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ABSTRACT 

 

Effect of Voxel Size on the Accuracy of Airway Volumetric Measurements 

Using Cone Beam Computed Tomography 

 

Worod Naeem Khaled Alhawi, DDS 

Principal Supervisor: Professor Ahmed Ghoneima 

Co-supervisor: Dr. Samira Diar-Bakirly 

 

 

AIM: The purpose of this retrospective study was to evaluate the accuracy and reliability of 

the airway volume, dental, and skeletal parameters measured digitally on cone beam computed 

tomography scans (CBCTs) using airway model scanned with different resolutions. 

 

MATERIAL AND METHOD: This retrospective study was performed using CBCT images 

obtained from an artificial model of airway made by an acrylic airway model scanned at 

different voxel sizes, timing, and segmentation levels. CBCT scans were divided into four 

groups according to the voxel size of each scan (0.2, 0.25, 0.3 and 0.4). Airway volume 

parameters were measured using Dolphin 3D (Dolphin Imaging & Management solutions, 

Chatsworth, California, USA) software version 11.95. Reliability and accuracy were assessed 

by using intraclass correlation and Student’s t-test. A P-value of less than 0.05 was 

considered significant. 

 



 

 ii 

RESULTS: The intra- and inter-examiner reliability were high for all measurements. 

Significant statistical differences were detected among airway volume measured at variable 

voxel size, scanning time, and segmentation level however, no significant differences were 

found in the skeletal and dental parameters. These results suggested that the airway 

measurements vary according to the voxel size, scanning time and segmentation level. 

CONCLUSION: Airway volume measurements vary depending on the voxel size, scanning 

time and segmentation level of CBCT scans. Clinicians and researchers should be aware of the 

effect of the voxel size and scanning resolution on the airway measurements since this could 

affect the clinical judgement of critical cases. 
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1. INTRODUCTION 

Three-dimensional analysis of the airway volume has become of great interest to many clinicians 

because of the technological advances in imaging systems and software programs. The 

development of 3D imaging systems such as cone-beam computed tomography (CBCT) scanners, 

and medical imaging software is under continuous improvement which increased the ability to 

accurately evaluate the craniofacial structures and assess the airway volume in a more 

comprehensive way (Aboudara et al., 2009). 

Accurate evaluation of the airway is an essential step to obtain proper diagnosis for patients with 

breathing disorders. Compared to normal subjects, obstructive sleep apnea (OSA) subjects may 

have substantial craniofacial differences in the size and position of the jaws or anomalies in the 

upper airway that might be associated with abnormalities in the size of the tongue and the soft 

palate. 3D imaging analysis of the airway has provided a reliable method that could be used as a 

useful tool for patient’s diagnosis and treatment planning (Ogawa et al., 2007). 

Several methods can be used to assess the airway structure for orthodontic patients such as nasal 

resistance pressure, acoustic rhinometry, nasopharyngolaryngoscopy, imaging tool which entails 

two-dimensional (2D) and 3D imaging modalities such as 2D lateral cephalograms, CBCT, and 

magnetic resonance imaging (MRI). Cone-beam computed tomography (CBCT) has been widely 

used in orthodontics since its introduction in dentistry in 1998. Researchers have assessed the 

accuracy and reliability of CBCT by scanning dry skulls or head phantoms to study the capability 

of CBCT in providing precise measurements of the craniofacial structures. Applications of CBCT 

images in orthodontics include dental measurements, evaluation of root resorption, evaluation of 

the temporomandibular joints, airway assessment, three-dimensional (3D) cephalometry, and 
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evaluation for orthognathic surgery (Isidor et al., 2018). This technology generate 3D images that 

are composed of voxels (Fokas et al., 2018). 

A Voxel is the smallest distinguishable box-shaped unit of a 3-dimensional image, and determines 

the resolution of the images, and scan time, and affect the CBCT reconstruction time. Smaller 

voxels are associated with a higher resolution and subsequently greater radiation exposure. In 

CBCT imaging, voxels are isotropic and range from 0.4 mm3 to as small as 0.075 mm3. The use 

of smaller voxel sizes reduces the negative effects of partial-volume averaging, which occurs when 

the voxel size of the scan is greater than the size of the object to be imaged (Chen et al., 2018). 

The purpose of this retrospective study was to evaluate the accuracy, reliability of the airway 

volume, dental, and skeletal parameters were measured digitally on CBCTs using airway model 

scanned with different resolution. 
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2. LITERATURE REVIEW 

 

2.1. Airway anatomy 

Breathing allows for a simple exchange of gases between venous blood and atmospheric air; the 

air gives part of its oxygen to the blood, and the blood releases carbon dioxide and water vapor 

into the air. Through the reciprocal effect of this gas exchange, venous blood recovers all its 

chemical and biological qualities, and becomes arterial blood (Downard et al., 2021). 

The essential organs of the respiratory system are the lungs, located on either side of the thorax, 

on each side of the heart, and the great vessels. To reach the lungs, atmospheric air follows a long 

passage, the airway, which comprises the nasal cavity and incidentally the mouth. Then it includes 

successively the pharynx, larynx, trachea, and bronchi. The upper airway is formed by the nasal 

cavity and the pharynx (Kazemi  et al.2018). 

 

a) Nasal cavity  

The airway starts, from the functional perspective, in the nostrils. The nasal airway includes the 

nose, the nasal cavities, and extend nasopharynx. In addition to breathing, the nose serves specific 

functions, such as smell and phonation (Rojas et al., 2017).   

A deviated nasal septum, narrow nasal cavity, and turbinate hypertrophy are some of the that may 

cause mouth breathing and OSAS. In allergic rhinitis, which is also related to upper airway 

obstruction, the nasal mucous membrane swell with dust particles, pollen or even cold, also 

affecting the eyes and nose and causing a decrease in air flow (Park et al., 2017).   
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b) Pharynx  

The pharynx is a tube-like structure formed by muscles and membranes. It measures approximately 

12-14 cm and is divided into three parts: nasopharynx, oropharynx and laryngopharynx (Yin et al., 

2018).   

The nasopharynx is the upper part of the respiratory system. It is located behind the nasal cavity 

and on the soft palate. The nasopharynx is lined with a mucous membrane of respiratory 

epithelium, and becomes transitional epithelium in the oropharynx. In the roof submucosa there is 

a collection of lymphoid tissue called pharyngeal tonsil (adenoids), which, when large in size, is 

the main obstruction to the passage of air through the nasopharynx (Wally et al., 2020). 

The oropharynx extends from the second to the fourth vertebra and opens into the oral cavity 

through an isthmus. The upper end is the soft palate, and the lower end is the lingual side of the 

epiglottis. The tongue is the main blocking element in the oropharynx, due to the general decrease 

in tone of the genioglossus muscle, which contracts to move the tongue forward during inspiration, 

and in this way, acts as a pharyngeal dilator (Mete, 2018).   

The laringopharynx joins the oropharynx at the pharyngoepiglottic fold and hyoid bone, and 

continues up to the sixth vertebra. It is behind the opening in the larynx. The outer wall is formed 

by the thyroid cartilage and the thyroid membrane (Pérez et al., 2017). 

The airway, or respiratory tract, describes the organs of the respiratory tract that allow airflow 

during ventilation. They reach from the nares and buccal opening to the blind end of the alveolar 

sacs. They are subdivided into different regions with various organs and tissues to perform specific 

functions. The airway can be subdivided into the upper and lower airway, each of which has 

numerous subdivisions as follows (Jayashree, 2020).  
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Fig. (1): The anatomical sections of the upper airway.  

 

2.1.1 Impact of different orthodontic treatment modalities on Airway 

The mutual interaction between the pharyngeal structures and the skeletal relationship is a subject 

of interest for the orthodontists and maxillofacial surgeon. Orthodontists believe that evaluation of 

soft tissues including facial contours, neuromuscular function, tongue, tonsil, adenoids and nasal 

polyps should be an integral part of orthodontic diagnosis and treatment planning. The pharyngeal 

airway is an intricate structure. In conjunction with its surrounding structures, it is responsible for 

the physiologic processes of swallowing, vocalization, and respiration (Maurya et al., 2019). 

Mouth breathing influence the facial form, and is considered a predisposing factor to the 

development of the “long face syndrome” or “adenoid facies”. The characteristic of mouth 

breathing subject includes increased lower anterior facial height, retrognathic mandible, proclined 

maxillary incisors, high v-shaped palatal vault, maxillary constriction, flaccid and short upper lip, 

flaccid perioral musculature and dull appearance due to a constant open-mouth posture. Mouth 
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breathing was correlated with lowered position of the hyoid bone and anterior - inferior postured 

tongue with significant downward inclination of the mandible. On the other hand, the typical 

feature of the long face syndrome was the expression of a hereditary pattern (somatotype) and that 

mouth breathing was unrelated and should not be considered as an etiological factor and that could 

only be a para-phenomenon (Al-Qawasmi et al., 2020). 

Obstructive sleep apnea (OSA) syndrome is characterized by temporary occlusion of the upper 

airway several times during the night which may result in hypoxia and sleep fragmentation and 

that the main symptoms were chronic tiredness, day-time somnolence associated with snoring and 

intellectual deterioration. A decrease in the upper airway dimension at the velopharyngeal level 

together with an increase in soft palate and tongue dimensions was observed. In the study 

(Balamurugan, 2019) it was found that the body mass index of patients was not related to positional 

changes of the hyoid bone. The airway impairment has also been associated with syndromes such 

as Apert’s or Crouzon’s. Both syndromes were characterized by severe maxillary hypoplasia, 

which has been suggested as the source of airway obstruction in the affected subjects 

(Balamurugan, 2019).  

Studies on the changes of upper airway dimensions have consisted of analyzing the post-treatment 

effects of RME with dental casts, human skull models, 2-dimensional cephalometricradiographs, 

3-dimensional imaging techniques including magnetic resonance images, Computed 

Tomography(CT), Cone-beam computed tomography (CBCT) systems, acoustic rhinometry and 

computed rhinomanometry (Manhar et al., 2019). 

Among all the existing 3D imaging techniques, CBCT has become an alternative technique to 

conventional CT scanning for a comprehensive head and neck evaluation due to its significantly 

lower overall effective radiation dose and greater spatial resolution than medical CT, high contrast 
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between the hard and soft tissues, lower cost and easier access and availability to dentists. Despite 

the fact that with CBCT, it is not possible to discriminate between the various soft tissue structures, 

it is possible to determine the boundaries between soft tissues and air spaces making CBCT a 

potential diagnostic method to analyze airway dimensions (Stratis et al., 2017).   

 

Impact of different orthodontic treatment modalities on airway 

a) Surgical Treatment:  

Several studies have reported that there was relative narrowing of the airway space after 

mandibular surgical set-back. Other studies have reported that the successful treatment of OSA 

was found to be associated with the mandibular surgical advancement. On the contrary, there were 

studies which found no difference in the airway size after surgical set back of the mandible. It has 

been reported that there was a lowering in the position of the hyoid bone over time in asymptomatic 

male controls and after mandibular set-back surgery. The finding suggested that it could be a 

physiologic phenomenon related to the increase of airway resistance or airway length. However, 

the position of the hyoid bone was moved in the opposite direction with mandibular advancement 

surgery. Lowe et al. mentioned that it is very important to observe the ratio between soft palate 

and pharyngeal space to preserve correct speech and prevent sleep apnea in later life. They focused 

on the treatment of skeletal Class III subjects involving maxillary protraction which was stated to 

disturb the afore-mentioned balance causing speech difficulty after therapy. In one of the study to 

evaluate the effect the maxillary advancement or impaction combined with maxillary setback on 

pharyngeal air way and maxillary sinus volume, it was reported that there was a significant 

decrease only for lower and total pharyngeal airway volumes in males and a significant decrease 

in the volume of the maxillary sinuses (AlKawari et al., 2018).   
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It was found that maxillomandibular advancement increased airway dimensions by increasing the 

distance from the occipital base to the pogonion. An increase of this distance showed a significant 

correlation with an improvement in the apnea-hypopnea index and a decreased pressure effort of 

the upper airway. Decreasing the pressure effort will decrease the breathing workload. This 

improves the condition of obstructive sleep apnea syndrome. The upper airway became wider in 

patients with Class II malocclusion deformity who had undergone mandibular advancement. 

