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ABSTRACT 

 

Cone Beam Computed Tomography (CBCT) is increasingly being used in dentistry to 

explore certain types of craniofacial abnormalities. Sleep-disordered breathing represents a 

significant burden to individuals and society. Hence, the opportunistic use of CBCT imaging 

among dentists to screen for upper airway obstruction has increased. Adenoid hypertrophy (AH) 

is one of the abnormalities linked to upper airway (UAW) obstruction that could lead to 

obstructive sleep apnea (OSA). The specific use of CBCT imaging to assess AH and the related 

nasopharyngeal space has been already proposed, but there is still a lack of agreement on its 

diagnostic value. Dolphin software is widely used in North American offices due to its friendly-

user capabilities. This software has an upper airway analysis function which could be used to 

generate an STL model of a specific upper airway section. To our knowledge, 3D print-out 

depictions of the nasopharyngeal area has not been explored yet. This thesis project aims to 

develop and validate 3D depictions of the nasopharynx including different degrees of AH. The 

3D depictions (3D-picture and 3D-prototype) were produced based on a pool of CBCT scans of 

patients with the nasopharyngeal area already examined via Nasoendoscopy (NE). The design 

and development of the 3D depictions of pharyngeal adenoidal obstruction examples included 

two different representations of the nasopharyngeal airway, a lumen depiction (LU) and an 

adenoid mass in relation to the lumen depiction(AD). The developed methodology showed 

excellent reliability, ICC = 0.982 (95% CI, 0.939-0.995) for LU and ICC = 0.995 (95% CI, 

0.981-0.998) for AD. The generated 3D volume surfaces (LU and AD) were converted into STL 

files and distinct types of prototypes were fabricated (LU 3D and AD 3D). Otolaryngologist-
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head and neck surgeons (OHNS) evaluated the 3D depictions, the visualization consisted of LU 

and AD in 2D  pictures and in 3D printed prototypes. Therefore four depictions were assessed in 

total, as follow: LU 2D depiction (surface picture), AD 2D depiction (surface picture), LU 3D 

depiction (prototype), AD 3D depiction (prototypes). One 3D depiction (LU 2D) failed to show 

validity as a subjective measurement; however, the other three 3D depictions (AD 2D, LU 3D, 

and AD 3D) were capable of suggesting validity as a subjective measurement. More precisely, 

the AD 3D depictions were adequate in detecting AH in this sample. High sensitivity and 

specificity were achieved 100% and 70%, as well as adequate positive predictive value (PPV) 

and negative predictive value (NPV) - 66% and 97% respectively. The developed 3D prototype 

may be a practical and readily available alternative for the assessment of the adenoidal 

obstructed area. It may also be useful in the future for educational purposes. 
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Chapter 1: Study justification and Literature Review on CBCT three-

dimensional imaging use to assess upper airway 

 

INTRODUCTION 

 

When a pediatric patient presents intermittent airway patency during sleep and the 

severity of this obstruction has not been evaluated through a polysomnography, this patient is 

said to have a syndrome of upper airway dysfunction during sleep, called obstructive sleep-

disordered breathing (obstructive SDB).(1) Sleep disorder breathing (SDB) is characterized by a 

spectrum of clinical entities such as primary snoring, upper airway resistance syndrome, 

obstructive hypoventilation, and obstructive sleep apnea syndrome (OSA).(2)  

The prevalence of OSA in the pediatric population is 1-5%(3), and the prevalence is even 

higher in children with comorbidities. Besides all individual deleterious effects, untreated OSA 

impacts the burden on society by increased health care costs, decreased work productivity, as 

well as motor vehicle accidents.(4, 5) The available literature reports that OSA costs around 

US$3.4 billion (USA), and US$ 7.4 million (Australia).(6) In addition, compared to age-matched 

controls, children with OSA consume six times more medication, need more specialist 

consultations and have a higher annual impact in health care costs, an increase of 215%.(7)  

The first step in managing SDB in a pediatric patient is to assess a potential upper airway 

obstruction as the main cause.(1) The presence of hypertrophic adenoids has been quantified as 

the most likely cause of upper airway obstruction in children.(8) A recent systematic review(9) 

suggested a significant association between hypertrophic adenoids and upper airway obstruction 

as well as some links with specific dentofacial deformity traits. Hence, the assessment of the 
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upper airway region is important in order to give any affected patient the management they need, 

preventing further major potential health consequences. 

The clinical assessment of the upper airway region is usually comprised of direct clinical 

visualization, when possible, complimented by imaging exams which can be performed by 

functional, dynamic, or static techniques. Flexible nasopharyngoscopy (nasal endoscopy-NE) 

and magnetic resonance imaging (MRI) are the most common among the functional and dynamic 

imaging methods; computed tomography (CT), lateral neck radiography, and cephalometry are 

the most common among the static imaging techniques. In a recent consensus meeting of the 

European Respiratory Society task force on the diagnosis and management of SDB in children 

aged 2-18 years, it has been stated that all those exams and techniques could be used to evaluate 

abnormalities predisposing to obstructive SDB.(1)  

In the medical field, the nasal endoscopy (NE) is considered the standard clinical 

visualization procedure used among otolaryngology-head and neck surgery specialists (OHNS) 

to visually assess sinus, nose, and any nasopharyngeal related pathology.(10) NE has some 

advantages such as radiation free and being a dynamic visual assessment but some disadvantages 

are also identified such as being a minimally invasive procedure that requires the development of 

determined technical skills. Its use is sometimes limited since during the exam the contact with 

sensitive structures can cause discomfort and pain to the patient. It is not considered a patient-

friendly approach in children as it requires cooperation, occasionally sedation, and could lead to 

some level of complications.(10)  

Considering that NE is out of the scope of practice for dentists, but that the overall 

assessment of the craniofacial structures is, the exploration of other imaging tools to assess the 

nasopharyngeal anatomy has been explored. Among them, CT and MRI can depict the 
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morphology of the craniofacial structures; however, high ionizing radiation (specifically in the 

case of CT), limited availability, and associated costs, limit their day-to-day use.(11) On the 

other hand, CBCT is a relatively accurate and efficient modality involving less ionizing radiation 

than conventional CT.(12, 13) Hence, the use of CBCT scans in dentistry has exponentially 

increased since its introduction in the late 90’s.(14)  

The use of CBCT imaging and more specifically the accuracy and reliability of CBCT 

imaging contrasted against NE-based diagnosis for the assessment of adenoid hypertrophy (AH) 

has been previously reported in the literature in four studies.(13, 15-17) Excellent agreement 

between the two techniques (CBCT vs. NE) was found, although orthodontists, probably due to a 

lack of experience in CBCT, would make consistent errors in evaluating the 2D airway 

depictions from DICOM reconstructions. Thus, the use of a 3D printing model would benefit 

those professionals without experience with CBCT. The advent of a 2D and/or a 3D printed 

model could streamline the diagnostic process, especially in cases where the patients already had 

a recent CBCT in which hypertrophic adenoids is suggested. It would also substitute the need for 

an additional NE in selected cases and would be useful in remote regions where the access to an 

OHNS specialist is absent. It would also be used as a tool for patient education to increase 

awareness regarding the problem. Additionally, the exploration of 3D print outs of the 

nasopharyngeal area has not been explored yet and would be a good training tool to fill the 

previously reported(16) gap of agreement in image interpretation between professional 

assessments. 

Besides its popularity in dentistry, the CBCT technique has the advantage of usually 

being more accepted by children in comparison to NE, as it causes neither pain nor major 

discomfort, and does not require sophisticated hand skills.(11, 18) Another advantage of CBCT 
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over NE, is the fact that CBCT allows the use of a 3D software to convert the imaging in a 3D 

depiction which allows other anatomical areas to also be explored, enabling more applicability 

without a need for an additional exam.  

Another reason to explore more applications for available CBCT DICOM's of the 

nasopharynx, is the current waiting time for patients to have the NE exam performed due to 

shortage of specialists (and staff) and, sometimes, inaccessibility. According to a paper published 

in 2016, 51% of Canadians wait extensively for a medical specialist appointment, and 53% 

waited too long for selected diagnostic tests.(19) The wait times for otolaryngology along with 

eleven other specialties has been considered the longest in the developed world.(20) The wait 

time has increased from 9.3 weeks in 1993 to 18.2 weeks in 2013, and has been implicated for 

the increasing rate of mortality in Canada.(20) The consequences of waiting may increase the 

rate of deterioration in general physical conditions, and also can lead to more complex medical 

interventions. 

In addition, the health care environment is evolving and better integration and 

coordination between the dental and medical communities would benefit patient health(21). 

Patient health is the key concept of primary care, in which dentists sometimes are the active 

primary care provider, so that they can serve as a screening source for some chronic diseases, 

including OSA.(21) Dentists are responsible for the diagnosis, treatment, and prevention of 

diseases and disorders of the oral cavity and related structures.(21) Furthermore, dentists must 

fulfil the duty of care to the patient(22), and in the event of referrals, dentists should ensure the 

patient understands the importance of additional care. Hence, having dentists educated and 

trained in screening for SDB would allow them to provide proper referral to a medical specialist. 

Earlier diagnosis and treatment increases community health benefits. 
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3D printing is an advanced cutting-edge technology that has generated many applications 

in medicine and dentistry. It allows the rapid conversion of information from digital 3D models 

into physical objects. Surgical templates, diagnostic, rehabilitation, educational training, patient 

education and dental-medical records are some of the many possibilities.(10, 23-26) 

For the above-listed reasons, we hypothesize that if CBCT is already available or 

indicated for other reasons, a 2D and/or a 3D print out of the nasopharynx may be capable of 

adequate discrimination between cases that likely have hypertrophic adenoids, which then should 

trigger selective referral to an OHNS. Furthermore, we want to compare the efficiency between 

both the 2D and 3D printouts in screening for adenoids. 

 

1.1. Rationale 

Five studies(13, 15-17, 27) have explored the use of CBCT to investigate pharyngeal 

adenoidal obstruction. Four(13, 15-17) contrasted with NE. Three(15-17) of them assessed 

qualitatively and one(13) quantitatively. Among the studies that assessed CBCT qualitatively, 

there is still some disagreement between professional image interpretation. In the quantitative 

assessment through volume and minimal cross-sectional area, a weak correlation was observed. 

In addition, the exploration of 3D printouts of the nasopharyngeal area has not been explored in 

this regard yet.  

 

1.2. Study Importance and Justification 

1. AH is associated with SDB in children: 

Due to the individual and societal burden of SDB in children, over the years the literature 

has been reinforcing the need for early referral, diagnosis and treatment. 



 
 

6 

2. Dentist duty of care to the patient: 

Dentists have the responsibility to screen for abnormalities on the stomatognathic system 

and craniofacial structures, and as a health care provider the dentist can serve as a screen for 

some chronic diseases, including SDB.  

3. Wait lists in Canada: 

Another reason to explore more applications for available CBCT DICOM's of the 

nasopharynx, is the current wait time for patients to have the NE exam performed due to a 

shortage of specialists (and staff) and, sometimes, inaccessibility. 

4. CBCT imaging technology: 

The advent of 3D printouts could enhance both the health professional’s qualitatively and 

quantitative assessments of airway obstruction.  

 

1.3. Objective 

The objective of the present research is to develop and validate the use of 3D printed 

models of the nasopharyngeal area with different degrees of AH as a tool to screen for AH by 

OHNS assessments. (Figure 1) 

 

1.4. Upper airway anatomy and function 

Breathing is essential for human survival. Especially during childhood, this process is 

also of crucial importance for craniofacial growth and development. Normally breathing should 

occur almost exclusively through the nose, but when children cannot fully breathe through the 

nose, they will start to breathe through the mouth, which could facilitate undesirable adaptations 

of the stomatognathic system to an unusual role.(27-29) Additionally, pediatric OSA is often 
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associated with a structural narrowing of the upper airway in conjunction with inadequate 

compensation for the decrease in neuromuscular tone.(30)  

The upper airway consists of the pharynx, nasal cavity and surrounding sinuses. The 

pharynx is a 10.5 cm tube-like from the base of the skull to the lower border of the cricoid 

cartilage (C6) which sends air to the lungs, and food to the esophagus. The pharynx is usually 

divided into three parts: nasopharynx, oropharynx, and laryngopharynx.(31)  

Those three parts of the pharynx have different functions. The nasopharynx has a 

respiratory function, the oropharynx has either a respiratory and a digestive function, whereas the 

laryngopharynx that communicates to the larynx, has a specific digestive function.(31)  

The nasopharynx has its boundaries formed by five structures: the fornix (roof), soft 

palate (floor), choanae of the nasal cavity (anterior), mucosa covering superior constrictor 

muscle (posterior) and mucosa covering superior muscle (lateral).(31) 

The anatomic features surrounding the nasopharynx are the ostium of the auditory tube, 

which opens into the nasopharynx; the torus tubarius lies superior to the ostium of the tube, the 

torus is an elevation formed by the base of the cartilaginous portion of the auditory tube; 

salpingopharyngeal fold is a mucous membrane that lies over the salpingopharyngeal muscle, 

connecting the torus tubarius to the lateral wall of the pharynx; pharyngeal recess is located 

posterior to the salpingopharyngeal fold, and contains the pharyngeal tonsils, also called 

adenoids. 

In the nasopharyngeal space, we encounter the adenoids, a collection of lymphoepithelial 

tissues located near the oropharynx and nasopharynx, which was first noted in 1661 by Conrad 

Victor Schneider. He noted the adenoids between the vomer and the foramen magnum, being 

bounded by the pterygoid plates.(32) The adenoids’ function was first considered to be a source 
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of mucus, according to Schneider, and was not related to the speech or Eustachian tube 

function.(32)  

In 1842, the improvement in hearing after removing this structure was reported by James 

Yearsley, but only in 1868, was Hans Wilhelm Meyer able to support the relationship between 

adenoids and ear disease and to develop an operation to remove the affected adenoids.(32) He 

successfully operated a 21-year-old patient who had hearing loss, difficulty speaking, dizziness, 

fever, otorrhea, and mouth breathing. Since then, removal of adenoids became rapidly accepted 

worldwide as a treatment for morbidities other than otitis, such as cognitive problems, speech 

problems, and sleep apnea; as well improvement of related knowledge and techniques have 

emerged.  

