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Abstract 

 

Purpose: evaluate 1) reliability and accuracy of cone-beam computed tomography 

(CBCT) for assessing adenoid size compared to nasoendoscopy (NE), 2) Influence of 

clinical experience on CBCT diagnosis. 

 

Methods: Four blinded evaluators reviewed randomized CBCT images. Adenoid size was 

graded on a 4-point scale for CBCT and NE (by an pediatric otolaryngologist).  Reliability 

was assessed with intra and inter-observer agreement. Accuracy was assessed with 

agreement between CBCT and NE, plus sensitivity / specificity analysis. 

 

Results: 39 consecutively assessed, non-syndromic subjects (11.5 ± 2.8 years) were 

evaluated. CBCT demonstrated excellent sensitivity (88%) and specificity (93%), strong 

accuracy (ICC = 0.80, 95% CI ± 0.15), and very good reliability, both within observers 

(ICC = 0.85, 95% CI ± 0.08) and between observers (ICC = 0.84 ± 0.08).  Clinical 

experience of the CBCT evaluators did not have a statistically significant effect. 

 

Conclusions:   CBCT is a reliable and accurate tool for identifying adenoid hypertrophy. 
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Chapter 1: Introduction 

1.1  Anatomy, Epidemiology, and Relevance of Adenoid Hypertrophy 

     The adenoids are a collection of lymphatic tissue located in the most superior-

posterior aspect of the nasopharynx.  They are situated at the inflection point between 

the horizontally oriented nasal passage and the vertically oriented oropharynx. Being a 

lymphoid tissue, the adenoids play a role in immunity housing large numbers of 

immunocompetent cells such as B-cells, T-cells, lymphocytes, and macrophages.1  As a 

result, the adenoids are highly prone to inflammation when an immune response is 

elicited against foreign antigens.1 

     Even in healthy children, a physiologic amount of adenoid enlargement is a part of 

normal craniofacial growth and development.  The adenoid lymphoid tissue naturally 

increases to its largest size sometime between age 5-10, then continually decreases in 

size until adulthood.2,3  Since children of this age range naturally have some element of 

relative lymph enlargement, any additional inflammation – actual inflamatory hypertrophy 

beyond physiologic adenoid enlargement – can easily introduce partial or complete 

nasopharyngeal obstruction.4  

     Epidemiologic studies have reported a high prevalence of adenoid hypertrophy in 

children. One large study of 1132 subjects observed a frequency a of 27% for children 

aged between five and seven, and 19-20% for children between the age of eight to 

fourteen.5  Other smaller cross-sectional studies have observed frequencies of 37.9% 

among 370 children between three to nine years 6 and 57.7% among 213 children 

between the age six months to fifteen years7.   

     When adenoid hypertrophy occurs in a chronic state there can be long periods of 

partial or complete impairment of nasal function,8 which may lead to mouth breathing6.  

Chronic nasopharyngeal obstruction is believed to increase the risk for altered 

craniofacial growth, and increase the risk of pediatric sleep disordered breathing.   
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1.2   The Effect of Adenoid Hypertrophy 

1.2.1   Adenoid Hypertrophy and Altered Cranio-facial Growth 

     Though a considerable number of previous researchers observed the relationship 

between nasal function and facial pattern, it was Linder-Aronson’s seminal work that 

helped solidify the association between adenoid hypertrophy and altered human 

craniofacial growth. While he noted that adenoid obstruction occurred in all facial types, 

children with adenoid hypertrophy presented more frequently with a narrow maxillary 

dental arch, cross-bite, steep mandibular plane, and long anterior face height.9 Such a 

craniofacial growth pattern was often termed “adenoid faces”. 

      Linder-Aronson acknowledged that, in theory, a genetically driven facial pattern could 

cause the nasopharyngeal obstruction.  However, he favored a hypothesis that 

nasopharyngeal obstruction – whether by adenoid hypertrophy or other etiology – 

increased resistance to nasal airflow such that children were obligated to mouth breathe; 

the resulting open mouth posture became the driving force behind altered craniofacial 

growth. He theorized that during mouth breathing, the tongue assumes a lower posture to 

facilitate oral airflow and therefore no longer rested in the palate to facilitate transverse 

development.  Put simply: Linder-Aronson viewed maxillary transverse constriction and 

vertical growth pattern as a result of mouth breathing when there was collaborative 

evidence of nasopharyngeal obstruction. 

     While the patho-phsyiologic mechanism postulated by Linder-Aronson has been 

debated, the association between facial growth and nasal function has been repeatedly 

demonstrated.10-13 A recent study has demonstrated that nasal obstruction due to 

deviated septum may cause the same altered craniofacial growth pattern as adenoid 

hypertrophy.14   Even though a hyperdivergent craniofacial growth or dental crossbite can 

occur without airway obstruction, it is now almost universally accepted that 

nasopharyngeal obstruction can be a primary etiologic factor causing “adenoid faces”.15,16  
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1.2.2   Adenoid Hypertrophy and Sleep Disordered Breathing 

     Sleep disordered breathing is a spectrum of disorders unified by respiratory 

disturbance or inadequate ventilation during sleep.17  In this context, sleep disordered 

breathing can range from primary snoring to upper airway resistance syndrome to severe 

obstructive sleep apnea.18  In the pediatric population, the frequency of obstructive sleep 

apnea is estimated at 1-5%19, while the frequency of sleep disordered breathing (ex 

snoring) is estimated is estimated much higher ranging from 3% to 27%.19  The 

consequences of sleep disordered breathing to overall health can be severe.  

