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ABSTRACT 

Objective: The objective of this study is to evaluate the relation between the size of the upper 

airway using the Acoustic Pharyngometry/Rhinometry and the sleep disorders in children.  

Methods: Children between the ages 3-18 years with or without sleep disturbance who attended 

the Pediatric dental clinic and Orthodontic clinic at Henry M. Goldman School of Dental 

Medicine were evaluated to participate in the study. Based on BEARS questionnaires (sleep 

disturbance screening tool for pediatric patients) the participants were then divided to either the 

control or the case group. PSQ (pediatric sleep questionnaires) were used to evaluate the sleep 

pattern of the participating subjects. Subjects were then examined using the Eccovision Acoustic 

Pharyngometry (AP) and Acoustic Rhinometry (AR) (Hood Laboratories, Pembroke, MA) to 

obtain the airways measurements. 

Results: Regression analysis of the Acoustic Pharyngometry measurements showed statistical 

significant differences in the Pharyngometry Minimum cross sectional area (PMCSA) between 

children with sleep disturbance and children without sleep disturbance after adjusting for gender, 

race and age (p=0.01). The analysis of the Rhinometry volume (RV) showed statistical 

significant results between children with sleep disturbance and children without sleep 
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disturbance after adjusting for gender, race and age (p<0.05). Regression analysis of air 

resistance (RAR) showed statistical significant difference between children with sleep 

disturbance and children without sleep disturbance when controlling for gender, race and age 

(p=0.03). 

Conclusions: RV and PMCSA were significantly lower in children with sleep disorder breathing 

(SDB) compared to children without SDB.  
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INTRODUCTION 

 Sleep Disorder Breathing (SDB) is the elevation of the levels of resistance in the upper 

airway that could result in signs such as snoring, loud breathing and Obstructive Sleep Apnea 

Syndrome (OSAS) [1]. 

SDB can be defined as any obstruction in the upper airway either partial or complete; 

with or without snoring, loud breathing and sleepiness during daytime[2]. SDB has side effects 

on the health especially on the Cardiovascular and Cerebrovascular systems[2]. Elevate levels of 

Blood pressure is one of the negative impacts of SDB on the Cardiovascular system[2]. 

The early diagnosis of the SDB in children is very important to avoid any complications 

associated with it [1]. A study that evaluated the quality of life and depression level of children 

with signs of sleep disorders breathing (SDB) and snoring; has found that children with SDB and 

snoring had a lower quality of life and higher depression levels than children without SDB[7].  

OSAS can affect the quality of life as well as other aspects of health[3]. OSAS is a 

syndrome that can be found among children. Untreated OSAS in children could affect the 

children’s growth and development[4]. This includes behavioral disorders, attention and learning 

difficulties, delay in the growth and development, hyperactivity as well as pulmonary 

hypertension and increase in the blood pressure[4].  

A technical report that studied the management of obstructive sleep apnea syndrome 

(OSAS) in children showed that the prevalence of OSAS was 1.2% to 5.7%[6]. It also stated that 

the prevalence of primary snoring was 1.5 to 27.6%[6]. 

Moreover, Beydon et al found that the prevalence is up to 1-4% among children at school 

age[3]. Another study showed an increased prevalence of sleep disorders and snoring episodes in 

children [7]. 
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Observed sleep disturbance with pulmonary arousals are signs of the OSAS. Skeletal 

malformations, adenotonsillar hypertrophy, obesity and other metabolic and respiratory diseases 

are all possible causes of OSAS[3]. 

Baris et al study evaluated children with mean age 101.85 ± 59.15 months; their results 

showed the prevalence of children with OSAS to be 33.6%[1]. 

In order to confirm the diagnosis of the OSAS, one sign of upper airway obstruction 

along with nocturnal symptoms should be presented[3]. The gold standard for the diagnosis of 

sleep disturbances is Polysomnography[3]. Obstructive sleep apnea can be diagnosed using it by 

an over night sleep study[8]. Partial obstruction of the upper airway along with reduction in the 

airflow, frequent arousals and Oxygen desaturation during sleep are the key points in the 

diagnosis of OSAS[8]. 

