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Pirilä-Parkkinen, Kirsi, Childhood sleep-disordered breathing – dentofacial and
pharyngeal characteristics. 
University of Oulu, Faculty of Medicine, Institute of Dentistry, Department of Oral
Development and Orthodontics, Institute of Clinical Medicine, Department of Otorhino-
laryngology, Institute of Diagnostics, Department of Diagnostic Radiology,  P.O. Box 5000, FI-
90014 University of Oulu, Finland; Oulu University Hospital, Department of Clinical
Neurophysiology,  P.O. Box 50, FI-90029 Oulu University Hospital, Finland
Acta Univ. Oul. D 1127, 2011
Oulu, Finland

Abstract
The aim of this work was to examine distinct dentofacial and pharyngeal features in children with
sleep-disordered breathing (SDB). A further aim was to test the validity of the conventional
methods used in orthodontics for recognition of obstructed airways.

Seventy children (36 girls, 34 boys, age range 4.2–11.9 years), who were diagnosed as having
SDB during the years 2000–2002, constituted the source of subjects for four separate studies. The
study protocol included otorhinolaryngological and orthodontic examinations. Dental impressions
and lateral cephalograms were taken. In addition, upper airway was imaged in 36 children in
different head postures by magnetic resonance imaging (MRI). Age- and gender-matched healthy
children were used as controls. 

The results showed that children with SDB had increased overjet, smaller overbite, narrower
upper and shorter lower dental arches and higher incidence of anterior open bite and distal molar
relationship when compared with control children. The severity of the obstruction correlated with
larger deviations from normal in the dental characteristics. There were more children with
crowding and with anterior open bite with increased severity of the disorder. Children with SDB
displayed an increased sagittal jaw relationship, a more vertical growth pattern of the mandible, a
longer and thicker soft palate, a lower hyoid bone position, larger craniocervical angles and
narrower pharyngeal airway measured at multiple levels, when compared with the controls.
Deviation in pharyngeal variables showed highest correlation with the severity of SDB. MRI
indicated a smaller than normal oropharyngeal airway in children with SDB. The effect of head
posture on pharyngeal airway dimensions differed in children with SDB when compared with the
controls. 

These findings verify that the developmental course of occlusal characteristics and craniofacial
structures may be modulated by breathing pattern, and, on the other hand, that certain features may
predispose to the development of the disorder. It is important to recognize these signs in order to
guide further development in a more favorable direction. The results confirmed that cephalometry
is a valid screening tool when assessing nasopharyngeal and retropalatal airway dimensions.
Clinical examination of tonsillar size was found reliable when retroglossal airway size was
evaluated. 

Keywords: airway obstruction, cephalometry, child, dental occlusion, magnetic
resonance imaging, palatine tonsil, pharynx, sleep apnea syndromes





Pirilä-Parkkinen, Kirsi, Lasten unenaikaiset obstruktiiviset hengityshäiriöt –
purennan ja leukojen kehitys sekä ylempien hengitysteiden rakenne. 
Oulun yliopisto, Lääketieteellinen tiedekunta, Hammaslääketieteen laitos, Hampaiston kehitys-
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Tiivistelmä
Väitöskirjatyön tarkoituksena oli selvittää lasten unenaikaisten hengityshäiriöiden yhteyttä kas-
vojen ja leukojen kasvuun, purennan kehitykseen sekä ylempien hengitysteiden rakenteeseen.
Lisäksi tutkittiin, kuinka luotettavasti hammaslääkäreiden käytössä olevin menetelmin pysty-
tään arvioimaan lasten ahtautuneita ilmateitä. 

Tutkimusaineistossa oli mukana 70 lasta (36 tyttöä, 30 poikaa, ikä 4.2–11.9 vuotta), joilla
diagnosoitiin unenaikainen obstruktiivinen hengityshäiriö vuosina 2000–2002. Lapsille tehtiin
kliiniset tutkimukset oikojahammaslääkärin ja korva-, nenä- ja kurkkutautien erikoislääkärin toi-
mesta sekä otettiin lateraalikallokuva ja hampaistosta kipsimallijäljennökset. Lisäksi ylempien
hengitysteiden magneettitutkimus suoritettiin 36 lapselle eri pään asennoissa. Verrokkiryhmässä
oli sama ikä- ja sukupuolijakauma kuin tutkimusryhmässä. 

Tulokset osoittivat, että unenaikaisista hengityshäiriöistä kärsivillä lapsilla horisontaalinen
ylipurenta oli suurentunut, vertikaalinen ylipurenta oli pienentynyt, ylähammaskaari oli kapeam-
pi ja alahammaskaari lyhyempi kuin terveillä verrokeilla. Alaetualueen ahtaus ja etualueen avo-
purenta olivat yleisempiä niillä lapsilla, joilla oli vaikeampiasteinen hengityshäiriö. Lasten unen-
aikaiset hengityshäiriöt liittyivät suurentuneeseen leukojen väliseen kokoepäsuhtaan, alaleuan
avautuvaan kasvumalliin, pidempään ja paksumpaan pehmeään suulakeen, kieliluun alempaan
asentoon, kohonneeseen pään asentoon sekä ahtaampiin nielun ilmatilan mittoihin verrattaessa
terveisiin lapsiin. Häiriön vaikeusaste korreloi suurempiin poikkeamiin nielun mitoissa. Lapsilla,
joilla todettiin unenaikainen hengityshäiriö, magneettitutkimukset osoittivat nielun olevan ahdas.
Pään asennon vaikutukset ilmatien rakenteeseen poikkesivat unenaikaisista hengityshäiriöistä
kärsivillä lapsilla. 

Saadut tulokset osoittivat, että hengitystapa voi vaikuttaa hampaiston, kasvojen ja leukojen
rakenteiden kehitykseen. Tietyt kasvojen ja leukojen piirteet puolestaan saattavat altistaa häiriön
kehittymiselle. On tärkeää tunnistaa nämä merkit, jotta kehitystä voidaan ohjata suotuisampaan
suuntaan. Tutkimukset osoittivat, että kefalometrinen analyysi on luotettava arvioitaessa nenä-
nielun sekä pehmeän suulaen takana olevan ilmatilan kokoa. Nielurisojen kliinisen koon arvioin-
ti on luotettava arvioitaessa alemman suunielun ilmatilan kokoa. 

Asiasanat: lapset, magneettitutkimus, nielu, purentaelimistö, pää, röntgentutkimus,
uniapnea–oireyhtymä, unihäiriöt
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ADHD attention-deficit/ hyperactivity disorder 
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B supramentale 

Ba basion 

Cd condylion 

CPAP continuous positive airway pressure 

CVT cervical vertebrae tangent 

C2ip second cervical vertebra 
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C3ai third cervical vertebra 

C4ip fourth cervical vertebra 
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FOV field of view 
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HOR horizontal line 

HPV hypopharyngeal airway volume 

ICC intraclass correlation coefficient 

Ig immunoglobulin 

Me menton 

ML mandibular line 

mm millimeter 
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mm3 cubic millimeter 

MPT maximal palatal thickness 

MRI magnetic resonance imaging 

N nasion 

NPA nasopharyngeal airway area 

NPCA nasopharyngeal cross-sectional airway area 
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NPV nasopharyngeal airway volume 

OPA oropharyngeal airway area 

OPT odontoid process tangent 

OPV oropharyngeal airway volume 

OSA obstructive sleep apnea 

PAS posterior airway space 

PG polygraphy 

PL palatal line 

PNS posterior nasal spine 

PSG polysomnography 

QOL quality-of-life 

REM rapid eye movement 

RGCA retroglossal cross-sectional airway area 

RGn retrognathion 
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rl radix linguae 
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RPV retropalatal airway volume 

S sella turcica 

SD standard deviation 

SDB sleep-disordered breathing 

T tesla 

TE echo time 

TR repetition time 

3D three-dimensional 

2D two-dimensional 

u uvula 

UARS upper airway resistance syndrome 

ve velum palatinum 

va vallecula epiglottis 
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1 Introduction 

The role of impaired nasal breathing in dentofacial development has been argued 

in the field of orthodontics ever since the “adenoid type of face” was identified 

over a century ago. It was then noted that adenoidal enlargement constricts the 

nasopharyngeal airway passage and complicates the nasal mode of breathing, 

leading to oral breathing. As a consequence, the normal facial growth pattern may 

be disturbed in children. (Coccaro & Coccaro 1987). However, the evidence 

relating dentofacial developmental features with mode of breathing is inconsistent. 

The concept has been supported by many studies (Linder-Aronson 1970, 

Adamidis & Spyropoulos 1983, Tarvonen & Koski 1987, Behlfelt 1990, Wysocki 
et al. 2009), but opposite opinions have also been proposed (O'Ryan et al. 1982, 

Vig 1998). 

During the last few decades, increasing multidisciplinary interest in 

childhood sleep-disordered breathing (SDB) has emerged in the field of medicine. 

SDB refers to a wide variety of nocturnal breathing disorders characterized by 

prolonged increased pharyngeal resistance and partial or complete upper airway 

obstruction (Carroll 2003). Snoring, upper airway resistance syndrome (UARS), 

and obstructive sleep apnea (OSA) represent a continuum of nocturnal breathing 

disorders. The most common associated condition in otherwise healthy children is 

adenotonsillar hypertrophy (American Thoracic Society 1996). SDB, however, is 

not simply a matter of enlarged lymphoid tissue. The manifestation of sleep-

related breathing problems is contributed to by a complex interaction between the 

neuromuscular control and structural properties of the upper airway (Isono et al. 
1998, Katz & D'Ambrosio 2008). Other factors, such as genetic predisposition, 

may also be involved (Ovchinsky et al. 2002). 

Dentofacial developmental features described in children with SDB 

(Löfstrand-Tideström et al. 1999, Zettergren-Wijk et al. 2006) resemble the 

findings earlier observed in children with oral breathing and enlarged adenoids or 

tonsils (Linder-Aronson 1970, Behlfelt 1990). It is thus reasonable to assume that 

the latter researchers may actually have investigated the distinct features of a 

more complicated condition of obstructive SDB. This would explain the 

inconsistencies in the literature, since adenotonsillar enlargement is not always 

obstructive. On the other hand, adenotonsillar hypertrophy or diurnal oral 

breathing are not always present in childhood SDB. (Boudewyns & Van de 

Heyning 1995). The severity of the obstruction may be the determinant in this 

supposed relationship between dentofacial development and breathing pattern. 
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Developmental relationships are observed between upper airway adequacy, 

craniofacial morphology and craniocervical posture (Solow et al. 1984). 

Pharyngeal obstruction is suggested to lead to a craniocervical postural adaptation 

to facilitate breathing (Behlfelt et al. 1990b, Solow et al. 1993, Gonzalez & 

Manns 1996). In adults, studies on the effect of craniocervical inclination on 

upper airway patency suggest that extension of the craniocervical angle and 

forward inclination of the cervical spine increases airway diameter most in the 

lower parts of the oropharyngeal airway (Solow et al. 1996, Anegawa et al. 2008). 

In children with SDB, the site of critical airway narrowing is, however, at the 

upper level of the oropharynx, usually where adenoid and tonsils overlap (Arens 
et al. 2001, 2003). The effect of head posture in relation to cervical column on 

pharyngeal airway configuration in children with SDB has not been elucidated. 

Childhood SDB has been found to be associated with several health-related 

consequences, such as cardiovascular complications as well as psychological and 

behavioral effects (American Thoracic Society 1999). Early recognition and 

intervention of childhood SDB are vital in order to prevent severe complications. 

It is thus important that healthcare professionals become aware of the deleterious 

relationship between dentofacial structure and obstructed breathing. Clinical 

screening tools are also needed in order to estimate the risk for pediatric SDB in 

primary care settings. 

The methods for evaluating upper airway patency in orthodontic practices are 

limited. Lateral cephalometric radiograph is a widely used orthodontic method 

used for detection of skeletal malocclusion. Because of its two-dimensional (2D) 

nature and inability to provide volumetric data, cephalometry has limitations 

when evaluating three-dimensional structure (3D). Thus, the validity of 

pharyngeal assessment on lateral radiograph can be expected to be poor. Recently, 

magnetic resonance imaging (MRI) technique has been increasingly used for 

pharyngeal examination in children with SDB (Arens et al. 2001, Donnelly et al. 
2003, Fregosi & Quan 2005) since it permits accurate 3D sequential 

measurements of the pharynx without using ionizing radiation. 

The purpose of this work was to evaluate distinct occlusal, craniofacial, and 

pharyngeal characteristics of SDB children in relation to the severity of the 

disorder and to compare the findings with those in children exhibiting normal 

breathing pattern. A further aim was to test the validity of the methods available 

in orthodontic practices for recognition of obstructed airways. 
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2 Review of the literature 

2.1 Structure of the pharynx 

The pharynx is a flexible tube made up of connective tissue. It takes part in 

several crucial physiological functions such as respiration, deglutition and speech. 

During respiration pharynx serves as a conductive pathway for respiratory gases 

and regulates the airflow. (Mankarious & Goudy 2010). 

Anatomically, the pharynx can be divided into three regions: nasopharynx, 

oropharynx and hypopharynx. Nasopharynx is the region outlined inferiorly by 

the level of the hard palate, posteriorly by the pharyngeal wall or adenoid tissue 

and anteriorly by the choanae. Oropharynx extends from the level of the hard 

palate to the base of epiglottis. Oropharynx can be subdivided into retropalatal 

(the airway area posterior to the soft palate) and retroglossal (the airway area 

posterior to the base of the tongue) regions. Hypopharynx extends from the base 

of the epiglottis to the larynx. (Schwab 1998) (Figure 4e). 

Pharyngeal patency is maintained by a fine balance between the structural 

properties of the pharynx, neural control of the pharyngeal musculature and 

airway pressure (Isono 2006). Favorable growth of the craniofacial structures 

during childhood contributes to the preferential growth of the pharynx (Isono 

2006). Cranial base, maxilla, mandible, hyoid bone and cervical vertebrae form 

the bony boundaries for soft tissues surrounding the upper airway (Pracharktam et 
al. 1994, Isono et al. 2004). Developmental disturbances or functional aberrations 

in either external or internal environment will also affect the other component 

(Enlow & Hans 1996). For instance, unfavorable growth of the maxillo-

mandibular complex, such as retrognathia or micrognathia, has a negative impact 

on airway adequacy (Guilleminault & Stoohs 1990). The airway and the breathing 

pattern, on the other hand, have been regarded as important factors contributing to 

the developmental course of the craniofacial structures (Enlow & Hans 1996). 

Breathing function forms one of the functional matrices in the Moss theory (Moss 

1962). 

The pharynx and the whole respiratory system have an ability to compensate 

for disturbances that affect breathing mechanics. The upper airway opening may 

be promoted by increased lung volume (Stark & Norbash 1998). Pharyngeal 

musculature and the tongue are largely responsible for maintaining pharyngeal 

patency. For instance, the paired genioglossus (GG) muscle originates on the 
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mandible and inserts in the tongue forming a part of it. GG controls tongue 

protrusion (Arens & Marcus 2004, Katz et al. 2006). Tongue protrusion reflexes 

are important in preserving the airway during obstruction (Greenwood 1988). 