Neurocognitive dysfunction including attention deficit, hyperactivity, reduced grades in 

school, and aggression20,21; cardiovascular dysfunction including hypertension22, 

ventricular hypertrophy23, valvular damage24, or cor pulmonale25; and delayed growth 26 

have all been reported. 

     Factors such as obesity27,28, asthma,29 ethnicity30, former preterm birth30, and 

environmental irritants31 are all etiologic contributors and co-morbidities of pediatric sleep 

disordered breathing1,32. However, in the pediatric population, adenoid hypertrophy is the 

most pervasive primary etiology.1-3,17,33  

 

1.3   The Effect of Adenoidectomy 

1.3.1   Effect of Adenoidectomy on Craniofacial Growth 

     Linder-Aronson’s work established a new level of firmness to the connection between 

adenoid hypertrophy and altered craniofacial growth. The next logical step was to 

investigate whether treating adenoid hypertrophy could normalize craniofacial growth.  
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     Subsequent studies suggested a return to normal growth after adenoidectomy was 

possible.  Multiple prospective, non-randomized clinical trials34,35 demonstrated 

normalization of the mandibular plane angle (i.e. decrease in long face morphology) over 

the 5 year follow-up, but no noticeable change during the first year. Such a finding is not 

unexpected as growth takes time to occur.  Though both studies demonstrated statistical 

significance, some trends were questionable and the clinical significance was not 

profound. These findings suggest that some normalization does occur, but growth pattern 

may not be fully restored to normal.   

     Current investigations have also produced mixed results. A recent prospective, non-

randomized trial5,36 evaluated growth in a pediatric population (n=34, mean age 5.6) with 

OSA for 5 years after adenotonsillectomy (A&T).  Initially, the treatment group subjects 

had distinct facial morphology consistent with “adenoid faces” while control subjects did 

not.  Five years after A&T, there was no discernable difference between the treatment 

and control groups.  Conversely, a non-randomized prospective trial37 evaluated growth 

differences between treated and untreated controls (n=80) after 1 year and found no 

difference.  If the conclusions of Linder-Aronson’s original intervention study34 are valid, 

one year may not be sufficient time to observe a growth change, and Souki et al37 may 

have incorrectly accepted the null hypothesis. 

     Unfortunately, none of the studies had strong methodological features, therefore 

inconsistencies between studies may be due to study biases (methodological flaws).  Yet, 

the study that reported the strongest results36 also treated the youngest subjects (mean 

age: 5.6 years). The other studies34,35 reported subjects mean age 7.5 years and 8.2 

years respectively.  A recent cross-sectional study13 suggested that children with 

obstructive adenoid hypertrophy should be treated before the age of six in order achieve 

total normalization of craniofacial growth.  Therefore the spectrum of results across 

studies may be confounded by an unaccounted for age covariate.  The clinical implication 
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might be: children with nasopharyngeal obstruction should be treated before age 6 for the 

best prognosis of normalized craniofacial growth. 

 

1.3.2   Affect of Adenoidectomy on Pediatric Sleep Disordered Breathing 

     At the present time, A&T is the evidence-based, first line surgical treatment of 

pediatric obstructive sleep apnea.17,32  One meta-analysis38 described an average 

reduction of 13.9 AHI events following A&T and success rate of 82.9%, while another 

more recent systematic review estimated a success rate of only 66%.{Friedman:2009ds}  

However, the level of evidence generally is low, primarily coming from case series and 

cohort studies.38,39 

     Even though A&T is the current first surgical step, there are significant questions 

regarding its universal efficacy.  Recent publications have reported failure rates of 49%40 

to 75%41. Continuous positive airway pressure (CPAP) has become the standard of care 

treatment for children with failed A&T.  A growing body of research is suggesting that 

certain populations have a particularly poor prognosis following A&T. The presence of 

midface deficiency42, obesity28,43,44, family history of SBD44, ethnicity,44 asthma43, GERD, 

septum deviation45, and chronic rhinitis45 all have various degrees of evidence to suggest 

a more guarded prognosis to A&T treatment.   

     Concurrent evidence is growing that alternative treatments are essential for SDB 

management, such as anti-inflammatory medication46,47, proton-pump inhibitors48, and 

orthodontics45.  Unsurprisingly, each of these treatment alternatives addresses specific 

co-morbidities that may compromise the prognosis of A&T therapy.   

     In conclusion, recent evidence demonstrating a more guarded prognosis of A&T 

treatment for pediatric SDB suggests significant gaps in knowledge in current diagnostic 

standards.  Further research is needed before clinicians can provide consistently 
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accurate, patient specific prognosis for A&T.  Even though the role of A&T requires 

tailoring, its importance cannot be underestimated in SBD management.  Because of the 

high prevalence of adenoid hypertrophy as a primary etiology in children with SDB, 

adenoitonsillectomy will always remain an important frontline surgical treatment option. 