More specifically, the adenoids compose the Waldeyer ring, a group of lymphoepithelial 

tissues, serving as secondary lymphoid organs, acting against antigens entering the body through 

the mouth and nose. Their size demonstrates age-dependent involution and appears to be 

correlated with the level of immunological activity, which peaks between the ages of three and 

ten.(2)  

A link between hypertrophic adenoids and upper airway obstruction has been reported.(9, 

33) Such obstruction may lead to SBD which in itself may lead to a compromised general health 

and quality of life.(8, 34) In addition, pediatric sleep disorders have been related to poor 

classroom grades, cognitive development, and attention disorders.(35)  

1.5. Hypertrophic adenoids 

The adenoids are exposed structures that are highly predisposed to inflammatory and 

infectious episodes, especially in children due to immaturity of the immune system.(2) In the 
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first year of life, adenoids occupy a large part of the nasopharyngeal space, because of their role 

in immunity induction.(36) 

They consist of 40% of T-lymphocytes, 50% - 60% of B-lymphocytes, and 3% of plasm 

cell, and they produce IgA.(36) Due to their anatomical location and immunological function 

adenoids are considered to be a reservoir of viruses and bacteria.(2) 

According to Scammon’s curve, which indicates the different pattern of growth on the 

human body, the lymphoid tissues start to decrease around 12 years of age(37). This pattern 

though cannot be applied to adenoid tissues because Scammon’s curve did not evaluate tonsils 

and adenoids, but only the appendix, thymus, and intestine. Another exception of the Scammon’s 

curve is the cranium-skeleton because the upper part of the face follows the neural curve and is 

completely grown around 7 years of age, while the lower face, follows the general curve having 

an adolescent growth spurt.(37, 38) The size of the adenoids vary, some children have enlarged 

adenoids since its birth, although usually the adenoids grow until 3-5 years old and start to 

diminish around the age of 7.(2, 36, 39) An age-dependent study conducted in 2013(39), 

concluded that adenoid sizes increase during the first 7-8 years of life, and then start to gradually 

decrease, and in snoring children the adenoids can remain large irrespective of age. AH in 

children has been associated with allergy and allergen(36), during the period the children are 

exposed to the antigens to which they are sensitized. So the period of enlargement varies 

depending on if it is functional, or reactional.(36) 

1.5.1. Hypertrophy classification 

AH can be classified based on many different methodologies, such as the Parikh, Wang, 

Fomin, and Cassano classifications.(40, 41) As demonstrated by a recent systematic review on 

adenoid prevalence, the Parikh(42) method was the most used method, followed by the Cassano 
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classification.(41) The current reference standard is a subjective adenoid size grading scale 

system based on the relationship of the adenoids to the adjacent torus tubarius, vomer, and soft 

palate.(42)  

 

1.6. Adenoid assessment in children 

AH is a common disorder that can affect the efficacy of nasal breathing. If the adenoids 

become significantly enlarged, they can interfere with the airflow coming from the nose forcing 

the children to also breathe through the mouth, leading to undesirable adaptations. AH is the 

most common cause of upper airway space obstruction in children and adolescents, with a 

prevalence of 34.46% in randomized samples, and a prevalence ranging from 42.18 to 70.02% in 

a convenience sample.(41)  

Various methods have been developed over the years for assessing adenoid sizes(8), 

mostly based on the available space in the nasopharynx around the adenoids, but not specific on 

the real size of the adenoid tissue. Palpation and mirror examination requires patient cooperation 

limiting the use in pediatric assessment.(11) NE is the primary method and the accepted 

reference standard to determine AH management(15), but it carries a level of inaccessibility and 

of some minimal risks such as laceration, bleeding, respiratory collapse, and vomiting.(18) 

Likewise, in patients unable to cooperate with the NE other imaging exams are considered.(11)  

1.6.1. Nasoendoscopy 

Regarding NE, the type of device to perform the procedure is not standardized as 

sometimes a rigid endoscope is used, sometimes a flexible one, and sometimes mobile units are 

used. Currently, flexible fiberoptic nasal endoscopy is a broad method used for multiple purposes 

in a routine OHNS practice.(8)  
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Fiber optic nasopharyngoscopy with Müller maneuver (FNMM) is used to assess the 

level of obstruction in the nasopharyngeal region while inspiration and expiration.(43) The 

technique is performed with the patient in a supine or sitting position, and with the endoscope in 

the nasopharynx the patient is asked to vigorously inhale with the mouth closed, while the 

examiner occludes the nostrils.(43)  

 

1.7. CBCT 

CBCT has been referred to as accurate in measuring facial soft tissue(44), and as an 

effective diagnostic method to evaluate upper airway space.(14) The use of CBCT to diagnosis 

AH has shown an agreement between CBCT and NE(15), and reconstructions of the adenoid 

tissue in 3D imaging, through CT techniques have been suggested.(45) Also, computer-based 3D 

volume calculations can be performed more accurately, effectively, and easily by the advent of 

3D reconstruction and analysis techniques. A previous study concluded that orthodontists had 

poor agreement compared to NE to evaluate AH(16), therefore the advent of a 3D printout model 

as a part of dental documentation might improve nasopharyngeal obstruction assessment by 

general and specialist dentists, therefore facilitating the referral of the patient to a specialist. 

1.7.1. Upper airway imaging 

Imaging is one of the most important diagnostic tools in healthcare. Over the years a 

large number of imaging modalities have been developed based on different physical principles 

to visualize structure, function, and composition of the human body. Some of these imaging 

techniques are X-rays, nuclear magnetic resonance, ultrasound reflection, and radioisotope 

emission.(46) Within X-ray imaging different modalities such as conventional (film based) and 

digital such as computed tomography (conventional-CT, and electron beam CT-MDCT and 
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CBCT) have been used. Nowadays, computed tomography (CT), MRI, and cone-beam computed 

tomography (CBCT) are some of the most popular methods used in medical imaging.(47) 

Medical history in addition to evaluation of clinical findings are the basis for the 

diagnosis of the upper airway dysfunction.(8) Functional, dynamic and static methods to evaluate 

upper airway have been described in the literature.  

 

1.7.1.1. Functional Imaging 

The functional imaging method includes the computational fluid dynamics (CFD) which 

assesses the airflow by computing analyses and simulation of the airflow. CFD is becoming a 

prominent technique, although it requires very specific abilities to perform and is time-

consuming and computationally demanding.(48)  

 

1.7.1.2. Dynamic Imaging 

Dynamic methods include acoustic reflection, fluoroscopy, NE and nuclear MRI. 

Acoustic reflection is a non-invasive technique that allows the calculation of upper airway space 

volume as a function of the distance that the sound wave is reflected from/to its source. It does 

not involve radiation and can be repeated at 0.2 seconds intervals. A debated disadvantage is that 

this method does not provide anatomic information on discrete structures since the mouth 

remains open with a mouthpiece. Therefore, it may not compare well with other imaging 

techniques in which the mouth remains closed during the assessment.(12)  

An alternative dynamic method, fluoroscopy has been used to assess airway closure 

during sleep, although radiation exposure makes the study impractical for routine use, and 

pertinent cross-sectional measurements of the airway are not possible.(12)  
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Nasopharyngoscopy also knowns as NE, is another dynamic method, that provides some 

advantages and disadvantages. Advantages include the fact that it can be performed either in 

supine or sitting positions, as well as either in wakefulness or sleep. Additionally, it allows 

performing the Müller maneuver, during the exam. The Müller maneuver can provide some 

insight into the location of the upper airways space obstruction by potentially mimicking 

obstructive apneas. As for disadvantages, it only assesses airway lumen and not surrounding 

craniofacial structures, and it is a relatively invasive procedure. 

MRI allows both dynamic and static imaging(12), and it has excellent resolution for 

airways and soft and fat tissues, but it is costly and has limited availability. Images are displayed 

based on manipulation of nuclear magnetic dipole moments employing an externally applied 

magnetic field and subsequent recording and analysis of the radio signals emitted from the nuclei 

in response to these manipulations. The magnetic field measures in TESLA (T), one tesla is 

defined as the field which exerts a force of 1 Newton (N) on a one-meter length of a conductor 

carrying one Ampere (A) of a current perpendicular to the magnetic field.(46) Tesla relates to a 

gauss unit in that 1T is equivalent to 10,000 gauss. A whole-body MR scanner is voluminous and 

expensive and not necessarily needed for too many purposes; hence, smaller MR scanners have 

been developed, to accommodate limited field of views.  

Due to the absence of radiation and the ability to make high-quality images of soft 

tissue(49), MRI might appear the most desirable for soft tissue and airway assessment, although 

the MRI exams take a long time to be completed, which might increase the probability of motion 

artifacts due to swallowing and movement; besides, it is not readily available for dentists.(30) 
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1.7.1.3. 3D Static Imaging 

Amongst the static imaging, cross-sectional, volume, linear, and surface area 

measurements are included. The static method can also provide a 3D model, reconstructed from 

a 3D imaging modality.  

CT is widely available, has an excellent airway space and bone resolution, and the 

structures can be viewed in 3D as well as in both dynamic and static methods. Using electron 

beam CT, some studies have analyzed in detail the airway changes during inspiration and 

expiration in wakefulness in normal and apneic patients.(50, 51) The drawback is that due to 

radiation it cannot be performed repeatedly during sleep and wakefulness.(12)  

The interest in the role of CBCT, specifically the 3D imaging -static method- for 

treatment and outcomes in the upper airway space and craniofacial structures in patients with 

SRBD has grown exponentially.(48) Previously studies have suggested the use of CBCT to 

evaluate adenoids, tonsils and tongues(52), and upper airways.(14, 53) CBCT provided greater 

accuracy compared to MDCT.(54) MDCT provides high-resolution images but has radiation 

doses around 860 µSv for a 12-cm-high field of view.(55) Additionally, it is not readily available 

for dentists. On the other hand, CBCT has ten times less ionization radiation, around 68 µSv(56) 

and is readily available for dentists.(48) Additionally, CBCT cost is lower than the other two (CT 

and MRI) and has high clinical application in the field of dentistry. 

 

1.7.2. CBCT imaging formatting before visualization 

The difference between CBCT and a conventional CT is that CBCT uses a cone-shaped 

beam that captures the full image in a single rotation. So, the patient should not move during the 

exam. Technically, it is a squared matrix of pixels (picture elements), each representing a voxel, 
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in a slice of the region of interest. The series of measurements collected by the CT scanner are 

assigned a gray value based on the magnitude of contrast. Slightly attenuating structures like air 

are shown in black, and the highly attenuating structures like compact bone are shown in 

white.(46)  

For image reveal, each pixel is appointed a CT number representing tissue density, this 

number is named after its creator Sir Godfrey Hounsfield.(57) Hounsfield unit scale (HU) refers 

to the linear transformation of the original linear attenuation coefficient value of each tissue, and 

it measures radiodensity on a quantitative scale.(49, 57-59) Although, HU values for CT machine 

was first defined as -1000 HU for air while distilled water were defined as 0 HU(57-59), HU is 

not an absolute value and can change based on imaging parameters and CT scanners.(49, 60) For 

instance, the initial HU values were represented from -1000 to +1000(57), while newer CT 

machines have a range up to 4000 HU.(49) Another important observation is that many tissues 

differ by only few HU, therefore only if a small range of HU is displayed those tissues can be 

differentiated.  

In CBCT, the degree of x-ray attenuation coefficient is shown by gray scale values 

instead of HU scale, even though some CBCT manufacturers and software present the gray 

scales named as “HU”, note that this HU CBCT terminology does not hold the same value as the 

actual HU CT. Basically, “gray scale” and “HU” do not share the same value and scale until 

now. Still, a number of studies(59, 61-67) have observed the relationship between HU values and 

gray scale for bone tissue density (59, 64-67), with generally consistent findings, although under 

distinct scan protocols. Nevertheless, while bone density values correlation between HU CT and 

CBCT gray values has been widely explored, the opposite can be said regarding literature about 
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the correlation in values for air and soft tissue. Air indeed, showed a great difference between 

grey levels and HU values being excluded from the curve fit.(65) 

In CBCT, an image with low density (considered radiolucent in 2D radiographs) is called 

hypodense and with high density is called hyperdensis. Voxels with a number below than the 

upper limit will be displayed in black and higher than it will be in white.(46) Due to this imaging 

principle, the dimensions of a structure may be distorted in regions where different tissues meet, 

for instance between soft tissue and bone as the boundary may not be clearly differentiated.(46) 

This distortion becomes more pronounced the thicker the sections are because more different 

tissue’s density will be in the same voxels.(46) 

 

1.8.  CBCT and 3D reconstruction use to assess upper airway space and surrounded 

structures 

 The 3D imaging reconstruction tool has been positive for complex medical cases as it 

significantly improves diagnosis and treatment planning. The use of the digital imaging and 

communications in medicine (DICOM) format allows the 3D reconstructions of complex airway 

space and anatomy.(29) As a result, new possibilities and applications for CBCT in upper airway 

imaging analysis have become increasingly relevant.  

 Since dentists might be among the first professionals to recognize a patient’s potential 

sleep-breathing problem(68, 69), SRBD has become an area of interest in dentistry. 

Consequently, general dentists and specialists have become more familiar with screening tools 

for potential nasal airflow reduction or obstruction, of which AH is a chief cause.(70)  

A previous study evaluated the airway volume and minimal cross-sectional airway area 

from a CBCT against the NE using an automated tool of Dolphin software to localize the 
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constricted area. They concluded that the automated measurements may not yield high quality 

clinically relevant information on the upper airway constriction related to AH.(13) Nonetheless, 

their methodology presented some limitations regarding delimitation of the region of interest that 

overly delimited the adenoid anatomic limits area. Another important limitation is that they 

included patients in their sample that did not have the CBCT and NE performed on the same day. 

Thus, their results would be compromised both for the measurements, as well as for the variance 

in the level of adenoid obstruction due to the NE diagnostic and CBCT exam dates. Therefore, 

there is a need for the exploration of 3D printing as an alternative to overcome the disparities in 

diagnosing from ENTS on CBCT. 

 

1.9. 3D printing 

Prototyping technology and 3D printing was introduced in the 1980s, and just recently 

made some impact on the research and medical industries.(71) The 3D printing technology 

works through a 3D model file, which is imported into a program called a “slicer”. The program 

slices the “object” into single layers and creates a code that informs the printer regarding 

movements, speed, and temperature. The object is then manufactured by laying down successive 

layers of material until the 3D object is complete. It works by joining, bonding, sintering or 

polymerizing small volume elements, producing a solid object from a digital file.  

