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ABSTRACT

Obstructive sleep apnoea (OSA) is the most extrariant of mouth breathing and
snoring in a wide spectrum of symptoms of uppevayrobstruction during sleep.
Typical night-time symptoms in children sufferimgrih OSA are disturbed sleep and
snoring. Common daytime symptoms are mouth-bregthioisy breathing,
behavioural problems, and failure to thrive. Whe®®Qeads to physical and/or mental
conseqguences it is diagnosed as a syndrome (O3A&prevalence of OSAS in
children is 1-3%, with the peak incidence at thesagjto 6 years. In the pre-pubertal
period, girls and boys are equally affected. Letteated, OSAS may lead to
developmental delay, cor pulmonale or even death.

The most common cause of OSA in children is enthtgesils and/or adenoids.
Consequently, the treatment for OSA in childrerhveiblarged tonsils and/or adenoids
is adeno-/tonsillectomy. There are few longitudstadies presented in the literature on
dentofacial morphology in children suffering fromdatreated for OSA.

The aims of the present study were:

» to study the dentofacial morphology in childrenhnM@SAS and make
comparisons with the morphology in children withobstructed airways;

» to evaluate prospectively the clinical manifestagicsleep recordings, and facial
and dental development in children with OSAS beéoré one and three years
after tonsillectomy and/or adenoidectomy;

» to longitudinally evaluate, over a five year peritite development of
dentofacial morphology, soft tissue profile, anavaly space after successful
treatment of the OSA (adeno-/tonsillectomy), andary out a comparison
with the normal dentofacial development in non-nlxged children.

Material and methods

The original sample comprised 20 consecutive pregabchildren, 8 girls and 12
boys, mean age 6 years (age range 4 to 9 years).hHu been referred to, or were
seeking medical attention at the Department of liotaryngology, Séder Hospital in
Stockholm, because of a typical history of the Gg$Adrome. All children underwent
tonsillectomy and/or adenoidectomy.

Study I:A 1-year follow-up study of 20 OSAS children whore¢heir own controls.
Study II: A 3-year follow-up study of 14 OSAS children antidge and sex-matched
control children who showed no signs of obstructegder airways.

Study Ill:. A 5-year follow-up study of 17 OSAS children ahilage and sex-matched
healthy controls.

Pre-surgically, the OSA children underwent clinieghmination by an
otolaryngologist, sleep registration with polysomgraphy, and orthodontic
examination. Follow-up examinations and registretioere made at 1, 3, and 5 years
after surgical treatment.

The clinical examination consisted of an evaluatibthe lymphoid tissues in the naso-
and oropharynx, general health, and body weigle. gdrents” reports of day and
night-time signs and symptoms of obstructive briegtiwvere also recorded.



Sleep stage, pulse frequency, airflow, oxygen attur, body movement, and activity
in accessory respiration muscles during sleep vemaded during a whole nights”
sleep in a sleep laboratory. At the 1-year follquy-@ less extensive sleep recording
was made.

Study models of the dentition were used for regisin of the width of the upper dental
arch and the occlusion. Measurements of angulalirmear variables were made on
lateral radiographic head films for evaluation ehtbfacial morphology.

Results

Before adeno-/tonsillectomy, the most frequent oka@n during sleep was increased
respiratory labour with increased use of accessspiration muscles. In three children
who were videofilmed parallel to the sleep recagdihwas confirmed that they had
extended head posture to increase airflow. Theyhespiratory labour was caused by
obstructed nasopharyngeal airways, which werefsignily reduced in width in the
patients as compared to the controls. In seveiareh, apnoeas/hypopnoeas > 1/hour
of sleep and low oxygen saturation in arterial dl¢ge89%) were observed.

Compared to non-obstructed controls, the OSAS m@nléxhibited a narrow upper
dental arch, high frequency of lateral crossbibel @educed overbite. The patients also
had a large lower anterior face height, a postgrioclined mandible and facial axis,
and retroclined incisors.

At the 1-year follow-up examination, none of thddren exhibited clinical signs or
symptoms of obstructive breathing. Furthermoregtalcup in body weight was
recorded.

One year after surgery, it was also observed ltieatvidth of the upper dental arch had
increased significantly more (p<0.01) in the OSA#dren than in the controls, and
the lateral crossbite had spontanously resolvédarchildren. Furthermore, changes
towards a more normal dentofacial development \seed in the patients. This
beneficial trend could also be confirmed in theeduyfollow-up study.

At the 5-year follow-up, there was no significarffedtence between the OSAS children
and the controls in the dimension of the nasoplggghairways. With the exception of

the length of the anterior cranial base and the,nekich were still significantly

smaller (p<0.01) in the OSAS children than in tbetmls, there were no differences in
dentofacial morphology between the groups.

Conclusion

Young children suffering from OSAS have a differdantofacial morphology
compared with non-obstructed control children.

Treatment of OSA with adeno-/tonsillectomy was sgstul in the present patients,
and the dentofacial development was normalised stirgery.

It is important that OSA in young children is diaged early, and that the patients are
evaluated both from a medical and dentofacial pafiniew.
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LIST OF DEFINITIONS AND ABBREVIATIONS

Apnoea

Hypopnoea

Arousal

Fragmentation

Pickwickian
syndrome

Waldeyer’s ring

Al
AHI

ALTE
CNS
CPAP
ECG
EEG
EMG
EOG
GH

Cessation of airflow. Persistence of respiyaeffort
distinguishes obstructive apnoeas from central epso

Respiratory event with reduced airflow, but not pdetely
abolished. There is no general consensus on tlog @s@nition
of hypopnoea.

An abrupt change from a “deeper” stage of NREMysteea
“lighter” stage, or from REM sleep toward wakefigagwith the
possibility of awakening as the final outcome. Asalumay be
accompanied by increased tonic EMG activity andthate as
well as body movements.

(Pertaining to sleep architecture) The interruptbany stage of
sleep due to appearence of another stage or veadng to
disrupted NREM - REM sleep cycles. Sleep fragmentat
connotes repetitive interruptions of sleep by aatsiand
awakenings.

Syndrome characterised by obesity, hypersomnolgecmdic
breathing with hypoventilation, and cor pulmonale.

A collection of pharyngeal lymphoepithelial tisspesnstituted
of the adenoids, the tonsils, the lingual tonsilbal tonsils and
tubopharyngeal plicae. The adenoids and tonsilgaodved in
regulation of mucosal immunity in pharynx, a defesgstem
against microbial invasion. The adenoids and tensiblergo
most of their development after birth.