Simply put, A&T should be seen as an initial, simple, and important treatment, but no 

longer viewed as a universal or ultimate surgical treatment for pediatric SDB. 

 

1.4   Diagnosis of Adenoid Hypertrophy 

     Numerous tools are available to evaluate the nasal and nasopharyngeal airway.  

Clinical exam alone49, acoustic rhinometry8, lateral cephalometry50, multi-row detector CT 

imaging51, video fluoroscopy52 have all been described as methods for evaluating 

nasopharyngeal patency.  However, each of these methods has significant drawbacks.  

Clinical exam alone lacks the sensitivity to be useful49.  Lateral cephalograms are fair, but 

tend to over-estimate adenoid size (see thesis section VIII: systematic review). Multi-row 

detector CT scans and video fluoroscopy are both very accurate, but require specialized 

equipment and exposes patients to unjustifiably high levels of radiation51,52. 

     Beyond all other diagnostic methods, nasoendoscopy using a standardized grading 

system is the gold standard for diagnosis of adenoid hypertrophy.53,54  Nasoendoscopy is 

minimally invasive, highly reliable, and easy for an otolaryngologist to perform.  However, 

performing nasoendoscopy is outside the scope of practice for other health-care 

providers concerned with adenoid size – such as orthodontics or sleep medicine. While 

nasoendoscopy is an excellent diagnostic procedure, gaining access to an 

otolaryngologist is the most difficult step to getting a reliable diagnosis of adenoid 

hypertrophy.   
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1.5   Role of the Orthodontist in Airway Management 

     The orthodontist has several important roles in airway management. First, for patients 

with a history of nasopharyngeal obstruction and altered facial growth, orthodontic 

manipulation of the teeth and skeleton may help normalize the dento-facial appearance, 

thus improving the patient’s esthetics.  In this sense, an orthodontist’s role may be to 

“clean up the mess”.   

     Second, an orthodontist is well situated to play an important role in early detection and 

screening of certain children with airway dysfunction.  Through timely diagnosis, an 

orthodontist may altogether prevent, or at least limit, the development of malocclusion 

and altered craniofacial growth.  Using the same diagnostic skills, an orthodontist can 

screen for children with sleep disordered breathing.  By facilitating timely referral to an 

otolaryngologist and / or sleep physician, and orthodontist can substantially improve a 

patients overall health and quality of life.   

     Third, through orthopedic manipulation of the facial skeleton, an orthodontist may be 

able to contribute to the treatment of select forms of sleep disordered breathing.  Early 

research in rapid palatal expansion45 and mandibular repositioning appliances are 

promising55 and may yet become corner stone treatments for pediatric sleep disordered 

breathing.  However, significant research is still required before an orthodontist can 

predictably treat sleep disordered breathing.  

     Therefore, at the present time an orthodontists most important role in airway 

management is to act as an early detector of airway dysfunction, and co-ordinate timely 

referral to appropriate physicians. 
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1.6   Statement of the Problem 

     Until recently, the orthodontist had two methods for evaluating a patient’s airway: 

clinical exam, and 2D lateral cephalograms.   Clinical exam alone has been 

demonstrated49 as useful for ruling out disease (specificity =88%), but frequently misses 

patients who truly are airway compromised (sensitivity = 22%). 2D cephalometry is a key 

component of orthodontic diagnosis and treatment planning that can also be secondarily 

used for limited evaluation of adenoid size. A previous systematic review56 could not 

identify any reliable method of evaluating adenoids on a 2D cephalogram, while a recent 

systematic review (see thesis section VIII: systematic review) demonstrated that 

cephalograms tend to over-estimate adenoid size.  Orthodontists need an alternative, low 

risk, simple, and valid tool for evaluating the upper airway.  

     Advances in cone-beam computed tomography (CBCT) imaging have made 3D 

radiology more accurate, reliable, using lower radiation, and accessible to more 

orthodontists.  CBCT imaging for orthodontic diagnosis and treatment planning has 

become an increasingly a common replacement for 2D imaging in many orthodontic 

practices.  In theory, secondary evaluation of CBCT images that include the nasopharynx 

should yield very accurate images for evaluating potential adenoid obstructions.  Despite 

the theoretical accuracy, the reliability CBCT imaging has never been quantified for 

evaluating adenoid size. 
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1.7   Null Hypothesis 

     The primary purpose of this study was to assess the accuracy and reliability of CBCT 

imaging for evaluating adenoid size by comparing the adenoid diagnosis with CBCT 

against nasoendoscopy.  The null hypothesis was: 

 Ho: CBCT imaging is unable to accurately and reliably evaluate adenoid size 

 HA: CBCT imaging is an accurate and reliable tool to screen for adenoid 

hypertrophy 

 

     In addition, a secondary objective was to assess whether clinical experience 

influences the accuracy and reliability of CBCT evaluations. The secondary null 

hypothesis was: 

 HO: Clinical experience does not influence accuracy and reliability of CBCT 

interpretation 

 HA: Clinical experience does influence accuracy and reliability of CBCT 

interpretation 
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Chapter 2: Reliability of Diagnostic Tests for Adenoid 

Hypertrophy – a Systematic Review 

 

2.1   Introduction 

     Adenoid hypertrophy is a common cause of impaired nasal airflow and 

nasopharyngeal obstruction.1-3 Impaired nasal airflow may result in a spectrum of clinical 

problems ranging from mouth breathing3,4 to sleep disordered breathing (SDB).5,6  Both 

mouth breathing and SDB have been reported as a risk factors for growth and systemic 

health problems. 

