilitates the development of a healthy nasal airway [57]. In this way, the maxilla 
reaches its maximum transverse development, which is expected to be about 90% of 
its total size at the end of infancy [58, 59].

An improper position of the newborn during breastfeeding (e.g., lying down or 
bottle-feeding) does not produce the same stimuli on transverse maxillary 
development. A newborn lying down at breastfeeding, a common position for 
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bottle-feeding, has to descend the tongue as it moves backward by gravity. That 
reduces the space in the oropharynx [60]. In such a position, the mom’s breast may 
cover the nostrils and block the entrance of air through the nose. Still the newborn 
can extract the milk from the breast in a similar way as described above, holding the 
breast’s nipple with the tongue against the palate. However, the passage of air 
through the nose is significantly reduced, and the baby has to release mom’s breast 
and open the mouth to catch air. The air comes through the mouth instead of coming 
through the nose. That pushes the uvula upward and the epiglottis downward 
opening the entrance of the oropharynx. Breathing through the mouth causes 
opening that passage before time, as the oropharynx has not developed yet in the 
new born and, it makes the tissues in the uvula and epiglottis slender. By repetition, 
the newborn learns to breathe through the mouth instead of the nose, and the tissues 
at the entrance of the oropharynx become laxer. Even worst, the baby learns how to 
get air through an unnatural way, the mouth [61, 62].

A newborn fed with a bottle goes through a similar pathway. Besides the effect 
on the tongue position mentioned above, the bottle’s nipple is made of rubber or 
silicon and does not have the same resistance to deformation as the breast’s nipple 
[63]. In that context, the newborn does not necessarily need to create a great pressure 
against the palate with the tongue to hold the nipple and extract the milk from the 
bottle. It means less pressure on the maxilla, which stimulates less development [64, 
65]. Even more, the position of the newborn lying down permits the mandible to 
drop down plus the mouth is not totally sealed by the lips around the bottle’s nipple, 
and so, air can come through the mouth stimulating mouth breathing. Those are key 
factors in stimulating mouth breathing in a newborn [66, 67].

Therefore, nasal obstruction caused either by mom’s breast blocks the nose when 
the baby is lying down or the lips stay apart because the position of the baby at 
feeding, causes a cascade of events, such as: air passing through the mouth; the 
tongue displaces downward permitting the passage of air to the pharynx; tongue 
descend reduces the upward loading on the palate. It is also followed by a descends 

Fig. 3.2 Airflow pushes the 
palate down, whereas tongue 
pressures upward. The 
resultant force toward the 
sides stimulating transverse 
development of the maxilla
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of the hyoid bone, which increases the activity of the muscles depressing the 
mandible, and finally, all of them together increase the risk of developing a 
malocclusion, such as open bite or crossbite [30, 65, 68].

3.3.2  Breastfeeding and Swallowing

During the first months of life, the baby’s diet is liquid. That permits an easy pas-
sage of the breast milk through the openings between the pillars at the entrance of 
the oropharynx [48, 61]. Besides that, the movements of the anterior portion of the 
tongue holding the nipple against the palate plus the peristaltic movements moving 
the milk to the back prepare the tongue muscles to perform the right movements 
during swallowing [69].

At approximately 4–6 months of age, the uvula begins to ascend and the epiglot-
tis descends. As the child grows, the posterior portion of the tongue, throat, and soft 
palate become the compliant parts of the adult pharynx. Thus, the posterior third of 
the tongue lies vertically becoming the anterior wall of the pharynx [61].

As discussed above, when a baby is fed with a bottle or wrongly positioned when 
breastfeeding, generally the baby is lying down. That brings the tongue backward, 
and it is displaced downward by the bottle nipple. That positions the tongue 
backward, so pushing the uvula and epiglottis into the oropharynx opening that 
close contact between them characteristic at the first months of life. Such a situation 
occurring before the physiological descend of the epiglottis reduces the tonus of the 
tissues in both the soft palate and epiglottis. Also, the tip of the tongue is not 
reaching the position at the incisive papilla, an area now being occupied by the 
bottle’s nipple. Then, the tip of the tongue learns to posture close to the lower inci-
sors [66, 70]. In that flatten position, the tongue performs incorrectly when trans-
porting the milk backward, and so, an incorrect swallowing pattern is imprinted in 
the brain [40].

3.3.3  Breastfeeding and Mastication

During the first years of life, the masticatory muscles grow and develop to reach 
the right tonus. That allows the mandible to properly perform when harder food 
becomes part of the diet [69, 71]. The diet during the first year of life is liquid, and 
at the end of the first year, soft food is introduced to the baby’s diet. Finally, semi-
fibrous and fibrous food is added to the infant’s diet between the second and third 
year of life [72].

That transition from liquid to semi-fibrous (hard) diet has an effect on the masti-
catory, facial, and neck muscles. It stimulates an increase in the number of fibers 
and the muscular mass [73]. A natural transition in the diet increases the masticatory 
muscles’ strength, which able those muscles to destroy a harder diet when all the 
primary teeth are erupted [74]. Such an increase in muscular strength means an 
increase in bone loading, particularly on the maxilla and mandible. A higher loading 
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on the bones produces bone apposition, which leads to maxillary and mandibular 
growth and development in the five-spatial dimensions [75, 76]. Maxillary growth 
and development stimulates growth of the bones joining with the maxilla at the 
facial sutures, leading ultimately to a higher stimulus on craniofacial growth and 
development [75, 77, 78].

Breastfeeding is also critical for sagittal mandibular growth. It has been reported 
that the mandible grows approximately 11 mm during the first year of life [39]. That 
can be associated to the response of the mandible to that forward and backward 
movements occurring during breastfeeding [14]. An anteroposterior displacement 
of the mandible creates a pump effect on the retrodiscal pad at the temporomandibular 
joint, permitting the release of nutrients and substances that stimulate endochondral 
ossification at the cartilage placed on the mandibular condyle [14, 79, 80].

All newborns have a convex profile due to a small mandible at birth [81]. So far, 
the author has not seen a newborn with mandibular prognatism or a concave profile. 
In an ideal situation, the mandible develops during the intrauterine life to a certain size 
permitting the development of the oral functions. Breastfeeding stimulates mandibular 
growth in a sagittal direction catching up the mandible with the maxilla so reaching a 
normal sagittal relationship at an early age [57, 71, 82]. Later, the transition to semi-
fibrous diet permits growth and development of both, the maxilla and mandible. That 
growth is expressed in a sagittal direction maintaining a normal anteroposterior 
relationship, as well as in a transverse direction creating the space for the primary 
teeth and establishing a normal dental occlusion at an early age [57, 71, 81].

3.3.4  The Consequences of an Incorrect and/or Absence 
of Breastfeeding

It definitively calls anybody’s attention to learn that among 46 species of mammals, 
human beings are the only species with significant malocclusions and caries in their 
teeth (Dr. Peter Emily—Father of Veterinary Medicine). Thus, the obvious questions 
are: Why those oral problems are a common finding in humans, but not in other 
mammals? What are we, human beings, doing different to other species to acquire 
those problems/diseases? Several responses can be brought up: firstly, all mammals 
breastfeed their inbreeds for a certain period of time [83]; secondly, other mammal 
species do not have processed food, bottle-feeding, or pacifiers; and, thirdly, other 
mammal species are fed with food containing the nutritional factors and the physical 
consistency they require since they are born [84].

Most human newborns have a distal mandibular position [81]. Then, the mandi-
ble will grow and catch with maxillary growth through mandibular movements 
associated with breastfeeding [14, 39]. Simultaneously, a higher muscular activity 
required to milk the mom’s breast invigorates the masticatory muscles and prepares 
them to destroy harder food in the future when all primary teeth are in the mouth 
[57, 69]. All of that account to reach a normal anteroposterior relationship between 
the maxilla and mandible, enough transverse development of the maxillaries, and a 
correct vertical dimension of the lower third of the face [47].
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In that context, it is valid to state that malocclusions start developing at birth. An 
incorrect breastfeeding or bottle-feeding leads to less increase in the muscular mass 
of the masticatory muscles [69], which produces less loading of the maxilla and 
mandible, reducing the amount of growth and development at both, the maxilla and 
the mandible [29, 69, 82, 85]. Besides that, a reduced volume of air passing through 
the nose, because part of the air is passing through the mouth, means the pressure 
delivered to the palate on the nasal side is decreased, and the stimulus on the maxillary 
transverse development is reduced. The result is a narrow maxilla [57, 86].

On the other hand, bottle-feeding implies a rubber nipple in the mouth. Bottle’s 
nipple is made of rubber or silicone which deforms less than mom’s nipple. So, the 
tongue is displaced downward and does not learn to position in the physiological 
area at rest, the incisive papillae. A lowered posture of the tongue stimulated by the 
presence of the bottle’s nipple adds to the lack of stimulus for maxillary transverse 
development. A similar situation occurs when a pacifier is introduced. Although 
pacifiers have been recommended by pediatricians to prevent sudden infant death, 
breastfeeding highly reduces its incidence [87–89]. Therefore, a pacifier is not 
required to prevent that problem when the newborn is being properly breastfed.

Breastfeeding with a correct posture of the baby, resting on mom’s lap and hold-
ing the breast nipple without blocking the nose, has to be encouraged in all new-
borns being exclusive during the first 6 months [82, 87–89]. Then, breastfeeding is 
mixed with a soft diet during the second half of the first year of life. In this way, 
respiratory problems and malocclusions may be prevented. That proper environment 
drives the epigenomes to induce a full growing potential in the baby and so, reaching 
a normal occlusion with a correct craniofacial growth and development.

Thus, about 4 years of age, the child should have a normal anteroposterior rela-
tionship between the maxillaries; diastemas between the primary teeth, which infers 
a good transverse development of the maxilla and mandible; and, an overbite and 
overjet of approximately 0–1 mm. Such an ideal situation indicates that a good ver-
tical dimension is developing, which increases further with the eruption of the first 
permanent molars [57, 72, 81]. In that context, the child is able to hold a fibrous/
semihard diet maintaining the correct stimulus during the following developmental 
stages with a correct breathing and swallowing patterns, which accounts for a 
normal occlusion in the mixed and permanent dentitions [71, 90–92].

3.3.5  The Consequences of an Incorrect Breathing 
and Swallowing Patterns Established at an Early Age

Mouth breathing is normally associated with dysfunctional/infant swallow [60, 93]. 
Correct swallowing is characterized by the tongue positioning against the roof of 
the mouth and propelling the food bolus backward. In the meantime, teeth touch in 
centric occlusion bracing the head on the spinal column; lips touch and are 
unstrained; and the head is held in a steady position on the spinal column and does 
not move. At the same time, the child is breathing through the nose without difficulty 
[57, 72].
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The first signal of mouth breathing is a child with unseal lips at day time or 
when sleeping, which associates with tongue thrusting (Fig. 3.3). A lower tongue 
position and mouth breathing become the dominant reflex [40]. The tongue is so 
displaced backward permitting the passage of air through the mouth; the posterior 
third of the tongue is displaced backward invading the oropharyngeal area and, 
therefore, reducing the airway space [60]. The head moves forward, and the hyoid 
musculature contracts pulling the mandible in a clockwise direction maintaining 
an open mouth [93]. The muscles of the neck extend and protract the head [94]. All 
this adaptations occur to maintain an open airway through the mouth in the mouth 
breather.

 Such a change in the muscular activity produces functional changes in the child: 
the soft palate lies between the tongue and the posterior pharyngeal wall; the tongue 
is not in contact with the palate on swallowing, so it flattens; scalloped borders 
appear on the tongue; a greater intermaxillary freeway space is created; swallowing 
occurs with the teeth in disocclusion [95, 96]; the pressure on the buccal aspects of 
the posterior teeth delivered by the buccinator muscle increases [97–99]; the palate 
narrows; and the pharyngeal airway narrows as well, as a result of a lack of transverse 
development in the maxilla [100]. Furthermore, the posterior teeth tend to extrude, 
whereas the anterior teeth do not fully erupt producing a different level between the 
posterior and anterior occlusal planes (Fig. 3.4).

As a mouth-breathing pattern establishes, more functional adaptations occur in 
the child. A lack of development of the maxilla causes a reduction of the region 
behind the maxilla (the pterygopalatine and infratemporal fossae), an area occupied 
by the pterygoid venous plexus. The venous pterygoid plexus receives venous blood 
from the inferior orbital vein [101]. As the area of the pterygopalatine and 
infratemporal fossae reduces, the pterygoid venous plexus shrinks, propelling the 
venous blood back through the inferior orbital vein. It can cause accumulation of 
venous blood at the inferior region of the eye (purple/dark eye circles) [102, 103].

Another feature of the mouth-breather child is sleep disturbances [104, 105]. A 
child waking up during the night associates with not reaching the third and/or fourth 
phase of the sleep [106, 107]. Growth hormone (GH) is released during those sleep 
phases. So the levels of GH released at night time decreases. That hormonal 

Fig. 3.3 Photographs of infants at their first year of age. The boy at the center of the photograph 
presents a physiological craniofacial growth and development, whereas the other two boys 
maintain the mouth open, suggesting mouth breathing. On the other hand, the two girls show lower 
lip eversion, which may suggest incorrect swallowing
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reduction negatively affects craniofacial growth and development, as well as 
muscular mass development and bone physiology [108–111].

Mouth breathing also stimulates to hold the thumb or any other finger in the 
mouth to keep it open when the child gets tired [67, 112]. In that situation, the lips 
are not sealed, and the finger is maintained in the mouth acting as a prop maintaining 
an oral airway [113]. The presence of the finger in the mouth also increases the 
inward pressure from the buccinators on swallowing. That pressure can increase up 
to 10 times at the molar region and up to 40 times at the corner of the mouth [114]. 
Such a force delivered inwardly with no counteracting force by the tongue, as it is 
flattened and lowered in mouth breathers, changes the shape of the maxilla making 
it triangular [115–117].

3.4  Conclusions

Craniofacial growth and development should be comprehended today based on the 
current scientific evidence. Current knowledge permits to easily understand that the 
environment plays a definitive role in the expression of the genes contained in the 
millions of cells composing the various tissues forming the craniofacial complex. In 
other words, craniofacial growth and development is driven by the interactions 
between environment and genetics, so epigenetics.

Keeping that in mind, it is important to correct any deviation of the oral functions 
from birth in order to prevent deviations in craniofacial growth and development. 
Thus, when a sign (e.g., no spaces in primary dentition, increased overbite and 
overjet) or symptom (e.g., mouth breathing, incorrect swallowing) is observed in an 
infant or a child, those should be immediately corrected to re-establish ideal oral 
functions and bring the craniofacial growth and development into a physiological 
pathway [30].

Early orthodontics utilizes growth in its favor and early treatment even in pri-
mary dentition results in a catch-up of growth [72]. Ideally, maxillary and mandibu-
lar growth should be into a normal pattern at 6 years of age when a high percentage 
of the facial growth has been completed. Delaying treatment up to the pubertal spurt 

Fig. 3.4 Intraoral photo-
graphs of an open bite patient 
showing the different levels 
between the posterior and 
anterior occlusal planes
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makes treatment more complicated, as the malocclusion does not self-correct with 
natural growth [118–120]. Therefore, the earlier a deviation from the normal pattern 
in craniofacial growth and development is detected, the easier to correct and the 
more stable the results will be [121]. However, the key is focusing in correcting the 
causes of the problem (e.g., mouth breathing, habits, soft diet, reduced masticatory 
efforts) and not the consequences (tooth crowding, open bite, deep bite, etc.) 
[122–124].

The epigenetic theory of craniofacial growth and development presented here 
calls to establish treatment as early as possible when a sign or symptom of a 
developing malocclusion is observed in a young child. Today it becomes even more 
relevant, as it has been established that a deviation in the craniofacial growth and 
development at an early age can lead to the appearance of temporomandibular 
dysfunctions later in life [125] or even worse, increasing the risk for pediatric 
obstructive sleep apnea [126, 127].
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4.1  Introduction

The study of craniofacial growth and development has a long history in the disci-
plines of Paediatric Dentistry and Orthodontics. Unbalanced facial growth is known 
to be causative for dental misalignment and malocclusion. However, historically, 
little emphasis has been placed on the possible link to obstructive sleep apnoea. 
Through greater understanding from contemporary studies and reflections from past 
research, we now are bringing to light the interrelationships of all proximal struc-
tures in the many chronic issues that ail our children.

