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Background 

Introduction 
More than a century ago, ever since the Danish otorhinolaryngologist 

Wilhelm Meyer in 1868 described the adenoids and the positive effects of 
adenoidectomy, it has been pointed out that children with sleep related 
breathing difficulties often show a facial appearance different from that of 
children without these problems (See fig 1 and 2). That obstructive adenoids 
and tonsils are associated with specific anatomical traits have later been 
shown by Linder-Aronson (1970), Cheng et al. (1988), and Behlfelt (1990) 
Gryczynska et al.(1995) . 

Although otorhinolaryngologists have been treating children with 
obstructive problems of snoring and sleep apnea for quite a while, 
scientific interest in the problem of snoring in children has came much later. 
Studies on the prevalence of snoring and apnoeas among children only began 
showing up in the scientific literature during the 1990’s (Ali et al., 1993; 
Gislason & Benediktsdottir, 1995; Owen et al., 1996; Teculescu et al., 1992, 
Bixler et al. 2009).  

In children, adenotonsillectomy has been regarded as sufficient treatment 
for snoring, (Joshua et al.2006) but it has also been reported that snoring and 
OSA is not always cured by surgery and that recurrences are common 
(Ahlqvist et al. 1988, Guillemineault 2004, Ng et al. 2006). The reasons for 
this are probably multifactorial and not only dependent on enlarged adenoids 
and/or tonsils.  

The interest in the deleterious effect of snoring in adults and in how to 
treat them has grown continually since the first definition of sleep apnea 
syndrome by Guimineault in 1975— especially since uvulopalatopharyn-
goplasty, the first surgical technique for treating such problems that could be 
used in all ENT-clinics, was introduced by Fuijta in 1981 (Fuijta et al.1981). 
Many of the adults then seeking help for snoring had already been operated 
in childhood with adenotonsillectomy. 
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Sleep Disordered Breathing  
Upper airways 

Breathing through the nose is normal for humans and is dependent on 
adequate anatomy and function. The upper airways can be compromised at 
different levels, in the nose, the naso-pharynx or the oro-pharynx causing 
breathing obstruction, any of which can result in a transition from nasal to 
oral breathing. For pre-school children, the physiological hypertrophy of 
adenoid and tonsils are the main causes of such obstruction. Between 3 and 6 
years of age, the size of the adenoids and tonsils in relation to the underlying 
diameter of the airways is greatest (Geneser 1986, Brandtzaeg 2003), thus 
most sleep related distress can be expected at this age.  

Snoring 
Snoring is common in children as well as in adults. It is an acoustic phe-

nomenon caused by vibrations of tissues in the upper airways, primarily the 
soft palate. It occurs when a relative obstruction of the airways gives an 
increased Bernoulli Effect resulting in these sound-producing vibrations, 
when there is a relative hypotonia of the muscles of the airways during sleep.  

OSA 
Obstructive sleep apnea, OSA, is a temporary total collapse of the airway, 

caused by a successively increasing Bernoulli effect while snoring. In adults, 
an apnea is a respiratory stoppage lasting 10 seconds and a hypopnea a pe-
riod of obstructed ventilation to 50% lasting 10 seconds and causing oxygen 
desaturation (SO2) of >3%. The number of apneas and hypopneas per hour 
of sleep is expressed as apnea-hypopnea index, AHI . 

For children, several different criteria have earlier been used to describe 
the condition. Nowadays, the definition of OSA among children is related to 
the age of the child. An apnea is defined as a breathing stop which lasts at 
least the time of two respiratory cycles (American Thoracic Society 1999, 
Schechter 2002). In 1994, when the examination of the 4 year-old children in 
this theses took place (Paper I), the definition for adults had to be used due 
to lack of established definition for children at that time. 

In adults an AHI of up to 10 is regarded as “normal”, but in children an 
AI �1 is always regarded as pathological. In young children, the AHI often 
primarily describes a condition of prolonged hypoventilation which also is 
defined as OSA even if AI is <1. The “gold standard” for diagnosis of OSA 
in children, is polysomnographic sleep recordings in a sleep laboratory 
(Guilliminault 1998, Ågren et al. 1998; Caroll, 2003), which however very 
rarely is done, due to lack of sleep laboratories for children. Instead sleep 
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cardiorespiratory polygraphies in a home-setting are often used (Weatherly 
et al.2003). 

Reports on consequences of Sleep Disordered Breathing on 
general health in children. 

Breathing obstruction can be a serious condition which may not only 
cause restless sleep and day time fatigue in children, but behavioral prob-
lems such as aggressiveness and hyperactivity, cardiovascular complications 
(Kwok et al. 2003) both during childhood and later in life (Bhattacharjee et 
a.l. 2009), and delayed growth (Ersoy 2005). It may even be life-threatening 
in extreme cases (Guilleminault & Stoohs, 1990). In recent decades, there 
has been a focus in the literature on the neuro-cognitive effects in children 
(Lipton & Gozal 2003, Suratt et al. 2006, Kurnatowsky 2006), not only of 
severe breathing obstruction, but even due to merely snoring (Ali et al. 
1996,Urschitz et al. 2003, Chervin 2005, Ericsson et al. 2006). Many of the 
complications seems to be mediated through the inflammatory system 
(Goldbart & Tal 2008). 

Reported consequences of Sleep Disordered Breathing on the 
facial morphology and development.  

In children a connection between impaired breathing and facial develop-
ment has been described by Wilhelm Meyer 1868 (Thornval 1969). One 
hundred years later Moss wrote about “the primary role of functional matrix 
in facial growth” (Moss 1969). He states that the base for growth and devel-
opment is polygenetic and points to the functional cavities (mouth, nose and 
pharynx) as central in growth of the splanchnocranium. According to his 
theory the bony parts of the face develop in response to this “functional 
matrices”, where different neuromuscular function, as well as hormonal and 
nutritional status is of importance.. 

In 1977 Solow et al. formatted the expression “soft tissue stretching” 
pointing out the force on the growing facial skeleton by surrounding tissues. 

Experimentally induced nasal obstruction in monkeys (Miller 1984) and 
humans (Hellsing 1986) has been shown to lead to immediate alteration of 
head/neck posture to facilitate oral breathing. Permanent induced obstruction 
has led to altered facial development in growing primates as shown by Har-
vold (1968). 

Solow et al (1993), demonstrated that individuals snoring regularly and 
OSA patients have a deviant posture of their head and neck compared to 
non-snoring controls. 

School children with enlarged adenoids/tonsils and mouth breathing have 
been shown to have different cranio-facial morphology in comparison to 



 14 

children with normal breathing, e.g., a shorter lower arch, longer facial and 
dento alveolar heights, more narrow cranial and palatal widths, and a higher 
prevalence of crossbite (Linder-Aronson, 1970; Cheng et al.1988; Tourne 
1989; Behlfelt, 1990). Similar differences have also been demonstrated in 
adults with snoring and OSA by Lowe et  al. (1986), Andersson &Brattström 
(1991). 

Reported effects of adenotonsillar surgery.  

Effects on OSA and snoring   
Adenotonsillectomy, (A+T) which means removal of hypertrophied ade-

noids and palatal tonsils is the most common surgery performed in children 
(Ramzi 2002). Nowadays the surgical indication is most often snoring and 
OSA in children as modern antibiotic treatment has reduced the need for 
surgery solely due to infections. In children, A+T has been regarded as 

 
Fig 1 The situation of palatine tonsils and adenoids 
 

sufficient treatment for snoring, but it has also been reported that snoring and 
OSA is not always cured by surgery and that recurrences are common 
(Ahlqvist et al 1988, Johansson & Hultcrantz 2003,Guillemineault 2004, Ng 
et al. 2006). 

Effects on orofacial morphology 
Linder-Aronson et al. (1986), Solow et al.(1993),  Zettergren-Wijk et al. 

(2006) and others have demonstrated that the changes in morphology in 
growing children are partly reversible after removal of airway obstruction, a 
fact that is said to prove that the impaired breathing, at least to some extent 
is causing the anatomic traits (Solow 1993). On the other hand, Harterink, 
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(1989) and Vig (1998) among others did not find any connection between 
breathing obstruction and facial morphology. The debate is still ongoing. 
 
 
Fig 2. Wilhelm Meyer’s illustration of the effect of Adenoidectomy on facial appearance. 
 
 
 
 
 
 
 
 
 
 
) 
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Aims of the thesis 

The over all purpose of the theses is to examine a community based 
cohort of four year old children and follow the development from four 
to twelve years with respect to sleep disordered breathing and 
orofacial morphology, in relation to adenotonsillar surgery. 
 