     Mouth breathing has also been associated with altered craniofacial growth including: 

narrow maxillary arch, posterior crossbite, long anterior face height with clockwise 

mandibular growth rotation, anterior open bite and mandibular retrognathia.7-11 SDB in 

children has been associated with numerous systemic health consequences including: 

reduced systemic growth,12 systemic hypertension13 and pulmonary hypertension14 

causing right or left ventricular hypertrophy respectively,15, 16 or behavioural problems 

such as hyperactivity and attention deficit,17 aggression,17 and reduced grades in 

school18. With timely diagnosis and treatment most sequelae are potentially avoidable, or 

reversible.19, 20 

      Numerous tools to diagnose nasal obstruction have been reported including clinical 

history21,22, rhinomanometry23, acoustic rhinometry24, lateral cephalometry25, 26, 

fluoroscopy27, computed tomography (CT)28-30 and magnetic resonance imaging31, 32. 

However, nasoendoscopy (NE) is recognized as the reference standard for diagnosis of 

nasal and nasopharyngeal obstruction.27,33-36 

     The challenge facing the clinician is deciding which diagnostic modality provides the 

best information for the question posed for the affected individual at various levels of 

care. The choice of test may be affected by any of the following parameters: the 

portability of the test itself, access to testing, other indications of the test, skill set of the 



 - 18 - 

clinician and benefit or harm to the patient as a result of the testing. The significant 

drawbacks with NE are invasiveness, patient discomfort and limited access to 

otolaryngologists for the scoping procedure, and even limited access to nasoendoscopic 

equipment for some otolaryngologists.34  For these reasons alternative diagnostic 

methods are used in specific health care settings or by referring medical professionals.  

These professionals include commonly family physicians, pediatricians, dentists and 

orthodontists. 

     The objective is to systematically review the reliability (sensitivity and specificity) of 

alternative upper airway diagnostic tools against NE for establishing adenoid 

hypertrophy. The strengths, weaknesses, and clinical applicability of clinical examination, 

lateral cephalograms, video fluoroscopy, and CT imaging for diagnosis adenoid 

hypertrophy will be discussed.  In addition, potential further research direction will be 

explored. 

 

2.2   Methods 

Protocol Registration: no registration of the systematic review protocol was submitted. 

 

Information Sources & Search: PubMed, EMBASE, Web of Science, Pascal, and the 

Cochrane Library electronic databases were systematically searched from their inception 

to the second week of September, 2012.  The search strategy was initially designed for 

PubMed (Table 2-1) and adapted to other databases.  Where databases were able, 

electronic searches were limited to human studies and to children between 3-18 years 

old. The age limited was set as such because this range represents the clinically relevant 

range for a practicing orthodontist or referring general dentist. Hand searches through the 

bibliographies of relevant publications supplemented electronic searches in addition to 

grey literature searches with Google.  No language restrictions were applied. 
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Eligibility Criteria:  

• Population: children and adolescents with suspected nasal or nasopharyngeal 

airway obstruction 

• “Intervention”: alternative diagnostic tool 

• Comparison: reference standard diagnosis with nasoendoscopy 

• Outcome: sensitivity / specificity analysis 

• Exclude: 

o Subjects with syndromes (i.e. Down syndrome) 

o Atypical anatomy (i.e. cleft lip and palate) 

o Diagnosis of neoplasia in the upper airway area 

o History of trauma or upper airway surgery 

 

Study Selection:  Two reviewers independently evaluated titles and abstracts of potential 

publications evaluating any diagnostic test of the nasal and nasopharyngeal airway 

against NE.  If the diagnostic field of view was obviously outside the upper airway (i.e. 

hypopharyngx, larynx, and lower airway), or subjects were adults (>18 years old), the 

papers were excluded. Publications passing phase 1 selection were retrieved in full.   

Two reviewers applied the remaining inclusion criteria to the full article in the second 

phase of selection (Figure 2-1).  Disagreements were resolved with discussion until 

consensus was achieved. 

 

Data Collection:  Data was extracted in duplicate by two reviewers and compared for 

accuracy.  Discrepancies were resolved by re-examining the literature as a team until 

consensus understanding was achieved. 
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Data Items: Diagnostic test being evaluated, reference diagnostic test, sample size, 

method of diagnostic interpretation, and sensitivity / specificity were the specific variables 

sought from each paper 

 

Risk of Bias in Individual Studies: Methodology of selected articles were evaluated 

against a checklist (Table 2-2) derived from QAREL37 and CONSORT38.  All suggestions 

from QAREL were included in the present quality assessment.  However, other 

methodology features not included in QAREL but deemed critical by the authors 

(prospective design, justified sample sizes, robust statistical reporting) were borrowed 

from CONSORT as could be applied to diagnostic studies.   

 

Summary of Measures: Sensitivity and specificity of a diagnostic test for nasopharyngeal 

obstruction evaluated against NE as the reference standard. 