When studied with the context to link the maxillomandibular complex with pha-
ryngeal patency and sleep breathing disorders, many signs and symptoms are pres-
ent. When care is taken to evaluate the facial structures of the growing child, clear 
indicators of development issues and their connection with airway dysfunction are 
observable.

Clues from definitive corrective treatments for obstructive sleep apnoea may give 
us reason to consider changes in orthodontic operative standards. Treatment 
objectives accounting for the orthodontic impact on the airway will hopefully 
expand future markers for success to encompass improving balance for the whole 
craniofacial complex.
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4.2  Orthodontic Context for Obstructive Sleep Apnoea

Obstructive sleep apnoea (OSA) is a dysfunction during sleep characterized by 
recurrent, episodic cessation of breath due to complete or partial blockage of the 
upper airway. It is a high-order part of a spectrum of upper airway dysfunctions 
within the sleep disorder breathing syndromes (SDBS).

Although all the related disorders within the spectrum of SDBS are diagnosed 
and managed by medical practitioners, Kaditis et al. [1] as part of the European 
Respiratory Society Task Force now recommends adjunctive orthognathics and 
orthodontics be included in stepwise care for SDBS.

Orthodontic observations provide vital clues to airway performance. Misaligned 
teeth and distorted jaws are but hard tissue evidence of craniofacial aberrations of 
the structures associated with upper airway obstructions. Huang and Guilleminault 
[2] overviewed this and reflected many decades of linking disorders of oral-facial 
growth and OSA in children.

To understand the association of malocclusion and OSA, it is useful to review 
how malocclusion develops. Specifically, Dibbets [3] indicated the maxilla set too 
far down or back or too small in form is the genesis of malocclusion. Björk [4] 
measured ideal maxillary growth at a mean of 51 degrees and later Ruf et al. [5] 
mandibular growth at 54 degrees. Both noted good overall alignment with these 
growth directions but considerable variations of increased vertical growth associated 
with malocclusions. McNamara [6] highlighted that even in Angle’s Class II 
malocclusions most commonly the maxilla was retrusive and excess height of the 
lower face the most common finding.

Platou and Zachrisson [7] then confirmed patients with more horizontal growth 
tendencies of “prognathia” (forward jaws) had straighter teeth and better balance in 
facial form than vertical growing “retrognathia” (retruded jaws).

The most typical orthodontic cluster of findings in SDBS was illuminated by 
Linder-Aronson [8] many decades previously:

The results have shown that children who had difficulties in nasal breathing were character-
ized by increases in both the lower and total facial heights, the sagittal depth of the bony 
nasopharynx was less, the tongue had a lower position, the upper arch was narrow, the 
upper and lower incisors were retroclined, the palatal vault was of normal height, there was 
a cross-bite or tendency towards cross-bite, a tendency towards open bite and normal 
antero-posterior relationship between upper and lower jaws. Disturbed nasal respiration can 
affect both facial morphology and the dentition.

Hultcrantz and Lofstrand [9] and Kim and Guilleminault [10] reconfirmed these 
findings in recent studies.

Craniofacial aberrations and distortions cannot but impact the function of its 
organs and efficiency of the body’s actions. Less than optimal form and imbalances 
in structures of the soft and hard tissues of the face reduce all its potential. 
Developmental distress can present as dysfunction of mastication, communication 
and of course breathing.
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There are two aperture areas with two segments in the upper respiratory path-
ways; two nostrils and the mouth lead, respectively, to the nasopharynx and the 
oropharynx.

Any reductions in maxilla size, distortions in its shape and/or incorrect location 
of its positioning can reduce nasopharyngeal airflow efficiency. Increase in soft 
tissue mass of the turbinates, the adenoids and the tonsils are also obstructive; 
however, Migueis et  al. [11] concluded nasal and nasopharyngeal level issues, 
important in SDBS, play only a minor role in the more extreme disorder of 
OSA.  Venkamp et  al. [12] confirms this by also discarding the relevance of 
obstructions at or above the oropharyngeal level, voiding the relevance of the usual 
suspect set of adenoids and tonsils when dealing with OSA.

Of highest significance then are the hyoid level obstructions. Any loss of tone, 
overcrowding of the intraoral space and dysfunction in the glossus muscles (tongue) 
and the mandible elevator muscles result in the hanging of the mandible and resting 
with the mouth open. This postural weakness has the potential in the supine sleep 
position for further flexion of the head/neck that can collapse all the soft tissues 
interlinked with the hyoid bone and the posterior pharyngeal wall.

An open-mouth posture must be one of the key indicators to assess for as it is 
commonly intertwined with mouth breathing tendencies, which, by default, is 
already a laboured means of respiration. The genesis of this incorrect oral posture is 
likely from nasal and nasopharyngeal congestions and obstructions, though De 
Felicio et al. [13] suggests weakness and poor functional muscular coordination.

Surprisingly, though the signs and symptoms of poor oral posture are obvious to 
the eye, they are largely ignored. Glatz-Noll and Berg [14] discovered normal (the 
clinical control subjects) industrialized 4-year-olds on average leave their mouths 
open for 83.3% of the time, yet few even today appear to place any significance to 
these findings.

Trotman et al. [15] however elucidated a very powerful interrelationship with the 
soft and hard tissues of the maxillomandibular complex:

A more open lip posture was associated with a downward and backward rotation of the 
maxilla and mandible a more obtuse gonial angle, a retruded mandible with retroclined 
incisors, extruded maxillary molars and maxillary and mandibular incisors, and an elongated 
total face height caused mainly by a larger anterior face height.

To truly understand the dental/facial/head/neck relationship to airway flow, the 
equilibrium balance of space management in the body organ relationship needs 
recognition. Each structure of the body requires a minimum volume with correct 
spatial placement to work effectively. Luzi [16] showed a consistency in biological 
form that adapted the base of skull saddle Ba S N angle and maxilla/mandible ANB 
angle relative relationships to very precise arrangements (Fig. 4.1).

Less than 2.5-degrees was found within the group of 160 Class I subjects mea-
sured indicating very tight volumetric requirements for the head and face.

The growing structures adapt to environmental change but must maintain overall 
spatial requirements for function. To some extent, form can change but not overall 
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volume. In children who maintain an open-mouth posture, when the unsupported 
maxilla “drops,” the mandible must change rotational position to maintain the 
excess freeway space adopted. This has an unwanted consequence of shifting the 
tongue at the hyoid level to close pharyngeal space. In order to protect the airway, 
the mandible in the growing child, in time, must change its form too.

Remodelling occurs in the vertical ramus forward, and a reduction in the hori-
zontal ramus coincides to rebalance the angles necessary for the best equilibrium of 
the balance of all the structures (Fig. 4.2). In the growing child as enormous changes 
occur over short periods of time, the adaptations of bony structures to soft tissue-
induced poor posture can be disproportionally large.

Trenouth and Timms [17] measured 20-degree difference in saddle angles 
between well-balanced faces with good dental alignment and distorted faces with 
dental misalignment.

In children with high saddle angle growth, in addition to the maxilla and man-
dible being down and back, the arch lengths are shorter and teeth crowded. As 
Bernabe et al. [18] confirmed arch length to be the deciding factor in dental crowd-
ing, it is clear the anterior-posterior dimensions are also critical for optimal place-
ment of the tongue in the intraoral cavity.

Marcotte [19] and Vig [20] observed a further postural compensation occurs 
when the mouth is left open at rest. The cervical vertebra curves forward to allow 

Fig. 4.1 Luzi [16] showed a 
consistency in biological 
form that adapted the base of 
skull saddle Ba S N angle and 
maxilla/mandible ANB angle 
relative relationships to very 
precise arrangements

N S Ba 118 N S Ba 145

Fig. 4.2 Remodelling occurs 
in the vertical ramus forward, 
and a reduction in the 
horizontal ramus coincides to 
rebalance the angles 
necessary for the best 
equilibrium of the balance of 
all the structures
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the extension of the cranium on the atlas, so the weight of the head balances and the 
eyes level to the horizon. In compensation the head is tipped up for ease in breathing 
with the neck and shoulders rolled forward to allow the eyes to level for ambulatory 
balance.

In the airway-compromised, the head is routinely rotated to keep nasion fore-
head/nose juncture above pogonian of the lower jaw chin.

4.3  The Facial Clues

With these considerations, there are many signs and symptoms revealing of struc-
tural and functional problems in the growing child’s face and mouth. Mew [21] 
outlines oral and head postural problems that highlight childhood development 
issues.

A sloping forehead can foretell of imbalances, as likely head tilt compensation is 
present (Fig. 4.3). Typically in compromised postures, the forehead is tilted back or 
down, both placing the head in a forward position. A forehead when in the upright 
stance should be roughly perpendicular to level ground and in line with the chest. 
When the head is reset to this level, a truer relative position of the facial jaws in their 
horizontal and vertical growth direction can be shown (Fig. 4.4).

Fig. 4.3 A sloping forehead 
can foretell of imbalances, as 
likely head tilt compensation 
is present
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A correctly placed maxilla in an up and forward position tends to carry the nose 
tip up in line with the stably positioned nasal bones. Straight noses have good nasal 
and maxilla bone support. Correctly placed and sized maxilla offers significant 
support in the soft tissue structures around the eyes and strongly defines the 
cheekbones. In good balanced faces, the cheek line runs parallel with the nasal 
bones (Fig. 4.5).

A break in the nose line can be very revealing of much deeper changes in the 
facial bone complex. Facial bone development that is in a back and downward 
direction results in flattening of the zygomatic cheekbone lines and drop away from 
the line of the nasal bones. Cheekbones present as soft and flat, and the soft tissue 

Fig. 4.4 When the head is reset to this level, a truer relative position of the facial jaws in their hori-
zontal and vertical growth direction can be shown

Ideal, Cheek line parallel
to bridge of nose

Cheek line 15º
to bridge of nose

The cheek line

Cheek line 30º
to bridge of nose.
Note hooked nose.

Fig. 4.5 In good balanced faces, the cheek line runs parallel with the nasal bones
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form of the face including the tip of the nose is drawn down away from the line of 
the nasal bones.

A hooknose or angle change from the nasal bone inclination to nose tip tells of 
less forward and more vertical growth (Fig. 4.6).

Even the eyelid levels are impacted by the growth trend direction of the maxilla 
(Fig. 4.7). Well-positioned maxillae offer good support of the soft tissues overlaying 
them, so they uplift the eyelids and no whites under the iris should show. When 
white sclera is noticeably visible under the irises and downward turn of the canthus 
(outer corner) of eyelid appears as a sleepy droop, then underlying cheekbone 
fullness is lacking, and there is good indication of the lack of forward projection of 
the maxilla in growth.

Further down the face, more soft tissue markers tell of muscle tone weakness 
or dysfunction. Cheek muscle bulge or hollowness is very revealing of levels of 
muscle tone. Ongoing overuse of the buccinator muscles indicates lack of maturity 
in the swallow pattern. Incorrect muscle function influences growth in the 
immature bones of young children as it impacts both functional action and resting 
posture.

Fig. 4.6 A hooknose or angle change from the nasal bone inclination to nose tip tells of less for-
ward and more vertical growth

Fig. 4.7 Even the eyelid levels are impacted by the growth trend direction of the maxilla
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Facial muscles (buccinator, orbicularis oris, mentalis) and the tongue driving 
forward are used in the infant for suckling. This is normally scheduled to shift to a 
predominance of the mandible elevator muscles (temporalis, masseter) for chewing 
and the tongue gently uplifting for swallowing in the second year of life. This should 
coincide with eruption of the primary molar teeth and the time of anatomical 
readiness for speech.

In correct development, suckling changes fully to swallowing, but Matsuo and 
Palmer [22] and Van De Engel-Hoek et  al. [23] note various disturbances to the 
natural cycle of neuromuscular coordination as being commonplace today. Unlike 
the quiet nature of the mature swallow, this compensatory hybrid type “suck- 
swallow” is excessively busy because much like the infant suckles, all the muscles 
of the mouth and face appear to fire simultaneously. Machado et al. [24] and Almiro 
et al. [25] revealed radiologically how these parafunctions are detrimental to airway 
patency in the dentate child.

Visually this presents as over-retention of “baby cheeks” and excessive lower lip 
activity and chin “dimpling” due to disruptions of the learning process needed to 
quieten the face in adult deglutition (Fig. 4.8).

Brace [26] hypothesised one possible culprit for this phenomenon: spoon-feed-
ing infants who are only capable of suckling liquids, before their time for neurobio-
logical development of lip seal swallow for solids.

Correct lip form is dual symmetric, even in tone in both upper and lower jaw and 
without eversion past the dry/wet line of the inner oral surfaces. Asymmetry in lip 
form is observable when developmental control is poor (Fig. 4.9). Lip unevenness 
with tight thinner upper lip, everted, flaccid, overly full lower lip and downturned 
corner commissures signify improper muscle tone and control.

Good habitual lip together resting from toned temporalis and masseter elevator 
muscles presents a natural tendency to leave the lips softly together in the resting 
posture. In poor function lip seal is only fleetingly present, often without touching 
during in speech and, when in contact, “purse forced” under tension (Fig. 4.10).

It is important also to be observant for facial (and general body) signs of obesity, 
which Mathew and Narang [27] note has a 50% association with childhood apnoea. 
Being overweight is neither a normal nor healthy characteristic. Narang and Mathew 
[28] states in children with OSA “obesity may independently or synergistically 
magnify the underlying cardiovascular and metabolic burden”.

Fig. 4.8 Visually this presents as over-retention of “baby cheeks”
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Incidentally but equally pertinent, parallel signs of excessive decay are com-
monly found in these children. Unsurprisingly, Ruanpeng et al. [29] recognises the 
culprit for much of their problems as the age-old dental nemesis, excess sugar 
consumption.

4.4  Orthodontic Clues

Skeletal and dental assessments standard to orthodontic evaluations for malocclu-
sion can be very useful when searching for insights into compromised airways. 
Flores- Mir et al. [30] points out key associations with retrusive chin, steep mandibu-
lar plane, vertical direction of growth and a tendency towards Class II malocclusion 
and OSA.  Reviewing the child, in for routine orthodontic evaluations, with an 
airway centric mindset can be advantageous for the health-compromised child.

Normally malocclusion misalignment of the jaws and teeth is categorised by 
their vertical and horizontal relationships using the Angle’s classification of 
malocclusion.

Class I Crowding: Upper and lower jaws in even balance. Crowding or spacing 
misalignments limited to teeth. Good muscle tone in general. There will still be 

Fig. 4.9 Asymmetry in lip form is observable when developmental control is poor

Fig. 4.10 In poor function lip seal is only fleetingly present, often without touching during in 
speech and when in contact, “purse forced” under tension
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some reduction in tongue space as growth forward is still reduced from ideal, if 
there is insufficient arch length for all 32 permanent teeth. Posturally, lip seal is 
good at rest, but teeth are left slightly apart and tongue is off the palate in the 
posterior 1/3 and likely resting between the molars (Fig. 4.11).

Class II Division 1: Lower jaw behind upper. Size and form distortions notable 
with weakened muscle tone. Both jaws are back with the lower weaker of the two. 
Crowding of the teeth is minimal but the upper incisors are proclined forward. 
Tongue is completely off the palate, laying on the lower teeth at rest and at hyoid 
level further back in pharyngeal throat space. The mouth is open at rest with jaw 
swung back with a large freeway space, as overall tone is poor (Fig. 4.12).

Class II Division 2: Both jaws set back with lower cupped up within upper. Jaw 
length is shortened and crowding of teeth found both at front and back of arch. 
Distortions are found in shape and form from strong but uncontrolled muscle tone. 
Upper front teeth are retroclined. Joints are often compressed back and tongue space 
tight with spreading out broadly between molar teeth so dental misalignments are 
usually noticeable. Lips are tightly sealed at rest, but teeth are always apart (Fig. 4.13).

Class III Low Angle: Lower jaw ahead of upper jaw, with upper smaller by a 
degree. Space is tight for upper teeth, but good alignment is found in the lower arch 
though in both arches the incisors are retroclined. Tongue space is good in the lower 
arch but insufficient in the upper so the maxilla is unsupported and growth has a 

Fig. 4.11 Class I crowding

Fig. 4.12 Class II division 1
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hidden vertical tendency. Lowered tongue posture is kept in mouth often due to 
obstructions further back from enlarged tonsils or just a habit of resting low. Good 
muscle tone but mouth open and lower jaw held forward at rest (Fig. 4.14).