3D printing is a cutting-edge advanced technology that has generated many applications 

in the medical and dentistry fields. It allows the rapid conversion of information from digital 3D 

models into physical objects. Surgical templates, diagnostic tools, rehabilitation, educational 

training, and diagnosis are some of the many possibilities.(10, 23) The ability to plan and 
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perform surgery on a 3D printed model beforehand as a simulation of the actual procedure has 

been impressive. 

 

1.9.1. Principles of 3D printing 

Some of the 3D printing technologies in dentistry include laser, fused deposition 

modeling, digital light processing, and stereolithography (SLA).(23) Selective laser melting 

makes metallic frameworks, using heat generated by computer-controlled laser radiation. In the 

fuse deposition modeling a scan informs the printer to deposit melted thermoplastic 

polycarbonate, the resulting aspect of the object can be used in combination with acrylic or wax. 

In the digital light processing, the object is built on an elevated platform and with information 

coming from a projector light-curing a liquid resin layer by layer. SLA is the most popular rapid 

prototyping technology which principle is based on a photosensitive monomer resin. It forms a 

polymer that solidifies when exposed to ultraviolet (UV) light. 

SLA printing was invented in the 1980’s and became more popular through prototyping 

in the 21st century. In 1983 Charles Hull printed a 3D object using a 3D printer, back then its use 

was more popular in the architecture, aeronautics, and telecommunications sectors.(72) In 1986, 

he founded 3D systems and developed the first commercial 3D printing machine, 

stereolithography Apparatus. In 1993, the 3D printing technique was patented by the 

Massachusetts Institute of Technology (MIT).(73) In the 1990s, it was implemented in the 

medical field due to the millimetric precision.(72) 
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1.10. From CBCT DICOM to STL - Image acquisition and Post-Processing form  

The 3D printing technique involves data acquisition, processing and the fabrication using 

additives.(23) The first requires images obtained from a CBCT converted to a Surface 

Tessellation Language (STL), also called "standard triangulation language" file. It is a file format 

native to the stereolithography CAD software created by 3D systems, and this procedure is called 

photo-polymerization. This type of technology is considered the most accurate form of 3D 

printing. Glass-filled polyamide, silver, steel, titanium, photopolymers, wax, polycarbonate, 

stereolithography materials (epoxy resins), polyamide(nylon), polylactic acid (PLA) and 

acrylonitrile-butadiene-styrene (ABS) plastic are some of the materials used for printing.(23) 

 

1.11. 3D in Dentistry 

Over the past 30 years, prototyping and 3D printing have been providing better quality 

and comfort for dentists.(72) In maxillofacial prosthesis, prosthodontics and restorative dentistry, 

prototyping promotes faster production and better quality outcomes compared to conventional 

dental technicians. In oral surgery and implantology prototyping helps to minimize risks that 

might occur during the surgery.(72) 

In dentistry, the 3D printing technology has been explored from DICOM images and 

CAD/CAM Scanners; bioprinting is still in its initial research exploration in the dental field. The 

most common use of 3D printing in dentistry is by oral scanners, which are used for dental 

restoration, prostheses, implant restorations, dentures, orthodontic appliances, and to print 

craniofacial structures for reference before complex surgeries, and forensic applications.(73, 74)  

To assess the literature regarding 3D printing from CBCT 3D imaging, we performed a 

literature search using the words “3D printing” and “dentistry” on Medline, on January 2, 2019, 
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and 248 papers were found. Among them, only 35 articles with CBCT application were found. 

Some of them were excluded from our analysis because of study design – review, systematic 

review, or not being a human study, or not evaluating 3D printing models originated from a 

CBCT. After reading the titles and abstracts, only 14 met our selection criteria. Among all, four 

(75-78) were in the endodontics field, in which two(76, 77) of them were exclusively for 

educational purposes. Four(79-83) were used for prosthetics rehabilitation, among them three 

(80-82) were used for maxillofacial prosthesis, and one(79) in oral prosthesis. Six were in the 

oral maxillofacial surgery field(84-88), among them one(85) was in implantology, one(86) in 

periodontology, and one in orthodontics(88). Table 1.1 shows the results of the literature search.  

 Regarding upper airway CBCT-3D printing, in 2012, a study(89) created a prototype of 

the oropharynx using MIMICS software, and from that evaluated the sensitivity threshold using 

Dolphin software. A recent study(90) printed the oropharynx space and compared the accuracy 

between MDCT and CBCT. Two MDCT scanners and three CBCT scanners were used, and the 

volume and cross-sectional areas were measured. The measurements were analyzed against a 

3D-printed anthropomorphic phantom of the oropharynx from a real patient CBCT data set, 

which was determined as a gold standard phantom. They concluded` that CBCT scanners offer 

an alternative to MDCT in the assessment of the oropharynx morphology. Nonetheless, the 

assessment of a 3D printed model from CBCT as a computational aid for screening for 

abnormalities and obstruction diagnosis of the nasopharynx has not been explored. 

 The 3D printing is a technology that converts a 2D image to a touchable 3D model, 

enabling a more comprehensive study of human anatomical structures, especially complex 

anatomies. Even for dentists it is a challenge to identify some alterations in the nasopharyngeal 

space, therefore, it must be even more difficult for a layperson who doesn’t know anatomy. As 
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3D printed models are capable of providing tactile feedback and actual depth information about 

anatomic and pathologic cases, it would work as an aid to educate and raise awareness in 

affected patients and especially their parents about the importance of looking for a specialist. 

(26) 

In conclusion, few studies have explored the use of CBCT for 3D printing in dentistry, 

additional the use of CBCT 3D printing as a computational aid for screening diagnosis needs to 

be explored further. 

1.12. Clinical significance 

Dentists probably see their patients more frequently than physicians, and hence are often 

among the first line of detection of health issues.(91) The consequences of AH in children go 

from craniofacial deformities to obstructive sleep apnea, which can lead to more serious disease 

as pulmonary affections, cardiac, and even death in sleep in younger children.(92) 

The influence of AH in the deformity in the dental arc and facial skeleton, due to mouth 

breathing has been explored. When children cannot breathe through the nose, they unconsciously 

start breathing through the mouth, this process leads children to develop specific shape in the 

face, called “adenoid face”.(93) Characterized by an increased anterior face height, an increased 

mandibular plane angle, a narrow and high maxillary arch, a retro positioned hyoid bone. Due to 

facilitation on nasal breathing, improvement in mandibular growth and closure of the mandibular 

plane angle have been reported after adenoidectomies.(93) Increase in school performance also 

correlated to post adenoidectomies. (94, 95)  

 A call for leadership in dentistry regarding child health care, and the need for interaction 

between the dentist and medicine for the child’s good, and a need for partnership at all levels of 

society to promote oral health and prevent disease has been addressed.(96) Also, an emphasis on 
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the need for dental-medical education collaborations intended to decrease oral health 

disparities.(96) 

Dentists may play an essential role in screening and referring potential patients with risk 

factors for SRDB since evaluation of the oral cavity, as a patency of the airway and neck 

circumference, so it is essential that general practitioners are educated and trained regarding 

SDB, so they can work closely with a referral system to the proper specialist for diagnosis and 

treatment.(91)  

 

1.13. Hypothesis 

The first objective of this study is to develop a reliable methodology to build 3D 

depictions of the nasopharynx depicting the adenoidal region. 

First hypothesis: 

Ho= CBCT methodology for the development of 3D depiction tools of the nasopharyngeal 

adenoidal area is not reliable.  

Ha= CBCT methodology for the development of 3D depiction tools of the nasopharyngeal 

adenoidal area is reliable. 

The second objective of this study is to validate 3D depiction tools of the nasopharynx 

depicting adenoidal region for screening for AH. 

Second hypothesis: 

Ho= 3D depiction tools of the nasopharyngeal adenoidal area are not accurate in screening for 

adenoid hypertrophy compared to the NE diagnosis made by an OHNS. 

Ha= 3D depictions of the nasopharyngeal adenoidal area are accurate in screening for adenoid 

hypertrophy compared to the NE diagnosis made by an OHNS. 
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1.14. Figures & Tables 

Figure 1. 1– Project process map 
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Table 1. 1 Literature search on 3D printing in dentistry 

 

 

 

 

 

 

 

 

 

 

 

 

 

Author Year Country 3D printing Clinical Field Educational Field

Ahn, SY et al. 2018 USA/South Korea Surgical template  Endodontics

De Souza, N et al. 2018 India Surgical template Oral Maxillofacial Surgery

Lin et al. 2017 Removable dental prothesis Prothesis

Ma B et al. 2018 Republic of Korea Surgical guide Implants

Martinez-Seijas P et al. 2018 Spain Orbital Prosthetic Maxillofacial Prosthesis

Murat S et al. 2018 Hemi-maxilla resin mold Maxillofacial Prosthesis

Nuseir A et al. 2018
Jordan/UK/Saudi 

Arabia/Egypt Nasal reconstruction Maxillofacial Prosthesis

Reymus M  et al. 2018 Germany Hands-on training course Periodontology (dental trauma)

Reymus M  et al. 2019 Root canal treatment training  Endodontics

Van der Meer  et al. 2016 London/Nettherlands Digital endodontic treatment planning   Endodontics

Verweij JP et al. 2017 Netherlands Tooth Template Guide/autotransplantation Oral Maxillofacial Surgery

Wang YT et al. 2017 Taiwan Miniscrew using surgical templates Orthodontics/Oral surgery

Yahata Y et al. 2017 USA/Japan Research in 2 different endodontic treatment tecnique  Endodontics

Ye S et al. 2018 China Surgical planning, surgical template Oral Maxillofacial Surgery
Alves, M et al. 2012 Brazil Is the airway volume being coorrectly analyzed? Orthodontics

Chen e t al. 2018 Netherlands
Accuracy of MDCT and CBCT in three-dimensional 
evaluation of the oropharynx morphology Orthodontics

Author Year Country
Title

Clinical Field Research Field
Alves, M et al. 2012 Brazil Is the airway volume being coorrectly analyzed? Orthodontics

Chen e t al. 2018 Netherlands
Accuracy of MDCT and CBCT in three-dimensional 
evaluation of the oropharynx morphology Orthodontics

Student education

Table 1.1 Literature search on 3D printing in Dentistry 

Published literature on 3D printing of the AIRWAY

Research

Reliability Research
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Chapter 2: Development of a 3D printed model of the nasopharyngeal 

adenoidal area using CBCT 

 

2. INTRODUCTION 

Partial or complete nasopharyngeal obstruction compromises an essential physiologic 

mechanism for humans to survive that is the breathing process. Breathing is also of significant 

importance to children’s craniofacial development and growth. Under normal conditions, one 

should breathe exclusively through the nose; when children cannot breathe enough air through 

the nose they start complementing their breathing intake by using the oral cavity. If this is 

chronic it may promote undesirable adaptations by the stomatognathic structures.(27-29) These 

breathing adaptations could alter deglutition, speech and mastication, ultimately leading to 

alterations in craniofacial growth and development.(97, 98)  

Back in 1661 adenoid hypertrophy (AH) was linked for the first time to speech problems, 

otitis, sleep apnea and cognitive problems.(32) Adenoids are a collection of lymphoepithelial 

tissues located near the oropharynx and nasopharynx. If adenoids become enlarged, they can 

interfere with airflow coming from the nasal structures to the lungs forcing children to also 

breathe through the mouth, which may lead to functional and/or anatomical adaptations.  

AH is the most common cause of upper airway obstruction in children, with a prevalence 

ranging from 34% to 70% accordingly to a recent meta-analysis.(41) A recent systematic review 

suggested a close association between hypertrophic adenoids and upper airway obstruction.(9) 

Distinct studies(1, 8, 34, 98) have linked AH to Sleep Disordered Breathing (SDB). SDB can 

have major negative effects in general health and quality of life. In addition, pediatric sleep 

disorders have been related to poor classroom performance.(99) Thus, in order to prevent 
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craniofacial, overall health and behavioral alterations, an early AH diagnosis by a pediatric 

otolaryngology-head and neck surgery specialist (OHNS) is highly desirable. 

Medical history (signs and symptoms) and physical examination combined to an 

objective exam is paramount for a precise upper airway obstruction diagnosis.(1, 70, 100, 101) 

NE is the frequent chosen office procedure to assess sinus passage, nasal, and any 

nasopharyngeal related pathology by OHNS.(10, 42, 100, 102) Studies by Chisholm et al. and 

Zalzal et al.(103, 104) have cited Kubba et al., 2001 as first referring to NE as the “gold 

standard”. Nonetheless Kubba et al. 2001, did not state that; additionally, his study was 

performed under general anesthesia, which does not reflect the real scenario of a routine NE in 

most of the ENTs office.(105) NE under topic anesthesia, can be a distressing procedure for 

young children, NE could cause discomfort and pain to the patient, and needs cooperation in 

young children.(103-106) Besides the popularity of NE, radiographic images have been referred 

as better planning tools and are also important for diagnosis.(107) To date, there is no 

comprehensive guideline for assessing adenoidal enlargement in children.(100) 

Lately attempts have been made to explore the use of CBCT imaging to assess the 

nasopharynx for screening purposes. CBCT imaging does not cause pain or discomfort, is less 

physically invasive, does not require sophisticated hand skills, and is usually more accepted by 

children when compared to NE. The main problem with using CBCT is the additional ionizing 

radiation exposure. CBCT has the potential to provide a 3D reconstruction of the nasopharynx 

and permit the assessment of potential HA obstruction. It is important to make it clear that the 

intention is not to request a CBCT for nasopharyngeal assessment but the fact that such 

craniofacial imaging could be readily available for other reasons and also be used for upper 

airway assessment.  
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Three-dimensional (3D) printing is a cutting-edge technology which has been 

increasingly used in medicine and dentistry.(72) The exploration of 3D printouts of the 

nasopharyngeal area has not been investigated yet. The goal of this chapter was to present 

reliability of the process to generate a 3D printed model of the nasopharyngeal area with distinct 

degrees of AH.  

 

2.1. MATERIAL AND METHODS:  

The Research Ethics Committee at the University of Alberta approved the protocol 

number Pro00082445 for the present cross-sectional reliability study. 

