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Abstract 

Objective: To track the development of sleep disordered breathing (SDB) as well as dento-

facial morphology in cohort of children by having them complete a questionaire at ages 4, 6 

and 12 . Clinical examination, sleep studies (at ages 4 and 12) and orthodontic evaluation 

were carried out on all who were reported to snore regularly and children who did not snore at 

all. Results: Out of the original group of 615 children, 64% (393) answered the inquiry on all 

three occasions. Of those, 27 snored regularly and 231 did not snore at all at the age of twelve. 

There were differences between those groups on all answers, especially prevalence of oral 

breathing: 78% versus 5% (p< 0.001). The prevalence of OSA decreased from 3.1% at the age 

of four to 0.8% at age 12 and the severity decreased from a mean AHI 14.8 at four to a mean 

AHI of 1.95 at age 12. The minimum prevalence of snoring regularly was estimated to 4.2% 

at 12 yrs compared to 5.3% at four, calculated for the original cohort of 644 children. The 

odds for a child who snored regularly at four or six years to be snoring regularly also at age 12  

was 3.7 times greater than for a not snoring child in spite of surgery (OR 3.7, 95% CI 2.4-

5.7). 63 children had undergone surgery due to snoring by age 12. 14 of them never snored 

and 17 snored regularly at the age 12. The dental arch was narrower in the children snoring 

regularly at four, six and 12 years compared to not snoring children. Cross-bites were more 

common among snoring children than among non snoring children, at four and six as well as 

at twelve. Conclusion: The prevalence of regular snoring is about the same from four to 

twelve years independent of surgery, but the prevalence of OSA decreased considerably.  The 

children snoring regularly generally have a narrower maxilla compared to children not 

snoring. Surgery in young children is necessary but ―cures‖ the snoring only temporary.  

Key Words: Snoring, OSA, Sleep Disordered Breathing, Tonsillectomy, Adenoidectomy, 

Dento-facial development. 
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Introduction 

Snoring is an acoustic phenomenon caused by vibrations of tissues in the upper airways, 

primarily the soft palate. A relative obstruction of the airways gives an increased Bernoulli 

effect resulting in vibrations. The airway obstruction is due to different anatomical properties 

in combination with a relative hypotonia of the muscles of the airways during sleep. In pre-

school children, the physiological hypertrophy of adenoid and tonsils are the main cause of 

obstruction/snoring. Between 3–6 years of age, the size of the adenoids and tonsils in relation 

to the underlying diameter of the airways is greatest [1]; thus, this is an age when most sleep 

related distress can be expected.  

For children with severe obstructive symptoms, adenotonsillectomy has been the treatment of 

choice over the years and this surgical procedure is the operation most frequently performed 

on children all over the world [2]. The surgery has been thought to solve the young patient’s 

snoring or OSA problems [3,4], which is not the case for most adults’ snoring and sleep apnea 

syndrome (OSAS) after surgery for the similar condition [5]. Sleep registration before and 

after surgery has seldom been performed in children [6,7] and long-term follow-up to control 

the postoperative results has rarely been done [8].  

Dento-facial development and dental arch morphology have been studied in connection to 

different aspects of obstruction such as the influence of adenoids [9], tonsils [10] and habitual 

snoring and OSA [11-12]. With different ways of exploring the effect of obstructed breathing, 

it has been shown that severe obstruction is connected to specific anatomical traits, which 

seem to have been possible to reverse at least partially through surgery [13,14]. To our 

knowledge, morphological studies in connection with community based cohort studies with 

long time follow-up of obstructed breathing in children have not been explored.  
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We have earlier described the epidemiology of snoring in a cohort of 4 year-old children, [15] 

as well as the specific orthodontic features connected to their symptoms [11]. Later we 

published a study showing the further development of symptoms and signs for the same 

children at age 6 [16]. 

The purpose of the present investigation is to continue to track the same children up through 

age 12 in order to follow the development of snoring and symptoms of breathing distress 

among both those not operated upon and those who have been operated upon at any time up to 

12 years of age. The dento-facial anatomy of the children who were snoring regularly (every 

night) at the age of four or six or twelve is compared with  data from the children  who were 

never reported as snoring. 

The Ethical Committee at Uppsala University approved the study and informed consent was 

obtained from all the parents. 

Material and Method 

Questionnaire 

Out of 615 children in the original 4 year examination (95.5 % of a total 4-year old 

population, 644), 509 participated at the 6 years follow-up study. These 509 children [11,16] 

were contacted by mail at the age of 12 and the parents were asked to complete a 

questionnaire about sleeping habits and obstructive problems similar to the questionnaire 

which was used in the earlier investigations (see Table 1). A few questions were omitted that 

were age-related or already answered earlier (e.g., breastfeeding and earlier pacifier/finger 

sucking habits), and some questions were added regarding excessive daytime sleepiness, 

allergy, asthma, general health problems and on-going or completed orthodontic treatment. 

Also asked was whether any other person in the child’s immediate family was snoring. 
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If there was no response to the first letter, a reminder was sent; thereafter, attempts were made 

to contact those still not responding by telephone.  