Class III High Angle: Lower jaw ahead of upper with divergent growth direc-
tions. Tongue space is rarely adequate in either arch. Nasal and throat obstructions 
from adenoids and tonsils are common. Sleep breathing disorder symptoms are com-
mon. Mouth is open at rest and tongue held down firmly (Fig. 4.15).

Excess Vertical Growth: Jaws divergent with long face presentation with both 
jaws down and back. Significant distortions in form and crowding are common. 

Fig. 4.13 Class II division 2

Fig. 4.14 Class III low angle

Fig. 4.15 Class III high angle
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Tongue held between all teeth at rest. Intraoral tongue space is deficient and airways 
compromised in multiple levels along the pharyngeal space. SBD symptoms 
abound. Weak muscle tone. Mouth mostly open and jaw down and back (Fig. 4.16).

Open Bite: Teeth not meeting at the front are characteristic of incomplete bites 
where the tongue rests forward and the mouth is kept open. Tongue space is 
compromised in throat and mouth and appears proportionately large and very 
strong. Often with functional non nutritive suckling habits. Mouth always open with 
tongue held forward past teeth (Fig. 4.17).

The soft tissue organs and boundaries of the mouth are important to consider 
when gauging airway patency. Looking into the open mouth can be most revealing. 
Mallampati (Fig. 4.18) scoring is a diagnostic tool used by anaesthetists to reveal 
the level of “congestion” within the mouth, blocking their access to the throat space.

When reviewing for potential airway issues, the tongue to available intraoral 
space relationship in the mouth is the most easily observable of the many signs. 
Without sufficient intraoral space in the closed bite resting position for the tongue, 
the tongue will either have to back off into the throat or come forward out past the 
lips. Ubiquitous to this forward tongue resting children is nasal congestion and 
mouth breathing tendency (Fig. 4.19).

The glossus muscle is the central organ of the mouth. It occupies an enormous 
percentage of the oral cavity, and it is concurrently the front boundary of the 
pharyngeal throat space. A tongue tight for intraoral space or just habitually resting 

Fig. 4.16 Excess vertical growth

Fig. 4.17 Open bite
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back will impact throat space volume in the oropharynx and the pharynx at the 
hyoid bone level.

Outside of the obviousness of excessive tongue size, Guilleminault et al. [31] 
links untreated short lingual frenulum (Fig. 4.20) with obstructive sleep breathing 
syndrome at later age.

Ankyloglossia tongue-ties range from complete to mild depending on the prox-
imity of the tether to the tip (Fig. 4.21). The tether to the floor of mouth normally 

I II III IV

Fig. 4.18 Mallampati scoring

Fig. 4.19 Ubiquitous to this forward tongue resting children is nasal congestion and mouth 
breathing tendency

Fig. 4.20 Untreated short lingual frenulum
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should be more than 16 mm from the tip of the tongue, but many infants and chil-
dren show reduced range of tongue mobility from being overbound to the mouth 
floor.

Further back, ear/nose/throat surgeons grade tonsil size for the purpose of evalu-
ating their inflammation levels and potential for obstruction (Fig. 4.22). These tools 
all can be recruited for orthodontic use to check issues of the oropharynx.

Low-draped soft palate, flaccid, enlarged uvula and hypertrophic and inflamed 
tonsils take up valuable pharyngeal real estate (Fig. 4.23). It is unclear if mouth 
breathing and lowered tongue postures are the cause or the effect of the enlarged 
tonsils, but they should nonetheless be included in routine examinations.

Dental arch form provides much information when viewed with the airway in 
mind (Fig. 4.24). High and narrow palate with prominent rugae will usually indicate 
tongue in lower, retruded and disruptive position as rest. Tongues that are tight for 
space in the mouth rest either back, down, laterally or forward off the palate, often 
creating much disruption of the teeth alignment as well.

Crossbites are often found in children with OSA (Fig. 4.25). When the lower jaw 
or teeth arch form is broader or longer than in the upper, the lower crosses past the 
upper when biting. In all situations the tongue is displaced more posteriorly mouth 
and takes up valuable pharyngeal space.

I II III IV

Fig. 4.21 Ankyloglossia tongue-ties range from complete to mild depending on the proximity of 
the tether to the tip

0 1 2 3 4

Fig. 4.22 Grading tonsils

S.-M (Simon). Wong



71

Mew [21] charts an in-depth relationship between the resting tongue and the 
intraoral arch dimensions at the palatal gingival margins of the upper first molars 
(Fig. 4.26). There is cause to believe the narrower the upper arch, the lower the 
tongue sits in the mouth.

Any widespread disease states found in the dentition can also be valuable clues. 
Enamel erosion and generalised decay may be symptomatic of gastroesophageal 
reflux common to OSA.  Noronha et  al. [32] and Ranjitkar et  al. [33] record 

Fig. 4.23 Low-draped soft palate, flaccid, enlarged uvula, and hypertrophic and inflamed tonsils 
take up valuable pharyngeal real estate

Fig. 4.24 Dental arch form provides much information when viewed with the airway in mind

Fig. 4.25 Crossbites are often found in children with OSA
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correlation and rising incidence in childhood OSA with dental damage caused by 
acid regurgitation.

Often the orthodontist will not see the eroded occlusal surfaces with “dished out” 
dentine exposure, but instead the initial presentation will be full-coverage 
restorations of the teeth throughout the mouth (Fig. 4.27). As the paediatric dentist 
will have already been primary carer for these children, affected teeth will be either 
already restored with composite fillings or stainless steel crowns or extracted early.

Standard X-ray used for all diagnostics in orthodontic care can also be used to 
show upper airway obstructions (Fig. 4.28). Major et al. [34] concluded soft tissue 
obstructions in the nasopharynx; the oropharynx is easily traceable and reasonably 
reliable for screening purposes. In addition Vieira et al. [35] correlated increased 

Against palate.
‘Ideal occlusion’

37 mm

34 mm
28 mm

30 mm
42 mm

Touching upper teeth.
‘Crowded wisdoms’.

Upper and lower teeth.
‘Progressive crowding’.

Between buccal and/or anterior
teeth, deep or open bite.

Tongue posture
and malocclusion

Lower teeth only.
‘Class III’.

Fig. 4.26 Mew [21] charts an in-depth relationship between the resting tongue and the intraoral 
arch dimensions at the palatal gingival margins of the upper first molars

Fig. 4.27 Affected teeth will be either already restored with composite fillings or stainless steel 
crowns or extracted early
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vertical facial height and anterior and inferior position of the hyoid bone to be 
predictive for obstructive sleep apnoea in children.

4.5  Malformation Syndromes

Unfortunately Kaditis et al. [1] reports OSA to be all too common a finding in syn-
dromic malformations. Normally these syndromes are organised in four general 
categories of relevance for their medico-dental management teams:

• Mandibular deficiency: e.g. Pierre Robin, Stickler and Treacher Collins
• Mandibular prognathism: e.g. Marfan, Downs and Crouzon
• Facial height problems: e.g. amelogenesis imperfecta
• Facial asymmetry: e.g. hemifacial microsomia

Unquestionably, extreme distortions of the maxilla and mandible impact vital 
function from birth. Cleft lip and palate present as the most common issue with the 
maxilla (Fig. 4.29).

In the micrognathic extreme undersized mandible, there is always a threat to 
airway function, e.g. Pierre Robin syndrome (Fig.  4.30) and Stickler syndrome 
(Fig. 4.31).

Adenoid

Tonsil

Hyoid

Tongue

Palate

Frankfort Horizontal

Mandibular Plane

Soft Palate

Fig. 4.28 Standard cephalometric X-ray
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Fig. 4.29 Cleft lip and palate present as the most common issue with the maxilla

Fig. 4.30 Pierre Robin 
syndrome

Fig. 4.31 Stickler syndrome
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4.6  Orthodontic Ideals

For the tongue to clear adequate oral pharyngeal space, it must sit forward and high 
into the mouth, resting fully on the palate (Fig. 4.32). Well-formed palates are a 
mirror image of the dorsum of the tongue as they fully receive the resting tongue 
(Fig. 4.33). Correctly placed and sized jaws allow the tongue to be housed fully in 
the closed mouth, the ideal position at rest for optimal pharyngeal airway.

Optimally, in a well-functioning maxillomandibular complex, there will be light 
wear of teeth with adequate spacing between all teeth in the primary dentition and 
evenness of alignment in the permanent dentition (Fig. 4.34).

Ideally every organ should be in its place with its own space with even matching 
of the upper and lower jaw and teeth.

There should be even show off upper and lower teeth with a small gingival dis-
play and no dark corridors to the sides in the smile. It is expected there is sufficient 
room and correct balance in placement for 20 primary teeth and then later for 32 
adult teeth (Fig. 4.35).

Fig. 4.32 For the tongue to clear adequate oral pharyngeal space, it must sit forward and high into 
the mouth, resting fully on the palate

Fig. 4.33 Well-formed palates are a mirror image of the dorsum of the tongue as they fully receive 
the resting tongue
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4.7  Treatment Objectives in Obstructive Sleep Apnoea

Breik et al. [36] revealed complete corrections for obstructive sleep apnoea in chil-
dren with deficient mandibles are possible through distraction osteogenesis. In a 
similar vein, Hsieh and Lia [37] and Zaghi et al. [38] concluded maxillomandibular 
advancement to be definitively corrective in adults suffering from obstructive sleep 
apnoea.

Hsieh et al. [39] observed the anterior movements of the maxilla, soft palate and 
hyoid in dual jaw surgical advancement cases. The parallel findings of Schendel 
et al. [40] and Butterfield et al. [41] concluded the resultant creation of increase in 
pharyngeal airspace was why the mandibular maxillary advancement closing 
rotation surgery corrects obstructive sleep apnoea.

Iwasaki et al. [42] likely pieced together the explanation of the causal correction 
from these surgical therapies: linking tongue posture improvement and pharyngeal 
airway enlargement.

Given this understanding of how facial and dental structures impact airway 
patency, treatment objects should be aimed to prioritizing development of forward 
facial growth. Concurrent guarding against retractive interventions must also be 
allowed for as recommended by Knudesn et al. [43].

Fig. 4.34 Evenness of alignment in the permanent dentition

Fig. 4.35 Sufficient room and correct balance in placement for 20 primary teeth and then later for 
32 adult teeth
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For the growing child, in order to safeguard against obstructive sleep apnoea, 
“counterclockwise closing  rotation” upward and forward maxillomandibular 
development is paramount.

Although the orthodontic profession persist with its view that malocclusion is a 
genetically driven developmental deviation, it is important to consider that this does 
not necessarily follow the findings of anthropological and genetic studies. Corruccini 
[44, 45], Evensen and Ogarrd [46], Jerome et  al. [47] and Pinhasi et  al. [48] all 
suggest the role of environmental factors as being significant. Certainly Mossey 
[49] suggests there is reason to question a purely genetic-based aetiology, and both 
Uyeda et al. [50] and Cole et al. [51] place the timeline of malocclusion outside the 
parameters of evolutionary change.

Although it is easy to dismiss the impact of the orthodontic therapy at the basal 
level, Lundstrom and Woodside [52] demonstrated this has never been true, and 
significant shifts in growth trends are possible over large numbers of the population 
undergoing routine treatment. Bork and Skieller [53] also revealed this applies even 
to the mandible and over an extensive time frame from birth right through to 
adulthood.

Currently Carvalho et al. [54] supports the use of oral appliance or functional ortho-
paedic appliance when craniofacial anomalies are present. Villa et al. [55] and Camacho 
et  al. [56] recommend maxillary expansion as effective in improving OSA marker 
Apnoea-Hypopnoea Index in both the short and long term. Both Camacho et al. [57] 
and Chuang et al. [58] advocate myofunctional therapy on children with OSA.

Therefore, the common practices to wait until puberty before orthodontic treat-
ment is undertaken can work against the correction of vertical facial growth trends. 
It is important not to forget the practice of orthodontics accepts dentoalveolar 
changes are always possible. Remembering the ratio of dentoalveolar to basal bone 
proportion is not fixed but rather is highest in the early years will give correct 
justification for interceptive therapies in the first decade of life (Figs. 4.36 and 4.37).

Age 4.5

Age 7

Fig. 4.36 The ratio of 
dentoalveolar to basal bone 
proportion is not fixed but 
rather is highest in the early 
years will give correct 
justification for interceptive 
therapies in the first decade 
of life
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4.8  Other Tools of Observation

X-ray comparative of pre- and post-operatively skeletal and dental forms has always 
been a defining measurement of orthodontic success. Broadening the field of vision 
to include the soft tissues of the pharyngeal space can be of great service for the 
management of SDBS.  As Neelapu et  al. [59] and Momany et  al. [60] imply, a 
greater emphasis on pharyngeal space measurements will redirect focus when diag-
nosing and revaluating for finishing (Figs. 4.38, 4.39, and 4.40). For modern- day 
orthodontics to truly thrive in healthcare, vital function must also be considered for 
when marking for overall success.

Chen et al. [61] suggests an airway centric approach with the use of cone beam 
computer tomography will allow an even greater view for the interpretation of mea-
surements captured in the films (Figs. 4.41 and 4.42).

Interdisciplinary cross referral is paramount in the total care of the obstructive 
sleep apnoeic child. Although it is not within the licensure of the dental professional 
to diagnose any SDBSs, the paediatric dentist or orthodontist may be amongst the 
first to recognise signs and symptoms that give suspicion for SDBS and OSA. Chervin 
et al. [62] developed the paediatric sleep questionnaire and Villa et al. [63] the Sleep 
Clinical Record, both validated to be simple but effective instrument of prediction 
for general practice medical screening. Ideally the dental profession can also 
consider incorporating this history-taking form into their routine examination 
practice and in so doing extend its scope a little further beyond the teeth borders.

Age 9.75

Age 12.75

Fig. 4.37 The ratio of 
dentoalveolar to basal bone 
proportion is not fixed but 
rather is highest in the early 
years will give correct 
justification for interceptive 
therapies in the first decade 
of life
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Fig. 4.38 Pre- and post-operative cephalometric X-rays with pharyngeal airway markings. This 
case is treated using orthotropic (correct growth guidance) therapy

Fig. 4.39 Pre- and 
post-operative cephalometric 
X-rays with pharyngeal 
airway markings. This case is 
treated using orthotropic 
(correct growth guidance) 
therapy
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Fig. 4.40 Pre- and 
post-operative cephalometric 
X-rays with pharyngeal 
airway markings. This case is 
treated using orthotropic 
(correct growth guidance) 
therapy

Fig. 4.41 CBCT (cone beam CT) airway evaluation

Fig. 4.42 CBCT (cone beam CT) airway evaluation
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4.9  Optimized Treatment Outcomes

Ultimately of course redirecting vertical facial growth to a more horizontal trend, 
irrespective of race, gender or genetics, can be easily seen, as its own measure of 
aesthetic success (Figs. 4.43, 4.44, 4.45, 4.46, 4.47, 4.48, 4.49, 4.50, 4.51, and 4.52).

Fig. 4.43 Before and after profile images showing redirecting vertical growth to a more horizon-
tal trend using orthotropic (correct growth) therapy

Fig. 4.44 Before and after profile images showing redirecting vertical growth to a more horizon-
tal trend using orthotropic (correct growth) therapy

Fig. 4.45 Before and after profile images showing redirecting vertical growth to a more horizon-
tal trend using orthotropic (correct growth) therapy
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Fig. 4.46 Before and after profile images showing redirecting vertical growth to a more horizon-
tal trend using orthotropic (correct growth) therapy

Fig. 4.47 Before and after profile images showing redirecting vertical growth to a more horizon-
tal trend using orthotropic (correct growth) therapy

Fig. 4.48 Before and after profile images showing redirecting vertical growth to a more horizon-
tal trend using orthotropic (correct growth) therapy
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Fig. 4.49 Before and after profile images showing redirecting vertical growth to a more horizon-
tal trend using orthotropic (correct growth) therapy

Fig. 4.50 Before and after profile images showing redirecting vertical growth to a more horizon-
tal trend using orthotropic (correct growth) therapy

Fig. 4.51 Before and after profile images showing redirecting vertical growth to a more horizon-
tal trend using orthotropic (correct growth) therapy
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4.10  Conclusion

Obstructive sleep breathing disorders by definition relate to functional changes in 
airway patency. The contemporary view draws together deviations with craniofacial 
growth and development with functional and postural disturbances of the 
maxillomandibular structures. Readily observable traits in head neck and jaw 
posture, facial form characteristics of nose shape, eye surrounds, cheek fullness, lip 
competency/tone, tongue size and tethering as well as breathing and swallow 
patterns are revealing for deeper disruptions of the upper airway function.