However, this might become narrower with time (Xiang et al., 2017). 

 

b) Orthopedic Treatment:  

The sagittal dimension of the upper airway was significantly increased following functional 

appliance therapy in growing Class II patients. An increase in the superior upper-airway dimension 

by maxillary protraction was also observed. A possible explanation given was that, the maxillary 

forward growth could bring the tongue to a more anterior position causing the soft palate to come 

to a more anterior position; thus increasing the upper pharyngeal dimension. In a long term study 

it was found that the increase in the nasopharyngeal airway of patients with maxillary protraction 

continued to be significant even after a four-year follow up period while a significant increase in 

the oropharyngeal space was observed only after the follow-up period (Shuhart et al., 2019).  

Rapid maxillary expansion (RME) is an orthodontic and orthopedic treatment option to correct 

posterior crossbites and maxillary transverse deficiencies. RME appliances produce heavy forces 

that result in skeletal or orthopedic expansion and also dentoalveolar changes. When the maxillary 

dental arch is rapidly expanded, the maxillary and palatine bones disarticulate along the midpalatal 

suture, and there are also changes to the frontomaxillary, zygomaticomaxillary, 

zygomaticotemporal, and pterygopalatine sutures. Stress distribution and displacement pattern 
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studies have evaluated the effects of RME on the craniofacial complex. A finite element analysis 

showed minimum displacement of the pterygoid plates near the cranial base and maximum 

displacement in the areas of the maxillary central incisors and the anteroinferior border of the nasal 

septum. A previous study also demonstrated that the lateral structures of the nasomaxillary 

complex moved upward, and midline structures, including ANS and A-point, moved downward. 

It was confirmed clinically that midpalatal sutural separation occurred in a triangular pattern with 

the wider base in the anterior part of the maxilla, and the effects of RME extended to the 

surrounding nasal and craniofacial structures (Smith et al., 2012). 

 RME is routinely used in the orthodontic treatment of patients with transverse maxillary 

deficiency, dental crowding, and/or a mandibular functional shift. A common form of RME uses 

tooth-borne expanders with bands on molars and sometimes first premolars. Transverse expansion 

is achieved through skeletal expansion, ie, opening of midpalatal sutures with separation of 

maxillary halves and dentoalveolar expansion, which can include buccal tipping of teeth and 

alveolar bending.  Tooth-borne expansion appliances produce varying amounts of dental and 

skeletal expansion. Skeletal expansion is about half or less of the total amount of resulting 

expansion in adolescent patients.  As the midpalatal sutures undergo maturation and fusion from 

childhood to late adolescence and adulthood, the amount of skeletal expansion with conventional 

RME and its long-term stability decreases.  Failure of RME to open the suture is associated with 

unwanted dentoalveolar side effects, such as pain, severe buccal tipping and extrusion of teeth, 

gingival recession, buccal cortex fenestration, and root resorption (Kavand et al., 2019). 

A mandibular advancement device in sleep apnea patients increased the pharyngeal airway and a 

reduction of the distance of the hyoid bone to the mandibular plane. The mechanism of action of 

the cervical headgear was associated with expansion and an upward and forward rotation of the 
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maxilla. This could be accompanied by an increase in the upper airway space and could be 

favorable for breathing. Maxillary expansion was shown to reduce upper airway obstruction during 

sleep in young adults with mild or moderate obstructive sleep apnea. RME produced a numerically 

parallel expansion of the mid palatal suture and a triangular shape of expansion with the base 

facing anteriorly when percentage change was calculated (Cao et al., 2017). 

Bone-borne RME (or miniscrew assisted RME) was recently proposed to minimize the unwanted 

dentoalveolar effects of RME and produce greater skeletal changes.  In the bone-borne RME, 

palatal miniscrews are used as anchorage to transfer the expansion force directly to the skeletal 

structures.  In two groups of late adolescent patients, Lin et al.  reported significantly greater 

skeletal expansion, less buccal tipping of first molars, and less buccal dehiscence following the 

bone-borne RME than expansion with tooth-borne RME using a hyrax appliance (Mutha, 2017). 

In regard to the airway, a moderate increase of the cross-sectional area adjacent to the hard palate 

was observed. This cross-sectional area increase was highly dependent on the expansion between 

the 1st molars. The RME effect on the airway diminished as it moved further away from the mid 

palatal suture possibly due to the compensation generated by the surrounding soft tissues in a 3D 

frame. The treatment with the X-bow appliance in Class II patients resulted in favorable increase 

in the oropharyngeal airway dimensions and volume. In one study, it was found that (RME/FM) 

therapy did not affect at all the volume of maxillary sinuses and actually inhibited the normal 

expected increase of the volume of the pharynx when compared with a control group comprising 

normal individuals (Di Carlo et al., 2017). 
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The RME therapy improved the nasal airway ventilation and was detected by computational fluid 

dynamics. Changes noted in the oropharynx may be due to the lack of a standardized position of 

the head and tongue at the time of image acquisition (Kannan et al., 2017). 

 

c) Fixed Appliance Therapy:  

There was no study reported in the literature regarding the effect of fixed orthodontic treatment on 

the airway dimensions. The effect of extraction versus non-extraction treatment on oropharyngeal 

airway volume with the aid of CBCT showed no significant differences in the oropharyngeal 

airway volume. It was found that extraction of the first premolars for the treatment of bimaxillary 

protrusion did not affect upper airway dimensions despite the significant reduction in tongue length 

and arch dimensions. Large incisor retraction leads to narrowing of the upper airway in adult 

bimaxillary protrusion patients. The extraction of upper premolars rather than non-extraction in 

patients decreased the pharyngeal airway space with mandibular prognathism who planned to have 

bimaxillary surgery. The Forsus™ Fatigue Resistant Device (FRD) produced dento alveolar 

changes but did not have any significant influence on posterior airway in young adult patients 

(Mummolo et al., 2018). 

 

2.1.2 Mouth breathing patients  

Breathing is one of the most vital functions of the human body. Every breath we take can have a 

positive or negative impact on our bodies depending on how it is performed; and it has been well 

established that normal breathing should be achieved through the nose. However, it may be 

detoured to the oral cavity in the presence of an airway obstruction (Valcheva et al., 2018). 
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During normal breathing, the abdomen gently expands and contracts with each inhalation and 

exhalation. There is no effort involved, the breath is silent, regular, and most importantly, through 

the nose. Abnormal breathing or mouth breathing on the other hand; is often faster than normal, 

audible, punctuated by sighs, and involves visible movements of the upper chest. This type of 

breathing is normally only seen when a person is under stress, but for those who habitually breathe 

through their mouths, the negative side effects of stress and over-breathing become chronic. 

Habitual mouth breathing has serious implications on an individual’s lifelong health, including the 

development of the facial structures.it very important to know the benefits of nasal breathing over 

mouth breathing, and provides a self-help exercise to help decongest the nose (Recinto et al., 

2017). 

Habitual mouth breathing, conversely, involves an individual breathing in and out through the 

mouth for sustained periods of time, and at regular intervals during rest or sleep (Ballikaya et al., 

2018). It is well documented that mouth breathing adults are more likely to experience sleep 

disordered breathing, fatigue, decreased productivity and poorer quality of life than those who 

nasal-breathe.  In children, the harmful effects of mouth breathing are far greater, since it is during 

these formative years that breathing mode helps to shape the orofacial structures and airways. 

Children whose mouth breathing is left untreated for extended periods of time, can set the stage 

for lifelong respiratory problems and including, a less attractive face to name a few. As a result, 

malocclusions such as a skeletal Class II or Class III, along with a long lower face height 

(characterized as “long face syndrome”), and high palatal vaults may also be noted.  These 

resultant craniofacial alterations associated with mouth breathing can significantly aggravate or 

increase the risk of snoring and obstructive sleep apnea in both children and adults (McKeown & 

Macaluso, 2017). 
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A study conducted demonstrated the critical role of the soft palate in determining oral or nasal 

airflow. The study showed that during mouth breathing, the soft palate will tend to move 

posteriorly against the posterior pharyngeal wall, thus closing the nasopharyngeal airway. 

Whereas, during nasal breathing, the soft palate moves inferiorly and anteriorly until it lays against 

the dorsum of the tongue, thus closing the oropharyngeal airway (Cappellette Jr et al., 2017). 

The opening of the mouth during sleep in normal subjects and in patients with obstructive sleep 

apnea was also documented in this study. Mouth opening, even in the absence of oral airflow, has 

been shown to increase the propensity to upper airway collapse. The two most likely explanations 

for the latter finding are that jaw opening is associated with a posterior movement of the angle of 

the jaw and compromise of the oropharyngeal airway diameter, and that posterior and inferior 

movement of the mandible may shorten the upper airway dilator muscles located between the 

mandible and hyoid and compromise their contractile force by producing unfavorable length-

tension relationships in these muscles.  Therefore, it is of utmost importance to address mouth 

breathing accordingly (Kaur et al., 2018). 

It has been noted that there is a lack of awareness regarding the negative impact of airway 

obstruction via mouth breathing on normal facial growth and physiologic health; and as a result, 

may be confused for (ADD) and hyperactivity.  According to the National Sleep Foundation, 

attention deficit hyperactivity disorder (ADHD) is linked to a variety of sleep problems. Children 

and adults behave differently as a result of sleepiness. Adults usually become sluggish when tired 

while children tend to overcompensate and speed up. For this reason, sleep deprivation is 

sometimes confused with ADHD in children. Children may also be moody, emotionally explosive, 

and/or aggressive as a result of sleepiness. In a study involving 2,463 children aged 6-15, children 
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with sleep problems were more likely to be inattentive, hyperactive, impulsive, and display 

oppositional behaviors (Valcheva et al., 2018). 

Another study published in the International Journal of Pediatrics investigating the long-term 

changes to facial structure caused by chronic mouth breathing noted that this seemingly ‘benign’ 

habit “has in fact immediate and/or latent cascading effects on multiple physiological and 

behavioral functions.”  Therefore, with this in mind, mouth breathing can have a tremendous 

impact on the mental and physical health of children; as it can be associated with the restriction of 

the lower airways, poor quality of sleep, reduced cognitive functioning and a lower quality of life 

(Purwanegara, Sutrisna, 2018). 

Brazilian researchers investigating the prevalence of mouth breathing in children ages three to nine 

found that a 55% random selection of 370 subjects were mouth-breathers.  Reported causes of 

mouth breathing included: allergic rhinitis (81.4%), enlarged adenoids (79.2%), enlarged tonsils 

(12.6%), and obstructive deviation of the nasal septum (1.0%). The main clinical manifestations 

of mouth-breathers were: sleeping with the mouth open (86%), snoring (79%), itchy nose (77%), 

drooling on the pillow (62%), nocturnal sleep problems or agitated sleep (62%), nasal obstruction 

(49%), and irritability during the day (43%). 3 Although allergic rhinitis is considered one of the 

leading causes of respiratory obstruction; it is of utmost importance to note that upon the first onset 

of nasal congestion, a feeling of air deprivation occurs, causing the individual to switch to mouth 

breathing (McKeown, Macaluso, 2017). 