Changes in the mandibular position reflect on the tongue posture. Mandibular jaw 

opening and posterior movement cause backward displacement of the tongue, 

reducing the oropharyngeal lumen (L'Estrange et al. 1996, Isono et al. 2004). In 

contrast, mandibular protrusion has beneficial effect on airway dimensions 

(L'Estrange et al. 1996). Accessory forces for the preservation of upper airway 

patency are provided by neck muscles. Extension of the head increases airway 

diameter most at the level of the tongue (Solow et al. 1996, Anegawa et al. 2008). 

Forward position of the head causes increase in the tension of the suprahyoid 

muscles moving the hyoid to an upward position (Gonzalez & Manns 1996). The 

head extension maneuver is commonly used in resuscitation and in anesthesia in 

order to maintain pharyngeal patency (Paal et al. 2007). 

2.1.1 Pharyngeal lymphoid tissue 

The lymphoid tissue of Waldeyer’s ring is located at the entrance of the 

aerodigestive tract (Hellings et al. 2000). Nasopharyngeal tonsil is the superior 

extent of the ring at the roof and posterior wall of the nasopharynx. The term 

adenoid is used if the nasopharyngeal tonsil becomes hypertrophic and causes 

clinical symptoms (Linder-Aronson 1970). Lateral components of the ring are 

mainly formed by palatine tonsils, which locate on the posterolateral walls of the 

oropharynx surrounded by the tonsillar pillars. Lingual tonsils on the tongue base 

complete the Waldeyer’s ring inferiorly. Smaller components of Waldeyer’s ring 

are tubal tonsils and lateral pharyngeal lymphoid bands (Hellings et al. 2000). 

Tonsils are secondary lymphatic organs, which constitute a primary site of initial 

exposure to airborne and alimentary antigens (Hellings et al. 2000). Their major 

task is to take part in the generation of antigen-specific immune responses with 

formation of immunoglobulin (Ig)-producing plasma cells, especially IgA. Active 

immunologic processes cause physiologic enlargement of the tonsils during 

childhood. (Gross & Harrison 2000, Hellings et al. 2000). 
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Nasopharyngeal tonsil (adenoid tissue) 

The nasopharyngeal tonsil is not visible in infancy, but its normal growth is rapid 

during childhood (Coccaro & Coccaro 1987). On the basis of longitudinal series 

of lateral cephalometric radiographs the peak of the nasopharyngeal tonsil mass 

occurs at the age of five years (Linder-Aronson & Leighton 1983). Subsequently, 

the mass gradually diminishes until ten years of age and nasopharyngeal airway 

space increases. A slight increase in lymphoid mass is seen between ten and 

eleven years of age, but thereafter the reduction continues progressively. This 

prepubertal increase is supposed to be caused by hormonal changes. (Linder-

Aronson & Leighton 1983). At the same time, however, favorable growth of the 

nasomaxillary complex helps to maintain an adequate nasopharyngeal airway size 

(Subtelny 1980). The thickness of the nasopharyngeal tonsil and nasopharyngeal 

airway patency are significantly affected by genetic factors as indicated by a twin 

study (Billing et al. 1988). 

The size of the nasopharyngeal tonsil must be evaluated relative to the 

dimensions of the nasopharynx (Subtelny 1980). Otolaryngologists use posterior 

mirror rhinoscopy and direct nasopharyngoscopy to clinically assess the adenoid 

size (Gleeson et al. 2008). However, these are extremely difficult to carry out in 

children and practically never used. Lateral radiographs, used in orthodontic 

practices for craniofacial and pharyngeal measurements, have proven to be 

relevant in the assessment of adenoid size, as shown by comparison to clinical 

findings (Holmberg & Linder-Aronson 1979, Paradise et al. 1998) and to the size 

of surgically removed adenoid tissue (Jeans et al. 1981a, Maw et al. 1981). 

Obstruction of the nasopharynx is either due to enlarged adenoid tissue or 

small nasopharynx. Recurrent or chronic upper airway infections lead to 

hypertrophy of adenotonsillar lymphatic tissues (Gross & Harrison 2000). It has 

been suggested that adenoid tissue does not follow normal regression pattern in 

children with adenoid hyperplasia (Kemaloglu et al. 1999). Adenoid enlargement 

is associated with several childhood conditions including snoring, rhinorrhea, 

otitis media, speech deficits, mouth-breathing, and obstructive sleep apnea 

(Haapaniemi 1995, Gross & Harrison 2000). 

Palatine tonsils 

The palatine tonsils (referred to as the tonsils) are usually easily seen in the 

oropharynx during oral examination. Clinical size assessment, however, is 
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difficult since the posture of the tongue may significantly alter their appearance 

(Diamond 1980). Clinical grading of tonsillar size is based on their transversal 

extension to the midline (Brodsky 1989). The depth or vertical aspects, however, 

are not regarded in the physical examination. The limited value of tonsillar 

grading in children has become evident when the real size of the surgically 

removed tonsillar tissue has been compared with the clinical grading (Wang et al. 
2009). The size of the tonsils cannot be confidently measured on the lateral 

radiograph, either. It only gives a two-dimensional (2D) view of the tonsils and 

does not reveal the transversal extensiveness of the tissue. Moreover, there is no 

longitudinal data available concerning the physiologic growth of the tonsils, 

which further increases the inaccuracy of whether tonsils should be interpreted as 

hypertrophic (Diamond 1980). Assessment of upper airway by MRI in a cross-

sectional study suggested that tonsils and adenoids grow in constant proportion to 

the surrounding skeletal structures during childhood (Arens et al. 2002). 

Several complications have been reported in relation to grossly enlarged 

tonsils and thereby induced obstruction of the oropharynx, such as mouth 

breathing, speech impairment, swallowing difficulty, disturbed sleep, and 

obstructive sleep apnea (Ahlqvist-Rastad et al. 1988, Gross & Harrison 2000). 

2.2 Dentofacial development in the presence of enlarged 
pharyngeal lymphoid tissue 

The concomitant excess of soft tissue in or around the pharynx may counteract 

the beneficial effects of craniofacial growth on upper airway maintenance (Isono 

2006). Enlargement of the adenoid tissue and tonsils during childhood may 

adversely affect pharyngeal patency (Gross & Harrison 2000). 

Physiologic respiration involves adequate utilization of the nasal and 

nasopharyngeal airway. Obstruction of the nasopharynx, usually due to adenoid 

tissue, may preclude nasal breathing and cause an oral mode of breathing. Oral 

breathing causes postural adaptations with a change in the rest position of the 

mandible, either to a forward posturing or an inferior and posterior rotation of the 

mandible often accompanied by an extension of the head. Oral breathing during 

growth periods in children may provoke disturbed craniofacial development. 

Enlarged tonsils cause spatial disorder in the oropharynx, and as a consequence, 

jaw opening and tongue protrusion are essential in order to preserve adequate 

airway space in the oropharynx. Open-mouth posture in this case is not necessary 
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accompanied by mouth breathing, but as with the oral mode of breathing, the 

developing craniofacial structures have to respond to an altered balance situation. 

(Greenwood. 1988, Behlfelt 1990, Behlfelt et al. 1990a, Enlow & Hans 1996, 

Harari et al. 2010). 

Mode of breathing and the altered positions of the mandible, tongue, and 

head are connected to specific anatomical traits. Previously, the terms “long face 

syndrome” or “adenoid face” have been widely used in the literature when 

describing the supposedly typical craniofacial morphology related to oral 

breathing. It includes a long and narrow face, an open-mouth posture, lip 

incompetence, a flattened nose with small nostrils, a short upper lip, prominent 

upper incisors, a narrow V-shaped maxillary dental arch and a high palatal vault, 

and Class II occlusal relationship. It has been realized that these terms are 

misleading, since obstructed respiratory pattern can be found in individuals with a 

variety of face types, although certain features are more frequent findings in 

patients with nasal obstruction. The variety of dental and skeletal features may 

reflect differences in individual neuromuscular adaptations in order to maintain 

respiratory function. (Linder-Aronson 1970, McNamara 1981) 

2.2.1 Adenoids 

Adenoids with nasal respiratory obstruction are found to be associated with 

increased mandibular plane angle, a narrow maxillary dental arch, a high 

incidence of crossbites, retroclined upper and lower incisors and small 

nasopharyngeal airway (Linder-Aronson 1970). The occurrence of posterior 

crossbite is increased in children with severe obstruction (Oulis et al. 1994). 

Posterior rotation of the mandible, an anteroinferior position of the tongue and an 

inferior position of the hyoid bone (Adamidis & Spyropoulos 1983), increased 

total and lower anterior face heights and mandibular plane angle (Wysocki et al. 
2009), as well as a dorsal rotation of the mandibular ramus in relation to palate 

(Tarvonen & Koski 1987) have also been demonstrated in children with oral 

breathing and nasal obstruction. Prolonged changes in the hyoid bone position 

and its related muscles may lead to certain morphological features, such as 

antegonial notch (Adamidis & Spyropoulos 1983). A large craniocervical angle 

and decreased nasopharyngeal airway have also been found in children with 

enlarged adenoids (Solow et al. 1984), as well as morphological changes in the 

atlas vertebra in children with nasopharyngeal obstruction (Huggare & 
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Kylämarkula 1985). These changes have been suggested to be related to 

prolonged head extension. 

Removal of nasal obstruction is followed by normalization and change in the 

mode of breathing, mandibular growth direction and occlusal variables (Linder-

Aronson 1973, Linder-Aronson et al. 1986, 1993, Kerr et al. 1989, Woodside et al. 
1991), leading to more horizontal growth direction of the mandible (Woodside et 
al. 1991). A reduction in craniocervical angle has also been observed after 

adenoidectomy (Solow et al. 1984). 

2.2.2 Palatine tonsils 

Children with enlarged tonsils display more retrognathic and posteriorly inclined 

mandible, vertical growth pattern of the mandible, stronger tendency for skeletal 

open bite, narrower maxillary dental arch, increased frequency of lateral cross-

bite, retroclined lower incisors, prominent upper incisors, shorter lower dental 

arch and larger overjet, extended head posture, anteroinferior position of the 

tongue and inferior position of the hyoid bone (Behlfelt et al. 1989, 1990a, 

1990b). Lip incompetence, pharyngeal airway size and tonsillar size have been 

shown to represent separate, unrelated factors with respect to their effects on 

dentofacial development (Trotman et al. 1997). The findings of a recent study 

suggest that the site of pharyngeal obstruction may be related to sagittal occlusal 

relationship, whereas posterior crossbites were related to all pharyngeal 

obstruction types (Nunes & Di Francesco 2010). This linkage, however, was not 

found in another study suggesting that oral mode of breathing has a similar effect 

on mandibular growth regardless of the site of obstruction (Sousa et al. 2005). 

The presence of enlarged adenoids or tonsils was not associated with 

malocclusions in a sample of children with mouth-breathing (Souki et al. 2009). 

Relief of the oropharyngeal obstruction results in significant changes in the 

mode of breathing and the positions of the tongue, hyoid bone and head (Behlfelt 

1990). It has been suggested that a spontaneous correction of open bite and 

posterior crossbite likely occurs if tonsillectomy is performed before the age of 

six years (Hultcrantz et al. 1991). Especially children with severe symptoms of 

tonsillar obstruction seem to benefit greatly from early intervention (Gryczynska 
et al. 1995). 

There has also been criticism concerning the strength of evidence for the 

possible relationship between impaired nasal breathing and unfavorable 
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development of dentofacial structures (Diamond 1980, O'Ryan et al. 1982, Vig 

1998). The major argument on this matter concerns the inconsistency of the 

diagnostic tests used for assessing a patient’s respiratory mode (Ung et al. 1990). 

The methods used for evaluating nasal obstruction include clinical examination, 

cephalometric radiographs and rhinomanometric measures. The sensitivity and 

specificity of these tests have been indicated to be vague. (Vig et al. 1991). It has 

been emphasized that a diagnostic test used for assessing airway obstruction 

should be objective and measure the severity of the condition (Vig 1998). 

2.3 Childhood sleep-disordered breathing (SDB) 

2.3.1 Definition 

Childhood SDB is defined as a nocturnal breathing disorder characterized by 

prolonged partial upper airway obstruction or intermittent complete obstruction 

(apnea) which disrupts normal ventilation during sleep and impairs sleep quality. 

Obstructive SDB refers to a wide variety of breathing problems such as snoring, 

upper airway resistance syndrome (UARS) and obstructive sleep apnea (OSA) in 

the order of increasing upper airway resistance. (Carroll & Loughlin 1992, Carroll 

2003). 

Snoring is the most common manifestation related to obstructive SDB. 

Snoring always indicates some degree of increased resistance and partial 

obstruction in the upper airways (Carroll 2003). Snoring may progress to OSA in 

some children (Marcus et al. 1998). UARS is a condition with diurnal symptoms 

and nocturnal breathing-related sleep disruption that is not severe enough to meet 

the criteria for OSA (Bao & Guilleminault 2004). OSA is characterized by 

cessations of airflow and gas exchange during sleep due to repetitive upper 

airway collapses with continuing respiratory efforts (Guilleminault & Stoohs 

1990). 

2.3.2 Prevalence 

Childhood SDB is a relatively common disease, with prevalence ranging from 3 

to 15 per cent (Table 1). Epidemiologic data, however, are limited. There are 

controversies concerning its occurrence due to differences in definition and 

diagnostic criteria, discrepancy in sampling methods, as well as racial and age 
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differences in epidemiological studies. In addition, the population prevalence of 

UARS has not been reported. Sleep-related breathing problems in children are 

underestimated (Lumeng & Chervin 2008) and undiagnosed (Meltzer et al. 2010). 

Diagnostic methods are largely based on the assessment of apneas and hypopneas 

although childhood SDB is rarely associated with complete obstruction in 

breathing (Rosen et al. 1992). The peak incidence of childhood SDB occurs 

between the ages of 3 and 6 years, corresponding to the time when lymphoid 

tissue enlargement is as its greatest (Jeans et al. 1981b). 

There is some evidence that the prevalence of pediatric SDB differs between 

the genders, with boys being more often affected than girls. This gender 

difference increases with age (Lumeng & Chervin 2008). 

Table 1. Population prevalence of childhood sleep-disordered breathing. 