Table 1: Comparison of symptoms of sleep related distress at 4, 6 and 12 years (n = 393). 

 

4 years  

 

%  

 

6 years  

 

%  

 

4 vs. 6  

 

12 years  

 

%  

 

6 vs. 12  

 

4 vs. 12  

 

Snoring regularly 34 8.7 26 6.6 
 

27 6.9 
  

Snoring sometimes 181 46.1 162 41.5 
 

135 34.4 * *** 

Not snoring 178 45.3 205 52.2 
 

231 58.8 * *** 

Apneas 22 5.6 20 5.1 
 

12 3.1 
 

* 

Oral breathing 24 6.1 34 8.7 
 

49 12.5 * *** 

Restless sleep regularly 19 4.8 18 4.6 
 

17 4.3 
  

Enuresis 102 26.0 40 10.2 *** 9 2.3 *** *** 

Ongoing sucking habits 140 35.6 62 15.8 *** 15 3.8 *** *** 

History of tonsillitis 133 33.8 162 41.2 *** 146 37.2 
  

Operated with A 21 5.3 44 11.2 
 

58 14.8 
  

Operated with T 5 1.3 18 4.6 
 

24 6.1 
  

Parent operated with A 98 24.9 
       

Parent operated with T 53 13.5 
       

Other health problems 
     

76 19.3 
  

Orthodontic treatment 
     

18 4.6 
  

Asthma 
     

21 5.3 
  

Allergy 
     

95 24.2 
  

Excessive daytime sleepiness 
     

24 6.1 
  

Other family members snoring 
     

222 56.5 
  

 

A drop out analysis was planned whereby the answers to the questionnaire at age 4 from 

children who later dropped out was compared with those from the children who remained in 

the study through age 12.  
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ENT and sleep examinations at 12 years. 

All children who were reported as snoring every night, or reported breathing stops in 

connection with sleep, were offered a clinical ENT examination and a full-night polygraphy 

(Breas 20 Gothenburg, Sweden) under parental surveillance at home. The same offer was 

made to 10 children in the cohort who had been reported as not snoring at any of the ages 4, 6 

and 12. The criteria for apneas were set at 10 seconds duration and hypopneas as 50% 

reduction of the breathing pressure recordings with a duration of 10 seconds and 3% decrease 

of SO2 from baseline. The limit for OSA was set to be AHI≥1 or ODI ≥ 1 (Apnea-Hypopnea 

Index and Obstructive Desaturation Index). 

Seven children who participated at 12 years had previously had a polygraphy performed at the 

age of four due to regular snoring [11]. In 1999, the criteria for OSA in children was 

standardized [17]. Since these early sleep polygraphies were performed 1994–1995, a new 

analysis was now done manually using microfilms of the paper copies of the earlier sleep 

recordings. The criteria for apneas were for these recordings originally set at 10 sec duration 

and desaturation drop to 4%. 

Orthodontic examination at 12 years 

Children who snored regularly, as well as those reporting apneas in the questionnaire, were 

given a clinical orthodontic evaluation. Plaster casts were made for these children as well as 

for those children who earlier had had casts made at four and/or six years, snoring regularly or 

not snoring, who now were asked to volunteer for a follow-up examination. 

Cephalograms were taken from those who were snoring regularly. These results will be 

presented in a separate report. 
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Statistics 

McNemar’s test was used for comparisons between the answers to the questionnaire at 

different ages (for same children at different times). 

χ
2 was used for nominal data and Fishers exact test was employed for calculations that 

included small numbers . Rational data was expressed as mean, standard deviation and range, 

and Student´s T-test was used. The significance level p < 0.05 was chosen.  

 For risk analysis Odds Ratio was calculated with means and confidential intervals. 

Error or methods 

Duplicate determinations for biometrics measurements were calculated according to the 

formula 

           __________    

                                           Se =  /∑(a2 – a1) 

                                                 √       2n 

 

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

 

 

 



 8 

 

Results 

Out of the original cohort of 644 children at four years, 509 children took part in the 6-year 

investigation out of whom 393 (78.4%) continued participation at 12 years. At  twelve years 

63 children  had received surgery for snoring, 38 solely adenoidectomy, 23 adenotosillectomy 

and two only tonsillectomy. 

The 393 children who had participated at all of the study points of 4, 6 and 12 years form the 

sample for the following analyzes: 

Questionnaires 

Answers to the 12 year-questionnaire are presented together with data from the same children 

at 4 and 6 years in Table 1.  

Between ages of 4 and 12 the number of children that reported snoring regularly decreased 

from 8.7% to 6.9% (ns) and the number of children with reported apneas had decreased 

(p<0.05). The prevalence of not snoring children had increased (p< 0.0001) while the number 

of children snoring sometimes, had decreased (p< 0.01).  

Oral breathing was reported for 49 children in the 12-year survey compared to 24 in the 

investigation at 4 yrs (p <0.001), Table 1. 

53/393 new children had begun to snore after age six—three of them every night. 80/393 

other children had stopped snoring; two of these had snored every night at age six. This 

development is presented in Fig 1. 