Apnoea index = average number of apnoeas par dicsleep

Apnoea/hypopnoea index = average number of apmpbess
hypopnoeas per hour of sleep

Acute life-threatening event

Central nervous system

Continuous positive airway pressure
Electrocardiography
Electroencephalography
Electromyography
Electrooculography

Growth hormone



nadir Sa@ Lowest oxygen saturation in arterial blood

NREM Non-REM sleep

ODI Oxygen desaturation index

OSA Obstructive sleep apnoea

OSAS Obstructive sleep apnoea syndrome
PSG Polysomnography

PVDF Polyvinylidene fluoride

REM Rapid eye movement

SaQ Oxygen saturation in arterial blood
UPPP Uvulopalatopharyngeoplasty

Pediatric polysomnographiCarroll, 1996)

Measurement Purpose

EEG Sleep staging, detection of seizure activity

EOG Eye movement - sleep staging

EMG Sleep staging, body movement detection,
detection of respiratory related muscle activity

ECG Heart rate, to detect arrythmias, bradycardia

Chest/abdomen movement To detect respiratory effort

Nasal/oral thermistor To detect nasal/oral airflow

Oxygen saturation by pulse oximetry  To detect hygnoia

End-tidal CQ To detect hypoventilation

Body position To correlate body position with reafory
events

Audio/video taping To verify breathing patterns dodreview of

parasomnias (such as sleepwalking) or other
events (e.g. seizure activity)




1 BACKGROUND

1.1 INTRODUCTION
In 1872, C.V. Tomes described dentofacial changassociation with

chronic upper airway obstruction and introduced‘#t=noid face”
concept. In 1889 W. Hill specified the charactasssof “the stupid-lazy
child” who showed day and night-time symptoms tgpfor the
obstructive sleep apnoea syndrome (OSAS), and meented the school
medical officers to pay special attention to thets&lren. However, even
though the clinical manifestations of obstructileep apnoea (OSA) were
recognized long ago, it was not until 1966 thatt@aspresented the first
scientific report of OSA in the medical literatufidat report was based on
a polygraphic study of a group of adults suffefirmgm the Pickwickian
syndrome. The first report on OSA in children wablghed by
Guilleminaultet al.in 1976. Both these studies focused on the effect o

OSA on general health.

During the last few decades, many articles deaiitigg OSA in children
have been presented. These studies have coveredsviapics such as
diagnostic criteria, behavioural problems, learrdifficulties, relation to
acute life threatening event (ALTE), treatment,tnlxgive breathing, and

dentofacial development and morphology.

1.2 MODE OF BREATHING

Nose-breathing is the natural way of breathinguméans. In the newborn,
normal breathing is considered essential for almgdevelopment
(Gaultier, 1991). The space of the nasal airway@radynx is dependent
on the skeletal dimensions and morphology of trsemexillary complex,
the naso-pharynx, and the oro-pharynx. The smallest of the
pharyngeal airway perpendicular to the air streaough the upper



airways is the critical factor for the resistanaéite air flow (Trenouth and
Timms, 1999). When the resistance increases asil of unfavourable
morphological and/or functional factors, a charmgenfnose to mouth-
breathing may occur. Furthermore, the soft tisigkness in these areas
Is also of importance. In children, the lymphosskties (tonsils and
adenoids) in the so called Waldeyer’s ring areadfiqular significance in

this context.

Depending on the cause of the obstruction, the IAbrgathing condition
can last for a short period of time or be virtuggrmanent. Habitual
mouth-breathing which is not caused by obstrucggkuairways may
develop in combination with incompetent lip closuagge overjet, or

open bite.

Mouth-breathers with obstructed upper airways oftgore during sleep,
and in extreme circumstances may develop OSAS ¢;ar996; Mindell
et al.,1999). The patency and/or collapsibility of thé& sissues in the
airways is influenced by the neuromuscular functidihen the individual
Is awake, activity in accessory respiration musateior pharyngeal
dilator muscles increases the space and/or enhtrepatency of the
pharyngeal soft tissues to establish an open aipaagage. Obstructive
apnoeas do not, therefore, occur in this situaisleep onset, this
activity decreases and a rise in upper airwayteesie occurs (Fogel al.,
2003). In cases where airflow is already negatiafigcted by large
tonsils and adenoids it is reasonable to assume thecrement in the
activity of the pharyngeal dilator muscles duritegp is a factor of
importance in the development of a condition SICD8A.



1.3 CHARACTERISTICS IN DENTOFACIAL MORPHOLOGY
ASSOCIATED WITH OBSTRUCTIVE BREATHING
1.3.1 Children
The morphology of the facial skeleton and dentitgthe result of
hereditary and environmental factors. The herasipolygenetic, and
Moss (1968) stressed the morphogenetic role afidse-, oro-, and
pharyngeal cavities in the growth of the splanchaicm. As the volume
of these functioning spaces increases, the surmogicdpsule expands and
the embedded macro-skeletal units are passivelglatd in space.
However, environmental influences of various kilasalth status,
hormones, nutritional status, the neuromusculastional pattern and
activity, and soft tissue morphology and growthymaodify the
genetically determined pattern of growth.

Several studies (e.g. Linder-Aronson, 1970; Hanelak4.981; Bresoliet
al., 1983; Behlfelt, 1990) have demonstrated thatiod with obstructed
airways exhibit a dentofacial morphology which eiff from that of non-
obstructed controls. Experimental studies on pesyah which a change
from nose to mouth-breathing has been induced;atelithat an altered
breathing pattern actually causes a change in @@mbmorphology
(Harvold,1968). On the other hand, the opinion that moudating does
not affect dentofacial morphology, has been puv&nd by Kingsley
(1888), Whitaker (1911), Sillman (1942), HartsodR46), Leech (1958),
Tulley (1966), Vig (1985), and others.

Linder-Aronson (1970) has shown that children witistructed upper
airways, mouth-breathing and enlarged adenoids &iawecreased
anterior face height, a large angle between therngpd lower jaws,
reduced dimension of naso-pharynx in the sagil#aley a narrow upper

dental arch, crossbite or a tendency for crossite retroclined upper and



lower incisors. The same study also demonstratechtsal obstruction
and mouth-breathing was associated with a low tempsition.
Furthermore, it has been shown that the facial Hr@attern changes and
follows a more normal course after adenoidectonmydgr-Aronson,

1975; Linder-Aronsormt al, 1986; Linder-Aronsoet al, 1993).

Behlfelt (1990) studied the effect of enlarged tisrend tonsillectomy on
breathing pattern and dentofacial development.fildengs were similar
to those reported by Linder-Aronson (1970, 1975).

1.3.2 Adults
Lateral cephalometric radiographs have been usad aitempt to analyse
and identify morphologic parameters that might lharacteristic in adult
apnoeics. The following two-dimensional deviatiémegn normal
morphology have been reported:
1. The cranial base may be short and the cranialdoragle reduced
(Andersson and Brattstrém, 1991; Battagel and kaBge, 1996).
2. Bimaxillary retrusion (Loweet al.,1986; Solowet al.,1996).
3. Retrognathia of the mandible alone (Jamiestoal., 1986).
4. Increased mandibular plane angle (Lat@l.,1986; Andersson
and Brattstrom, 1991).
5. Increased anterior face height (Loeteal.,1986).
6. Extended head posture (Soletval. 1996).
7. Lowered hyoid bone position in relation to the mbantr plane
(Jaimisoret al.1986; Partinert al.,1988).
8. Reduced dimension of the pharynx (Logteal.,1986; Andersson
and Brattstrom, 1991; Battagel and L Estrange, 1996
9. Long soft palate (Jamiesenal.,1986; Lyberget al.,1989).
10. Reduced functional area for the tongBattagel and L Estrange,
1996).