Another study conducted demonstrated that orofacial changes were noted in mouth breathers such 

as: half-open lip and lower tongue position, lip, tongue and cheek hypo-tonicity, and tongue 

interposition between the arches during deglutition and phonation (Gutiérrez et al., 2021). 
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Effect of Low Tongue Position 

A mouth breather carries the tongue in a low downward position, creating an airspace which allows 

the person to breathe more freely; and as a result it can lead to abnormal tongue activity. This 

abnormal tongue activity, can exert an excessive force upon the dentition during swallowing, 

contributing to malocclusions in children; and leading to periodontal disease and atypical 

myofascial pain in adulthood.  This displacing force and misdirection of the tongue, can 

additionally contribute to microscopic changes in the attachment apparatus; leading to increased 

tooth mobility and advancing periodontal disease (Mozzanica et al., 2020). 

Furthermore, this low tongue resting posture can contribute to various morphological changes to 

the orofacial structures; and consequently, Orofacial Myofunctional Disorders (OMDs) may 

develop as well. “OMDs are disorders pertaining to the face and mouth and may affect, directly 

and indirectly, chewing, swallowing, speech, occlusion, temporomandibular joint movement, oral 

hygiene, stability of orthodontic treatment, facial esthetics, and facial skeletal growth.”  The most 

common forms of OMDs include: oral breathing or lack of habitual nasal breathing; habitual open 

mouth posture, and lack of lip seal with patent nasal passages; reduced upper lip movement with 

or without a restricted labial frenum; restricted lingual frenum, from borderline to ankyloglossia; 

anterior or lateral tongue thrust at rest (static posture); low and forward tongue position at rest, 

usually accompanied by an increased verticle dimension; inefficient chewing (related or not) to 

temporomandibular joint (TMJ) disorders or malocclusion; atypical swallowing, with or without 

a tongue thrust (dynamic posture); oral habits; and forward position of the head at rest, during 

chewing and during swallowing to name a few (Lun et al., 2019). 

The resting posture of the tongue plays a pivotal role since its effects are far more constant than 

atypical swallowing. Mouth breathing encourages incorrect positioning of the tongue (on the floor 
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of the mouth), while nasal breathing naturally places the tongue in its proper resting position (on 

the roof of the mouth), and most important of all aides in achieving a lip seal (Grondin et al., 2017). 

A study conducted by (Purwanegara, Sutrisna, 2018) indicated that correct tongue resting position 

(on the roof of the mouth) resulted in a significant activity in the temporalis and suprahyoid 

muscles as well as a significant reduction in heart rate variability when compared with a low tongue 

resting position (on the floor of the mouth), In other words, a proper tongue resting posture is 

essential for achieving orofacial balance. 

 

2.1.3 Long face syndrome (adenoid patients) 

Long face morphology is a relatively common presentation among orthodontic patients. Classical 

features include an increased lower facial height, anterior open-bite and a narrow palate. While 

excessive vertical facial growth can often be recognized clinically, several cephalometric traits are 

commonly used to classify the underlying vertical skeletal pattern as normal (normodivergent), 

short (hypodivergent), or long (hyperdivergent). The term “long face syndrome” depicts only the 

vertical component of the three-dimensional problem which exists in these patients (Pawłowska-

Seredyńska et al., 2020). 

Both genetic and environmental factors have been associated with the etiology of excessive 

vertical facial development, although it is likely that more than one subtype of the phenotype 

exists. Etiological factors such as enlarged adenoids, nasal allergies, weak masticatory muscles, 

oral habits, and genetic factors have all been implicated in the development of the long face 

morphology. The treatment objective in a patient having sufficient potential for growth should be 

to restrain and control maxillary descent and prevent eruption of posterior teeth. When the severity 

of vertical deformity is so great that reasonable correction cannot be obtained by growth 
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modification or camouflage, the combination of orthodontics and orthognathic surgery may 

provide the only viable treatment. Despite being described extensively in the orthodontic literature 

the long face morphology still remains unclear. Most studies concentrate on only the open bite 

variant of this multifaceted problem. The aim of this article (Purwanegara, Sutrisna, 2018) is to 

comprehensively review the literature and present the varied clinical manifestations, etiology and 

available treatment modalities of the. 

Two of the largest studies that investigated the prevalence of skeletal facial types were undertaken 

in the United States, and involved the evaluation of a large orthodontic based patient sample. In 

both studies, the prevalence of the long face pattern was approximately 22%. This extreme form 

of vertical craniofacial growth was also reported to be the second most common cause for seeking 

and receiving orthodontic/surgical treatment. The prevalence of these vertical growth patterns 

differed significantly according to Angle’s classification of malocclusion, with the highest 

proportion occurring in the Class III sample (35%), followed by the Class I (32%), Class II 

Division 1 (30%) and Division 2 (18%) groups. These findings were consistent with those of 

another recent retrospective study investigating the occurrence of skeletal malocclusions in a 

Brazilian sample. Recently, Chew investigated the distribution of dentofacial deformities in an 

ethnically diverse Asian population receiving orthognathic surgery and found that the overall 

prevalence of vertical maxillary excess (VME) was nearly 22%, although significant differences 

existed in the distribution of VME among the three Angle classes. The highest prevalence of VME 

occurred in the Angle Class I (50%) and Class II malocclusions (48%), followed by the Class III 

group (10%) (Gupta et al., 2017). 

Variations in the long face morphology have so far been discussed in terms of skeletal growth 

imbalances and mandibular rotations, although there still remains a great deal of uncertainty as to 
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what causes or “triggers” these growth patterns. The multiplicity of growth theories suggests a 

complex multi factorial etiology that involves genetic, environmental and epigenetic regulation. 

Several local environmental factors have been implicated in the etiology of the long face 

morphology; including nasal obstruction, para functional habits and weak muscle 

activity. Enlarged adenoids and a narrow nasopharynx are common causes of nasal obstruction 

that can prompt an individual to become a mouth breather. Theoretically, the downward and 

forward tongue position needed for oral respiration may also displace the mandible inferiorly and 

lead to an increase in vertical dimension. The long face morphology of mouth breathing children 

may also result from the effects of soft tissue stretching that commonly occur when these 

individuals overextend their heads to compensate for impaired nasal respiration. Several authors 

have found that long face individuals have a narrower nasopharynx than other facial types. In fact, 

both anterior and posterior facial heights appear to be positively correlated with all the volumetric 

measurements of the airway, with the exception of the middle pharyngeal third (Patel, 2019).   

Oral habits such as digit sucking have been associated with the classical traits of the long face 

morphology. Non-nutritive sucking in the first few years of life is consistently associated with 

vertical malocclusions such as an anterior open bite. These non-nutritive sucking habits are often 

not limited to the vertical plane but may also affect the transverse dimension manifesting as 

posterior cross-bites. More recently, Thomas and colleagues used anthropometric points to 

describe facial morphology and found a high prevalence of severe facial convexity in adolescents 

who had been breastfed for relatively short periods and exhibited prolonged mouth-breathing 

habits that persisted until after the age of 6 years (Lorini et al., 2021).  

Different heritability estimates have been reported for various vertical dimensions of the face. For 

instance, the heritability of total face height is reported to range from 0.8 to 1.3, while that of the 
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lower anterior face is between 0.9 and 1.6. In contrast, the heritability of the posterior and upper 

anterior face height ranges from 0.2 to 0.9 and 0.2 to 0.7, respectively. It is noteworthy, however, 

that heritability studies have a number of limitations that may account for some of the inconsistent 

findings reported in the literature. Since these estimates are typically derived under different 

environmental conditions, it is difficult to generalize the findings from one sample to another or 

even within the same sample over a substantial period of time (Saluja et al., 2020). 

The long face morphology is typically associated with a number of classical features including a 

longer lower third of the face, facial retrognathism, depressed nasolabial areas, excessive exposure 

of the maxillary teeth and gingiva, lip incompetence, narrow palate, posterior cross-bites, and an 

anterior open-bite. Facial retrognathism, for example, gradually increases with facial divergence 

and mandibular plane angle. Other features (such as a dolichocephalic cranium, narrow nasal 

apertures, small temporal fossa, underdeveloped mandibular processes, narrow and long 

mandibular symphysis, reduced chin prominence, and large teeth) have also been reported in some 

individuals with the long face pattern (Purwanegara et al., 2017). 

Anterior open bites are only found in a limited proportion of individuals with the long face 

morphology. Fields and colleagues recognized this common misconception and pointed out that 

“not all long faced patients have open-bites and not all open-bite patients are long faced”. The 

reduced prevalence of anterior open-bites in long face individuals can be attributed to the 

dentoalveolar compensatory mechanisms, which are capable of masking the underlying skeletal 

pattern in a large proportion of individuals (Aksoy et al., 2018). 
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2.2. Airway assessment for orthodontic patients  

a) Acoustic rhinometry  

It is the study of the geometry of the nasal cavity. It is based on the analysis of sound reflection 

and provides a calculation of cross-sectional areas of the nasal cavity and of certain nasal volumes. 

This is done by generating an audible sound in the nostril with an adapter, taking care not to deform 

the nasal vestibule. The sound wave penetrates the cavities and is reflected on the different nasal 

structures or their irregularities. Incident wave signals are measured and reflected according to 

time, which makes it possible to determine the distance, from the nostril, where there is a change 

in acoustic impedance. The most interesting data are the “minimum cross-sectional areas 1 and 2 

(MCA1 and MCA2)”. MCA1 corresponds anatomically to the area at the nasal valve level 

(bounded by the caudal margin of the upper lateral cartilage and the nasal septum), which has the 

greatest resistance in the normal nose. MCA2 corresponds to the area at the level of the head of 

the inferior turbinate. As in active anterior RMM, the study can be performed before and after 

applying a vasoconstrictor for the same purpose and with a similar interpretation of the results 

(Miller et al., 2020). 

 

b) Nasopharyngolaryngoscopy  

This test evaluates the anatomy of the upper airway, as well as the soft palate, the movement of 

the vocal cords and the process of deglutition. It is performed with a flexible fiberscope which is 

inserted through the nasal cavities to observe both pharynx and larynx. The patient is usually 

awake, and topical lidocaine is applied on the nostrils and, as the case may be, vasoconstrictor 

(oxymetazoline). During the test, the patient may be asked to talk, cough or swallow, depending 

on what is being evaluated. The following anatomical elements should be evaluated: deviations of 
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the nasal septum, size of inferior turbinates, presence and size of the adenoid tissue, quantity and 

quality of nasal secretion, size of palatine tonsils and of the base of the tongue and its relationship 

with the oropharyngeal cavity, abduction of the vocal cords, subglottic diameter, and presence of 

masses or pathological deformities at any of these levels (Hernández, Clari, 2019). 

 

c) Functional Nasal Permeability (PeNaF):  

It is a clinical examination that assesses the independent functional nasal permeability of each 

cavity. The performance is recorded as negative (-) when the patient maintains nasal breathing for 

six inspirations at rest, and positive (+) when the patient fails to maintain it for six inspirations. A 

study validated in Chile recommends orthodontists implement this simple examination to rule out 

a possible nasal obstruction. If this is not the case, they should request an objective assessment to 

check the increase in nasal resistance (Rojas et al., 2017). 

Upper airway assessment is essential in orthodontics because of the close interrelation between the 

correct respiratory function and the normal development of craniofacial structures (Li et al., 2020). 

The clinical examination, especially using Mallampatie’s score, can give us an indication of the 

health of our patient’s airway, which, together with the initial radiographic examination, shows us 

the need for further studies to rule out, for example, sleep disorders, which, with the right 

treatment, can restore our patients’ health and greatly improve their quality of life (Wong, 2019). 

The cephalometric study of the nasopharynx is essential, as it can be easily assessed and it is a 

determining factor for the development of pediatric sleep disorders. The assessment of adenoid 

tissue with lateral cephalogram is a reproducible and easy-access exam in our daily work. 