The odds that a child reported as snoring regularly at age four to also be snoring regularly at 

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 
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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.  

 

Figure 1: Flow-chart over the development of snoring from 4 to 6 to 12 years (n=393). 

 

Between ages four and six, a decrease was seen in enuresis, (p<0.0001) and of ongoing 

sucking habits (p<0.001) and an increase of the prevalence of children with a history of 

tonsillitis, (p< 0.001).  

At 12 years, there was one gender difference: the number of tonsillitis was higher among girls 

than boys, 42.3% vs 31.8% (p<0.05). Prevalence of digital sucking and enuresis had 

decreased with age. Earlier gender differences were not seen at age 12. 

Comparisons between obstructive symptoms for children not snoring, snoring sometimes and 

snoring regularly at age 4, 6 and 12 yrs are seen in table 2 a, b, c. The snoring regularly 
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Table 2a: Comparison at 4 years between children with different degree of reported snoring (n = 393). 

 

 

Not snoring 4 years 

n = 178  

 

Snoring sometimes 4 years 

n = 181  

 

Snoring regularly 4 years 

n = 34  

 

Level of sign. 

 

n  

 

%  

 

n  

 

%  

 

n  

 

%  

 
 

Apneas 0 0.0 4 2.5 15 57.7 *** 

Oral breathing 8 3.9 9 5.5 6 23.1 ** 

Restless sleep regularly 5 2.4 8 4.9 19 73.1 *** 

Restless sleep sometimes 50 24.4 45 27.6 14 53.8 ** 

Enuresis 50 24.4 42 25.8 12 46.2 ns 

Sucking habits 81 39.5 45 27.6 15 57.7 ** 

History of tonsillitis 67 32.7 53 32.5 20 76.9 *** 

Operated with 

adenoidectomy 
5 2.4 6 3.7 7 26.9 *** 

Operated with tonsillectomy 1 0.5 1 0.6 1 3.8 ns 

Parent op adenoidectomy 55 26.8 36 22.1 7 26.9 ns 

Parent op tonsillectomy 19 9.3 23 14.1 5 19.2 ns 
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Table 2b: Comparison at 6 years between children with different degree of reported snoring (n = 393). 

 

 

Not snoring 6 years 

n = 205  

 

Snoring sometimes 6 years 

n = 162  

 

Snoring regularly 6 years 

n = 26  

 

Level of sign. 

 

n  

 

%  

 

n  

 

%  

 

n  

 

%  

 
 

Apneas 0 0.0 10 6.1 10 38.5 *** 

Oral breathing 8 3.9 16 9.8 10 38.5 *** 

Restless sleep regularly 6 2.9 5 3.1 7 26.9 *** 

Restless sleep sometimes 46 22.4 69 42.3 8 30.8 *** 

Enuresis 17 8.3 18 11.0 5 19.2 ns 

Sucking habits 29 14.1 30 18.4 4 15.4 ns 

History of tonsillitis 73 35.6 74 45.4 15 57.7 * 

Operated with 

adenoidectomy 
19 9.3 16 9.8 9 34.6 ** 

Operated with tonsillectomy 9 4.4 8 4.9 1 3.8 ns 

Parent op adenoidectomy 44 21.5 48 29.4 7 26.9 ns 

Parent op tonsillectomy 48 23.4 33 20.2 3 11.5 ns 
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Table 2c: Comparison at 12 years between children with different degree of reported snoring (n = 393). 

 

Not snoring 12 years 

n = 231  

 

Snoring sometimes 12 years 

n = 135  

 

Snoring regularly 12 years 

n = 27  

 

Level of sign. 

 

n  

 

%  

 

n  

 

%  

 

n  

 

%  

 
 

Apneas 0 0.0 3 2.2 9 33.3 *** 

Oral breathing 11 4.8 17 12.6 21 77.8 *** 

Restless sleep regularly 5 2.2 3 2.2 10 37.0 *** 

Restless sleep sometimes 38 16.5 59 43.7 9 33.3 *** 

Enuresis 6 2.6 2 1.5 4 14.8 ** 

Sucking habits 7 3.0 4 3.0 4 14.8 * 

History of tonsillitis 81 35.1 58 43.0 7 25.9 ns 

Operated with adenoidectomy 20 8.7 22 16.3 16 59.3 *** 

Operated with tonsillectomy 11 4.8 9 6.7 4 14.8 ns 

Allergy 60 26.0 30 22.2 4 14.8 ns 

Asthma 7 3.0 13 9.6 1 3.7 * 

Other health problems 33 14.3 30 22.2 13 48.1 *** 

excessive daytime sleepiness 3 1.3 12 8.9 9 33.3 *** 

Other member of family 

snoring 
115 49.8 84 62.2 23 85.2 *** 
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group showed significantly more symptoms at all ages such as reported apneas, oral 

breathing at night, restless sleep, history of tonsillitis, and history of earlier being 

adenoidectomized. At twelve years, answers to the added questions showed significantly 

higher prevalence among children snoring regularly for excessive daytime sleepiness, oral 

breathing, as did snoring among other members of the family and for asthma and other health 

problems. Ongoing or completed orthodontic treatment was reported for eight children in the 

cohort; two of these belonged to the group of children snoring regularly.  