There are many factors that could affect the size of the upper airway; interestingly one of 

them is the missing primary or/and permanent teeth during the early years of life[9]. Obesity 

among children is another factor that affects the airway size and thus causes sleep disturbance[2, 

6, 8].  

However, there is no standard measurement of the size of the airway of children. The 

studies in the literature show little variation in the measurements of the airway for the same ages 

measured by the Acoustic Rhinometry (AR). The acoustic Pharyngometer (AP) and acoustic 

Rhinometer (AR) were used to get the airway measurements of the study subjects. The AR and 

AP produce sound pulses in a wave tube, which makes the acoustic signal. The reflected sound 

represents the geometry of the airway.  

Riechelmann et al, gave a ranged of the cross sectional area of the airway of children 

between ages 3-6 years old measured by the AR to be 0.29 +/- 0.06 cm2 at the distance 
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0.7cm[10]. This study showed no significant difference between male and female in children in 

the sizes of the airway[10]. 

Another study reported the volume of the airways of the children with age range between 

3.8-13.1 years to be the following; 2.57 (2.49, 2.64) cm3 at 0-4cm, 3.62 (3.50, 3.73)cm3 at 0-5cm, 

2.03 (1.95, 2.10) cm3 at 1-4cm, 2.59 (2.49, 2.69) cm3 at 2-5cm[11]. That study showed no 

association between Acoustic Rhinometry (AR) values and sex, atopy or hay fever. However, 

there was a decrease in the size of the airway in the children with wheezing or/and Asthma[11]. 

A study that evaluated children ages 9-11 years with Acoustic Rhinometry; found that the mean 

of the volume is 3.71 cm3 (3.58-3.84) at 2-5cm[12]. 

A study that measured the airways of preschool children stated that using the volume of 

the airway measured by the Acoustic Rhinometry is more accurate than minimum cross sectional 

area (MCA) of the airway[13]. Results from different studies that used the acoustic Rhinometry 

showed variation in the measurements due to the difference in the measurement techniques, 

operator, software and equipment[14, 15]. 

 A study by Heliberg et al, suggested few guidelines to help getting the most accurate 

results using the Acoustic Rhinometry[14]. The volume at the distance of 0-5cm into the nose 

and the minimum cross sectional areas are the most important measurements to evaluate in the 

graphs given by the Acoustic Rhinometry[14].  

Acoustic Pharyngometer (AP) used to evaluate the pharyngeal volume before and after 

tonsillectomy in children. Results showed increase in the pharyngeal volume using the AP in 

children [16]. Another study that used the AP in children ages 8-11 years, suggested that the 

PMCSA was smaller in snorers, preterm children and children with sleep disorders [17]. 
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The diagnosis of sleep disorders in children is essential, as there are many cases that are 

misdiagnosed by the primary care providers. Tools of diagnosis can include simple 

questionnaires like BEARS [18]. BEARS questionnaire is a validated sleep disturbance-

screening tool for pediatric patients that fulfill the criteria for the diagnosis of sleep disorders in 

pediatric population[19].  

Most of the SDB studies and its effects have shown the distribution in the adult 

population but not in children. Using the Acoustic Rhinometry to evaluate the size of the airway 

in children and its consequence on their sleep pattern has not been studied in the literature. Our 

aim in this study is to evaluate the relation of the size of the upper airway in children and their 

sleep pattern and circadian rhythm. 
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STUDY OBJECTIVES 

The objective of this study is to evaluate the relation between the size of the upper airway 

using the Acoustic Pharyngometry/Rhinometry and sleep disorders in children.  

Evaluating the children’s behavior in relation to the size of the upper airway and the reported 

disturbance in sleep is also a part of the overall study. Additionally, prevalence of mouth 

breathing among children and the relationship with the airway measurements using the Acoustic 

Pharyngometry (AP) and Acoustic Rhinometry (AR) is to be evaluated in this study. However, 

this paper is focusing on the first aim.  

Study Hypotheses  

We hypothesized that children with narrower airway measured by the Acoustic 

Pharyngometry (AP) and Acoustic Rhinometry (AR); would show more signs of sleep 

disturbances. 
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METHODS  

Study population and inclusion criteria 

 Healthy children between the ages 3-18 years; with or without sleep disturbances due to 

dental or skeletal disturbances and who attended the Pediatric dental clinic and Orthodontic 

clinic at Henry M. Goldman School of Dental Medicine were evaluated to participate in the 

study.  