However, it will never yield an accurate diagnosis of the airway volume, but rather it will indicate 

the need for a referral to an ENT specialist so that more comprehensive tests are run (Davis, 2020). 
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D) Nasal resistance pressure 

Nasal resistance can be calculated on the basis of the pressure gradients formed in the nose during 

inspiration. Rhinomanometry (RM) measures nasal airway resistance and airflow. It has two 

phases, passive and active, and it can be divided into anterior and posterior. Active RM requires 

the patient to generate airflow through inspiration. Passive RM utilizes external generation of 

airflow through the nose at a constant pressure. Anterior RM may reflect the status of the nares, 

nasal valves, and nasal cycling, and utilizes a device inserted into the nares. Posterior RM, in turn, 

utilizes a sensor inserted into the mouth which measures the nasopharynx, hence requiring 

substantial patient co-operation. These tests are also usually performed before and after the 

administration of nasal decongestants (Cilluffo et al., 2020). 

Acoustic rhinometry evaluates nasal obstruction by analyzing reflected sound waves introduced 

through the nares. It is not invasive, is easily reproducible and it does not require patient co-

operation. The results are expressed as cross-sectional dimensions of the nasal cavity, which 

closely approximate the smallest cross-sectional area and volume (van Egmond et al., 2017). 

The cross-sectional area (CSA) is measured at different points from the nares to the closest area of 

narrowing, which corresponds to the nasal valve area. Since a ‘normal’ CSA varies so much from 

patient to patient, an absolute value is not very useful for diagnosis or for confirmation of nasal 

valve area obstruction. Previously published work by the authors, however, has demonstrated that 

the ratio of the CSA during inspiration to the CSA at rest is highly diagnostic of nasal valve 

collapse. Normally, deep inspiration should not decrease the CSA. If it does, it is a sign of nasal 

valve collapse (Adarsh et al., 2018). 
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E) Rhinomanometry 

It aims to objectively evaluate nasal obstruction. There are different types of rhinomanometry 

(RMM), active anterior RMM being the one most frequently used. This evaluates nasal airflow in 

inspiration and expiration by detecting potential obstructions and/or resistance. This can be done 

with a face mask or by placing an olive in each nostril; the first device has the advantage of not 

deforming the nostrils, reducing the possibility of leakage. However, it requires full patient 

cooperation and cannot be implemented if there is total occlusion of one nostril or a septal 

perforation (García-Sanz et al., 2017).   

After placing the mask, airflows are measured with the rhinomanometer, and the data are analyzed 

computationally and then graphs are designed in pressure/volume curves. After a first 

measurement in basal conditions, the recording is repeated under the effect of a topical 

vasoconstrictor, which will differentiate mechanical obstructions (which do not vary with the 

vasoconstrictor), vasomotor obstructions (which fully improve with the vasoconstrictor) and 

mixed obstructions (which improve partially with the vasoconstrictor). In general, any cause of 

obstruction with bone, cartilage, or tissues, with little edema or whose vasoconstriction cannot be 

affected, as well as inflammatory etiologies, with edema and tissue susceptible to vasoconstriction, 

will yield vasomotor curves. The pathology which best represents mechanical obstruction is the 

deviated septum, and the main vasomotor obstruction is inferior turbinate hypertrophy (Van Dessel 

et al., 2017). 
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2.3. Imaging tools 

2.3.1 Lateral cephalometry 

Lateral cephalometry is commonly used in clinical practice given its relative simplicity, 

accessibility, low cost and low exposure to radiation (Friedrich et al., 2017). Cephalometric tracing 

can identify different characteristics that may indicate a narrow upper airway. Lateral 

cephalograms provide reliable linear measurements, can measure the dimensions of the 

nasopharyngeal and retropalatal regions, but have not proven to be reliable to measure the airway 

in the back of the tongue. However, this is a highly reproducible test using the natural position of 

the patient’s head, provided that it is run correctly. A 2013 meta-analysis on craniofacial 

morphology found a significant relationship between a reduced upper airway at the pharynx level 

(mainly adenoid hypertrophy) and pediatric sleep disorders (David et al., 2017). 

 

Fig. (2): The points and lines most commonly used to assess upper airway obstruction (da 

Costa et al., 2017). 
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McNamara, 1984 in his study stated that there is obstruction of the airway if there is a distance 

lower than 5 mm between the nearest points of the posterior wall of the nasopharynx and of the 

soft palate. In 1979, Fujioka et al. described the adenoidal-nasopharyngeal ratio (AN ratio), which 

relates the length of the line perpendicular to the sphenoid bone (A) by the thickest portion of the 

adenoids with the distance between the posterior nasal spine and the anterior edge of the 

sphenobasioccipital synchondrosis (N). An AN< 0.8 is considered normal and an AN > 0.8 is 

considered enlarged. In addition, another study in 2012 found that both parameters had good 

reproducibility and a variability which was not clinically significant (Kumar et al., 2019). 

One of the most common reasons for upper airway obstruction is hypertrophic adenoids, defined 

as a collection of lymphoid tissues in the posterior wall of the nasopharynx which increase in 

volume as the immune activity increases. Before planning an orthodontic treatment, this area is 

usually observed in the lateral cephalometry, therefore, lateral cephalometry is used as a and 

reproducible diagnostic method which is easy to interpret when assessing the size of the adenoids. 

With the advent of CBCT, 3D images available to orthodontists. Studies have tried to correlate 

lateral cephalograms and CBCT relation to the linear volumes of the airway, but no clear consensus 

has been established (Chan et al., 2020). Adenoids develop progressively, with their highest 

growth achieved between 4 and 5 years of age, followed by another peak between 9 and 10, and 

then the size decreases progressively until 14 to 15 years of age (Spin-Neto et al., 2013). 

A study was conducted to assess whether adenoidal ratio on lateral cephalograms can be used to 

estimate airway volumes, using CBCT as the validation method. They concluded that the lateral 

cephalogram can provide some information about the nasopharyngeal space, particularly in 

patients over 15. This is due to the stability reached by the tissue at this age; however, it cannot be 

used as a diagnostic procedure to determine the volume of the total airway, but rather as an 
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assessment tool to determine the need for a more comprehensive ENT examination. Fiber 

endoscopy is the most successful diagnostic test for adenoid hypertrophy. Of the radiological 

examinations, only cephalometry has proven useful for the study of the facial skeleton (Ghoneima, 

Kula, 2013). 

 

2.3.2 CBCT 

Cone beam computed tomography (CBCT) is a relatively new imaging technology that provides 

multi-planar images in submillimeter resolution. In the last years, CBCT has achieved wide 

acceptance in dentomaxillofacial imaging and has fundamentally replaced conventional 

tomography for several diagnostic tasks in dentistry. The main advantage of CBCT is its shorter 

acquisition time and patient radiation dose when compared to conventional CT (Chan et al., 2020). 

Since its development in 1990, the CBCT has been well adopted for diagnosis in the maxillofacial 

area, as it provides a 3D representation of the structures at a low cost and with an effective radiation 

dose which is much lower when compared to computed tomography (CT). Although CBCT is less 

effective than CT in tissue discrimination, it defines the boundaries between tissues and empty 

spaces with high spatial resolution. In addition, several studies have shown that it is accurate and 

reliable for upper airway assessment (Banerjee et al., 2020). 

A single 360° rotational scan provides CBCT image data in a digital format. For image 

reconstruction, the obtained information is rendered into a 3-dimensional (3-D) image using an 

algorithm for volumetric tomography. These 3-D images made by CBCT are composed of voxel, 

which is the smallest image unit and determines image resolution. The size of each voxel is 

determined by its height, width and thickness and the spatial resolution of CBCT depends upon 

the voxel dimension. The smaller voxel dimension results in the greater image resolution; however, 
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higher radiation doses are needed for smaller voxel. In addition to the voxel size of the CBCT 

scanner, several other factors including the properties of the bone itself, the skill of the examiner 

(the person making the measurements), the software used to view and measure the CBCT images 

and the presence or absence of soft tissue at and around the area of interest may also potentially 

affect the accuracy of linear measurements of alveolar bone from CBCT images (Hekmatian et al., 

2014). 

Volumetric reconstructions that may be obtained from CBCTs help clinicians make a correct 

diagnosis and indicate a better treatment plan for some pathologies of the maxillofacial area, 

especially those related to the airway. Three-dimensional images and volumes can be obtained 

from two-dimensional slices with CBCT after a complex process, which involves the use of 

especially designed computer programs. For the volumetric reconstruction and visualization of the 

upper airway, these software programs must allow us to find the correct location of the boundaries 

of the pharynx and nasal cavity (segmentation) through a process that can be manual, automatic or 

semi-automatic. Three commercial software programs for the study of the airway were analyzed. 

They were found to have reliable reproducible and accurate results of linear measurements, but 

they lost accuracy when calculating the volume of the airway. This could be due to the automatic 

segmentation of the nasal cavity, the nasopharynx and oropharynx. Another study had the same 

results when analyzing six commercial software programs (Belgin et al., 2019). 

Besides the differences found in the use of different programs, when assessing the volume of the 

upper airway we should consider the differences in the anatomical boundaries of the nasopharynx 

and oropharynx, reported in different studies. The upper boundary of the nasopharynx and the 

lower boundary of the oropharynx have the greatest variability, followed by the boundary between 
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these two structures. The oral cavity and the nasal cavity do not show variability in their boundaries 

(Alsufyani et al., 2017). 

In clinical practice, the image quality of CBCT scans and the ability of CBCT to display anatomic 

features and pathology is influenced by a number of variables such as the scanning unit, the field 

of view (FOV), examined object, examination time, tube voltage and amperage, and also spatial 

resolution defined by the voxel size. The size of a voxel is defined by its height, width, and depth, 

and CBCT voxels are generally isotropic (the three parameters are equal). The voxel size of a 3D 

image is equivalent to the pixel resolution in 2D images, and, in this case, a resolution of 300 ppi 

(pixels per inch) would directly correlate to a voxel size of 0.085 mm. Images acquired in smaller 

voxel sizes, although “prettier” and sharper from a subjective point of view, will increase the 

radiation dose to the patient but might provide the same diagnostic outcome as lower resolution 

images. Thus, it is important to ponder that the comparison of CBCT examinations with various 

voxel settings is relevant to understand the impact of the inherent image quality on the reliability 

and accuracy of the diagnostic outcome (Yeh, Chen, 2018). 

Airway volume and respiratory function are highly relevant to the orthodontic specialty. Studies 

have confirmed that airway problems are significantly related to different types of malocclusion 

and that nasal obstruction is a major etiological factor for dentofacial anomalies. For example, in 

growing patients with skeletal discrepancies and signs of adenoid facies, early diagnosis, 

prediction, and assessment of the functional a etiological factors are critical for the restoration of 

normal craniofacial growth and the stability of the treatment outcome. Evaluation of the airway is 

an essential diagnostic step for patients with breathing disorders. Compared to normal subjects, 

obstructive sleep apnea (OSA) subjects have considerable craniofacial differences , such as the 

size and position of the mandible, enlargement of the posterior airway space , and size of the tongue 
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and the soft palate. In these patients, airway assessment has been mostly performed on two-

dimensional lateral cephalograms by identifying special landmarks and measuring various lengths 

and areas in the airway region (McGuigan et al., 2018). 

Most of the airway studies relating airway anatomy and the craniofacial growth and development 

are limited because of using the two-dimensional lateral or frontal cephalograms which cannot 

identify the soft tissue contour in the third dimension thus limiting evaluation of areas and volumes. 

Currently, the advances in computed tomography (CT) imaging and the three-dimensional 

technology allow better visualization of the airway and volumetric analysis. Clinicians can more 

easily perform the volumetric measurements and also calculate the cross-sectional areas of the 

airway in three planes of space: coronal, sagittal, and axial. The axial plane, which is not visualized 

on a lateral cephalogram, is the most physiologically relevant plane because it is perpendicular to 

the airflow. CBCT systems have been developed specifically for the maxillofacial region with the 

advantage of the reduced radiation doses compared with conventional CT. Accurate and easy 

evaluation of the airway anatomy has been possible using those CBCT systems. Although 

numerous studies have been published using CBCT to evaluate airway, few have addressed the 

accuracy of the measures. The aim of the study (De Felice et al., 2019) was to evaluate the accuracy 

and reliability of the airway volume measured digitally on CBCTs as well as the most constricted 

area in the airway compared to the manual measurements made on an airway model. 

