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Study Objectives: Obstructive sleep apnea (OSA) is a common disorder characterized by collapse of the upper airway during sleep and 
requires a multidisciplinary management approach.  There has yet to be a study that is able to compare a craniofacial (CF) population 
sample to a sample of the general public that is from a similar clinic setting.  The aim of this study was to determine the prevalence of 
positive OSA screenings in a CF population sample treated in the CF clinic of a dental school, and compare it to a previously collected 
sample from the orthodontic clinic of the same dental school.1    

Methods: At a tertiary care CF orthodontic clinic in a dental school, children between the ages of 7 to 18 years were screened for OSA 
using the validated pediatric sleep questionnaire (PSQ) screening tool. An identical study was previously conducted in the orthodontic 
clinic of the same dental school.1 

Results: Scores from the PSQ were calculated and 21% of our sampled CF population was considered to be at high risk. However, the 
PSQ scores of the patients seeking orthodontic treatment in the core clinic were previously calculated and only 7% were considered to 
be at high risk of OSA.1 

Conclusions: Compared to the general pediatric population, patients with CF anomalies are three times more likely to be considered at 
high risk for OSA.  CF orthodontists must administer PSQs as part of their medical record taking, and be well trained in both dental and 
nondental management of patients with potential OSA.1   
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INTRODUCTION 

 

Obstructive sleep apnea (OSA) is a common disorder 

characterized by repetitive collapse of the upper airway 

during sleep, resulting in nocturnal hypoxemia and 

recurrent arousals.2  This can lead to oxyhemoglobin 

desaturations, which has been linked to high blood 

pressure, heart attacks, strokes, car accidents, work-related 

accidents, and depression.3  The prevalence of OSA in 

adult men and women has been estimated by prospective 

studies with the use of polysomnography (PSG) to be 13% 

and 6% respectively; in the general pediatric population it 

is estimated to be between 1.2% to 5.8%.4-6  

Craniofacial (CF) deformities have been reported by 

surveillance studies to occur in approximately 1 in every 

500 live births.7 Because of the various skeletofacial 

morphologies exhibited in patients with CF deformities, 

such as midfacial hypoplasia, micrognathia, and soft-tissue 

variations such as macroglossia, they are at a higher risk of 

acquiring OSA early in life and even following corrective 

surgery.8 Although there are difficulties in the screening 

process for patients with CF deformities, a major CF center 

used the Pediatric Sleep Questionnaire (PSQ) and 

measured an incidence of 28% in more than 200 of their 

patients.9 Although PSG is the gold standard for diagnosing 

OSA, issues with cost, time, and access for patients have 

hampered its general use in research.  Thus, the PSQ has 

been used as a surrogate by many researchers.  It is a 

parent-completed, validated screening tool that predicts 

moderate to severe OSA with a sensitivity of 83% and 

specificity of 87% in healthy children.10, 11 

A higher rate of positive OSA screenings in both the 

syndromic (32%) and nonsyndromic (14%) patient 

populations with cleft lip and palate (CL/P) populations has 

been shown by past research through the use of the PSQ.12 

As such, clefts are the most common form of CF anomaly, 

and can be used to obtain a more homogenous sample to 

investigate.12,13 There has yet to be a study that compares a 

CF population sample to a control sample that is from the 

same clinical setting.  Therefore, the aim of this study was 

to determine the prevalence of positive OSA screenings 

among the population with CF anomalies treated in the 

dental school’s specialized CF clinic, and compare it to the 

previously collected prevalence among the general 

pediatric population treated in the core orthodontic clinic 

of the same dental school.14 This was accomplished 

through the coordination between the graduate orthodontic 

clinic and the specialized CF clinic within the same school.  

Also, although past studies have focused on specific CF 

disorders such as facial clefts, this sample is a more 

heterogeneous CF population meant to investigate if a 

more generalized link exists.  The PSQ, a validated 

screening tool, was used to measure the percentage of 

pediatric patients at high risk in the CF clinic and compare 

it to the percentage in the graduate orthodontic clinic, 

which was documented in a separate study.  
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METHODS 
 