The study took place at both the Pediatric Dentistry department and the Orthodontic 

department of Henry M. Goldman School of Dental Medicine. The Institutional Review Board of 

Boston Medical Center approved this clinical study. 

All included subjects completed the BEARS questionnaire (appendix 1) to evaluate sleep 

related difficulties and sleep disorders. The BEARS questionnaire is part of the pediatric medical 

history form, and this was filled for all patients at the start of the visit. The BEARS questionnaire 

is a tool that evaluates the major domains in the sleep and screens for sleep disorders. It was also 

used to determine the cases and the controls in this study. Subjects were considered cases in the 

study if they scored any positive response to the questions in the BEARS survey tool and 

controls were the ones with negative responses.  
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Exclusion Criteria 

Any subjects with medical conditions that would affect the airway size; not including the 

dental discrepancies. Also, young children who were uncooperative during the routine dental 

visits were not included in the study. 

Our study aimed to evaluate the size of airway; using the Acoustic Pharyngometry and 

Acoustic Rhinometry; of children attended the Pediatric Dentistry and Orthodontic clinics with 

and without sleep disorders breathing. Subjects of the study were divided into two groups; 

control and case groups based on the BEARS questionnaires that determine the sleep disorders 

and sleep disturbance in children. The validated sleep questionnaires that were used to evaluate 

the sleep pattern of children showed a high sensitivity in screening for OSA[20]. Acoustic 

Pharyngometry/Rhinometry give mainly the volume and the CSA of the airway in a certain 

distance called the minimum distance[21]. To assure accuracy of Acoustic Rhinometry and 

Acoustic Pharyngometry measurements; a standard procedure was taken during the evaluation 

including the perfect seal between the mouth/nose pieces and the subjects. 

Parents/ guardians of children who were eligible and agreed to participate in the study 

were given the patient’s/parent’s consent prior to participation in the study.  

Following that, the study questionnaires which includes detailed questions about the 

subject’s demographic details, medical condition, dental evaluation, behavior, sleep pattern and 

part of the validated Pediatric sleep questionnaire (PSQ), were given to the parents/patients. 

After collecting the survey, all study subjects were clinically examined to determine the profile, 

breathing pattern, nasal septum alignment, any nasal obstruction, skeletal evaluation, dental 

evaluation, transverse maxillary evaluation and vertical evaluation.  
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Subjects were then examined using the Eccovision Acoustic Pharyngometry (AP) and 

Acoustic Rhinometry (AR) (Hood Laboratories, Pembroke, MA) to obtain the airways 

measurements and the graphs that show the details of the dimensions of airway of included 

subjects. AP and AR give information about the geometry of the airway by using sound waves 

through the wave tubes. All tests were performed using the same technique, under similar 

conditions by two trained practitioners to avoid any bias during the measurements.  

To record the Acoustic Pharyngometry measurements, subjects were asked to sit in a 

fixed position in front of the monitor. Each patient was asked to breath through the mouthpiece 

four times in the following pattern; inhale through mouth and exhale through mouth, inhale 

through nose and exhale through mouth, inhale through nose and exhale through nose and finally 

inhale through mouth and exhale doing Valsava maneuver.  At the end of this step, the monitor 

demonstrated four graphs for each patient. The graphs are almost reproducible (Appendix 4-5). 

The Acoustic Rhinometry measurements were recorded by asking each subject to breathe 

normally through the pediatric nosepiece for 3 seconds from the right nostril and another 3 

seconds from the left nostril. Two graphs left and right were recorded for each patient. 

(Appendix 5). 

The details of the recruitment and steps of the study are shown in (Figure 1). 

Based on the study of Hilberg et al, that stated some guidelines to get accurate results of 

AR; the environmental conditions in which the measurements took place were standardized[14]. 

Therefore, in our study correct alignment of the AP and AR along with a good seal between the 

pieces and the mouth/ nose were considered while taking the measurements.  