Study Country Sample 

size 

Age range 

(years) 

Regular 

snoring (%) 

OSA (%) 

Ali et al. (1993) United Kingdom 782 5 12.1 0.7 

Cazzolla et al. (2010) Italy 436 6–8 4.0  

Chng et al. (2004) Singapore 10 279 4–7 6.0 1.2 

Corbo et al. (1989) Italy 1 615 6–13 7.3  

Ersu et al. (2004) Turkey 2 147 5–13 7.0 5.6 

Gislason & Benediktsdottir (1995) Iceland 454 0.5–6 3.2 2.9 

Goodwin et al. (2003) United States 1 494 4–11 10.5 3.8 

Kaditis et al. (2004) Greece 3 680 1–18 4.2 1.0 

Li et al. (2010b) Hong Kong 6 349 5–14 7.2  

Liu et al. (2005) China 5 979 2–12 5.6 0.2 

Liukkonen et al. (2008) Finland 1 471 1–6 6.3  

Löfstrand-Tideström et al. (1999) Sweden 615 4 6.0 0.9 

Teculescu et al. (1992) France 190 5 10.0  

Urschitz et al. (2010) Germany 1 144 7–12 10.0 2.8 

Zhang et al. (2004) Australia 996 4–12 15.4  

OSA = obstructive sleep apnea 

2.3.3 Risk factors 

Adenotonsillar hypertrophy is the most commonly recognized cause for SDB 

among children (American Thoracic Society 1996). Adenotonsillectomy, the 

commonly accepted first-line treatment for children, improves SDB in most of the 

cases (Laitinen et al. 2003, Goldstein et al. 2004). However, SDB can exist 

without enlarged lymphoid tissue, and in some children SDB persists after 
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surgery (Tauman et al. 2006, Katz & D'Ambrosio 2008). Adenoid hypertrophy 

has been demonstrated to correlate with the duration of obstructive apneas during 

sleep, but not with the number of apnea episodes (Brooks et al. 1998). The 

adenoid tissue has been suggested to be a predisposing factor rather than having a 

major role in the pathogenesis of childhood OSA since persistent OSA has been 

reported in previously adenoidectomized patients (Nieminen et al. 1997). 

Although the importance of tonsillar hypertrophy in the pathogenesis of OSA in 

children is unquestioned in the literature, studies have revealed controversial 

results. The severity of SDB has been found to correlate with tonsillar size 

(Fregosi et al. 2003, Kaditis et al. 2009, Wang et al. 2009). Other studies, 

however, have failed to confirm the linkage (Jain & Sahni 2002, Monahan et al. 
2002). It has also been reported that there is no association in tonsillar size with 

age in SDB children (Kaditis et al. 2009), and that mild OSA with adenotonsillar 

hypertrophy does not spontaneously resolve in children during growth (Li & Lee 

2009). 

Obesity in childhood predisposes to the development of SDB (Ievers-Landis 

& Redline 2007, Arens & Muzumdar 2010). Obesity increases infiltration of fat 

into structures surrounding the upper airway, which narrows upper airway caliber 

(Tauman & Gozal 2006). The risk of SDB in obese children increases with age, 

being more common in older children than in younger ones (Kohler & van den 

Heuvel 2008). 

Other risk factors associated with the disorder in children include asthma 

(Corbo et al. 2001, Kaditis et al. 2004), parental smoking (Corbo et al. 2001, 

Kaditis et al. 2004), parental snoring (Li et al. 2010a), history of adenoidectomy 

(Nieminen et al. 1997, Ersu et al. 2004), allergic rhinitis (Liukkonen et al. 2008, 

Urschitz et al. 2010), atopic disease (McColley et al. 1997, Chng et al. 2004,), 

recurrent upper airway infections (Guilleminault et al. 1996, Redline et al. 1999), 

otitis media (Guilleminault et al. 1996, Liukkonen et al. 2008), positive family 

history of SDB (Ovchinsky et al. 2002), and craniofacial abnormalities 

(Löfstrand-Tideström et al. 1999). 

Craniofacial and neuromuscular disorders predispose to the development of 

SDB (Leach et al. 1992). Such craniofacial anomalies include Apert syndrome, 

Crouzon syndrome, Pfeiffer syndrome, Pierre Robin sequence, achondroplasia, 

Down syndrome and Treacher-Collins syndrome (Arens & Marcus 2004). Altered 

facial skeletal development contributes to anatomical narrowing of the pharynx. 

Neurological disorders such as cerebral palsy and myasthenia gravis include 
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upper airway hypotonia, which increases the incidence of SDB (Arens & Marcus 

2004). 

2.3.4 Pathophysiology 

The pathophysiology of SDB is complex and not fully understood. Previous data 

suggest that manifestation of SDB results from both structural narrowing of the 

pharynx and abnormal neuromuscular control (Marcus 2000). Upper airway 

obstruction occurs during inspiration, when the pressure surrounding the airway 

becomes greater than the pressure in the airway (Marcus et al. 1994a). Upper 

airway patency is regulated by neuromotor control, which increases during higher 

mechanical loads (Fregosi et al. 2006). Neuromuscular compensation in children 

with OSA sustains upper airway patency and stable breathing during a large 

portion of sleep (Katz & D'Ambrosio 2008). During REM sleep upper airway 

dilator muscle activity is reduced (Huang et al. 2009). In OSA children upper 

airway dynamic response is compromised, leading to increased collapsibility of 

the pharyngeal airway during REM sleep (Huang et al. 2009). 

2.3.5 Symptoms 

Signs and symptoms related to abnormal nocturnal breathing in children are often 

diverse and recognition may not be apparent. Symptoms may vary according to 

age (Guilleminault et al. 2005). 

Nocturnal symptoms 

The most recognized nocturnal symptom is loud snoring (American Thoracic 

Society 1996). The snoring sound during sleep is caused by vibrations of tissues 

in the partially obstructed upper airways due to disturbed airflow during 

inspiration. The other common symptoms reported are pauses in breathing as 

observed by parents (Brouilette et al. 1984, Guilleminault et al. 1992, Marcus 

2000). SDB may manifest itself as restless sleep, sweating, teeth grinding, sleep 

walking, nightmares, nocturnal enuresis, frequent awakening, and unusual 

sleeping positions (Ali et al. 1993, Guilleminault & Pelayo 1998, Löfstrand-

Tideström et al. 1999, Nieminen et al. 2000, Ng et al. 2002, Carroll 2003, Ersu et 
al. 2004). 
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Daytime symptoms 

Daytime symptoms associated with pediatric SDB are often non-specific. 

Excessive daytime somnolence is sometimes observed in children (Ali et al. 
1994), but it is less common than in adults (Gozal et al. 2001). Children with 

SDB are often mouth breathers (Ali et al. 1993, Guilleminault & Pelayo 1998, 

Löfstrand-Tideström et al. 1999). Morning headaches may also be linked to 

childhood SDB (Nelson & Kulnis 2001). Other daytime symptoms observed are 

speech defects, poor appetite, and swallowing difficulties, usually because of 

hypertrophic lymphoid tissue (Ahlqvist-Rastad et al. 1988). 

2.3.6 Diagnosis 

Overnight polysomnography (PSG) has been established as the gold standard of 

definite diagnosis of sleep apnea (American Thoracic Society 1996). Clinical 

guidelines regarding the indications for PSG in children include children being 

considered for adenotonsillectomy to treat OSA. PSG is also indicated in OSA 

children treated with rapid maxillary expansion or an oral appliance to assess 

response to therapy. (Aurora et al. 2011). PSG recording provides objective 

measures of obstructive/hypopnea periods, oxyhemoglobin desaturations and 

arousals, which are, however, relatively weak indicators of morbidity in the 

pediatric age range (Guilleminault et al. 2004, Gozal & Kheirandish-Gozal 2010). 

There has been a lack of agreement in diagnostic criteria for childhood SDB and 

consensus of definition (Carroll 2003). Standard PSG may also fail to reveal 

UARS (Guilleminault & Khramtsov 2001). Furthermore, full-scale PSG is time-

consuming, rather expensive, and frequently unavailable for children in a timely 

manner. 

When taking into account the increasing number of children who are in need 

of PSG evaluation, some new diagnostic approaches have recently been suggested. 

These include utilization of biomarkers and unifying algorithms, which combine 

several conventional and readily available tests (Gozal & Kheirandish-Gozal 

2010). Operational algorithms would have a set of major and minor criteria 

including presence of cardinal symptoms and functional measures related to OSA, 

the results of laboratory tests, history, clinical examination, or radiographic 

assessment of enlarged lymphoid tissue or retrognathia as well as PSG measures 

(Gozal & Kheirandish-Gozal 2010). This novel approach has been proposed in 

order to improve the recognition of children who would most likely benefit from 
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therapy (Gozal & Kheirandish-Gozal 2010). It has been recently summarized that 

diagnosis of childhood SDB is a skillful integration of clinical and PSG findings 

(Aurora et al. 2011, Wise et al. 2011). 

2.3.7 Consequences 

SDB increases morbidity in children, since several health-related consequences 

have been reported in conjunction with pediatric SDB. Untreated OSA may lead 

into deleterious, even life-threatening complications (Kravath et al. 1980). 

Cardiovascular complications 

Untreated childhood OSA is associated with adverse cardiovascular outcomes. 

Hypertension in children with OSA is not as frequent as in adults, but it may 

relate to severe OSA (American Thoracic Society 1999). Previously reported cor 

pulmonale (Brown et al. 1988) is currently rare in children due to sufficiently 

early diagnosis of the disease (American Thoracic Society 1999). Sinus 

arrhythmia and bradycardia may be seen in children with OSA (D'Andrea et al. 
1993). Pediatric OSA may thus predispose to the development of severe chronic 

cardiovascular disease. Cardiovascular consequences are commonly associated 

with overweight in children with SDB (Kohler & van den Heuvel 2008). Early 

detection and appropriate treatment of the disease decreases its implications for 

developing cardiovascular complications (Ng et al. 2005). 

Metabolic impacts 

Data in prepubertal children have indicated an association between higher levels 

of insulin and OSA in obese subjects (Gozal et al. 2008). The treatment of OSA in 

obese children has corrected insulin levels (Waters et al. 2006). Childhood obesity, 

on the other hand, is related to metabolic syndrome, which is characterized by 

components of hypertriglyceridemia, reduced HDL-cholesterol, fasting 

hyperglycemia, insulin resistance, diabetes and hypertension (Arens & Muzumdar 

2010). Such relationship between OSA and insulin resistance has not been found 

in children with normal weight (Gozal et al. 2008). Thus metabolic changes in 

children with OSA are probably caused by obesity, but OSA may act as an 
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important mediator. Increased insulin levels are associated with the severity of 

SDB (Gozal et al. 2008).  

Growth failure 

The impact of OSA on growth is well described in children (Bonuck et al. 2009). 

Due to the current knowledge of pediatric OSA, the majority of the affected 

children are treated early enough before severe growth implications develop 

(American Thoracic Society 1999). Failure to thrive (growth below the fifth 

percentile on growth charts) is infrequent in otherwise healthy children (American 

Thoracic Society 1999). Growth impairment is explained to be attributable to 

several factors such as decreased nocturnal secretion of growth hormone 

(Nieminen et al. 2002), increased energy expenditure due to increased work of 

breathing (Marcus et al. 1994b), decreased caloric intake secondary to 

adenotonsillar hypertrophy (Stradling et al. 1990) and impairment of end-organ 

responsiveness to growth factors (Bate et al. 1984). Catch-up growth and restored 

growth hormone secretion has been demonstrated after adenotonsillectomy (Bar 
et al. 1999, Nieminen et al. 2002). 

Psychological and behavioral effects 

Preschool-aged snoring children have been reported to be at increased risk for 

symptoms of anxious/depressed mood and emotional reactivity (Aronen et al. 
2009). Depressive symptoms are more common in OSA children than in controls 

(Crabtree et al. 2004). 

Behavioral and emotional difficulties are common in children with SDB. 

Impaired concentration, hyperactivity, aggression, irritability, rebelliousness, and 

conduct problems are observed in children with SDB (American Thoracic Society 

1999, Mitchell & Boss 2009). After surgical intervention for OSA, significant 

improvement in behavior has been shown to persist in the long term (Mitchell & 

Kelly 2006). 

Children with attention-deficit/hyperactivity disorder (ADHD) have increased 

rates of snoring and sleep complaints (Ball et al. 1997). On the other hand, sleep 

disorders can lead to clinical symptoms that resemble those commonly seen with 

ADHD (Chervin et al. 2002). Because of the overlap of the symptoms, it has been 

assumed that SDB may exacerbate behavioral problems in some ADHD children, 

or hyperactivity associated with SDB may be misdiagnosed as ADHD (Carroll 
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2003). This frequent relationship between SDB and ADHD, even though 

extensively studied, is still to some extent vague (Cao & Guilleminault 2008). 

Neurocognitive effects 

There is well-documented evidence that childhood SDB is associated with 

significant neurocognitive deficits in areas such as memory, learning, attention 

and, executive functioning (Beebe 2006). Preschool-aged children with snoring 

symptoms have exhibited impaired performance in cognitive auditory attention 

and language skills (Aronen et al. 2009). Phonological deficits are also common 

in SDB children (Lundeborg et al. 2009). Lowered school performance has been 

demonstrated in children with snoring and abnormal nocturnal gas exchange 

(Gozal 1998). The causal relationship between SDB and neurocognitive 

performance is inconsistent. There is evidence of improvement in neurocognitive 

performance as a consequence to adenotonsillectomy (Friedman et al. 2003, 

Chervin et al. 2006). Contrary findings have also been reported, suggesting that 

neurocognitive deficits have not improved after surgical intervention (Kohler et al. 
2009). 

Quality-of-life (QOL) 

The impact of SDB on the health-related quality-of-life (QOL) in children has 

been studied using validated disease-specific QOL surveys (Baldassari et al. 
2008). OSA in children has been shown to have a negative impact on QOL scores 

(Baldassari et al. 2008). The general health status in OSA children corresponds to 

the status of those with juvenile rheumatoid arthritis (Stewart et al. 2000, 

Georgalas et al. 2004). An improvement of QOL has been shown after surgical 

intervention of SDB (Tran et al. 2005, Ericsson et al. 2007, 2009). Obese children 

are more likely to have poorer postoperative scores on a validated QOL 

instrument than normal-weight children (Mitchell & Boss 2009). Tonsillar 

hypertrophy and oral breathing are the most common clinical findings that affect 

QOL in children with SDB (Ungkanont & Areyasathidmon 2006). 
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2.3.8 Comparison between pediatric and adult SDB 

An unanswered question in the field of nocturnal breathing disorders is whether 

pediatric SDB presents a distinct disorder or whether it should be regarded as a 

precursor for adulthood SDB. Childhood SDB differs from adulthood SDB in 

many respects. Excessive daytime sleepiness is the hallmark of OSA in adults, but 

it is usually not present in children (Marcus 2000). In contrast, hyperactivity and 

behavioral changes are often reported in children (Tran et al. 2005). 

Children with SDB have quite low apnea indexes when compared with adults 

(Marcus et al. 1992, Rosen et al. 1992). Instead, a pattern of persistent, partial 

upper airway obstruction, which disturbs gas exchange during sleep, is a usual 

finding in children with SDB (Marcus 2000). Previous studies in children with 

OSA have indicated that their upper airway is more collapsible during REM sleep, 

whereas in adults obstructive events usually occur during non-REM sleep (Huang 
et al. 2009). 

Unlike in adults, overweight is only modestly associated with SDB in 

children, although obesity increases the risk for pediatric OSA (Marcus 2000). 

Upper airway narrowing in children is mostly caused by enlarged lymphoid tissue 

(Arens et al. 2001). This narrowing is likely to occur at the level of nasopharynx 

or retropalatal oropharynx, whereas in adults the site of obstruction is lower, at 

the level of retroglossal or retropalatal oropharynx (Arens & Marcus 2004). 