This study followed the ALARA principle (As Low As Reasonably Achievable) by the 

European Society of Radiology, thus, CBCTs were not specifically taken for this study. All 

imaging was pre-existing and were taken using the ICat scan (Classic, Cone Beam 3D Dental 

Imaging System; Imaging Sciences International, Hatfield, Pa). These were taken by using 6.19 

mAs, at 110 kV, and with a customized height field of view maximum of 12 in, 0.3 mm voxel, 

and 8.9-second scan time with the patient in an upright position at maximum intercuspation. The 

DICOM data was analyzed using an automated reconstruction commercial software (Dolphin 

3D, version 11.95 premium, Dolphin imaging & management Solutions, Chatsworth, CA, USA)  

A list of 40 patients assessed at the Orthodontic Graduate Program and the Inter-

disciplinary Airway Research Clinic at the University of Alberta. Inclusion criteria included 

having both a CBCT and NE assessment of the nasopharyngeal area done at the same day. 

Exclusion criteria included (1) scans in which the defined airway volume was not clear or fully 

contained in the image; (2) patients that had previous adenoid surgery, and (3) patients whose 
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records did not have a clear description of the adenoid assessment through NE by the ENT, and 

(4) patients that did not have the CBCT performed on the same day as the NE. (Flowchart A) 

For reliability purposes a sample of 12 CBCT - 3 subjects for each adenoid graded 

size(42) were randomly selected from the total sample. Two evaluators were previously 

calibrated using 4 randomly selected CBCT’s. 

In order to standardize the assessment of the images a skull orientation was established as 

follows:  

In the frontal view: (Figure 2.1A) 

• Axial plane: determined at the level of anterior nasal spine 

• Mid-sagittal plane: determined at the anterior nasal spine. 

In the right view:  

• Determined at the coronal plane oriented at the lateral orbital border at first. (Figure 

2.1B) 

• Coronal slice (green line): this second calibration was done right before the delimitation 

of the area of the interest. This second calibration was defined at the level of posterior 

nasal spine as seen in figure 2.1C. 

The superimposition of the lower right and left mandible borders was checked, in the 

right view; as well as adjustments were made to rotate the volume clockwise, side-to-side, and 

up/down until the edges were as most coincident as possible. Then the left view was checked for 

any adjustment. 

Bottom (facing up), and top (facing down) were also checked all at once for any 

additional orientation adjustment. Figure 2.1D shows the orientation plane in 3D view. 



 
 

30 

2.2. Design and Fabrication 

 

2.2.1. Methodology for airway assessment (Lumen-LU) (Figure 2.2 to 2.4) 

The delimitation of the nasopharyngeal area of interest was made on the sagittal and axial 

anatomical planes. We modified one previously developed method(108) used to measure the 

nasopharyngeal airway volume. The landmarks were selected based on the anatomical location 

of the adenoid gland, The Sinus/Airway tool in Dolphin software was used to select the 

landmarks as explained below: 

• Sagittal plane: sella turcica, anterior tubercle of the atlas bone (C1), tip of the uvula and 

posterior nasal spine.  

• Axial plane: posterior wall of maxillary sinus; right and left anterior point of cervical 

vertebrae, at the level of the most anterior point of the Atlas. 

A seed point was placed in the airway space so that the software could capture the 

designated airway surface. The sensitivity tool from the semi-automated software was adjusted 

to 35, which was the value that better depicted the empty region (air) in our sample. 

 Figure 2.2 shows the landmarks in sagittal view (A) and axial view (B) as well as the 

seed point and the airway surface in yellow. Figure 2.3 shows a representation of the lumen (LU) 

surface in the translucent hard tissue view. Table 2.1 shows an example of the 3D LU volume 

surface representation (yellow) in bottom, top, front and right view for each one of the four 

different grades, depending on the level of adenoidal obstruction on the nasopharyngeal space. 

The grading ranges from 0 to almost complete obstruction. grade 1, when the obstruction is from 

0-25%; grade 2, >25%-50%; grade 3, >50%-75%, and grade 4, > 75%.(42, 109) 
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Table 2.2 shows the anatomical representation of the localization of region of interest 

(ROI) represented by the superimposition of the 3D LU surface within the hard tissue. 

A schematic representation of the anatomical limits of the LU volume surface is shown in 

Figure 2.4. 

 

2.2.2. Methodology for AD assessment  

For the adenoid assessment, the same orientation previously defined was followed, and 

the ROI was stablished on the following landmarks that was based on the modification of two 

previously used methods.(17, 108) 

Sagittal landmarks: 

- Most inferior image of occipital bone;  

- Most anterior point in spheno-occipital synchondrosis; 

- Intersection point between palatal bone, and uvula anterior wall; 

- Tip of uvula; 

Axial landmarks were stablished at the level of Atlas: 

- Most posterior wall of R and L maxillae (R and L paranasal sinus). 

- two lateral R and L landmarks at the Atlas, at the level of the anterior tubercle  

Two seed points were placed over the adenoid and the uvula, and the HU were set to -561 

for the lower bound, and 3250 for the upper bound for all cases but one case in which the upper 

bound adjustment was not possible at 3250 and had to be set at 3052. 

Delimitation of the region of interest (ROI) with the landmarks for the surrounding soft 

tissue (adenoid and soft palate) is shown in Figure 2.5. Table 2.3 shows the representation of the 
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AD, and table 2.4 shows the anatomical representation of the localization of region of interest 

(ROI represented by the superimposition of the 3D AD volume surface within the hard tissue. 

 Figure 2.6 shows a schematic representation of the surrounding anatomical structures. 

Figure 2.7 shows the superimposition of the two models  

 

2.2.3. 3D printed model process 

Both created volume surfaces that were saved into STL file and sent to the Centre for 

Teaching and Learning laboratory, at the University of Alberta.  

The Afinia H800 3D printer (Chanhassen, MN, USA) (Figure 2.8) fabricated the models 

by uploading a file including the 3D image to its software, Afinia Studio software via USB to a 

HP laptop. Once uploaded on the software the size of the print was not changed to maintain the 

actual size of the anatomical structures. The printer used premium acrylonitrile-butadiene-

styrene (ABS) filaments. The color of the filament was chosen as follows: yellow for the LU 

model, and red for the AD models. The filaments were loaded into the filament spool on the 

printer. For the adenoid models the printer used approximately 15 grams of ABS for each model; 

for the airway space model it used approximately 5.3 grams of ABS each.  

The actual models created by the printer reproduced exactly the 3D surface generated by 

Dolphin software as seen in Figure 2.9. Figure 2.9 shows the 28 prototypes - representing 

grade1, grade2, grade 3 and grade 4. 

 

2.3. Statistical Analysis 

The intra-class correlation coefficient (ICC) was used to assess intra and inter-reliability 

of both evaluators (CTB and LPP). Descriptive analysis of all data including means, standard 



 
 

33 

deviation, minimum and maximum values were determined using the Statistical Package for the 

Social Science (IBM, version 25; SPSS Inc., Armonk, NY, USA). The level of significance and 

confidence interval (CI) was set at 0.05.  

 

2.4. RESULTS 

As the calibration result, ICC was used to analyze the reliability. A high intra reliability 

was found for both types of models. For UA models an ICC =0.993 (95% CI:0.981-0.998) and 

for AD model an ICC =0.944 (95% CI: 0.861-0.982) in single measures, were found. Inter 

reliability was considered excellent between raters for both models; LU presented an ICC of 

0.982; 95% CI, 0.939-0.995); and AD presented an ICC of 0.995; 95% CI, 0.981-0.998). Sample 

demographics and measurement Information can be seen in table 2.5 

The volume measurements were assessed at three different times with three days washout 

period. A different spreadsheet was used between the measurements to secure blindness. The 

measurement error for LU was 1.667mm3 ± 1.000 mm3 (SD: 37.27 mm3), and for AD was 

139.250mm3±1.006mm3 (SD: 98.46 mm3). 

 

2.5. DISCUSSION 

This chapter refers to the second part of the present research project, which involves the 

design and development of the two 3D printed models. Reliability of the methodology was the 

key consideration in this design process. The intra-rater and the interrater reliability were 

confirmed by the ICC, and high reliability was found for both assessments. 

The prototypes were developed using the DICOM data analyzed with commercial 

software Dolphin 3D. A previous study(89) had reconstructed an oropharynx airway with 
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Mimics software, and a later study had compared both softwares, Dolphin and Mimics, and both 

showed less than 2% errors on volume measurement. We chose Dolphin software because it is 

considered the most commercial software used in maxillofacial surgery and in the orthodontics 

field in the north America, and the software has shown high reliability for airway measurement 

in previous studies.(89, 110) Moreover, Dolphin software allows the created surface to be saved 

in an STL file, so we don’t need additional software for that purpose. Nonetheless, the same 

methodology could be applied to another software to verify its 3D printing feasibility. 

Older versions of the software only allowed the measurement of the volume of empty 

areas(89), but the latest version of the software (11.95), the one we used on our study, allows for 

the measurement of the volume of tissues and bones due to an inverted threshold tool. As far as 

we know, our study is the first to report the technique of using the inverted tool, and to test the 

feasibility of the software in converting the surface to an STL file, as well as to generate a 3D 

printed prototype based on that. 

In our study, we excluded cases in which CBCT and NE were not performed on the same 

day. The timing between the acquisition of CBCT DICOM and NE exam is critical since it is 

known that an increase in adenoid size can be correlated to an inflammatory and infectious 

episode(2), as well as with the level of immunological activity(111).  

Density values, also known as gray thresholding, are still a challenge in the CBCT field, 

and to improve the airway research field, threshold values should be stated in every study. HU is 

not a standardized system, the HU value may not be the same if using the same CT machine but 

with a different technique, as well as if using a different machine.(58) Additional, it has been 

reported that the global thresholding pre-stablished in the automatic segmentation is the main 

cause of the largest variance compared to manual segmentation.(48, 112) The use of different 
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thresholds even for different anatomical sites has been suggested.(48) Therefore, the need for 

adjustment of the threshold has been explored to obtain less variation on the results.(89) 

We conducted a literature search on airway studies using Dolphin software and we found 

six studies(89, 108, 110, 112-114) that had reported adjustment of the threshold values. One 

study(89) obtained their scans through an I-CAT, and their scanning protocol was 120 kV, 5mA, 

13x17cm field of view (FOV), 0.25mm voxel. In their study(89), they tested the sensitivity of 25, 

50, and 70-75, and conclude that a threshold of 70 or over was the most accurate. In another 

study(113), the operator adjusted on a case-by-case basis, probably due to the anatomic 

abnormality of the craniosynostosis patient, since a previous study had stated that the gray values 

of air found in the nasal cavity differ from other areas due to the proximity of bones and mucous 

membranes.(48) In another study(108) two different thresholds (25 and 75) were used in two 

distinct samples where scans were obtained using different machines and scan protocols. Two 

studies(110, 112) did not report the value of the adjustment. Table 2.6 shows the summary of the 

literature reviews and more specific information about the studies.  

In the present study, we adjusted the threshold to a value of 35 HU because a threshold of 

50 HU overlapped the surrounding structures, and a threshold of 25 HU did not fully fill the 

lumen in some cases. A previous study(108) at our institution used a threshold of 25 HU in a 

different sample of patients but under the same scanning protocol. We assume these threshold’s 

difference probably happened because those patients were wearing orthodontic apparatuses that 

can interfere with the CBCT phantom, consequently interfering at the gray thresholding.  

Under similar conditions the selection of the cut off HU can have a major bearing in the 

volume measurement results as well as in the 3D surface. To simulate the impact of the changes 

we created a scenario with six threshold values (15, 25, 35, 50, 70 and 75 HU) in the same 
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patient in the same landmark. These threshold values were based on previous airway studies(89, 

108, 112, 114, 115) that reported the HU value. We observed results ranging from 4736 to 13163 

in the surface volume, and in the sagittal area values ranging from 166 to 351, respectively from 

15 to 75 HU. Additional, distortion of the 3D surface could be seen in threshold of 50 and over, 

as seen in Figure 2.10. Thus, caution should be taken since an inexperienced researcher would 

have unreliable results if any comparison in the measurements is made without standardizing the 

threshold sensitivity tool. 

The 3D models were designed with a focus on the reproduction of actual nasopharyngeal 

anatomy, to demonstrate the lumen for airflow, but with some design adjustment, the same 

technique could be applied for different purposes. One example is the development of an 

algorithm, another would be that the use of the anatomical model for educational purpose for 

assessing the nasopharynx by adaptation of the technique and modification of the ROI making its 

use for basic scope navigation. 

 

2.6. LIMITATIONS 

The HU selection is still a limitation in the upper airway CBCT field. More studies 

exploring the effect of different–related techniques are needed. 

 

2.7. CONCLUSION 

 The methodology for the generation of printed models of the nasopharynx’s lumen and 

of the adenoid and anatomical surrounding areas based on CBCT’s DICOM using Dolphin 

software is feasible and highly reliable. 
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2.8. FUTURE RESEARCH 

• Further, we would like to assess the educational applicability of the 2D and 3D, one 

nasopharyngeal space reconstructed in multiple planes and the other a 3D printed model 

of the same area both to simulate the likely view that OHNS would have through NE.  

• With our AD prototype as a reference standard we would be able to access the most 

reliable CBCT threshold for our institutional studies on airways, based on the volume of 

water necessary to fill the empty spaces of the prototype measured with a high-precision 

micropipette. 

• A matched sample with similar age, height, weight, and BMI would compensate the 

confounders and improve the analyses and correlation of the volume parametric 

measurements with the grading size; 

• Development of an algorithm for adenoid hypertrophy screening in CBCT. 
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2.10. Figures & Tables 

 

Figure 2. 1- Plane orientation and calibration 

 

 

 

 

Figure 2. 2- Delimitation of the nasopharyngeal region of interest. Sagittal (A) and Axial 
(B) as well as the seed point and the airway lumen in yellow color. 