10



An approximate estimation of the degree of airnlagtiuction may also

be obtained on lateral radiographic head films. e\v a true assessment
of the airway dimensions requires a three-dimermgimcording technique
such as computerised tomographic scanning (CT)agmnetic resonance

imaging (MRI) (Loweet al.,1986; Guilleminault and Stoohs, 1990).
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2 OBSTRUCTIVE SLEEP APNOEA SYNDROME

Sleep apnoea can be of central, peripheral (=aliste) or mixed central
and peripheral origin. In central sleep apnoe&fiidnt respiratory
stimulus from the CNS causes the apnoea and thecethoracical
respiratory movement. In the peripheral sleep aprae obstruction of the
upper airways prevents air passage into the luegpite intense
thoracical movement. The labelling of the OSA ctindias a syndrome
implies the presence of symptoms in addition totdatory findings (Table
1).

2.1.1 Children

The definition of OSAS in children is under debated different authors
may use different criteria to describe this conditiThe “gold standard” to
diagnose OSAS in children is polysomnograhic steeprding in a sleep
laboratory (Carroll, 1996; Agrest al.,1998; Mindellet al.,1999; Marcus,
2001). In children, an Al >1 is classified as sleppoea (Marcust al.,
1992; Marcus, 2001). Criteria for sleep apnoealirta are not applicable
in children (Roseet al.,1992).

2.1.2 Adults

In 1993, a State of the Art Conference focusinghendiagnosis and
management of OSAS in adults was held in Stockh®hre.consensus of
opinion at the conference was that a previouslp@sed definition
(Siuntio, Finland 1988) should be adopted by thd@@nce. According to
this definition ‘'OSAS is an intermittent, complete or partial, uppeway
obstruction during sleep causing mental and/or platsffects”. The
American Academy of Sleep Medicine (1999) statasttie diagnostic
criteria for OSAS should include an A& recorded during nocturnal

PSG, and each apnoea should last for at leastbfde

12



Table 1: Comparison of some characteristics of OSAS in ofaiicand adults (Carroll,

1996; Marcus, 2001).

Clinical characteristics:
Peak age

Sex
Aetiology
Weight

Mouthbreathing (daytime)
Excessive daytime
somnolence
Neurobehavioural

Polysomnographic
characteristics:
Obstruction

Sleep architecture
Sleep stage with OSA
Cortical arousal

Treatment:
Surgical

Medical

Children

Adults

Preschool children

Equal

Adenotonsillar
hypertrophy
Failure to thrive, normal,
obese

Common
Less common

Hyperactivity,
developmental delay

Cyclic obstruction or
prolonged obstructive
hypoventilation

Normal
REM
In <50% of apnoeas

Adeno-/tonsillectomy
Tracheostomy (rarely)
CPAP (occasionally)
Corticosteroids

Elderly

Predominantly men
Females post menopause
Obesity

Obese

Less common
Very common

Cognitive impairment,
impaired vigilance

Cyclic obstruction

Changed
Non-REM (or REM)
At terminatbbeach
apnoea

UPPP (selected cases)
Tracheostomy (rarely)
CPAP

Dental splints

2.2 SYMPTOMS

The symptoms of OSA in children differ in many rests from those in

adults. The typical clinical manifestations ardutised sleep and noisy

breathing while snoring is not a prominent featareome children

(Guilleminault and Stoohs, 1990). The upper airalagtruction may

present itself mainly as paradoxical breathingiamcrd rib cage motion

with or without the occurrence of apnoea. In addito excessive daytime

sleepiness, failure to thrive is a common symptosuich children. Many

13



children experience only mild symptoms with spoatars improvement,

whereas in others the condition is progressive.

Secondary effects of nasal obstruction have bemnqursly studied.
Disturbed acid-base balance in blood (Luscher, 1@B8ewinsch, 1932)
and influence on pulmonary function (Ogetaal, 1964; Togawa and
Ogura, 1966) have been reported. In 1965 Noonahsaon thereafter
Lukeet al.(1966), described an association between croniengipyvay
obstruction and cardio-respiratory complicatiomsfrmoderate cardial
enlargement to cor pulmonale and polmonary edeatartiproved after
adeno-/tonsillectomy. Morbidities that primarilyfedt the cardiovascular
and neurobehavioural systems in children suffdiriogn OSA have also
been reported by Carroll (199&)d Gozal and O Brien (2004).

2.3 DIAGNOSIS

The diagnosis OSAS in children is based on higibigrough anamnestic
examination - questionnaire), physical examinateomg laboratory tests.
Common complaints from parents are noisy or digtitireathing during
sleep, in some cases aggravated by upper airwegtios or allergies.
Other complaints may be excessive daytime sleepibetavioural
problems, enuresis, failure to thrive, or diffiguid swallow. The physical
examination is often made by an otolaryngologisiroher to evaluate the
patency of the upper airways and the medical stetushermore,
measurements of height and weight, and evaluatibrespiratory,

cardiovascular and neurological function are atsoied out.

The accepted standard for laboratory examinatioocsurnal
polysomnographic sleep recording, which must sHeeys respiration,
heart rate (ECG), body position, and leg movemédifits.recording should
also include oximetry, EEG, EOG, and chin-EMG towlthe quality of

14



sleep and the registration of the occurrence agléncy of arousals
(Swedish Medical Research Council, 1994; Carr@i96a).

2.4 AETIOLOGY

In children with OSAS, hypertrophic tonsils andaoienoids are the most
common aetiologic factors. Other less common faatdrich may be
related with OSA are severe craniofacial anomaiiesto- or
retrognathia, macroglossia, neurological lesiond,[@own’s syndrome
(Strohlet al.,1978; Guilleminault and Stoohs, 1990; Carroll, @899
Furthermore, epigenetic influence on developingiofacial structures
may result in narrow airways or closure during gléaimiesoret al.,
1986; Partinert al.,1988), and studies have shown that the OSAS also
has a strong familial component (Guilleminailal.,1995; Mathur and
Douglas, 1995; Ovchinslst al.,2002).

Obesity is an additional factor which may increserisk for developing
OSA, particularly in adult males (Schwaetizal.,2008).

2.5 EPIDEMIOLOGY

In a British study, 0.7 per cent of 4.5 to 5.5 geald children were
reported to have significant sleep and breathiagrders (Aliet al.,1993).
A study from Iceland indicates a prevalence okast 2.9 per cent in
children aged 6 months to 6 years (Gislason anedktsdottir, 1995),
while in a Swedish cohort study on breathing olasioas in 4-year-old
children, a frequency of 0.9 per cent was reco(tétstrand-Tidestronet
al., 1999). In prepubertal children, the frequency 8AS is the same in
girls and boys (Carroll, 1996).

OSAS is most frequent in children at the agestof@years
(Guilleminaultet al.,1981; Mindellet al, 1999),which coincides with the

15



age when the lymphoid tissues occupy the largdstmenin relation to the
skeletal nasopharyngeal cavity (Linder-Aronson lagighton, 1983).
Other reasons for enlargement of the adenoidsansilg are infections,

allergic reactions, and tumors.

During puberty, boys with reduced airway spaceartigular are at risk of
developing abnormal nocturnal breathing patterhgs ¢an be caused by
extensive soft tissue growth (Guilleminault andoBtg 1990) or
enlargement of the tongue muscle from testostesbmeilation
(Guilleminaultet al, 1989). Mindellet al. (1999) mentioned that the
pattern of symptoms seen in early to mid-adoledoeys appears to more
closely resemble the adult OSAS symptoms and fitegjuent association

with obesity.

The prevalence of OSAS at the ages 30 to 60 yeafsout 4 per cent in
men and 2 per cent in women (Youwgtcal.,1993).