Specific purposes are to: 
 

-  estimate the prevalence of sleep-related breathing disorders at 
age four, six and twelve, and investigate the covariates related 
to breathing obstruction at those ages, thereby showing the 
development of symptoms in the cohort and the long term 
effect of surgery on symptoms (Paper I-III) 

 
- study the dental arch morphology at age four, six and twelve 

among children snoring every night in comparison to age 
matched, not snoring controls from the same cohort (Paper I 
and III) 

 
- follow the dental arch development up to age twelve among 

children snoring every night at age four in consideration to 
their having adenotonsillar surgery or no surgery and in 
comparison with corresponding development among not 
snoring controls from the cohort (Paper IV) 

  
- investigate the cranio-facial morphology (on cephalograms) 

among children snoring every night at age four and study the 
effect of adenotonsillar surgery at age six and twelve (Paper II 
and IV) 

 
- study whether early cephalograms, from children snoring at 

age four, differed, between those who later, at age twelve were 
snoring every night and those, who at that age had stopped 
snoring (Paper IV).  
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Subjects and methods 

Subjects 
The inclusion of children in different papers see Table 1. 

Paper I 
As a part of the Swedish national community health program, children 

have a dental examination at four years of age. Over a period of 16 consecu-
tive months, all children presenting for this examination in a small Swedish 
town—a total of 644 subjects—were asked to complete a questionnaire 
concerning snoring and related problems.  

Paper II  
When the children who took part in the initial study (n=615) reached the 

age of six, they were invited to come to a second examination.  

Paper III  
The 509 children who participated in the follow-up examination at age six 

were again contacted at age 12 and asked to participate in a third examina-
tion. 

Paper IV  
This is a case control study, covering the 393 subjects answering the 

questionnaires at all ages, four, six and 12. The cases consist of the 25 chil-
dren who were snoring regularly at age four, who could be followed indi-
vidually, including with study models, up to age twelve, (8 boys and 17 
girls). Serving as controls were the 24 children (11 boys and 13 girls), from 
the original control group of not snoring four year olds who did not later 
report snoring either at age 6 or 12 and could also be followed with study 
models. No children reporting ongoing or completed orthodontic treatment 
were included in either group. 
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Table 1. Number, gender and age of children participating in the studies  
 

Study no Number of children Age in years 

Study I 615 out of 644  95,5% 318 boys   326 girls 4.16  ±  0.23 
Study II 509 out of 615  83% 249 boys   260 girls 6.13   ±  0.10 
Study III 393 out of 509 78,4% 192 boys   201 girls 12.0   ±  0.34 
Study IV 25 cases &24 controls Cases 8 boys  17 girls 

Contr.13boys 11 girls 
4 – 6 – 12 

 
Parents and patients had received written and oral information regarding 

the studies and consent was obtained. The protocol was approved by the 
local Committee of Ethics at Uppsala University.  

Methods  
Questionnaires  

The parents of the children were sent questionnaires by mail. Those who 
did not respond were sent a second letter. If there was still no answer, at-
tempts were made to contact the parents by telephone. The questions to be 
answered at age four and six were about the child’s sleeping habits, snoring, 
mouth breathing, breathing irregularities, bedwetting, sucking habits, and 
previous throat infections. To investigate possible genetic factors related to 
the breathing distress of the child, the parents were also asked if they them-
selves had undergone a tonsillectomy or adenoidectomy in their childhood. 
In connection with the examination at age 12, the same questionnaire was 
used but for a few questions that were omitted because they were age-related 
or had been answered earlier and some questions were added regarding 
excessive daytime sleepiness, allergy, asthma, general health problems and 
ongoing or completed orthodontic treatment. In addition, a query was added 
regarding whether any other person in the child’s immediate family was 
snoring. Se table 2 

Drop-out analysis was not regarded as necessary at the first follow-up 
study since every child who had been operated also took part in the second 
examination. In the third study, a drop-out analysis was done whereby the 
answers to the questionnaire at age 4 from the children who dropped out 
were compared with those from the children who remained in the study 
through age 12.  
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Table 2. Prevalence and correlation of symptoms for the cohort at age 4, 6 and 12 

 
 4 years 6 years 4 to 6 12 years 6 vs.12 4 vs.12 

 n=615 n=509 sign. n=393 sign. sign. 
 % %  %   
Snoring regularly  6.0 5.3  6.9   
Snoring sometimes  46.3 40.7  34.4 * *** 
Not snoring  47.7 54.0  58.8 * *** 
Apneas  4.7 3.0  3.1  * 
Oral breathing  9.1 9.2  12.5 * *** 
Restless sleep regularly  4.1 4.5  4.3   
Enuresis  27.3 10.8 *** 2.3 * *** 
Ongoing suck. habits  33.5 14.5 *** 3.8 *** *** 
History of tonsillitis  34.0 42.2 *** 37.2   
Operated with A  5.0 9.2  14.8   
Operated with T  1.6 3.9  6.1   
Parent op.with A  22.8      
Parent op.with T  13.0      
Other health problems     19.3   
Orthodontic treament    4.6   
Asthma    5.3   
Allergy    24.2   
Excessive.daytime sleepiness    6.1   
Other family members snoring    56.5   
*p<0.05 ** p<0.01 ***p<0.001 

ENT examination and sleep polygraphy 
All children for whom the parents reported “snoring every night” at age 

four were invited to an ENT examination in the clinic. A full-night sleep 
polygraphy in the hospital was offered when symptoms and clinical signs of 
obstruction verified the data from the questionnaire. The sleep study con-
sisted of overnight monitoring using a thermistor at the nose and mouth to 
detect airflow, an electrostatic mattress registering breathing movements, 
position analysis, oximetry, and heart rate (Eden-Trace II, Nellcor Europé 
B.V., The Netherlands). The criteria for apneas for these recording were set 
to 10 sec. duration and desaturation drop to 4%. (This was the criteria for 
adults, since the criteria for OSA in children were not standardized at the 
time of the study). The most important indicator was the clinical observation 
of the child’s breathing during sleep. The children with clinically diagnosed 
sleep related breathing obstruction constituted the “obstructed group” (n=28, 
10 boys and 18 girls). See Fig.6 page 28.  

In connection with analyzes of the polygraphies at age 12, a re-evaluation 
was done of the result from the polygraphies performed when the same 
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children were 4 years-of-age. The reason was that standards for the diagnosis 
of OSA in children had been established (American Thoracic Society 1999, 
Uliel et al. 2004) during the period between the two examinations.  

Surgery was recommended to the parents for those children who had OSA 
as well as for those who had severe sleep disordered breathing even if no 
OSA could be seen at the polygragraphy.  

During the follow-up study of the children when they were six years-old, 
the children “snoring every night” at that time, were given an ENT examina-
tion but no sleep study. The children obstructed at age six were treated in 
accordance with clinical practice.  

When the children reached age 12, the ENT examination undertaken on 
the children now snoring regularly included a full-night sleep polygraphy 
(Breas 20, Gothenburg, Sweden) under parental surveillance at home. The 
same examination was offered to ten children in the cohort, who had been 
reported as not snoring at any of the ages 4, 6 or 12. The criteria for apneas 
were set at 10s duration and hypopneas as 50% reduction of the breathing 
pressure recordings with a duration of 10s and 3% decrease of SO2 from 
baseline. The limit for OSA was set to AHI � 1 or ODI � 1.  

 

Orthodontic examination 
To constitute a normal material for control purposes, in the initial study 

all of the first 100 consecutive examined children were given an orthodontic 
examination, and impressions for study models were taken when possible. 
Study models were also taken of all children reported as “snoring regularly” 
and or “apneas in connection with snoring” over the entire initial study pe-
riod of 16 months. Examinations of these children also included lateral 
cephalograms. At the first follow-up, when the children were 6 years of age, 
all children studied earlier with plaster models and lateral cephalograms had 
these examinations repeated. New ”cases” presenting at that time, received 
the same examinations. At age twelve, earlier and new “cases” were exam-
ined with study models, but only children reported as snoring regularly at 
that time had cephalograms taken. This was because current Swedish regula-
tions do not allow radiographic examination of non-symptomatic subjects.  
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Casts measurements 
The following variables were recorded: 
Angle class, crossbite, overjet, overbite, length of the upper and lower 

arches, width at the canines, and primary first and second molars (at the four 
and six year investigations) or first premolars and first permanent molars (at 
the 12 year examination) and palatal heights. Linear dimensions of the dental 
arches were measured according to Moorrees et al (1969) (Fig 3).  