 

 

 Axial and Mid-Sagittal plane Coronal plane Calibration of Coronal Slice (green line)
Three dimensional(3D) view of the planes of 

section

A B C D

A B
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Figure 2. 3- Representation of the airway surface in the translucent hard tissue view. (A) 
sagittal view, (B) frontal view 

 

 

 

 

Figure 2. 4- Airway surface schematic representation 

 

 

A B

Top view Right view Front view

AD, adenoid;  NC, nasal cavity; OP, oropharynx; UV, uvula
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Figure 2. 5- Sagittal (A) and axial (B) landmarks for adenoid and surrounded area 
delimitation 

 

 

 

 

Figure 2. 6- Schematic representation of the adenoid mass surface 

 

A B

AD, adenoid; NP, nasopharynx; NC, nasal cavity.
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Figure 2. 7- Superimposition of the two 3D models 

 

 

 

 

Figure 2. 8- Afinia H800 3D printer 

 

 

 

 

LU, Lumen of the airway; AD, adenoid and 
surrounded soft tissue

LU

AD
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Figure 2. 9-3D printed models (prototypes) 

 

 

Grade 1 Grade 2

Grade 3 Grade 4 

Non enlarged

Enlarged 

Prototype yellow (LU-lumen); prototype Red (AD-adenoid & soft tissue). Grade 1: 25%; Grade 2: 25-50%; Grade 3: 50-75%; Grade 4: >75%
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Figure 2. 10-Impact of sensitivity threshold adjustment in measurement and in 3D 
reconstruction surface in Dolphin software 

 

 

 

15 25 35
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yellow arrow indicate the changing in area measurements, and white arrow indicate the changes in volume measurements.
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Table 2. 1- 3D lumen surface (yellow color) in bottom, top, front and right view 

 

 

 

Bottom View Top View Front view Right side view

Grade 1

Grade 2 

Grade 3

Grade 4

Table 2.1  3D lumen surface (yellow color) in bottom, top, front and right view 

Grade 1: 25%; Grade 2; 25-50%; Grade 3: 50-75%; Grade 4: >75%
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Table 2. 2- 3D Lumen surface plus hard tissue representation 

 

 

 

 

Table 2. 3-Adenoid mass 3D surface and grade size classification 
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Table 2. 4-3D Adenoid mass surface plus hard tissue representation 

 

 

 

 

Table 2. 5- Demographics and measurements (mean) of the selected sample 

 



 
 

47 

Table 2. 6- Summary of the literature review in Dolphin software and interactive Imaging 
thresholding tool 

                                   

 

 

 

 

 

 

 

 

 

 

  

IIT Title Author Year Country Field Software Ct machine Voxel Kv mA FOV Time Threshold 
sensitivy

Is the airway volume being coorrectly analyzed? Alves, M et al. 2012 Brazil Orthodontics Dolphin I-Cat 0.25 120 5 mA  13x17cm 40 second 25,50,70-75

Imaging software accuracy for 3-dimensional analysis of the upper airway Weissheimer et al. 2012 Brazil/USA Orthodontics Dolphin I-cat 0.3 120 8 mA 40 second NR

Three-dimensional cone beam computed tomography definition of the 
anatomical subregions of the upper airway: a validation study

Guijaro-Martinez & Swennen 2013 Spain
Oral & 

maxillofacial 
surgery

Dolphin I-cat 0.4 120 48 mA 17 X 22 cm 2 x 20 sec 70 (48-81)

Measuring Upper Airway Volume: Accuracy and Reliability of Dolphin 3D 
Software Compared to Manual Segmentation in Craniosynostosis Patients

De Water et al. 2014 Netherlands
Oral & 

maxillofacial 
surgery

Dolphin NR 1.25 NR NR NR NR NR

Volumetric reconstruction and determination of minimum crosssectional area 
of the pharynx in patients with cleft lip and palate: comparison between two 

different softwares
Pinheiros et al. 2018 Brazil

Oral & 
maxillofacial 

surgery
Dolphin NR NR NR NR 13 cm NR

Individuaized 
for each 
patient

Effects of bimaxillary orthognathic surgery on pharyngeal airway and 
respiratory function at sleep in patients with class III skeletal relationship

Tepecik, Ertas & Akgun 2018 Tyrkey
Oral & 

maxillofacial 
surgery

Dolphin NewTom 0.5 110 15 mA 13 x 17 5.4 sec 50

Development of a 3D printed model of the nasopharyngeal adenoidal area using CBCT Thereza-Bussolaro et al. 2019 Canada
Oral & 

maxillofacial 
surgery

Dolphin I-cat 0.3 110 6.19 mA 12 in 8.9 second scan 35

Does pterygomaxillary disjunction in surgically assisted rapid maxillary 
expansion influence upper airway volume? A prospective study using 

Dolphin Imaging 3D
Medeiros et al. 2017 Brazil

Oral & 
maxillofacial 

surgery
Dolphin I-cat 0.4 120 3-8 mA 22 x 16 NR 25

Pharyngeal Dimensional changes in Class II malocclusion treatment when 
using Forsus® or intermaxillary elastics - An Exploratory Study

Thereza-Bussolaro et al. 2019 Canada Orthodontics Dolphin I-cat 0.3 110 6.19 mA 12 in 8.9 second scan 25

Pharyngeal Dimensional changes in Class II malocclusion treatment when 
using Forsus® or intermaxillary elastics - An Exploratory Study

Thereza-Bussolaro et al. 2019 Canada Orthodontics Dolphin I-cat 0.4 110 6.19 mA 16 x13 cm 8.9 second scan 75

The influence of craniofacial morphology on the upper airway dimensions Indriksome 2015 Latvia Orthodontics Dolphin I-cat 0.4 120 5 mA 13 x 17 20 seconds

Reliability of a method to conduct upper airway analysis in cone-beam 
computed tomography

Souza et al. 2013 Brazil Orthodontics Dolphin I-cat 0.4 120 36.9 mA 13 x 23 cm 40 seconds

Correlation and reliability of cone-beam computed tomography 
nasopharyngeal volumetric and area measurements as determined by 

commercial software against nasopharyngoscopy-supported diagnosis of 
adenoid hypertrophy

Pacheco-Pereira et al. 2017 Canada Orthodontics Dolphin I-cat 0.3 110 6.19 mA 12 in 8.9 second scan

Accuracy and reliability of cone-beam computed tomography for airway 
volume analysis

Ghoneima and Kula 2013 Egypt Orthodontics Dolphin I-cat 0.4 NR NR 13 cm 8.9 second scan

NO

Table 2.6  Summary of the literature review in Dolphin software and interactive Imaging threshoding tool 
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IIT, Interactive Imaging Threshold tool; Kv, tube voltage; mA, tube current
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Chapter 3: Validation of the use of a 3D printed model depicting Adenoid 

Hypertrophy in comparisons to a Nasoendoscopy- based grading assessment 

 

3. INTRODUCTION 

Signs of SDB are considered relatively common among children. SDB represents a 

myriad of related disorders ranging from snoring to upper airway resistance syndrome (URS) to 

an obstructive sleep apnea syndrome (OSAS).(2) Poor school performance, gasping for breath at 

night, and snoring are some of the signs reported by caregivers. A narrow upper airway (UAW) 

has been associated to pediatric OSA, and one of the more likely cause is adenotonsillar 

hypertrophy. Adenoidectomy is sometimes indicated when it is associated with nasopharyngeal 

obstruction.(116) Thus, identification of an enlarged adenoid in childhood would streamline the 

referral of appropriately selected cases to an OHNS, leading to early treatment of affected 

children when indicated.  

The usefulness of diagnostic tools and referral algorithms for the detection of enlarged 

adenoid and nasopharyngeal obstruction has been developed and investigated over the 

years.(102)  The evaluation of nasopharyngeal obstruction is done either estimated subjectively 

by direct visualization or objectively by mean of direct measurement in pertinent imaging.(102) 

The antrum-adenoidal space, the ratio between adenoid, the nasopharyngeal space, and the 

measured choanal obstruction space (MCO) are examples of objective measurements. Adenoid 

grading methods also varies from simply categorical “normal or enlarged”(117, 118), “small, 

moderate and large”(119) to ordinal scales in three(120) or four grades.(42) 

Flexible fiberoptic nasal endoscopy (NE) is an imaging method used for multiple 

purposes in a routine OHNS practice.(8) It has shown a sensitivity of 92% and specificity of 71% 
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for adenoidal hypertrophy obstruction detection.(121) Cone beam computed tomography 

(CBCT) is becoming part of the routine of orthodontic records and it has been explored for 

evaluating adenoid size(13, 15-17) in comparison to NE. Therefore, digital images (DICOM) 

would be readily available for adenoid hypertrophy assessment in some cases when there is 

suspicion of UAW obstruction. The exploration of 3D print outs of the nasopharyngeal area has 

not been explored, it could streamline the diagnostic process, especially in cases where the 

patients have already a recent CBCT in which a hypertrophic adenoid is suggested. It would also 

substitute the need for an additional NE in selected cases and would be useful in remote regions 

where the access to an OHNS specialist is absent. 

The final stage of this research project is to validate the use of a 3D printed model 

depicting adenoid hypertrophy based on the pediatric OHNS participants assessment. Our 

hypothesis is that the grades obtained from the OHNS participants will be similar to those on the 

record as previously determined by an OHNS assessing the area through NE.  

 

3.1. MATERIAL AND METHODS 

 

3.1.1. Study design and protocol 

Four depictions (two 2D, and two 3D) of the nasopharyngeal adenoidal area were created 

per included participant from the sample of available cases (Figure 3.1). The manufacturing 

techniques of the prototypes were described in Chapter 2. A flowchart of the sampling reasoning 

and study design can be seen in Appendix A. 
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 A prospective protocol for validation of the 3D printouts was proposed and ethical 

approval was obtained through the research ethics committee at the university of Alberta under 

protocol number Pro00082445 (Appendix B). 

 

3.1.2. DICOM Sampling 

The selected sample consisted of CBCT scans of 14 children representing grades 1, 2, 3, 

and 4 nasopharyngeal obstruction, according to a previously NE-graded classification by a 

licensed OHNS.(15) A total of 12 boys and 2 girls with a mean age of 10.61 years (7.2-15.7 

years old, SD,2.99) were considered. The selected sample consisted of 6 cases of grade 1 

(42.9%), 3 cases of grade 2 (21.4%), 3 cases of grade 3 (21.4%), and 2 cases of grade 4 (14.3%), 

based on the distribution of the Parikh grading system classification.(42) The prevalence of AH 

in this study was 36%, which is very similar to the percentage prevalent in the pediatric 

population, 34.46%.(41) Converting the sample to non-enlarged and enlarged, the sample ended 

up to having 9 cases in the non-enlarged group with a mean age of 10.22 years (SD 3.25) and 5 

cases in the enlarged group with a mean age of 11.31 (SD 2.63). Table 2.1 in chapter 2 of this 

thesis research project shows the demographics and descriptive statistics of the selected sample. 

Appendix A contains a flowchart of sample selection, inclusion, exclusion criteria, and 

eligibility.  

 

3.1.3. OHNS Sampling  

A sample of two evaluators was recruited at the Department of Otolaryngology-Head and 

Neck Surgery of the Faculty of Medicine and Dentistry of University of Alberta, In Canada. The 

participants had to be registered OHNS specialists in the province of Alberta. All were sent a 
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letter of invitation by email (Appendix C). The participants were invited to participate, and to 

avoid any undue pressure, it was made clear through informed consent that the study was 

voluntary (Appendix D). The participants were free to withdraw from the study at any time up 

until the end of the data collection. All the material from the data collection was anonymized.  

 

3.1.4. Reference Standard  

Our reference standard method was based on previously performed NE exams and details 

are described in a previous study.(15) 

 

3.1.5. Procedure 

The 3D depictions of the pharyngeal adenoidal obstruction included two different 

anatomic regions of the nasopharyngeal airway, lumen (LU) and adenoid mass (AD). LU and 

AD were visualized in 2D - pictures- and in 3D – prototypes. One member of the research team 

(CTB) took the 3D depictions alongside with a guidance sheet (Appendix E) and with a cheat 

sheet containing the grading system (Appendix F) - to one participant at a time. Each participant 

was assessed two times with an interval of one week between the assessments.  

The 3D prototypes were coded in a way that the same prototype received two different 

codes depending on the day it was assessed, allowing us to analyze the intra-rater reliability. 

Chapter 2-figure 2.9- of this thesis research project shows a picture of the prototypes. 

The two-day assessments involved grading the level of obstruction of the nasopharynx, 

following a previous validated classification of four grades of AH through NP assessment using 

the Parikh et al., 2006 grading system.(42) The participants were given different sheets and 

codes, according to the day of assessment, as follows: 
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Ø  Assessment day 1: 

Þ Grading through the airway surface model printed on a paper sheet 

labeled “A” (Codes: A through N) (Figure 3.2); 

Þ Grading through the adenoid mass surface model printed (Codes: O 

through CC), on a paper sheet labeled “A1" (Figure 3.3) 

Þ Grading the actual airway prototype (Codes: PLU1 through PLU14); 

and grading the adenoid mass prototypes (Codes: PAD1 through 

PAD14), using a paper sheet labeled “P1” (Table 3.2). 

Ø Assessment day 2: 

Þ Grading through the airway surface model printed (Codes: DD through 

QQ) on a paper sheet labeled “B” (Figure 3.4); 

Þ Grading through the adenoid mass surface model printed (Codes: RR 

through AN), on a paper sheet labeled “B1” (Figure 3.5); 

Þ Grading the actual prototypes: airway (Codes: LL, L, U, S); and 

grading the adenoid mass prototypes (Codes: PP, A, TH, Z), using a 

paper sheet labeled "P2” (Table 3.2). 

 

3.1.6. Statistical analysis 

Statistical analyses were done using the Statistical Package for the Social Science (IBM, 

version 25; SPSS Inc., Armonk, NY, USA). Microsoft® Excel for Mac, version 15.27 was used 

to obtain any necessary averages and graphs.  

The intraclass correlation was used to assess the intra- and inter-reliability between the 

two evaluators. The analyses were performed on the 4-point grading system according to the 
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Parikh(42) grading system, additionally, the data were converted and coded based on the clinical 

classification of non-enlarged (grade 1 and grade 2) - code 0 - and enlarged (grade 3 and 4) - 

code 1. We followed the interpretation of poor agreement = 0-0.2; fair agreement = 0.3-0.4; 

moderate agreement = 0.5-0.6; strong agreement = 0.7-0.8; almost perfect agreement = 

>0.8.(122) 

The validity of our depictions were analyzed through comparison (accuracy and 

correlation) between our tools results and the reference standard (NE). To calculate the 

sensitivity, specificity, positive predictive value (PPV), and negative predictive value (NPV), we 

clustered the results in non-enlarged and enlarged. Cross-tab and Pearson’s c-test were 

performed.  

MANOVA were performed to find power description and effect size (partial eta-squared 

- ηp
2) of the study. The level of significance and confidence interval (CI) was set at 0.05.  

 

3.2. RESULTS 

One hundred and twelve (n=112) adenoidal nasopharyngeal assessments were done by 

each OHNS participating in this study. A total of 28 OHNS were invited, 2 agreed to participate. 