The reported habit of oral breathing increased over the years, more among the children 

snoring regularly than in the cohort as a whole—from 23% (6/26) at four years to 38.5% 

(10/26) at six, and 77.8 % ( 21/27) at 12 years, compared to 6.1% to 8.7% and 12.5% in the 

cohort as a whole (Table 1 and 2). 

Comparison of obstructive symptoms between operated (adenoidectomy and/or 

tonsillectomy) and not operated children of the cohort are presented in Table 3. There was a 

higher percentage of children snoring regularly at 12 years in the operated group (p<0.001) 

and who also were more often breathing orally (p<0.001).  

Twenty-one children of the 393 had already been operated due to snoring before four years of 

age, (21 adenoidectomy and 5 tonsillectomy) and had their initial snoring problems solved, 

except for one child where tonsillectomy was performed six months after adenoidectomy at 

the age of three.  The prevalence of symptoms among these early-operated children at age 12 

differed significantly from those of the rest of the cohort ( Table 4). 12/21 snored, five of 

them regularly, and 9/21 were oral breathers. Twice as often, these children had parents who 

were operated with A or T as compared to children as in the rest of the cohort. 
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Table 3: Comparison of symptoms at the age of 12 years for operated (n = 63) and not 

operated (n = 330) children 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 
 

 

Eight of the 21 early operated children had started to snore again before the age of four and 

belonged at that age to the snoring regularly group and were later re-operated, five with 

adenotonsillectomy (A+T), two with tonsillectomy (T), and one with re-adenoidectomy (A) 

The children who participated at age four,  who dropped out from the two follow-up 

investigations at 6 or 12 yrs (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 

regularly compared to 1.4% for the drop-outs (p<0.0001). This means that the children who 

left the investigation snored less. 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 6.9 % . 
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Table 4: Children operated before age 4 years (n = 21) in comparison to the rest of the 

cohort (n = 372) at the age of 12 years. 

Symptoms 

Operated before 4 

years  

 

Rest of 

cohort  

 

Level of sign.  

 

 

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 
 

Not snoring 9 42.9 222 59.7 0.17081 
 

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 
 

Asthma 2 9.5 19 5.1 0.31087 
 

Allergy 4 19.0 91 24.5 0.79387 
 

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 

 

Parent operated with A 12 57.1 86 23.1 0.00121 ** 

Parent operated with T 8 38.1 45 12.1 0.00328 ** 

 

Polygraphy. 

20 of the 27 children snoring regularly (two with reported apneas), and six children out of the 

same cohort answering not snoring at four six and 12 years, underwent an overnight cardio-

respiratory recording (polygraphy). The results are presented in Table 5. 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). 
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Table 5: Data from polygraphies at 4 and 12 years and from questionnaires for children reporting snoring regularly or apneas at 12 years (n = 

20) and from children not snoring at 4, 6 or 12 years (n = 6). 

 

Pat. no  

 

AHI at 4 years  

 

AHI at 12 

years  

 

ODI at 12 

years  

 

Surgery age in 

months  

 

Snoring regularly at 

12 years  

 

Apneas at 12 

years  

 

Oral breathing at 12 

years  

 

1 
 

2 2 – Yes No Yes 

2 
 

0 0.3 – Yes Yes Yes 

3 
 

0.4 0.3 – 
 

Yes Yes 

4 
 

1.8 1.6 A 108 Yes No Yes 

5 
 

0 0.1 – Yes No Yes 

6 
 

0.4 0.6 – Yes No Yes 

7 Not retrievable 0 0 A 54 Yes No Yes 

8 
 

2.2 2.4 
 

Yes No Yes 

9 
 

2.5 0 – 
 

Yes Yes 

10 Not retrievable 0 0 A 48 Yes No Yes 

11 
 

0 0 – Yes Yes Yes 

12 18 0 0 – Yes No Yes 

13 12 0 0 AT 58 Yes Yes Yes 

14 
 

0.2 0.4 – Yes Yes Yes 
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Pat. no  

 

AHI at 4 years  

 

AHI at 12 

years  

 

ODI at 12 

years  

 

Surgery age in 

months  

 

Snoring regularly at 

12 years  

 

Apneas at 12 

years  

 

Oral breathing at 12 

years  

 

15 8 1.2 0.4 A 36 
 

Yes Yes 

16 
 

0.4 0.6 A 30 Yes – Yes 

17 
 

0.3 0.4 A 72 Yes Yes Yes 

18 4 0.8 0.8 – Yes Yes Yes 

29 3 0.2 0.3 AT 58 Yes No Yes 

20 
 

0 0 AT 63 Yes No Yes 

Mean 9 0.6 0.5 
    

Controls  

 
 

AHI  

 

ODI  

 
    

1 
 

0.3 0.3 – No No Yes 

2 
 

0.1 0.1 – No No No 

3 
 

0 0 A 126 No No Yes 

4 
 

0 0.4 – No No Yes 

5 
 

0.2 0.1 – No No No 

6 
 

0.3 0.2 
 

No No No 

Mean 
 

0.12 0.18 
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Out of the 34 children in the original cohort who reported snoring every night (=snoring 

regulary in this article) at age four, 28 also had a polygraphy 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.) [11]. 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 [17,21],  a re-analysis was 

done for the 18/26 children who still were in the study and whose data it was possible to 

retrieve from microfilmed paper records. This resulted in a re-definition of diagnosis for many 

of them  which yielded a mean AHI of 14.8 ±10, see Table 6.  