Acoustic Pharyngometry (AP) provided us with four pharyngographs and four major 

measurements were recorded in each graph. Measurements include; Pharyngometry volume (PV) 



 

9 

 
which represents the volume of the area between oropharyngeal junction to the glottis measured 

in cc. Pharyngometry minimum cross sectional area (PMCSA); which measures the smallest 

cross sectional area along the path from the oropharyngeal junction to the glottis measured in 

cm2 was also recorded. The last measurement seen on the graph was the Pharyngometry 

minimum distance (PMD); which shows the distance in centimeters in the airway from the inner 

incisal edges to the point in which the MCSA was measured.  

Acoustic Rhinometry (AR) showed two Rhinographs (right and left). Each Rhinograph 

provided four basic measurements. Those measurements include; Rhinometry volume which 

represents the volume of the nasal airway from the nostrils to the nasopharyngeal region, 

measured in cc. Rhinometry minimum cross-sectional area (RMCSA); which showed the 

smallest cross sectional area along the path from nostrils to the nasopharynx region, measured in 

cm2; was also measured. The graph also showed Rhinometry minimum distance (RMD); which 

measures the distance in centimeters in the nasal airway from the nostrils to the point in which 

the MCSA was measured. The last measurement is the Rhinometry air resistance (RAR); which 

represents the pressure of the airflow during breathing in the nasal airway, measured in 

cmH2O/L/Min. 

Data collected in this study was recorded in a spreadsheet in a password protected drive 

as per HIPAA requirements. Graphs from the Eccovision Pharyngometry were transferred to the 

Eccovision drive and were saved in a drive that was kept in a locked cabinet throughout the 

duration of the study.  

Sample size  

This is an ongoing study and the expected sample size is 300 children in both the control 

and case groups. However, at the time of our analysis, 123 subjects were enrolled.  
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Potential Risks and Benefits 

No known potential risks of using the Acoustic system. Beneficial information about the 

children’s sleep pattern, behavior as well as the size of the airway by using the questionnaires, 

AP and AR was obtained. The parents/guardian’s consent was an essential part of the study.  
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STATISTICAL ANALYSIS 

Data analysis 

The comparison between the case and control groups; based on the demographic 

information, medical conditions, behavior, sleep patterns and the Acoustic 

Pharyngometry/Rhinometry measurements; was completed by using STATA version 14.0 

statistical software.  

Since BEARS questionnaire is a tool to screen for sleep disturbance, it was used to 

determine cases and controls in our study. Both groups were evaluated with the measurements 

from the Acoustic Rhinometry and Acoustic Pharyngometry using two-sample t-test and 

Wilcoxon rank sum based on the normality of distribution. Evaluation of the Pharyngometry 

volume (PV) measurements was done using a two-sample t-test. Non-parametric Wilcoxon rank 

sum test was conducted for all other variables.  

Linear regression was used to evaluate the relationship between the sleep disorders 

breathing and the Pharyngometry and Rhinometry measurements after adjusting for potential 

confounders (age and in some analyses; gender too). Two-sample t-test was used to compare the 

mean of PV among each of the following groups; snoring often, snoring always, passive smoking 

and overweight groups. One-way ANOVA test was used to compare the mean of PV among the 

three breathing pattern groups (Table 5). We set the significance level at α= 0.05 in all the 

statistical tests. 
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RESULTS 

To test our hypothesis, we evaluated data collected from 160 children. Thirty-seven 

patients did not complete the detailed study questionnaires at the time of the analysis so they 

were not included in the statistics described here. Therefore, the remaining participants' data 

analyzed in this study was for 123 children. Among them, 84 subjects completed the examination 

with the acoustic system (30 cases and 54 controls). The average age of the study participants in 

our sample was 10 years. Among those participants, there were 11% who snore always and 25% 

who snore sometimes. However, the case group showed increased percentage of snoring in both 

categories than the control group. (Table 1). 

Table 1 also shows the demographic characteristics of the enrolled subjects. As 

overweight is a risk factor for SDB; the percentage of overweight children in both groups was 

evaluated (9%). The case group shows a higher percentage (64%) of overweight children than 

the control group (36%). The observed breathing pattern was also evaluated to see the 

distribution of nasal breathers, mouth breathers or through both among cases and controls. Case 

group (children with SDB) showed a higher percentage of mouth breathers (10%) compared to 

control group (4%).   

Two-sample t-test was used to evaluate the relation of PV and the snoring patterns. 