Alsufyani et al., in their 2012 review, suggest that the protocol proposed by EI and Palomo in 2010 

should be replicated in other studies. The nasopharynx, on the sagittal plane, was delimited from 

the last slice before the nasal septum joins the posterior wall of the pharynx, on the sagittal plane; 

the lower boundary was determined by the palatal plane. The upper boundary of the oropharynx 

is the nasopharynx, and the lower one is the parallel to the plane that goes through the lowest 
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anterior point of the second cervical vertebra. These authors suggest using as lower boundary the 

section between the oropharynx to C2, and not a lower sector, such as C3, C4, or the epiglottis, 

because in this way we can use smaller windows and reduce the radiation dose patients receive. 

The segmentation was performed manually and 30-cm windows (FOV) were used, though a 13-

cm window is acceptable to display the oropharynx or the nasopharynx and the nasal cavity (Lee 

et al., 2020). 

We must also consider the head position and the position of the patient when the CBCT is taken 

to obtain accurate and repeatable upper airway measurements and volumes. The position of the 

hyoid bone and tongue, and the dimension of the airway would be highly reproducible using the 

natural position of the head when taking lateral cephalograms. In addition, it has been found that 

individuals would be approximately 40% more affected by the width of the airway in an upright 

position. Solow et al. determined that in an upright position or by increasing the cervical skull 

angle, there is an increase in upper airway diameters. Alsufyani states that images must be obtained 

with the patient in a sitting position so as not to affect airway diameter (Bates et al., 2019). 

Two systematic literature reviews concluded that although major progress has been made in the 

capture and management of CBCT images, there is no optimized evidence-based protocol to obtain 

images to analyze the upper airway. Several obstacles must still be overcome, such as the influence 

of the position of the tongue, mandible morphology, the impact of the respiratory phase and the 

definition of the anatomical boundaries of the upper airway, as well as the lack of consistency in 

the configuration of the equipment and in how images and volumetric reconstructions are obtained 

(Elders et al., 2021). McCrillis et al., in a 2009 review, indicate a lack of studies to map the 

characteristics shown in the upper airway CBCT with clinical results according to the treatment 

modality, so that the various modalities are based on predictable outcomes (Chan et al., 2019).  



 

31 
 

CBCT is becoming commonplace in dental practice. It provides 3D images and axial slices of the 

airway at low cost and with an acceptable radiation dose for a specific image quality. However, 

there are still difficulties to overcome to be able to extrapolate the results of the scientific evidence 

on the upper airway to our population, given the large number of factors that have not been 

properly protocolized. Additionally, CBCT is not essential for airway diagnosis, as its volumetric 

calculations are static and change significantly depending on patient position, respiratory phase, 

etc. Hence the importance of the medical history, and of tools such as the sleep questionnaire, both 

for pediatric and adult patients, and not just the subjective evaluation of a diagnostic image (Yu et 

al., 2020).  

 

2.3.3 MRI 

Other image modalities may be valid for assessing different structures present in the craniofacial 

complex such as cartilage. Magnetic resonance (MRI) is often used for this purpose (Shaheen et 

al., 2017). MRI does not find widespread use for the purpose of planning airway management. 

This is because it is a costly, time-consuming diagnostic modality and requires sedation or general 

anaesthesia in paediatric and claustrophobic adult population, which itself requires proper airway 

control. Scanning of airway structures is compromised in MRI due to breathing motion artefacts 

and limited resolution. Also, unlike CT scan, the images cannot be reconstructed to form 3D image 

for better understanding of the patient’s airway anatomy. As CT is good for diagnosing bony 

pathologies, MRI is superior in defining soft-tissue lesions and cartilage invasions, that too without 

the fear of radiation exposure. It is also better than CT for differentiating tumours from 

inflammatory states, which finds implications in oncoanaesthesia in patients treated with radiation 



 

32 
 

and chemotherapy. In spite of all this, MRI has some documented uses in airway evaluation (Jain 

et al., 2019). 

A previous study compared several measurements using neck radiograph and MRI between 

unexpected DI and similar controls. They concluded that they could not validate any parameter 

sufficient enough to predict DI. Also, they did not find statistically significant difference among 

the values measured using both modalities. Elongated epiglottis (≥41 mm) and its abnormal 

angulation on MRI have been found to contribute to DA (Han et al., 2018). 

MRI has also been used for finding appropriate size of endotracheal tube. Patients suffering from 

head and neck, thyroid, oesophageal or mediastinal cancers undergo MRI for tumour staging and 

for surgical planning. This scan can be used to formulate airway plan as well. Invasion of 

preepiglottic and paraglottic space should alert the anaesthesiologist because clinical examination 

in these cases may not hint at DA. Tracheobronchial invasion or compression by thyroid, 

oesophageal or mediastinal masses may be detected by MRI scan and hence aid in airway planning 

(Banko et al., 2014). 

Dynamic MR studies may help in identification of uncommon causes of stridor, for example, 

hypermobile epiglottis, which may also hinder airway management (Breyer et al., 2009). Thus, 

even though MRI is not the preferred modality for pure airway evaluation, it can be easily used for 

understanding the pathophysiology of a patient’s airway, especially if it has been done for aiding 

treatment, like in cases of cervical spine surgeries where it is usually done for formulation of 

surgical plan. This requires effective communication between the treating doctor, radiologist and 

the anaesthesiologist (Han et al., 2015). 
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2.4. Accuracy and reliability of CBCT measurements 

Cone-Beam Computed Tomography (CBCT) has been proved to be an accurate and reliable 

method for measuring craniofacial structures. Several published studies have assessed its accuracy 

and reliability by scanning dry skulls in order to compare linear and volumetric 

measurements taken from physical structures and from CBCT images (Fokas et al., 2018). A 

previous study demonstrated the accuracy of CBCT for measuring volumes. Both studies applied 

Cavalieri’s principle to CBCT images and compared the results with physical volume calculations 

based on the Archimedean principle (Pan et al., 2020).  

Several studies conducted to evaluate the accuracy of CBCT have focused on the maxillary bones, 

while others have specifically studied the mandibular condyles, performing the CBCT scans on 

dry human skulls. However, such studies provide limited information because the soft tissue 

component is not considered. When soft tissues are present, their attenuation coefficients can 

decrease the quality of the image, and so the absence of these tissues, replacing them with air, 

increases contrast and accuracy (San José et al., 2017). 

A previous study evaluated the accuracy of CBCT on linear measurements with the soft tissue 

intact. They used six embalmed heads, which were sectioned to introduce radiopaque markers 

before taking the CBCT scan. The structures were not extracted to perform the physical 

measurements, being directly measured on the section with intact soft tissues. No other studies 

have assessed the accuracy of CBCT on linear measurements with the soft tissues present when 

the CBCT scan was taken. Furthermore, to date, no investigation has analyzed the accuracy of 

CBCT for volumetric measurement in this context (Liao, Lo, 2018). 
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2.4.1 Accuracy of skeletal and dental measurements  

Craniometric measurements have been used to aid orthodontic diagnosis over the past century. 

Direct craniometric and anthropometric measurements were used before the discovery of the x-

ray and the introduction of the cephalometric method. The cephalostat, a modified version of the 

craniostat used for measuring skulls, was introduced by Broadbent in 1931.1 Since then, 

cephalometry has become a commonly used diagnostic tool in orthodontics. Many studies have 

looked at the reliability of lateral cephalograms and have found them to be reproducible. Few 

studies, however, have attempted to assess the accuracy of cephalometric measurements as applied 

three-dimensionally because of known intrinsic limitations of these images, such as distortion and 

magnification (Zorba et al., 2018). 

CBCT application as a craniofacial diagnostic tool often has been underutilized, with the 

orthodontist gathering 3D data and then synthesizing conventional two-dimensional (2D) films 

with which he or she is more familiar (eg, lateral headfilms, panoramic radiographs). These 

reconstructed images are accurate and reliable when compared with conventional radiographs and 

simulate the way lateral cephalometric or panoramic films are magnified and distorted. This 

socalled ‘‘bridge’’ from 3D to 2D images has helped orthodontists use the advantages of CT scans 

without having to add a lateral cephalometric exposure for craniofacial diagnosis (Barbic et al., 

2017). 

Today, existing software allows us to take full advantage of CT scans in performing 3D 

measurements and developing 3D craniofacial analyses. These 3D measurements, made on CT 

images, can be more accurate and reproducible and have the potential to aid in the craniofacial 

diagnosis of facial asymmetries, functional shifts, and canted occlusal planes (Richmond, 2018). 
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2.4.2 Accuracy of soft tissue measurements  

Facial reconstruction is of great concern to the fields of forensic science and anthropology. 

Forensic facial reconstruction is a mixture of science and art in which the reconstruction of faces 

on skulls is attempted for the purpose of individual identification. Facial reconstruction is a method 

used in forensic anthropology to aid in the identification of skeletal remains and is dependent on 

the estimated soft tissue thickness over various anatomical sites of the cranial and facial regions 

(Jullabussapa at al., 2020). 

There are two basic methods of modeling the face in forensic and anthropologic studies. One is a 

morphoscopic method using an anatomical approach for reconstructing the musculature, fat and 

skin. The other is a morphometric method using the average facial soft tissue thicknesses that have 

been gathered by previous researchers over various anatomical sites of the skull and jaws (Amaral 

et al., 2017). 

Traditionally facial soft tissue measurements were studied using the needle depth probing method 

on cadavers. However, the accuracy of these measurements is questionable because of inaccurate 

orientation of the probe, perpendicular to the underlying bone, and compression caused by placing 

of the probe. As well, there is the difficulty in obtaining a large number of specimens representing 

a specific population, or ethnic or racial group, and the time consuming nature of such a study 

(Chen et al., 2017).  

Several imaging-based methods for measuring living facial soft tissue thickness have been 

reported. These include lateral cephalometric radiography , computed tomography (CT) , 

ultrasound and magnetic resonance imaging. However, no study of the accuracy and reliability of 

these imaging modalities for measuring facial soft tissue thickness has been reported. Moreover, 
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there is no study of the effect of the changes in computed tomography scanning protocols (Chen 

et al., 2018). 

 

2.4.3 Accuracy of airway measurements 

The upper airway is an important and complex anatomical structure in respiratory medicine. The 

anatomical and functional abnormalities of the upper airway play an important role in the 

pathogenesis of many breathing disorders such as obstructive sleep apnea (OSA) (Tanabe et al., 

2018). 

Recently, CBCT has been used to analyze the upper airway three dimensionally. In this context, it 

is important to emphasize that the ever-increasing use of medical CT technologies since the 1980s 

has raised concerns about possible cancer risks. The radiation dose incurred by CBCT scanners is 

lower than that from medical CT scanners, which makes CBCT easier to justify as part of the 

diagnostic procedure (Quan et al., 2019).   

After image acquisition, CBCT data sets are usually saved as digital imaging and communications 

in medicine files and imported into dedicated software packages for upper airway analysis. A wide 

variety of engineering, medical and dental software packages are currently available on the market. 

To the best of our knowledge, the reliability and accuracy of most software packages for upper 

airway analysis have not yet been tested (Lee et al., 2019). 

