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ABSTRACT  

Obstructive sleep apnea syndrome (OSAS) is a relatively common condition and the cause of neurocognitive and 

cardiovascular morbidity in children. The aim of this study was to demonstrate if there is a correlation between 

upper airway volume and area and mandibular dimensions and the presence of OSA in children. We 

retrospectively analyzed 82 patients (43 diagnosed with OSA and 29 healthy ones) using CBCT images and 

calculated the upper airway volume and area and 3 mandibular parameters. There were statistically significant 

differences between group 0 (control) and group 1 (OSA patients) with smaller upper airway volume and area and 

antero-posterior diameter of cross-sectional minimal airway area in OSA patients, but no significant differences 

regarding the mandibular measurements between the two groups. In conclusion, the impact of pediatric OSA on 

health and well-being underscores the importance of early identification and appropriate management. 

 

Keywords: obstructive sleep apnea, children, CBCT, upper airway volumetry, mandibular 
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Introduction 

Obstructive sleep apnea syndrome 

(OSAS) in children is characterized by 

persistent partial or intermittent complete 

upper airway obstruction that impairs normal 

ventilation during sleep. Both anatomic and 

neuromotor mechanisms are thought to play a 

role in causing OSAS (1). The prevalence of 

this disorder is 1 to 4% in children (2) and if 

remains untreated, is associated with a high 

degree of morbidity, including growth 

retardation (3), neurologic deficits (4), and 

cardiovascular complications (5, 6). 

In children aged 2 to 8 years, the 

primary anatomic cause of OSAS is 

adenotonsillar hypertrophy (7), although 

abnormalities in the development of the 

lower-face skeleton have also been suspected. 

Studies of adults with OSAS suggest that the 

mandible is shorter and more posteriorly 

displaced. Micrognathia and retrognathia 

affect the size of the anterior-posterior airway 

in children (1). 

This disease is characterized by the 

appearance of nocturnal symptoms 

(persistent snoring, sleep interruptions, 

restless sleep, and polyuria) and daytime 

symptoms (drowsiness, headache, asthenia, 

memory impairment, irritability), which 

affect the general health and quality of life of 

patients. For this reason, a comprehensive 
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and early evaluation of airway shape and size 

may be useful. 

Cone-beam computed tomography 

(CBCT) has become a widely used method 

for imaging the upper airway because it has a 

lower radiation dose than conventional 

computed tomography (CT) (8). In addition, 

this three-dimensional (3d) imaging system 

provides information about cross-sectional 

area, volume, and 3D shape that cannot be 

obtained with two-dimensional (2D) images. 

There are studies that have used CBCT to 

determine various measurements of upper 

airway in children but the polymorphism of 

the study population and the different 

software used to assess the volumetry still 

requires additional research in order to 

provide an optimal protocol. 

The aim of this study is to compare a 

series of CBCT measurements of upper 

airway between children diagnosed with 

OSA and healthy ones in a smaller age 

interval and with an open-source software. 

 

Material and method 

Study population 

This is a retrospective study of 43 

patients that had a CBCT examination at an 

imaging clinic between March 2020 and 

April 2023. We included patients already 

diagnosed with OSA based on 

polysomnography with AHI (apnea-

hypopnea index)>5, sent by the referring 

physician, aged between 12-18 years old and 

we excluded patients with cranio-facial 

abnormalities, history of prior cranio-facial 

surgery or adenotonsillectomy. 

A control group of age and gender 

matched healthy patients (n=39) (without any 

respiratory complaints) was selected for 

comparison of CBCT measurements. 

Acquisition and Postprocessing of 

CBCT (cone-beam computed tomography) 

Data 

The patients were equipped with lead 

suits and thyroid shields and were placed in a 

sitting position with the Frankfurt plane 

parallel to the floor and the mid-sagittal plane 

perpendicular to the floor. The patients were 

instructed to remain still, to avoid swallowing 

and to keep a regulated breathing pattern 

during acquisition of images.  

The CBCT examination of subject 

was done in an interval of 1-3 months after 

the diagnosis and it was performed by CBCT 

ProMax 3D Max (Planmeca, Helsinki, 

Finland) with a large field of view (FOV) 

(20.2x17.3 cm), a voxel size of 0.4 mm, with 

tube potential 90 kV, tube current 6-10 mA, 

and acquisition time variation between 12.5 

and 13.9 s. 

Images were exported in picture 

archiving and communication system 

(PACS) in standard DICOM format (digital 

imaging and communication in medicine).  

The data was loaded in Horos (Horos 

Medical Image software, version 3.3.6; 

https://horosproject.org; Horos Project) for 

mandibular measurements: 

-gonion angle – angle formed by the 

lower border of the body and the posterior 

border of the rami; multiplanar reconstruction 

(MPR) and maximum intensity projection 

(MIP) were used for better assessment (9, 

10).    

-mental angle – angle between lines 

connecting mental tubercle with right and left 

gonion (11). 

-width of mandible – Direct distance 

between right and left gonia (9). 

 

Area of the smallest airway region 

and its’ antero-posterior diameter was also 

noted. 