Results showed statistically significant lower PV among those who reported snoring often (mean 

= 19.3) and those who did not snore (p <0.05). Results showed statistically significantly lower 

PV among those who snore always (mean = 18.7) and those who do not snore (p <0.05). (Table 

5). 

The evaluation of the relation of PV among breathing groups (mouth breathers, nose 

breathers or both) showed no statistical significance (p = 0.91). The evaluation among 
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overweight variable and the positive passive smoking was not significant as well (p =0.05, p 

=0.1). 

Acoustic Pharyngometry measurements 

The AP gave three main measurements for each subject, which includes Pharyngometry 

Volume (PV), Pharyngometry minimum Cross-sectional area (PMCSA), and Pharyngometry 

minimum distance (PMD) (Appendix 4). The mean of each of those measurements in both 

groups are summarized in (Table 2).  The mean of the PV was lower in the case group (21.08cc) 

compared to the control group (22.07cc) yet, there was no statistically significant difference (p = 

0.60).  

The mean of the PMCSA was slightly smaller in children with sleep disturbance 

(1.21cm2) compared to children without sleep disturbance (1.41cm2). However, the results were 

not statistically significant (p = 0.15). The comparison of the mean of PMD in both groups was 

not statistically significant (p = 0.94). 

Results from the regression analysis of the PMCSA measurements of children with sleep 

disturbance and children without sleep disturbance after adjusting for age, gender and race; 

showed statistically significant results (p = 0.01). 

Acoustic Rhinometry measurements 

The analysis of the Acoustic Rhinometry measurements is summarized in (Table 3). Four 

measurements are given in each Acoustic Rhinometry graph, Rhinometry Volume (RV), 

Rhinometry minimum cross-sectional area (RMCSA), Rhinometry Minimum Distance (RMD) 

and Rhinometry Air Resistance (RAR) that represents the pressure of the airflow during 

breathing in the nasal airway (Appendix 5). It showed that the mean of the RV (5.92cc) and 

RMCSA (0.38cm2) in children with sleep disorders are slightly smaller than the mean in children 
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without sleep disturbance (6.45cc, 0.79 cm2). However, results were not statistically significant 

(p =0.95, p=0.58) respectively.  

The results showed that the mean of RMD is lower in the case group (0.9cm) compared 

to the control group (1.18cm). Results of comparing the means of both groups were not 

statistically significant (p= 0.54). The mean of RAR was slightly higher in the case group 

(5.49cmH2O/L/Min) than the control group (5.1cmH2O/L/Min). Still, the results were not 

statistically significant (p = 0.38).  

Regression analyses of the AR measurements while adjusting for age, gender and race are 

summarized in (Table 4). Results of the regression analysis of the RV showed statistically 

significant results between the case and control groups (r2= -0.2, p <0.05). Thus, children with 

sleep disturbances had a smaller airway volume compared to the children without sleep 

disturbance; when controlling for age, gender and race. Results of the regression analysis of 

RAR showed statistically significant results (r2=0.29, p=0.03) when controlling for age and 

gender and race. 
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DISCUSSION 

Overall, our study results showed that there are significant differences in airway 

dimensions when comparing children with sleep disturbances (case group) versus children 

without (control group). Particularly, the PMCSA was statistically significantly lower in the case 

group compared to the control group (p =0.01). RV was statistically significantly lower in the 

case group compared to the control group (p <0.05). Rhinometry air resistance (RAR) was 

significantly higher in the case group than the control group (p = 0.03). 

Sleep disorders breathing can be as severe as Obstructive sleep apnea or as mild as 

snoring [22]. Previous studies reported the prevalence of OSAS and sleep disorders breathing in 

children to range between 2-3%[23]. In our study we intended to get detailed information 

through the validated PSQ about the subjects’ sleep pattern and circadian rhythm, including signs 

of OSA, primary snoring and episodes of cessation of breathing during sleep. All those findings 

given in the survey were then evaluated for association with the Acoustic Rhinometry and 

Acoustic Pharyngometry measurements.  