Adenotonsillectomy is the primary choice of treatment for childhood SDB 

(Laitinen et al. 2003, Ye et al. 2010). Meta-analysis of current literature has 

shown that adenotonsillectomy significantly improves SDB, although complete 

resolution is not always achieved (Friedman et al. 2009). Other treatment options 

are continuous positive airway pressure (CPAP), orthodontics, and weight 

reduction (Villa et al. 2002, Laitinen et al. 2003, Arens & Marcus 2004). 

Treatment alternatives for adults are weight reduction, medical treatment 

improving nasal breathing, CPAP, mandibular advancement splint, upper airway 

surgery, or oral and maxillofacial surgery (Laitinen et al. 2003). Treatment 

success rates in children are higher than in adults (Arens & Marcus 2004). 

2.3.9 Upper airway imaging in children with SDB 

Upper airway anatomy in SDB children has been studied by cephalometry, 

endoscopy, acustic reflection, computed tomography and magnetic resonance 

imaging (MRI) techniques. 
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Lateral cephalometric radiographs have been used in SDB children when 

evaluating sagittal craniofacial and pharyngeal dimensions. Even though 

cephalometry is quite inexpensive, widely available and easily performed, there 

are some limitations which have reduced its use as a diagnostic tool. 

Cephalometry is suitable for evaluating skeletal structures and is thus used in 

orthodontic practice. The major limitations of lateral radiographs are those related 

to its 2D nature. (Fleetham 1992, Schwab 1998). Nevertheless, cephalometric 

studies have demonstrated that preschool-aged children with OSA display 

decreased sagittal nasopharyngeal airway size when compared with age- and 

gender-matched unaffected children (Shintani et al. 1997, Zucconi et al. 1999, 

Zettergren-Wijk et al. 2006). Also prepubertal children with snoring symptoms 

have exhibited narrower sagittal pharyngeal airway than controls (Kulnis et al. 
2000). Pharyngeal airway in preschool-aged girls with SDB has proven narrower 

than in boys with same age and SDB (Kawashima 2002). Tonsillar-pharyngeal 

ratio on lateral radiograph has been shown to correlate with the severity of OSA 

(Li et al. 2002). Elongation of the soft palate as seen on lateral radiograph has 

also been reported in SDB children (Kawashima et al. 2003). 

Pharyngeal endoscopy makes it possible to study static pressure/area 

relationships. The method has been used under general anesthesia for research 

purposes, and is not yet in clinical use. This method has revealed that the upper 

airway is structurally narrower in SDB children than in healthy children. The 

primary site of closure was shown to occur at the level of enlarged adenoid and 

tonsils in children with SDB. Especially the retropalatal and retroglossal segments 

were found to be prone to increased collapsibility. (Isono et al. 1998) 

Pharyngeal dimensions have also been studied for research purposes using 

the acoustic reflection technique, which is based on the analysis of a sound wave 

reflected from the airway. These results, however, are not comparable with other 

upper airway imaging modalities, since acoustic reflection is performed through 

the mouth, which alters the mandibular position and thus upper airway anatomy. 

(Schwab 1998). A study using this technique in SDB children has shown 

reduction in minimum cross-sectional pharyngeal airway area when compared 

with control children (Monahan et al. 2002). Acoustic rhinometry is a non-

invasive technique that has been used in children with SDB to evaluate the cross-

sectional area and volume of the nasal cavity and nasopharynx (Okun et al. 2010). 

Although significant changes in acoustic rhinometric measurements and airway 
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dynamics were found in children with OSA, this method does not measure 

oropharyngeal variables. 

Age-related changes of the upper airway morphology have been studied using 

3D computed tomography. Pediatric airways were shown to be smaller, narrower 

and shorter than in adults. A less elliptical cross-sectional shape and a more 

uniform and compact appearance were also found when the shapes of pediatric 

and adult airways were compared (Abramson et al. 2009). However, the major 

limitation of the computed tomography is high exposure to radiation. 

The MRI technique permits both sequential and volumetric 3D upper airway 

assessment and soft tissue quantification without radiation. It is performed in 

supine position, and dynamic imaging of the upper airway is also possible. The 

disadvantages of the MRI technique are limited availability, high cost and long 

imaging time for young children. (Fleetham 1992, Schwab 1998). MRI studies 

have demonstrated that the upper airway in children with OSA is restricted along 

the initial two thirds of its length due to enlarged lymphoid tissue, both adenoids 

and tonsils, but also larger than normal soft palate (Arens et al. 2001, 2003). 

Especially the retropalatal airway space is significantly narrower in children with 

SDB, correlating with its increasing severity (Fregosi et al. 2003). The upper 

airway collapse, however, can happen at different sites. Significant differences 

were found between OSA children and controls in the pattern of pharyngeal 

dynamic motion during sleep by using cine MRI (Donnelly et al. 2003, Donnelly 

2005). OSA children were more likely to have intermittent obstruction of the 

nasopharynx or exclusively demonstrated obstruction of the hypopharynx 

(Donnelly et al. 2003). These hypopharyngeal obstructions are either primary 

collapses due to decreased muscular tone during sleep, or secondary collapses 

because of the obstruction within the more superior part of the pharynx (Donnelly 

2005). 

2.3.10 Occlusal and craniofacial features in children with SDB 

Children with nocturnal breathing disorder present similar dentofacial traits as 

previously described in children with enlarged adenoids and/or tonsils. Occlusal 

findings related to childhood SDB are narrow maxillary dental arch, deep palatal 

height, short mandibular dental arch length and higher prevalence of cross-bites 

(Löfstrand-Tideström et al. 1999). Cephalometric studies have also revealed 

specific anatomical craniofacial characteristics in SDB children when compared 

with control children. These include posterior rotation and vertical growth pattern 
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of the mandible (Löfstrand-Tideström et al. 1999, Zucconi et al. 1999, Zettergren-

Wijk et al. 2006), increased anterior face height (Löfstrand-Tideström et al. 1999, 

Zettergren-Wijk et al. 2006), retrognathic maxilla (Shintani et al. 1997, Kulnis et 
al. 2000,) and mandible (Shintani et al. 1996, Zucconi et al. 1999, Kawashima et 
al. 2000), short anterior cranial base (Kulnis et al. 2000, Zettergren-Wijk et al. 
2006), inferiorly positioned hyoid bone (Shintani et al. 1996, Finkelstein et al. 
2000, Kulnis et al. 2000), reduced pharyngeal airway space (Zucconi et al. 1999, 

Finkelstein et al. 2000, Kulnis et al. 2000, Kawashima 2002, Kawashima et al. 
2003, Özdemir et al. 2004, Zettergren-Wijk et al. 2006), long soft palate 

(Kawashima et al. 2003), and retroclined upper and/or lower incisors (Kawashima 
et al. 2000, Zettergren-Wijk et al. 2006). Mandibular deficiency, however, has not 

been found in all studies (Schiffman et al. 2004). 

Early treatment of childhood SDB has been reported to result in an almost 

complete normalization of craniofacial development (Ågren et al. 1998, 

Zettergren-Wijk et al. 2006). A longitudinal study, however, indicated that 

regardless of surgical intervention, maxillary dental arch remained narrower in 

snoring children than in control children eight years postoperatively. It was 

suggested by the authors that the narrowness of the maxillary arch in the 

examined affected children may present a genetic pattern. (Hultcrantz & 

Löfstrand Tideström 2009, Löfstrand-Tideström & Hultcrantz 2010). Clinically 

graded tonsillar size or duration of SDB symptoms have not been found to 

correlate with the craniofacial findings (Ågren et al. 1998). 

There is some evident inconsistency in the current literature concerning 

dentofacial development in children with SDB. This may be explained by small 

sample sizes as well as ethnic and diagnostic differences between the studies. 

Only a few studies have taken the severity of the disorder into consideration. Mild 

forms of SDB, especially snoring, have been ignored. In order to improve the 

estimation of risk factors for pediatric SDB in primary care settings, feasible and 

easily performed screening tools are needed for orthodontists. 



37 

3 Aims of the study 

The general aim of this study was to elucidate distinct occlusal, craniofacial, and 

pharyngeal characteristics in children with diagnosed SDB, and to compare them 

with children exhibiting normal breathing pattern. A further aim was to test the 

validity of the conventional methods used for recognition of obstructed airways. 

The specific objectives were: 

1. To define distinct occlusal features which characterize children with 

diagnosed SDB (I). 

2. To define distinct craniofacial characteristics in children with diagnosed SDB 

(II) 

3. To evaluate the validity of occlusal and cephalometric measurements in 

identification of children at risk for severe obstruction (I, II). 

4. To test the validity of two-dimensional cephalometric evaluation of the 

pharynx, as compared with three-dimensional upper airway MRI in children 

with SDB (III). 

5. To examine the association of cephalometric and MRI findings with the 

clinical grading of tonsillar size (III). 

6. To analyze the pharyngeal airway changes in children with SDB in relation to 

different head positions and to compare them with values of non-obstructed 

children to detect the area of the pharynx most critical for obstruction (IV). 

The hypotheses of the study: 

– children with more severe obstruction display larger deviation from normal 

dentofacial structure than less obstructed ones 

– two-dimensional cephalometric pharyngeal airway assessment does not 

correlate strongly with clinical grading of tonsillar size or MRI findings 

– the most restricted areas of the pharynx in SDB children are not significantly 

affected by cranio-cervical posture 
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4 Subjects and methods 

4.1 Ethical considerations 

The Ethical Committee of the Oulu University Hospital, Oulu, Finland, reviewed 

and approved the study protocol. An informed consent was obtained from all 

parents or guardians and a verbal assent from the children before they entered the 

study. 

4.2 Study subjects and controls 

The study sample was recruited among children who were referred from primary 

health care units to the Department of Otorhinolaryngology of Oulu University 

Hospital because of snoring and symptoms of SDB for more than six months. 

Before a clinical examination, parents completed a questionnaire regarding their 

child’s nocturnal sleeping and snoring habits and possible difficulties in breathing 

during sleep. The final recruitment was performed on the basis of this 

questionnaire and the results of a clinical examination by an otorhinolaryngologist. 

Inclusion criteria were suspicion of SDB, prepubertal age, good general health, 

normal weight and no previous orthodontic treatment. Children with abnormal 

development, asthma, perennial allergy, or chronic or recurrent infections such as 

tonsillitis or sinusitis were excluded. Children with history of adenoidectomy 

because of recurrent otitis media were accepted for the study. Seasonal allergy 

was not an exclusion criterion, if a child had obstructive symptoms outside the 

allergy season. 

Seventy children, who were examined during the years 2000–2002, 

constituted the source of subjects for four separate studies. In addition, Study I 

was supplemented by the SDB subjects who underwent a corresponding oral 

examination during the years 1994–1996. The number of study subjects varies 

between the studies, because all data were not available for all children. The study 

groups are presented in Table 2. 

Control groups for dental and MRI studies (I and IV) were age- and gender-

matched children with normal weight and no history of upper airway problems or 

health-related complaints. Control children were mainly offspring of hospital and 

university personnel. They presented no nighttime obstructive symptoms 

according to their parents’ observations.  
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Malocclusions were accepted. Children with orthodontic treatment were excluded. 

Control material for cephalometric study (II) consisted of previously obtained 

cephalograms of 70 age- and gender-matched non-obstructed children at the 

municipal oral health center in Oulu before they entered orthodontic treatment 

during 2002 (II). Cephalometric radiographs could not be obtained from non-

symptomatic control children for ethical reasons. Skeletal type of the controls 

represented the average prevalence of Class I skeletal type (72.9 per cent) and 

Class II skeletal type (27.1 per cent) in Finnish population in this age group 

(Myllärniemi 1973, Keski-Nisula et al. 2003). 

The sample size was evaluated by power analysis. According to a previous 

cephalometric study, the mean sagittal angle between the deepest points on the 

anterior borders of the mandible and the maxilla (ANB) is 5.9 (SD 2.0) degrees 

and mean palatomandibular (PL-ML) angle is 31.7 (SD 5.3) degrees for snoring 

children (Zucconi et al. 1999). We found that a one-degree change in ANB angle 

and a two-degree change in PL-ML angle would give estimated sample sizes of 

63 and 65, respectively, which have 0.8 power to detect a difference using a 

paired t-test with a 0.05 two-sided statistical significance level. When evaluating 

sample size for MRI studies, we used different estimates. Previous MRI studies 

have shown that mean cross-sectional area of the total airway is 47.1 mm2 (SD 

18.2) for children (Arens et al. 2001, 2003). We considered that a 25 per cent 

change in upper airway cross-sectional area represents a clinically significant 

change. On the basis of this estimation, we found that a sample size of 29 would 

have 0.9 power to detect a difference using a paired t-test with a 0.05 two-sided 

statistical significance level. 

4.3 Methods 

4.3.1 Overnight polygraphy (PG) (I, II, III, IV) 

After the initial evaluation, all children with suspicion of SDB underwent 

nocturnal PG recording in the Department of Otorhinolaryngology. A six-channel 

computerized PG device developed by the Department of Neurophysiology of 

Oulu University Hospital was used. PG monitoring was carried out in the hospital 

under the observation of a trained nurse. The children were accompanied by a 

parent during PG registration. 
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The following variables were monitored: arterial oxyhemoglobin saturation, 

electrocardiogram, oronasal airflow, thoracic respiratory effort, tibial muscle 

activity and sleeping position, recorded in terms of the relative time spent 

sleeping supine. Due to lack of channels for electroencephalogram, electro-

oculogram, and chin electromusculogram, sleep stage or cortical arousals could 

not be monitored. 

PG data were analyzed by a neurophysiologist. Although the analysis 

program included a possibility for automatic analysis of nocturnal events, the 

entire record was manually checked by a neurophysiologist. 

Obstructive apnea was defined as total cessation of oronasal airflow with 

continued respiratory effort for at least 10 seconds, usually accompanied by a 4 

per cent or greater decrease in arterial oxygen saturation. Obstructive hypopnea, 

correspondingly, was defined as at least a 50 per cent decrease in oronasal airflow 

signal with continued chest wall motion lasting at least 10 seconds and a 

concurrent fall in arterial oxygen saturation of 4 per cent or more. Mixed apnea 

was defined as a cessation of oronasal airflow lasting 10 seconds or more with 

absence of chest wall motion at the beginning of the apnea but with respiratory 

effort in the latter part of the apnea. Mixed apneas and hypopneas were classified 

into the obstructive apnea category. 

The severity of OSA was expressed by the obstructive apnea-hypopnea index 

(AHI), which was the sum of obstructive and mixed apneas and hypopneas per 

hour of sleep during registration. Based on previous findings in children, an AHI 

of 1 or higher was considered pathological and thus used as the criterion for OSA 

(Carroll & Loughlin 1992, Marcus et al. 1992, Rosen et al. 1992, Nieminen et al. 
2000). Central apneas, defined as abnormal respiratory pauses without chest 

movements or struggling, were not included in the index. 