One previous study concluded that several software packages showed high reliability in the volume 

measurement of the upper airway but without mentioning their reliability in the area of and linear 

measurements of the upper airway. Moreover, the study did not assess the accuracy of the upper 

airway measurements. Three previous studies have, however, used artificial phantom models of 

the upper airway as a gold standard to assess the accuracy of software packages. In this context, it 
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should be noted that such phantom models were mostly manufactured using generic forms, which 

do not correctly mimic the complex anatomy of the upper airway. Recent developments in the field 

of three-dimensional (3D) printing offer new opportunities for manufacturing life-like 

anthropomorphic phantoms. In the present study, an anthropomorphic phantom was manufactured 

based on the anatomical characteristics of a human. This is, to the best of our knowledge, the first 

time a humanoid phantom has been used to assess the accuracy of different imaging software 

packages for upper airway analysis (Ashmawy et al., 2017). 

 

2.5. Effect of voxel size on airway measurements 

Cone-beam computed tomography (CBCT) has been widely used in orthodontics since its 

introduction in dentistry in 1998. Applications of CBCT images in orthodontics include dental 

measurements, evaluation of root resorption, diagnoses of the temporomandibular joint, airway 

assessment, three-dimensional (3D) cephalometry, and evaluation of orthognathic surgery (Isidor 

et al., 2018). 

The image quality of CBCT scan might be influenced by a number of variables, such as the 

scanning unit, the field of view (FOV), subject characteristics, scanning time, tube voltage and 

tube current, and also spatial resolution defined by the voxel size. CBCT volumetric data set is 

composed of volume elements called voxels and the dimension of each voxel determines spatial 

resolution of the image. Images acquired in smaller voxel sizes or smaller FOV have better spatial 

resolution. Maret et al. assessed the effect of voxel size on the accuracy of 3D reconstruction of 

CBCT data. They found that volumetric measurements at voxel size of 200 μm and 300 μm were 

underestimated by comparing with those obtained with voxel size of 76 μm and 41 μm. In 
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contrast, Damstra et al. suggested that there was no statistically significant difference of the linear 

measurement accuracy between 0.40 mm and 0.25 mm voxel size group (Eliliwi et al., 2020). 

Landmark-based analysis of maxillofacial structure with linear and angular measurements is the 

most common method of cephalometric analysis in orthodontics since Broadbent introduced 

cephalometric radiography. However, in the literature, few studies so far have assessed the effect 

of voxel size on the accuracy of landmark identification in the CBCT images. The purpose of the 

present study was to investigate the effect of voxel size on the accuracy of landmark identification 

in CBCT images (Yilmaz et al., 2019). 

Voxel size is of paramount importance in terms of quality and scanning and reconstruction times 

of CBCT images. A “voxel” describes the smallest distinguishable box-shaped part of a 3-

dimensional image. In CBCT imaging, voxels are isotropic and range from 0.4 mm to as small as 

0.075 mm. This superior spatial resolution, that is, the ability to discriminate objects of different 

attenuation separated by very small distances, is one of the most attractive qualities of CBCT 

imaging and is largely the result of flat panel technology and isotropic data acquisition. The use of 

smaller voxel sizes also reduces the negative effects of partial-volume averaging, which occurs 

when the voxel size of the scan is greater than the size of the object to be imaged. In such cases, 

the pixel is not representative of either the tissue or the boundary but is given a weighted average 

of the different CT values (Chen et al., 2018). 

In general, radiation time and dose increase with smaller voxel sizes in order to decrease the noise 

that occurs when using smaller voxels. Thus, selection of voxel size can be critical in the diagnosis 

of various craniofacial structures when using CBCT (Dublin et al., 2017). 

In 1997, Arai et al.  developed cone-beam computed tomography (CBCT) for the diagnosis of 

impacted teeth, apical lesions, periodontitis, root fractures, enostosis, and temporomandibular joint 
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disease. The imaging area was originally 4 cm in diameter by 3 cm in height, and their machine 

was characterized by a high resolution and low-radiation dose. The voxel size was 0.125 mm 

isotropic because the image area was small. Images with this system could discern the periodontal 

ligament space very clearly, and the small radiation field of this machine resulted in a low exposure 

compared to other CBCT machines (Hayashi et al., 2018). 

Subsequently, recent generations of CBCT were developed, most of which could image large areas 

of the maxilla and mandible, decreasing the noise, voxel size, or slice thickness while the other 

factors remained constant resulted in an increased radiation dose. In these CBCT systems, the 

voxel sizes used were 0.2–0.4 mm because of computational limitations. If the imaging area 

measured 8 cm in diameter by 8 cm in height, and a voxel size of 0.125 mm was applied, one 

would have 640 9 640 9 640 voxels. Similarly, for a voxel size of 0.080 mm, 1,000 9 1,000 9 1,000 

voxels would be obtained, which made reconstruction difficult using personal computers (Zhao et 

al., 2020). 

To solve this problem, the newest Accuitomo F8 (J. Morita, Kyoto, Japan) was developed with a 

maximum field of view (FOV) of 8 9 8 cm and a zoom reconstruction function. When the raw data 

are reconstructed, the function decreases the voxel size (zoom), which enlarges the image. To use 

this function, the region of interest (ROI) on the image is first chosen and then the region is 

reconstructed with a smaller voxel size (Shafiq‐ul‐Hassan et al., 2017). 
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3. AIM 

 

The purpose of this retrospective study was to evaluate the accuracy and reliability of the airway 

volume, dental, and skeletal parameters measured digitally on cone beam computed tomography 

scans (CBCTs) using airway model scanned with different resolutions and scanning time. 
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4. MATERIALS AND METHODS 

 

This retrospective study was performed using CBCT images obtained from an artificial model of 

airway. In order to create this artificial model, a wax model was first carved in a shape that matches 

the human airway passage in anatomy and size. A silicone impression was then taken and poured 

with plaster of Paris to convert the wax model into a stone model. The stone airway model was 

then adjusted on the platform of Biostar pressure molding machine (Great Lakes Orthodontics, 

Tonawanda, New York, USA) and covered with a transparent acrylic sheet. After the acrylic was 

hardened, the stone model was removed from inside and a transparent air-filled acrylic airway 

model was created Figure 3.  

 

Figure 3: The steps of making an artificial airway model: (A) wax model, (B) stone model (C) 

air-filled acrylic model simulating the airway passage in shape and size. 

 

The model was then attached to a human dry skull to simulate the normal position of the airway 

with overlapping hard tissue structures. The human skull with the installed airway model was 

scanned eight times using the iCAT CBCT Unit (Imaging Sciences International, Hatfield, 
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Pennsylvania, USA) utilizing the following scanning protocols each with different resolution and 

scanning time.  

Table 1: the selected scanning settings used in the study. 

Scans Voxel size Scan time 

Scan 1 0.2 mm 14.7 seconds 

Scan 2 0.2 mm 26.9 seconds 

Scan 3 0.25 mm 14.7 seconds 

Scan 4 0.25 mm 26.9 seconds 

Scan 5 0.3 mm 4.7 seconds 

Scan 6 0.3 mm 8.9 seconds 

Scan 7 0.4 mm 4.7 seconds 

Scan 8 0.4 mm 8.9 seconds 

 

The scan data were uploaded to Dolphin3D imaging software (version 11.95; Dolphin Imaging & 

Management Solutions, Chatworth, California, USA). The same software was used then to orient 

and measure the airway volume, skeletal and dental parameters. 3D images were orientated by 

adjusting the Frankfort horizontal Plane (FHP) parallel to the floor from the sagittal view and the 

midsagittal plane perpendicular to the FHP from the frontal view figures 4 - 6. 

The same software was used to measure and calculate all the selected airway, skeletal, and dental 

parameters. The airway volume was measured after tracing the boundaries of the airway model 

where the software then filled and calculated airway area in cubic millimeter at different 

segmentation levels (S) from S10 – S80. The minimum segmentation level in this study was set at 

S10 with increments of S5 until the maximum segmentation level was reached at S80. This process 

was repeated for all scanning data figures 7 - 10. 

The selected skeletal and dental parameters were measured in vertical and sagittal dimensions on 

the 3D images and sagittal slices of the CBCT images. On the 3D images, a line was drawn from 

the head of the condyle to the coronoid process representing the anterior posterior measurement 
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while for the vertical measurement, a line was drawn from the head of condyle to the Gonion point 

on the right side representing the ramus length figure 11. 

On the sagittal slices, maxillary length was drawn as a line from anterior nasal spine to posterior 

nasal spine representing the anterior posterior measurement while for the vertical measurement, 

lower anterior facial height (LAFH) was drawn as a line from the anterior nasal spine to the 

pogonion point figure 12. The dental measurements were performed by measuring the length and 

width of the maxillary right central incisor (UR1). The length of the UR1 was measured from the 

middle of the incisal edge to the root apex. The width was measured between the height of contours 

of the mesial and distal marginal ridges figure 13. 

 

4.1 Statistical methods and reliability test 

All selected parameters of airway volume, skeletal, and dental measurements were recorded 8 

times for each scanning resolution over 64 days by the primary investigator (WA) and repeated 

after an interval period of 2 weeks by the same investigator to measure the intra-reliability test. 

The same measurements were recorded one more time by the main investigator (AG) using the 

same protocol to measure the inter-reliability test. The measurement errors were assessed by 

Dahlberg’s method (Dahlberg, 1940) and the intraclass correlation coefficient (ICC) was used to 

assess intra-examiner reliability. The measurements were normally distributed; the mean and 

standard deviation were calculated and compared using Mann-Whitney test. P ≤ 0.05 was 

considered statistically significant.  

All statistical calculations were done using the computer programs Microsoft Excel 2010 

(Microsoft Corporation, New York, New York, USA) and Statistical Package for the Social 

Sciences software (version 15; SPSS, Chicago, Illinois, USA). 
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Figure 4 : 3D CBCT skull volume A) right side, B) frontal view, and C) left side. 

 

 

 

 

Figure 5: 3D CBCT image orientation: frontal view. The midsagittal plane was adjusted on the 

skeletal midline of the face.  

A B C 
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Figure 6: Image orientation: sagittal views, the axial plane was lined up with the Frankfort 

horizontal plane. 

 

 

 

Figure 7: A) sagittal section, (B) sagittal section showing airway surface area, C) 3D view 

showing airway volume. 

C 

A 

B 
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Figure 8: The airway boundaries traced on the midsagittal section. 
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Figure 9 : The Airway was segmented at different levels starting from S10  to S80 with 

increasing increment of S5 between each level. 
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Figure 10: 3D image showing the airway volume.  

 

 

 

 

Figure 11 : 3D image showing the A) the distance between the head of condyle to the coronoid 

process, and (B) the distance between the head of condyle to Goinion point. 

 

A B 
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Figure12: CBCT sagittal section showing the A) maxillary length, and B) the lower anterior 

facial hight. 

 

 

 

 

Figure 13: 3D image showing A) the length and B) width of UR1 
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5. RESULTS  

 

The intra- and inter-examiner reliability tests showed no statistically significant differences 

between readings and excellent intra-examiner reliability for all measurements (Tables 2). 

Comparison of airway volume between 14.7 and 26.9 seconds showed statistically significant 

differences among the different segmentation levels S10 - S80 at 0.2 and 0.25 voxel sizes, 

respectively (Table 3). 

Comparison of airway volume between 4.7 and 8.9 seconds showed statistically significant 

differences among the different segmentation levels S10 – S50 at 0.3 voxel size however, there 

was no statistically significant differences detected at 0.4 voxel size (Table 4). 

No statistically significant changes were found in the skeletal and dental parameters between 14.7 

and 26.9 seconds at 0.2 voxel size except for the ramus length. However, all skeletal and dental 

parameters showed significant differences at 0.25 voxel size (Table 5). 

No statistically significant changes were found in all skeletal and dental parameters between 4.7 

and 8.9 seconds at 0.3 and 0.4 voxel sizes, respectively except for UR1 length and UR1 width were 

statistically significant different between 4.7 and 8.9 seconds at 0.4 voxel size (Table 6). 