 

Synthesis of Results:  Data pooling for meta-analysis was not anticipated to be possible.  

Results of sensitivity and specificity analysis from individual studies were presented in 

Table 2-3. 

 

Risk of Bias Across Studies: Because data pooling was not anticipated, evaluations such 

as I2 heterogeneity, funnel plots, or sensitivity analysis could not be employed to evaluate 

bias across studies. 

 

Additional Analysis: Raw data presented in Ysunza et al27 was used to create a plot of 

lateral cephalogram airway evaluation against nasoendoscopy airway evaluation. (Figure 

2-2) 
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Results 

Study Selection: Searches of electronic databases, hand searches, and grey literature 

searches yielded 2552 articles. Of the 2552 titles, 51 articles were retrieved for further 

analysis. (Figure 2-1)  In the end, a total of 7 articles met the inclusion criteria.  

 

Study Characteristics: Of the 7 included articles, 4 were written in English, 2 in Spanish, 

and 1 in German.  The reliability of structured clinical questionnaire (1/7), 

rhinomanometry (1/7) lateral cephalogram (4/7), video fluoroscopy (2/7), and multi-row 

detector CT (1/7) for diagnosing adenoid hypertrophy were identified. Absent from the 

literature were studies evaluating the reliability of rhinomanometry and MRI. 

 

Risk of Bias: Quality of reported methodology was poor to good. (Table 2-2)  Common 

weaknesses were: failure to fully blind evaluators (e.g. clinical findings or additional 

information that could identify a patient), failure to randomize the order of evaluation, no 

justification of sample sizes, no reported inter-observer reliability, and insufficient 

statistical reporting. 

 

Synthesis of Results: Video fluoroscopy and CT imaging were found to be the best 

diagnostic tests, having both exceptional sensitivity and specificity (Table 2-3).  Lateral 

skull films had consistently fair sensitivity around 65-75%, but the specificity varied widely 

depending on the method of evaluation used.  Finally, clinical examination alone had 

poor sensitivity but high specificity (see Table 2-3 for all values). 
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Discussion 

         In patients with nasopharyngeal obstruction, it is important to have valid tools for 

evaluating common sites of obstruction, such as adenoids.  NE is the currently accepted 

reference standard for evaluating adenoid size,27,33-35 but requires both specialized 

equipment and access to an otolaryngologist.  Because of the potential importance of 

early detection and intervention for nasal and naspharyngeal obstruction, a systematic 

review was carried out to assess the validity of various diagnostic techniques against NE. 

      Nasal and/or nasopharyngeal obstruction are common cause of airway dysfunction 

associated potential medical and craniofacial consequences. Early detection and 

intervention may play an essential role in an affected child’s physical and psychosocial 

health.7-18  A wide range of testing methods that are available for diagnosing adenoid 

hypertrophy with reasonable sensitivity and specificity, but none of these methods have 

been rigorously evaluated in large enough samples of children to be able to determine 

which tools are the best to use in which setting. 

     While the included studies provide significant insight to understanding imaging of the 

nasopharygeal airway, there is significant risk for evaluator bias (6 of 7 papers failing to 

randomize evaluation order, 5 of 7 papers failing to blind to patient info), and mild risk for 

selection bias (2 of 7 papers did not appear to have a representative sample).  In 

addition, there is moderate potential for unaccounted confounding. The upper airway is 

dynamic soft tissue that can change substantially within days or even hours.  Few studies 

(4 of 7) reportedly ensured the two diagnostic tests were run within a very short time of 

each other.   

     Clinical exam alone is insufficient to diagnose adenoid hypertrophy. Nasal obstruction 

index (NOI) demonstrated very low sensitivity (22%) but strong specificity (88%). The 

NOI index is a structured clinical exam that evaluates mouth breathing and speech 

hyponasality (while saying specific phrases) on a 4-point scale,39 conditions that may be 

associated with more nasal and postnasal etiologies than just adenoid hypertrophy alone.  

Therefore NOI is reasonably good at identifying healthy individuals, but has very poor 
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sensitivity because it cannot differentiate between adenoid hypertrophy, rhinitis, 

rhinosinusitis deviated septum, nasal polyps, or other potential causes of upper airway 

obstruction.1-3  In addition, NOI is a reasonably reliable method of evaluation; the original 

publication outlining NOI reported inter-observer agreement of κ=0.84-0.91. 

     Diagnosis of adenoid hypertrophy with video fluoroscopy and multi-row detector CT 

was in very strong agreement with the reference standard NE as seen in Table 2-3.  Both 

tests had sensitivity, and specificity values greater than 90%. But despite the excellent 

reliability both tests are impractical for routine clinical use at most settings.  First, video 

fluoroscopy and multi-row detector CT imaging require radiation, which most clinicians 

would consider unacceptable primarily for a screening procedure.  Second, both video 

fluoroscopy and CT imaging require expensive and specialized equipment and skills that 

often is not readily accessible – even more so than nasoendoscopy. 

