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Study Objectives: Correction of retrognathia or maxillary constriction has previously been shown to ameliorate sleep-disordered 
breathing symptoms in some children. The purpose of this study was to examine the prevalence of dental features that indicate a 
need for early orthodontic treatment in a cohort of children referred to a tertiary care center for the management of sleep-disordered 
breathing.
Methods: A prospective observational cross-sectional study of 90 consecutive children aged 5 to 10 years, assessed at the otolaryngology 
clinic of a tertiary care hospital over a 14-month period, was performed. All subjects underwent a full clinical assessment by the 
attending otolaryngologist and orthodontist. Indications of orthodontic intervention and airway features were recorded.
Results: The average patient age was 6.8 years. In terms of maxillary constriction, 15.5% of patients had a posterior crossbite, whereas 
5.5% of patients had an anterior crossbite. Significant retrognathia (overjet > 7 mm) was reported in 4.8% of patients, and 8.5% of 
patients presented with an excessive deepbite (overbite > 90%).
Conclusions: The prevalence of malocclusion in this cohort of children with suspected sleep-disordered breathing was not greater 
than what has been reported for the general population. Maxillary expansion and mandibular advancement were indicated in 15.5% 
and 4.8% of the sample, respectively. 
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INTRODUCTION

Sleep-disordered breathing (SDB) is characterized by an 
abnormal respiratory pattern during sleep, and encom-
passes a spectrum of disorders that increase in severity from 
snoring to obstructive sleep apnea (OSA). OSA is the most 
significant presentation of SDB and is now recognized as a 
serious medical condition that affects an estimated 1.2% to 
5.7% of children.1,2 Morbidity associated with OSA in chil-
dren includes failure to thrive, attention deficit and hyper-
activity disorder, excessive daytime sleepiness, and poor 
learning. There is also significant concern about long-term 
cardiopulmonary risks in these patients.3 The inadequate 
function and collapse of the upper airway during sleep is 
a dynamic and complex process. As such, OSA in children 
can result from a combination of factors including inflam-
mation and altered neuromuscular tone of the upper airway, 
obesity, and hypertrophic adenoids and tonsils. As the patho-
physiology of SDB in children has become better defined and 
understood, altered craniofacial morphology has been shown 
as a contributing risk factor for the disease in some children.4 
The most commonly reported dentofacial characteristics in 
children with OSA are those associated with a long narrow 
face, including mandibular retrognathia, maxillary constric-
tion, increased lower face height, and a convex profile.5–7

The correction of two specific dentofacial anomalies, 
maxillary constriction and mandibular retrognathia, have 

been previously shown to significantly improve or elimi-
nate both objective and subjective measures of OSA in chil-
dren.8–13 Villa et al.8 first described the use of a functional 
appliance, a monoblock-type intraoral device that positions 
the mandible forward, for the treatment of retrognathia 
associated with OSA in children. In children with transverse 
constriction of the maxilla, rapid maxillary expansion is 
indicated. This involves distraction of the midpalatal suture 
over a period of several weeks using an intraoral expansion 
appliance bonded to the upper molar teeth. Several studies 
have demonstrated the effectiveness of maxillary expan-
sion in treating OSA in children both with12 and without11 
tonsillar hypertrophy, and that results are persistent after a 
period of 24 months.13

Although orthodontics as an adjunctive form of treat-
ment for OSA shows promise in carefully selected children 
with specific dentofacial abnormalities, it has not been 
widely adapted and the extent to which it may be applicable 
in everyday clinical settings has been questioned.14 A better 
understanding of the prevalence and severity of altered 
craniofacial morphology and malocclusion in this patient 
population will facilitate the design and implementation of 
interdisciplinary treatment of pediatric OSA. The aim of this 
study was to report on the prevalence of malocclusion and 
indication for specific forms of orthodontic treatment in a 
cohort of children referred to a tertiary care pediatric center 
for the management of SDB.
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METHODS

Eligible subjects were 5 to 10 years of age, and referred to the 
otolaryngology clinic at British Columbia Children’s Hospital 
over a 14-month period for evaluation of SDB following an 
initial clinical assessment by their primary care physicians. 
Under an integrated multidisciplinary approach to SDB assess-
ment in this department, referrals with a primary concern of 
SDB are consolidated to clinics attended by both an otolaryn-
gologist and orthodontist. As such, during their initial visit 
all patients underwent a baseline interview and comprehen-
sive clinical examination by both specialists during the same 
initial visit. Otolaryngologic and orthodontic clinical data 
were collected prospectively. The orthodontic assessment 
included a standardized extraoral and intraoral examination 
evaluating facial balance, tooth eruption, jaw morphology, 
and occlusion. Characteristics related to specific indications 
for early orthodontic intervention were recorded, including 
anterior crossbite (of at least one tooth), posterior crossbite (of 
at least one tooth), severe excess overjet (horizontal overlap of 
the anterior teeth > 7 mm), and severe excess overbite (vertical 
overlap of the anterior teeth ≥ 90%). The otolaryngology evalu-
ation included assessment of tonsil15 and adenoid16 size as part 
of an assessment of nasal, nasopharyngeal, and oropharyn-
geal anatomy and function. For this study patients with cleft 
lip and/or palate, craniofacial syndromes, significant medical 
comorbidities, or those outside the age range of 5 to 10 years 
were excluded on the basis of potentially being unsuitable for 
any proposed orthodontic treatment.