Comparison of airway volume between different voxel sizes of 0.2 and 0.25 showed statistically 

significant differences among the different segmentation levels S10 - S80 at 14.7 and 26.9 seconds, 

respectively (Table 7). 

Comparison of airway volume between different voxel sizes of 0.3 and 0.4 showed statistically 

significant differences among the different segmentation levels S10 – S50 at 4.7 and 8.9 seconds, 

respectively. (Table 8). 
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No statistically significant changes were found in all skeletal and dental parameters between 0.2 

and 0.25 voxel sizes at 14.7 and 26.9 seconds except for the ramus length which was statistically 

significant different between 0.2 and 0.25 voxel sizes at 26.9 seconds (Table 9). 

No statistically significant changes were found in all skeletal and dental parameters between 0.3 

and 0.4 voxel sizes at 4.7 and 8.9 seconds (Table 10). 

By comparing the four different resolutions selected in this study (0.2, 0.25, 0.3, and 0.4 voxel 

sizes) and eliminating the time, statistically significant differences have been found in the airway 

volume measurements at all airway segmentation levels except S35, S40, S45, and S50 (Table 11). 

However, the skeletal and dental parameters did not show any significant differences except for 

the ramus length (P-value: 0.05). 
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Table 2: Interrater reliability 

 Investigators N Mean Std. Deviation P-value 

A10 
AG 64 6483.00 249.140 

1.0 
WA 64 6483.00 249.140 

A15 
AG 64 6750.13 260.085 

1.0 
WA 64 6750.13 260.085 

A20 
AG 64 6981.00 265.942 

1.0 
WA 64 6981.00 265.942 

A25 
AG 64 7170.63 269.072 

1.0 
WA 64 7170.63 269.072 

A30 
AG 64 7335.00 275.355 

1.0 
WA 64 7335.00 275.355 

A35 
AG 64 7485.25 286.698 

1.0 
WA 64 7485.25 286.698 

A40 
AG 64 7635.00 308.218 

1.0 
WA 64 7635.00 308.218 

A45 
AG 64 7784.25 348.175 

1.0 
WA 64 7784.25 348.175 

A50 
AG 64 7937.75 400.966 

1.0 
WA 64 7937.75 400.966 

A55 
AG 56 7976.57 364.263 

1.0 
WA 56 7976.57 364.263 

A60 
AG 48 7961.00 171.098 

1.0 
WA 48 7961.00 171.098 

A65 
AG 48 8076.17 150.454 

1.0 
WA 48 8076.17 150.454 

A70 
AG 48 8192.67 131.211 

1.0 
WA 48 8192.67 131.211 

A75 
AG 48 8314.00 115.532 

1.0 
WA 48 8314.00 115.532 

A80 
AG 48 8439.67 101.679 

1.0 
WA 48 8439.67 101.679 
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Table 3: Comparison of airway volume measurements showing the effect of different scanning 

time (14.7 and 26.9 seconds) on the same voxel size. 

 Airway volume at different resolutions and scanning time 

Airway 

segmentation 

level 

Airway volume at 0.2 Vox size 

P Value 

Airway volume at 0.25 Vox 

P Value 14.7 sec 26.9 sec 14.7 sec 26.9 sec 

Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

S10 6567(0) 6715(0) <0.001* 6578(0) 6772(0) <0.001* 

S15 6801(0) 6973(0) <0.001* 6821(0) 7036(0) <0.001* 

S20 7016(0) 7193(0) <0.001* 7042(0) 7242(0) <0.001* 

S25 7204(0) 7365(0) <0.001* 7233(0) 7411(0) <0.001* 

S30 7372(0) 7497(0) <0.001* 7392(0) 7552(0) <0.001* 

S35 7507(0) 7609(0) <0.001* 7531(0) 7665(0) <0.001* 

S40 7628(0) 7709(0) <0.001* 7649(0) 7770(0) <0.001* 

S45 7727(0) 7808(0) <0.001* 7747(0) 7867(0) <0.001* 

S50 7818(0) 7905(0) <0.001* 7836(0) 7966(0) <0.001* 

S55 7909(0) 8003(0) <0.001* 7923(0) 8068(0) <0.001* 

S60 7999(0) 8102(0) <0.001* 8015(0) 8015(0) <0.001* 

S65 8097(0) 8200(0) <0.001* 8015(0) 8269(0) <0.001* 

S70 8199(0) 8299(0) <0.001* 8206(0) 8370(0) <0.001* 

S75 8299(0) 8404(0) <0.001* 8315(0) 8477(0) <0.001* 

S80 8431(0) 8513(0) <0.001* 8433(0) 8585(0) <0.001* 

Significant at P≤0.05. 
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Table 4: Comparison of airway volume measurements showing the effect of different scanning 

time (4.7 and 8.9 seconds) on the same voxel size. 

  0.3 Vox 

P Value 

0.4 Vox 

P Value   4.7 sec 8.9 sec 4.7 sec 8.9 sec 

  Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

S10  6494(0)  6065(0)    <0.001*  6579(-)  6320(250.45) 0.317 

S15  6800(0)  6304(0)    <0.001*  6920(-)  6613(296.41) 0.317 

S20  7069(0)  6511(0)    <0.001*  7198(-)  6866(320.68) 0.317 

S25  7282(0)  6686(0)    <0.001*  7416(-)  7070(334.62) 0.317 

S30  7479(0)  6828(0)    <0.001*  7623(-)  7257(354.24) 0.317 

S35  7683(0)  6970(0)    <0.001*  7840(-)  7433(394.01) 0.317 

S40  7911(0)  7105(0)    <0.001*  8082(-)  7625(442.03) 0.317 

S45  8166(0)  7239(0)    <0.001*  8354(-)  7827(510.20) 0.317 

S50  8437(0)  7379(0)    <0.001*  8645(-)  8042(583.01) 0.317 
Significant at P≤0.05. 

 

Table 5: Comparison of skeletal and dental measurements showing the effect of different 

scanning time (14.7 and 26.9 seconds) on the same voxel size. 

 0.2 Vox 

P Value 

0.25 Vox 

P Value  14.7 sec 26.9 sec 14.7 sec 26.9 sec 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Ramus length 43.68(0.08) 43.80(0.09) 0.013* 43.70(0.11) 43.67(0.04) <0.001* 

Condyle-

coronoid 

distance 

24.62(0.04) 24.62(0.07) 0.902 24.58(0.03) 24.60(0.05) <0.001* 

LAFH 38.22(0.04) 38.22(0.07) 0.643 38.16(0.07) 38.25(0.13) <0.001* 

Maxillary 

length 
38.40(0) 38.40(0) 1.000 38.41(0.03) 38.37(0.04) <0.001* 

UL1 width 5.21(0.03) 5.18(0.06) 0.333 5.21(0.03) 5.21(0.03) <0.001* 

UL1 length 14.13(0.07) 14.12(0.07) 0.589 14.12(0.04) 14.15(0.07) <0.001* 

Significant at P≤0.05. 
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Table 6: Comparison of skeletal and dental measurements showing the effect of different 

scanning time (4.7 and 8.9 seconds) on the same voxel size. 

 0.3 Vox 

P Value 

0.4 Vox 

P Value  4.7 sec 8.9 sec 4.7 sec 8.9 sec 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Ramus length 43.70(0.05) 43.66(0.10) 0.565 43.70 43.70(0) 1.000 

Condyle-

coronoid 

distance 

24.61(0.03) 24.58(0.03) 0.171 24.60 24.59(0.02) 0.796 

LAFH 38.22(0.07) 38.20(0) 0.317 38.20 38.20(0.05) 1.000 

Maxillary 

length 
38.40(0) 38.40(0) 1.000 38.40 38.40(0.04) 0.873 

UL1 width 5.22(0.04) 5.17(0.04) 0.053 5.30 5.19(0.02) 0.005* 

UL1 length 14.11(0.03) 14.15(0.07) 0.239 14.20 14.10(0.02) 0.008* 

 

Significant at P≤0.05. 
 

 

 

 

 

 

 

 

 

 

 

 

 



 

56 
 

Table 7: The effect of different voxel sizes (0.2 vox and 0.25 vox) on the airway volume 

measurements using the same scanning time. 

 14.7 sec 

P Value 

26.9 sec 

P Value  0.2 Vox 0.25 Vox 0.2 Vox 0.25 Vox 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

S10 6567(0) 6578(0) <0.001* 6715(0) 6772(0) <0.001* 

S15 6801(0) 6821(0) <0.001* 6973(0) 7036(0) <0.001* 

S20 7016(0) 7042(0) <0.001* 7193(0) 7242(0) <0.001* 

S25 7204(0) 7233(0) <0.001* 7365(0) 7411(0) <0.001* 

S30 7372(0) 7392(0) <0.001* 7497(0) 7552(0) <0.001* 

S35 7507(0) 7531(0) <0.001* 7609(0) 7665(0) <0.001* 

S40 7628(0) 7649(0) <0.001* 7709(0) 7770(0) <0.001* 

S45 7727(0) 7747(0) <0.001* 7808(0) 7867(0) <0.001* 

S50 7818(0) 7836(0) <0.001* 7905(0) 7966(0) <0.001* 

S55 7909(0) 7923(0) <0.001* 8003(0) 8068(0) <0.001* 

S60 7999(0) 8015(0) <0.001* 8102(0) 8166(0) <0.001* 

S65 8097(0) 8107(0) <0.001* 8200(0) 8269(0) <0.001* 

S70 8199(0) 8206(0) <0.001* 8299(0) 8370(0) <0.001* 

S75 8310(0) 8315(0) <0.001* 8404(0) 8477(0) <0.001* 

S80 8431(0) 8433(0) <0.001* 8513(0) 8585(0) <0.001* 

Significant at P≤0.05. 
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Table 8: The effect of different voxel sizes (0.3 vox and 0.4 vox) on the airway volume 

measurements using the same scanning time. 

 4.7 sec 

P Value 

8.9 sec 

P Value  0.3 Vox 0.4 Vox 0.3 Vox 0.4 Vox 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

S10 6494(0) 6579(0) <0.001* 6065(0) 6094(0) <0.001* 

S15 6800(0) 6920(0) <0.001* 6304(0) 6346(0) <0.001* 

S20 7069(0) 7198(0) <0.001* 6511(0) 6577(0) <0.001* 

S25 7282(0) 7416(0) <0.001* 6686(0) 6768(0) <0.001* 

S30 7479(0) 7623(0) <0.001* 6828(0) 6937(0) <0.001* 

S35 7683(0) 7840(0) <0.001* 6970(0) 7077(0) <0.001* 

S40 7911(0) 8082(0) <0.001* 7105(0) 7226(0) <0.001* 

S45 8166(0) 8354(0) <0.001* 7239(0) 7366(0) <0.001* 

S50 8437(0) 8645(0) <0.001* 7379(0) 7516(0) <0.001* 

Significant at P≤0.05. 