An Institutional Review Board–approved, 

retrospective questionnaire review was performed on 

consecutive patients between the ages of 7 and 18 years 

treated at the CF clinic of the orthodontic department at 

Case Western Reserve University School of Dental 

Medicine in Cleveland, Ohio between May 2017 and July 

2017.  Following routine clinical protocols in the standard 

of clinical care, a paper copy of the PSQ (Figure 1) was 

administered to all guardians during appointments either 

before or early in the patients’ orthodontic treatment.  The 

PSQ contains a list of 22 “yes/no” questions that address 

the presence of symptoms related to abnormal breathing, 

daytime sleepiness, and behavioral issues.  An additional 6 

questions addressing factors that influence the patient’s 

upper airway volume were added to the questionnaire, for 

a total of 28 possible questions.  A questionnaire is 

considered to have a positive predication of moderate to 

severe OSA when its ratio of positively answered questions 

is ≥ .33.  Questions that were left blank were removed from 

the survey so as to only measure answered questions.  At 

times the guardians filling out the questionnaires would 

answer “sometimes”, which was considered a positive 

response, whereas a response of “I don’t know” was 

deemed negative.  Patients indicated their birth date, 

ethnicity, and any underlying syndromes as part of the 

questionnaire; body mass index was not regularly recorded 

at the time of the study. 

 
RESULTS 

 
The guardians of a total of 98 patients filled out the 

PSQ during the study period.  A total of 21% of the 

screenings were determined to be positive, indicating these 

patients are at high risk of experiencing OSA.  An 

illustration of the PSQ score distribution is given in Figure 

2. The mean age at the time of the PSQ completion was 

12.96 ± 3.17 years.  The study population was 

predominantly Caucasian with an even distribution 

between male and female patients; this information is 

outlined in Table 1.  Forty-two percent of the population 

had either a unilateral or bilateral cleft lip or palate, and of 

these patients 14% had a positive OSA screening.  

Similarly, attention deficit hyperactivity disorder (ADHD) 

was diagnosed or previously diagnosed in 14%.  The 

relative risk and an odds ratio were calculated using IBM 

SPSS version 25 (IBM, Armonk, NY).  The relative risk of 

the population with a CF anomaly compared to the result 

of the study done on the general population in the core 

orthodontic clinic was 2.95 [1.69, 5.13] (P=0.0001) and the 

result of the odds ratio was 3.48 [1.82, 6.67] (P = 0.0002).  

A further breakdown of population descriptors is shown in 

Tables 1 and 2.  These descriptors have been placed 

alongside the prevalence of positive OSA screening in  

 

Table 1. Distribution of Age, Sex and Ethnicities in CF 
Population 
 

 Frequency 

Frequency of 

positive test  

Age (y) 
12.96 ± 3.17   

Sex (n) 
Female 51  7 

 
Male 47  14  

Ethnicity 

(n) Asian 8  1  

 
Black 17 4 

 
Hispanic 8 2 

 
White 55 12 

 
Other 6 1 

 
Not-Reported 4 1 

Total 
 98 21 

 

Table 2. Distribution of Most Anomalies in CF 
Population 

CF Anomaly  Frequency in 

patient 

population 

Frequency of 

positive PSQ   

Cleft Palate 6 1 

Cleft L/P 35 5 

De Lange Syndrome 1 0 

Down’s Syndrome 4 2 

Gorlin Syndrome 1 0 

Fetal Alcohol Syndrome 2 1 

Pierre-Robin Sequence 3 1 

Treacher-Collins Syndrome 2 1 

Sotos Syndrome 2 1 

Turners Syndrome 2 2 

Cleidocranial Dysplasia 2 0 

Ectodermal Dysplasia 2 1 

Beckwith-Weidmann 

Syndrome 

1 0 

Craniofacial Microsomia 2 0 

Langer-Giedioin Syndrome 1 0 

Freeman-Sheldon 1 0 

Cherubism 1 0 

Pfeifer Syndrome 1 0 

Cri du Chat Syndrome 1 0 

Unspecific Craniosynostosis 1 0 

Special Needs 30 6 

Total 98 21 
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Figure 1. Distribution of patient PSQ scores. Red and Blue indicating the threshold of 33% which any equal or greater 
score (red) determines a positive screening indicating the patient is at “high risk” of suffering from moderate-severe OSA. 

 

 
Table 3. CFA – Population with Craniofacial Anomalies. High Risk is determined by a ratio of .33 or greater positively 
answered questions on the PSQ. 
 

Population * Risk Cross Tabulation 

 

Risk 

Total High Low 

Population CFA Count 21 77 98 

% within Population 21.4% 78.6% 100.0% 

Non-CFA Count 22 281 303 

% within Population 7.3% 92.7% 100.0% 

Total Count 43 358 401 

% within Population 10.7% 89.3% 100.0% 

 

Risk Estimate 

 Value 

95% Confidence Interval 

Lower Upper 

Odds Ratio for Population 

(CFA / Non-CFA) 

3.483 1.820 6.666 

For cohort Risk = High 2.951 1.698 5.130 

For cohort Risk = Low .847 .760 .944 

N of Valid Cases 401   
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Figure 2. Pediatric Sleep Questionnaire (PSQ) distributed to all patients  
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Table 2.  The tables generated in data analyses can be found 

on Table 3. 