As routine orthodontic evaluations are regularly carried out on children growing 
with jaw imbalances, opportunities abound to deepen the assessment criteria and 
search for clues for the airway compromised. The three-dimensional skeletal and 
dental pictures developed using Angle’s and facial height classifications and X-ray 
evaluations can be broadened further to account for obstructions in the airway. Even 
observation of commonly seen dental presentations such as narrow palates, 
crossbites and dental erosion or excessive decay when viewed in the context of sleep 
breathing disorders is very revealing.

Syndrome malformations present distortions in the extreme of the maxilloman-
dibular complex. These cases readily give acknowledgement; normal breath func-
tion requires craniofacial structures to lie within defined boundary ranges.

Awareness of disorders that increasingly plague our children gains true value 
when management aims to be curative. Surgical corrections to advance the facial 
complex have been shown to be corrective for obstructive sleep apnoea. It is 
imperative therefore that these objectives and goals in craniofacial rebalancing 
become definitive standard of care for all the health professions.

Coupling this understanding with our deeper knowledge in genetics and the rela-
tionships between hard and soft body tissue, orthodontic care planning will be 
expected to expand its impact beyond the aesthetic improvements of the smile. Only 
by dealing with developmental issues earlier in the timeline will we be able to 
intervene to prevent craniofacial growth anomalies, reduce the severity of sleep 
breathing disorders and improve overall vital function for all our children.

Fig. 4.52 Before and after profile images showing redirecting vertical growth to a more horizon-
tal trend using orthotropic (correct growth) therapy
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5.1 Introduction

In addition to plaque-mediated dental diseases of childhood, mainly early child-
hood caries (ECC) and gingivitis, recent evidence suggests that pediatric malocclu-
sion is additionally being recognized as a serious public health dilemma per its 
frequent comorbid association with sleep and breathing disturbances. Specifically, 
retrognathic, narrow, excessively vertical, and deficient sagittal skeletal phenotypes 
in children are often associated with increased risk susceptibility for impaired nasal 
breathing [1–3].

5.2  Pediatric Sleep Hygiene and Airway Health (p-SAH)

In order to perform a clinically validated appraisal of pediatric sleep and airway 
hygiene (p-SAH) status in a clinical setting, one must collect accurate descriptive 
data about physical traits (e.g., malocclusion phenotypes) known to be commonly 
associated with p-SAH and behavioral traits known to be commonly associated 
with p-SAH [4], such as sleep-disordered breathing/obstructive sleep apnea (SDB/
OSA), parasomnias (e.g., night terrors, bruxism, restless legs, frequent arousals), 
bedwetting, and diaphoresis. With one exception being morning leg soreness, most 
p-SAH physical assessment phenotypes are located within the head and neck region, 
and thus the term craniofacial, an adjective referring to the parts of the head con-
taining the brain and the face, is often used as a general address for where one might 
locate structural deficiencies that could possibly be associated with negative 
p-SAH. And while many anatomical structures essential to the proper functioning 
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of a child’s respiratory apparatus are indeed located within and near to the craniofa-
cial area (e.g., mandible, maxilla, anterior nares, nasal valves, nasal septum, tongue, 
hard palate, lips), other vital respiratory anatomical components are not located 
there (e.g., soft palate; posterior naso-, oro-, and laryngo-pharynx; posterior nares 
(choanae); hyoid bone; cervical spine; pharyngeal dilator muscles). So, in the inter-
est of being more inclusive and scientifically accurate, it seems reasonable to sug-
gest that the term craniofacial-respiratory complex (CFRC) (Fig. 5.1) rather than 
craniofacial alone would be a more inclusive and useful term for describing pre-
cisely where structural deficiencies associated with negative p-SAH might be 
located.

5.3  Normative Standards

Varieties of malocclusion phenotypes are nearly ubiquitous in industrialized cul-
tures, but seldom seen in cultures that had not yet been exposed to cultural indus-
trialization [5]; similarly, human malocclusion does not appreciably appear in 

Fig. 5.1 The craniofacial-respiratory complex (CFRC)
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the human fossil and skeletal records until the middle to late eighteenth- century 
[6]; nursing and weaning practices associated with cultural industrialization 
seem to be associated with higher prevalence of pediatric malocclusion in so-
called Western- exposed societies [7] (Fig. 5.2). Established normative standards 
currently in use today for diagnosing morphological discrepancies of the CFRC 
(i.e., malocclusion) are largely based upon early to mid-twentieth-century sub-
jective measurements that had been derived from very small data sets [8]. Given 
what is now well understood about the relative scarcity of human malocclusion 
phenotypes prior to cultural industrialization [9], to utilize a malocclusion clas-
sification system and cephalometric normative standards that had been created 
from postindustrial samples (i.e., late 19th to mid-twentieth-century Caucasians 
mostly of European origin) cannot now be considered a scientifically defensible 
practice. For example, in 1899, E.H. Angle published the paper Classification of 
Malocclusion [10] describing a system of three basic malocclusion phenotypes 
that is still being utilized today as the gold standard for orthodontic diagnosis 
and treatment. Additionally, in 1953, Cecil Steiner, a former student of 
E.H. Angle, published Cephalometrics for You and Me [11], where he described 
his ideal numeric values as not actually been derived from any sample, but, as he 
described, “to express our concept of a normal average American child of aver-
age age” and also as being useful to his clinical perceptions of therapeutic goals. 
And finally, a third contribution to the body of orthodontic literature, commonly 
purported as being a virtual trilogy of established craniofacial normative refer-
ence standards, was the publication in 1972 by L. Andrews of The Six Keys to 
Normal Occlusion [12], where he described his concept of the optimal occlusion 
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in the permanent dentition as defined by the way certain reference teeth lined up 
adjacent to and opposed to one another; his data set consisted of 120 study casts 
from individuals with so-called natural (non-orthodontically treated) ideal occlu-
sions. It is interesting to note that Andrews includes an image of a pre-industrial 
skull (Fig. 5.3) as a prime example of ideal crown angulation, the third of his six 
keys.

5.4  Craniofacial-Respiratory Morphology and Pediatric 
Systemic Health

As mentioned previously, there is ever-accumulating evidence regarding the posi-
tive association between maldevelopments of the CFRC in early childhood and risk 
for susceptibility to negative p-SAH [13]; and while not ethically possible to study 
prospectively, it seems reasonable to suggest that specific SDB/OSA-associated 
comorbidities, such as neurological (e.g., ADD/ADHD, cognitive dysfunction.) and 
peripheral (e.g., appetite hormone dysregulation, type 2 diabetes, impaired somatic 
growth) systemic illness symptoms, might also be improved in conjunction with 
appropriate orthodontic/dentofacial orthopedic interventions. It might therefore 
soon become a medically indefensible position to describe as harmless (i.e., unnec-
essary to treat) certain malocclusion phenotypes that often first become evident in 
early childhood (i.e., in the primary/early mixed dentition), such as lack of decidu-
ous interdental spacing or moderate/severe dental crowding, excess vertical, 
anterior- posterior, sagittal and/or transverse discrepancies, and highly vaulted pal-
ates. In addition to the aforementioned inadequacies of the currently used normative 
standards for what might constitute a healthy/unhealthy CFRC phenotype in early 
childhood, an additional obstacle to provision of appropriately timed and applied, 

Fig. 5.3 Normally 
occluded teeth demonstrate 
gingival portion of crown 
more distal than occlusal 
portion of crown. (After 
specimen in possession of 
Dr. F. A. Peeso, from 
Turner American Textbook 
of Prosthetic Dentistry, 
Philadelphia, 1913, Lea & 
Febiger)
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and often medically indicated, early orthodontic intervention is centered around an 
orthodontic clinician’s ability, or inability as might be the case, to manage age- 
appropriate child anxiety and parental concerns, expectations, and anxiety that are 
often associated with discussing and receiving nontraditional orthodontic treatment 
(i.e., in the deciduous/early mixed dentition). Specifically, the established curricu-
lum for accredited US postgraduate training programs in orthodontics as is outlined 
and certified by the American Dental Association’s Committee on Dental 
Accreditation (CODA) [14] fails to require of their resident trainees the appropriate 
didactic and/or clinical experience in the areas of child emotional development and 
anxiety management and behavioral guidance in novel healthcare environments. 
Furthermore, the American Board of Orthodontics does not require candidates to 
demonstrate any degree of competence in the area of the aforementioned behavior 
guidance skills in order to become board certified.

5.5  Future Directions

5.5.1  Technology

Over the past two decades, there have been many scientific efforts aimed at under-
standing how/why optimal p-SAH is vital to overall health and wellness. Recent 
advances in the sophistication of imaging equipment, such as CBCT, intraoral scan-
ners, and 3-D extra-oral cameras, have improved accuracy and simplified record- 
taking procedures that are essential for correctly diagnosing and appropriately 
treating young pediatric patients with malocclusion phenotypes associated with 
increased SDB/OSA risk. Indisputably the gold standard for objectively assessing 
sleep quantity and quality, is overnight polysomnogram (PSG) sleep studies; how-
ever, as PSG testing can be both expensive and physically burdensome to children 
and their families, aiming to predict OSAS by incorporating data from clinical his-
tory and physical examination, various scientifically validated p-SAH screening 
assessment tools, like the Pediatric Sleep Questionnaire (PSQ) [4] and the Sleep 
Clinical Record (SCR) [13], have been shown to correlate closely with PSG metrics 
and thus might serve as reliable substitutes on occasions where overnight PSG test-
ing within a qualified pediatric sleep lab might not be an option. Screening devices 
like the PSQ and SCR can now be further strengthened with the additional ability to 
now gather pertinent objective physiological data, such as p-CO2, HRV, cardiopul-
monary coupling, pulse oximetry, and actigraphy, either in-office or at-home when 
an institutional PSG might not be feasible.

5.6  Cross-Disciplinary Collaboration

According to Stephen Sheldon [16], textbooks in pediatric Sleep Medicine tradi-
tionally contain multiple pages describing diseases that children seldom get, but 
usually contain only a few paragraphs, or at most a few pages, about sleep, which is 
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something that affects the health and wellness of all children. Only over recent 
years has pediatric Sleep Medicine started to become recognized as a scientific dis-
cipline that should be understood by all allied health professionals who provide care 
for children. With this knowledge about the importance of how/why children can 
benefit from attaining optimal SAH as early in their lives as might be deemed fea-
sible, allied health professionals will be able to more easily collaborate with one 
another in their individual and collective efforts to improve the growth and develop-
ment of their mutual young patients; the list of qualified healthcare professionals 
who might potentially collaborate with dental professionals might include, but are 
certainly not limited to, pediatric Sleep Medicine physicians, pediatricians, pediat-
ric otolaryngologists, myofunctional therapists, chiropractors, speech and language 
pathologists, school nurses, and school-based psychologists.

5.7  Conclusions

It is problematic that many dental professionals who provide orthodontic services 
for children are seemingly unable to provide parents/caregivers of young/very 
young children with incipient malocclusion traits with advice beyond “wait and 
see” or possibly “save up your money for braces” per the obvious predictability, 
persistence, and usual worsening of malocclusion beyond the primary dentition. 
According to orthodontist L.G. Singleton [17], from the vantage point of pediatric 
dental specialists of his era (circa. 1933), “….the orthodontist who examines the 
teeth of children from 3 to 5 years of age and presents to the parents a picture of 
incipient malocclusion, is not rendering his full duty to society if he has nothing 
better to offer than recommendations of delay until the malocclusion becomes 
objectively apparent when procedures of a mechanical nature may be instituted to 
correct the defect.”; and Dr. Singleton went on to conclude, “The pretenders in orth-
odontia should be accorded a rude awakening as imposters upon the ethics of the 
profession and the innocent child should be protected from this form of charlatan-
ism which has become crude enough to verge upon criminality.”

Most healthcare professionals are/were not prepared by their undergraduate or 
postgraduate training programs to be concerned about, or even be cognizant of, the 
numerous scientifically validated behavioral and physical traits that are known to be 
indicative of existing comorbid disease or predictive of pediatric SDB/OSA risk 
susceptibility. The primary consequences of this apparent void in pediatric didactic 
and clinical healthcare education are at least twofold: First, many of the children 
now being/having been diagnosed with ADD/ADHD primarily based upon their 
overlapping behavioral symptoms with SDB/OSA risk are often prescribed power-
ful stimulants like Ritalin and Adderall, which can lead to abuse and possible addi-
tional dependence on other drugs [18]. A second consequence of Sleep Medicine 
educational under-preparedness is centered around the establishment of standards 
of care within various allied healthcare specialty disciplines that are involved in 
diagnosing and treating disorders known to be associated with unhealthy sleep. For 
example, even though there is ample published evidence within peer-reviewed 
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orthodontic and other scientific journals showing that narrow and highly vaulted 
hard palates, retrusive and vertically developing mandibles, and anterior open-bites 
are all considered malocclusion phenotypes that can serve as signals for existing or 
future comorbid airway disease, which in turn can be predictive of increased risk for 
ADD/ADHD susceptibility, the American Association of Orthodontists (AAO) con-
tinues to recommend that children should receive their first orthodontic evaluation 
not until sometime before the age of 7. Furthermore, the AAO’s most recent bro-
chure [19] states that most orthodontic intervention usually commences not until 
sometime between the ages of 10 and 13. As mentioned earlier in this chapter, ante-
cedents to narrow, vertical, and retrognathic malocclusion phenotypes are usually 
first detectable in the primary dentition and usually persist and often become more 
severe later [20]; it seems inconsistent with a preventive philosophy to ignore a 
disorder in early childhood [21] that might possibly contribute to negative neuro-
logical and/or neurobehavioral health consequences down the road. In light of what 
is now understood about how certain malocclusion phenotypes can predispose a 
child to negative health consequences known to be associated restricted craniofacial- 
respiratory growth, and possibly also somatic and neurological development, the 
demand for orthodontic services at much younger ages than what is now considered 
conventional, that is, between the ages of 9 and 14 years [16], will likely continue 
to grow and exceed the existing supply of qualified orthodontic specialists. A solu-
tion to this disparity might be arrived upon when/if orthodontists, pediatric dentists, 
and general dentists who provide orthodontic and pediatric preventive and restor-
ative services for children better collaborate not only with one another to assure that 
their young patients receive accurate diagnostic and appropriately timed and applied 
orthodontic/dentofacial orthopedic interventions but also with other qualified health 
professional stakeholders. Medical and dental literature from the mid-ninteenth 
through the middle twentieth [22–27] centuries attest to the importance of habitual 
nose-breathing and how collaboration between orthodontists and otolaryngologists, 
then called rhinologists, can lead to positive outcomes for children who suffer from 
comorbid malocclusion and naso-respiratory incompetence when in the deciduous 
or early mixed dentition; one might only speculate about precisely why this approach 
has apparently only recently been rediscovered. As it was obviously an effective 
collaborative strategy back then, it is reasonable to suggest that it will still be an 
effective collaborative strategy now.
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6Airway Orthodontics, the New Approach

Barry D. Raphael

This purpose of this chapter is to discuss the therapeutic or behavioral interventions 
that can be a part of a preventive approach to sleep-disordered breathing.

6.1  Introduction

No one would deny that many of the factors that lead up to a coronary blockage can 
be addressed by either therapeutic or behavioral interventions and that, certainly, 
prevention is a far better choice. But there has been an absence of such discussion 
regarding occlusion of the airway. The purpose of this chapter is to stimulate such a 
discussion and to paint a picture of what a preventive approach to sleep-disordered 
breathing would look like.