The participants evaluated the adenoid size of 14 patients represented in 4 different ways: LU 

2D, AD 2D, LU 3D, AD 3D as shown in figure 3.1 respectively A, B, C, D. Overall, an almost 

perfect overall agreement was observed for the 112 possible agreements in adenoid grading from 

the two examiners scoring in grading system, inter- rater reliability ICC mean= 0.88 (95% CI, 

0.76 - 0.95), and in the clinical classification of enlarged and non-enlarged, ICC mean = 0.87 

(95% CI, 0.75 – 0.95). The lower bound of agreement still implied the “strong agreement” 

grading. 
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3.2.1. Statistical Power 

Statistical power analysis of the evaluations based on the grading system(42), was high 

for each shared visualization tool. Based only on enlarged and non-enlarged classification, it was 

also high for all 3D depictions (> 0.92), but 0.84 for LU 3D which is still a high power. Effect 

size was large for all 3D depictions in the grading classification, although for the clinical 

classification effect size was large for AD 3D, medium for AD 2D, but small for LU 2D and LU 

3D, and as seen in Table 3.3. 

 

3.2.2. Reliability 

The degree of consistency with OHNS evaluated the depictions were observed through 

intra-rater reliability by grading score and by clinical classification as below: 

By grading system 

Intra-reliability (OHNS 1): 

• LU 2D picture ICC = 0.00; CI: 0 – 0.55; NS (poor) 

• AD 2D picture ICC = 0.97; CI: 0.92 – 0.99; P<0.001 (almost perfect) 

• LU 3D prototype ICC = 0.86; CI:0.57–0.95; P<0.001(almost perfect) 

• AD 3D prototype ICC=0.84; CI:0.52 – 0.95; P<0.001 (almost perfect) 

Intra-reliability (OHNS 2): 

• LU 2D picture ICC = 0.88; CI: 0.63 – 0.96; P<0.001 (excellent) 

• AD 2D picture ICC = 0.93; CI: 0.79 – 0.98; P<0.001 (excellent) 

• LU 3D prototype ICC = 0.64; CI: 0.0 – 0.88; P<0.001 (moderate) 

• AD 3D prototype ICC = 0.71; CI: 0.12 – 0.91; P<0.001 (strong) 
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By clinical classification 

Intra-reliability (OHNS 1): 

• LU 2D picture ICC = 0.92; CI: 0.78 – 0.98; P<0.001 (excellent) 

• AD 2D picture ICC = 0.93; CI: 0.78 – 0.98; P<0.001 (excellent) 

• LU 3D prototype ICC = 0.93; CI: 0.78 – 0.98; P<0.001 (excellent) 

• AD 3D prototype ICC = 0.75; CI: 0.23 – 0.91; P<0.001 (good) 

Intra-reliability (OHNS 2): 

• LU 2D picture ICC = 0.93; CI: 0.78 – 0.98; P<0.001 (excellent) 

• AD 2D picture ICC = 0.93; CI: 0.78 – 0.98; P<0.001 (excellent) 

• LU 3D prototype ICC = 0.73; CI: 0.19 – 0.913; P<0.001 (good) 

• AD 3D prototype ICC = 0.16; CI: 0.0 – 0.73; NS (poor) 

We also verified the agreement between evaluators thought inter-reliability. In summary, 

inter-rater reliability by the grading system according to Parikh(42), a moderate but not 

statistically significant agreement was found for LU 2D, a statistically significant and almost 

perfect agreement was observed for AD 2D, a moderate and also significant agreement for LU 

3D was found, and a statistically significant and strong agreement was observed for AD 3D.  

For the clinical classification of enlarged and non-enlarged AH, poor agreement was 

observed for LU 2D, a statistically significant and almost perfect agreement for AD 2D, a not 

statistically significant and poor agreement for LU 3D and a statistically significant and good 

agreement for AD 3D, as seen in Table 3.4. 
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3.2.3. Accuracy 

3D Depictions by grading system versus(vs) Reference Standard  

• LU 2D vs NE: ICC=0.54, CI: 0 – 0.85; NS (moderate) 

• AD 2D vs NE: ICC=0.75, CI: 0.27 – 0.92; P<0.001 (strong) 

• LU 3D vs NE: ICC=0.57, CI: 0 – 0.86; NS (moderate) 

• AD 3D vs NE: ICC=0.88, CI: 0.63 – 0.96; P<0.001(almost perfect) 

3D Depiction by Clinical Classification vs Reference Standard; 

• LU 2D vs NE: ICC=0.0, CI: 0 – 0.58; NS (poor) 

• AD 2D vs NE: ICC=0.62, CI: 0 – 0.88; P<0.005 (moderate) 

• LU 3D vs NE : ICC=0.57, CI: 0 – 0.86; NS (moderate) 

• AD 3D vs NE : ICC=0.83, CI: 0.44 – 0.94; P<0.001 (almost perfect) 

 

In summary, by the grading system according to Parikh(42), moderate but not statistically 

significant accuracy was found for LU 2D, a statistically significant and strong accuracy was 

observed for AD 2D, a moderate but not significant accuracy was observed for LU 3D, and a 

statistically significant and almost perfect accuracy was found for AD 3D.  

Accuracy by the clinical classification of enlarged and non-enlarged, was poor and not 

statically significant for LU 2D, statistically significant and moderate for AD 2D, also moderate 

but not statically significant for LU 3D, and statistically significant and almost perfect for AD 

3D.  

Therefore, both 2D depictions (LU 2D and AD 2D) showed a decrease in accuracy under 

clinical classification vs grading system. 
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3.2.4. Correlation 

3D Depictions vs NE Correlation analysis 

• LU 2D vs NE: r = - 0.25, NS (no correlation) 

• AD 2D vs NE: r = 0.45, NS (moderately strong correlation) 

• LU 3D vs NE: r = 0.38, NS (weak correlation) 

• AD 3D vs NE: r = 0.69, P < 0.01 (strong correlation) 

 

3.2.5. Sensitivity and Specificity 

• LU 2D sensitivity 25 %, CI: 0-40%; Specificity 78%, CI: 33.30 – 155% 

• AD 2D sensitivity 80%, CI: 80-80%; Specificity 61%, CI: 55.60 – 66.70% 

• LU 3D sensitivity 55%, CI: 40-60%; Specificity 64%, CI: 55.60 – 77.80% 

• AD 3D sensitivity 95%, CI: 80-100%; Specificity 58%, CI: 22.20 – 88.90% 

Sensitivity and Specificity (without outliers) 

Only two 3D depictions showed outliers: 

• LU 2D sensitivity 33%, CI: 20-40%; Specificity 52%, CI: 33.3 – 77.80% 

• AD 3D sensitivity 100%, CI: 100%; Specificity 70%, CI: 55.6 – 88.90% 

 

In summary, a low sensitivity and high specificity was found for LU 2D, a high 

sensitivity and high specificity was found for both AD 2D and AD 3D, and a low sensitivity and 

low specificity for LU 3D. LU 2D showed more non-enlarged cases than the actual number of 

negative cases, that is why a 155% of upper bounder in the CI, having an average of 75% of false 

negative cases. 
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3.2.6. Positive and negative predictive value  

• LU 2D PPV= 22%; NPV= 59%, without outlier: PPV= 29%  

• AD 2D PPV= 54%; NPV= 85% 

• LU 3D PPV= 47%; NPV= 72% 

• AD 3D PPV= 60%; NPV= 97%; without outlier: PPV= 66%  

In summary, in a sample with an AH prevalence of 36%, with a positive test for enlarged 

adenoid the chances of a patient who actually have an enlarged adenoid to be tested positive 

increases from 36% to 54% in the AD 2D, to 47% in the LU 2D, and to 66% in the AD 3D. 

Nevertheless, the chances of a patient who actually has an enlarged adenoid to test positive for 

LU 2D decreases from 36% to 29%.  

Regarding NPV results, the chances of the patient with a negative test for enlarged 

adenoid who actually does not have enlarged adenoid increases from 64% to 85% for AD 2D, to 

72% for LU 3D, and to 97% for AD 3D. Nevertheless, the chances of a healthy patient to be 

tested as “healthy” decreases from 64% to 59% in LU 2D. 

 

3.3. DISCUSSION 

The need for early referral, diagnostic and management of AH in children has been 

suggested in the literature over the years. Dentists should consider the possibility of referring the 

patient for a full OHNS assessment if any potential nasopharyngeal obstruction is identified. The 

clinical assessment of the upper airway space is usually comprised of direct clinical visualization 

and symptoms such as snoring, mouth-breathing and obstructive breathing during sleep should 

also be considered for referral.(1)  
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Direct clinical visualization of some pharyngeal areas can be limited, alternative 

nasopharyngeal image approaches could be used to improve the screening for potential 

obstruction. The exploration of 3D technology of computational tomography and the 

development of valid 3D printed models may improve the assessment of adenoid obstruction and 

may have a significant teaching potential as an adjunct to CT imaging training and referral 

training to OHNS specialists. 

Regarding overall inter-examiner assessment of adenoid size, our study reached an 

almost perfect agreement. Therefore, it was superior to previous studies using CBCT(16, 17), 

respectively ICC =0.69 and ICC of 0.39 for inter-examiner assessment. In addition, our results 

were similar to the agreement observed in the study by Major(15) which presented an ICC of 

0.80. 

Validity is the degree to which a test measures what it is intended to measure, the 

determination of validity for any test instrument can be made in a variety of contexts. In our 

study we validate our depictions by criterion-relate validity, verifying the correlation and 

accuracy of our tools results against a NE based grading assessment by and OHNS as reference 

standard. Additionally, as required by specifically designed screening tools, we verify the 

validity of our tools by evaluating its ability to accurately assess the presence and absence of 

AH. Therefore, the validity of our 3D depictions was based on accuracy, sensitivity, and 

specificity.  

The current reference standard validation study for NE, the Parikh(42) grading system, is 

a subjective method in which an inter examiner agreement of 0.71(kappa) among physician and 

residents was observed. The authors did not evaluate intra-rater reliability (consistency), their 

validation was based on interrater agreement, but no comparison with a reference standard was 
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performed. Therefore, no sensitivity, specificity, PPV or NPV were provided. This is unusual, 

since in previous grading validation studies(117-120, 123) reference standards were continuously 

used to provide correlation analyses. This information limitation on the Parikh study restricts the 

comparison of our 3D depiction tools with our reference standard test.  

Regarding individual visualization tool’s performance – LU 2D, AD 2D, LU 3D, and AD 

3D - both the picture (AD 2D) and the prototype (AD 3D) representing the adenoid and soft 

tissue were in general terms reliable (ICC > 0.75) and accurate (comparing with our reference 

standard, ICC >0.80). This is probably because the examiner can subjectively calculate the 

lumen space comparing it to adjacent anatomic structures. Besides, the “AD assessment'’ type of 

view is similar to the view OHNS has on the NE exam; thus, the examiners were more familiar 

with this view.  

Various methods have been developed over the years to assess adenoid sizes(8, 70), 

mostly based on the available space (lumen) in the nasopharynx around the adenoids, and not 

specific on the real size of the adenoid tissue. The assessment of adenoid through NE and 

classification are usually determined subjectively and estimating the extent of encroachment by 

the adenoid on the nasopharyngeal airway. Our methodology evaluated the performance of two 

different depictions, lumen and adenoid tissue. And the second, showed the better performance, 

probably because it allowed a view of the relationship between the adenoid and the nasopharynx 

space available. 

It is interesting to observe that although OHNS constantly agreed in some cases, their 

classification differed from the available reference standard in multiple scenarios. Overall 7 

cases of this specific disagreement could be observed as follow: 2 cases (L and N, figure 3.2) in 

the LU 2D; 2 cases (V and W, figure 3.3) in the AD 2D; 2 cases in the LU 3D case (PLU5 and 
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PLU10), and only one case (PAD 8) of disagreement in the AD 3D. Understandably, when we 

look at the prototypes PLU5, PLU10, PAD 8 (figure 3.6) the participant’s opinion agreed with 

the OHNS. Thus, those cases would be reconsidered after an OHNS specialist clinical 

consultation if referred. 

In comparison with the reference standard NE assessment, AD 3D and AD 2D showed 

the better statistical results in both grading systems and clinical classifications, furthermore AD 

3D presented almost perfect agreement in both of them. Additionally, AD 2D and AD 3D 

visualization tools showed respectively a moderately and strong correlation with our reference 

standard. Therefore, both AD 2D and AD 3D visualization tools allowed for an accurate grading 

of the adenoidal nasopharyngeal area. We assume that is probably due to the similarity of this 

view with the NE view, in which they are habituated to. These results can be better visualized in 

Table 3.5.  

Between the two depictions of the adenoid tissue and soft tissue - AD picture and 

prototype - the later presented slightly better results for accuracy, correlation, specificity and 

sensitivity, as seen in Table 3.5. We hypothesize that this could possibly be due to the 3D 

characteristic of the prototypes which allowed touching and looking at the real depth of the 

nasopharyngeal and the adenoid along with its relationship with adjacent structures. Although, 

while the prototype showed better performance, in a clinical setting the access to 3D printers is 

limited, therefore the application of AD 2D by health professionals would be more realistic and 

would per se help streamline the affected patients to the care of a specialist. 

The diagnostic capability of the assessed visualization tools as a diagnostic test for AH 

was statistically calculated. Sensitivity is the ability of a test to identify the adenoid enlarged 

cases, while specificity is the test’s ability to identify all non-enlarged cases. Excellent sensitivity 
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and specificity was observed for the AD 3D (100%, 70%). A sensitivity of 100% means that our 

tool was able to identify all the cases with AH, and that the number of false negatives were low. 

Major et al., 2014(70) stated that lower sensitivity is acceptable for AH, at the same time the 

authors contradict themselves stating that “low rate of false-negative cases” is preferred to not 

miss the undiagnosed patients. We believe the authors meant a higher sensitivity, is preferred not 

a low sensitivity, because it leads to a low rate of false negative cases. After all, a link between 

HA and upper airway obstruction has been reported.(9, 33), such obstruction may lead to SBD, 

to a compromised quality of life and general physical conditions.(8, 34), and that a delay in 

treatment also increases the need for more complex medical interventions.(19, 20) Therefore, the 

AD 3D depiction seems to have achieved the study goal for correctly identifying enlarged 

adenoids, and also beat a previously(70) set up cutoff values for specificity at 90%. 