 
DISCUSSION 

 
Prospective administration, as well as retrospective 

review, of the PSQ sleep apnea screening tool was used in 

the specialized CF clinic to report the prevalence of 

positive OSA screenings in a population of patients with 

CF anomalies.  The prevalence of children with a positive 

screening was 21%.  Recently a similar study, titled Sleep 

disordered breathing in children seeking orthodontic care 

and is cited below, was performed in the core orthodontic 

clinic of the same dental school, which measured a 7% 

prevalence of positive PSQ screenings in the general 

pediatric population using a sample of 303 patients.14 

Relative to the general pediatric population in the region, 

patients with CF anomalies were more than three times 

more likely to screen positive for moderate to severe OSA.  

Of 41 patients who exhibited cleft lip and palate, 6 were 

positive screenings, meaning that 14% of the population 

with clefts were determined to be at high risk for OSA. This 

is consistent with past studies focusing on the specific 

patient population.12,15  

Past studies have been limited by the lack of a true 

pediatric population sample from the same site for 

comparison.11  Some have used samples from other 

specialized clinics such as a sleep clinic, but this study  is 

unique in that the measured CF population sample as well 

as the general pediatric population sample are from the 

same area; the only difference is the physical clinic, in the 

same building, in which care was provided.14  This 

eliminates variability that would have been present had the 

populations been from different geographic locations, and 

in turn, strengthens the study by providing more 

generalizable results.  

The results from this study not only agree with past 

studies in terms of specific population measurements, but 

build upon them and show a more generalized trend that 

any patient with a CF anomaly is at a higher risk of 

experiencing OSA than those without a CF anomaly.  

Compared to the study conducted on the general pediatric 

population of the dental school, the prevalence of positive 

screenings was three times higher among the population 

with a CF anomaly; the odds ratio and relative risk support 

that this population is at greater odds and more likely 

experience OSA. Although more in-depth statistics and 

objective study designs will need to be done to continue 

investigating this subject, the descriptive statistics should 

show practitioners that this correlation exists.  

Undiagnosed pediatric OSA has been linked to 

various developmental defects spanning neurobehavioral, 

cardiovascular, and endocrine systems.16 A total of 14% of 

the patients who screened positive indicated that they have 

received a previous diagnosis of ADHD.  Because pediatric 

OSA has been associated with delays in neurodevelopment 

it raises the recent concerns that ADHD or other 

attention/social disorders may be associated/secondary 

symptoms to prolonged undiagnosed pediatric OSA.17,18 

This is an important subject for further research that may 

reveal more on the multifaceted and multisystem effect 

OSA can have, especially in the pediatric population.  It 

also indicates how early and accurate diagnosis is vital in 

the treatment of children with CF anomalies.  Because 

orthodontists tend to see children with CF anomalies 

frequently and over long spans of time, it is critical that the 

curriculum of accredited orthodontic programs document 

that residents demonstrate competence in the treatment of 

patients at a higher risk for OSA. 

An obvious limitation of this study is the inability of 

PSQ to provide an objective diagnosis of OSA. The gold 

standard of OSA diagnosis is PSG, which was not used and 

comes with considerations of its own such as costs, time 

commitment, and patient access to a proper sleep clinic.  

However, the PSQ has been validated with a sensitivity and 

specificity of 0.83 and 0.87, respectively, for diagnosis of 

moderate to severe OSA in the general population.  It was 

validated through the use of PSG to truly determine the 

presence of OSA.19   Another limitation of the PSQ is that 

although its use has been validated to correctly predict 

patients with OSA in the general population, it has yet to 

be specifically validated for a pediatric population with CF 

anomalies.  OSA may have different etiologies in this 

population due to a difference in their upper airway and CF 

morphologies.20 In spite of this limitation, until more 

sophisticated and practical tools are available to diagnose 

OSA, the PSQ and screening questionnaires are viable 

options to screen this vulnerable population of patients.  

Portable PSG could be used in a future study as a means to 

measure more objective results while mitigating some of 

the inconveniences associated with traditional PSG testing.   

 

CONCLUSION 
 

When compared to the study that was conducted in the 

dental school orthodontic clinic by statistical analysis, it is 

clear that patients with CF anomalies are more than three 

times more likely to be at high risk of experiencing OSA 

than patients without CF anomalies. Thus, it is critical that 

CF orthodontists routinely administer PSQs as part of their 

medical record taking, and are well trained in both dental 

and nondental management of patients with potential OSA.   
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