The upright airway measurements given by the Acoustic Pharyngometry and Acoustic 

Rhinometry of pediatric population were significantly smaller in subjects with snoring only than 

subjects with OSA[22]. A study that evaluated the nasal volume using Acoustic Rhinometry in 

healthy children reported a lower nasal volume (2.03-2.05cc) among the study group than the 

measurements we found in our study[13]. In our analysis, the mean of RV was 5.92cc (in case 

group) and 6.45cc (in the control group). The same study reported that gender and age had no 

significant differences on the measurement values[13]. Our study reported a significantly lower 

Rhinometry volume in the case group (mean: 5.92cc) compared to the control group (r2 = -0.92, p 
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<0.05). Our study showed statistically significant results of age with the AR measurements. 

However, there was no statistical results of gender with either AR or AP measurements.  

Other studies that used the Acoustic Rhinometry measurements in children reported 

lower values for the volume but similar values as we got for the mean of RMCSA (0.38 for case 

group, 0.79 for control group)[24]. A study for Riechelmann et al., reported the mean of 

RMCSA in children to be 0.29 +/- 0.06 cm2 [10]. Our study reported a bigger RMCSA in both 

groups. However, the difference between the case and control group in RMCSA was not 

statistically significant (p = 0.07).  

The smaller size of the epi-pharyngeal space does not necessarily causes OSA in children 

[25]. However, other studies showed that the decrease in the pharyngeal space caused by 

enlarged tonsils and adenoids are possible risk factors of OSA and SDB[25, 26]. Our study 

showed that the group that had sleep disturbance had a significantly smaller CSA of the pharynx 

using the Acoustic Pharyngometry than the group without sleep disturbance (r2=-.21, p=0.02). 

(Table 1, Table3).  

As our sample was selected from patients who attended BU dental school; a selection 

bias is possible. The polysomnography stays as the gold standard for the diagnosis of OSA. The 

fact that the Acoustic Rhinometry/Pharyngometry give measurements of the nasopharynx 

/oropharynx only, and that the narrowing could be in deeper parts of the airway gives our study a 

limitation. Other limitations in our study are the subjective nature of the questions in the PSQ 

and BEARS questionnaires.  Other risk factors of SDB like obesity, skeletal and dental 

classification, and other medical conditions were evaluated in the overall questionnaires of our 

study but not in this analysis. Further analysis is needed to evaluate those risk factors.  
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Sleep disturbance and obstructive sleep apnea can cause episodes of the partial or 

complete stopping of the airflow and gasping for air during sleep, apnea and reduction of the 

levels of blood Oxygen [23]. Thus, it is very important to be able to diagnose those disorders 

early in children. Using the Acoustic Pharyngometry/ Rhinometry along with PSQ is a non-

invasive way to evaluate the possibility of having SDB.  

Further and broader evaluation of the association between the size of the airway using the 

Acoustic Pharyngometry/Rhinometry and the sleep disorders breathing in children should be 

done to confirm our findings. 
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CONCLUSION 

Acoustic Pharyngometry/ Rhinometry is a manageable non-invasive way to measure the 

airway in children. Although we were not able to achieve a definite diagnosis of SDB using part 

of the PSQ, it still gives valuable information about the children’s sleep pattern. The Rhinometry 

volume was significantly lower in children with SDB compared to children without SDB. The 

Pharyngometry MCSA was significantly lower in children with SDB compared to children 

without SDB. Our findings of the correlation between the narrow size of the airway and the sleep 

disorders suggest that providers should focus on the airway of children as well as their sleep 

pattern as a part of their routine. Using BEARS questionnaires as a part of the medical history by 

the Pediatric dentistry providers may give a better chance for the early diagnosis of sleep 

disturbance breathing in children.  
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APPENDIX 

Appendix 1: Tables 

 Controls 
n=54 
 

Cases 
n=30 

 

All subjects  
n=84 

Age, years 
Mean ± SD 
 

11±3.38 
 
 

10 ±4.15 
 
 

10± 4 
 

Male (%) 67 33 51 

Female (%) 60 40 49 

Race (%) 
 
White 
 
African American  
 
Asian  
 
American Indian  
 
Native Hawaiian/Other 
 

 
 
71 
 
58 
 
86 
 
0 
 
56 
 

 
 
29 
 
42 
 
14 
 
0 
 
44 
 

 
 
33 
 
48 
 
6 
 
0 
 
13 
 
 

Snoring pattern (%)  
 
Snore often 
 
Snore always 
 
Never snores 

 
 