6.2  The Etiology and Predisposition to Breathing Disorders 
During Sleep

It was once thought that obstructive sleep apnea was a disease of old, fat men. We 
have since learned that thin, athletic women can also fall victim to this problem as 
well as children. We have learned that while weight and age add to the susceptibility 
to obstructive sleep disorders, they are not the root causes. Difficulty breathing at 
night comes from resistance to airflow, and there are many circumstances that can 
make breathing difficult. Efforts at pinpointing the source of resistance are important 
to determining proper remediation.

http://crossmark.crossref.org/dialog/?doi=10.1007/978-3-030-13269-9_6&domain=pdf
mailto:drbarry@alignmine.com
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We have learned from flow physics and airway physiology that there are three 
main determinants of airway resistance:

 1. The size and shape of the airway (Anatomy)
 2. The stability of the airway (Physiology)
 3. The velocity and turbulence of the airflow (Behavior)

Delving into the physics of each is not the point of the chapter. Instead, the way 
that each of these factors can be addressed well before the first apnea ever occurs 
with either therapeutic or behavioral interventions will be the goal. By defining 
opportunities to mitigate predisposing risk factors to airway resistance, we can 
begin to build a new paradigm in airway and sleep management. As such, the focus 
will be on prevention so that, just as we might prevent the heart attack, the end-stage 
disease of obstructive sleep apnea might never occur. From this discussion, a new 
field of Airway Dentistry and Orthodontics will emerge that can define a possible 
future for the way orthodontics is practiced (Fig. 6.1).

6.3  Anatomy: The Size and Shape of the Airway

Yes, losing weight and reducing fat deposits in the neck or removing tonsils are 
widely regarded as important, but we also know that craniofacial morphology is a 
primary risk factor for breathing problems as well [1–4]. Orthodontics has long 
been concerned with the growth and development of the face with regard to facial 
profile and the correction of skeletal and dental malocclusion but has only recently 
considered its relevance to the formation of the naso-oropharyngeal airway [5]. 
Anatomically, the maxilla (and the soft palate that hangs off the back of it) and the 
mandible (with the tongue attached to it) create the anterior boundaries of the 
pharyngeal airway. Studies have shown how retroposition of these bones relative to 
the face narrow the airway and create the risk for obstruction [2, 6]. This is true in 

The
Urgency
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breath

The Stability
of the Airway

The Size and
Shape
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Fig. 6.1 The causes of 
airway turbulence
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both adults and children. Orthopedic treatments in children are now being explored 
to help enlarge or at least prevent further restriction of the airway in a more natural 
and permanent way [7].

Most of the focus in orthopedic research has been on palatal expansion, with the 
purpose of widening the nasal aperture and palate, with equivocal results [8, 9]. 
Additionally, studies show that bringing either or both jaws forward with advancement 
appliances or orthognathic surgery can be effective in opening the airway in the adult 
[10]. We also know helping either jaw grow forward in the child may also be helpful 
[11]. More recent work shows that changing maxillary growth in all three planes of 
space, including advancement, provides even more promising results [7].

Playing off findings in the anthropology literature, the shape of the maxilla has 
changed dramatically in the modern human. This transformation is associated with 
a rapid change in the following environmental challenges, all of which have become 
rampant in today’s world: [12]

• Dietary (high sugar and refined carbohydrate content)
• Metabolic (autonomic and digestive stressors)
• Cultural (early feeding and weaning habits)
• Breathing (open mouth and low tongue postures)
• Postural (forward head and slumped shoulders; portable electronics)
• Sleep (artificial light and altered sleep cycles)
• Inflammatory (a changing gut biome)

Given the rapidity of the environmental change, purely genetic variations must 
be ruled out.

Epigenetic variations of the bone’s shape, however, indicate that it is changing in 
width, yes, but also slumping downward and failing to fill out sagittally as well, a 
condition being called craniofacial dystrophy [12]. This nearly universal midface 
deficiency (no matter the Angle classification of the teeth) has formed a bone with a 
collapsing palate with insufficient room for the teeth, and that often restricts the 
forward growth of the mandible hampering proper positioning of the tongue all of 
which limit the eventual size of the airway.

Helping the jaws grow forward, not just wider, is the goal. Reversal of midface 
collapse presents numerous challenges to current orthodontic paradigms that often 
look to retract teeth and jaws distally (=caudally), but it also empowers us as well. 
There has been a thread of thought throughout the historical orthodontic literature 
supporting the idea that a palate is not just congenitally narrow, but becomes narrow 
as a result of what we DO.

Altering these habits can begin to heal the dystrophy.
If the modern lifestyle can create these changes to the modern face so rapidly (in 

the past 300–400 years), then human ingenuity can reverse them as well. Originally 
independently formulated by forward thinking clinicians like George Crozat [13], 
Edward Angle, John Mew, and Chris Farrel, protocols such as Crozat, Advanced 
Lightwire Functionals, Postural Orthodontics, Biobloc Orthotropics, Cranial 
Osteopathy, and Myofunctional Orthodontics, all seek to reverse the conditions that 
lead to midface collapse. All these approaches have a common goal of reestablishing 
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postural support of the growing maxilla by maintaining the resting tongue on the 
palate as a scaffold for the growing (and non-growing) bone.

The protocols that encourage forward growth of the jaws have all found some mea-
sure of success in reducing sleep-disordered breathing [7, 13, 14]. Furthermore, treat-
ments that restrict forward growth or reduce the size of space for the tongue have been 
shown to reduce airway size and, for purposes of breathing, should be avoided [15].

More research in this area is needed, but common sense says that any technique 
that enlarges the airway space will be helpful in combating breathing problems.

6.4  Physiology: The Stability of the Airway

Even a fairly substantial airway can be closed off if the walls cannot withstand the 
turbulence created by the airflow within it. There are several points along the way 
from the nose to the trachea where soft tissue is apt to give way to the negative pressure 
(see Fig. 6.2). And there are several conditions that can decrease the stability and 
increase the collapsibility of these tissues, all of which are reversible to some extent.

Areas affecting air flow

Nasal capsule and sinuses
Swollen turbinates
Clogged sinuses
Polyps and cysts
Deviated septum
Narrow maxilla

Narrow nares
Collapsed nasal cartilages
Mucus and poor hygiene

Oropharynx

Nasopharynx
Maxillary

Deficiency
Swollen adenoids
Long soft palate
Inflamed uvula

Swollen tonsils
Displaced tongue

Undertoned dilators
Low hyoid

Cervical misalignment
Mandibular retrognathia

Nasal valve

Fig. 6.2 Areas of flow limitation
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 1. Swelling of lymphoid tissue is perhaps the most commonly recognized problem 
[16]. Tonsils and adenoids are currently thought of as the predominant risk factor 
for sleep-disordered breathing in children. The American Academy of Pediatrics 
has recently stated that surgical removal of lymphoid tissue can be considered a 
first line of treatment in obstructive sleep apnea [17]. But one question that is 
rarely asked is, why do lymphoid tissues get so swollen as to block the airway in 
the first place? While they are known to be more reactive in a young growing 
child, their enlargement, like the collapse of the palate, is not a congenital given. 
Efforts to reduce the swelling can sometimes dramatically open the airway and 
may reduce the need for surgery.

Some of the methods used to reduce lymphoid swelling include:
 (a) A transition from mouth breathing, which allows unfiltered air to irritate the 

tonsils, to nasal breathing, which filters and conditions the air before it gets 
to the lymph tissue, can reduce swelling within weeks.

 (b) Improvements in body posture and muscular movement, as with regular 
exercise, can also help lymph tissue drain adequately.

 (c) A transition from accessory muscle use to proper use of the diaphragm for 
breathing also helps lymphatic circulation.

 (d) Nasal lavage to keep sinuses open and airway walls clean can help.
 (e) Massage and bodywork can help lymphatic circulation.
 (f) Acupuncture and homeopathic remedies that encourage drainage of lymph 

tissue throughout the body.
 (g) The use of ozone and ozonated water injected into the swollen tissue has 

been shown to reduce lymph swelling.
 (h) Short-term use of nasal steroids and decongestions as a good head-start are 

helpful.
Certainly, it’s better to try to shrink swollen lymph tissues as a prelimi-

nary approach. The frequent recurrences seen after surgical removal are 
probably linked to a failure to incorporate some of the above conservative 
measures postsurgically, especially continued oral breathing. This makes a 
conservative approach even more important not only as a first line of defense 
but also when the tissues are removed.

 2. Poor muscle tone is also associated with blockage of the airway. Certainly, the 
tongue falling back into the oral cavity at night is well recognized as a risk 
factor for sleep-disordered breathing. But well-toned extrinsic and intrinsic 
glossal muscles resist backward displacement. The use of myofunctional 
therapy, with specific exercises for creating better muscular balance of the 
pharyngeal musculature, has been shown to be helpful in reducing airway 
collapse at night and deserves more attention in this field [18]. Even learning to 
play the Australian didgeridoo has been shown to be helpful in reducing 
pharyngeal collapse at night [19].

 3. Chronic inflammation of pharyngeal tissues makes them less able to resist nega-
tive pressure due to loss of elasticity. The constant trauma to the tissues of the 
flapping of snoring only serves to irritate, elongate, and soften pharyngeal tissues 
and the soft palate. Chronic assault by stomach acid from gastric or laryngeal 
reflux is another source of inflammation that needs to be addressed. The cause of 
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reflux itself can be addressed by changes in breathing mode (i.e., nasal breath-
ing) and posture, too, thereby reducing reliance on protein pump inhibitors that 
have their own side effects. Finally, honing in on foods—some natural, some 
not—that instigate inflammation or disturb the natural flora in the gut and sup-
planting them with healthier choices can change the condition of the airway as 
well as the rest of the body.

6.5  Behavior: Velocity and Turbulence of the Airflow

Though the way air flows through the breathing space has been tested and studied 
and recognition of air pressure changes within the pharynx and within the thoracic 
cavity has been given due consideration, little attention has been paid to the 
behaviors that actually create these negative pressure conditions. In fact, some 
theorize that it is not the nighttime breathing that creates the biggest problem but the 
daytime habits of breathing that set up the circumstances for airway collapse at 
night [20]. These conditions include habitual over-breathing in response to the 
many chronic stressors that we encounter each day.

Chronic stress has a person adopting certain compensatory behaviors simply 
because the urgency to take the next breath is the most important thing we do moment 
to moment. The autonomic nervous system is frequently activated without adequate 
chance for recuperation, setting in motion a cascade of events that result in, among 
many other things, rapid shallow breathing with tidal volumes nearly three times 
what is necessary for efficient oxygenation—in other words: chronic hyperventilation.

It is said that over-breathing is just as dangerous to health as overeating. Chronic 
hyperventilation, especially with the large portal of an open mouth, shifts the balance 
between oxygen and carbon dioxide in the lungs and in the blood. Chronic hypocapnia 
(low native stores of carbon dioxide) is a common condition in mouth breathers and 
can result in reduced oxygenation of tissues (the Bohr effect) and increased smooth 
muscle spasm (think: vessels and organs). The symptoms from these two phenomena 
alone are quite diverse, affecting the vasculature (hypertension, venous pooling); 
organs (enuresis, digestive issues); tubes (asthma, reflux, xerostomia); and tissue 
perfusion (intermittent hypoxia to the brain, neurocognitive deficits such as attention, 
memory and learning, anxiety, and muscle fatigue and spasm). And, oh yes, apnea.

Heavy breathing at night pulls air through the pharynx rapidly, creating increased 
turbulence and negative pressure. This can compromise an otherwise healthy system 
(e.g., snoring only when you get intoxicated). Combine that with small airway size 
and you get the perfect internal storm—a hurricane in a box, if you will.

Some think that central sleep apnea is nothing more than the body’s respiratory 
mechanism taking a pause to restore proper carbon dioxide levels and maintain 
homeostasis. While this thinking seems to be in direct opposition to the commonly 
held view that sleep-disordered breathing is a problem of hypoventilation and 
hypercapnia, a change in daytime breathing mode—again, from oral to light nasal 
breathing—can reduce nighttime distress almost immediately in some patients [21]. 
In fact, the relationship between daytime breathing habits and nighttime distress is 
so strong the syndrome should be called breathing-disordered sleep instead of 
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sleep- disordered breathing. Adopting new changes in daytime breathing behaviors 
should be the first line of defense in the treatment of breathing-disordered sleep.

Simple breathing training includes:

 1. Adopt nasal breathing primarily, even during activity, as much as possible.
 2. Reduction of tidal volume by reducing breathing rate and depth.
 3. Use of the diaphragm for powering inspiration.

Biofeedback techniques are especially helpful in retraining daytime breathing. 
Once the body can accommodate to this new breathing mode, there is often no 
longer such a struggle at night. And at very least, modalities like PAP (positive 
airway pressure) and MADs (mandibular advancement device) can become more 
tolerable.

6.6  Airway-Related Craniofacial Dysfunctions: A Change 
in Paradigm

Besides sleep apnea, there are a host of refractory conditions that dentistry has been 
struggling with that are now being looked upon as airway-related craniofacial 
dysfunctions (ACDs).

They include:

 1. Chronic naso-pharyngeal obstruction (physical or functional) [22]
 2. Tethered oral tissues (lip-tie and tongue-tie) [23]
 3. Open mouth rest posture (with the tongue off the palate) [24]
 4. Myofunctional disorders (swallowing, chewing, etc.) [25]
 5. Chronic hyperventilation and hypocapnia [26]
 6. Breathing-disordered sleep (OSA, UARS, snoring) [27]
 7. Bruxism, parafunctions, and dental deterioration [21]
 8. TMD and facial pain components [28]
 9. Cranial and postural issues [29]
 10. Craniofacial dystrophy with malocclusion [30]

Each topic deserves its own discussion, but putting them under the umbrella of 
airway dysfunctions seems to have answered a lot of challenging questions for 
practitioners in all disciplines. In fact, once you see the relationship, it’s hard to see 
how we ever thought otherwise.

6.7  Conclusions and the Future of Orthodontics

The current gold-standard treatment, if gold is the appropriate color, for obstructive 
sleep apnea is to artificially pry open the airway at night with air, plastic, or scalpel. 
Perhaps someday we’ll have Swarovski-studded tracheostomy plugs for a more 
perfect (read: fashionable and quick) solution.
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But if you look at the progression of events leading up to obstruction (Fig. 6.3), 
there are many, many opportunities to intervene, to change the trajectory of the 
disease and to increase the quality of life. By helping the airway to grow larger (size 
and shape), keeping the airway physically fit (stability), and optimizing the airway’s 
use (flow), the problem can be, at worst, delayed and, at best, avoided [31].

In recent years, the orthodontic profession has been arguing about the relative 
benefits of early orthodontic treatment asking, “Is the benefit worth the burden?” 
[32, 33] One could ask the same question about the effort needed to prevent heart 
disease. Yet, today, fitness centers and whole foods establishments are becoming 
mainstream in our society answering that question by popular demand. Perhaps in 
days soon to come, there will be similar outcry looking for orthodontists and dentists 
to help adults and children have better sleep and breathing as well. Our job will be 
to first make the airway easier to breathe through and then to teach children how to 
breathe easier.

“...craniofacial morphology
is a primary risk factor for
breathing problems...”  

“...over-breathing is
just as dangerous to
health as is overeating.” 
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7.1  Introduction

As early as 1868, Danish otorhinolaryngologist Wilhelm Meyer observed that chil-
dren with sleep-related breathing issues presented with different facial growth pat-
terns and forms, when compared to children who did not have these disturbances 
[1]. In 1906, H. A. Pullen published an article discussing the association of mouth 
breathing with abnormal facial development [2]. At a meeting of the European 
Orthodontia Society in 1913, Daniel M’Kenzie discusses the problems of mouth 
breathing and its cure. He attributes the difficulty physicians have, in changing the 
breathing mode, to structural changes in the maxilla, and discusses a previous article 
in which he theorized that inferior tongue position found in mouth breathers was at 
least partly the cause of the palatal deformation he described [3]. In what is today 
seen by many as classic papers on the topic of changes in facial growth as a result 
of impaired respiration, Egil Harvold, in 1973 and 1981, published studies which 
demonstrated modifications in facial growth to accommodate forced mouth 
breathing in primates [4, 5]. Timo Peltomaki discusses the consequences of OSA 
and mouth breathing, including increased vertical growth of the face, decreased 
mandibular growth, and alterations in growth hormone levels affecting the growth 
of the face along with affecting somatic growth [6]. These studies, along with many 
others [7–9], describing changes in facial growth in response to airway and breathing 
issues, have led to highly debated controversies in orthodontics about the importance 
of respiratory mode in malocclusions and craniofacial form, along with a heated 
debate about whether early treatment is needed.