When evaluating periods of increased upper airway respiratory resistance 

outside of clinically significant apneas and hypopneas, an indirect method was 

used. The PG data was manually checked for both periodic ventilation restrictions 

with a less than 50 per cent amplitude decrease and flattening in the oronasal 

airflow signal. Episodes linked with a pulse increase and amplitude increase, as 

well as sharpening of the oronasal airflow signal at the termination of the events 

were interpreted as UAR episodes. 
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4.3.2 Clinical assessment of tonsillar size (I, III) 

Otorhinolaryngological examination was carried out in children with suspected 

SDB. Previous adenoidectomy was registered. The size of the palatine tonsils was 

graded on a scale from 1 to 4 modifying the method recommended by Brodsky 

(1989). Grade 1 tonsils remain within the tonsillar fossa, grade 2 tonsils do not 

reach the midline between the anterior faucial pillar and the uvula, grade 3 tonsils 

extend medially from the midline, and grade 4 tonsils have a maximum distance 

of 4 mm or less between them. The size of both right and left tonsil was registered 

separately, but a single score was used to express tonsillar size in order to 

simplify statistical analysis. For asymmetric expression of the tonsils, the score of 

the larger tonsil was used for grades 1–3. For grade 4 only the metric distance 

determination was used. 

4.3.3  Dental arch examination (I) 

Examinations of dental arches were carried out by the author at the Institute of 

Dentistry, University of Oulu. 

Alginate impressions and wax bite index recording the intercuspal position 

were taken during the oral examination. Hard stone casts were used for measuring 

dimensions of the dental arches. The measurements were performed manually 

using a calibrated digital sliding caliber with an accuracy of 0.01 mm by an 

investigator who was blinded to the study material. 

The width and length of the maxillary and mandibular dental arches were 

measured using the method of Moorrees (1959) (Figure 1). In addition, palatal 

height was measured perpendicular to the midline of the palatal vault from a line 

between the palatogingival margin of the second primary molars or the second 

premolars. Overjet and overbite were also measured on the casts. 

Angle classification for sagittal molar relationship was performed both 

clinically and from the dental casts. Each side of the jaw was classified separately. 

None of the examined children had Class III molar relationship. Occlusion of the 

molars was thus classified as either Class I or Class II. Asymmetric Class I / Class 

II malocclusions were eventually recorded as Class II malocclusions, because of 

the relative small number of cases. If the first permanent molars were not fully 

erupted, the sagittal relationship was defined according to the second primary 

molar occlusion. 
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Fig. 1. Dental arch measurements (I). Maxillary and mandibular arch length (L): arch 

length measured from the extreme labial surfaces of the incisors perpendicular to a 

line indicating the extreme distal point of the second primary molars or the second 

premolars. Maxillary and mandibular arch width: a line connecting the crown tips of 

the canines (W1), the mesiolingual cusps of the primary first (W2) and second (W3) 

molars or the lingual cusps of the permanent first (W2) and second (W3) premolars, 

and the permanent first molars (W4). 

Occlusal discrepancies, such as deep bites, open bites, crossbites and scissor bites 

as well as crowding, were recorded and classified modifying the method of Björk 

et al. (1964). Incisor occlusion was judged from the most prominent central 

incisor. Overbite was categorized as normal, deep bite (> 5 mm), or open bite 

(< 0 mm, no contact between the upper and lower incisors). Posterior crossbites 

were recorded if the buccal cusp of the upper tooth occluded lingually to the 

buccal cusp of the corresponding lower tooth. Posterior crossbites included 

crossbites of the canines and more posterior teeth. Scissor bites were registered in 

the primary or permanent molars or in the permanent premolars if the lingual cusp 

of the upper tooth occluded buccally to the buccal cusp of the corresponding 

lower tooth. Crowding was considered moderate or severe if there was lack of 
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space of 4 mm or more in the dental arch, and mild if there was lack of space of 

more than 2 mm, but less than 4 mm. 

4.3.4 Cephalometry (II, III) 

A lateral cephalometric radiograph was taken from each SDB child using 

Cephalix cephalostat (Tagarno AS, Horsens, Denmark). The cephalograms were 

obtained according to a standard method with the children standing, the head 

fixed in the cephalostat with ear-rods and support on the forehead, the teeth in the 

maximum intercuspal position, and the lips in a relaxed position. To accomplish 

natural head position, the children were asked to look straight into their eyes in 

the mirror placed in front of them. The true vertical was indicated on the films 

with a 1.5 mm weighted metal band mounted in front of the cassette during 

exposure.  

The distance from the focus to the median plane was 200 cm and the median 

plane-film distance was 10 cm, giving an enlargement of the midline structures of 

5.0 per cent. In study II, lateral radiographs of control children had been taken in 

the same cephalostat. Since the magnification was the same for all radiographs, 

the enlargement factor was disregarded. In study III, radiographic enlargement 

was corrected for pharyngeal measurements before the statistical analyses. 

Cephalometric landmarks and reference lines are presented in Table 3 and 

Figures 2 and 3. Conventional cephalometric landmarks, reference lines, and 

measurements were used in skeletal structures. The nasopharyngeal airway was 

measured according to the analysis of Linder-Aronson (1970). Oropharyngeal 

airway, soft palate, and hyoid bone variables were measured as previously 

described by Solow et al. (1996). Craniocervical posture was assessed using the 

method of Solow & Tallgren (1976). In study III, nasopharyngeal, oropharyngeal 

and soft tissue areas were traced, digitalized, and analyzed by the ImageJ program 

(Image processing and analysis in Java). Variables measured in study III are 

presented in Table 4. 

Cephalometric measurements included 11 morphologic, 10 airway, 3 hyoid 

bone position, and 5 postural variables. In total, there were 11 angular and 18 

linear measurements. Cephalograms were traced and measured manually by an 

orthodontist. The measurements were calculated to the nearest 0.5 mm or 0.5 

degrees. 
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Table 3. Definition of skeletal landmarks and reference lines on the cephalograms (II). 

Abbreviation Name Definition 

Skeletal 

landmarks 

  

A subspinale the most posterior point on the concave outline of the upper 

labial alveolar process 

ANS anterior nasal spine the most anterior point of the bony hard palate 

B supramentale the most posterior point on the anterior mandibular contour 

Ba basion the most inferoposterior point in the midsagittal plane on the 

anterior rim of the foramen magnum 

Cd condylion the most posterosuperior point of the mandibular condyle 

C2ip second cervical 

vertebra 

the most inferoposterior point on the body of the second 

cervical vertebra 

C2tg odontoid process 

tangent 

the tangent point, on the dorsal contour of the odontoid process 

on the body of the second cervical vertebra, to a line from C2ip 

C3ai third cervical 

vertebra 

the most anteroinferior point on the body of the third cervical 

vertebra 

C4ip fourth cervical 

vertebra 

the most inferoposterior point on the body of the fourth cervical 

vertebra 

Gn gnathion the most anteroinferior point on the contour of the bony chin 

Go gonion the most inferoposterior point at the gonial angle 

H hyoid bone the most anterosuperior point on the body of hyoid bone 

Me menton the most inferior point of the symphysis 

N nasion the most anterior point of the frontonasal suture 

PNS posterior nasal spine the most posterior point of the bony hard palate 

RGn retrognathion the most inferoposterior point on the mandibular symphysis 

S sella the central point of sella turcica 

Reference lines   

CVT cervical vertebral 

tangent 

the line through C4ip and C2tg 

HOR horizontal line the line perpendicular to the gravity-determined vertical 

ML mandibular line the line through Me and Go 

NSL nasion-sella line the line through N and S 

OPT odontoid process 

tangent 

the line through C2ip and C2 tg 

PL palatal line the line through ANS and PNS 
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Fig. 2. Cephalometric measurements (II). Definitions of reference points and lines are 

given in Table 3. Craniofacial measurements — SNA: sagittal position of the maxilla in 

relation to the anterior cranial base (the angle between the lines S ̶ N and N ̶ A); SNB: 

sagittal position of the mandible in relation to the anterior cranial base (the angle 

between the lines S–N and N–B); ANB: sagittal position of the mandible in relation to 

the maxilla (the angle between the lines A–N and N–B); NSL–ML: inclination of the 

mandible in relation to the anterior cranial base (the angle between the N–S line and 

the mandibular line); PL–ML: intermaxillary inclination of the jaws (the angle between 

the palatal line and mandibular line); ANS–PNS: palatal length (the distance from ANS 

to PNS); Cd–Gn: mandibular length (the distance from Cd to Gn); N–Me: total anterior 

face height (the distance from N to Me); ANS–Me: lower anterior face height (the 

distance from ANS to Me); S–Go: posterior face height (the distance from S to Go); N–

S–Ba: anterior cranial base angle (the angle between the lines N–S and S–Ba); Hyoid 
bone position — H–ML: vertical position of the hyoid bone (perpendicular distance of 

the hyoid point from the ML-line); H–C3ai: sagittal position of the hyoid bone (linear 

distance from the hyoid point to the third cervical vertebral point); H–RGn: sagittal 

position of the hyoid bone (linear distance from the hyoid point to retrognathion); 

Craniocervical measurements — NSL–CVT: craniocervical angulation (the angle 
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between the NSL-line and the CVT-line); NSL–OPT: craniocervical angulation (the 

angle between the NSL-line and the OPT-line); CVT–HOR: cervical inclination (the 

angle between the CVT-line and the true horizontal line); OPT–HOR: cervical 

inclination (the angle between the OPT and-line and the true horizontal line); OPT–CVT: 

the curvature of the cervical column (the angle between the lines OPT and CVT); 

Pharyngeal measurement — PAS: posterior airway space measured between the 

posterior pharyngeal wall and the dorsum of the tongue on a line joining the points Go 

and B. 

Fig. 3. Cephalometric pharyngeal measurements (II, III) — PNS–ad1: distance from 

PNS to the nearest adenoid tissue measured along the line PNS–Ba; PNS–ad2: 

distance from PNS to the nearest adenoid tissue measured along the line through PNS 

perpendicular to S–Ba; ve1-ve2: the smallest distance from the velum palatinum to the 

posterior pharyngeal wall measured perpendicular to the direction of the airway; u1-

u2: airway space on a line from the tip of the uvula to the posterior pharyngeal wall 

measured perpendicular to the direction of the airway; rl1-rl2: the smallest distance 

from the radix linguae (base of the tongue) to the posterior pharyngeal wall measured 

perpendicular to the direction of the airway; va1-va2: distance from the vallecula 

epiglottis to the posterior pharyngeal wall measured perpendicular to the direction of 

the airway; PNS–Ba: linear distance from PNS to Ba; PNS-u1: soft palate length (the 

linear distance between PNS and u1, the tip of the soft palate (uvula); MPT: maximum 

palatal thickness (the maximum thickness of the soft palate measured on the line 

perpendicular to the PNS–u1–line). 
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4.3.5 Magnetic resonance imaging (MRI) (III, IV) 

MRI was performed using a low-field 0.23T open-configuration MR scanner 

(Philips Outlook Proview, Philips Medical Systems MR-technologies Finland, 

Vantaa, Finland) and a standard commercially available head coil. The children 

were imaged in the supine position and the teeth in the intercuspal position. 

During the scanning the children were awake and accompanied by a parent or 

guardian in the examination room. The scanning was performed in three head 

postures: neutral, extension and flexion. A foam bolster was used to stabilize the 

head posture in extension and flexion positions. 

Contiguous sagittal T1-weighted 3D gradient echo MR images (repetition 

time [TR] = 24 ms, echo time [TE] = 9 ms, 250x250 matrix, field of view 

[FOV] = 249 mm, 3 mm slice thickness) were acquired centered about the 

midsagittal plane through the long axis of the airway. Axial sections (TR = 24 ms, 

TE = 9 ms, 250 × 250 matrix, FOV = 249 mm, 4 mm slice thickness, imaging 

time = 4 min) of the pharynx were gathered perpendicularly to the tangent of the 

posterior pharyngeal wall spanning from the top of the nasopharynx to the 

epiglottis. The MR scanning was repeated similarly after setting the child’s head 

in the extended posture by placing the bolster under the shoulders. Before the 

third scanning, the subject’s head was set in the flexed posture by placing the 

bolster under the head. 

Measurements from MR image sets in all three head positions were 

performed by manual tracing with image processing software (RadWorks 5.1 

Software Applicare Medical Imaging B.V.) by the author. The cross-sectional 

airway area was traced and measured in all pharyngeal axial slices. Among these 

the following were recorded: 1) the smallest nasopharyngeal cross-sectional 

airway area (NPCA; mm2), 2) the smallest retropalatal cross-sectional airway area 

(RPCA; mm2), 3) the smallest retroglossal cross-sectional airway area (RGCA; 

mm2), and 4) the cross-sectional airway area at the level of epiglottis (ECA; mm2). 

The volumes of the nasopharynx (NPV; mm3), oropharynx (OPV; mm3) and 

hypopharynx (HPV; mm3) were also calculated. Oropharyngeal volume was 

further divided into retropalatal (RPV; mm3) and retroglossal (RGV; mm3) 

volumes (Table 4, Figure 4). Volumes were measured by multiplying the cross-

sectional airway area in each sequential axial slice by slice thickness (4 mm) in 

order to obtain a volume for each slice. The regional pharyngeal volumes were 

calculated as a sum of the volume measures of each sequential slice. In addition, 

minimum intertonsillar airway width (mm) was measured. 
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Table 4. Upper airway variables (III). 

Variable Definition 

Cephalometric variables  

Linear (mm)  

PNS–ad1 Distance from PNS to the nearest adenoid tissue measured along the line 

PNS–Ba 

PNS–ad2 Distance from PNS to the nearest adenoid tissue measured along the line 

through PNS perpendicular to the S–Ba–line 

ve1–ve2 The smallest distance from the velum palatinum to the posterior 

pharyngeal wall measured perpendicularly to the direction of the airway 

u1–u2 Airway space on a line from the tip of the uvula to the posterior pharyngeal 

wall measured perpendicularly to the direction of the airway 

rl1–rl2 The smallest distance from the radix linguae to the posterior pharyngeal 

wall measured perpendicularly to the direction of the airway 

va1–va2 Distance from the vallecula epiglottis to the posterior pharyngeal wall 

measured perpendicularly to the direction of the airway 

Area (mm2)  

NPA Sagittal nasopharyngeal airway; the area outlined anteriorly by the 

choanae, posteriorly by pharyngeal wall or adenoid tissue, and inferiorly by 

the extension of the PL line from PNS to the posterior pharyngeal wall. 

OPA Sagittal oropharyngeal area: the area outlined by the inferior border of the 

nasopharynx, the posterior surface of the soft palate and tongue, a line 

from the vallecula epiglottis to the posterior pharyngeal wall, and the 

posterior pharyngeal wall. 

Soft tissue area Sagittal cross-sectional area of soft palate and possible tonsils in lateral 

view. The area confined by the outline of the soft palate that starts and 

ends at PNS through the tip of the uvula or around tonsils 

MRI variables  

Intertonsillar width (mm) The smallest axial airway width at the level of tonsils 

NPCA (mm2) The smallest cross-sectional nasopharyngeal airway area 

RPCA (mm2) The smallest cross-sectional retropalatal airway area 

RGCA (mm2) The smallest cross-sectional retroglossal airway area 

ECA (mm2) Cross-sectional airway area at the level of epiglottis 

OPV (mm3) Oropharyngeal volume 

Clinical variables  

Size of the tonsils Graded on a scale from 1 to 4 
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Fig. 4.  Midsagittal magnetic resonance image (A) from a representative child with 

adenotonsillar hypertrophy and diagnosed OSA. Selected axial scans in retropalatal 

(B) and retroglossal (C) regions at the level of tonsils from the same subject. Arrows 

show sagittal narrowing of the retropalatal airway (B) and transversal narrowing of the 

retroglossal airway (C) due to enlarged tonsils. Lateral radiograph of the same child 

(D). Schematic presentation of the pharyngeal airway (E) presents the cephalometric 

variables measured. Definitions of abbreviations are given in Table 4. 