     Lateral cephalograms had moderate agreement with the gold standard NE.  While the 

exact reliability score depended on the measurement method used for radiographic 

interpretation, sensitivity was generally between 65-75%.  Specificity was far more 

variable ranging from 41% to 94%. Some of the variability in sensitivity / specificity can be 

attributed to the skill of the evaluator.  Previous studies have reported fair to excellent 

intra-observer agreements for lateral head films, with values between κ=0.69 (95%CI 

0.55-0.84) to 0.96 (95%CI 0.90-1.00).40  Inter-observer agreement between an 

otolaryngologist and radiologist have been reported at 0.82 (95%CI 0.71-0.93).40 

     However, a theme emerged that went beyond the variability that rater skill could 

account for: studies that based the diagnosis more explicitly on adenoid size tended to 

have poorer specificity (adenoid size = 41%; subjective assessment of adenoid size 52%, 

55%). Studies that based the diagnosis more explicitly on the size of the airway tended to 

have much better specificity (A/N ratio = 95%, airway-palate ratio = 96%, minimum 

airway space (McNamara’s line) = 86%).  These findings suggest that the most reliable 

method of assessing nasopharyngeal obstruction on a lateral cephalogram is by 

evaluating the size of the airway rather than the size of the adenoid. 
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     Ysunza et al27 were extremely helpful in understanding this dichotomy by providing all 

his raw data in the publication.  A careful review of his data demonstrated that lateral 

head films were more likely to overestimate the adenoid size than underestimate it as 

seen in Figure 2-2.  Knowing that a lateral cephalogram tends to overestimate adenoid 

size is very useful because it accurately explains both the high specificity but moderate 

sensitivity, and why evaluating airway patency is more reliable than evaluating adenoid 

size. 

    Therefore any clinician evaluating a lateral head film or cephalogram should do so 

understanding: 1) an apparently patent airway is quite likely accurate, but 2) an 

apparently obstructed airway may still be healthy.   Consequently a diagnosis of adenoid 

obstruction on a lateral cephalogram alone is not an adequate basis to refer for an 

otolaryngology consultation. Only when combined with collaborative evidence – such a 

history significant for chronic allergies, snoring, unusual daytime drowsiness, delayed 

growth, attention deficit, or obesity10, 17, 41 – should a referral be considered.  

     In summary, it is obvious that there is no perfect test. Nasoendoscopy remains the 

reference standard.  With excellent diagnostic accuracy and low patient risk, 

nasoendoscopy is unlikely to ever be displaced as the reference standard. However 

access to otolaryngologists for diagnosis remains challenging.  Every alternative to 

nasoendoscopy discussed in this review has drawbacks that are significant.  Between 

lateral cephalographs combined with medical history and CBCT imaging,  orthodontists 

can provide effective screening for patients requiring otolaryngology evaluation.  Future 

research should focus on fine-tuning the diagnostic algorithms for orthodontists and 

quantifying the reliability of CBCT scans for secondary diagnosis adenoid hypertrophy.  
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2.5   Conclusions 

• Video fluoroscopy and multi-row detector CT images have excellent reliability for 

diagnosing adenoid hypertrophy, but with significant radiation concerns 

• Clinical exam alone can identify healthy patients, but cannot differentiate 

adenoid hypertrophy from any other cause of nasopharyngeal obstruction 

• Lateral cephalograms have a tendency to over-estimate adenoid size, but are 

more reliable when the airway patency is evaluated.   

• Significant need remains for the development of a reliable, clinically practical, 

readily accessible, and safe tools for screening adenoid hypertrophy 
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2.6 Tables 
 
Table 2-1: Pubmed search strategy 

Search 
group 

Key word or MeSH term 

1 ((upper OR nasal OR nasopharyngeal) AND airway) OR adenoid* OR 
adenoid [MeSH] OR nasopharynx OR nasopharynx [MeSH] OR nasal 
obstruction [MeSH] 
 

2 diagnostic OR diagnosis OR diagnosis [MeSH] OR assess* OR test OR 
evaluat* OR exam* OR investigat* OR rhinometry OR radiograph OR x-ray 
OR cephalomet* OR cephalometry [MeSH] OR fluoroscop* OR fluoroscopy 
[MeSH] OR tomography OR tomography, X-ray [MeSH] OR CT OR CBCT 
OR magnetic resonance OR MRI OR magnetic resonance imaging [MeSH] 
 

3 endoscop* OR fiberoptic OR endoscopy [MeSH] 
 

4 nasoendoscop* 
 

5 1 AND 2 
 

6 1 AND 3 
 

7 4 OR 6 
 

8 5 AND 7 
 

Limits: human, children & adolescents (under 18), NOT cancer 
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Table 2-2: Quality assessment of included studies 
Study feature Wormald 

45 
Yzunza 

27 
Torretta 

46 
Barbosa 

47 
Ysunza 

48 
Hoppe 

49 
Zicari 

50 

Design        
Adequate study design        
representative subjects        
sample size justified        
representative evaluators        
blind to other evaluators   only 1 

rater 
    

blind to gold standard        
blind to clinical findings        
blind to pt info        
evaluation order 
randomized 

       

        
Measurements        
stability of dx variable         
correct use of dx tests        
intra-observer reliability        
inter-observer reliability        
        