As recently as 2014, Anmol Kalha, arguing against early treatment, wrote that 
reducing incisor trauma in Class II overjet cases was the reason for early orthodontic 
interventional treatment and that “There appear to be no other advantages for 
providing treatment early when compared to treatment in adolescence” [10]. For 
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those who recognize skeletal problems in children, their relationship to airways and 
disturbed sleep, and the consequences of not treating early, the dismissal of early 
treatment seems to disregard important and vital issues that can have lasting or 
permanent negative consequences for the life of these patients. In a review of the 
evidence on the role of oral-facial growth and pediatric obstructive sleep apnea, 
Huang and Guilleminault concluded that pediatric OSA in nonobese children is a 
disorder of oral-facial growth and that dentofacial orthopedics and orthodontics 
have a clear positive impact on pediatric OSA [11]. These same conclusions have 
been reached by many investigators [12–14]. In addition to these findings, many 
investigators have connected childhood sleep apnea to, among other things, 
cognitive dysfunction and behavioral disorders [15–17]. Ann Halbower at Johns 
Hopkins has linked childhood sleep apnea to lower IQ and brain damage, finding 
altered ratios of neurochemicals indicating damage to brain cells of children with 
sleep apnea [18]. There is a concern and argument for early treatment of these 
patients simply by looking at neural development in childhood.

The Harvard Center on the Developing Child has published illustrating the acceler-
ated development of neural pathways, including pathways for cognitive function, in 
childhood. As can be seen on the graph (Fig. 7.1), the accelerated growth rate for neural 
pathways associated with higher cognitive function slows down to an adult rate by 
around age 14. In a 2006 paper discussing the association between childhood OSA and 
neurocognitive defects and brain injury, Dr. Halbower concludes that sleep apnea in a 
child treated too late could “permanently alter the trajectory of a developing child’s 
ultimate cognitive potential, resulting in a lifetime of health and economic impacts” 
[19]. Treatment would need to allow enough time for recovery, so the usual orthodontic 
treatment times, corresponding to the eruption of the second molars, would likely be too 
late for full reversal of the cognitive and executive function defects.

Conception

Sensory pathways
(hearing, vision)

Human brain development

Neural connections for different functions develop sequentially

Language

Higher cognitive
functions

Birth

After C.A. Nelson (2000)

15 year1 year

Fig. 7.1 Human brain development
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The first line of treatment for pediatric OSA has been adenotonsillectomy [20]. 
Unfortunately, studies have demonstrated that long-term improvements in airways 
and in elimination of OSA in children have not resulted from these, as stand-alone 
procedures, with lasting improvement rates ranging from 32% to 6.7% maintaining 
acceptable levels of improvement. The percentages are even worse if the initial 
problem was ranked as moderate or severe apnea, with Ron Mitchell stating “Severe 
preoperative OSA is associated with persistence of OSA after Adenotonsillect-omy. 
Postoperative reports of symptoms such as snoring and witnessed apneas correlate 
well with persistence of OSA after Adenotonsillectomy” [21–23]. It has been found 
that there are adjunct procedures that can enhance, or even replace, adenotonsil-
lectomy in treating pediatric OSA.

7.2  Orthodontic and Dentofacial Orthopedic Strategies 
that Affect Craniofacial Structure

7.2.1  Palatal Expansion

There has been a significant amount of research demonstrating improvement in upper 
airways through palatal expansion, including reduction of AHI scores to normal levels 
[24–27]. It seems that proper nasal breathing is one of the most key components in the 
elimination of obstructive sleep apnea. Dr. Christian Guilleminault has stated in a 2014 
paper that “Elimination of oral breathing, i.e., restoration of nasal breathing during wake 
and sleep, may be the only valid endpoint when treating OSA” [28]. It has been the 
author’s observation that enlarged adenoids are not the only finding leading to reduced 
patency of nasal airways and mouth breathing. With CBCT imaging, it has become 
quite apparent that nasal airways are generally inadequate in this patient population. 
This has also been frequently documented in the literature [29, 30]. Reliance and 
accuracy of CBCT imaging in airway evaluation has also been validated [31]. The 
treatment strategy of palatal expansion is the most frequently employed dentofacial 
orthopedic technique employed by orthodontic practitioners in treating pediatric 
OSA. While most research discusses rapid maxillary expansion (RME), studies have 
demonstrated that slow maxillary expansion (SME) is equal to or better than RME in 
expanding the palate in dimension, effect on the nasal airway, and stability [32–34]. 
These studies also demonstrate that the technique utilized is more important than the 
appliance selected. There is also mounting evidence that the midpalatal suture remains 
viable, not ossified, well into adulthood [35] and that there are needed functional reasons 
for it to not fuse [36]. In order to preserve the integrity of the midpalatal suture, SME is 
recommended. As Dr. William Proffit has stated in Contemporary Orthodontics, “Thus 
the overall result of rapid vs. slow expansion is similar, but with slower expansion a 
more physiologic response is obtained” [37]. A case of expansion alone is illustrated 
below (Figs. 7.2, 7.3, 7.4, 7.5, 7.6, 7.7, and 7.8). Pretreatment HST revealed an AHI of 
5.8; post expansion alone the HST showed a drop in AHI to 0. His treatment consisted 
simply of treatment with an upper Hyrax and a lower “E” spring lateral arch development 
appliance. Some of his case records are shown:
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The recommended rate for SME in children is 1/2 mm per week, accomplished 
by advancing the screw 1/4 mm, twice per week, divided as evenly as possible. In 
our practice, just for standardization, we have patients activate their appliances on 
Wednesdays and Sundays. Lower appliances, when activated by a screw-type 
appliance, should only be activated 1/4 mm per week, still divided into two 1/8 mm 

Fig. 7.2 Pretreatment photographs

Fig. 7.3 Upper appliance in 
place
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advancements at a time. The basal bone, as seen in the CBCT section view in the 
lower arch, usually determines the limit for lateral arch development. There can be 
no stimulus coming from forces upon the lower teeth, which extends enough below 
the root apices, to develop new bone in that area. On rare occasions the functional 
space required by the coronoid and mandibular lateral motion can limit the extent of 
upper arch expansion. The ideal amount of expansion is the amount needed to create 
the functional space required for normal tongue posture and function. Many 
orthodontists simply expand enough to coordinate the upper arch to the existing 

Fig. 7.4 Lower appliance in 
place

Fig. 7.5 Cross-sectional 
view of mandible

Fig. 7.6 Maxilla after phase 
1
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lower arch dimension. This is frequently less stable than more expansion, if the 
structural changes to the nasal airway aren’t enough to create nasal airway patency, 
along with enough dimension changes to allow for ideal soft tissue function and 
posture, especially related to the tongue. A new paradigm has been proposed by 
Steven Olmos for determination of the amount of expansion for pediatric patients 
with OSA. Rather than using a traditional approach, which is related to creation of 
adequate space for dental alignment, the goal for expansion should be the dimension 
that results in the individualized optimum reduction of Apnea-Hypopnea Index 
(AHI) and Respiratory Effort-Related Arousals (RERA) [38]. Research has shown 
that myofunctional issues will lead to relapse of expansion and recurrence of sleep 
apnea in a significant percentage of patients, even when adequate expansion was 
initially achieved [39]. Myofunctional therapy is a critical part of the treatment 
needed in many of these skeletally compromised patients with disturbed sleep 
breathing problems. This will be discussed in greater detail later in this chapter.

In our example case, the upper arch was expanded 9 mm, and the lower arch was 
laterally developed 7 mm, including uprighting of the posteriors. The patient no 

Fig. 7.7 Mandible after 
phase 1

Fig. 7.8 Pretreatment and posttreatment lateral cephalometric X-rays showing increase in AP 
dimension of the oropharyngeal airway. No tonsils or adenoids were removed in this case
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longer snores and is no longer a mouth breather at night. The difference in muscle 
tone associated with his lips is easily seen on these radiographic images. These 
results have held till the present time (for 6 years). Although a Hyrax was used in 
this case, almost any expander can be successfully used. Because it can be made to 
minimize interference with ideal tongue posture and function, a quadhelix made 
with a lighter wire such as a 0.030″ or 0.032″ is a good choice. Adjustments should 
be subtle so as to not exceed the rate at which the physiology of the suture and PDL 
spaces allows for new bony development. Palatal expansion with too great a force 
risks tearing of the midpalatal suture. As discussed previously, splitting the palate 
and potentiating fusion across the midpalatal suture seems to be physiologically 
disadvantageous. Spring expanders seem to function as SME appliances, leaving a 
viable midpalatal suture.

7.3  Advancing the Entire Maxilla and Developing 
the Anterior Maxilla, Advancing “A” Point

At times, expansion will not address all the areas of airway constriction or will not 
create enough oral volume to allow for ideal tongue posture and function. In cases 
where an area of constriction involves the velopharynx, advancing the entire maxilla 
can be crucial in improvement of sleep-disordered breathing issues. In the CBCT 
image from another patient, it can be seen that the area of greatest airway constriction 
is behind the soft palate, including some adenoidal tissue involvement (Fig. 7.9). 
Studies have demonstrated that when reverse pull traction appliances are utilized, 
the entire maxilla is repositioned forward, including PNS [40]. There are several 
choices when selecting a reverse pull traction appliance. Any such appliance that 

Fig. 7.9 Volumetric airway assessment with CBCT
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has a chin cup component will cause the mandible to rotate down and back. This can 
be advantageous in cases where that is a desired outcome. For cases that have a high 
angle tendency, a chin cup would lead to an unwanted skeletal change. In general, if 
there is an oropharyngeal constriction, especially near the level of the chin, rotating 
the mandible down and back can be problematic. This type of change in mandibular 
orientation and position has been shown to reposition the hyoid bone down and back 
[41]. In cases where orthodontic or dentofacial orthopedic treatment has caused the 
hyoid bone to change orientation and move down and back, a reduction in 
oropharyngeal airway volume has resulted [42]. Reverse pull appliances that don’t 
have a chin cup include zygomatic masks and Tandem Bow appliances.

Tandem Bow appliances don’t place pressure on the forehead, in the region of the 
prefrontal cortex, and have been shown to successfully advance the maxilla [43]. 
Tandem Bow appliances can be combined with a palatal expansion appliance to 
create a fixed upper component for these traction devices. The lower component can 
be fixed or removable and will have headgear tubes on the buccal in the region of the 
lower first molars for engagement of a removable bow. Studies have demonstrated 
that when maxillary protraction appliances are used, a significant increase in upper 
airway dimensions results [44, 45]. Studies have also demonstrated a significant 
improvement in AHI in children, as a result of these procedures [45, 46]. An example 
of mid-face deficiency treated with expansion and a Tandem Bow is shown (Fig. 7.10). 

Fig. 7.10 Pretreatment photographs
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This is a case that had already been treated in another office, and the patient had 
presented after having been told that her only option was orthognathic surgery to 
expand and advance the maxilla. Despite the social pressures associated with entering 
college, the patient agreed to wear a Tandem Bow appliance for 12 h per day, followed 
by finishing orthodontic treatment. Her pretreatment lateral ceph is shown below 
(Fig.  7.11). She is severely midface deficient, with her traced ceph showing a 
maxillary to mandibular skeletal discrepancy of 17  mm. Fortunately her ANB 
discrepancy was only 5.6 mm, and it was felt that we could advance her maxilla 
sufficiently to achieve all needed functional and esthetic goals.

Her tracing and analysis are shown to demonstrate the skeletal problems 
(Figs. 7.12 and 7.13).

Fig. 7.11 Pretreatment 
cephalometric X-ray

Fig. 7.12 Cephalometric 
tracing
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Treatment was initiated with a Tandem Bow, with a Hyrax expander incorpo-
rated into the upper component, as shown below (Fig. 7.14). The patient was very 
cooperative and the Tandem appliance was worn for 11 months, 12 h per day. It was 
adjusted to between 250 and 300  g of force per side, totaling 500–600  g total 
protraction force. Adjustment of the appliance is shown below (Fig. 7.15). Expansion 
of the Hyrax was accomplished at a rate of 0.5 mm per week until the upper arch 
had been expanded 11 mm. A US Fisioline Lumix II laser at a bioactive wavelength 
of 910 nm was used to enhance bony changes and growth [46].

Passive self-ligating (PSL) brackets were then used to enhance bone growth 
through light forces, which will be discussed below in the further discussion of 
maxillary advancement. The final results demonstrated a significant advancement of 
the maxilla and an improvement in the AP dimension of the most restricted aspect 
of the oropharyngeal airway seen on the lateral cephalometric X-rays (Fig. 7.16). 
Her final treatment results are shown below, demonstrating a significant improvement 
in the midface (Fig. 7.17).

This improvement in the mid-face region can be shown to be due to a significant 
advancement at “A” point of 5.1 mm. In her case, most of this advancement was due 
to the Tandem Bow appliance, but there was some alignment and advancement 
through light orthodontic forces using the principles of passive ligation. The pre- 
and post-overlaid lateral cephalometric tracings show these changes (Fig.  7.18). 
Her posttreatment records showing the final occlusion are shown below (Fig. 7.19).

Orthodontic advancement of “A” point, using passive self-ligation (PSL), 
requires a reduction in force levels so that the force of the roots of the upper anteriors 
on the pressure side of tooth movement into the PDL space doesn’t exceed 32 g, 

Fig. 7.13 Cephalometric analysis
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which has been defined as the threshold of applied pressure in order to avoid 
complete capillary closure in the PDL space [47–49]. Forces at or below this level 
engender a different mode of tooth movement than forces above it. Traditional 
orthodontic forces generate a compressive load between 60 and 180  g of force, 
leading to complete capillary collapse in the periodontal ligament space and an 
inflammatory response, with cell necrosis in both the PDL space and in the bone, 
whose vascular supply has been interrupted. At this level of force, teeth can move 
within existing bone, but other than essentially bone fill in and repair, there is no 
mechanism to grow bone in advance of a facially moving tooth [48, 49]. When 

Fig. 7.14 Mid-treatment photographs

Fig. 7.15 Measuring the 
forward pull at 250–300 g per 
side
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Fig. 7.16 Comparison of pre- (left) and posttreatment lateral cephalometric X-ray

Fig. 7.17 Comparison of pre- (left) and posttreatment

“A” Point was advanced 5.1 mm.