 

Table 9: Comparison of Skeletal measurements for the time 14.7 sec and 26.9 sec between two different 

resolutions (0.2vox and 0.25 vox) 

 14.7 sec 

P Value  

26.9 sec 

P Value  0.2 Vox 0.25 Vox 0.2 Vox 0.25Vox 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Ramus 

length 
43.68(0.08) 43.70(0.11) 0.904 43.80(0.1) 43.67(0.04) 0.003* 

Condyle-

coronoid 

distance 

24.62(0.04) 24.58(0.03) 0.090 24.62(0.07) 24.60(0.05) 0.393 

LAFH 38.22(0.04) 38.16(0.07) 0.053 38.22(0.07) 38.25(0.13) 0.890 

Maxillary 

length 
38.40(0) 38.41(0.03) 0.721 38.40(0) 38.40(0.04) 0.143 

UL1 width 5.21(0.03) 5.21(0.03) 1.000 5.18(0.06) 5.21(0.03) 0.333 

UL1 length 14.13(0.07) 14.12(0.04) 0.890 14.12(0.07) 14.15(0.07) 0.333 

Significant at P≤0.05. 
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Table 10: Comparison of Skeletal measurements for the time 4.7 sec & 8.9 sec between two different 

resolution (0.3vox & 0.4 vox) 

 4.7 sec 

P Value  

8.9 sec 

P Value  0.3 Vox 0.4 Vox 0.3 Vox 0.4 Vox 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Ramus 

length 
43.70(0.05) 43.70(0) 1.000 43.66(0.10) 43.70(0) 0.537 

Condyle-

coronoid 

distance 

24.61(0.03) 24.60(0) 0.317 24.58(0.035) 24.58(0.03) 1.000 

LAFH 38.22(0.07) 38.18(0.03) 0.171 38.20(0) 38.22(0.07) 0.317 

Maxillary 

length 
38.40(0) 38.40(0) 1.000 38.40(0) 38.40(0.44) 0.537 

UL1 

width 
5.22(0.04) 5.20(0.05) 0.332 5.17(0.04) 5.20(0) 0.143 

UL1 

length 
14.11(0.03) 14.11(0.03) 1.000 14.11(0.07) 14.13(0.06) 0.239 

 

Significant at P≤0.05. 
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Table11:  Comparison of airway volume measurements between different resolution regardless the time 

 0.2 Vox 0.25 Vox 0.3 Vox 0.4 Vox 
P-value 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

S10 6641.00(76.42) 6675.00(100.18) 6279.50(221.53) 6336.50(250.45) <0.001* 

S15 6887.00(88.82) 6928.50(111.02) 6552.(256.13) 6633.00(296.41) <0.001* 

S20 7104.50(91.40) 7142(103.28) 6790(288.15) 6887.50(320.68) <0.001* 

S25 7284.50(83.14) 7322(91.91) 6984(307.77) 7092.00(334.62) <0.001* 

S30 7434.50(64.55) 7472(82.62) 7153.50(336.17) 7280(354.24) <0.001* 

S35 7558(52.67) 7598(69.19) 7326.50(368.19) 7458(394.01) 0.392 

S40 7668.50(41.82) 7709.50(62.48) 7508(416.21) 7654 (442.03) 0.392 

S45 7767.50(41.82) 7807(61.96) 7702.50(478.70) 7860(510.20) 0.392 

S50 7861.50(44.92) 7901(67.13) 7908(546.34) 8080(583.01) 0.392 

S55 7956(48.54) 7995.50(74.87) 8134(632.07) 7665(0) 0.008* 

S60 8050(53.18) 8090.50(77.97) 7672(0) 7812(0) <0.001* 

S65 8148.50(53.18) 8188(83.65) 7817(0) 7967(0) <0.001* 

S70 8249(51.64) 8288(84.68) 7963(0) 8119(0) <0.001* 

S75 8357(48.54) 8396(83.65) 8110(0) 8268(0) <0.001* 

S80 8472(42.34) 8509(78.49) 8256(0) 8420(0) <0.001* 

Significant at P≤0.05. 
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Table12:  Comparison of Skeletal measurements between different resolution regardless the time 

 0.2 Vox 0.25 Vox 0.3 Vox 0.4 Vox 
P-value 

 Mean (SD) Mean (SD) Mean (SD) Mean (SD) 

Ramus 

length 
43.74(0.10) 43.68(0.08) 43.68(0.08) 43.70(0) 0.05* 

Condyle-

coronoid 

distance 

24.62(0.05) 24.59(0.04) 24.60(0.03) 24.59(0.02) 0.125 

LAFH 38.22(0.05) 38.20(0.11) 38.21(0.05) 38.20(0.05) 0.441 

Maxillary 

length 
38.40(0) 38.39(0.04) 38.40(0) 38.40(0.04) 0.726 

UL1 width 5.20(0.05) 5.21(0.03) 5.20(0.05) 5.20(0.03) 0.810 

UL1 length 14.13(0.07) 14.138(0.06) 14.131(0.06) 14.11(0.05) 0.628 

Significant at P≤0.05. 
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6. DISCUSSION 

Cone-beam computed tomography (CBCT) has been widely used in orthodontics since its introduction 

in dentistry in 1998. Applications of CBCT images in orthodontics include dental measurements, 

evaluation of root resorption, diagnoses of the temporomandibular joint, airway assessment, 3D 

cephalometry, and evaluation of orthognathic surgery (Abdelkarim, 2019). The image quality of CBCT 

scan might be influenced by a number of variables, such as the scanning unit, scanning time, and 

scanning resolution defined by the voxel size (Lohrabian et al., 2019). CBCT volumetric data set is 

composed of volume elements called voxels and the dimension of each voxel determines spatial 

resolution of the image. Images acquired in smaller voxel sizes have better spatial resolution (Yılmaz et 

al., 2017). 

CBCT shows great promise of becoming a useful tool for both patient management and research.  

However, if it is to be relied on, the accuracy of the three-dimensional (3D) reconstructions coming 

from 3D images needs to be clearly established. Accuracy has already been assessed by comparing 

reconstructions using CBCT with those provided by the standard in 3D dental research, micro-CT 

(Rasteau et al., 2020). Similar volumetric measurements were obtained using CBCT with anisotropic 

voxel size of 76 mm and the reference method, micro-CT, with an isotropic voxel size of 41 mm 

(Whittier et al., 2020). The important influence of voxel size on the quality of CBCT images and on 

scanning and reconstruction times is already acknowledged. However, data are still lacking on the 

effects of voxel size on the metric accuracy of reconstructions (Tayman et al., 2019). 

The use of an airway model for evaluating accuracy and reliability of volumetric measurements in 

the present study eliminated the great variability that may occur when using CBCTs of a real 

human airway. The variability results from changes in the airway position, morphology, and 

dimension due to the effects of either the patient’s respiration or swallowing actions during the 
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scanning procedure (Sin et al., 2021). Landmark-based analysis of maxillofacial structure with linear 

and angular measurements is the most common method of cephalometric analysis in orthodontics since 

Broadbent introduced cephalometric radiography. However, in the literature, few studies so far have 

assessed the effect of voxel size on the accuracy of landmark identification in the CBCT images (Lee et 

al., 2019). 

Evaluation of the airway is useful in some orthodontic patients especially those with breathing 

disorders. The CBCT has been recently established as an orthodontic diagnostic modality. It has 

the advantage of high quality images and superior anatomic presentation with less radiation doses 

than the conventional CTs (Behrents et al., 2019). The purpose of this study was to evaluate the 

accuracy and reliability of the airway volume, dental, and skeletal parameters measured digitally on 

cone beam computed tomography scans (CBCTs) using airway model scanned with different 

resolutions and timings.   

While many previous studies investigated the reliability of CBCT measurements of craniofacial 

and dental parameters, the literature is defcient in evaluating the reliability of airway 

measurements. Lagravère et al., (2008) and Baumgaertel et al., (2009) compared dental 

measurements generated on CBCT scans to the measurements made on a co-ordinate measuring 

machine using a synthetic mandible and to the measurements made directly on the dentitions of 

human dry skulls, respectively. Their results indicated that the CBCT measurements were reliable 

and accurate and supported the use of CBCT technology to analyze the dentition. Studies 

concerning the reliability of the airway measurements on CBCTs compared them with data 

obtained from two-dimensional cephalograms. Aboudara et al., (2003) compared airway 

information from 11 normal adolescent children between lateral cephalometric headflms and three-

dimensional CBCTs. They concluded that intra subject proportion of airway volume to area shows 
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moderate variability and that CT airway volume shows more variability than corresponding 

headflm airway area. They also indicated that there may be airway information that is not 

accurately depicted on the lateral headflm. In their later study, Aboudara et al. (2009) compared 

imaging information about airway size between lateral cephalometric head films and three-

dimensional CBCTs from 35 adolescent subjects. 

In agreement with the current study, Ghoneima and Kula (2013) reported that no significant 

statistical difference was found between the airway volumes. In our study, no significant differences 

were also found in airway volume using the same resolution and same scanning time. However, 

significant differences were found when compared the airway volume at different resolution and 

scanning time indicating a great variability between the different voxel sizes selected in this study (0.2, 

0.25, 0.3, and 0.4) as well as the scanning time (4.7, 8.9, 14.7, and 26.9). 

In contrast to our results, Alves Jr et al. (2012) reported that the volumes measured with the 

threshold values of the 25 and 50 filters had statistically significant differences from the gold 

standard. However, volumes measured with the threshold values of the 70, 71, 72, 73, 74, and 75 

showed no statistically significant differences from the gold standard and among them. The gold 

standard method used to obtain the actual volume of the airway prototype was the volume of water 

necessary to fill the empty space of the prototype measured by high-precision micropipette of 2 to 

20 mL. In our study we found that by using Mann-Whitney test in Airway volume measurements, 

high significant differences were shown between the scanning time of 14.7 sec, 26.9 sec and two 

different resolutions of 0.2 and 0.25 voxel sizes. This test was high significant on total and per each 

resolution, high significant differences were shown between the time 4.7 sec, 8.9 sec and two different 

resolutions of 0.3 and 0.4 voxel size.  
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While Maret et al. (2012) showed that the reconstructions from volumetric measurements at 200 

mm and 300 mm were compared with those obtained with CBCT, using a voxel size of 76 mm, 

and micro-CT, voxel size of 41 mm, considered as references. We showed in an earlier study that 

the volumes obtained with CBCT 76 mm were similar to those from micro-CT 41 mm. 

Segmentation requires thorough knowledge of the images to be analysed and of the information to 

be extracted subsequently. Maret et al. (2012) assessed the effect of voxel size on the accuracy of 

3D reconstruction of CBCT data. They found that volumetric measurements at voxel size of 200 

μm and 300 μm were underestimated by comparing with those obtained with voxel size of 76 μm 

and 41 μm, Damstra et al., (2010) suggested that there was no statistically significant difference 

of the linear measurement accuracy between 0.40 mm and 0.25 mm voxel size group. 

Ashmawy et al. (2017) showed that the difference between the actual physical measurements 

obtained by the digital caliber and CBCT measurements was considered as the measurement error 

and by comparing this error between the CBCT scans (0.2 mm, 0.3 mm, and 0.4 mm voxel size), 

there was no statistically significant difference between these CBCT scans regarding all 

measurements except one measurement at the 0.4 mm voxel size CBCT scan showed a statistically 

significant high mean error; while all other measurements showed no statistically significant 

difference between the CBCT measurements and actual physical measurements. 

In the present study, Using Mann-Whitney test in skeletal measurements, significant differences 

were shown between the time 26.9 sec and two different resolutions of 0.2 and 0.25 voxel sizes as 

regard to the ramus length measured on the 3D volume. Although ramus length was significant at 

26.9 second, no significant differences were shown between the time 4.7 sec, 8.9 sec and two 

different resolutions of 0.3 and 0.4 voxel sizes. This test was significant in all skeletal and dental 

parameters the two different scanning time of 14.7 and 26.9 second at 0.25 voxel size. 
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In the present study according to comparison of airway volume measurements between different 

resolutions after eliminating the time as a factor, we found that high significant differences were 

shown between airway volume measurements among the different segmentation levels except 

from A30 to A50. Likewise, skeletal parameters did not show statistical significant differences 

among the different resolutions after eliminating the time as a factor except for the ramus height. 
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7. CONCLUSIONS 

 

This study confirms that reliability of the CBCT measurements in airway volume, skeletal and 

dental parameters. Airway volume measurements vary based on the voxel size, scanning time and 

segmentation level of CBCT scans. Clinicians and researchers should be aware of the effect of the 

scanning resolution, scanning time, and segmentation level on the airway measurements since this 

could affect the clinical judgement. This study recommends the clinicians to use the same scanning 

settings before and after treatment while performing radiographic examinations for critical cases.  
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