Radiographic examinations 
The cephalograms were taken in a standardized manner with the child’s 

head fixed in a cephalostat with the film parallel to the profile and the head 
naturally orientated. The teeth were in an intercuspal position. The cepha-
lometric reference points and lines used are those defined by Björk (1947) 
(Fig 4). The cephalometric landmarks were digitized and analyzed.  

Fig 3 The linear measures of maxillas.  Fig 4 Cephalometric reference 
lines and points (Björk 1947) 

 
Cephalometric data from the four year olds were compared to normative 

data from a group of 4-year old Swedish children with ideal occlusion, ear-
lier examined by Thilander (Löfstrand et al. 1999). In the first follow-up 
study comparisons were done to normative data from a British sample 
(Bathia & Leighton 1993), and at the twelve year examination normative age 
matched data from longitudinal Swedish material (Thilander et al. 2005) 
served as control material.  
Different cephlostats were used, either in an orthodontic office or in the 
hospital. As only angles and ratios were calculated no adjustment for 
enlargement was needed.  
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Statistics 
Papers I and II.  

The prevalence of specific answers to the questionnaires was calculated 
for boys and girls and for the total cohort along with the 95 percent confi-
dence intervals. 

To determine whether answers to the questionnaires were different for the 
groups of snoring children as compared to the control group children from 
the cohort, a chi-square test was performed and p values are obtained. Dif-
ferences in responses to question between gender -groups within the cohort 
were tested in the same way. Differences in cephalometric and biometric 
variables between obstructed children and non-symptomatic controls were 
tested for significance using a two-tailed t-test. 

Papers III and IV. 
 For comparisons between data from the questionnaire at different ages 

McNemar’s test was used (for same children at different times). Fisher’s 
Exact Test was used for comparison of nonparametric data between cases 
and controls and chi-square for parametric data. Descriptive data are used to 
present the effect of surgery for individual children. 

Error or methods (Paper I, II, III and IV) 
In randomly selected subsamples, duplicate determinations for biometrics 

and cephalometric measurements were calculated according to the formula  

 
where a2 = the second and a1 = the first measurement, and n = the number of 
determinations. 
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Results 

Questionnaires (paper I-IV)  
Paper I. 

Questionnaires were completed for 615 children (95.5%), 304 boys and 
311 girls with an age of 4.1±0.1 years. Results from the questionnaires are 
presented in Table 2, page 21, together with corresponding data from 6 and 
12 years. 

Forty-eight children who were snoring every night and/or had breathing 
stops in combination with snoring constituted “the snoring group”. These 
children were compared to the rest of the cohort. See Table 3.  

  
Table 3. Positive answers to the questionnaires, in percent, for children in the ”snoring group” 

(n=48) compared to those for the children in the rest of the cohort (n=567) Comparison 
tested for significance with chi square test.  

 Questions  Snoring group chi square for 
trend 

Level of 
Sign. 

Restless sleep regularly 16.6 17.84 *** 
 sometimes 37.5 9.35 ** 
Mouthbreathing regularly 27.1 18.04 *** 
Enuresis regularly 16.7 2.5 n.s 
Sucking habits  43.6 1.98 n s 
Sucking > 3 years 60.4 1.10 n s 
Breast-fed   83.3 3.25 n s 
Breast-fed more than 
6months 

 45.8 0.7 n s 

History of tonsillitis   56.3 10.45 ** 
Tonsillitis more than 

once 
47.9 21.85 *** 

Earlier operated on with 
tonsillectomy 

 4.2  n s 

Earlier operated on with 
adenoidectomy  

 18.8  n s 

Either parent had 
 ort. treatment  

 31.3 0.11 
 
 

n s 

Either parent adenoidec-
tomised 

 39.6 35.30 *** 

Either parent tonsillec-
tomised 

 20.2 2.12 
 

n s 
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Paper II. 
Answers to the questionnaire for 509 children at age six are presented in 

Table 2 page 21.The prevalence of snoring for the total group had decreased 
from 53% to 46% (p<0.05) at age six. 

To study the symptoms associated with snoring, the children who were 
“snoring every night”, “snoring sometimes” or “not snoring” were compared 
both at age 4 and age 6 (See Table 4). The specific child could belong to 
different groups at the different examinations, due to the effect of surgery or 
natural development. 

Between age 4 and 6, 80 children had stopped snoring without treatment 
and 13 children had started to snore every night. Out of the 18/46 who were 
snoring every night at age four and who were not later operated, seven 
snored every night and eight snored sometimes by age six. 

  
Table 4. Results from the questionnaires at age 4 and 6 for entire cohort (Total), children not snoring 

(NS), snoring sometimes (SS), and snoring every night (SEN). a) denotes sign diff. 
between NS and SS and b) between NS and SEN  

 4 years old 6 years old 
Totl 
% 

n= 509

NS 
% 
n= 
241 

SS 
% 
n= 
233 

SEN 
% 
n= 
35 

level 
of 

sign 

Totl 
% 
n= 
509 

NS 
% 
n= 
275 

SS 
% 
n= 
207 

SEN 
% 
n= 
27 

level 
of 

sign 

boys 48.9 47.3 51.0 45.7  49.0 49.1 49.3 44.4  
girls 51.1 52.7 49.0 54.3  51.2 50.9 50.7 55.6  
restless sleep every 
night 

4.1 2.1 4.3 54.3 b*** 4.5 2.2 4.8 25.9 b*** 

restless sleep 
sometimes 

28.7 20.7 35.2 40.0 a*** 
b* 

28.5 19.3 40.6 33.3 a*** 

restless sleep total 32.8 22.8 42.5 94.3 a*** 
b*** 

33.1 21.5 45.4 59.3 a*** 
b*** 

oral breathing 8.4 3.3 6.9 17.1 b*** 9.3 3.6 13.0 37.0 a*** 
b*** 

apneas 4.3 0.0 3.0 42.9 a** 
b*** 

3.9 0.0 4.8 37.0 a*** 
b*** 

enuresis every night 7.7 5.4 8.9 17.1 b* 3.9 1.8 2.9 7.4  
enuresis sometimes 17.9 15.4 20.6 17.1  8.3 7.3 8.7 14.8  
enuresis total 25.5 20.7 29.2 34.3 a* 12.2 9.1 11.6 22.2 b** 
on-going sucking 
habits 

33.6 33.6 32.2 42.9  14.6 13.1 16.9 14.8  

history of tonsillitis 33.8 27.8 36.5 57.1 a* 
b*** 

41.5 34.2 44.9 52.2 a* b* 

operated with 
adenoidectomy 

4.5 2.1 4.7 20.0 b*** 9.3 7.3 8.7 33.3 b*** 

operated with 
tonsillectomy 

1.2 0.4 1.7 2.9  3.7 3.3 4.3 3.7  

either parent oper-
ated with A 

39.1 22.8 21.9 20.0  23.4 22.5 23.7 29.6  

either parent oper-
ated with T 

12.6 7.9 17.2 14.3 a** 12.6 8.4 17.9 14.8 a** 
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Paper III.  
Answers to the questionnaire at age 12 are presented for the 393 children 

remaining in the study together with data from ages 4 and 6 in Table 2 page 
21. 

Oral breathing was reported for 49 children at age 12 compared to 24 at 
age 4 (p <0.001). The development of reported snoring in the cohort between 
4 and 12 years for the 393 children is presented in Fig 5 page 34. 

The odds that a child reported as snoring regularly at age four would also 
be snoring regularly at age 12 was 3.7 times greater than for a child who 
was not snoring at age 4 regardless of whether the snoring regularly child 
was operated or not (OR 3.7 95% CI:2.40-5.72). For a child reported as 
snoring regularly at age 6, the odds were 3.8 greater that they would be 
snoring regularly at age 12, again regardless of whether operated or not. 

 
Table 5. Symptoms at age four, six and twelve among CASES (children snoring regularly at age 

4) in comparison to symptoms among CONTROLS (children not snoring at age 4) at cor-
responding ages. 