Estimating the minimum prevalence of OSA in the present group at the age of four would 

thus give 20/393=5.2% and 5/393=1.3% at the age of 12. If instead, the original cohort of 644 

children is 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 earlier [11] 

and 5/644= 0.8% for the cohort at age 12.  

One of the seven children who had had a polygraphy at the age of four and a second at the age 

of 12 due to regular snoring on both occasions, had OSA at age 12; two of them were among 

the six that had belonged to OSA group at age 4 (Table 5). 

In the records for the 20 children who had their polygraphies at four re-analyzed, BMI data 

could be calculated.  None of these children was over-weight (Table 6).  

Biometric findings 

Orthodontic diagnoses 

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 four, six or 

12 years. The orthodontic diagnoses are reported in Table 7. Lateral crossbite was more 

common in the children snoring regularly, at all ages with statistical significance at age four   
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Table 6: AHI from re-analyses of polygraphies performed at 4 years. Height in cm and weight 

in kg. Mean ± S.D. 

Pat. no  

 

AHI  

 

Height  

 

Weight  

 

BMI  

 

1 30 108 17 15 

2 13 112 20 16 

3 44 105 15.8 14 

4 12 105 16 15 

5 8 110 19 16 

6 4 106 14 12 

7 28 115 18.6 12 

8 3 104 16 15 

9 13 111 19 15 

10 22 108 20 17 

11 18 103 18 17 

12 16 110 22 18 

13 12 109 19 16 

14 5 115 24 18 

15 9 104 18 17 

16 12 116 16.5 12 

17 11 116 16.5 12 

18 26 
   

19 4 103 16 15 

20 6 108 17 15 

 
14.8 ± 10 109 ± 4.5 18 ± 2.4 15 ± 2 

 

and 12 years.  Prolonged sucking habits in the younger ages did not differ between  the 

children snoring regularly and the not snoring children. 
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Table 7: Orthodontic diagnoses and prolonged sucking habits among children snoring 

regularly and not snoring at 4, 6 and 12 years. 

 
Diagnoses 

Snoring regularly  

 

Not snoring  

 
p-Value 

  

n  

 
 

n  

 
  

4 years 

 Sagital relations Angle class I 26 22 22 18 0.83 

 
Angle class II 

 
3 

 
4 

 

 
Angle class III 

     

 Transv. relations 
Lateral cross-

bite  
11 

 
3 0.05* 

 Vertical relations Ant. open bite 
 

9 
 

9 0.78 

 Sucking habit > 3 

years   
16 

 
11 0.56 

6 years 

 Sagital relations Angle class I 21 17 26 21 0.10 

 
Angle class II 

 
2 

 
5 

 

 
Angle class III 

 
2 

   

 Transv. relations 
Lateral cross-

bite  
8 

 
4 0.10 

 Vertical relations Ant. open bite 
 

6 
 

4 0.31 

 Sucking habit > 5 

years   
5 

 
4 0.49 

12 years 

 Sagital relations Angle class I 27 22 31 28 0.55 

 
Angle class II 

 
4 

 
3 

 

 
Angle class III 

 
1 

   

 Transv. relations 
Lateral cross-

bite  
9 

 
3 0.05* 

 Vertical relations Ant. open bite 
 

3 
 

1 0.33 
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Dental measurements 

Measurements of all models from children snoring regularly at four (n=25), six (n=21) and 12 

(n=27) demonstrated that on a group level, the children snoring regularly had a  more narrow 

upper jaw than those not snoring  (see Table 8 and  Fig 2 and 3). The tendency was seen in all 

measures and statistical significance attained for 4 and 6 year olds and for 12 year old boys. 

The 12 year group was divided with respect to gender, yielding small group sizes and 

statistical significance was only seen among boys. The reason for this split was that the 

growth of the jaws differs between boys and girls in pubertal children. 

 The error of method was computed and was found to be less than 0.6 mm. 

 

 

Fig. 2. Sites for dental arch measurements of the maxilla: to the left in primary dentition (at 4 

and 6 years) and to the right in permanent dentition (at 12 years). Inter-canin width measured 

between the midpoints of the cusps. Inter-molar width measured between the tips of the mesio-

lingual cusps of the primary or permanent molars. Inter-premolar width measured between 

the tips of the lingual cusps of the premolars.  
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Fig. 3. To the left maxillary models from a not snoring boy, and to the right maxillary models 

from a snoring girl. At 4 years—bottom of the picture, at 6 years—middle, and at 12 years—

top of the picture, showing difference in maxillary width.  
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Table 8: Measurements from dental models from upper jaws in children snoring regularly 

and not snoring children at 4, 6 and 12 years. 