4.3.6 Reliability of the measurements 

The dental arch measurements were repeated after two weeks in twenty randomly 

selected casts. The reliability of occlusal ratings (Angle classification, deep bite, 

open bite, crossbite, scissors bite, crowding) was also tested. Intra-rater reliability 

was measured by intraclass correlation coefficients (ICC) for linear dental arch 

measurements and Cohen’s kappa coefficients for malocclusion classifications. 

ICC varied from 0.990 to 0.997 for linear measurements. Cohen’s kappa 

coefficients varied from 0.889 (Angle classification) to 1.000 (assessment of open 

bite) (I). 

Twenty-five cephalograms chosen at random were traced and measured twice 

by the same author at least four weeks apart in order to calculate the error of the 
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method. ICC varied from 0.937 to 0.995 for angular measurements and from 

0.932 to 0.997 for linear measurements, indicating a satisfactory level of intra-

investigator reliability (II). 

In studies III and IV, MRI scans and cephalograms of ten randomly selected 

children were traced and measured twice, with a 2-week interval between the 

measurements. The ICC values varied from 0.923 to 0.975 for MRI area 

measurements, from 0.933 to 0.998 for MRI linear measurements, from 0.973 to 

0.993 for cephalometric linear measurements, and from 0.856 to 0.892 for 

cephalometric area measurements. 

4.3.7 Statistical analyses 

Statistical analyses were performed using statistical software package (SPSS, 

version 16.0, SPSS Inc., Chicago, IL, USA).  

The mean, standard deviation and 95% confidence interval were calculated 

separately for each measured variable in the dental arch study (I), cephalometric 

analyses (II, III) and MRI studies (III, IV). Significances of differences between 

values for the study and the control groups were analyzed using a two-sided t-test 

for paired observations (II, IV). Analysis of variance followed by Duncan’s 

multiple comparison method was used to determine statistical differences between 

the SDB subgroups and the control group (I, II). The effect of tonsillar size on 

AHI was examined by Fisher’s exact test (I). A binomial test was performed in 

order to analyze the malocclusion prevalences of paired samples (I). Multiple 

regression analysis was used when assessing the relationship between AHI and 

several independent variables in order to find predictors for AHI (I). 

Analysis of variance was used when examining the differences between the 

SDB subgroups and the control group, when significant disparity in the ages and 

genders existed (II). As there was no significant age or gender difference in 

craniofacial angular, pharyngeal, or craniocervical measurements between the 

subgroups and the controls, the differences were further tested using analysis of 

variance followed by Duncan’s multiple comparison method. Paired differences 

for craniofacial linear and hyoid bone variables between the cases and the 

controls were used in order to reduce the effects of age and gender when 

comparing the SDB subgroups. In order to identify the subjects at risk for severe 

SDB on the basis of cephalometric variables, logistic regression analysis was 

utilized (II). Pearson correlation coefficients were calculated between the clinical, 
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cephalometric and MRI measurements (III). Intra-group differences were 

analyzed using Bonferroni and Šidak correlations for multiple comparisons (IV).  

For all analyses, a P-value of less than 0.05 was interpreted as statistically 

significant. 
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5 Results 

5.1 Dental arch dimensions and occlusion (I) 

Linear dental arch measurements are presented for the examined groups of OSA, 

snoring, and control children in Table 5. Overjet was found to be larger in the 

OSA (P < 0.05) and snoring (P < 0.05) groups when compared with the controls. 

Overbite was significantly reduced in OSA children when compared with the non-

obstructed control children (P < 0.05). Maxillary dental arch was significantly 

narrower in the groups of OSA and snoring children than in the control children. 

Arch width measured at the level of maxillary canines (W1) was decreased in the 

OSA (P < 0.01) and snoring (P < 0.05) groups when compared with the controls. 

Maxillary arch width measured at the level of first primary molars or first 

permanent premolars (W2) was reduced in the OSA group (P < 0.05) when 

compared with the non-obstructed controls. Maxillary arch width was also 

smaller at the level of second primary molars or second permanent premolars (W3) 

in both the OSA (P < 0.05) and snoring (P < 0.05) groups when compared with 

the controls. Lower arch length was also found to be significantly smaller in the 

OSA (P < 0.01) and snoring (P < 0.05) children than in the control children. There 

were no statistically significant differences in upper arch length, palatal height or 

mandibular width between the examined groups. 

Binomial test was used to compare the prevalence of malocclusions in the 

groups (Tables 6 and 7). The number of children with an anterior open bite was 

significantly increased in the OSA group when compared with the controls 

(P = 0.016). The number of children with an anterior open bite in the snoring 

group showed a tendency of increase when compared with the controls 

(P = 0.063). The number of children with a Class II or asymmetric molar 

relationship was increased in the OSA (P = 0.013) and snoring (P = 0.004) groups 

compared with the non-obstructed controls. A tendency for increased maxillary 

(P = 0.057) and mandibular (P = 0.077) crowding was seen in the OSA children 

when compared with the controls. 
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Table 5. Mean values, standard deviations (SDs) and significances of the difference 

for dental arch measurements in children with diagnosed obstructive sleep apnea 

(OSA) (n = 41), snoring children (n = 41) and controls (n = 41). The superscripts (A-C) 

refer to the table of comparison. 

Variable (mm) OSA groupA Snoring groupB Control groupC Statistical significance 

Mean (SD) Mean (SD) Mean (SD) A–B A–C B–C 

Overjet 3.5 (1.51) 3.7 (2.10)) 2.6 (1.01) — * * 

Overbite 1.8 (1.81) 2.1 (1.47) 2.6 (1.00) — * — 

Upper arch length 30.2 (1.77) 30.4 (2.07) 30.5 (2.17) — — — 

W1 (maxilla) 29.6 (2.43) 30.4 (2.53) 31.2 (2.10) — ** * 

W2 (maxilla) 30.1 (2.09) 30.4 (2.31) 31.3 (1.82) — * — 

W3 (maxilla) 34.3 (2.70) 34.2 (2.10) 35.5 (2.03) — * * 

W4 (maxilla) 38.7 (2.74) 38.7 (2.70) 40.0 (2.73) — * — 

Palatal height 12.4 (2.34) 12.2 (2.32) 12.4 (1.51) — — — 

Lower arch length 25.6 (1.29) 26.1 (1.42) 26.8 (1.44) — *** * 

W1 (mandible) 24.5 (2.17) 24.9 (2.23) 24.4 (2.38) — — — 

W2 (mandible) 26.7 (1.88) 27.2 (2.08) 26.9 (1.64) — — — 

W3 (mandible) 29.7 (1.82) 30.2 (2.24) 30.2 (1.77) — — — 

W4 (mandible) 33.5 (2.40) 34.1 (2.23)) 34.3 (2.15) — — — 

Statistically significant difference between the groups as determined by analysis of variance with 

Duncan’s multiple comparison method, *P < 0.05, **P < 0.01, ***P < 0.001. 

5.1.1 Dental predictors for SDB severity 

The effects of age, gender, tonsillar size, and the dental arch variables on AHI 

were analyzed using multiple regression analysis. There were significant 

associations between mandibular crowding and anterior open bite with AHI. 

There were more children with mandibular crowding (P = 0.002) and more with 

anterior open bite (P = 0.019) with increased AHI. There was also a tendency for 

the overjet to be larger with increasing AHI (P = 0.069). 
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Table 6. Prevalences of malocclusion types in OSA (n = 41), snoring (n = 41) and 

control children (n = 41). 

Type of malocclusion OSA group Snoring group Control group 

% % % 

Class II or asymmetric malocclusion 29.3 36.6 4.9 

Deep bite (> 5mm) 31.7 26.8 31.7 

Anterior open bite 17.1 12.2 0 

Lateral crossbite 12.2 12.2 2.4 

Scissor bite 0 4.9 0 

Maxillary crowding    

Mild  19.5 9.8 4,9 

Moderate or severe  14.6 7.3 4.9 

Mandibular crowding    

Mild 24.4 29.3 24.4 

Moderate or severe  17.1 7.3 2.4 

Table 7. Case-control comparison of malocclusion types in OSA (n = 41), snoring 

(n = 41) and control children (n = 41). Distribution of pairs in three paired samples 

divided into three categories: <, prevalence of malocclusion smaller in the first group; 

=, prevalence of malocclusion equal in both groups; and >, prevalence of 

malocclusion higher in the first group compared with the second group. 

Type of malocclusion OSA versus control 

group 

OSA versus snoring 

group 

Snoring versus control 

group 

</=/> P </=/> P </=/> P 

Class II or asymmetric 2/27/12 0.013* 9/27/5 0.424 2/25/14 0.004** 

Deep bite (> 5mm) 11/19/11 1.000 6/27/8 0.791 10/23/8 0.815 

Anterior open bite 0/34/7 0.016* 5/29/7 0.774 0/36/5 0.063 

Lateral crossbite 1/35/5 0.219 5/31/5 1.000 0/37/4 0.125 

Scissors bite 0/41/0 1.000 2/39/0 0.500 0/39/2 0.500 

Maxillary crowding 3/27/11 0.057 6/22/13 0.167 4/30/7 0.549 

Mandibular crowding 4/25/12 0.077 11/17/13 0.839 8/20/13 0.383 

*P < 0.05, **P < 0.01 two tailed, binomial test 

5.2 Cephalometric comparison between SDB and control groups (II) 

Paired differences between the children with SDB and control children are 

presented in Figure 5. A more distal position of the mandible expressed as an 

increase in ANB-angle (ANB: P = 0.001) was found in SDB children when 

compared with control children. Posterior rotation of the mandible relative to 

maxilla (PL-ML: P = 0.01), total (N-Me: P = 0.019) and lower (PNS-Me: 
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P = 0.005) anterior face heights were increased in children with SDB when 

compared with the controls. The upper region of the pharynx above the level of 

the uvula was sagittally constricted (PNS-ad1: P = 0.001; PNS-ad2: P = 0.012; 

ve1-ve2: P = 0.000; u1-u2: P = 0.000). Below that level it was larger in the study 

sample than in the controls, the difference in the narrowest retroglossal measure 

reaching statistical difference (rl1-rl2: P = 0.011). The soft palate was longer 

(PNS-u1: P = 0.018) and thicker (MPT: P = 0.002) in SDB children than in the 

controls. Hyoid bone position was lower in the SDB group when compared with 

the controls (H-ML: P = 0.000). The head was more extended in SDB children 

than in control children (NSL-CVT: P = 0.014 and NSL-OPT: P = 0.023). 

5.2.1 Cephalometric comparison between SDB subgroups and 
controls 

Craniofacial angular and pharyngeal measurements for the examined groups are 

presented in Table 8. There were no statistically significant intergroup differences 

in craniofacial linear, hyoid bone, or craniocervical measurements between the 

SDB subgroups and the controls. 

The position of the maxilla in relation to the anterior cranial base (SNA) was 

more anterior in OSA children than in the snorers (P < 0.05). The position of the 

mandible in relation to the maxilla (ANB) was more posterior in the OSA 

children than in the control children (P < 0.01). Mandibular inclination in relation 

to the anterior skull base (NSL-ML) was increased in snoring children compared 

with UARS children (P < 0.05) and the controls (P < 0.05). Mandibular 

inclination in relation to the palatal plane (PL-ML) was also increased in snoring 

children when compared with the controls (P < 0.05). 
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Fig. 5. Paired differences (mean and 95% confidence interval) in (A) angular (degrees) 

and (B) linear (mm) measurements between the children with sleep-disordered 

breathing (SDB; n = 70) and the control children (n = 70). Positive difference refers to 

the larger value of the measurement in the SDB group when compared with the 

controls and vice versa. 

Nasopharyngeal sagittal airway at the line of PNS-ad1 was significantly narrower 

(P < 0.05) in OSA children than in the controls. The oropharyngeal sagittal airway 

at the levels of the velum palatinum (ve1-ve2) and the tip of the uvula (u1-u2) 

was significantly smaller in all subgroups of SDB when compared with the 

control children (P < 0.01), but there were no significant differences between the 

obstructed subgroups. The airway at the level of the base of the tongue (rl1-rl2) 

was significantly larger in children with OSA compared with the UARS children 
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(P < 0.01) and the control children (P < 0.01). Soft palate (MPT) was significantly 

thicker in UARS children when compared with OSA (P < 0.01), snoring (P < 0.01) 

and control (P < 0.01) children. 

5.2.2 Cephalometric predictors for SDB severity 

Logistic regression analysis revealed that UARS and OSA in children were 

associated with decreased pharyngeal diameters at the levels of PNS-ad1, u1-u2, 

larger pharyngeal diameter at the level of rl1-rl2, thicker soft palate, and a more 

anteriorly positioned maxilla in relation to the cranial base in comparison with 

snoring children and controls. 
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5.3 Validity of upper airway assessment in children with suspected 
SDB (III) 

5.3.1 Correlations between cephalometric and MRI measurements 

Means and 95% confidence intervals for cephalometric and MRI measurements 

are presented in Figure 6. 

Nasopharyngeal cephalometric measurements showed statistically significant 

correlations with MRI measurements. The nasopharyngeal variable PNS-ad1 

showed a significant positive correlation with the smallest cross-sectional airway 

area in the nasopharynx (NPCA) (r = 0.49; P = 0.002). Also, the PNS-ad2 

measurement was found to have positive correlation with NPCA (r = 0.43; 

P = 0.009). Cephalometric nasopharyngeal airway area (NPA) also correlated with 

NPCA (r = 0.44; P = 0.007). 

Oropharyngeal cephalometric measurements also correlated with MRI 

measurements. The cephalometric measurement ve1-ve2 correlated positively 

with NPCA (r = 0.41; P = 0.012), and u1-u2 correlated positively with minimal 

cross-sectional retropalatal airway area (RPCA) (r = 0.40; P = 0.017). 

Cephalometric soft tissue area correlated negatively with intertonsillar width 

(r = −0.38; P = 0.02). Cephalometric soft tissue area also correlated negatively 

with cross-sectional area in six consecutive MRI slices: slice −2 (r = −0.34; 

P = 0.043), slice −1 (r = −0.39; P = 0.02), slice 0 (r = −0.33; P = 0.048), slice 1 

(r = −0.43; P = 0.009), slice 2 (r = −0.38; P = 0.027), where slice number 0 

represents the level at the tip of the uvula, and negative and positive slice 

numbers represent retropalatal and retroglossal measurements, respectively. 
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Fig. 6. Means and 95% confidence intervals for (a) cephalometric linear airway 

measurements (mm), (b) MRI minimum cross-sectional airway area measurements 

(mm2), and (c) consecutive oropharyngeal MRI measurements (mm2) in children with 

SDB (n = 36). Slice number 0 represents the level at the tip of the uvula, negative slice 

numbers represent the retropalatal measures, and positive slice numbers the 

retroglossal measures. 
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Fig. 7. Interrelationships of clinical tonsillar size (grade 1–4) and (a) the smallest 

cross-sectional retropalatal airway area (RPCA) (mm2), (b) the smallest cross-sectional 

retroglossal airway area (RGCA) (mm2) and (c) the smallest intertonsillar airway width 

(mm). Each box plot represents the median and 25th and 75th percentile. The 

significances were tested by Pearson correlation. 
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5.3.2 Correlations between clinical tonsillar grading and MRI 
measurements 

Clinical assessment of tonsillar size correlated well with MRI measurements. 