2.6 TREATMENT

Children with suspected OSAS should be carefulblwated and treated
as early as possible since an impaired breathittgrpdnas an
unfavourable influence on dentofacial developm@nice the diagnosis
OSAS has been established and the predisposirggdacte identified, a
rational treatment plan should be made. The tre#ttofechoice depends
on the causative factors and the location of tigtrabtion. Alternative
treatments in children are surgery, orthodontibfmpaedic treatment,
improvement of the airwgyassage with certain devices, and medical

therapy.
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Surgery:

The goal of complete adeno-/tonsillectomy, whicbagied out in patients
with adeno-/tonsillar hypertrophy, is to increase/ay space, and not
primarily to treat recurrent inflammations or inieas of the lymphoid
tissues (Guilleminaukt al.,2004). That this operation has a dramatically
relieving effect of the symptoms in OSA patientvadeno-/tonsillar
hypertrophy, has been demonstrated by Agteal. (1998). For OSA
patients who do not respond to usual treatmenbiapit may be necessary
to perform craniofacial surgery or tracheostomyeleve or bypass the

airway obstruction (American Academy of Pediatrif¥)2).

Orthodontic/Orthopaedic treatment:

A narrow maxilla with a high palatal vault, andéoretropositioned
mandible may contribute to a reduced naso andépbaryngeal airway
space. In growing children functional orthopediplagmces which
advance the mandible (Vilkt al.,2002) or expand the maxilla (=RME)
(Guilleminaultet al.,2005; Villaet al.,2007) may increase the upper
airway space and improve respiratory function. Aereéased airway space
might also be obtained in cases where orthodoptighiting of lingually
inclined teeth results in a change in the restogjyre of the tongue
(Guilleminaultet al.,2005). However, no long-time evaluations of the
possible effect of these treatments have been foutie literature
(Carvalhoet al.,2007).

Devices to improve the airway passage:

The treatment method called CPAP (continuous pesdtirway pressure)
Is based on a device consisting of a blower, asprescontrol unit, a tube,
and a mask which is applied to the patient’s nAseair stream increases
the volume of the airway thereby relieving the bneg obstruction. The

CPAP method has been reported to be effectivagouires extensive

17



training, and in children it should be applied wetire. In a case report Li
et al. (2000) described the detrimental effect of usifAE for a long
time in a growing child. The pressure from the maak suspected to

have severely depressed the mid-face causing dlamakiypoplasia.

Medical treatment:

Medical treatment could be indicated if the upgewnay obstruction is
caused by allergic enlargement of adenoids andioosal membranes.
Obese children, suffering from OSA, should be recemded weight

control.

Treatments which make use of CPAP or medicatiomatrgenerally
succesful in curing OSA. The use of CPAP emergassesondary line of
treatment in children who fail to respond to suyger when surgical

treatment is contradicted.
It is important that the treatment of OSA is evétdacontinuously during

growth, especially in children with narrow uppemays, in whom even a

minor soft tissue enlargement may cause relapteaibstruction.
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3 THE PRESENT STUDY

The original sample comprised 20 consecutive pregabchildren, 8 girls
and 12 boys, with a mean age of 6 years (age ratm® years), who had
either been referred to or who had independentlgisomedical attention
at the Department of Otorhinolaryngology, Soderpitasin Stockholm.
All children had a typical history of OSAS and wéreated with
tonsillectomy and/or adenoidectomy. Adeno-/tonsiéeny was performed
in 16 children, tonsillectomy alone in three chaidy and adenoidectomy
alone in one child. An outline of the investigatimaterials of the Studies
[, II, and IIl is presented in Table 2.

3.1 STUDY I

3.1.1 Aim

To evaluate prospectively the clinical manifestadicsleep recordings, and
facial and dental development in children with OS#&fore and at one

year after tonsillectomy and/or adenoidectomy.

3.1.2 Material and methods

The children were their own controls. For referepegoses, the
orthodontic variables were compared with mean swabfevell-known
studies of dentofacial development and growth ¢@-matched groups
(Moorrees, 1959; Bhatia and Leighton, 1993).

Signs and symptom

The parents were interviewed with regard to thé&lodm’s nocturnal
breathing, daytime sleepiness, hyperactivity, esisy@and upper airway
infections. Health records with weight developnfeoin birth to the time
when the patients entered the study were availfeght was also

recorded at the time of surgery. The size of tereild adenoids was
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scored by an otolaryngologist (tonsils on a 5-giagtsale, and adenoids

on a 3-graded scale).

Figure la: Enlarged tonsils Figure 1b: Enlarged adenoids

Respiratory sleep recording

All 20 children underwent a whole-night polysomreggny (PSG).
Simultaneously ear oximetry, respiration and bodyement
(PVDF-matress) were recorded. At one year postesyygnly the
PVDF-oximetry sleep recording was carried out.

Orthodontic evaluation

All 20 children were examined orthodontically bef@urgery and 17 of
them one year after surgery. Three patients droppgdne because of
orthodontic treatment, one because of missingtragjins, and one
patient who failed to appear at the 1-year follgeexamination. The
children’s dental occlusions were clinically exasairby an orthodontist.
The registrations also included study models, #&teentgen
cephalograms and photographs. The dentofacialblesiavhich were

evaluated are presented in Table 5, and Figures 3.a
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overbite 3

overjet

—~
Figure 2: Measurements of Figure 3. Width of the upper arch, measured
overbite and overjet. between the centres of the cinguli at the

gingival margine of the deciduous canines, and
between the central fossae of the second
deciduous molars.

Statistics

Non-parametric tests were used. The Spearman atoretest was used to
analyse the degree of association between AHI@mslllar-/adenoidal
size. The Wilcoxon signed ranks test was usedngpene the sleep

recordings and orthodontic variables before andyeae posttreatment.

3.1.3 Results
Signs and symptoms, and clinical examination
See Tables 3 and 4.

Table 3: Clinical daytime and nocturnal signs and symptoms
in children (n=20) with a history of obstructivesparation

during sleep.

Signs and symptoms n
Snoring and apnoeas at night 20
Paradoxical inward rib cage motion 8
Excessive daytime sleepiness 14
Weight stagnation or weight loss 8
Enuresis 1

22



Table4: PSG and PVDF-oximetry recording pre-operatively
in children (n=20) with a history of obstructivesparation

during sleep.

Respiratory sleep recordings: n
Al>1 17
AHI>5 10
Signs of increased respiratory labour 19

Increased use of accessory respiration muscles i|17
REM and slow-wave sleep

Poor sleep quality due to numerous arousals in
connection with apnoea/hypopnoea and reduced 9
time in REM and/or slow-wave sleep

Increased respiratory frequency (>20/min) 1

ODI=2 6

An investigation of a possible association betwberseverity of
symptoms in the pre-operative respiratory sleeproi#eg, the tonsillar-
/adenoidal size, and the duration of the condivas carried out. No

correlation between these variables was found.

One year after surgery, resolution of snoring aagtiche symptoms was
reported in all but one child, and the respiraglegp recordings were
improved in all but four children. Fifteen childread entirely normal

recordings.