Distances 
Snoring regularly  

 

Not snoring  

 

 

n  

 

Mean  

 

S.D.  

 

Range  

 

n  

 

Mean  

 

S.D.  

 

Range  

 

p-value  

 

4 years 

 Inter-canine width 25 26.4 2.96 
23.3–

33.7 
22 28.5 2.63 

24.2–

33.1 
0.01 ** 

 Inter-1st molar width 25 26.9 2.87 
23.3–

33.4 
22 28.8 2.69 

25.5–

33.2 
0.02 * 

 Inter-2nd molar width 25 31.3 3.06 
27.1–

37.3 
22 32.6 2.58 

28.5–

36.6 
0.12 

6 years 

 Inter-canine width 21 28.6 2.62 
25.0–

34.7 
26 30.9 2.70 

24.6–

36.2 

0.005 

** 

 Inter-1st molar width 20 28.7 2.49 
24.2–

34.1 
26 29.9 2.73 

25.0–

34.6 
0.13 

 Inter-2nd molar width 21 32.8 2.63 
29.9–

38.1 
26 34.4 2.84 

29.6–

37.0 
0.05 * 

12-year girls 

 Inter-canine width 10 31.6 2.54 
27.4–

34.8 
10 33.9 2.70 

30.1–

38.9 
0.065 

 Inter-1st premolar 

width 
15 28.1 3.06 

22.3–

33.1 
12 30.1 2.54 

26.9–

32.7 
0.076 

 Inter-1st molar width 17 38.4 3.49 
29.3–

42.3 
15 39.9 2.91 

36.2–

43.6 
0.20 

12-year boys 

 Inter-canine width 7 32.1 2.93 
27.5–

33.9 
10 35.0 1.23 

33.7–

34.8 
0.03 * 

 Inter-1st premolar 

width 
8 28.7 2.86 

24.9–

33.0 
15 30.8 2.99 

26.5–

34.8 
0.11 

 Inter-1st molar width 10 40.7 2.79 
35.7–

44.1 
16 43.2 2.19 

37.3–

44.4 
0.02 * 
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Discussion 

 

To our knowledge, this is the first study where a cohort of non-selected children has been 

followed throughout childhood with respect to sleep disordered breathing. A third of the 

original cohort at the age of four dropped out either by age six or age 12. These drop-outs 

were not surprisingly somewhat healthier [19] with respect to sleep disordered breathing with 

only 3/222 snoring regularly. As the OR was calculated to be high for a not snoring child of 

four to continue to be not snoring through childhood, we make the assumption that at twelve 

years, the prevalence of children snoring regularly would be slightly lower than that reported. 

Our estimated minimum prevalence of snoring at 12 years is about the same as in a cross-

sectional study of snoring in 9-15 years old children, which also demonstrated, as in the 

present study, that one ―risk factor‖ for snoring regularly was to earlier have been 

adenoidectomized [20]. This leads us to draw the conclusion that snoring in early childhood 

has a strong tendency to recur during the development period of the ring of Waldeyer even if 

―cured‖  initially by adenoidectomy. Even in the cases where a tonsillectomy is performed 

later, a child who snores at the age of four has a high risk of being a snorer at the age of 12; 

the contrary is true for a child who is not snoring at four and six. The group of children 

―snoring sometimes‖ has chance of spontaneous recovery in about 50% , as is also seen in 

other studies [21]. However, we have seen that ―snoring sometimes‖ in the younger age 

groups also seems to be connected to health problems, but not as much at the age of twelve 

(Table 2)[16]. 

 The reason why adenotonsillectomy only has a temporary effect could be that the children 

who snore regularly have a more narrow maxillary width, a condition seen  in the present 

study at ages four, six and twelve regardless of whether they have had surgery or not. This 
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narrowness is probably genetic and only possible to reverse to a small extent in the long run 

through surgery. This limited success of operation on adenoids and tonsils has not been 

stressed earlier [13,14,16]. The large proportion of the 12 year olds who snored regularly that 

also had snoring parents and/or snoring siblings support the idea that there may be a 

substantial genetic impact. 

The children who were snoring regularly at twelve in the present study, who therefore might 

be at risk for OSA in adulthood, also showed an increased prevalence of reported oral 

breathing and also in addition malocclusions such as lateral cross-bite.  

On a group level we found that the children snoring regularly had a more narrow upper jaw 

than the not snoring children. However the effect of surgery on orofacial development can not 

be clarified in this epidemiological study. By following each child longitudinally from four to 

twelve years, both the ones who were ―cases‖ at four  and corresponding not snoring children,  

the effect of surgery will be elucidated (to be published in a separate article). 

The re-analysis of the sleep cardio-respiratory recordings at age four demonstrated OSA in 

almost all of the children snoring regularly, but at age twelve most of the regular snorers did 

not reach the limit for OSA and the few who did,  still had a low AHI and no severe 

desaturations. Since most of these children snoring regularly had been operated upon, one 

might say that the surgery was effective against apneas up to the age of twelve but not 

effective against snoring. This corresponds to an earlier study where a 20-year follow-up after 

tonsillectomy showed 61% of the now 25–30 year old participants who had been operated as 

snoring ―every night‖ or ―now and then‖, as compared to 41% snoring ―now and then‖ in a 

population based not operated material [8].  