 CASES n = 25 CONTROLS n = 24 

Age in years 4 yrs 6 yrs 12 yrs 4 yrs 6 yrs 12 yrs 

SEN 25 7 10 0 0 0 

SS 0 10 8 0 0 0 

NS 0 8 7 24 24 24 

Apneas 11 3 1 0 0 0 

Restless 
sleep 

0 0 2 0 0 0 

Oral breathing 
every night 
 

12 2 7 0 0 0 

Prolonged 
sucking habits 

17 7 1 14 7 1 

Asthma   4   0 

Allergy   3   0 

Other health 
problems 

  3   0 

Other family members 
snoring 

  19   6 

SEN= snoring every night SS= snoring sometimes NS= not snoring  
Comparison between cases and controls about other family member snoring P< 0.00054  
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Analysis of answers at four years from later drop-outs  
The children who participated at age four, who dropped out from the two 
follow-up investigations at age 6 or 12 (total 222/615), differed significantly 
only in their answers on the questionnaire concerning snoring regularly, 
compared to the 393 children who remained in the study. Of the children 
remaining in the study over the whole period, 8.7% reported snoring regu-
larly compared to 1.4% for the drop-outs (p<0.0001). This means that the 
children who left the investigation reported a lower frequency of snoring. 
Assuming that those children had remained in the study and had reported 
their snoring at age 12 in the same proportions, the prevalence of snoring 
regularly at 12 years would have been 30/615 = 4.9 % instead of the now 
reported 

Fig 6. Allocation of subjects used in the analyzes at age 4. 

Paper IV  
The answers to the questionnaires at ages 4, 6 and 12 for the 25 cases and  

the 24 controls not snoring at age 4, 6 and 12 are described in table 5, page 
27.  
 

ENT- examination (paper I-III) 

Paper I. 
Of the 48 children reporting snoring every night, 45 came to the offered 

ENT examination, followed by a sleep study in most cases. Seventeen of 
these children were found to have only periodic snoring sounds, or asthmatic 
problems, but no clear signs of adeno-tonsillar obstruction. Twenty-eight 
children were diagnosed to have sleep-related breathing obstruction. The 
prevalence of sleep-related breathing disorder was thereby estimated to 4.3% 
after clinical examination. Based only on the parents’ answers to the ques-

N=644  n=615  n=48  n=28 
Study base responders to 

questionnaire 
snoring group obstructed 

group 
boys girls 
318       326 

 

Question
naire boys girls

304         311 

selection

 
boys girls
22            26 

ENT-
exam

 
boys girls 
10          18 
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tionnaire, the prevalence of sleep related breathing disorders would have 
been 7.8% (Fig 6). 

Paper II. 
Within 6 months after surgery, the children who were operated (n=28) 

were given a follow-up examination by a physician. All children who re-
ported snoring every night in the questionnaire at six years were also offered 
a clinical ENT-examination and surgery was suggested in accordance with 
clinical praxis. No sleep examinations were performed at age six. 

Paper III.  
All children who reported snoring every night at age 12 had a clinical 

ENT-examination and a sleep polygraphy was offered.  
20 of the 27 children snoring regularly and six control children out of the 

same cohort (answering not snoring) underwent an overnight cardio-
respiratory recording (polygraphy). Five out of twenty had an AHI and/or 
ODI above 1 with a mean AHI of 1.94. That gives an estimated prevalence 
of OSA in the present group of 1.3 % (5/393).  

Out of the 48 children in the original cohort who reported snoring every 
night (=snoring regularly in paper III) at age four, 28 also had a polygraph 
and six of them had been evaluated as having OSA with a mean AHI of 
17.5—evaluated with the limit for OSA used for adults (AI>5 or AHI�10, 
4% desat) (See Paper I). 26 of the 28 were still in the study at the age 12.  

Since the definition of OSA in children is now set as AHI �1.0 (American 
Thoracic Society, 1999), a re-analysis was done for the 18/26 children who 
were still in the study and whose data it was possible to retrieve from micro-
filmed paper records. For many of them, this resulted in a re-definition of 
diagnosis which yielded a mean AHI of 14.8±10. 

Estimating the minimum prevalence of OSA in the present group at age 
four would thus give 20/393=5.2% and 5/393=1.3% at age 12. If instead, the 
original cohort of 644 children is used as the base for the estimation, these 
figures will now give a minimum prevalence of OSA for 4 year olds of 
20/644=3.1% instead of 6/644=0.9% as was published in paper I and 5/644= 
0.8% for the cohort at age 12.  

In the records for the 20 children who had their polygraph from age four 
re-analyzed, BMI data could be calculated. None of these children was over-
weight. 
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Adenotonsillar surgery, effect on symptoms (paper II-IV) 

Surgery before the age of four (paper II). 
Twenty three children in the cohort had been operated for obstructive 

problems before age four, 10 boys and 13 girls. Adenoidectomy had been 
performed for all of them and five had also had a tonsillectomy. Of the chil-
dren who were operated earlier, 8/23 did not snore at all at age four while 
eight snored every night and of these, seven also reported apneas (none of 
these had been tonsillectomized). Six of the children operated earlier were 
included in the “snoring group” at age four and were re-operated (4/T and 
2/A). At age 12, 21 of these early operated children remained in the study. 
Their symptoms are presented in Table 6 in comparison to those for the rest 
of the cohort. 

Surgery between four and six years (paper II). 
Twenty-eight of the 48 children diagnosed with SDB at age four were op-

erated before age six, 26 adenoidectomies and 15  tonsillectomies. 12 out of 
the 15 children who were tonsillectomized had earlier been adenoidec-
tomized.  

Table 6. Children operated before age 4 years in comparison to the rest of the cohort (n=372) at the age 
of 12 years 

Symptoms at age 12 Operated before 4  Rest of cohort   

 n=21 % n=372 % p  

Snoring regularly 5 23.8 22 5.9 0.00990 ** 

Snoring sometimes 7 33.3 128 34.4 1.00000 ns 

Not snoring 9 42.9 222 59.7 0.17081 ns 

Apneas 3 14.3 9 2.4 0.02124 * 

Oral breathing 9 42.9 40 10.8 0.00033 *** 

Restless sleep regularly 5 23.8 12 3.2 0.00108 *** 

History of tonsillitis 8 38.1 138 37.1 1.00000 ns 

Asthma 2 9.5 19 5.1 0.31087 ns 

Allergy 4 19.0 91 24.5 0.79387 ns 

Excessive daytime sleepiness 5 23.8 19 5.1 0.00580 ** 

Other health problem 9 42.9 67 18.0 0.00957 ** 

Other family members snoring 12 57.1 210 56.5 1.00000 ns 

Parent operated with A 12 57.1 86 23.1 0.00121 *** 

Parent operated with T 8 38.1 45 12.1 0.00328 ** 
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At the clinical examination six months after surgery, most parents re-
ported substantial reductions in snoring and sleep disturbance. Two children 
who had been solely adenoidectomized still snored every night and were 
subsequently tonsillectomized.  

Two children on whom A+T was performed as well as one child where 
only A was performed, still reported apneas every night. Five operated chil-
dren reported apneas sometimes (four adenoidectomized and one A+T).  

Responses regarding snoring for the operated children at age 6 are pre-
sented in  Fig 7. The most favorable effect on snoring is seen by A+T: only 
one snored every night and 9/13 had stopped snoring. Among the not oper-
ated, 15/18 still snored, 7 of them every night.  

Surgery at age 12  (paper III). 
At age 12 sixty-three children had been operated upon, 36 with A, 24 with 
A+T, and 3 with solely T. 

Snoring in relation to surgery (paper III and IV). 
The answers to the questionnaires at ages four, six and 12 for the 25 cases 

and the 24 not snoring controls are presented in Table 5 page 27. A decrease 
in the number of children reporting snoring is seen between age four and six, 
by which time 18/25 of the cases had been operated and less than half of 
those still snoring at age six were snoring regularly. The number of children 
reporting oral breathing at age six had decreased as well. At age 12, seventy-
two percent of the cases were snoring and the number with oral breathing 
had again increased.  

The individual development of snoring among the cases is described in 
relation to type of surgery in Fig 8 page 34, where the oral breathing at age 
12 is also shown. At age 12, all children snoring every night were breathing 
orally, most of them “always”, and half of the ones not snoring were never 
breathing orally. Snoring at age 12 was not significantly different between 
operated (18) and not operated cases (7). 

Comparison of obstructive symptoms at age 12 between operated (ade-
noidectomy and/or tonsillectomy) and not operated children of the cohort are 
presented in Table 7. There was a higher percentage of children snoring 
regularly at age 12 in the operated group (p<0.001) that were also frequently 
breathing orally (p<0.001). 
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Fig 7. Degree of snoring from at age 6 all children diagnosed with SDBat 4 years 
(n= 46) NS, children not snoring; SS, children snoring sometimes, SEN, children 
snoring every night.  