Black: Pre-treatment

Green: Post-treatment

Fig. 7.18 Overlay of pre- and 
posttreatment cephalometric 
tracings
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forces are low enough to not crush the vascular supply in the PDL space, the 
mechanism of tooth movement and bone remodeling mimics the responses of bone 
under normal adaptive remodeling or during growth. With consistent light forces, 
there are piezoelectric forces in response to bone distortion or bending (as there are 
with heavier forces), but as there is no interruption in blood flow, there is little to no 
inflammatory response and a very rapid osteoclastic response is fostered. With this 
osteoclastic response, certain factors are released from the bone by osteoclastic 
activity. Among the released factors are transforming growth factor beta (TGFβ), 
which is a cytokine involved in controlling cell growth and differentiation; bone 
morphometric proteins (BMPs), which are proteins that stimulate bone growth; and 
insulin-like growth factors I and II (IGF-I and IGF-II), which have growth-regulating 
functions and also stimulate mitogenic activities. These factors along with released 
matrix metalloproteinases lead to a coupled response between osteoclasts and 
osteoblasts, stimulating osteoblastic activity at the bone surface [50]. In this way, as 
long as force levels are light and inflammation is minimized, new bone can be grown 
in advance of a facially moving tooth. This principle can be utilized to increase 
maxillary length and advance “A” point. In mixed dentition, PSL brackets with a 
light wire that can control torque, as bodily movement of teeth facially is desired, as 
opposed to tipping, are recommended. The bracketing is a typical mixed dentition 
2 × 4 set up, with the primary teeth not bracketed, as shown (Fig. 7.20). A light 
nickel titanium open coil spring (0.010 × 0.030) is placed from the upper laterals to 

Fig. 7.19 Posttreatment photographs
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the upper first molars. The force is carefully measured with a force gauge to not 
exceed 40 g, as long as there are no spaces between the teeth. This distributes the 
force so that no tooth exceeds the force that would elicit an inflammatory response 
and risk moving the tooth out of the bone. If there are spaces, the force is reduced to 
30 g until the anteriors are consolidated. For anchorage, a trans-palatal arch (TPA) 
or fixed expander works well, as in these cases, distalization of the posteriors would 
be an undesired effect of the spring force. In the permanent dentition, springs are 
initially placed, with similar force levels, between the upper cuspids and first 
bicuspids (Fig. 7.21). Torque control is again essential in order to assure stimulation 
of the bone in front of the upper anterior roots and to avoid excess positive crown 
torque. Once the anterior teeth have been advanced as far as needed or will not 
advance further, the springs are moved, and the posteriors are progressively 
mesialized. Anchorage can be as above or through indirect anchorage using TADs. 
Once the upper second bicuspids are consolidated forward, the arch is lace tied with 
steel ligature wire 5 to 5, the upper second molars are disengaged from the arch 
wire, and the upper molars are brought forward with power chains from the upper 
second bicuspids to the hooks on the first molar brackets. The second molars will 
virtually always come forward at the same time. “A” point advancement of 
approximately 4  mm can be regularly achieved this way. This advancement is 
promoted and enhanced by the use of a bio-stimulating laser [46]. The most effective 
laser seems to be the MLS that has a dual wavelength at 808 and 905 nm. Without 
this laser treatment, the advancement happens, as long as light forces are employed, 
but to a slightly lesser extent. The laser is also anti-inflammatory, thereby reducing 
the risk of cortical plate damage and perforation by the roots of the anteriors. An 
example is shown, from a transfer case presenting mid-treatment, of cortical plate 
destruction in front of all four upper incisors when advancement was attempted in 

Fig. 7.20 Advancing the 
upper anterior teeth with 
fixed mechanics

Fig. 7.21 Progress 
photograph
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another office without using the principles of light forces (Fig. 7.22). The CBCT 
section view clearly shows that there is essentially no bone remaining in front of the 
roots of this patient’s incisors. Fortunately, we were able to change to PSL brackets 
and light wires and use light forces, negative root torque, gentle retraction, and the 
laser to successfully bring these teeth back into the bone. After allowing the bone to 
mature, we were able to resume treatment, and the anterior teeth and “A” point were 
advanced ideally for this patient. The CBCT demonstrating new bone in front of the 
upper incisors is shown (Fig. 7.23).

7.4  Mandibular Advancement

Mandibular advancement using functional appliances is well documented [51–53] 
and will be mentioned here briefly, as it can be an essential component of airway 
improvement. As has been discussed above, dentofacial orthopedic or orthodontic 
procedures that change the position of the mandible have an effect on the position of 

Fig. 7.22 Cross-sectional 
view of anterior teeth

Fig. 7.23 New bone growth as seen on CBCT
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the hyoid bone. This has the ability to improve the airway if the mandible and hyoid 
are advanced and has been shown to reduce the airway when retracted or rotated down 
and back [54]. Mandibular advancement alone has been demonstrated to improve 
airways and when combined with maxillary development has been shown to have an 
effect similar to bimaxillary advancement surgery for obstructive sleep apnea [55, 56]. 
Based on Rabie’s research, it seems that when the mandible is advanced incrementally, 
3 mm at a time, every 3–4 months, there is a genetic activation at each advancement 
that speeds and enhances the result [52, 57]. This seems to be true no matter what 
appliance is used, and as with expansion, technique seems to be more critical than 
choice of appliance. Maxillary AP position should be corrected before mandibular 
translation. In order to prohibit any possible maxillary retractive affect from functional 
appliances, a protraction appliance like a zygomatic facemask may need to be worn at 
night.  When obstruction and airway collapse in OSA is lower in the oropharynx, 
mandibular advancement can be important in obtaining a successful result.

7.5  Repositioning the Mandible Using a Sibilant Phoneme 
Registration Protocol/Phonetic Bite to Prevent Upper 
Airway Collapse

A strategy that has been highly successful for all OSA patients, including pediatric 
OSA patients, especially in combination with any or all of the appropriate treatments 
discussed above, is to reposition the mandible using a sibilant phonetic bite registration 
technique. This bite registration technique has been demonstrated to produce a three-
dimensional change in mandibular posture, improving cants, rotations, pitch, and 
general position to the most achievable, level symmetric posture that skeletal structure 
allows. It has also been shown that this new mandibular posture opens the airway and 
reduces airway collapse [58, 59]. This therapy can be accomplished with an orthotic-
like removable lower appliance or with composite buildups, usually on the lower 
deciduous teeth. When used with a removable appliance, it is generally ideal to include 
an expansion screw as the anterior major connector. With buildups, a lower arch 
development appliance like a lower “E” expander, as shown above, can easily be 
incorporated (Figs. 7.23, 7.24, and 7.25). The phonetic bite can be sectioned, and a 

a b

Fig. 7.24 (a) Template for molar “buildup”. (b) Template in place
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hole can be cut into the bite with a scalpel. This hole can function as a form to build 
up, to the depth of the bite registration material, the ideal form to hold the registered 
mandibular posture. This is repeated for at least all four primary lower molars 
(Fig. 7.24). When the buildups are all in place, the mandibular position mimics the 
position from the bite registration (Fig. 7.25).

Virtually all of these patients will require palatal expansion to increase oral vol-
ume, to improve the nasal airway, and at times to allow for enough space for ideal 
dental alignment. The ability to laterally develop the lower arch while the upper 
arch is expanded shortens treatment time and improves airways more quickly. The 
repositioning of the lower jaw, as described here, can be the most significant proce-
dure in insuring that the patient’s airway improvement is maximized.

7.6  Anti-inflammatory Diet and Myofunctional Therapy

Although this chapter is about orthodontic and dentofacial orthopedic strategies to 
treat pediatric OSA, it would be remiss to not mention what may be the most 
significant causative factor in creating poor airways, especially poor nasal airways. 
This factor is an inflammatory dietary intake from the earliest ages. It can be 
frustrating to expand a nasal airway to a fantastic structural volume that should 
provide an easily patent airway, only to discover that the high carbohydrate and 
possibly allergenic diet that the patient consumes has caused the nasal mucosa to 
become so inflamed that it fills even the increased airway dimension and the airway 
is still effectively blocked. For many patients, nutritional advice and implementation 
of an anti-inflammatory diet can be critical in restoring good nasal breathing.

Myofunctional therapy will be discussed later in this chapter, but without normal 
tongue posture and function, along with normal tone, posture, and function of all the 
orofacial musculature, the techniques discussed above will be less effective and less 
stable [39].

Fig. 7.25 Finished buildup
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7.7  Conclusion

Research has demonstrated that pediatric OSA is essentially a craniofacial struc-
tural problem. Causality can have various origins, but without changing the struc-
ture, pediatric OSA can only be managed, not cured. The timing for treatment is 
important, as studies have clearly demonstrated that there is an urgency for 
intervention, with the likelihood of a permanent negative impact on the entire life of 
a child with OSA if treatment is delayed, especially if delayed till all the permanent 
teeth (through the second molars) are erupted.

Full evaluation of all children to be treated is needed in order to determine the 
points of obstruction and craniofacial anomalies, in order to select the best treatment 
strategy or combination of strategies that will best correct the issues the child 
presents with. Treatment of pediatric OSA should always be investigated whenever 
an orthodontic patient presents for treatment. There is probably no better service 
that can be accomplished to promote a healthier life for that patient. It also seems 
that poor airways are significant causes, if not the most primary cause, of 
malocclusion [1–9, 11–14]; therefore, orthodontic practitioners, as doctors interested 
in treating their patients to the best possible outcome, should include airway 
evaluation in their diagnostic protocols.
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8Treatment of Myofunctional Pathology

Joy L. Moeller, Martha Macaluso, and Ruth Marsiliani

8.1  What Is Myofunctional Therapy

Myofunctional therapy is the neurologic reeducation of the orofacial muscles. It is 
a rehabilitation therapy program designed to re-pattern stomatognathic functions, 
such as chewing, swallowing, and breathing. This is accomplished through the use 
of therapeutic techniques and positive behavioral modification [1, 2]. The therapy 
allows the brain to develop new neural pathways through repetition, time, and expe-
rience. Once the new behavior is learned and adopted, those neural connections are 
reinforced. This creates a more permanent neural change commonly known as neu-
roplasticity. Repetition of the therapeutic techniques will help to increase the 
strength, tone, and coordination of the stomatognathic muscles and help to develop 
facial symmetry. The purposes of these exercises are to:

• Recover and improve dyskinetic muscle function.
• Restore deficient muscle tone.
• Reacquire correct posture (tongue, jaw, and lips).
• Reeducate functions (swallowing, chewing, and breathing).
• Reduce and eliminate habits such as thumb sucking, pacifier use, nail biting, lip 

or hair sucking or biting, tongue sucking, leaning, and others.
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Awareness and elimination of oral habits must be addressed conjointly with 
myofunctional disorders, or they may affect the fluidity and process of the therapy.

In the United States, breathing re-education is incorporated along with chewing 
and proper swallowing, to assist in the treatment of myofunctional disorders. 
Breathing education looks at nasal breathing versus mouth breathing; the volume of 
air taken in during inhalation, and the muscles recruited during breathing (move-
ment of the diaphragm). Both oral habit elimination and breathing education are 
important for continued positive progression and desired outcome of the therapy. 
Additionally, to achieve optimum results, myofunctional therapists work collabora-
tively with ENTs, allergists, and orthodontists.

8.2  Importance of Myofunctional Therapy

Myofunctional therapy for the treatment of myofunctional disorders has demon-
strated to be an important adjunct in the treatment of (sleep) breathing disorders, 
orthodontic treatment, temporal mandibular joint dysfunction (TMD), masticatory 
dysfunctions, and digestive and postural problems [2–7].

Myofunctional therapy also addresses underlying issues pertaining to various 
health-related disorders, and therefore aides in the reduction of general healthcare 
costs.

Myofunctional therapy can aid in the restoration of continuous nasal breathing, 
and if implemented during the early years of development, it can positively affect 
craniofacial growth deficits associated with sleep-disordered breathing [2, 8–10]. 
Currently, clinical studies have proposed breathing education as a necessary adjunc-
tive therapy in the treatment of sleep-disordered breathing [8, 11].

Part of the therapeutic breathing techniques include:

 1. Correct use of breathing muscles
 2. Reducing or normalizing the correct volume of air
 3. Timing the therapy at rest, during activity, speech, sleep, and sport

Adenotonsillectomy is often prescribed in children to improve airway patency 
and symptoms associated with sleep apnea [10–13]. However, a child who has suf-
fered from enlarged tonsils and adenoids may have ingrained habits such as; mouth 
breathing, poor oral rest posture, and improper breathing patterns [8, 11]. These 
perpetuating habits, if not corrected, can promote relapse of obstruction and affect 
proper orofacial growth [8, 11]. For that reason, myofunctional therapy should be 
incorporated into the protocols following the adenotonsillectomy; myofunctional 
therapy should be performed after the surgical procedure in order to create proper 
oral rest posture and promote nasal breathing [10, 11, 13].

The rehabilitation process of the orofacial and oropharyngeal muscle groups, 
create adequate airway patency [2, 3]. A meta-analysis conducted by Camacho et al. 
demonstrated a decrease in the frequency of apneas measured by the Apnea 
Hypopnea Index (AHI). Children’s AHI decreased by 62% and for adults by 50% 
after going through myofunctional therapy [13].

J. L. Moeller et al.



129

8.3  Etiology of Orofacial Myofunctional Disorders

Orofacial myofunctional disorders (OMDs) are a group of various stomatognathic 
functional disorders; it can affect directly or indirectly: dental occlusion, stability of 
outcome of orthodontic treatment, stability of periodontal therapy, temporoman-
dibular joint functions, facial esthetic, facial skeletal growth, pharyngeal airway 
dimension, and speech [1].

The etiological origin of OMDs is multifactorial, and it is difficult to isolate a 
single factor. Some causative factors include but are not limited to:

• Noxious oral habits (thumb sucking, nail biting, etc.)
• Bottle feeding, baby food leading to incorrect chewing/swallowing
• Pacifier and spouted sippy cup overuse
• Structural airway restriction
• Restricted or altered oral tissues (tongue and lip ties)
• Enlarged tonsils/adenoids
• Craniofacial development (underdevelopment of maxilla and mandible)
• Facial asymmetry

8.4  Assessment of Myofunctional Disorders

Professionals who work with myofunctional disorders have different tools available 
for assessment, based on their needs, scope of practice, and preferences. 
Myofunctional therapists, being a multidisciplinary group, use various tools and 
practices, which often overlap but retain some individual characteristics depending 
on the background of the therapist. Moreover, myofunctional therapists are better 
trained to identify some concurrent signs and symptoms of sleep breathing disor-
ders which then allow the proper referral along with education of patient and care-
givers (in the case of children) and treatment of the underlying orofacial functions, 
which are either affected or are a contributing factor in sleep disorders.

Assessments may include:

 1. Mouth versus nasal breathing
 2. Low and forward tongue rest posture
 3. Tongue thrusts
 4. Noxious oral habits
 5. Forward head posture
 6. Overdeveloped mentalis muscle
 7. Facial grimace
 8. Lack of lip seal
 9. Swallowing and chewing
 10. Restricted frenulums: labial, buccal, and lingual
 11. Palate width
 12. Mallampati or Friedman score

8 Treatment of Myofunctional Pathology
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 13. Dental open bites
 14. Scalloped tongue
 15. Tongue strength

Assessment protocols, such as the Orofacial Myofunctional Evaluation Protocol 
with Scores (OMES) [14] or the Orofacial Myofunctional Evaluation with Scores 
(MBGR) [15], have been validated and are important tools for a complete evalua-
tion. Using validated protocols, such as those of Roberta Martinelli, Irene Marchesan, 
and Allison Hazelbaker, is essential for the evaluation of altered oral tissues. These 
protocols will help to assess altered oral tissues like the labial and lingual frenulum 
restrictions (Fig. 8.1), which are essential to determine if a frenectomy should be 
performed.

Therapeutic techniques and post-op wound healing techniques with a myofunc-
tional therapist are essential to maximize the benefits of the frenulum release, 
including labial, lingual, and buccal restrictions [9, 16, 17].

8.5  Who Does Myofunctional Therapy?

Many healthcare professions from various countries adopt myofunctional principals 
within the scope of their practice. In Japan most myofunctional therapists are dental 
hygienists, in Brazil most are speech pathologists, while in some other countries, 
they are primarily physical therapists. In the United States, speech pathologists, 
dental hygienists, physical therapists, and occupational therapists are the primary 
providers of the therapy. In all cases an additional postgraduate training is required.

8.6  Treatment of Myofunctional Disorders

Treatments of myofunctional disorders include isolating and activating muscles in 
the head and neck and re-patterning them to optimize proper function. Myofunctional 
therapists generally work with a team of healthcare workers; commonly they work 
alongside dentists, orthodontists, medical doctors, and speech therapists.

Fig. 8.1 Photos of restricted frenulums selectively chosen from the “Lingual Frenulum Protocol 
with Scores for Children-Adults” demonstrating varying degrees of lingual frenulum restrictions 
(with permission from I. Marchesan Lingual Frenum Protocol 2014)
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Myofunctional therapy is a therapeutic program by which problems of articula-
tion are often improved because the patients have better control of their muscle 
functions and tongue placement [17]. There are eight intrinsic and extrinsic muscles 
of the tongue, which need to work independently and interdependently in order to 
articulate sounds and swallow correctly.

As an example, myofunctional therapists begin with training the tongue to rest 
up on  the palate. One way this is accomplished is by having the patient hold an 
orthodontic elastic rubber band to the roof of the mouth with the tongue, for a spe-
cific period of time with the lips together. During the same appointment, the patient 
will  use different strings, buttons, and chewing devices;  in order to activate and 
strengthen, or relax some of the muscles of mastication and the perioral muscles.

Proper symmetrical chewing, gathering the food in the middle of the tongue, and 
swallowing without the assistance of the perioral muscles are very important parts 
of myofunctional treatment. Bilateral chewing has been shown to help with TMD 
issues [4, 5].

The therapy is progressive, whereby the exercises are sequential and become 
more advanced. Certain exercises are repeated  depending on the needs of the 
patient, while focusing on the goals of therapy. The therapy program is usually done 
over a period of 1 year to attain long-term retention of the results. Myofunctional 
therapists  work on enhancing proper chewing, breathing, swallowing, and func-
tional posturing while eliminating oral habits that interfere with this process.