In comparison with the Swedish standard weight ldgveent curve
(Engstromet al.,1973) the average weight of the OSAS childrenateul
from the normal value by -0.6 sd (range -2.2 t@}Before surgery. One
year after surgery the deviation had been reduxddl2 sd (range -1.5 to

+1.8) and this change was statistically significant
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Dentofacial recordings
Pre-operatively, there was no significant corretatetween the ML/NL
angle and the tonsillar-adenoidal size, the dumadfcsymptoms, age when

symptoms became manifest and degree of obstruction.

Pre-operativerly, the width of the upper dentahaxas reduced and the
ML/NL and ML/NSL angles were increased comparestamdard values
from longitudinal studies of dentofacial morphold@joorrees, 1959;
Bathia and Leighton, 1993). During the year afteggal treatment, the
width of the upper arch increased and the ML/NL BdNSL angles
decreased significantly (p<0.001) (Table 5). Thelsmed effect of an
anterior rotation of the mandible and a postetatron of the maxilla
explains why ML/NL exhibited a more pronounced m&dhn than
ML/NSL.

Table 5: Dentofacial variables. Pre-operative arithmetic nsg& ) and ranges.
Average changedl(), ranges, and p-values during one year after sp(ge17).

Variable Pre-operative Change during one year
X Range d Range p-value

Width between the

in the upper jaw (mm)

ML/NL (degrees) 34.2  25.7-43.7 -3.1  -(1.0-6.1) <0.001

ML/NSL (degrees) 38.1 29.9449 -21 -(0.6-4.7) <0.001

Initially 11 children exhibited a lateral crossbi@rthodontic recordings of
two of these patients were lacking at the followewpluation (see page
21). In two of the remaining nine patients the roalosion had resolved

spontaneously one year after surgery.
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3.2 STUDY II

3.2.1 Aim

1. To characterise the dentition and facial morpgpplof children with
OSAS.

2. To study the time-linked effects on dentofaniakphology and

respiration following elimination of the upper aayobstruction.

3.2.2 Material and methods

For 14 of the original 20 OSAS children (9 boys amgirls) in Study |,

age and sex-matched controls with no signs of ugiperay obstruction
were available. The OSAS children were treated adahno-/tonsillectomy
to relieve the pharyngeal obstruction. In the O$#A&up, sleep recordings
were obtained before and at one year after sur§ugy models and
cephalometric recordings were made before, andeatind three years
after surgery. With the exception of the 3-yeaistegtion, the

corresponding records were available in the comntrol

Sleep recordings

For details see Study I.

Dentofacial recordings

On the study models overbite, overjet, width ofdpeer and lower dental
arches between the deciduous canines and molaesweasured (Figure 2
and 3). The occurrence of lateral crossbite wastexgd. On lateral
cephalometric radiographs the angular variablegyanth direction
(facial axis) shown in Table 7 and Figure 4 weuglistd. In addition,

lower anterior face height (LAFH) was registerec g®rcentage of the
total face height.

25



Figure4: Reference points and lines on cephalograms. Miefini
of skeletal points and lines are those given bykB(@960). The
reference point PT and the angle “Facial axis'those given by
Ricketts (1981).

Statistics

Arithmetic means for each group at the differemigtipoints and mean
differences between the paired samples before isungee calculated.
The differences between the groups before surgad/within the groups
during the first year after surgery were testedstatistical significance

using the Wilcoxon signed ranks test.
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3.2.3 Results
Sleep recordings
See Table 6.

Table 6: Polysomnographic variables before and one yeer stfirgery. Mean values
and ranges in OSAS children (n=14).

Variable Pre-operative One year after syrge
‘Mean  Range ~ Mean  Range

AHI 7.5 0-37 not measured

Obstructive respiration in per 37.5 5-76 9.5 0-37

cent of total sleep time

ODI 4.3 0-31 0.1 0-1

The changes in respiration pattern and ODI wetesstally significant (p<0.01 and
p<0.05, respectively).

Dentofacial recordings

During the first year after adeno-/tonsillectomgntbfacial morphology
developed favourably in the OSAS children. All edtes in Table 7 that
differed between OSAS children and the controlanged in the same
direction in both groups, although significantly naan the patient group,
with the exception of the variable “lower antetfiace height”.
Pre-operatively, seven OSAS children had a latecaisbite, which had
resolved spontaneously in two children one year afirgery. Among the
controls at the initial registration, one child reathteral crossbite that still

remained one year later.

In the OSAS children, a further slight normalisataccurred during the
following two years, but the changes during thst flear post-operatively
were more pronounced. There were no 3-year follpwegistrations for

the control children.
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Table 7: Dentofacial variables. Mean differences)( ranges and p-values in OSAS
children compared to control children before suygand mean changeg J within the
OSAS and control group, ranges and p-values dtinadrst year after surgery.

Pre-operativ

One vear after surae

Variable d?! range p-value Group X 2 range  p-value

ML/NSL OSAS -25 -3.6--0.6 <0.001
6.0 -3.6-+154 <0.01

(degrees) Control -0.3 -2.1-+0.8 NS

NL/NSL OSAS 0.8 -0.7-+25 <0.01
-2.2 -6.7-+5.3 <0.05

(degrees) Control 06 -05-+21 <0.05

ML/NL OSAS -35 -6.1--1.0 <0.001
8.1 -3.2-+154 <0.001

(degrees) Control -0.8 -2.7-0.8 NS

Facial axis OSAS 09 -15-+26 <0.05
-5.1 -11.6-+5.0 <0.01

(degrees) Control 00 -16-+13 NS

LAFH OSAS -0.5 -1.9-+0.2 NS
3.0 -1.7-+74 <0.05

(per cent) Control -04 -23-+0.5 NS

Overbite®
-1.3 4.1-+19 <0.01

(mm)

Width 55-65 OSAS 0.7 0.0-+1.4 <0.001
-3.5 -10.1-+40.6 <0.01

(mm) Control 0.4 0.0-+1.1 <0.001

! A negative sign indicates a smaller value in teapnoea children.
2 A negative sign indicates a decreased value fn@voperative to one year after

surgery.

®Due to loss of primary incisors in several childitamas not possible to measure the
variable overbite one year after surgery.
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3.3 STUDY Il

3.3.1 Aim

1. To compare young children suffering from OSA#wion-obstructed
children, with respect to craniofacial morphologgft tissue profile, and
airway space.

2. To longitudinally evaluate the development @fsth structures after
successful treatment of OSA (adeno-/tonsillectoragyl to undertake a

comparison with the normal development in non-alaséd children.

3.3.2 Material and methods

The material comprised cephalometric records fr@ré&wedish children
(10 boys and 7 girls). All children had been diaggtbas suffering from
OSAS as a result of enlarged tonsils and/or adsnaitd were to undergo
tonsillectomy and/or adenoidectomy as treatmerg. @8AS diagnosis
was based on a typical history of sleep apnoeavasdrerified by

polysomnographic registration (see Study ).

The control group comprised lateral cephalogranis/cige and gender-
matched children. The dental ages were also matgtieadne exception.
Eleven of these children were Swedish and had &e@mined by an
otolaryngologist who had reported no signs of alaséd upper airways.
The remaining six children in the control group eveelected from a
longitudinal cephalometric growth study (Bhatia &maghton, 1993).
This material did not contain any subjects withdbhdeformity or severe

malocclusion.