For segmentation and volumetric 

assessment, we used  3D Slicer, a free and 
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open-source software (3D Slicer Image 

Computing Platform| D Slicer , 2022).  

For defining the volumetric region of 

interest, we selected a midsagittal image of 

the airway and we set the delimitations of the 

upper airway the following (Fig.1):  

- the superior border – a plan parallel 

with the Frankfurt plane that passes through 

posterior vomer point 

-the anterior border – a plan 

perpendicular to the Frankfurt plane that 

passes through posterior nasal spine 

- the lower border was a plan parallel 

with the Frankfurt plane and going through 

the antero-inferior point of the second 

cervical vertebrae. 

- the posterior border – the posterior 

pharyngeal wall. 

-the lateral borders – on an axial plane 

we selected a large square that contain the 

airway within its borders in any axial image. 

 
Fig. 1. The delimitations of the upper 

airway using 3D Slicer software. 

 

The upper airway was segmented 

using a threshold method that selected a range 

of pixels between a predefined interval 

related to the density of air (-1000 and -400) 

and the segmented volume was calculated 

automatically with the software’s feature (fig. 

2). The process was done by radiologists.  

 
Fig. 2. Segmentation of upper airway and volume calculation using 3D Slicer software. 

 

Statistical analysis 

Statistical significance was 

established at a p-value below 0.05. 

Statistical analysis was performed using 

SPSS (IBM SPSS Statistics, release 24.0, 

Armonk, New York, NY, USA). 

 

 

 

 

Results 

The descriptive statistics of control 

and OSA patients groups are displayed in 

Table I. 

 There were statistically significant 

differences between group 0 (control) and 

group 1 (OSA patients) with smaller upper 

airway volume and area and antero-posterior 

diameter of cross-sectional minimal airway 

area in OSA patients (p=0.038, p=0.003 and 

respectively p=0.013) but no significant 
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differences regarding the mandibular 

measurements between the two groups. 

 

 

 

Table I. Descriptive statistics of group 0 (control group) and group 1 (OSA patients). 

(AWV -upper airway volume, Min AW Area – area of cross-sectional minimal airway, Min AW 

AP –antero-posterior diameter of cross-sectional minimal airway area) 

 Group 0 (n=39) (AHI<5) Group 1 (n=43) (AHI>5) P-value 

Age 15.03±1.96 15.12±1.89  
Mandible width (cm) 7.70±0.81 7.68±0.72 0.749 

Mandible angle (°) 127.64±5.80 126.71±5.55 0.534 

Mental angle (°) 76.91±4.19 76.85±4.73 0.889 

AWV  (cm3) 12.79±4.20 10.43±1.53 0.038 

Min AW Area (mm2) 143.85±43.23 111.97±34.98 0.003 

Min AW AP (mm) 6.21±2.01 4.97±0.91 0.013 

Discussions 

 This study used CBCT measurements 

of children diagnosed with OSA and clarified 

that the airway volume and cross-sectional 

area of airway in oropharynx are smaller in 

children with OSA compared to healthy 

group. These findings have major clinical 

implications and also in facilitating the 

diagnosis and the management of pediatric 

cases of OSA. 

 OSA has been a subject of growing 

concern in recent years and especially 

pediatric OSA. The prevalence of OSA and 

other sleep-related breathing disorders in 

children is estimated at 1-5.8% using 

objective diagnostic methods such as 

polysomnography or pulse-oximetry (12) and 

at 4-11% using a questionnaire survey of 

parents (13).  

 The major cause of OSA in children 

are anatomical changes in upper airway. 

Therefore, imaging can play a significant role 

in identification of the site of obstruction in 

children and also management of these cases.  

 There are many studies that used two-

dimensional imaging techniques 

(cephalometry, lateral neck radiography) for 

upper airway dimension assessment and 

cranio-facial disharmony but there is still a 

lack of 3D measurements. Several studies 

used medical CT (Computed Tomography) 

(14,15) for volume measurements but this 

imaging modality implies an increased 

radiation dose. Recently, MRI of the airway 

can be used for different measurements and 

provide valuable information for location of 

obstruction site (16,17) but this imaging 

modality is very expensive, time consuming 

and patient has to remain still for a longer 

period of time during the image acquisition or 

else, the patient needs to be sedated. For most 

pediatric patients, this represents a major 

disadvantage.  

Lately, CBCT technique that has very 

good applications in dental practice, has also 

been used for measurements in patients with 

OSA and received increased attentions due to 

its good cost-performance ratio. CBCT 

helped identify anatomical alterations 

contributing to the diagnosis and 

management of OSA. In our study, we also 

used CBCT that has the advantages of a lower 

radiation dose and in the same time, better 

accuracy provided by thinner slices. The 

acquisition time was also small so the 

compliance of pediatric patients wasn’t an 

issue and provided good quality of images. 