A weakness of the present study is that the sleep polygraphies from 1994-1995 could not be 

fully re-analyzed using the standard currently in use [17]. At the time when the registrations 



 26 

were done, they could not be saved in digital form (it was before the CD-era) and could only 

be archived as paper copies which were later microfilmed. The ―rough‖ manual re-analyses of 

the retrieved paper copies done as part of the current study gave a much higher prevalence of 

OSA—3.1 % instead of the earlier published 0.9 % [11]. However, this higher prevalence is 

more in accordance with other studies from the same period [22,23], where the investigators 

would have had to deal with the same difficulties involving the lack of clear definitions. 

The number of children who had been defined as having OSA would most likely have been 

still higher if the apneas had been calculated as two respiratory cycles and desaturations of 3% 

instead of 4% [17]. Already in 1994, we were very skeptic of applying the adult definitions 

for OSA to children and when clinically advising parents  on whether to consider surgery or 

not for their children preferred speaking of ―signs of obstruction‖ and about the symptoms 

connected to obstruction, irrespective of number of apneas.  

Even though the affected children reported both regular severe snoring and in many cases also 

reported excessive daytime sleepiness, the sleep polygraphy at age 12 demonstrated a much 

lower prevalence of apneas and desaturations than at age four. The parents reported that 

although they heard the snoring, they did not worry as much now as they did when the child 

was smaller because they now experienced the snoring more as an annoying sound than as a 

major breathing struggle for the child.  

The BMI of the children was not followed in the questionnaires through the years. However, 

the children most affected, the ones snoring regularly at four, were sleep registered in the 

ward and at that time had their BMI calculated; none of those were overweight at that age. 

The authors personally examined all who had a polygraphy and orthodontic evaluation at age 

12 and have thereby personal knowledge also at that time; none of these 20/27 children 

snoring regularly was overweight. Overweight is now regarded as a special cause of snoring 

and OSA in children as well as in adults [23], but it does not seem to have been a major factor for 
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this cohort of children, examined 1994-2002. However, it would be of utmost interest to do a 

further follow-up now when these children also have passed their adolescence, to see if and 

how the prevalence of snoring has changed. Today, the focus would be to determine if there is 

a correlation between BMI and snoring regularly in this group of individuals and also to 

further track how their dento-facial development  has changed due to the enhanced growth 

during and after puberty [24].  

The gender differences seen at ages 4 and 6 with more boys having enuresis was expected 

[25, 26] as was the slight dominance of girls who had a higher prevalence of sucking habits 

[27]. However, the difference at age 12 with more girls than boys having had tonsillitis is in 

this context a new finding, although it is in accordance with the Swedish National Quality 

Register for tonsil surgery. In this register, a clear peak with respect to tonsil surgery due to 

obstructive symptoms occurs for boys below 10 years, while for girls a peak occurs in the 

teens who have 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 [28].  

 

Conclusion 

In a cohort of 644 where surgery has been performed in 63 children 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. The children snoring regularly generally have a narrower 

maxilla compared to not snoring children. Surgery in young children is necessary, but it only 

―cures‖ the snoring temporarily.  



 28 

Acknowledgements 

This study was supported by Uppsala County Council and the Gillberg foundation. We thank 

the children and parents who have willingly participated in this investigation through the 

years. We thank Prof. Eva Svanborg Dept of Neurophysiology, Linköping University for 

collaboration in re-evaluation of the polygraphies at 4 and Helena Lord, RN, ENT-clinic 

University Hospital Linköping, for assistance in analyzing the polygraphies for age 12.  

References 

1. Kurnatowski P, Putyński L, Lapienis M, Kowalska B. Neurocognitive abilities in 

children with adenotonsillar hypertrophy. Int J Pediatr Otorhinolaryngol. 2006;70:419-

24. 

2. Ramzi T, Yuonis MD, Rande H, Lazar MD. History and current practice of 

tonsillectomy. Laryngoscope 2002;112:3-5  

3. Ali NJ, Pitson D, Stradling JR. Sleep disordered breathing: effects of 

adenotonsillectomy on behaviour and psychological functioning. Eur J Pediatr 

1996;155:56-62. 

4. Flanary VA. Long-term effect of adenotonsillectomy on quality of life in pediatric 

patients. Laryngoscope 2003;113:1639-1644. 

5. Sundaram S, Bridgman SA, Lim J, Lasserson TJ Surgery for obstructive sleep 

apnoea.Cochrane Database Syst Rev. 2005 Oct 19;(4):CD001004.  

6. Ameli F, Brocchetti F, Semino L, Fibbi A. Adenotonsillectomy in obstructive sleep 

apnea syndrome. Proposal of a surgical decision-taking algorithm. Int J Pediatr 

Otorhinolaryngol. 2007;71:729-34. 