19 
 
8 
 
79 

 
 
81 
 
85 
 
38 

 
 
25 
 
11 
 
74 
 

Overweight (%) 36 
 

64 
 

9 

Smoking parents (%) 9 
 

23 
 

10 
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Breathing pattern (%) 
 
Mouth only  
 
Nose only   
 
Both  

 
 
4 
 
54 
 
42 

 
 
10 
 
27 
 
63 

 
 
4 
 
38 
 
54 
 
 

Table 1: Mean of Demographic characteristics of case and control groups 
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 Controls n=54 

Mean 
 

Cases n=30          p-value  
Mean   

Pharyngometer Volume 
(cc) 

  22.07  21.08                 0.6  

Pharyngometer MCSA 
(cm2) 

  1.41                                                                             
 

 1.21                   0.15 
 

Pharyngometer Minimum  
Distance (cm) 

  11.9  11.2                   0.94 

Table 2: Univariate analysis describing differences in various Acoustic Pharyngometry 
measurements between cases and controls. 
 

 Controls n=54 
Mean 
 

Cases n=30 
Mean               

p-value  

Rhinometry Volume (cc) 6.45 5.92 0.95 
 

Rhinometry MCSA (cm2) 0.79 0.38 0.58 
 

Rhinometry Minimum  
Distance (cm)  

1.18 0.9 0.54 

Rhinometry air resistance 
(CmH2O/L/Min) 

5.1 5.49 0.38 
 

Table 3: Univariate analysis describing differences in various Acoustic Rhinometry 
measurements between cases and controls. 
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    r2   p-value 

Rhinometry 
volume  

     -0.2   <0.05  

Rhinometry MCSA       -0.22     0.07 

Rhinometry Air 
resistance  

      0.29     0.03 

Pharyngometry 
volume  

     -0.79     0.88 
 

Pharyngometry 
MCSA  
 

     -0.17     0.01 

Table 4: Regression analyses models for the evaluation AP/AR measurements among cases 
and controls adjusting for age, gender and race.   
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 Mean of PV p-value 

Snoring pattern:  
 
Snore often (yes versus no) 
 
Snore always (yes versus no) 
 
 

 
 
      19.3 
 
      18.7 

 
 
  <0.05  
 
  <0.05  

Breathing pattern: 
 
Mouth only  
 
Nose only   
 
Both 
 

 
 
       22.3 
 
       21.8 
 
       22.6 

    0.91 

Overweight        24.65     0.05 

Passive Smoking         26.3     0.10 

Table 5: p-values of Univariate analyses that evaluated the mean of PV among snoring, 
breathing patterns groups, overweight and passive smoking.  
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Appendix 2: Figures 

 
Figure 1: Steps taken for the enrollment and measurements.  
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Figure 2: Number of subjects enrolled in the study. 
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Figure 3: Means of Acoustic Pharyngometer volume among controls and cases. 
 

 
Figure 4: Means of Acoustic Pharyngometer CSA among controls and cases. 
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Figure 5: Comparing means of Rhinometry volume among controls and cases. 
 

 
Figure 6: Means of Rhinometry air resistance among controls and cases. 
 
 
 
 
 

5.6

5.7

5.8

5.9

6

6.1

6.2

6.3

6.4

6.5

Controls Cases

Comparing means of RV

6.45

5.92

4.9

5

5.1

5.2

5.3

5.4

5.5

5.6

Controls Cases

Comparing means of RAR 

5.1

5.49



 

28 

 

 
Figure 7: An example of Acoustic Pharyngograph of a case with sleep disturbance.  
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Figure 8: An example of Acoustic Rhinograph of a control without sleep disturbance.  
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Appendix 3: Medical history form includes BEARS questionnaires 
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Appendix 4: Study Questionnaire 

Sleep and breathing patterns in childhood  
Study Questionnaire 

 
Background Information: 