 
 

Table 7. Comparison of symptoms at age 12 for operated (n=63) and not operated children (n=330) of 
the cohort (393) 

 Operated  
n= 63 

Not operated  
n= 330 

p-value 

Boys 29 163   
Girls 34 167 0.68   
Snoring regularly 17 10 <0.000 *** 
Apneas 7 5 <0.000 *** 
Oral breathing 22 27 <0.000 *** 
Restless sleep every night 8 9 < 0.01 ** 
Sucking habits 3 12 0.72  
Other health problems 17 59 0.12  
Asthma 3 18 1.00  
Allergy 12 82 0.42  
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Orthodontic treatment 
Paper III, and earlier unpublished data 

Out of 399 children answering the questionnaire at age 12, ongoing or 
completed orthodontic treatment was reported for eighteen children in the 
cohort and another 61 were scheduled for an orthodontic consultation within 
the next year.  

The children who had, or had earlier had, orthodontic treatment at age 12 
had more often reported snoring than the children in the rest of the cohort 
both at age 4 and 6 (earlier unpublished data), three of them every night at 
age 4. One who had been operated with adenoidectomy at six months of age 
snored every night at both age six and twelve despite adenoidectomy and 
orthodontic treatment. Another child was reported as snoring every night at 
each of the three ages, and was scheduled for treatment of anterior crossbite 
after age 12. The third child snoring every night at age four, stopped snoring 
after orthodontic treatment—just as did one child snoring every night at age 
six.  

None of the children with orthodontic treatment was included in compari-
sons of dental arch measurements or orthodontic diagnoses in this study.  

Paper IV and earlier unpublished data  
Six of the 25 cases, in the 12-year examination, were scheduled for ortho-

dontic treatment, as were four of the controls. It was later reported that all 
six cases and three of the controls underwent treatment—one control boy 
declined to undergo the recommended treatment. Extraction of permanent 
teeth was performed in four of the cases, and one of the controls and two 
cases had a transversal maxillary expansion done. 
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Fig 5. Flow chart over the development of snoring from 4 to 6 to 12 years. 

 
Fig 8. Individual development of snoring from 4 to 6 to 12 among cases 

 
Snoring in relation to ongoing or completed orthodontic treatment  
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Oro-facial morphology 
Biometric findings (paper I-IV) 
Paper I. 

Biometric measurements are presented in Table 8. At age 4, the maxillary 
widths was smaller, as measured at the primary canines and at the first and 
second primary molars among the obstructed children compared to controls. 
The length of the lower dental arch was shorter and the palate was higher. 
The only significant difference in diagnoses of the occlusion was that lateral 
cross-bite was more frequent among the obstructed children. 

 
 
 

Table 8. Biometric variables for obstructed children and controls. Comparisons tested with Student’s t-test. 
Age in years, distance in mm. 

Variable Obstructed children Controls p-value 
 n Mean  S.D. range n Mean S.D. range   
Age  22 4.3 0.2 4.0-4.9 48 4.1 0.15 3.9-4.7   
upper arch length 22 29.5 2.05 25.0-32.8 48 29.9 1.92 26.3-34.7 0.39  
width upper canines  22 26.4 2.64 21.9-30.5 48 28.4 2.56 23.7-33.2 0.004 ** 
width upper 1:st 
prim molar 

22 26.6 2.27 22.4-30.6 48 28.5 2.41 24.2-33.7 0.042 * 

width upper 2:nd 
prim molar 

22 31.2 2.33 27.1-35.4 48 32.7 2.38 28.5-37.7 0.018 * 

lower arch length 22 24.1 1.44 21.6-26.9 48 25.0 1.74 20.6-30.3 0.045 * 
width. lower canines 22 23.1 1.12 20.4-25.4 48 23.2 1.85 20.1-28.5 0.63  
width lower 1:st 
prim. molar 

22 26.7 1.23 21.9-28.5 48 25.5 1.82 20.9-29.5 0.69  

width lower 2:nd 
prim.molar 

22 29.3 1.47 26.0-31.8 48 28.5 2.08 24.1-32.4 0.11  

over jet 22 3.4 2.03 0.7-7.2 48 3.6 1.78 -0.6-8.39 0.68  
overbite 22 -0.7 2.20 -7.6-+3.1 48 0.0 2.33 -5.6-+3.5 0.25  
palatal height 17 13.3 1.43 10.1-15.6 26 12.3 1.02 10.4-14.6 0.018 * 
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Paper III.  
Twenty-five models from children snoring regularly at four, 21 at six and 

27 at twelve years were analyzed in comparison with control children who 
did not report snoring at either age 4, 6 or 12. Lateral crossbite was more 
common among the children snoring regularly at all ages, with statistical 
significance at age four and 12. Prolonged sucking habits in the younger 
ages did not differ between children snoring regularly and controls. 

On a group level, the children snoring regularly had a more narrow upper 
jaws than not snoring controls. 

Paper IV 

Orthodontic diagnoses 
The orthodontic diagnoses at 4, 6 and 12 years for cases and controls are 

shown in Table 9, where the operated cases are divided into “cured” (not 
snoring) and “not cured”. Prolonged sucking habits, which are known to 
influence the orthodontic diagnoses, did not differ between cases and con-
trols. Anterior open bite and lateral crossbite were more common among the 
cases than among the controls at age 4 before surgery, and also at age 6 after 
surgery. At age 12, lateral cross-bite was still seen, more commonly among 
the operated “cured” children (4/13) than among the controls (2/24). At age 
12, anterior open bite had been resolved for all children except for one of the 
controls.  

 

Table 9. The development of orthodontic diagnoses among operated and not operated cases and 
controls, from 4 to 6 to 12 years 

  0perated 
"cured" 
at12 yrs 

Op“not 
cured" 
at 12 yrs 

Not op 
 
 

Con-
trols 

 
 

Sign. 
Level  

 age n=13 n=5 n=7 n=24  
Post normal 
relation  

4 yrs 2 0 0 3 n.s. 

 6 yrs 3 0 0 5 n.s. 
 12 yrs 6 1 0 2 n.s. 
Lateral cross bite 4 yrs 9 1 1 3 * 
 6 yrs 10 2 1 3 ** 
 12 yrs 4 0 1 2 n.s. 
Anterior open 
bite 

4 yrs 12 3 0 7 *** 

 6 yrs 7 3 0 6 * 
 12 yrs 0 0 0 1 * 
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Table 10.. Measurements of maxillary width at age 4, 6 and 12 for cases (boys and girls) of 

whom 18/25 were operated between age 4 and 6, and controls 
 
Distances in mm 

 
Age 

Cases 
n=25 

Controls 
n=24 

P P 

  � = 8  �=17 � = 13  � =11 � � 
Inter canin width 4 yrs 28.4 

+1.51 
25.5 
+2.58 

29.2 
v 2.88 

28.7 
+2.89 

n.s. p<0.001 

 6 yrs 29.7 
+1.48 

27.3 
+2.63 

29.9 
+2.93 

30.1 
+2.84 

n.s. p<0.05 

  12 yrs 33.7 
+1.71 

31.1 
+2.15 

34.1 
+2.58 

32.9 
+3.04 

n.s. p<0.05 

Inter first (pre-)molar 
width 

4 yrs 28.4 
+2.37 

25.8 
+2.24 

28.6 
+2.92 

28.1 
+2.79 

n.s. p<0.05 

 6 yrs 29.2 
+2.19 

26.7 
+2.22 

29.3 
+2.88 

28.7 
+2.89 

n.s. p<0.05 

 12 yrs 30.3 
+2.09 

27.1 
+2.68 

31.7 
+3.52 

29.5 
+4.08 

n.s. p<0.05 

Inter second  
(pre-)molar width 

4 yrs 33.5 
+2.72 

30.7 
+2.23 

33.2 
+3.03 

32.3 
+2.06 

n.s. p<0.05 

 6 yrs 34.3 
+2.93 

31.8 
+2.14 

34.4 
+2.63 

33.2 
+2.32 

n.s.  n.s. 

 12 yrs 35.3 
+2.57 

32.5 
+2.67 

36.5 
+2.71 

35.0 
+3.20 

n.s. p<0.05 

For cases and controls, upper and lower arch-length, overbite and over jet, 
width in the upper and lower jaws at canines, first and second (pre-)molars 
were calculated and analyzed at age 6 and 12. No statistical differences were 
found between the groups for any measurements except for maxillary width.  