Tonsillar size correlated negatively with RPCA (r = −0.66; P = 0.000), the 

smallest cross-sectional retroglossal airway area (RGCA) (r = −0.40; P = 0.015), 

and intertonsillar airway width (r = −0.55; P = 0.000) (Figure 7). Tonsillar size 

also correlated negatively with oropharyngeal cross-sectional area on five 

consecutive MRI slices: slice −1 (r = −0.60; P = 0.000), slice 0 (r = −0.63; 

P = 0.000), slice 1 (r = −0.56; P = 0.000), slice 2 (r = 0.52; P = 0.001) and slice 3 

(r = −0.41; P = 0.017), where slice number 0 represents the level at the tip of the 

uvula and negative and positive slice numbers represent retropalatal and 

retroglossal measurements, respectively. Tonsillar size did not correlate with 

oropharyngeal volume. 

5.3.3 Correlations between clinical tonsillar size and cephalometric 
measurements 

Cephalometric airway measurements did not correlate with clinical tonsillar size. 

Cephalometric cross-sectional soft tissue area correlated significantly with 

clinical tonsillar size (r = 0.51; P = 0.001). 

5.4 Three-dimensional MRI study of pharyngeal airway in relation 

to head posture (IV) 

5.4.1 Inter-group comparison between SDB and control children 

Nasopharynx: There were no statistically significant inter-group differences in 

nasopharyngeal airway linear or volume values between the SDB children and the 

controls in any of the examined head postures. 

Oropharynx: When the head was in neutral posture, children with SDB had 

significantly narrower oropharyngeal airway space than control children (Figure 

8a). When the head was extended, oropharyngeal cross-sectional airway caliber 

was found to be dilated in both groups, although the difference between the SDB 

group and the control group remained significant (Figure 8b). When head was in 

flexed posture, the most significant difference between the groups was found at 
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the level of retropalatal and retroglossal junction, the airway caliber being 

narrower in SDB children than in controls (Figure 8c). 

Fig. 8. Means and 95% confidence intervals for pharyngeal cross-sectional airway 

measurements (mm2) in children with sleep-disordered breathing (SDB; n = 29) and 

controls (n = 29) in (a) neutral, (b) extended, (c) and flexed head postures, and the 

statistical significances of the difference (two-sided paired t test; *P < 0.05, **P < 0.01, 

***P < 0.001). 
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The smallest cross-sectional retropalatal airway area (RPCA) was 

significantly smaller in SDB children when compared with the controls in all head 

postures (neutral posture P = 0.000; extended posture P = 0.001; flexed posture 

P = 0.000) (Figures 8 and 9a). Retropalatal volume (RPV) was significantly 

reduced in the SDB group when compared with the controls in all head postures 

(neutral posture P = 0.010; extended posture P = 0.005; flexed posture P = 0.021) 

(Figure 9b). 

The smallest cross-sectional retroglossal airway area (RGCA) was 

significantly smaller in SDB children when compared with the controls in neutral 

(P = 0.006) and extended (P = 0.003) postures (Figure 9c). Retroglossal volume 

(RGV) was smaller in the SDB group than in the control group in neutral 

(P = 0.038) and extended (P = 0.042) postures (Figure 9d). 

Hypopharynx: Head posture significantly affected the cross-sectional airway 

area at the level of the epiglottis (ECA). Head extension significantly increased 

ECA in SDB children when compared with the control group (P = 0.031), but no 

significant difference was found in HPV between the groups (Figures 8b, 9e, and 

9f). 

5.4.2 Intra-group comparison of pharyngeal changes in relation to 
head posture 

Nasopharynx: There were no significant intra-group differences in 

nasopharyngeal dimensions between the studied head postures in SDB or control 

children. 

Oropharynx: RPCA was significantly decreased in the flexed head posture 

when compared with the extended head posture in SDB children (P = 0.008) 

(Figure 9a). In SDB children head flexion caused a decrease in RPV when 

compared with the neutral posture (P = 0.001) and extended posture (P = 0.000) 

(Figure 9b). In control children RPV was significantly increased in extended head 

posture when compared with the neutral posture (P = 0.002) and decreased in 

flexed posture when compared with the neutral posture (P = 0.000) and extended 

posture (P = 0.000) (Figure 9b). 
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Fig. 9. Box plot presentation of pharyngeal airway measurements of (a) the smallest 

retropalatal cross-sectional airway area (RPCA; mm2), (b) retropalatal volume (RPV; 

mm3), (c) the smallest retroglossal cross-sectional airway area (RGCA; mm2), (d) 

retroglossal volume (RGV; mm3), (e) cross-sectional airway area at the level of 

epiglottis (ECA; mm2) and (f) hypopharyngeal volume (HPV; mm3) in children with 

sleep-disordered breathing (SDB; n = 29) and controls (n = 29) in different head 

postures (neutral, extension and flexion). Inter-group (two-sided paired t test) and 

intra-group (Bonferroni and Šidak correlations for multiple comparisons) 

significances of the difference, *P < 0.05, **P < 0.01, ***P < 0.001. Each box plot 

represents the median and 25th and 75th percentile. 
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In SDB children head flexion significantly decreased RGCA in relation to neutral 

(P = 0.002) and extended (P = 0.000) postures (Figure 9c). In control children 

intra-group differences between RGCA measurements in different head postures 

were all significant (P < 0.01) (Figure 9c). Intra-group comparison revealed that 

in both groups differences in RGV were significant between the head postures. 

Head extension flexion caused a significant decrease in RGV in SDB (P = 0.000) 

and control (P = 0.001) groups when compared to the neutral head posture. Head 

flexion caused a significant decrease in RGV in SDB (P = 0.002) and control 

(P = 0.000) children when compared to the neutral head posture (Figure 9d). 

Hypopharynx: Intra-group differences between the measurements in different 

head postures were all significant in both groups. Extended head posture 

significantly increased ECA and HPV when compared to neutral head posture 

both in children with SDB (P = 0.000) and control children (P < 0.001). Flexed 

head posture significantly decreased ECA and HPV when compared to neutral 

head posture in children with SDB (P = 0.000) and control children (P = 0.000). 

(Figures 9e and f). 
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6 Discussion 

6.1 Dental and occlusal characteristics (I) 

The present study showed differences in dental arch dimensions and occlusion 

between children with SDB and control children. Children with SDB displayed 

significantly narrower maxillary dental arch, increased overjet, reduced overbite, 

and shorter length of the mandibular dental arch than the controls. The results 

support the previous findings in children with enlarged adenoids (Linder-Aronson 

1970), tonsils (Behlfelt et al. 1989), and nocturnal breathing disorder (Löfstrand-

Tideström et al. 1999). One of the novel findings was that the severity of the 

disorder correlated with dental arch variables, which has not been reported before. 

There were significant alterations in dental arch dimensions also in the less 

obstructed children with snoring symptoms when compared with the control 

children. 

Developing dental arches are subjected to environmental effects. It is thus 

reasonable to suppose that at least some of the observed changes are due to non-

genetic causes. Alterations in the muscle force activities surrounding craniofacial 

structures and the pharynx may be responsible for the observed differences. 

Favorable dental development has been reported after surgical intervention of 

nasopharyngeal obstruction, which also supports the major role of non-genetic 

causes (Behlfelt 1990, Linder-Aronson et al. 1993). Genetic studies have shown 

that occlusal variables have low genetic heritability (Harris & Johnson 1991). 

Especially overbite, overjet, crowding, rotations, occlusal discrepancies in arch 

shape, as well as buccal segment relation are found to have low genetic 

contributions (Corruccini & Potter 1980, Harris & Smith 1980).  

Jaw opening is a common feature in children with obstructed breathing. The 

mandible moves to an anteroinferior position away from the soft palate to open an 

oropharyngeal airway (Subtelny 1980). Jaw opening may also be related to oral 

mode of breathing. Continuous open-mouth posture in a growing child may cause 

continued eruption of the posterior teeth, which reduces overbite and increases the 

tendency for anterior open bite (Subtelny 1980). Mandibular jaw opening also 

causes backward and downward displacement of the tongue (L'Estrange et al. 
1996). An altered position of the tongue changes muscular balance between the 

tongue and the cheeks leading to a reduced upper dental arch width. Increased 

prevalence of crossbites in children with SDB was not found in this study, but it 
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has been reported previously (Löfstrand-Tideström et al. 1999). The majority of 

the study subjects in our sample had mild OSA, which may explain this difference. 

The decrease in the length of the mandibular dental arch and mandibular 

crowding may be caused by increased lip pressure affecting the lower arch as a 

consequence of the changed postures of the mandible and the head. Oral 

breathing has been shown to be associated with head extension (Cuccia et al. 
2008). Head extension and oral mode of breathing have been shown to increase 

lip pressure (Hellsing & L'Estrange 1987). Extended craniocervical posture, on 

the other hand, has been found to be associated with anterior crowding of 

maxillary and mandibular dental arches (Solow & Sonnesen 1998). 

An increased overjet in the children with OSA and snoring may be related to 

the increased number of subjects with Class II malocclusion in both groups. On 

the basis of dental cast examination, it is impossible to judge whether Class II 

malocclusion is of dental or skeletal origin. Molar relationship has low familial 

correlations (Harris & Johnson 1991). Thus, it may be related to the mandibular 

opening or the head extension. On the other hand, mandibular retrognathia and 

Class II molar relationship may have a skeletal background. Mandibular 

retrognathia has been regarded as a predisposing factor for the development of 

OSA (Guilleminault & Stoohs 1990). It has previously been suggested that 

cervical headgear treatment may contribute to SDB in children when a strong 

predisposing factor such as mandibular retrognathia already exists (Pirilä-

Parkkinen et al. 1999). 

The severity of SDB may have an effect on the duration of the postural 

adaptations. Children with partial obstruction in the upper airway may display 

part-time oral breathing. The more severe the obstruction is the more time is spent 

in an adapted posture, and greater deviation in dentofacial structures may thus 

follow. 

6.2 Cephalometric findings (II) 

Our findings indicated several differences in craniofacial, pharyngeal and postural 

variables between SDB children and control children. The most significant 

differences were found in the pharyngeal region. When divided into subgroups 

according to the severity of the disorder, children with diagnosed OSA were 

found to deviate most from the control children. Children with less severe 

obstruction also differed from the controls, but similar correlation in relation to 

the severity of the disorder as in dental variables was not found. Craniofacial 
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skeletal dimensions have comparatively high genetic contributions (Harris & 

Johnson 1991). Presumably a genetic buffer against environmental variation is 

better in craniofacial structures than in dental arch components. 

We found an increased sagittal jaw discrepancy in SDB children when 

compared with the control children. This may indicate some degree of genetic 

predisposition to the disorder. It has also been hypothesized that decreased 

mandibular growth may be caused by abnormal secretion of growth hormone and 

its mediators in children with SDB (Peltomäki 2007). 

Previous studies have demonstrated that adenotonsillar hypertrophy is related 

to a downward inclination of the mandible, an anteroinferior position of the 

tongue, and an extended head posture (Adamidis & Spyropoulos 1983, Valera et 
al. 2003). Pharyngeal obstruction causes postural adaptations in order to maintain 

an open oropharyngeal airway passage. An open-mouth posture releases the 

tension of suprahyoid muscles, leading to a postero-inferior dislocation of the 

hyoid bone and narrowing of the pharynx. As a consequence, the head adopts a 

forward posture, which increases the tension of the suprahyoid muscles, moving 

the hyoid bone passively upward in order to maintain adequate airway (Gonzalez 

& Manns 1996). Continuous open-mouth posture in a growing child may modify 

mandibular growth in a more vertical direction (Enlow & Hans 1996). Vertical 

growth pattern in children with SDB has also been demonstrated previously in 

children with enlarged lymphoid tissue (Linder-Aronson 1970, Adamidis & 

Spyropoulos 1983, Behlfelt et al. 1990a) and OSA (Ågren et al. 1998, Löfstrand-

Tideström et al. 1999, Zettergren-Wijk et al. 2006). Adenotonsillectomy has been 

found to change the mode of breathing from oral to nasal and improve the 

mandibular growth direction in young children (Linder-Aronson et al. 1986, 

Hultcrantz et al. 1991, Woodside et al. 1991, Ågren et al. 1998, Zettergren-Wijk 
et al. 2006). It is thus reasonable to assume that vertical growth direction of the 

mandible is a consequence of obstructed breathing rather than a cause for it. 

Nasopharyngeal and oropharyngeal narrowing in SDB children supports the 

previous findings as well (Zucconi et al. 1999, Arens et al. 2001, 2003). An 

interesting finding was that pharyngeal measurements at the caudal levels of the 

oropharynx showed a tendency for an increase in airway space in children with 

OSA. Posterior airway space (PAS) measurement behind the base of the tongue 

has been widely used in adults when evaluating airway patency (Jamieson et al. 
1986, Partinen et al. 1988). Our findings showed no statistically significant 

difference in PAS dimension between the examined groups, indicating that PAS 

measurement is not valid in children with suspected SDB. The tendency for 
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increased PAS values in OSA and snoring children was observed when compared 

with the UARS and control children. 

SDB children, in general, were found to have longer soft palates. It has been 

suggested that lower tongue position in SDB children may be a contributing 

factor in this respect, since a close relationship between the tongue and the soft 

palate is possibly needed in the airway regulatory mechanism (L'Estrange et al. 
1996). Thicker soft palate was found in children with UARS than in the other 

obstructed subgroups and the control children. Enlargement of the uvula may be a 

secondary effect from vibration of snoring and respiration against increased 

resistance in the upper airways (Hamans et al. 2000). UARS children may differ 

from other obstructed subgroups in anatomical soft tissue changes that predispose 

to increased pharyngeal resistance. 

Cephalometric findings can be regarded either as predisposing factors for 

SDB or secondary findings resulting from postural changes. Pharyngeal findings 

suggest anatomic predisposition to the disorder. Head posture, hyoid bone 

position and vertical growth pattern of the mandible are probably secondary 

effects. 

6.3 Methods of upper airway assessment in children and their 
validity (III) 

The potential of 2D cephalometric radiographs in diagnosing enlarged adenoids 

and obstructed airways has been systematically reviewed (Major et al. 2006). On 

the basis of the eleven accepted articles in that review, no conclusive evidence 

was found in support of the validity of lateral cephalograms in pharyngeal 

assessment. Previous studies, however, have methodological deficiencies, since 

many of them had used subjectively graded adenoid sizes or adenoid volumes 

moved during surgery as gold standards to which cephalometric findings were 

compared (Holmberg & Linder-Aronson 1979, Jeans et al. 1981a, Maw et al. 
1981, Cohen et al. 1992). 3D imaging of the pharyngeal airway has not been used 

in children before. Since the development of SDB is more dependent on 

decreased airway size than on the absolute size of the adenoid tissue (Arens et al. 
2003), the actual size of the pharyngeal airway should be used as the gold 

standard, when evaluating the validity of methods for assessing obstructed 

airways. 