1. Today’s date (mm/dd/yy): 
 

2. Name: 
 

3. Date of birth (mm/dd/yy): 
 

4. Age (years): 
 

5. Gender: 
 

6. Height (cms): 
 

7. Weight (kgs): 
 

8. Race/ethnicity: 
 White   African-American   Asian     American Indian  Native Hawaiian/ other 

 
9. Ethnicity:  

 Hispanic            Non-Hispanic 
 

10. Living with parents?   Yes   No 
 

11. Schooling:     Home-schooling    Schooling outside 
 

12. Smoking at home/Parental smoking    Yes  No 
 

13. If yes to 12 then please answer the following: 
  One parent smokes 
  Both parents smoke 

14. Has your child been diagnosed with ADD/ADHD (Attention deficit disorders)?  
  Yes  No 

15. Has your child been diagnosed with any medical condition?   Yes  No 
 

16. If YES to 13 is your child taking medications for this condition?   Yes  No 
 

17. Does your child have a history of allergies?    Yes  No 
 

18. Does your child currently have seasonal allergies?    Yes  No 
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19. Does your child use any medications currently to control allergies?   Yes  No 
 

20. Does your child currently have a nasal congestion (common cold)?   Yes      No  
 

21. Does your child have breathing difficulties?   Yes  No 
 

Pediatric Sleep Questionnaire (PSQ): 
22. While sleeping, does your child…. 

a. Snore more than half the time?              YES   NO 
 
b. Always snore?            YES   NO 
 
c. Snore loudly?            YES   NO 
 
d. Have ``heavy'' or loud breathing?         YES   NO 
 
e. Have trouble breathing, or struggle to breathe?      YES   NO 
 
f. Have you ever seen your child stop breathing during the night?    YES   NO 

 
 

23. Does your child …. 
a. Tend to breathe through the mouth during the day?       YES   NO 
 
b. Have a dry mouth on waking up in the morning?       YES   NO 

 
c. Occasionally wet the bed?               YES   NO 

 
d. Wake Up feeling unrefreshed in the morning?      YES   NO 

 
e. Have a problem with sleepiness during the day?       YES   NO 
 
f. Have a teacher or other supervisor who commented that YES   NO 

your child appears sleepy during the day?              
 
g. Find it hard to wake your child up in the morning?      YES   NO 
 
h. Wake up with headaches in the morning?        YES   NO 
 
 
 

24. Did your child stop growing at a normal rate at any time since birth? YES  NO 
 
25. Is your child overweight?         YES   NO 
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26. This child often….. 

a. Does not seem to listen when spoken to directly.   YES   NO 
 
b. Has difficulty organizing task and activities.                 YES   NO 
 
c. Is easily distracted by extraneous stimuli.       YES   NO 
 
d. Fidgets with hands or feet or squirms in seat.   YES   NO 

 
e. Is `on the go' or often acts as if `driven by a motor'.     YES   NO 

 
f. Interrupts or intrudes on others    YES   NO 
(e.g. butts into conversations or games).        
 

 
Clinical Examination: 

27. Patient profile: 
 

28. Observed breathing pattern: 
  Mouth only 
  Nose only 
  Both 

 
29. Nasal septum deviation: 

  Yes  No  
 

30. Any nasal obstruction (due to trauma or other medical reasons)? 
  Yes  No 

 
31. Skeletal classification: 

 Class 1 (Maxillary mandibular dental protrusion or retrusion) 
 Class 2 (Maxillary protrusion and/or mandibular retrognathism) 
 Class 3 (Maxillary retrognathism and/or mandibular protrusion/prognathism)  

 
32. Dental classification: 

 Class I (normal alignment of upper and lower teeth 
 Class II (Maxillary protrusion present/Upper teeth are more forward/Convex 
appearance 

 Class III (Mandibular protrusion present/Lower teeth are more forward/Concave 
appearance 

 
33. Transverse maxillary evaluation: 

 Maxillary constriction with unilateral posterior cross-bite 
 Maxillary constriction with bilateral posterior cross-bite 
 Maxillary constriction without posterior cross-bite 
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34. Vertical evaluation of patient (for orthodontic patients with cephalograms) 

 Hypo-divergent vertical pattern 
 Normo-divergent vertical pattern 
 Hyper-divergent vertical pattern 

 
35. Nasal airway measurement: 
__________________________________________ 

__________________________________________ 

__________________________________________ 

 
36. Pharyngeal measurement: 
__________________________________________ 

__________________________________________ 

__________________________________________ 

 
 
 
Thank you for your participation! 
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Appendix 5: Pediatric Sleep Questionnaires  
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