In the patient group, cephalographic records weadable at baseline
(=before surgery), and then at 1, 3, and 5 yeasqueratively. With the
exception of the 3-year registration, correspondeogrds were available

for the control group. The cephalometric analysesed out were based
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on linear and angular measurements which had ld#aemed from
standardised cephalograms (Figures 5 and 6). 8kalental and soft
tissue variables were studied and the developmanttbe 5-year

follow-up period was analysed.

Figure 5: Nasopharyngeal airway space
measured at the adenoids. Reference points
adl and ad2 according to Linder-Aronson
and Henriksson (1973).
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APEX

Figure 6: Reference points and lines on lateral
roentgenographic head films. The definitions of
reference points and the Frankfort Horizontal (FH)
are those given by Bjork (1960). Definitions oftsof
tissue points are given in Study Il

Statistics

The differences between the matched pairs at theliba and the 5-year
follow-up registrations were tested for statistsighificance with the
paired t-test. The differences in development tveifive year period
were tested for statistical significance (GlobaéBt) using the procedure
for repeated measures (ANOVA). The significancell@x0.05 was

chosen.
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3.3.3 Results

The results are presented in Tables 8 and 9alRigjure 7.

Table 8: Cephalometric angular (degrees), linear (mm),ratid (per cent) variables at baseline
in patients and controls, mean ages 5.6 and 518 yespectively.

Variable n Patients Controls Patients versus controls

Angular

ML/NSL 17 38.0 441 335 442 4.5 6.50 0.012*
NL/NSL 17 42 212 6.7 2.19 -2.5 2.48 0.001**
ILs/NL 16 945 7.64 99.3 8.38 -4.8 8.66 0.044*
ILi/ML 11 836 7.70 89.6 4.74 -6.0 6.17 0.009**
Linear (skeletal)

A-FHP 16 594 3.21 59.8 241 -0.4 4.01 0.718
B-FHP 16 535 3.59 545 3.75 -1.0 4.86 0.429
pg-FHP 17 514 473 53.7 4.89 -2.3 5.67 0.121
n-FHP 17 58.1 2.49 59.6 2.26 -1.5 2.17 0.009**
n’-sp’ 17 386 2.95 39.7 3.25 -1.1 2.90 0.114
sp’-gn’ 17 534 357 50.9 3.12 2.5 4.68 0.047*
n"-gn’ 17 92.0 5.49 90.7 4.98 1.3 5.56 0.350
sp’-pr’ 15 139 222 13.8 2.55 0.1 2.25 0.770
id"-gn” 9 218 1.72 21.6 2.56 0.2 2.74 0.769
s-pm’ 17 326 2.06 32.0 2.04 0.6 2.47 0.317
pm’-tgo” 17 243 2.93 26.6 2.86 -2.3 4.15 0.041*
s-tgo’ 17 56.9 4.01 585 3.34 -1.6 5.06 0.192
Linear (soft tissue)

adl-pm 17 116 4.88 14.2 4.65 -2.6 4.37 0.026*
ad2-pm 17 84 216 11.0 2.84 -2.6 2.44  <0.001***
STN-FHP 17 66.1 2.75 66.7 2.19 -0.6 2.75 0.368
APEX-FHP 17 789 3.72 81.0 2.60 2.1 3.41 0.025*
STA-FHP 15 69.2 3.46 70.3 2.66 -1.1 3.77 0.283
STB-FHP 17 622 450 62.3 4.24 -0.1 5.08 0.910
STPG-FHP 17 61.7 5.11 63.7 4.95 -2.0 5.78 0.176
Ratio

(sp”-gn’/n"-gn") x 10017 58.0 1.95 56.2 2.25 1.8 2.87 0.018*

* P<0.05; ** P<0.01; *** P<0.001.

At baseline (Table 8), the inclination of the mdmeli(ML/NSL) and
maxilla (NL/NSL) differed significantly between tipatients and controls.
In the patients, the mandible was more posteriadined (p<0.05)

whereas the maxilla was more anteriorly inclined)001) compared to
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the controls. The relatively greater inclinatiortlodé mandibular plane and
relatively smaller inclination of the nasal planghe patients was also
reflected in the variables representing lower amtésp™-gn”) and
posterior (pm’-tgo”’) face heights. As compared Withcorresponding
dimensions in the controls, anterior face heighd gi@ater and posterior
face height was smaller in the patients (p<0.0bg dnterior facial ratio
was significantly greater (p<0.05) in the patieRigrthermore, the length
of the anterior cranial base (n-FHP) was signifilyashorter (p<0.01) in

the patients.

The upper and lower incisors were more retroclindtie patients than in

the controls (p<0.05 and p<0.01, respectively).

As regards the facial soft tissues, the only diffiee was the slightly more
advanced tip of the nose (APEX-FHP) in the cordutdjects (p<0.05).
The width of nasopharyngeal airways was evaluatddtive variables
adl-pm and ad2-pm. Both measurements were sigmtiffa@duced in the

patients (p<0.05 and p<0.001, respectively).

At the 5-year follow-up (Table 9), only two sigmiint differences were
recorded between the groups. The length of theiantFanial base (n-
FHP) was shorter (p<0.01) and the position of iheftthe nose (APEX-
FHP) was less advanced (p<0.05) in the patientpyrou
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Table9: Cephalometric angular (degrees), linear (mm), atid (per cent) variables at
the 5-year follow-up in patients and controls, mages 10.9 and 10.7 years respectively.

Variable n Patients Controls Patients versus controls

Mean SD Mean SD Mean diff SD Pvalue

Angular

ML/NSL 17 344 491 319 497 25 7.62 0.184
NL/NSL 17 5.8 2.72 7.0 295 -1.2 3.49 0.182
ILs/NL 16 109.2 435 108.1 6.19 11 6.72 0.492
ILi/ML 11 919 6.54 919 7.79 0.0 8.35 0.999
Linear (skeletal)

A-FHP 16 629 354 64.1 3.82 -1.2 519 0.348
B-FHP 16 59.0 4.47 59.7 5.32 -0.7 6.44 0.698
pg-FHP 17 58.9 5.05 60.2 6.32 -1.3 7.05 0.444
n-FHP 17 617 2.45 64.0 2.78 -2.3 3.17 0.008**
n"-sp’ 17 452 3.20 46.1 2.87 -0.9 3.41 0.307
sp’-gn’ 17 58.7 4.36 56.3 3.47 2.4 6.44 0.139
n"-gn’ 17 103.9 537 1024 4.77 15 6.53 0.343
sp’-pr’ 15 132 217 12.8 1.85 0.4 3.14 0.612
id"-gn” 9 242 239 23.6 1.89 0.6 2.66 0.525
s-pm’ 17 37.8 2.15 37.6 215 0.2 2.80 0.805
pm’-tgo” 17 29.2 3.36 29.4 3.37 -0.2 5.27 0.906
s-tgo” 17 67.0 4.06 67.6 4.36 -0.6 5.03 0.639
Linear (soft tissue)

adl-pm 17 175 4.43 19.7 5.46 -2.2 7.25 0.215
ad2-pm 17 143 3.35 154 3.99 -1.1 531 0.403
STN-FHP 17 70.2 2.80 71.3 290 -1.1 3.17 0.145
APEX-FHP 17 87.2 4.04 89.7 3.97 -2.5 4.63 0.045*
STA-FHP 15 76.0 3.59 76.5 4.31 -0.5 597 0.786
STB-FHP 17 68.7 5.24 68.5 5.56 0.2 6.20 0.896
STPG-FHP 17 69.7 6.51 70.3 6.73 -0.6 7.62 0.776
Ratio

(sp’-gn’/n’-gn’)x 10017 565 2.54 550 2.04 1.5 3.60 0.113

* P<0.05; ** P<0.01.