Statistical Analysis        
correct use of stats        
exact P-value stated   n/a     
variance stated  
(95%CI or SD with n) 

 n/a   n/a   

 = reported  = not performed or not reported 
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Table 2-3: Sensitivity and Specificity of alternative diagnostic tools against 

nasoendoscopy 

Diagnostic Test Sensitivity Specificity N 
Clinical Exam    

NOI46 22% 88% 154 
    

Rhinomanometry    
without decongestant50 81% 34% 71 

 
with decongestant50 83% 83% 52 

    
Lateral Cephalogram     

adenoid size45 86% 41% 48 
A/N ratio45 41% 95% 48 

adenoid – turbinate airway45 61% 68% 48 
airway-palate ratio45 66% 96% 48 

airway size (McNamara line)47 75% 86% 30 
subjective assess27 70% 55% 40 
subjective assess48 70% 52% 70 

    
Video Fluoroscopy  
 

   

 Nasopharynx during function 27 100% 90% 40 
Nasopharynx during function 48 100% 93% 70 

    
Multi-row detector CT    

Multi-plane render 49  92% 97% 29 
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2.7   Figures 
 
Figure 2-1: literature search and selection flow diagram 

 



 - 30 - 

 
 

Figure 2-2: distribution of adenoid size evaluated by lateral cephalogram vs 

nasoendoscopy 
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Each point is a plot of an individual’s adenoid size evaluated by nasoendoscopy against lateral 
ceph.  The size of each point represents the number of times the corresponding diagnosis was 
made.  Points above the line are therefore the occurrences of cephalograms over-estimating the 
true adenoid size, and points below the line are occurrences of cephalograms under-estimating 
the true adenoid size.
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Chapter 3: Accuracy and Reliability of CBCT Imaging for 

Assessing Adenoid Hypertrophy  

 

3.1   Introduction 

    Adenoid hypertrophy is one of the most common etiologies of nasopharyngeal 

obstruction.  Nasopharyngeal obstruction has been associated with mouth breathing1 and 

sleep disordered breathing (SDB).1-3 Both mouth breathing and SDB are significant 

conditions the orthodontist should be prepared to identify. 

    Mouth breathing has been proposed as a significant factor for altered craniofacial 

growth.4 The description of this pattern includes narrow maxillary arch, posterior 

crossbite, long face height with clockwise mandibular growth rotation, anterior open bite 

and mandibular retrognathia.5-7 Each of these anatomical presentations are considered 

esthetic and/or functional indications for orthodontic treatment, and may be prevented by 

early intervention.8   

   SDB may cause systemic problems such as reduced systemic growth9, systemic 

hypertension10 and pulmonary hypertension11 that may cause right or left ventricular 

hypertrophy respectively12,13, hyperactivity and attention deficit14, aggression14, and 

reduced grades in school15.  

     Diagnosis of upper airway dysfunction starts with clinical history – chronic snoring, 

breathing interruption during sleep, growth rate, tendency to fall asleep during the day, 

behavioral difficulties and chronic runny nose.16 The current reference standard for 

assessing the nasal cavity and nasopharynx is nasoendoscopy (NE)17 with utilization of a 

standardized grading system for evaluation.18,19 However, NE must be conducted by a 

otorlarongologist and is outside the scope of orthodontic practice.   

     Traditionally, orthodontists have used lateral cephalograms to supplement their clinical 

evaluation of hypertrophic adenoids. However, a previous systematic review could not 

identify a reliable 2D assessment of the adenoids from a lateral cephalogram20 and 
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recommended that orthodontists should seek an alternative low risk, simple and valid 

diagnostic tool to screen for potential upper airway constriction. 

     Cone-beam computerized tomography (CBCT) provides a low cost, easily accessible 

and relatively low radiation 3D evaluation of craniofacial structures,21,22 and is routinely 

used for diagnosis and treatment planning more complicated orthodontic cases.23-25 

Dimensions of the nasopharyngeal airway (air cavity distance surrounded by soft tissue) 

are accurate for CBCT imaging.26 Volumetric measurement errors have been reported to 

range from 0% to 5% compared with known physical airway phantoms.27 As of yet, the 

accuracy and reliability of CBCT imaging in determining the magnitude of a 

nasopharyngeal obstruction from hypertrophic adenoids has not been evaluated.  

     The objective of the present study is to evaluate the accuracy and reliability of CBCT 

imaging for evaluating adenoid obstruction by comparing CBCT diagnosis against NE 

diagnosis. 

 

3.2   Methods 

     CBCT diagnostic efficacy for adenoid hypertrophy was evaluated with a 

prospective/retrospective, cross-sectional agreement study.  Protocol approval was 

granted by the University of Alberta Health Research Ethics board (Pro00020649). 

Subjects were recruited from a tertiary referral center, the University of Alberta multi-

disciplinary upper airway dysfunction clinic.  Inclusion / exclusion criteria were: 

• male and female patients age 6-15 – age range was chosen because 1) it 

represents the range typically seen in orthodontic practice, and 2) during this 

age range orthodontic interventions may impact airway function (ex rapid 

maxillary expansion) 

• orthodontic patients with upper airway concerns or ENT patients with suspected 

orthodontic and/or craniofacial development concerns 

• exclude subjects with confirmed syndromes or neurological disorders  

• exclude subjects with any previous treatment for airway obstruction 
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• exclude children experiencing concomitant acute upper respiratory tract 

infections, and postpone the procedure was for at least two weeks to capture a 

true baseline examination state 

     Study recruitment began in September 2011 and continued until October 2012.  