In Table 10 the measurements of maxillary width at canines and first and 
second molars/premolars at ages four, six and twelve in the 25 cases and the 
24 controls, boys and girls, is demonstrated. It is shown that the cases at age 
4, before surgery, had a more narrow upper jaw than the controls at the 
primary canines and first and second primary molars. This difference was 
most pronounced among the girls and remained at both ages six and twelve, 
despite surgery for the cases before age six. 

In Table 11, the result of surgery was further analyzed by splitting the 
cases into sub-groups: “operated cured” (not snoring), “operated not cured”, 
and “not operated”. At all ages, the maxillary width was smaller among the 
operated “cured” cases than among the controls at all points of measurement. 
The cases “not cured” at age 12 and the cases “not operated” upon had al-
most the same measurements as the controls, except for not operated girls 
(n=3) at age 4 and 6. 

The individual development of each case, boys and girls shown sepa-
rately, measured as arch widths at canines from age 4 to 6 to 12 is graphi-
cally demonstrated in Fig 9 a and b page 42, where the means and SD are 
also shown for the controls at corresponding ages. 13/17 girls had a more 
narrow maxilla than the mean minus one SD among the controls. as did 3/8 
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boys at age four. Among the operated girls, a catch up in maxillary width 
between age 4 and 6 is seen for 10/14. The girls with the narrowest maxillas 
also had a greater gain in width between six and 12 than the controls.  

 
Table 11. Measurements of maxillary width at ages 4, 6 and 12 for cases, in relation to effect of 

surgery between 4 and 6, or no surgery, and controls. Significant differences noted between 
“operated cured” girls and girls in the control group.  

 
 Case operated 

“cured” at 12  
 

n= 13 
 

Case operated 
“not cured” 

at 12  
 

n= 5 
 

Case not 
operated 

 
 

n= 7 
. 

Controls 
 
 
 

n=24 

Sign. 
 cases 

op 
cured 

vs 
con-
trols 

Maxillary-
width in 
mm 

Age  
yrs 

�  
n = 3  

� 
n =10 

�  
n= 1  

�  
n=4 

�  
n= 4  

�  
n=3 

�  
n= 
13  

�  
n= 
11 

� 

Inter canin  4 27.5 
+1.50 

24.9 
+2.18 

29.9 
 

26.4 
+3.95 

28.8 
+1.49 

26.1 
+4.16 

29.2 
v2.88 

28.7 
+2.89 

*** 

 6 29.1 
+1.22 

26.9 
+2.07 

31.3 
 

28.2 
+2.87 

29.7 
+1.71 

27.3 
+4.42 

29.9 
+2.93 

30.1 
+2.84 

*** 

 12 33.8 
+0.24 

30.3 
+1.96 

35.7 
 

33.0 
+1.93 

33.2 
+2.26 

32.8 
+1.53 

34.1 
+2.58 

32.9 
+3.04 

** 

Inter first 
(pre)mol.  

4 26.8 
+1.96 

25.3 
+1.81 

31.1 
 

26.8 
+2.25 

29.0 
+2.29 

26.1 
+3.76 

28.6 
+2.92 

28.1 
+2.79 

** 

 6 27.3 
1.60 

26.1 
+1.82 

31.8 
 

28.4 
+2.25 

30.0 
+1.75 

26.8 
+3.12 

29.3 
+2.88 

28.7 
+2.89 

** 

 12 29.4 
+1.69 

25.8 
+2.18 

32.7 
 

28.4 
+2.67 

30.4 
+2.36 

29.6 
+2.09 

31.7 
+3.52 

29.5 
+4.08 

** 

Inter sec. 
(pre-)mol.  

4 31.4 
+1.0 

30.2 
+1.92 

36.9 
 

31.7 
+1.84 

34.3 
+2.81 

30.9 
+3.91 

33.2 
+3.0 

32.3 
+2.06 

* 

 6 32.0 
v2.04 

31.4 
+1.64 

37.3 
 

32.8 
+1.95 

35.4 
+2.69 

32.0 
+3.98 

34.4 
+2.63 

33.2 
+2.32 

** 

 12 34.5 
+ 2.6 

31.7 
+2.45 

37.2 
 

34.0 
+3.24 

35.5 
+2.99 

33.1 
+2.29 

36.5 
+2.7 

35.0 
+3.20 

** 
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Fig. 9 . Individual maxillar inter-canin width in mm for cases, a) girls and b) boys, 
from 4 to 6 to 12 years. Mean and SD for controls is included for comparison. 
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Cephalometric findings (paper I, II and IV and earlier 
unpublished data) 

Paper I. 

Lateral skull radiographs could be analyzed in 21 cases out of 28 at age 4 
and were compared to 40 age matched controls. In the group of obstructed 
children, significantly smaller angles of the cranial base (n-s-ar and n-s-ba) 
and a tendency to posterior rotation of the maxilla and mandible were found. 
The angles between NSL-ML and NL-ML were larger in the snoring 
children (p=0.06). Ratios for posterior total facial height to anterior total 
facial height (s-tgo /n-gn) indicated “high angle faces”. 

Paper II 
At the age of six, the craniofacial development of the operated children 
demonstrated a tendency to normalization. The mandibular inclination had 
decreased more in 11 of the 13 operated children who could be studied, than 
the “normal” reduction seen in normative data (Bhatia & Leighton 1993). 

Paper IV. 

The seven cases that were snoring regularly both at 4 and 12 years had 
cephalograms taken. The mandibular inclination at age 4 and 12 for these 
cases in relation to type of surgical treatment, is demonstrated in Table 12 
together with normative data. All but one case had a greater mandibular 
inclination compared to normative data at age 4, before surgery. Four of 
them were “high angle cases” with an angle for the mandibular inclination 
exceeding normative data by more than one SD. At age 12, six out of seven 

Table 12. Mandibular inclination in grades in seven children, snoring every night at 
age 4 and 12, and normative data for age 4 and 13. Type of surgery  and no 
surgery is denoted. 

Child no Preop  
4 years 

Post op.  
12 years 

Normative 
data 4 yrs 

Normative 
data 13 yrs 

  A A+T No 
surg 

� � � � 

1 � 38,2 35,1      
2  � 34,2 29,5      
3  � 40,8 36,3      
4  � 28,9  24,9     
5  � 40,8  38,5     
6  � 37,5   32,4    
7  � 34,5   30,4    

Mean 
SD 

36,4  
+ 4,2 

   32,5  

+ 2,9 
30.7 

+ 4,3 
29.6 

+ 4,3 
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cases had had a favorable development in the direction of normative data, 
but four of them still had a more open facial angle. All the seven children 
were breathing orally to some extent at age 12. 
 
Earlier not published data 
Cephalometric values among obstructed children from the cohort at age 12 
differed significantly from age and gender matched normative Swedish data 
(Thilander 2005) Both girls (n=17) and boys (n=10) had a lower ratio upper 
anterior facial height/ total anterior facial height. 
  Children who were snoring every night both at age four and twelve show a 
facial morphology different from that of children who snored every night at 
age four and by twelve had stopped snoring- with or without surgical treat-
ment. See Table 13. 
 
 
Table 13. Cephalometric data at age 4, for cases who at age 12 are snoring every night (SEN) or not 

snoring(NS) in comparison to normative data at age 4 (genders pooled) 

Variables Value at 4 
(NS at age 12) 

Value at 4 
(SEN at age 12) 

Normative 
data at age 4 

Level of 
sign 

NS/SEN 

Level of 
sign. 

SEN/Norm 
 n  SD n  SD n  SD   
N-S-Ar 8 119.5 4.57 6 116.9 3.59 40 121.8 4.87  * 
N-S-Ba 8 128.6 3.95 7 125.1 3.01 40 130.6 4.33 P=0.058 ** 
UpFH/ 
totFH % 

8 42.7 1.42 6 40.8 1.72 40 41.2 1.39 * * 

S-N-ss 8 81.9 2.86 7 83.8 3.35 40 83.3 2.5   
S-N-sm 8 77,3 2.72 5 81.2 1.87 40 78.7 2.38 ** * 
NSL/ML 8 37.6 4.27 6 36.0 3.08 40 32.5 2.85  *** 

 
NSL/NL 8 7.0 2.25 6 4.1 2.39 40 4.5 1.56 *  
NL/ML 8 30.6 4.29 6 31.8 3.98 40 27.8 0.32   
Ml/RL 8 133.9 4.98 6 131.5 5.22 40 131.4 4.72   
S-tgo/ 
n-gn % 

8 61.9 2.73 7 62.7 4.06 40 64.1 2.02   

 

Error of methods 
The size of the combined method error in landmark and measurement-point 
localisation and measurement was calculated. It did not exceed 0.8 (mm, 
degrees or distance ratios). 
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Discussion 

 
This is the first study where a cohort of non-selected children has been 

followed throughout childhood with respect to sleep disordered breathing 
and orofacial development. A third of the original cohort from age four 
dropped out either by age 6 or age 12. These drop-outs were, not 
surprisingly, somewhat healthier with respect to sleep disordered breathing 
(Murphy et al.2007). Since the OR was high for a not snoring child of four 
to continue to be not snoring through childhood, the prevalence of children 
snoring regularly is assumed to be slightly lower in the cohort at twelve 
years than that reported (Paper I and III). 