Descriptive statistics summarized baseline characteristics, as 
well as orthodontic and otolaryngologic examination findings. 
Variables were presented as percentages and analyzed using the 
Pearson chi-square test or the Fisher exact test for categorical 
data and the Mann–Whitney U test for continuous variables. 
Statistical significance was assessed at P < .05. Data were analyzed 
with SPSS software (version 15; SPSS, Chicago, Illinois, United 
States). The Clinical Research Ethics Board of the University of 
British Columbia approved this project (#H14-01596).

RESULTS

During the study period data were obtained on 90 consecutive 
subjects meeting the inclusion criteria. Initial patient charac-
teristics and examination findings are shown in Table 1. The 
parents of 46.7% of the patients reported both a history of 
mouth breathing and witnessed apneas during sleep, whereas 
59.1% of the patients presented with either grade 3/4 or 4/4 
tonsillar hypertrophy on the Brodsky grading scale.

Overall in terms of maxillary constriction, 15.5% of patients 
had a posterior crossbite, whereas 5.5% of patients had ante-
rior crossbite. An increased overjet > 7 mm was reported in 
4.8% of patients, and 8.5% of patients presented with an over-
bite of at least 90%. No statistically significant differences were 
observed between male and female patients for any of the vari-
ables reported, except for Brodsky grade of tonsillar hyper-
trophy (more boys had grade 1/4 tonsillar hypertrophy than 
girls [33.3% versus 5.3%], and more girls had grade 4/4 tonsillar 
hypertrophy than boys [34.2% versus 9.1%])

The outcome of the clinical consultation in terms of patient 
treatment was varied and based on severity of sleep-related 
symptoms, clinical findings, and parental concerns. A poly-
somnography study was scheduled for 7.3% of the patients and 
25.5% of patients were scheduled for adenotonsillectomy. A 
course of intranasal steroid therapy was prescribed for 32.7% 
of patients, and 34.3% of the patients were asked to follow 
up with their family physicians, having no specific indica-
tion for medical treatment at the time of assessment mainly 
due to symptoms improving since the time of initial referral. 
Patients presenting with a malocclusion requiring early orth-
odontic intervention were referred for treatment to a hospital 
or community-based orthodontist.

DISCUSSION

The current study reports the prevalence of malocclusion in a 
cohort of children referred to a tertiary care center for evalua-
tion of suspected SDB. Altered craniofacial morphology is now 
established as an etiological factor in pediatric OSA, and the 
need to investigate this population and the efficacy of orth-
odontic treatment has been recently emphasized.17 Although 
adenotonsillectomy has and will likely remain the gold-stan-
dard treatment for pediatric OSA, as a recent large multicenter 
study has shown,18 a significant subset of children will not be 
adequately treated by surgery alone, making it desirable to find 
appropriate adjunctive or alternative treatments.

The correction of two specific dentofacial malocclusions, 
retrognathia and maxillary constriction, has been described to 
improve measures of OSA in children. In order to facilitate the 
design and implementation of future studies on orthodontic 
treatment of pediatric OSA, with the current study we report 
how often this treatment may be applicable to patients who are 
also most likely to benefit. No differences were found between 
the sexes with respect to the prevalence of any dentofacial 
characteristics, consistent with previous reports. The excess 
horizontal overlap, or overjet of the anterior teeth, results from 
a sagittal deficiency of the mandible and is an indication for 
orthodontic mandibular functional advancement. We defined 
the need to advance the mandible by the presence of an overjet 
of at least 7 mm, and 4.8% of our population fit this rigid crite-
rion. In the general population in a similar age group, the prev-
alence of this excess of overjet ranges from 3.7% to 13.2%.19–21

A transverse deficiency of the maxilla often manifests as a 
crossbite of the posterior dentition, and can include primary or 
permanent molars, as well as canines and premolars if severe. 
The posterior crossbite can present either unilaterally or bilat-
erally and is an indication for orthodontic maxillary expan-
sion. In the current study a posterior crossbite was found in 
15.5% of patients, with no differences in prevalence between 
the sexes. Within the general population of a similar age group, 
this type of malocclusion has a reported prevalence ranging 
from 7.7% to 23.3%.19–22 The prevalence of other specific forms 
of malocclusion that indicate a need for early orthodontic 
treatment included anterior crossbite (5.5%) and severe ante-
rior deepbite (8.5%). These orthodontic findings have been 
reported to occur in 9.5% to 22.8%20–22 and 5.2% to 18.1%20,22 of 
the general pediatric population, respectively.
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It should be clear from the data presented that the majority 
of children presenting for management of suspected obstruc-
tive sleep issues will not have any obvious signs of altered 
craniofacial morphology, at least not in terms of readily iden-
tifiable indications for early orthodontic treatment. Although 
statistically significant differences in cephalometric variables 
have been reported among children with and without OSA,23,24 
these differences are not large (often < 2°) and may therefore be 
of limited clinical significance. Similarly, any subtle differences 
in dentofacial morphology and occlusion due to differences in 
SDB severity may have been missed by the rigid criteria (> 7 mm 
overjet, posterior crossbite) orthodontists use as an indication 
for early treatment. The challenges of clearly identifying chil-
dren with OSA based on clinical assessments alone have also 
been reported in the medical literature.25 Recently, data from 
a large multicenter trial also demonstrated that evaluation of 
clinical parameters such as tonsillar size and palate position 
by physical examination provides very limited information on 
OSA severity in prepubertal children.26 Therefore, it would be 
prudent for clinicians to screen for symptoms of the disease 
in all patients and not just those who present with the classic 
associated features of adenoid facies. Should positive responses 
to a medical history form, interview, or questionnaire27 lead to 