The statistical analyses (ANOVA test) of the growdttern over the
5-year period showed that development of the viasaldL/NSL, ILs/NL,
and ILI/ML differed significantly (Figure 7). Thaclination of the
mandible was reduced in both groups but to a greatent in the patients
(-3.6 degrees compared with -1.6 degrees in theaish At baseline, the

upper and lower incisors were retroclined in thieepés compared to the
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controls. At the 5-year follow-up, the inclinatiohboth upper and lower

incisors was very similar in the two groups.

ML/NSL
Degrees .
Patients ——
38 - Controls ---
36 T
34 - {,{ _____
32 4 T T }
30 I T I I I I
0 1 3 5 Years
ILs/NL
Degrees
110
,,,,,, 1
105 -
100 7 Patients —e—
95 Controls -4--
90 T T T T T T
0 1 3 5 Years
ILi/ML
Degrees
%2 4 - {
89 A
86 1 Patients —e—
83 Controls --4-
80 T T T T T T
0 1 3 5 Years

Figure 7. Diagrams illustrating the means, standard ereod,the
changes of the variables ML/NSL, ILs/NL, and ILi/Mluring the
5-year follow-up in the OSA and control groupsofder to avoid
overlapping of the error lines, the breakpointthefcurves have been
slighly displaced in relation to each other.

The pattern of change for all other variables vilssa&r in the two groups.
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4 DISCUSSION

In the present prospective investigation, OSA aaduyeadenoid and
tonsillar hypertrophy in young children has beenlstd. The following
guestions were of interest:
» Does adeno-/tonsillectomy normalise the breathimgtion and
resolve the day and night-time symptoms of OSA?
» Does dentofacial morphology differ between OSA3decen and
children whose airways are not obstructed?
* How do the dentofacial structures develop aftegisat treatment
of OSA?

Obstructive sleep apnoea

In the wide spectrum of symptoms of upper airwastiletion, OSA is the
most extreme variant of mouth breathing and snoRagential causes for
OSA in children are enlarged tonsils and adenewig;h reduce upper

airway space and may make normal breathing difficul

The initial criterion for the possible inclusiontbie patients who were
evaluated in this study, was that the parents éported typical symptoms
of obstructive sleep apnoea syndrome in their cdrldUsing a
combination of laboratory diagnostic indicatorg thagnosis OSAS was
then verified in the 20 consecutive young childiea boys and 8 girls,

mean age 5.6 years) who eventually comprised tenpgroup.

It would have been desirable to obtain an age arehstched control
group of healthy children without nocturnal resmrg disturbance,
simultaneous to the collection of the OSAS childfermm an ethical point
of view, however, this was not possible, and tleeethe control groups

had to be selected from previous longitudinal ssidif dentofacial
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morphology. Due to this fact, the control grouporels were about 20 to
30 years older than those of the OSAS childreniriguhat time span, it is
possible that minor secular changes in dentofasmphology have
occurred, for example due to variations in freqyesfallergic condition
(Bresolinet al.,1983) and caries (von der Fehr, 1994). Althouglmsuc
changes should not be disregarded, it is not likedy they would have any

significant influence on the results of the prestudly.

The surgical treatment performed in the OSAS ceildrvas tonsillectomy
and adenoidectomy in 16 patients, tonsillectompaio three patients
and adenoidectomy alone in one child. The thredreim who dropped out
of the study were all treated with adeno-/tonsitiety. In study I, the
investigation material comprised only 14 patients tb difficulties in

finding a sufficient number of matching controls.

The adeno-/tonsillectomy gave an immediate refisfymptoms and still
one year after surgery, none of the patients ebeuil@ny subjective signs
and symptoms of OSAS. However, five children shogigds of
obstructive respiration in their PVDF-oximetry red® one year after
surgical treatment. On lateral roentgen cephalogyémas observed that
two of these children had a somewhat enlarged adiéissue which
spontaneously diminished before the 5-year follgwin two others, an
enlargement of the adenoid tissue had continuee@Wwenvand before the
5-year follow-up they were subjected to an add@i@denoidectomy. In
one child, no tissue enlargement was observedelatéral cephalogram.
At the 5-year follow-up there was no significarffetience between
patients and controls in respect of width in theosgharynx measured as

the distances ad1-pm and ad2-pm.
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Airway obstruction which results in mouth breathintay in turn lead to
an extended head posture, and a lowered mandydil bone, and
tongue position. Some of the present OSAS childrere videotaped
simultaneously with the sleep recordings. Activaid accessory
respiration muscles and extended head posturepaetieularly obvious
during REM and slow-wave sleep. This is in agredmatin
Guilleminaultet al.(1981) who stressed that the severity of the ragply
obstruction in children may rather be reflectedaspiratory labour than in
the number of apnoeas/hypopnoeas or the degreg/g@ém desaturation in
the blood.

It is likely that this increased respiratory labamd a presumably higher
energy consumption during sleep is responsibledare of the present
OSAS children’s failure to thrive. However, thebédren rapidly gained
weight after the adeno-/tonsillectomy had normdligeir breathing
pattern. This development is in agreement withr¢isalts of the study by
Marcuset al.(1992). The failure to thrive could also be reidte
unfavourable variations of growth hormone (GH) Is\as described in
studies of OSAS in children (Bat al.,1999; Niemineret al.,2002;
Peltomaki, 2007). Secretion of GH is associated tié sleep-wake cycle,
and is assumed to increase during slow-wave and BlEdp. GH levels
have not been recorded in the present study. Haweveine children
numerous arousals in connection with apnoea/hypegpaad reduced time
in REM and/or slow-wave sleep were observed.dBait. (1999) and
Nieminenet al. (2002) have shown that improved respiration aftkmo-
/tonsillectomy has resulted in increased levehagerum of GH
mediators and catch-up growth.

The risk of OSA symptoms reappearing should natieegarded and

especially not in cases where the upper airwayaamew. In subjects
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with a reduced nasal-pharyngeal dimension evera#l emlargement or
decreased patency in the pharyngeal tissues ngagetra relapse in
obstructive breathing. Guilleminaw@t al.(1989), and Guilleminault and
Stoohg(1990) have reported the existence of such amisloys during
puberty. Shintanet al.(1998) mentioned that the possibility of subclihica
neuromuscular dysfunction may reduce the degréesatthing
improvement after adeno-/tonsillectomy. Roséeal.(2001) suggested
that obese children, and those with a family histdrbreathing disorders
during sleep were at higher risk of developingdesl OSA after adeno-
/tonsillectomy. These are important issues whidhicate that possible
residual obstructive breathing problems after ademwsillectomy should

always be carefully monitored.

Dentofacial morphology

The present study has shown that OSAS childrennmparison with
controls exhibited significant differences in trenttion, such as reduced
overbite, narrow upper dental arch, crossbite arat@ssbite tendency,
and retroclined incisors. Similar differences igtsly older children have
previously been reported in the literature (Lindeonson, 1970; Behlfelt,
1990) to be associated with mouth breathing, extéigad posture, and
narrow upper airways. It was interesting to notaydéwver, that the
deviations from normal values were large enouglkach statistical
significance in the present patients even at thg ages that they

represented.