Since the criteria for OSA for children was established after the first 
survey in this thesis, a reanalysis of the sleep polygraphies from 1994-1995 
was done. However, this reanalysis could not be carried out fully using the 
current standards. The “rough” manual reanalysis of the retrieved paper 
copies gave a much higher prevalence of OSA—3.1% instead of the earlier 
published 0.9% (Paper I). However, this higher prevalence is more in 
accordance with other studies from the same period (Ali et al.1993, Gislason 
& Benediktsdóttir 1995), where the investigators would have had to deal 
with the same difficulties involving the lack of clear definitions. In the 
present thesis, almost all of the children in the obstructed group at age four 
were re-defined as having OSA, but at age 12, most of the regular snorers 
did not reach this limit and the few who did still had a low AHI and no 
severe desaturations. The estimated minimum prevalence of snoring at 12 
years in this thesis is about the same as in a cross-sectional study of snoring 
in 9–15 years old children (Corbo et.al. 2001). 

Most of the children who were snoring regularly at age 12 that also had 
low AHI, had been operated upon. Thus, up to the age of 12, one might say 
that the surgery was effective against apneas but not against snoring. This 
corresponds to a Japanese follow-up study (Kobayashi 2003), who reports 
that snoring, but not OSA, was often found in follow-ups. 

There is strong tendency for snoring to recur in young children, even 
though most cases are initially “cured” by adenoidectomy. This is probably 
due to the continuing development of the ring of Waldeyer (Brandtzaeg 
2003). 

In similarity with the results in the current thesis (Papers II and III), 
Liukkonen (2008) demonstrates that snoring in young children is often 
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associated with earlier adenotonsillectomy and he raises the question 
whether A+T alone is adequate treatment for snoring in children. Also in the 
cases where a tonsillectomy is performed later, a child who snores at age 
four has a high risk of being a snorer at age 12, and the contrary is true for a 
child who is not snoring at four or six (Paper III). 

In the present thesis it is shown that snoring sometimes in the younger age 
groups seems to be associated with similar health problems to those reported 
as snoring regularly (Paper II) although this group of children has chance of 
spontaneous recovery in about 50%, as is also shown by Ali et al. (1993). 

In this thesis, the large proportion of snoring 12 year olds who also had 
snoring parents and/or snoring siblings supports the idea that there may be a 
substantial genetic impact for snoring. This is in accordance with a report by 
Kalra (2007) who says that “snoring runs in the family”. 

 Genetically different facial types have been described in the literature by 
Ingervall & Thilander (1974) and Enlow (1982) among others. Cheng et al. 
(1988) showed that there are intrinsic interrelations of combinations of 
dental arch and craniofacial characteristics. A recent study of dental casts 
and facial anatomy in adult subjects confirm this finding, showing that 
narrow arches are associated with longer faces (Forster et al. 2008). 

 In the present thesis, the children who were snoring every night at age 
four and also at age twelve, show long face characteristics at both 
examinations (measured on lateral cephalograms). Already at age four, these 
children had a facial morphology that differed from that of those cases in the 
study who were also snoring every night at age four, but had stopped snoring 
by age twelve—regardless of whether they received surgical treatment. 
These findings are in agreement with those by Nanda (1989), who showed 
that different facial types that are clearly expressed in adolescence and 
adulthood can be detected already in early childhood  
The children who snored regularly was found to have  a more narrow 
maxillary width at ages  4, 6 and 12 (Paper III).When following the 
children individually,  who were snoring regularly at age 4, up to age 
12, (Paper IV) it was found that, despite a somewhat favorable devel-
opment seen after operation, the narrow condition (in comparison to 
controls), is retained throughout childhood—even in the cases where 
snoring was reduced after surgery. This finding is earlier not stressed 
and seems to be in disagreement with earlier investigations reporting a 
strong tendency to “normalization” of growth after surgery (Hult-
crantz et at. 1991, Zettergren-Wijk et al. 2006). The difference in 
results might in part be due to the longer time span of follow-up in the 
present thesis.  

When looking at the operated cases at age 12 divided into “cured” and 
“not cured”, the finding that among the cases, only the “cured” had a 
reduced maxillary width compared to the controls is unexpected and not 
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reported earlier. This result can reflect that there is a multifactoral cause for 
sleep disordered breathing. One must also keep in mind that there are a small 
number of children in the group of “not cured”. 

Overweight is now regarded as a specific cause of snoring and OSA in 
children as well as in adults (Gozal et al. 2008), but it does not seem to have 
been a major factor for this cohort of children, examined 1994-2002. The 
BMI of the children was not followed in the questionnaires through the 
years. However, those most affected, the ones snoring regularly at 4, were 
sleep studied in the ward and at that time had their BMI calculated; none 
were overweight at that age. The author personally examined all who had a 
polygraphy and orthodontic evaluation at age 12 and thus has personal 
knowledge also from that point in time—none of the children snoring 
regularly was overweight. 

Gender differences were expected at ages 4 and 6 with more boys having 
enuresis as shown by Basha et al. (2005) and Wang (2007), and a slight 
dominance of girls who had a higher prevalence of sucking habits (Johnsson 
& Larsson 1997). However, the difference at age 12, where more girls than 
boys had had tonsillitis, is a new finding in this context, although it is in 
accordance with the Swedish National Quality Register for tonsil surgery. In 
this registry, there is a clear peak in tonsil surgery due to obstructive 
symptoms for boys below 10 years, while for girls there is a peak occurring 
in the teens for those having their surgery due to recurrent tonsillitis. A 
significant difference between girls and boys for recurrent tonsillitis as 
indication for surgery can be seen already at age 10 (Socialstyrelsens 
statistikdatabaser 2009). 

Lateral cross-bite and anterior open-bite were observed among the cases 
as well as in the controls, but were more than twice as frequent among the 
cases, at all ages, 4, 6 and 12. Such aberrations can be due in part to 
prolonged sucking habits as suggested by Larsson (1983, 1986 and 1987) 
and Lindner (1991), but since sucking was as common among the controls as 
among the cases (Paper III), it does not explain the differences in observed 
frequency among orthodontic diagnoses. Different modes of breathing would 
be a more likely explanation and would fit with the “theory of functional 
matrix” by Moss (1969), according to which a favorable dental arch growth 
depends upon normal breathing, allowing the tongue to act as a mold for 
facial development. However in the present theses, an increase in oral 
breathing is reported between the ages of six and twelve, at which time a 
decrease in the frequency of lateral crossbite is seen and all anterior open 
bite have been resolved among the cases and in all but one child among the 
controls. This remains unexplained. 

It is known that surgery for snoring does not necessarily result in a 
transition to nasal breathing and that even when a patent nasal airway is 
achieved, the habit of open mouth posture might persist. Nasal obstruction 
causing oral breathing can also be due to other factors than adenoids, such as 
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athopy (familial allergy), allergic rhinitis or septal deviations (Hannuksela 
1981, Sharpio 1988, Abreu et al. 2008).  

The children who continue oral breathing may be at risk for OSA in 
adulthood (Tangugsorn et al.1995) since open mouth posture is reported to 
be a risk factor for further negative facial development (Caprioglio et 
al.1999). Postoperative follow-up and training programs to ensure nasal 
respiration should be mandatory (Lundeborg et al. 2009). 

One strength of this thesis, which at the same time is a weakness, is the 
separation in the analysis of girls and boys already from age 4. A recent 
study of dental arch measurements from age five by Thilander (2009) 
demonstrates gender differences of maxillary width already from that age. 
Unfortunately there were too few boys participating in the present study up 
through age twelve to draw valid conclusions, while the number of girls 
participating is sufficient to support statistical analysis. 