suspicion of an obstructive sleep disorder, the patient can then 
be referred the appropriate pediatric sleep specialist for diag-
nosis and management.

The data presented in this study have some limitations, 
most notably that the patient population was suspected of SDB 
following clinical evaluation by a primary care physician and 
history described by a parent or caregiver. It is possible that 
the referring primary care physicians have varying experiences 
and sensitivities to SDB problems in children, thus adding to 
the variability of the sample. This is in contrast to an objective 
diagnosis of OSA that requires polysomnography and would 
clearly strengthen the current findings. Because more than one-
third of patients were referred back to their family physicians 
because of no specific treatment being required or inconclusive 
clinical history, it is clear that this population represents a very 
wide range of SDB symptoms. However, we think this popula-
tion is reflective of a typical clinical setting for a regional sleep 
center, and should orthodontic treatment be applied to pedi-
atric patients with OSA it would be best discussed in conjunc-
tion with the other planned interventions. Patient ethnicity is 
not routinely recorded at our institution and is missing from 
the current data. Because the incidence of some forms of 
malocclusion is known to vary among ethnicities, our results 

Table 1—Patient population characteristics and relevant examination findings.
Total Sample (n = 90)

n (%)
Males (n = 44)

n (%)
Females (n = 46)

n (%) P value
Age in y, mean (SD) 6.8 (1.29) 6.7 (1.0) 6.9 (1.5) .49
Female 46 (51.1)
Parental report of:

Witnessed apneas 42 (46.7) 20 (45.4) 22 (47.8) .73
Mouth breathing 42 (46.7) 18 (40.9) 24 (52.2) .28
Bruxism 22 (23.6) 15 (34.1) 7 (15.2) .10

Tonsillar Hypertrophy 71* 33 38
Grade I 13 (18.3) 11 (33.3) 2 (5.3) .05
Grade II 16 (22.5) 8 (24.2) 8 (21.1) -
Grade III 26 (36.6) 11 (33.3) 15 (39.5) -
Grade IV 16 (22.5) 3 (9.1) 13 (34.2) .05

Adenoid Obstruction 27* 9 18 .67
Grade I 4 (14.8) 2 (20.0) 2 (10.0) -
Grade II 5 (18.5) 1 (10.0) 4 (20.0) -
Grade III 14 (51.8) 4 (40.0) 10 (60.0) -
Grade IV 4 (14.8) 2 (20.0) 2 (10.0) -

Class I Canine Occlusion 43 (68.3) 22 (64.7) 21 (72.4) -
Class II Canine Occlusion 20 (31.7) 12 (35.3) 8 (27.6) .51
Anterior Crossbite 5 (5.5) 3 (6.8) 2 (4.3) .67
Posterior Crossbite 14 (15.5) 4 (9.1) 10 (21.7) .11
Maxillary Dentition 40* 18 22

Crowding > 4 mm 12 (30.0) 5 (27.8) 7 (31.8) 1.00
Mandibular Dentition 40* 18 22

Crowding > 4 mm 11 (27.5) 5 (27.8) 6 (27.3) .70
Overjet 1–7 mm 60 (95.2) 29 (96.7) 31 (93.9) -
Overjet > 7 mm 3 (4.8) 1 (3.3) 2 (6.1) 1.00
Overbite 10–40% 34 (57.6) 13 (43.3) 21 (72.4) -
Overbite 50–80% 20 (33.9) 14 (46.7) 6 (20.7) -
Overbite > 90% 5 (8.5) 3 (10.0) 2 (6.9) .07

* = number of patients with available data for indicated variable.
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may differ from those of other centers. Observationally we can 
report that this sample largely reflects the greater Vancouver 
population as a whole, which is very ethnically diverse, with 
large percentages of Asian and Southeast Asian in addition 
to Caucasian patients. An additional limitation of the data is 
the lack of information on patient weight or body mass index. 
Obesity is a known confounder in OSA in both children and 
adults; therefore, the potential influence of body weight or 
obesity on the current findings is unclear.

CONCLUSIONS

A significant prevalence of skeletal malocclusion was not found 
in this pediatric population with sleep-disordered breathing.
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