8.7  Patients with Sleep Disorders

The meta-analysis previously mentioned demonstrated a reduction in AHI by 50% in 
adults and 62% in children, in patients treated for sleep apnea with myofunctional ther-
apy [13]. Recent studies reveal how myofunctional therapy in conjunction with 
Continuous Positive Airway Pressure (CPAP) demonstrates better adherence and results 
[18]. Furthermore, the Mandibular Advancement Device (MAD) and Oral Appliance 
Therapy (OAT) may be more comfortable with myofunctional therapy [4, 5]. The stretch-
ing and developing of facial symmetry with specific exercises will assure better compli-
ance for the patient, and the dentist will be able to deliver the best results possible.

Snoring may be one of the first signs of sleep apnea. We now have studies dem-
onstrating myofunctional therapy as an effective measure to eliminate snoring. The 
tightening and toning of the pharyngeal muscles, soft palate and uvula, can be 
accomplished through neuromuscular repatterning that will prevent, minimize, or 
eliminate snoring [19].

It has been hypothesized in many studies that nocturnal bruxism may be a sign 
of a compromised airway, TMD, or sleep apnea [20]. Research can confirm that 
myofunctional therapy will help to decrease pain intensity and lower bruxism epi-
sodes with statistically significant results [20].

The tongue has both intrinsic and extrinsic muscles. The extrinsic muscles, if not 
patterned correctly, may affect breathing, posture, and neck discomfort. Especially 
for patients with sleep apnea, myofunctional therapists work closely to activate and 
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isolate the genioglossus muscle or the base of the tongue, which if it is not working 
correctly may occlude the airway. The pharyngeal muscles need to be toned and 
restored to normal function, which by certain throat and back of the tongue exer-
cises may make a huge difference over time. An example would be to bite on a 
pediatric bite block, make a “K” sound three times with the bite block in, and swal-
low lifting the back of the tongue. Repeat this six times three times a day.

8.8  Prevention with Early Intervention

 Early intervention and prevention should begin in the womb. The expectant mother 
should be educated prior to the third semester of pregnancy. During this time the 
expectant mother experiences challenges in weight gain and times of stress that 
affect breathing regulation and volume, which can onset mouth breathing.

Bottle feeding, baby foods, and pacifiers need to be redesigned to promote airway 
patency of the growing infant. More emphasis needs to be on promoting the development 
of a wider palate earlier and preventing its collapse. In cases where infants eat smooth 
foods, the infant learns not to masticate. Consequently, proper chewing may never 
develop causing the muscles associated with the airway to collapse. Also, not digesting 
their food properly occurs with a lack of chewing and may lead to aerophagia.

Restricted lingual, labial, and buccal frenulums need to be released earlier and 
checked for the need of possible revisions. These restricted oral tissues can lead to 
relapse of orthodontic and orthognathic surgical results. Recent studies demonstrate 
how these restrictions may also lead to sleep breathing disorders [9, 16].

8.9  Summary

Myofunctional therapy is a neurologic reeducation program which uses repetition, 
time, and experience to initiate neural changes known as neuroplasticity. Although it 
is not a novel treatment, it has re-emerged its saliency with the advent of sleep apnea. 
Myofunctional therapy treats OMDs such as (sleep) breathing disorders, orthodontic 
treatment (Fig. 8.2), temporal mandibular joint dysfunction, masticatory disorders, 

Fig. 8.2 Before (left) and after (right) myofunctional therapy
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and digestive and postural problems. The etiological origin of OMDs is multifacto-
rial, and it is difficult to isolate a single factor. Specialized training allows myofunc-
tional therapists to identify signs and symptoms associated with OMDs, which may 
seem ubiquitous. Important tools are available that will facilitate a complete and 
comprehensive evaluation. Ultimately, the goal of this therapy is to increase the 
strength, tone, and coordination of the stomatognathic muscles, help to develop 
facial symmetry, create proper oral rest posture, and promote nasal breathing.

In recent years, myofunctional therapy has gained more validity as researchers 
incorporate myofunctional therapy into their studies across the disciplines. We hope 
that this therapy will soon be incorporated into the protocols following the adeno-
tonsillectomy and considered as another alternative for the treatment of sleep apnea. 
Today we see the evolution of myofunctional therapy as it pertains to the treatment 
of sleep apnea. It is being applied in conjunction with CPAP, MAD, and OAT dem-
onstrating  enhanced treatment outcomes and adherence, which is critical for the 
well-being of the patient.

Myofunctional therapists generally work with a team. They include dentists, 
orthodontists, medical doctors, and speech therapists. Prevention of myofunctional 
disorders may be possible now through early intervention with therapeutic tech-
niques that have been used in pediatric dentistry, speech therapy, and orthodontics 
for many years. More research is needed in this area, but preliminary studies are 
supporting the value of changing the function as well as the structure in order to 
successfully treat and prevent many disorders. The team approach is the most 
important and most beneficial avenue for the patient’s health and well-being.
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9Future Perspectives of Sleep Disorder 
Treatment in Pediatric Dentistry

Edmund Liem

Pediatric sleep breathing disorders (SBD) deserve attention, because it is associated 
with significant morbidity, potentially impacting on long-term neurocognitive and 
behavioral development, as well as cardiovascular outcomes and metabolic homeo-
stasis during a critical phase of formative years. The presence of low-grade systemic 
inflammation and increased oxidative stress seen in this condition is believed to 
underpin the development of these OSA-related morbidities. Pediatric SDB deserves 
specific attention by those who are positioned best to screen and detect signs and 
symptoms of pediatric sleep breathing disorders. General dentists happen to be in 
that position!

General dentists do see children from the age of 2 or earlier on a regular base; 
what they lack currently are the skills and knowledge to recognize the signs and 
symptoms of pediatric OSA. This topic is at this time not in the curriculum of dental 
schools worldwide, and it might be years away before this will happen. Therefore 
this is the time to start learning and be engaged in pediatric sleep breathing disor-
ders. Some dentists are already treating adults with OSA (obstructive sleep apnea), 
and they soon realized that the treatment they provide is a lifelong treatment/man-
agement. Treating children diagnosed with SBD has a different dimension; it has 
the potential of preventing or eliminating  the breathing disorder, a condition that 
affects not only physical, mental and metabolic condition of the patient but also the 
neurocognitive development of the child.

In this book you have seen that screening, testing, diagnosis, management, and 
treatment requires a multidisciplinary approach. Every discipline plays a role, and 
everybody needs to communicate with each other. We have also seen that several 
approaches exist and all of them are complementary to each other. Most of them are 
not interchangeable, but complimentary. Myofunctional therapy on its own might 
not do the trick; orthodontics on its own might also not be optimal, but together they 
could be very powerful.
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Treating children who are already been diagnosed with OSA is one good 
approach; however, preventing and providing early treatment of SDB is one whole 
step ahead, and this is where the future lies.

Dr. Christian Guilleminault, the universally most respected expert in pediatric 
OSA, said this: “Restoration of Continuous Nasal Breathing as the Ultimate 
Treatment Goal in Pediatric Obstructive Sleep Apnea” [1].

What this means is that without restoring nasal breathing, you have not addressed a 
fundamental cause of OSA or SBD. All treatment approaches should have this as ulti-
mate goal, no matter if the approach is preventive, conservative, nonsurgical, or even 
surgical. Crudely and over-simplified said, the nose is for breathing; the mouth is for 
drinking and eating. Breathing through the mouth should be considered as an emer-
gency option. When the nose is blocked for whatever reason, it is fortunate that we can 
breathe through the mouth; however continuous habitual breathing through the mouth 
(Fig. 9.1) will lead to many issues as described and discussed in Chapters 3–8.

You may have noticed that in this book there is no separate  chapter dedicated 
to  tonsil and/or adenoidectomy. You can find a brief discussion in Chapter 1. This 
omission is done on purpose. Tonsil and/or adenoidectomy (T&A) is still considered 
by many as the first-line option in treatment of pediatric OSA; however more and 

Fig. 9.1 Child with retrogna-
thia and mouth breathing
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more publications are showing a poor outcome with 50–70% unresolved or recurrent 
OSA. Guilleminault et al. (2004) demonstrated complete resolution of OSA following 
adenotonsillectomy in only 51% of non-obese prepubertal children [1, 2]. More and 
more data are supporting that T&A is of limited value for long- term treatment of 
pediatric SDB. It still has value as an emergency (first-line, short- term) intervention 
approach to pediatric SDB. More research needs to be done to understand the cause of 
enlargement of these lymphatic tissues and how to prevent them.

As the astute reader has found, in this final chapter and throughout this book, the 
terms SBD (sleep breathing disorder) and OSA (obstructive sleep apnea) are being 
used. There is another acronym that is often  being used: SDB (sleep disordered 
breathing); currently there is no official difference between the three acronyms 
(some will disagree with this statement), and they seem to be used interchangeably. 
In this context it is good to introduce another term that is related to this topic: Upper 
Airway Resistance Syndrome (UARS). At first glance this is a similar condition; 
however there are some key differences. In simple terms, sleep-test data shows that 
UARS, the apneas and hypopneas are either absent or very low in patients with 
UARS. UARS does cause arousals and sleep fragmentation but can be as detrimen-
tal as OSA for the child. The problem at this time is that UARS is difficult to diag-
nose, even with a full polysomnogram (PSG). It is often missed in classical 
polysomnographic diagnostic approaches and misdiagnosed as simple snoring or 
idiopathic hypersomnia and thereby is often left (mistakenly) untreated.

There is also no chapter about positive airway pressure (PAP) for pediatric SBD; 
this modality could be in many cases live-saving; however, the idea of a life-long 
continuous wear (during sleep) of a PAP unit is abhorrent. A PAP treatment is highly 
effective by opening the collapsible portion of the airway; however the long-term 
wear by growing children comes with side effects of potential stunning the cranio-
facial growth and thus stunning the bony structures where the airway muscles are 
attached. At 6 years of age, the human head has reached about 60% of an adult, and 
if the craniofacial growth is stunned, the implication for airway size could be long- 
term. The issue is that the interface mask needed to deliver the positive airway pres-
sure is putting a pressure in the midface, and this inhibits the craniofacial growth, 
especially the nasomaxillary complex. The sooner the child is treated with a differ-
ent modality that enhances craniofacial growth, the better the long-term outcome 
most likely will be. Excellent sample cases of these types of orthopedic treatments 
(orthotropic, or correct growth guidance) can be found at the end of Chapter 4.

Many questions exist about the role of orthodontics in prevention and treatment 
of pediatric or even adult SDB or OSA. There are many heated debates around this 
controversial topic. Inside this heated discussion, there are many opinions about any 
airway relationship between orthodontic with premolar extractions and without. 
Does premolar extraction affect the airway and contribute to (the development of) 
SBD, OSA, or UARS? Larsen et al. (2015) published an article where they con-
cluded that extraction orthodontic treatment is not supported as a significant factor 
in the cause of OSA. In this article they extracted large amount of (n = 584) data 
from an electronic health record from an insurance company and compared cases 
where premolars were extracted or not, and after matching gender and BMI (body 
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mass index), they concluded: The prevalence of OSA was not significantly different 
between the groups (OR = 1.14, p = 0.144) [3].

There are many critics on this study; one of them is there is also no data on age 
of onset, comorbidities, or severity or type of sleep-disordered breathing. While 
they probably couldn’t get all of that data for the whole cohort, they should have 
been able to get at least the last 5–10 years worth, which would have added to the 
study. It would have been very relevant to know which group had more severe indi-
ces of disease and should have been possible given their access to medical insurance 
data. This debate will continue for the meantime without a clear-cut conclusion.

Using common logic, one can make a hard conclusion that the oral volume is 
different in size for cases where (premolar) extractions are done compared to those 
non-extraction cases. The oral volume in extraction cases is for sure not larger than 
the non-extraction cases. This is where the tongue resides, and we know that tongue 
position plays a crucial role in oral volume, airway resistance, and airflow. You be 
the judge! (Fig. 9.2).

9.1  Ankyloglossia

Dr. Christian Guilleminault from Stanford University mentioned that short lingual 
frenulum is a frequent phenotype for pediatric sleep apnea [4].

Quite often the finding of a short lingual frenulum is triggered by difficulties with 
breastfeeding (newborn infants) or at school with some speech impediments. However 
most of the time, there is no lingual frenulum inspection done, and the children are 
taught to learn to “deal” (= adapt) with it. Speech pathologists are not always trained 
to diagnose short lingual frenulum (Fig. 9.3) nor do they have the tools to screen for 
pediatric OSA. Chapter 8 has a section about short lingual frenum.

A short lingual frenulum can cause difficulties in sucking, swallowing, and speech. 
The altered (adapted) tongue functions caused by a short lingual frenulum can lead to 
a non-optimal craniofacial growth [4], which decreases the size of upper airway sup-
port leading to a smaller airway and as such increases the risk of upper airway collaps-
ibility during sleep. Treatment for a short lingual frenulum (commonly called 

Fig. 9.2 Left: Pretreatment upper jaw with one right premolar removed; very narrow, collapsed 
maxilla, resulting in a small tongue space. Right: (Same patient) Posttreatment upper jaw with space 
re-opened where the premolar previously was extracted; resulting in much larger tongue space
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“tongue-tie”) consists of surgically releasing the connective tissue that connects the 
floor of the mouth and the tongue base. This can be done with scalpel, scissors, or laser, 
and each method has its benefits and limitations. In the past lingual frenectomy has 
often failed due to frequent re-attachments; optimal result can be achieved by following 
a protocol that includes specific pre- and post-surgery myofunctional exercises. Due to 
limitation of space, this topic is not further discussed in detail in this book.

9.2  Premature Births [5–6]

According to Yu-Shu Huang and Christian Guilleminault et al., premature infants 
have more sleep problems than full-term infants, including the known risk of abnor-
mal breathing during sleep. Dr. Guilleminault says: During the last trimester of 
pregnancy there is a continuous training of the sucking-swallow reflex with absorp-
tion of 1 cm3 of amniotic fluid initially to 500 cm3 just before birth. This “training” 
is missed by those who are born prematurely. The study of premature infants has 
shown that the more premature the infant, the more health problems are present, and 
there is a clear impact of the absence of complete training with premature birth: The 
size of the oral cavity is abnormally small, and muscles are hypotonic, in particular 
those involved in upper airway and facial functions. This in part does not lead to a 
normal craniofacial growth and could lead to mouth breathing and incorrect tongue 
posture and smaller airway that is more prone to collapse during sleep. We have to 
remember that 60% of the growth of the skull happens before the age of 6. This is a 
critical time for observation and if needed intervention. With the right education and 
interest, a general dentist happens to be at the right position to observe properly the 
signs and symptoms of pediatric OSA.

9.3  Conclusion

Pediatric OSA in non obese children is a disorder of oral-facial growth [2]. This 
quote from Dr. Christian Guilleminault embodies the unique role that dentistry, 
including orthodontics and dentofacial orthopedic, has in the prevention and 

Fig. 9.3 Short lingual 
frenulum
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treatment of pediatric OSA. Dentistry is the only discipline that can promote proper 
craniofacial growth in the midfacial area by non surgical methods.Most dentist and 
orthodontist are not aware of this role and it is time to start learning how to recog-
nize the signs and symptoms of pediatric OSA. And for those who wants to partici-
pate in treatment of these children, it is time to explore the many options dentofacial 
orthopedics, orthodontics and myofunctional therapy can offer to promote optimal 
oral-facial growth. Once you have learned the medical side of pediatric OSA 
(Chapters 1 and 2), you will be able to participate and contribute to the treatment of 
pediatric OSA. There are many techniques available and this book will be helpful to 
give the dentist a solid foundation in finding what works for them. When choosing 
a technique, keep in mind that it must be suitable in primary and mixed dentition. 
Waiting till all primary teeth are exfoliated (age 9–12) as it is commonly done with 
traditional orthodontics, is far too late if you would like to have a positive effect on 
craniofacial growth. Please note that there are more techniques out there that are not 
discussed in this book (e.g. ALF, Myobrace). All techniques must have as ultimate 
treatment goal, as stated by Dr. Christian Guilleminault: Restoration of Continuous 
Nasal Breathing [1].
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