The developmental pattern of the upper dental anchthe occlusion
changed in a favourable way after surgery. Betveand 6 years of age,
and between 6 and 7 years of age, the normal aa/@ragease in width
between the upper second deciduous molar is 0.4mth®.3 mm

respectively (Moorrees, 1959). This is in accor@anith the average
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increase in the control group. In the patient groe width of the initially
narrow upper arch increased by 0.7 mm (p<0.00linguhe first year
post-surgery. During the subsequent two yeardntitrease was 0.4 mm
per year. It was not surprising, therefore, thatl#tteral crossbite had
resolved spontaneously in two patients. The intbneof the incisors
showed an even more positive development. At tdeoéthe 5-year
follow-up period, the average inclination of botiper and lower incisors
was normal. The OSA diagnosis had been establasmedreatment
carried out when most of the patients had onlydiemis teeth. At the end
of the 5-year follow-up period, the deciduous it had exfoliated and
the permanent incisors erupted. Due to the suaddsstment of the
patients, the permanent incisors could erupt iarenally functioning
environment, and this fact may explain the re$dt the average
inclination of both upper and lower permanent ia@gsvas completely

normal after treatment.

The OSAS children had a significantly differenti&enorphology before
treatment compared to age and sex-matched noruotestrcontrols. The
lower anterior face height (sp”-gn”) was greater,rhandible (ML/NSL)
was posteriorly inclined, the maxilla (NL/NSL) wasteriorly inclined,
and the inclination of the facial axis in the OS&#ldren before surgical
treatment indicated that they exhibited a moreicargrowth direction in
general than the controls. After treatment for OB, patients’
dentofacial growth was normalised. This developneint agreement
with other studies on dentofacial growth followimngatment for
obstructive breathing in children who were 4 toeeang older than the
children in the present studlyinder-Aronson, 1975; Behlfelt, 1990).

It has been reported that both children with olasédi upper airways and

adult apnoeics exhibit some degree of maxillary maddibular
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retrognathism (Linder-Aronson, 1970; Jamiesbal.,1986; Loweet al.,
1986; Guilleminaulet al.,1989; Behlfelt, 1990; Soloet al.,1996;
Shintaniet al, 1998; Finkelsteiet al, 2000; Kawashimat al.,2002). A
tendency for retrognathism was also recorded iptasent study although
the differences between patients and controls alideach the level of
significance. This is in line with the findings $hintaniet al.(1997) who
compared OSAS children in different age groups wathtrol children
without airway obstruction. They found no differermetween the
youngest OSAS children and their controls regartiiegSNA and SNB
angles, while in the age groups 5 to 6 and 7 teé®@syOSAS children
exhibited reduced SNA and SNB angles comparedritras.

As regards the length of the anterior cranial lfpgeHP), it was
interesting to note that it was significantly skeoih OSAS children than
in controls. Since the spheno-ethmoidal synchomslmshe youngest
children was probably not yet ossified before trestt, it could be
expected that there would also be an increasedtlgiawhis area after
treatment for OSA. However, at the 5-year followragistrations the
difference between patients and controls in resplaatanial base length
was still present. In the adenoid children studhed inder-Aronson
(1970), a similar but not significant trend wasrfduA short cranial base
in OSAS children has also been reported by Shimtaali (1997) and
Kawashimeet al.(2002). In a study on adult apnoeics, Anderssah an
Brattstrom (1991) showed that the cranial baseshasger in the apnoeics
than in controls without snoring problems, but S&# SNB angles did
not differ between these groups. Further studiemaeded in order to
establish whether a short anterior cranial baaesignificant characteristic

in the craniofacial morphology of apnoeic patients.
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The morphology of the soft tissue profile was esatdd on the basis of
measurements of the distances from FHP to fivearbe points, namely
the soft tissue nasion (STN), the tip of the nddgeX), and the soft tissue
A, B, and Pg points. It was found that the tiphe# hose was significantly
less prominent in the patients than in the con(mt®.05). The other
distances exhibited a similar tendency but theat®n of the patients”
values from the control values was small and did@ach the level of
significance. However, the tendency for patienoigrtathism noted in
respect of skeletal morphology was also refleatdtie soft tissue profile.
After treatment, the tip of the nose was still gfigantly less prominent in
the patients than in the controls. No differencetsveen the groups were
found as regards the position of the soft tissuB,/and Pg points in

relation to FHP.

The observed change in growth direction in the O8Aifiren can be
explained by a differential amount of growth in dreerior and posterior
part of the facial skeleton. The ratio (sp”-gndn’) x 100 indicated that
the lower anterior face height in relation to t@aterior face height was
greater (p<0.05) in the patients than in the cdsttbe difference being
1.8 units. Five years post-treatment, the meaa matihe patients
approached that of the controls, but a differeride®units still existed.
Posteriorly, on the other hand, the lower faceitgigm”-tgo”) before
treatment was 2.3 mm smaller, on average, in thems than in the
controls. Five years after treatment, the diffeecbetween patients and
controls was only -0.2 mm. This means that in campa with the
controls the posterior face height in the patiéais increased significantly
more. Taken together, these growth events resultad average anterior
rotation of the mandible in the patient group whiids most pronounced
during the first year post-treatment and signiftgagreater than the

average mandibular rotation recorded in the cog@lp. A similar
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development has been observed in children aftsilkectomy (Behlfelt,
1990).

The increase in posterior face height might bearpt either by changed
position of the condyle, growth in the condylartitage that increases
mandibular ramus height, or bone apposition agtreal angle, or by a
combinations of these alternatives. A possible ¢gmastimulation in the
condylar cartilage could very well be the resuladévourable change in
the GH balance following the normalisation of tlatignts” sleep. The
variations in the mandibular growth pattern seethénOSAS patients,
therefore, could be explained by the earlier diseddailure to thrive, and
the catch-up growth after adeno-/tonsillectomy, tedpossible
association of these conditions with secretion idf (& studies on patients
suffering from Turner’s syndrome (Rongen-Westenakeal.,1993), GH
therapy has been shown to have a favourable effectandibular growth.
In young patients with GH deficiency due to totadlip irradiation (TBI),
administration of GH has been observed to stimutatedibular growth
and result in an upward and backward displacenfeheanandibular
condyle (Forsbergt al.,2002). Furthermore, the mandibular length

increased significantly more in GH treated pati¢nés in controls.

Additional studies of factors which may possiblyatteine the growth

and shape of the mandible, could further elucittaee issues.
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5 CONCLUSIONS
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Children exhibiting symptoms of OSAS should be giaa
examination based on a combination of laborataagmistic tests,
EMG activity in relevant muscles, arousals, andgaxysaturation.
OSA in young children caused by hypertrophic adénand/or
tonsils was succesfully treated with adeno-/toasidmy.

Young children suffering from OSA have a differdenhtofacial
morphology compared with non-obstructed contrdticén.
Dentofacial morphology was normalised after thattreent of OSA.
It is important that children with OSA are diagndsarly and
evaluated both from a medical and dentofacial pafiniew. This
requires close co-operation between paediatriciat@aryngologists,

orthodontists and paedodontists.
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