The present results showed that the cephalometric linear nasopharyngeal and 

retropalatal measurements correlated with MRI variables. In addition, both 
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methods found the narrowest site to be located within the retropalatal airway 

space. Enlarged adenoid tissue causes sagittal reduction in the nasopharyngeal 

and retropalatal airway regions, which may explain this correlation. Retroglossal 

cephalometric measurements, however, did not correlate with MRI findings. 

Palatal tonsils are located mainly in this region. Enlarged tonsils cause transversal 

narrowing of the retroglossal airway, which is not detectable in the sagittal view. 

Clinically graded tonsillar sizes correlated significantly with MRI measurements 

and cephalometric soft tissue area, which supports the value of clinical 

oropharyngeal examination. 

Body posture influences the upper airway size. As a consequence of supine 

posture, the retropalatal airway space narrows, and the thickness of the tongue 

and soft palate increases due to either gravitational force or changes in upper 

airway reflexes (Yildirim et al. 1991, Pae et al. 1994). Postural effect partly 

explains why retroglossal variables were not found to be correlated with airway 

measurements. 

6.4 Pharyngeal airway in relation to head posture (IV) 

Head posture has been a subject of interest in orthodontics, because long-term 

postural changes lead to an altered muscular activity that may influence the 

growth of craniofacial bones (Solow et al. 1984, Gonzalez & Manns 1996). The 

results of the present study revealed clearly that pharyngeal airway configuration 

differs between SDB children and control children, which supports the interesting 

assumption that children may compensate for obstructed airways. Upper airway 

in children with SDB is less collapsible than in adults (Marcus et al. 1999). It has 

been suggested that children may compensate for narrow airways with increased 

ventilator drive (Marcus et al. 1994a). 

According to the present results the most critical airway narrowing was found 

at the retropalatal level in all examined head postures, and it was not increased by 

head extension. The findings also confirm earlier observations that lower 

pharyngeal regions are more susceptible to postural changes. Hypopharyngeal 

airway in children with SDB dilates more in relation to head extension than in 

control children, which supports the consequential importance of neuromuscular 

control. Hypopharyngeal widening is suggested to occur as a consequence of 

crucial narrowing of the upper airway at the retropalatal region which increases 

the resistance to airflow. As a result, the activity of upper airway dilating muscles, 

especially the genioglossus muscle (GG), increases, leading to enlargement of 
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hypopharyngeal airway caliber (Yildirim et al. 1991). GG activity has been found 

to be greater in children with OSA than in control children during wakefulness 

(Katz & White 2003). 

Upper airway has been shown to be vulnerable to disruptions in supine 

sleeping posture (Cuhadaroglu et al. 2003, Dayyat et al. 2007). Head extension 

decreases and flexion increases the propensity for upper airway obstruction (Isono 
et al. 2004, Walsh et al. 2008). Electromyographic activity in the neck and chin 

muscles was found to be increased in OSA children and they exhibited an 

extended head posture during sleep (Ågren et al. 1998). 

Oral breathing is common in children with SDB (Carroll 2003). During the 

MRI scanning, the children were instructed to keep their teeth in intercuspal 

position in order to induce nasal breathing. The results of this study clearly 

demonstrated the reason for the predominance of oral breathing, since 

oropharyngeal airway was found to be significantly constricted in children with 

SDB when compared with the controls. This obviously complicates the nasal 

mode of breathing, and adaptive changes occur in order to maintain adequate 

pharyngeal airway. The unfavorable effect of head flexion on the pharyngeal 

airway was elucidated. It should be noted that head flexion may be induced by a 

regular pillow (Makofsky 1997). 

6.5 Strengths and limitations of the study 

The present study is one of the largest dental studies in children with SDB, which 

are still few in number. The study sample represents a homogeneous Caucasian 

population and the sample size was adequate on the basis of power analysis. 

Many previous dental and MRI studies have used much smaller sample sizes. The 

patients and the controls were carefully matched with respect to age and gender. 

Craniofacial characteristics of the control group corresponded with the 

distribution of average prevalences in Finnish population in this age group. 

This study provided a good multidisciplinary approach to the topic, which is 

an item of interest to a variety of researchers worldwide. It added new 

information to the current literature. The multiprofessional research team of this 

study also enabled a deeper insight into the study topic. The study participants 

were all examined by specialists in their respective fields. 

An overnight polygraphy, regardless of its limitations that are discussed later, 

provided an objective measure of the severity of nocturnal breathing obstruction. 

Many previous dental studies have used rather inadequate methods when 
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evaluating airway obstruction and obstructed breathing, such as subjectively 

graded adenoid sizes, questionnaires filled by parents, lateral cephalograms or 

nasal respiratory resistance measures. 

MRI provided a possibility for 3D pharyngeal evaluation. There are not many 

previous studies that have used the MRI technique for airway evaluation in 

children with SDB. In addition, 3D upper airway changes in relation to 

craniocervical posture have not been measured before in SDB children. 

Furthermore, the reliability of 2D lateral radiograph in relation to clinical findings 

and 3D MRI pharyngeal measurements, when assessing upper airway patency in 

SDB children, has not been evaluated before. Concerning the MRI technique used 

in the present study, it can be noted that an open-configuration scanner is more 

comfortable for a child than a standard cylindrical closed-bore scanner. The low-

field modality applied in the present study yields lower image quality when 

compared with high-field units. Volumetric analysis of the air spaces was, 

however, feasible due to high contrast differences between air and soft tissues. 

There are some limitations of the present methodology that need to be 

discussed. Firstly, since eye movements, electroencephalographic and 

electromyographic registrations were not performed, a full-scale PSG was not 

carried out. PSG has been regarded as a gold standard for SDB diagnostics 

(American Thoracic Society 1996), even though it has several shortcomings when 

used in the pediatric age group (Carroll 2003). A full-scale PSG is rather invasive 

and may thus disturb a child’s natural sleep. In addition, it is not always easy to 

perform on young children. The PG device used in this study has been used 

previously for research purposes with relevant results (Nieminen et al. 2002, de 

Miguel-Diez et al. 2003) However, without PSG or esophageal pressure 

measurement, the assessment of partial obstruction remains to some degree 

inaccurate. For evaluation of partial upper airway obstruction quantification of 

nasal pressure would have been more exact than the oronasal thermistor detection 

which was used in this study. Both methods, however, are semi-quantitative. We 

found PG registration suitable for our purposes in this study, since the effect of 

sleep apneas on sleep structure was not studied. According to current knowledge, 

obstructive apneas of any length are abnormal in children (Marcus et al. 1992). 

We have used strict criteria for obstructive apnea episode with duration of at least 

ten seconds. Since the majority of the examined children had mild SDB, there is 

thus evident overlap between the subgroups. 

Secondly, the control children did not undergo PG registration mainly 

because of ethical reasons. None of the control children had reported apneas or 
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upper airway problems in their medical history. It has previously been reported 

that obstructive apneas are rare in non-snoring children (Marcus et al. 1992, 

Nieminen et al. 2000). In a cephalometric study, the control group was not a 

concurrent group. For ethical reasons, lateral radiographs cannot be taken of 

asymptomatic children. For the cephalometric measurements, a control group of 

age- and gender-matched asymptomatic children was used before they entered 

orthodontic treatment. 

Thirdly, pharyngeal MRI scanning was performed while the children were 

awake, which significantly defines the interpretation of the results. There are 

several reasons for not performing pharyngeal imaging while asleep. Because of 

the noise and the powerful magnetic field, the MR scanner is not suitable for 

sleep studies, and our study was largely based on the use of MRI. Drug-induced 

sleep also differs from natural sleep and was thus not considered. MRI 

measurements of the pharynx represent relative values since dynamic respiratory 

movements occurred during the scanning.  

Finally, the degree of cranio-cervical inclination during MRI scanning was 

not quantified. There are no validated methods for MRI scans similar to those for 

cephalometric radiographs. Despite the use of a standard foam bolster for all 

examined children, there may have been some differences in the degree of cranio-

cervical inclination. Concerning the reliable registration of natural head posture 

during radiographic examination, it can be stated that it always contains elements 

of inaccuracy and may be a source of unavoidable errors. 

It is noteworthy that the current results show associations in the examined age 

groups and cannot be generalized as such to other age groups. Due to a cross-

sectional setting of the present study, definite conclusions on the causality 

between the variables cannot be drawn. 

6.6 Clinical implications 

Since the symptoms of SDB can be subtle in childhood, the role of dental 

personnel in early recognition of signs of obstructive breathing disorder may be 

essential. Especially orthodontists who treat children at their most vulnerable ages 

are key persons in referring these children for medical consultation. It is 

noteworthy that orthodontists see a great number of children more often than any 

other health care personnel. It is important to include the history of snoring and 

upper airway-related problems in an anamnestic questionnaire or interview of an 

orthodontic patient. Dental and cephalometric examination may reveal important 
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predictors for obstructed breathing. Clinical grading of tonsillar size and 

cephalometric measurements of the pharyngeal airway and lymphoid tissue are 

suggested to be included in an examination protocol. 

Orthodontists may be the first persons to notice the unfavorable effects of 

enlarged lymphoid tissues, and the positive outcome of orthodontic treatment 

largely depends on the normalization of breathing function by adenotonsillectomy. 

Early recognition of deviant occlusal and craniofacial structures related to 

childhood SDB is important, since most of these deviations can be treated by 

means of orthodontics during the growth period. 

Unfavorable dentofacial growth and development observed in children with 

SDB may be modified in a more preferential direction by orthodontic appliances. 

Children with skeletal Class II growth pattern benefit from functional appliances 

(Villa et al. 2002, Cozza et al. 2004, Schutz et al. 2011). Children who do not 

improve after adenotonsillectomy tend to have a retrognathic mandible, a small 

maxilla and a decreased pharyngeal airway (Shintani et al. 1998). Maxillary or 

mandibular retrognathia are also commonly associated conditions in adulthood 

OSA (Laitinen et al. 2003). Early orthodontic intervention in childhood may 

prevent sleep-disordered breathing in adulthood. Abnormalities in craniofacial 

anatomy and occlusion are frequent findings in normal-weight adult patients with 

SDB (Pahkala et al. 2011). 

Although upper airway narrowing and anterior open bite are suggested to 

correct spontaneously if tonsillectomy is performed before the age of six years 

(Hultcrantz et al. 1991), they often need orthodontic correction. Palatal expansion 

in children with a narrow maxillary arch is found to be an effective therapeutic 

alternative (Villa et al. 2007, Miano et al. 2009). Rapid maxillary expansion 

increases not only the palatal width, but also the nasal basement and decreases the 

length of the soft palate by pushing the soft tissues laterally (Pirelli et al. 2004). 

Because of the observed effects of obstructed sleep on developing dentition and 

the craniofacial skeleton, orthodontic evaluation is advised for children with 

severe SDB. 

6.7 General discussion and future perspectives 

Childhood SDB is a relatively common disorder, which may lead to several health 

and growth implications if left untreated (Laitinen et al. 2003). With increasing 

awareness and knowledge of childhood SDB, more children are referred to 

screening. Even though our study sample represents children with relatively mild 
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SDB, considerable changes were still found in craniofacial and dental 

characteristics. 

The present study provides important additional information on the long-term 

issue of the assumed relationship between breathing function and dentofacial 

development. According to the present results, there is a relationship between the 

severity of SDB and dentofacial characteristics. Whether these morphological 

features are predisposing factors for SDB or secondary effects of it was discussed 

earlier in the light of current knowledge. Dental and cephalometric findings, 

however, can be regarded as possible signs of SDB in an orthodontic patient. 

Special attention should be paid on pharyngeal evaluation. Lateral radiograph was 

found to be a useful screening tool when assessing nasopharyngeal and 

retropalatal airways. Much information, however, is missed in the retroglossal 

region where the tonsils are situated, and thus clinical examination of the 

oropharynx is needed. Open-configuration MRI scanner turned out to be a 

convenient method for analyzing 3D configuration of the upper airway in young 

children. For systematic clinical examination of SDB children it is too time-

consuming. For research purposes it can be regarded as ideal, since there is no 

exposure to radiation. 

In future, longitudinal studies in children with SDB are required in order to 

understand the whole picture of the disorder, i.e. whether there is a continuum 

between pediatric and adulthood SDB. This is very important also from the 

orthodontic point of view. It would be valuable to find out whether early 

intervention in the disorder and corrective orthodontic treatment decrease 

propensity for obstructed sleep in adulthood. 

More attention should also be paid to different ethnic populations in order to 

identify distinct population-specific features related to childhood SDB. The 

inconsistency in the previous literature may be partly due to ethnic disparity of 

the examined subjects. A population-specific approach would provide a more 

comprehensive understanding when evaluating children from different ethnic 

backgrounds. Future studies with larger study populations are also required, 

which raises the need for national and international multi-clinic cooperation in 

dentistry as well. 
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7 Conclusions 

The following conclusions can be drawn from the findings of the present study: 

1. The development of the dental arches and occlusion differ in children with 

SDB from control children. Children with OSA have a significantly increased 

overjet, a reduced overbite, and narrower upper and shorter lower dental 

arches when compared with the controls. The deviations are more prominent 

in children with more severe obstruction, supporting our hypothesis. Less 

obstructed children have similar, although weaker deviations than OSA 

children (I). 

2. Craniofacial differences exist between SDB children and control children. 

Children with SDB are characterized by a distal displacement of the mandible 

in relation to the maxilla, a vertical growth pattern of the mandible, a longer 

and thicker soft palate, a lower hyoid bone position, larger craniocervical 

angles, smaller airway diameters at multiple levels of the naso- and 

oropharynx, and a larger oropharyngeal diameter at the level of the tongue 

(II). 

3. Mandibular crowding, anterior open bite and abnormal pharyngeal 

cephalometric measures are important predictors for increasing severity of 

the disorder. (I, II). 

4. Using MRI airway measurements as a gold standard, the results indicate that 

conventional cephalometry is, unlike hypothesized, a useful screening tool 

when evaluating nasopharyngeal and retropalatal airway patency. It should, 

however, not be used as a single diagnostic tool, since much of the 

retroglossal information is missing from the sagittal 2D view. (III). 

5. Clinical inspection of the oropharynx with tonsillar size grading is a reliable 

method for oropharyngeal airway size evaluation, giving results that 

significantly correlate with MRI findings (III). 

6. Head posture in relation to the cervical column is an important factor in 

maintaining pharyngeal patency. Lower parts of the pharynx are more 

susceptible to postural effects of the head than upper regions. The postural 

effect of the head on the pharyngeal airway is different in SDB children than 

in controls. Head extension significantly increases the hypopharyngeal 

airway size in SDB children. As hypothesized, head posture has no 

significant effect on the retropalatal airway, where the most critical narrowing 

existed (IV). 
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