The accuracy of adenoid tests has been investigated in a systematic review.(70) The 

author found a great variability between diagnostic tools compared to NE, for specificity ranging 

from 34 to 97%, and for sensitivity, from 22 to 100%. The best results were seen in a video 

fluoroscopy study(109) -100% sensitivity and 93% specificity, and MDCT study- 92% for 

sensitivity and 97% for specificity. But they carry the disadvantage of a higher radiation 

compared to CBCT. On the other hand clinical examination does not expose the patient to 

ionizing radiation, but showed a poor sensitivity of 22%, and an excellent specificity of 88%.(70) 

Thus, since a CBCT is not an independent exam, meaning, it would always be complemented by 

a specialist consultation and clinical examination, it would definitely improve the low sensitivity 

of the clinical examination.  

The performance indices of PPV and NPV were also analyzed. To easily verify the 

usefulness of our 3D depictions in a clinical setting, we approximately mimic our sample with 
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the prevalence of AH in the pediatric population (34.46%).(41) To do so, we randomly selected 9 

non-enlarged cases and 5 enlarged adenoid cases, thus the prevalence of AH in our group was 

35.7%. Hence, our final sample consisted of 14 patient-cases which gave us a sample size of 56 

different printed cases, as follow: 14 LU 2D (surface picture), and 14 AD 2D (surface picture), 

14 LU 3D (prototype), 14 AD 3D (prototype).  

 In a population-based setting, the probability of patients who truly have enlarged adenoid 

(PPV) to be identified by the 3D depictions were higher for the AD 3D with a PPV between 60-

66%; AD 2D showed a good probability (PPV= 54%) as well. The probability of patients who 

truly do not have enlarged adenoid (NPV) to be identified by our tools was 97% for AD 3D, and 

85% for AD 2D, and 72% for LU 3D. The worst performance was observed for the picture of the 

lumen (LU 2D) PPV= 22-29% and NPV = 59%, since their probability was below the prevalence 

of enlarged (36%) and non-enlarged (64%) in the population. Table 3.5 shows the values for all 

3D depictions.  

Previous studies(101, 109, 124-126) assessed the correlation of their index (radiographic) 

test when comparing to an NE as a reference standard. They were systematically reviewed(102), 

and the best correlation (r = -0.793) was found in a teleradiography study.(127) Nevertheless, 

this study(127) was not peer review indexed, besides, their sensitivity value was not remarkable, 

75%. A previous study(13) of the volume and cross-sectional 3D and 2D measurements with a 

NE reference standard showed weak and non-significant correlation. On the other hand, our 

study showed a strong correlation and a high sensitivity of 100%. 

Regarding power, our study achieved a high power for all tools in the grading system. 

Likewise, in the clinical classification all tools achieved a high power, although only AD 3D and 

AD 2D have a good effect size, respectively large (75%) and medium (62%) effect size. 
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Nonetheless, both depictions of the lumen had small effect sizes (Table 3.3). Therefore, a study 

with more OHNS participants would be indicated to increase study effect size for visualization 

models LU 2D and LU 3D. 

The awareness of the 2D and 3D depictions’ screening capability associated with the 

support of OHNS community can lead to a prioritization of the assistance to likely affected 

patients. In addition, in a scenario where a patient already has a CBCT of the craniofacial 

structures taken for another reason, OHNS can rely on the CBCT 3D depiction which might 

eliminate the need for a NE in some cases, for instance non-surgical cases. Therefore, a 

multidisciplinary cooperation can fast-track referral to and consequently management of affected 

individuals by an OHNS. Altogether those actions can benefit individual and overall community 

health, in view of the fact that wait times for specialist consultation and treatment delay may 

increase the rate of deterioration in general physical conditions, and also can lead to more 

complex medical interventions.(20) 

Considering that the 3D visualization depictions were assessed individually and the 

examiners were blinded to the other depictions of the same case, we believe that even better 

results would be achieved if the examiner would have access to the 2 different types of 

depictions for the same individual, or even had access to the CBCT scans and 3D depiction tools 

at the same time. Another supposition is that the concomitant use of 2D picture and an IPad with 

3D volume reconstruction- allowing motion of the 3D surface- would probably have a good 

performance as the 3D depiction. Ultimately, our intention for using these visualization tools is 

to refer all patients with enlarged adenoids for full appropriate assessment, therefore the 

implementation of history and physical examination would definitely qualify for an enlarged 

adenoid diagnosis. 
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3.4. Additional findings  

Although it wasn’t our objective to investigate a qualitative assessment of the technique, 

but since we had volume numeric measurement information, we analyzed the proportion of the 

relationship between LU and AD, and compared them to the reference standard. A previous 

study(13) analyzed the volumetric reconstruction of the minimal cross-sectional area of the 

Dolphin with the grading of the NE, and they didn’t find any correlation between the 

measurements. On the contrary, based on the measurements we obtained in our sample, the 

proportionality of the lumen and the soft tissue seems to be linked to the grading according to 

Parikh, 2006(42) and Ysunza et al..(109) In this sense, we observed a lumen over 24% - 25% for 

grade 1 and 2, while in grade 3 and 4, it was between 17% - 20% (figure 3.7 - A). 

The adenoid size also showed a greater proportion for the AH (grade 3 and grade 4) 

cases. Therefore our landmarks and techniques allowing the volume measuring (quantitative 

measurement) of both lumen and adenoid tissue gives light to a very promising new grading for 

AH screening through CBCT scans, in which non-enlarged adenoids would have an AD lower 

than 76%, and enlarged cases would have an AD over 76% (figure 3.7- B). Similarly, but in 

qualitatively mid-sagittal slice view assessment, Major et al., 2014(15) established a 

corresponding percentage of <25% for grade 1, 25-50% for grade 2, 50-75% for grade 3 and > 

75% for grade 4, which means <75% for non-enlarged, and >75% for enlarged adenoids. 
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3.5. Limitations 

The main limitation was the sample size. We contacted 28 OHNS and residents and only 

6 answered the emails and among them 4 declined to participate due to scheduling problems, and 

2 accepted to participate.  

Another limitation was the reference standard that was used. The models were selected 

based on the retrospective grading of only one evaluation. Neither inter-rater reliability 

(agreement) nor intra-rater reliability (consistency) was assessed. 

 

3.6. CONCLUSION  

Our finding support the validation of the use of 3D printed model depictions of the 

adenoid obstruction of the nasopharynx. Accuracy was found in two 3D printed models 

depictions-LU 3D and AD 3D- and in one 3D picture depiction- AD 2D. Screening capabilities 

of the four 3D depictions tools are presented below: 

• LU 2D visualization tool is reliable between repeated evaluations and has high 

specificity; however it is not accurate, has low sensitivity, and has poor performance 

on PPV and NPV; 

• AD 2D visualization tool is reliable between repeated evaluations and accurate 

compared with NE (reference standard). It also has high sensitivity and specificity; 

• LU 3D visualization tool is reliable between repeated evaluations and showed 

moderate accuracy, low sensitivity and specificity; 

• AD 3D visualization tool is reliable and accurate for evaluating AH compared with 

NE (reference standard). This depiction presented the highest sensitivity, and highest 

values for PPV and NPV compared to the other visualization tools. 
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3.7. Further steps 

1) Use a reference standard (NE based assessment OHNS) supported by adequate inter- 

and intra-reliability values.  

2) Apply the research to OHNS from different countries. 

3) Analyze the 3D model development technique using different software.  

4) Exploration of the 3D depictions as an educational tool. 
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3.9. Figures & Tables 

 

Figure 3. 1 - 3D Depictions 
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Figure 3.1  3D  Depictions 
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Figure 3. 2 - Sheet A sent to OHNS to grade the 3D Image of airway surface 

 

 

Date:    /      / 

Sheet A Sheet A
Code Front View Top View Right view Back view GRADE* Code Front View Top View Right view Back view GRADE*

Code A Code H

Code B Code I

Code C Code J

Code D Code K

Code E Code L

Code F Code M

Code G Code N

* Grade 1: 25%; Grade 2; 25-50%; Grade 3: 50-75%; Grade 4: >75% OR E: Enlarged; NE: non-enlarged

Figure 3.1  Sheet A sent to OHRS to grade the 3D Image of airway surface
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Figure 3. 3- Sheet A1 sent to OHNS to grade the 3D image of the adenoid mass surface 

 

Date:      /      / 
Sheet A1 Sheet A1

Code  3D Image GRADE* Code  3D Image GRADE*

Code O  Code V

Code P Code X

Code Q Code W

Code R Code Z

Code S Code AA

Code T Code BB

Code U Code CC

Figure 3.2  Sheet A1 sent to OHRS to grade the 3D image of the adenoid and soft tissue surface

* Grade 1: 25%; Grade 2; 25-50%; Grade 3: 50-75%; Grade 4: >75% OR E: Enlarged; NE: non-enlarged
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Figure 3. 4 - Sheet B sent to OHNS to grade the 3D Image of airway surface 

 

Date:      /      / 
Sheet B Sheet B
Code Bottom View Top View Front view Right side view GRADE* Code Bottom View Top View Front view Right side view GRADE*

Code DD Code KK

Code EE Code LL

Code FF Code MM

Code GG Code NN

Code HH Code OO

Code II Code PP

Code JJ Code QQ

Figure 3.4  Sheet B sent to OHRS to grade the 3D Image of airway surface

* Grade 1: 25%; Grade 2; 25-50%; Grade 3: 50-75%; Grade 4: >75%
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Figure 3. 5 - Sheet B1 send to OHNS to grade the 3D image of the adenoid mass surface 

 

Date:      /      / 
Sheet B1 Sheet B1

Code  3D Image GRADE* Code  3D Image GRADE*

Code RR Code YY

Code SS Code ZZ

Code TT Code LE

Code UU Code PE

Code VV Code FE

Code WW  Code MA

Code XX Code AN

* Grade 1: 25%; Grade 2; 25-50%; Grade 3: 50-75%; Grade 4: >75% OR E: Enlarged; NE: non-enlarged

Figure 3.5. Sheet B1 send to OHRS to grade the 3D image of the adenoid and soft tissue surface
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Figure 3. 6- 3D printed models (prototypes) 

 

Grade 1 Grade 2

Grade 3 Grade 4 

Figure 3.6  3D printed models (prototypes)

Non enlarged

Enlarged 

Prototype yellow (LU-lumen); prototype Red (AD-adenoid & soft tissue). Grade 1: 25%; Grade 2: 25-50%; Grade 3: 50-75%; Grade 4: >75%

PLU 1 PLU 2 PLU 3 PLU 5PLU 4
PLU 6

PLU 7 PLU 8
PLU 9

PLU 10 PLU 11 PLU 12 PLU 13 PLU 14

PAD 1 PAD 2 PAD 3 PAD 4 PAD 5 PAD 6
PAD 7 PAD 8 PAD 9

PAD 10 PAD 11 PAD 12

PAD 13 PAD 14
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Figure 3. 7- Volume proportion by Grade and by Category 
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Table 3. 1- Sheet P1 send to OHNS to grade the prototypes (LU) 

 

 

 

 

Sheet P1 Prototype Code GRADE* Sheet P1 Prototype Code GRADE*
PLU1 PAD1
PLU2 PAD2
PLU3 PAD3
PLU4 PAD4
PLU5 PAD5
PLU6 PAD6
PLU7 PAD7
PLU8 PAD8
PLU9 PAD9
PLU10 PAD10
PLU11 PAD11
PLU12 PAD12
PLU13 PAD13
PLU14 PAD14

LU
M

EN
 (L

U
) 

A
de

no
id

(A
D

) 

* Grade 1: 25%; Grade 2; 25-50%; Grade 3: 50-75%; Grade 4: >75%

Table 3.1  Sheet P1 send to OHRS to grade the prototypes (LU)

Date:      /      / 
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Table 3. 2- Sheet P2 send to OHNS to grade the prototypes 

 

 

 

 

Table 3. 3- Statistical Power Analysis 

 

 

Sheet P2 Prototype Code GRADE* Sheet P2 Prototype Code GRADE*
PLU15 PAD15
PLU16 PAD16
PLU17 PAD17
PLU18 PAD18
PLU19 PAD19
PLU20 PAD20
PLU21 PAD21
PLU22 PAD22
PLU23 PAD23
PLU24 PAD24
PLU25 PAD25
PLU26 PAD26
PLU27 PAD27
PLU28 PAD28

LU
M

EN
 (L

U
) 

A
D

EN
O

ID
 (A

D
) 

* Grade 1: 25%; Grade 2; 25-50%; Grade 3: 50-75%; Grade 4: >75%

Table 3.2 Sheet P2 send to OHRS to grade the prototypes

Date:      /      / 

Observed 
Power

Effect size
Observed 

Power
Effect size

LU 2D 1 96% 0.92 53%
AD 2D 1 95% 0.98 62%
LU 3D 1 95% 0.84 47%
AD 3D 1 97% 1 75%

Table 3.3  Statistical Power Analysis

Grading system* Clinical classification**

*accordigly to Parikh et al, 2006 (grade 1, 2 3 and 4); **enlarged and non-
enlarged

3D depictions
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Table 3. 4- Reliability (Inter-reliability, ICC) 

 

 

 

 

Table 3. 5- Summary of results 

 

  

Table 3.4. Reliability (Inter-reliability, ICC)

Grading system* Clinical classification**

3D
 de

pic
tio

ns
INTER

P-value 
(95%)

INTER
P-value 
(95%)

LU 2D ICC=0.64, CI: 0 - 0.68 NS ICC=0.26, CI: 0.0 - 0.74 NS 
AD 2D ICC=0.88, CI: 0.64 - 0.96 P<0.001 ICC=0.93, CI:0.78 - 0.98 P<0.001
LU 3D ICC=0.59, CI: 0 - 0.87 P<0.005 ICC=0.26, CI:0.0 - 0.77 NS
AD 3D ICC=0.79, CI:0.37 - 0.93 P<0.001 ICC=0.73, CI: 0.14 - 0.91 P<0.005 
*accordigly to Parikh et al, 2006 (grade 1, 2 3 and 4); **enlarged and non-

enlarged

Grading system*

Correlation Sensitivity Specificity PPV NPV

LU 2D moderate poor no correlation 33% 78% 22 - 29% 59%
AD 2D strong moderate moderately strong 80% 61% 54% 85%
LU 3D moderate moderate weak 55% 64% 47% 72%
AD 3D almost perfect almost perfect strong 100% 70% 60 - 66% 97%

Clinical classification**

Table 3.5.   Summary of results

3D depictions

*accordigly to Parikh et al, 2006 (grade 1, 2 3 and 4); **enlarged and non-enlarged

Accuracy
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Chapter 4: Discussion & Conclusion 

4.  

4.1. OVERALL DISCUSSION  

The assessment of the upper airway space, while screening for adenoid hypertrophy in 

children with SDB, is important in order to support adequate multidisciplinary management. 