7. Weatherly RA, Mai EF, Ruzicka DL, Chervin RD. Identification and evaluation of 

obstructive sleep apnea prior to adenotonsillectomy in children: a survey of practice 

patterns. Sleep Med 2003;4:297-307. 

8. Johansson E, Hultcrantz E. Tonsillectomy--clinical consequences twenty years after 

surgery. Int J Pediatr Otorhinolaryngol. 2003;67:981-8. 

9. Linder-Aronson S. Effect of adenoidectomy on dentition and nasopharynx.Am J Orth 

Dentofacial Orthop. 1974;65: 1-15. 

10. Behlfelt K. Enlarged tonsils and the effect of tonsillectomy. Caracteristics of the 

dentition and facial skeleton. Posture of head, hyoid bone and tongue, mode of 

breathing. 1990. Swedish Dental Journal Suppl 72. 

11. Löfstrand-Tideström B, Thilander B, Ahlqvist-Rastad J, Jakobsson O, Hultcrantz E. 

Breathing obstruction in relation to craniofacial and dental arch morphology in 4-year-

old children. Eur J Orthod. 1999;21:323-32. 



 29 

12. Zucconi M, Caprioglio A, Calori G, Ferini-Strambi L, Oldani A, Castronovo C, 

Smirne S. Craniofacial modifications in children with habitual snoring and obstructive 

sleep apnoea: a case-control study. Eur Respir J. 1999;13:411-7.  

13. Hultcrantz E, Larson M, Hellquist R, Ahlquist-Rastad J, Svanholm H, Jakobsson OP. 

The influence of tonsillar obstruction and tonsillectomy on facial growth and dental 

arch morphology. Int J Pediatr Otorhinolaryngol. 1991;22:125-34. 

14. Zettergren-Wijk L, Forsberg CM, Linder-Aronson S. Changes in dentofacial 

morphology after adeno-/tonsillectomy in young children with obstructive sleep 

apnoea--a 5-year follow-up study. Eur J Orthod. 2006;28:319-26.  

15. Hultcrantz E, Löfstrand-Tideström B, Ahlquist-Rastad J. The epidemiology of sleep 

related breathing disorder in children. Int J Pediatr Otorhinolaryngol. 1995 ;32 

Suppl:S63-6. 

16. Löfstrand-Tideström B, Hultcrantz E. The development of snoring and sleep related 

breathing distress from 4 to 6 years in a cohort of Swedish children. Int J Pediatr 

Otorhinolaryngol. 2007:71:1025-33. 

17. American Thoracic Society. Cardiorespiratory sleep studies in children. Establishment 

of normative data and polysomnographic predictors of morbidity. Am J Respir Crit 

Care Med. 1999:160:1381-7. 

18. Uliel S, Tauman R, Greenfeld M, Sivan Y. Normal polysomnographic respiratory 

values in children and adolescents. Chest. 2004;125:872-8.  

19. Murphy, M. R., Escamilla, M. I., Blackwell, P. H., Lucke, K. T., Miner-Williams, D., 

Shaw, V., et al. Assessment of Caregivers' Willingness to Participate in an 

Intervention Research Study. Research in Nursing & Health.2007; 30: 347-355. 

20. Corbo GM ,Forastiere F, Agabiti N, Pistelli R, Dell'Orco V, Perucci CA, Valente S. 

Snoring in 9- to 15-year-old children: risk factors and clinical relevance. Pediatrics. 

2001;108:1149-54. 

21. Ali NJ, Pitson DJ, Stradling JR. Snoring, sleep disturbance, and behaviour in 4-5 year 

olds. Arch Dis Child 1993;68:360-366. 

22. Gislason T, Benediktsdóttir B. Snoring, apneic episodes, and nocturnal hypoxemia 

among children 6 months to 6 years old. An epidemiologic study of lower limit of 

prevalence. Chest.1995;107:963-6. 

23. Gozal D, Kheirandish-Gozal L. The multiple challenges of obstructive sleep apnea in 

children: morbidity and treatment. Curr Opin Pediatr. 2008;20:654-8. 

24. Guilleminault C, Partinen M, Praud JP, Quera-Salva MA, Powell N, Riley R. 

Morphometric facial changes and obstructive sleep apnea in adolescents. J Pediatr. 

1989;114:997-9. 

25. Basha S, Bialowas C, Ende K, Szeremeta W. Effectiveness of adenotonsillectomy in 

the resolution of nocturnal enuresis secondary to obstructive sleep apnea. 

Laryngoscope. 2005;115:1101-3.  

26. Wang QW, Wen JG, Song DK, Su J, Zhu QH, Liu K, Che YY, Du AM, Wei JX. Bed-

wetting in Chinese children: epidemiology and predictive factors. Neurourol 

Urodyn.2007;26:512-517. 

27. Johnson E, Larson B. Thumb-sucking: Literature review. ASDC J Dent Child 

1993;60:385-391. 



 30 

28. Socialstyrelsens statistikdatabaser.2009. 

www.socialstyrelsen.se/Statistik/statistikdatabas/ Assess date: Mars 20 2009.  

 


	Linköping University Post Print-titlepage.pdf
	thedevelopmentrevised-postprint