However, a limitation of this study may be the 

fact that using a CBCT as an imaging 

modality that requires an upright position of 
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the patient during acquisition, may not 

replicate the position of the patient while 

sleeping. We also used a different software 

for volume measurement, 3D Slicer, that has 

been proven to be suitable for segmentation 

process, which is the virtual isolation of the 

structure of interest by removing all adjacent 

anatomic regions, even for 3D printed models 

that require a very good level of accuracy 

(18,19,20). The volume calculation was 

automatic using a software’s feature. We 

found a significant difference between the 

total upper airway volume of OSA children 

compared to healthy group which is 

consistent with other studies that used CBCT 

as an imaging method but different volume 

calculation methods (21,22). Although there 

are many studies that proved smaller airway 

volumes in adult patients with OSA (23), 

these were focused mainly on oropharynx 

whereas in pediatric OSA, a major risk factor 

are the hypertrophic adenoids in nasopharynx 

and hypertrophic tonsils in oropharynx so 

there is still a lack of publications that 

focused on these aspects. Our study found a 

statistically difference between minimal 

cross-sectional area between OSA patients 

and control group that can be of importance 

in finding the obstruction site and choosing 

an appropriate treatment plan. 

A study conducted by Alsufyani et al 

showed that CBCT airway measurements of 

children with sleep-disordered breathing 

symptoms before and after surgery were 

related with changes in clinical symptoms 

(24). So the treatment of pediatric OSA 

should focus on enlargement of airway 

volume in both naso- and oropharynx. 

Because there are several reasons 

why craniofacial structures may be risk 

factors for childhood OSA, we also 

hypothesized that we would identify some 

mandibular measurements that can be used as 

a predictor for this condition development. 

Studies have shown that sleep apnea is more 

common in children with various syndromes 

that imply mid and lower-face craniofacial 

anomalies like Down (25), Apert (26), Pierre-

Robin syndromes (27) and correction of these 

anomalies have led to diminished OSA. Our 

study found no statistically significant 

difference between the mandibular angle, 

mental angle and mandibular width in 

patients with OSA compared to healthy group 

which is consistent with other articles. 

Schiffman et al (28) included in their study 

twenty-four subjects with a mean age of 4.9 

±1.7 years with mild and moderate OSA and 

measured 8 dimensions of mandible 

including mandible length, height and width, 

the mid-symphysis menti angle, mandible 

angle, mandible enclosure area, surface area 

and volume using as an imaging method 

MRI. Their data showed that mandibular 

dimensions in children with OSA were not 

smaller than those of control group and on the 

contrary, there could be a suggestion that, on 

average, there is a tendency of a larger 

mandible among children with OSA. 

Apparently, differences regarding the 

mandibular dimensions in patients with OSA 

compared to healthy one are mostly found in 

adult patients. Maresky et al analyzed 3D 

reconstructions of head and neck CT scans of 

427 male patients with mean age of 58.98 

years and concluded that mandibular width is 

correlated with OSA as an independent risk 

factor (29). Okubo et al studied five 

morphological mandible parameters 

(mandibular internal width, bony thickness, 

divergence, internal length and the area 

within the internal mandible) in 51 Japanese  

men (31 patients with OSA and 20 healthy 

patients) using MRI images and found that 

patients with OSA had a significant smaller 

area, a smaller mandibular internal lengths 

and a wider mandibular divergence (30).  

However, most studies that used 

cephalometries in children with OSA focused 

on the mandibular position rather than 
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mandibular size. Kawashima et al found that 

preschool children with sleep-related 

breathing disorder and more than 75% of the 

tonsils visible had a retrognathic mandible, a 

large posterior facial height, a large 

interincisal angle with retroclined lower 

incisors, a narrow pharyngeal airway space, 

an anterior tongue base position and a long 

soft palate compared with control group (31). 

Zettergren-Wijk et al found that OSA in 

young children can have a negative influence 

in the development of several dental and 

facial components (32). The studies cited 

above may indicate that mandibular 

remodeling can be secondary to naso-

/oropharyngeal obstruction and not 

necessarily a risk factor for OSA.  

A limitation of our study is the fact 

that we only included pediatric patients above 

the age of twelve but a age group distribution 

would have required a larger sample of 

subjects in order to have statistically 

significant results. Further research 

especially regarding mandibular position and 

dimensions in relation with the skull base in 

children with OSA is needed for a proper 

conclusion to be taken. 

Also, to improve awareness and 

enhance the management of pediatric OSA, 

healthcare professionals, including 

pediatricians and sleep specialists, play a vital 

role. Collaboration among various 

disciplines, such as otolaryngology, 

pulmonology, and pediatric dentistry, is often 

necessary to provide comprehensive care to 

affected children. 

 Conclusions 

This study demonstrated that children 

with OSA have a smaller upper airway 

volume and minimal cross-sectional area than 

those with no respiratory problems and 

CBCT airway analysis can provide important 

information for the evaluation of this 

disorder.  

In conclusion, pediatric OSA is a 

prevalent sleep disorder that affects a 

significant number of children. Its impact on 

health and well-being underscores the 

importance of early identification and 

appropriate management. Ongoing research 

and increased awareness of pediatric OSA are 

essential to improve diagnostic methods, 

refine treatment approaches, and ultimately 

enhance the quality of life for affected 

children. 
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