Timely intervention may likely prevent any further major health consequences. These 

consequences potentially involve obstructive sleep apnea syndrome (OSA)(1, 2), poor grade 

performance, consumption of more medication and financial burden as a need for more specialist 

consultations. A higher annual impact in health care costs – calculated as an increase of 215% 

were observed in affected children when compared to a healthy control.(7)  

The consequences of not addressing an health issue may increase the rate of deterioration 

in general physical conditions and also can lead to more complex medical interventions. 51% of 

Canadians wait extensively for a medical specialist appointment, and 53% waited too long for 

selected diagnostic tests.(19) The wait times in Canada for an otolaryngology specialist 

appointment along with eleven other specialties has been considered the longest in the developed 

world.(20) Having educated and trained health professionals in screening for SDB would allow 

them to provide a solid referral to a medical specialist.  

During the clinical and oral cavity evaluation dentists can identify some phenotypic 

characteristics linked to sleep related disorder breathing (SRDB), therefore engaging in an 

essential responsibility in screening and referring potential patients with an increased risk for 

OSA. Hence, it is essential that general dental practitioners are educated and trained regarding 

SDB, so they can work closely with a referral system to the proper specialist for diagnosis and 
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treatment.(91) After all, dentists are responsible for the diagnosis, treatment, and prevention of 

diseases and disorders of the oral cavity and related structures.(21) 

Imaging techniques have been indicated to improve evaluation of abnormalities 

predisposing to obstructive SDB in children.(1) Dynamic imaging methods would provide better 

quality, due to pharyngeal obstruction site changes between wakefulness and sleep, between 

sleep stages, according to body position and patient’s age.(115) However, they are overall 

usually associated with high ionizing radiation, expensive, limited availability, and/or sometimes 

out of the scope of the dentist.(11) In dentistry imaging of the upper airway space and 

craniofacial structures has traditionally employed lateral cephalometry radiography, but 

cephalometry whilst informative and readily available, has the 2D procedure as a limitation. On 

the other hand, CBCT whilst static, has a lower radiation dose, has the 3D technology and has 

become available specifically for the dentistry field.(30) Therefore, over the years the interest in 

CBCT in the dentistry field has exponentially increased since its introduction in the late 

1990’s.(14)  

Five studies(13, 15-17, 27) have explored the use of CBCT imaging to investigate 

pharyngeal adenoidal obstruction thus far. Four(13, 15-17) contrasted CBCT imaging against NE 

supported diagnosis assessed qualitatively and one(13) quantitatively. The findings of the 

three(15-17) qualitatively assessments showed a significant gap of agreement in image 

interpretation between professionals, and a disagreement between CBCT imaging accuracy 

compared to a NE reference standard. In the qualitatively assessment of CBCT through volume 

and minimal cross-sectional area(13), a weak correlation was observed. In summary, it seems 

that use of CBCT imaging, although promising, is not near enough to be an adequate 

replacement for NE imaging. The reasons for this are related to the static nature of CBCT 
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imaging, the significant computer skills required and the fact that the patient is not present to 

interact during the imaging process. In spite of the fact that CBCT was not designed to evaluate 

soft tissue, its reliability and accuracy for measuring soft tissue depth has been investigated in a 

forensic study.(44) High intra- and inter-reliability were found, as well as high correlation when 

compared to physical measurements. The study used two distinct scan protocols, 03 and 04 mm 

voxels, and 17 mm of FOV for both voxel sizes. Similarly, our study used 0.3 mm voxels as a 

protocol, although a higher FOV (12 in). 

Computer-based 3D volume calculations can be performed more accurately, effectively, 

and easily with the advent of 3D reconstruction and analysis techniques. The 3D imaging 

reconstruction tool has been positive for complex medical cases as it significantly improves 

diagnosis and treatment planning. The use of the digital imaging and communications in 

medicine (DICOM) format allows the 3D reconstructions of complex airway space and 

anatomy.(29) Furthermore, 3D printing technology that converts a 2D image to a touchable 

model enables a more comprehensive view of human anatomical structures, especially complex 

anatomies. The assessment of a 3D printed model generated from a DICOM as a computational 

aid for screening for abnormalities and obstruction diagnosis of the upper airway has not been 

explored.  

Our study developed and validated the use of 3D printed models of the nasopharyngeal 

area of patients with different degrees of adenoidal hypertrophy (AH). It explored CBCT scan 

reconstructions through Dolphin software as a mechanism to screen for AH in comparison to 

OHNS direct NE assessment of the area.  

Our methodology reliability for the design and development of the 3D depiction tools 

were analyzed using ICC and both intra- and inter-reliability were high. For UA models an ICC 
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=0.993 (95% CI:0.981-0.998) and for AD model an ICC =0.944 (95% CI: 0.861-0.982) in single 

measures, were found. Inter-reliability was considered excellent between raters for both models; 

LU presented an ICC of 0.982; 95% CI, 0.939-0.995); and AD presented an ICC of 0.995; 95% 

CI, 0.981-0.998). The measurement error for LU was 1.667mm3 ± 1.000 mm3 (SD: 37.27), and 

for AD was: 139.250mm3±1.006mm3 (SD: 98.46). The prototypes were developed using the 

DICOM data analyzed with commercial software Dolphin 3D. 

Our validity study showed a moderate and strong correlation (AD 2D and AD 3D 

respectively) with the reference standard. On the contrary, a previous study(13) failed to find a 

strong correlation of the volume and cross-sectional 3D and 2D measurements with a NE 

reference standard. Similarly, our LU 2D and LU 3D, showed no correlation, and weak and non-

significant correlation respectively. Likewise, LU 2D, LU 3D and the Pacheco-Pereira et al., 

2017(13) study shared the same type of lumen assessment, although the later assessed it 

quantitatively and this study assessed it qualitatively. Therefore, a further quantitative 

assessment of our technique would provide a more objective approach. 

Additionally, the Pacheco-Pereira et al. (2017), study(13) performance for sensitivity and 

specificity were poor (66% and 43% for the volume, and 50% and 46% for the minimal cross-

sectional area respectively). In our study similar weak results were found for our LU 2D and LU 

3D for sensitivity, 33% and 55% respectively. On the other hand, a better performance in 

specificity was found for all 4 tools, 78% (LU 2D), 61% (AD 2D), 64% (LU 3D) and 70% (LU 

3D), which means that more non-enlarged (true-negative)patients were found. On the contrary, 

strong performances were reported by Major et al. (2014)(15), with sensitivity of 88 % and 

specificity of 93%. The Major et al. 2014(15) specificity values were higher than all of our 3D 
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tools. However, their sensitive performance was lower than the sensitivity performance achieved 

by our AD 3D tool. 

The 3D visualization depictions were assessed individually and the examiners were 

blinded to the other depictions of the same case. We believe that better results would be achieved 

with an association of our technique with Major et al. 2014(15) technique, which consists 

basically of examiner access to the CBCT scans. To explain it more clearly, a full access to the 

CBCT reconstruction associated to the printed model.  

Our current reference standard validation scale for NE, Parikh et al. (2006)(42), lacks 

information regarding sensitivity, specificity, PPV, NPV, false positives, false negatives, and 

correlation analysis. Therefore, more analysis of the diagnostic capability of our depiction with 

our reference standard couldn’t be performed. Nonetheless, we simulated a quantitative analysis 

of our technique, based on the relationship between LU and AD as compared to the reference 

standard. Based on the measurements we obtained in our sample, the proportionality of the LU 

and AD covering the nasopharynx seems to be linked to the grading according to a four-point 

(42), and percentage of obstruction(109) scales. In this sense, we observed a lumen over 24% - 

25% for grade 1 and 2, while in grade 3 and 4, it was between 17% - 20% (figure 3.7 A).  

In addition, the adenoid size also showed a greater proportion for the adenoid 

hypertrophic (grade 3 and grade 4) cases. Therefore, our landmarks and techniques allowed the 

volume measurement and the quantitative measurement of both lumen and adenoid tissue. It 

gives light to a new and potentially useful grading for adenoid hypertrophy screening through 

CBCT scans. Our speculation, based on our sample findings, is that in this quantitative 

assessment through CBCT, non-enlarged adenoids patients would have an AD < 76% (grade 1 

and grade 2), and enlarged cases would have an AD ≥ 77% (figure 3.7 B). Similarly, but in 
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qualitatively mid-sagittal slice view assessment, Major et al.(15) used a correspondent 

percentage of <25% for grade 1, 25-50% for grade 2, 50-75% for grade 3 and > 75% for grade 4, 

which means <75% for non-enlarged, and >75%, based on a previous reported four-point scale 

by Ysunza et al..(109) Obviously, a further discriminant analysis would be necessary to better 

address the supposed proportion for CBCT.  

Our methodology to obtain the four 3D depictions of the nasopharyngeal adenoidal 

obstruction was reliable. We used a new version of Dolphin software in which an inverted 

threshold can be used, allowing for better delimitation of bone and soft tissue. Dolphin software 

is user friendly in clinical settings and saves the volume surface directly to the STL file, 

simplifying the 3D printing process. 

Dolphin software has a sensitivity tool to identify the density value in the scan. Although 

called HU in the software, its value does not correspond to the specific HU value of 0 for water 

and -1000 for air specific to CT machines. It is also important to recall that HU is not a 

standardized system, The “HU value” may not be the same if using the same CT machine but 

with a different technique, as well as if using a different machine.(58) Additionally, variation in 

scanning parameters affect the measured density values(58) and the HU cut off value can have a 

major bearing in the volume measurement results as well as on the 3D surface. That is the 

fundamental reason why the sensitivity threshold tool must be checked, adjusted, standardized 

and properly reported in upper airway imaging studies. Therefore, caution should be taken 

regarding standardizing the threshold sensitivity in upper airway imaging studies to avoid 

unreliable results if any comparisons of the measurements are made without standardizing the 

threshold sensitivity tool. In the present study, we adjusted the Dolphin threshold to a value of 35 
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HU for the airway, based on the scan protocol of 6.19 mAs, at 110 kV, FOV 12 in, 0.3 mm 

voxel, and 8.9-second scan time. A higher HU deformed the surface as seen in figure 2.10. 

Our study achieved almost perfect agreement in overall inter-examiner assessment of 

adenoid size. Between the 2D and 3D depiction types, the 3D showed better results, and 

comparing the types of view, LU and AD, the “AD'’ type showed better results. We assumed this 

occurred because the 3D depictions - prototypes- in which the 3D reconstruction allowed 

touching and looking to real depth of the nasopharyngeal and the adenoid along with its 

relationship with adjacent structures is possible. For the difference between the types of view LU 

and AD, we assumed that the best performance of the latter would be due to the familiarity of the 

examiners with this type of view that is similar to the NE and for the possibility of the view of 

the relationship between the adenoid and the nasopharynx space availability.  

Screening tools and diagnostic tests based on subjectivity evaluation are fallible to some 

extent, since all humans respond with some inconsistency. That is why on those tests is expected 

a higher variance among evaluation. Cumulative errors leading to high variability could be 

associated to evaluators tiredness, and manipulation resulting in evaluation of the wrong side of 

the prototype. 

Overall, the 3D depiction tools showed different diagnostic capabilities. Excellent 

sensitivity and specificity were observed for the AD 3D (100%, 70%). The AD 3D tool achieved 

the study goal for correctly identifying enlarged adenoids with only 5% of false-negative cases 

(Figure 4.1) 

Regarding power, our study achieved a high power for all tools in the grading system. 

Likewise, in the clinical classification all tools achieved a high power, although only AD 3D and 

AD 2D have a good effect size (large (75%) and medium (62%) effect size respectively). 
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Nonetheless, a study with more examiners would be indicated to narrow down the errors or 

variances that would culminate from having multiple opinions. 

One noted study limitation is that the HU selection is still a major limitation in the upper 

airway CBCT imaging field. In our study we used the same threshold (35 HU) for all LU 

depictions, notice that in a machine and/or under a different scanning protocol the threshold 

would be different. However, by far our biggest limitation of our study was recruiting 

participants as only 21.42% (n = 6) answered our invitation, and among them, only 33.33% (n = 

2) accepted to participate. 

Clinical implications of the study are that the proposed 3D tools may play an essential 

role in screening for adenoid hypertrophy after more studies in this regard are completed to 

further validate or not this approach. Specially because CBCT is not an independent exam, as 

shown in this study, as it is always complemented by a specialist consultation and clinical 

examination.  

Another potential implication of the study is the potential of the 3D depiction tools as an 

educational tool. Since, they are capable of providing tactile feedback and actual depth 

information about anatomic and pathologic cases. The same technique with some design 

adjustments could be applied for different purposes. One example is the development of an 

algorithm, another would be that the use of the anatomical model for educational purposes for 

assessing the nasopharynx space by adaptation of the technique and modification of the ROI 

making its use for basic scope navigation. Therefore, it may be used for undergrad students, 

dentists, as well as for patients to educate and raise awareness in affected patients and especially 

their parents about the importance of looking for a specialist. 
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4.2. CONCLUSION 

The present research project aimed to develop and validate 3D depictions of the 

nasopharyngeal adenoidal area. As suggested in the first Chapter, there is a need for early 

referral of affected children and CBCT imaging, when available, could help streamline this 

referral. The 3D depictions seem to be a potential educational tool for further application in the 

understanding of the nasopharyngeal adenoidal region. 

In Chapter 2 we rejected our null hypothesis for the first objective that there is no reliable 

methodology for the development of 3D depictions of the nasopharyngeal adenoidal area. Our 

method appears to be reliable to create 3D printed models of the adenoidal area. 

In Chapter 3, the null hypotheses that the 3D depiction tools were not accurate was 

rejected for three out of four 3D depiction tools - AD 2D, LU 2D, and AD 3D, but with different 

degrees of diagnostic performance.  

Overall our study was successful in developing and validating a prototype of the 

nasopharyngeal adenoidal region using Dolphin software. 
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4.3. Figures 

 

Figure 4 1– Performance of 3D depictions regarding false-positive and false-negative cases 
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Appendix F: Information Sheet (Cheat Sheet)  

 

Fig 1F. Nasopharynx obstruction Due to Adenoid tissue Hypertrophy –Grade system for 

Endoscopic Examination(42) 
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Correspondent Grade System used for evaluation of CBCT –Mid-sagittal slice (15, 109) 

 

 

 

Fig 2F. Adenoid size in CBCT midsagittal slice and corresponding viewed with NE. 

 

 