It would be of great interest to follow the further development of the pre-
sent group of children, now when they have passed their adolescence. One 
focus would be to determine if there is a correlation between BMI and “snor-
ing regularly”. As Guillemenault et al. (1989) suggested that enhanced 
growth during puberty might be a cause of recurrence of OSA, the dento-
facial development in connection to snoring would still be the main focus for 
further studies of this cohort. 
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Conclusions 

In a cohort of children where surgery has been performed due to snoring, the 
minimum prevalence of snoring regularly is almost the same from four to 
twelve years (5.3% and 4.2%). 

The prevalence of OSA decreases from a minimum of 3.1% at four years to 
a minimum of 0.8% at twelve. 

A sleep study showing no apneas does not exclude the need for treatment of 
snoring to facilitate nose-breathing, since snoring per se seems to influence 
the child negatively. 

Surgery for snoring in young children is necessary, but often only produces a 
temporary “cure”. Follow-ups are mandatory and different treatment modali-
ties should be considered when necessary.  

Children snoring regularly generally have a reduced maxillary width com-
pared to not snoring children; this is seen already from age four. 

Children with narrow maxillar dimensions have increased risk for sleep 
disordered breathing. Their maxillar width development is changed very 
little through childhood, regardless of whether there is relief of symptoms 
after adenotonsillar surgery. 

General dentists and doctors should give parents advice to seek appropriate 
help for children snoring regularly.  
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Sammanfattning på svenska 

 
Effekten av munandning och snarkning uppmärksammades redan på 1800-
talet av en amerikansk konstnär och amatörantropolog George Catlin som 
levde långa tider bland indianstammar. Han beskrev bl.a. bettfel och förstör-
da tänder som en följd av munandning i sin bok ”Shut your mouth and save 
your life” (1832). Inom medicin och odontologi har man sedan slutet av 
1800-talet studerat snarkning och munandning hos vuxna och barn, och 
utveckling av bett och ansikte. Under senare tid har förekomst, följder för 
hälsan i stort, och påverkan på kognitiva funktioner även studerats. Tidigare 
har inte rapporterats om någon undersökning där man följt barn avseende 
snarkning och bettutveckling under lång tid samt effekten av operation mot 
snarkning. 

 
Fig. 10. George Catlins beskrivning av snarkningens vedermödor. 

 
Syftet med denna avhandling är att undersöka prevalensen av snarkning och 
sömrelaterade andningsbesvär i en kohort av 4-åriga barn och se om symto-
men är relaterade till utvecklingen av barnens ansikte och käkar och att 
sedan följa dessa barn i åtta år vad gäller symtom och bettutveckling. De 
med andningsbesvär jämförs vid sex och tolv års ålder med dem i kohorten 
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som aldrig har snarkat eller slutat efter operation. Ett särskilt syfte var att 
utröna vilken effekt operation på adenoiden (”körteln bakom näsan”) 
och/eller tonsillerna (halsmandlarna) har på kort och lång sikt. 
 
Metod. Under en sammanhängande period av 16 månader ombads föräldrar-
na till alla barn i en mindre svensk stad att fylla i ett frågeformulär i samband 
med 4-års undersökningen hos tandvården. Frågorna rörde snarkning och 
därmed relaterade besvär hos barnen. De barn som snarkade varje natt kalla-
des till öronläkarundersökning, och de flesta genomgick en natts sömnregi-
strering på sjukhuset för att bedöma om sömnapné förelåg. Hos tandläkaren 
togs profilröntgenbilder av de snarkande barnen. Bettavtryck för gipsmodel-
ler togs av dessa barn samt av besvärsfria kontrollbarn i kohorten. Vid 6 års 
ålder gjordes samma underökning om, med frågeformulär till de barn som 
tidigare deltagit i studien och tandläkar- och läkarunderökning av alla som 
snarkat vid 4 år och dem som vid 6 år snarkade varje natt. Detta upprepades 
när barnen var 12 år. Då gjordes även sömnregistrering på alla dem som 
snarkade varje natt samt på sex tolvåringar som aldrig snarkat (kontroller). 
  
Resultat. Vid 4 år deltog 615 barn, 95,5% av kohorten, vid 6 år 509 och vid 
12 år 393 barn. Totalt angavs att barnen snarkade till 52,3% vid 4 år, 46% 
vid 6 år och 41% vid 12 år, medan ”snarkning varje natt” angavs för 6% av 
barnen vid 4 år, 5,4% vid 6 år och 6,9% vid 12 år. Andelen barn med söm-
napné (OSA) var vid 4 år minst 3,1% och vid 12 år minst 0,8%, enligt nuva-
rande kriterier. 
 
I enkätundersökningarna framkom signifikanta skillnader: De barn som 
snarkade varje natt angav vid alla åldrar oftare orolig sömn, munandning 
nattetid och att de hade flera halsinfektioner (halsfluss). Dessa barn hade 
också oftare föräldrar som själva blivit opererade för halsmandlar eller ”kör-
teln bakom näsan” i barndomen. Det visade sig att även de barn som enbart 
snarkade vid infektion eller ”ibland” i högre grad angav ovan nämnda symp-
tom än de icke snarkande barnen. Vid 12- årsundersökningen framgick det 
att barnen som snarkade varje natt oftare hade astma (p<0.05) och andra 
hälsoproblem (p<0.001) och oftare var dagtrötta (p<0.001) än de icke snar-
kande. Flera bland dem än bland icke-snarkarna angav också att de hade 
andra i när-familjen som snarkade (p<0.001). 
  
Vid 12 år jämfördes de 63 barn som fram till dess hade blivit opererade för 
sina sömnrelaterade andningsbesvär med resten av undersökningsgruppen, 
avseende symptom. De opererade barnen angav i långt högre grad snarkning 
var natt (p<0.001), andningsuppehåll (p<0.001), munandning (p<0.001) och 
orolig sömn (p<0.01). Tjugoen  barn som opererats före 4 års ålder jämför-
des med övriga barn i gruppen och visade liknande resultat. De tidigt opere-
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rade barnen hade även i högre grad föräldrar som själva blivit opererade i 
barndomen.  
Hur symtomet snarkning utvecklades bland de barn som deltog vid alla tre 
undersökningarna framgår av figur 5 sid. 34, där NS står för ”snarkar inte”, 
SS ”snarkar ibland” och SEN ”snarkar var natt”.  
 
Vad gäller käkarnas form och utveckling framkom att barnen med dokumen-
terad andningsobstruktion redan vid 4 års ålder hade mätvärden som avvek 
från symptomfria kontroller. De hade en mindre skallbasvinkel, en större 
vinkel mellan skallbas och haklinje samt ett högre värde på främre ansikts-
höjd i förhållande till bakre. Barnen med andningsobstruktion hade oftare 
korsbett och deras överkäkar var smalare än kontrollbarnens. Dessa skillna-
der bestod till största delen upp till 12 års ålder och påverkades endast i ringa 
grad av operation.  
 
Diskussion. Man har tidigare ofta ansett att man inte behöver behandla 
snarkning hos barn annat än i svårartade fall, då den fysiologiska förstoring-
en av halsmandlar och adenoid tillbakabildas i slutet av barnaåren. Mot detta 
talar senare forskning som visat att bestående förändringar kan bli följden av 
snarkning i unga år. I föreliggande avhandling har visats att barn som snar-
kar både har en annan symptombild än snarkfria barn och ett sämre hälsotill-
stånd. 
Ett flertal tidigare studier har påtalat att barn som snarkar också ständigt 
andas genom munnen och ofta har en påverkan på bett och ansikte, vilket 
också visats i denna avhandling. Vanligen rapporteras att dessa avvikelser 
förbättras mycket eller helt försvinner efter operation av andningshindret, då 
man antas övergå till näsandning. Fynden i denna avhandling motsäger 
delvis tidigare åsikter, då resultaten visar att smala överkäkar hos snarkande 
barn fortsätter att vara smala även efter operation av adenoid och/eller hals-
mandlar, och att detta kan gälla  även för barn som blivit botade från sin 
snarkning. 
 
Slutsats. Bland barn är andelen som snarkar varje natt nästa densamma från 
4 till 12 år, (5.3% och 4.2%).trots att man opererat dem i gruppen som haft 
svåra sömnrelaterade andningsbesvär. Snarkning hos barn växer inte alltid 
bort och kan medföra negativa konsekvenser för hälsan.. Det är därför viktigt 
att tandläkare och läkare som undersöker barn är uppmärksamma på proble-
men och tillråder föräldrar att söka adekvat vård för barn som regelbundet 
snarkar.  
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