Sample size was not determined a priori but the goal was to include as many participants 

as possible in the defined period. All consecutively evaluated patients meeting the criteria 

were included in the study. By recruiting subjects evenly throughout an entire calendar 

year the effects of confounders such as seasonal allergies were likely accounted for.   

     At examination, an orthodontist and otolaryngologist assessed all patients on the 

same day each using CBCT imaging and NE respectively.  Due to the complex 

craniofacial problems common to these subjects (transverse, vertical, and antero-

posterior concerns), CBCT imaging was taken instead of panorex, lateral ceph, and PA 

ceph. Evaluations were postponed for any subjects experiencing acute nasal symptoms, 

such as a cold or active allergy flair-up, to ensure accurate baseline assessments. 

 

Nasoendoscopic evaluation 

    NE was also performed in the upright position using a 2.2mm flexible tube endoscope 

(vs. rigid endoscopy) allowing the otolaryngologist to view all the way to the epiglottis. 

Topical decongestion (0.05% Xylometazoline) and anesthesia (4% lignicaine) were 

applied using a cotton-tipped applicator. The examinations were prospectively recorded 

on a digital image-capturing unit, and electronically archived. The otolaryngologist 

documented the size of the adenoids and other findings using an individual patient 

information sheet. This formed the basis of dictation of the clinic date in a standard 

format. 

     Despite the prospective assessment, nasoendoscopy findings were compiled by 

retrospective extraction from the clinical reports.  Severity of adenoid obstruction was 

evaluated on the video endoscopy images using a previously validated subjective 4 point 

scale.17,18 In this scale grade 1 = <25% obstruction, grade 2 = 25-50%, grade 3 = 50-
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75%, and grade 4 = >75%. (Figure 3-1) When reports were not clear regarding adenoid 

size classification, the archived nasoendoscopy video documentation were re-evaluated 

to clarify the diagnosis. 

 

CBCT evaluation 

     CBCT images were taken in the upright position with a 12-inch field of view, 300µm 

voxel, and 8.9sec scan time. CBCT images were acquired within two to three hours after 

NE; decongestant delivered by the otolaryngologist was still effective during CBCT 

evaluation thus ensuring consistency of the nasal tissues during evaluation. 

     All CBCT images were coded for blinding and randomized for prospective evaluation 

by an independent consultant who kept the code hidden until all evaluations were 

complete. Severity of adenoid obstruction was evaluated on CBCT images using the 

same scoring system as for the NE evaluation.17,18 In this scale grade 1 = <25% 

obstruction, grade 2 = 25-50%, grade 3 = 50-75%, and grade 4 = >75%. (Figure 3-1) 

Specifically on CBCT, adenoid size was evaluated using slices in all three planes of 

space (as opposed to 3D volume rendering); the mid-saggital slice was used as the 

starting point of assessment and most diagnostically useful, but the diagnosis was 

collated with slices from the axial and coronal places as well.  All DICOM visualizations 

were made using OsiriX 64-bit imaging software (Geneva, Switzerland).  

     CBCT assessments were completed by a team of 4 evaluators:  an oral & 

maxillofacial radiologist (OMFR), an airway orthodontist (AO) who participates in the 

multi-disciplinary team, an academic orthodontist who’s primary research is in 3D 

imaging (3DO), and a highly experienced private practice orthodontist (PPO) comfortable 

with CBCT imaging.  Each evaluator was specifically chosen to represent a unique set of 

clinical and radiographic experience.   All evaluators were blinded to the subject’s identity 

and clinical history, evaluated the images in a unique random order, and evaluated each 

image 3 separate times separated by a minimum of 7 day wash-out period. All evaluators 

reviewed the CBCT images using the same computer hardware and software. 
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Statistical analysis  

     Accuracy of CBCT images for diagnosing adenoid obstruction was statistically 

analyzed in two ways.  First, agreement between CBCT and NE was evaluated using 

intra-class correlation coefficient (ICC) statistics based the 4 point grading system.  95% 

confidence intervals were calculated for all ICC’s.   Second, the 4-point scale was 

converted to a binary diagnosis of “yes” / “no” for adenoid hypertrophy.  Two-by-two 

contingency tables for individual observers were generated and used to compute 

sensitivity / specificity. Patients classified as moderate or severe (Grades 3 or 4) were 

considered positively diagnosed with adenoid obstruction.17  

     Reliability of CBCT imaging was determined by quantifying the level of agreement 

between the 4 evaluator’s assessments. ICC statistics were calculated to quantify intra-

observer (IAO) and inter-observer agreement (IEO).  ICC statistics were computed using 

SPSS Statistics software package (version 20.0, Chicago, USA) 

 

3.3   Results 

     In total, 39 consecutively evaluated subjects between the ages of 6.3 to 15.8 years 

(mean = 11.5 ± 2.8) were assessed (Figure 3-1).  With NE, 17 subjects were diagnosed 

with grade 1 adenoids, 10 subjects with grade 2, 7 subjects with grade 3, and 5 subjects 

with grade 4.  This distribution equated to 12 subjects with clinically significant adenoid 

hypertrophy, while 27 were considered healthy. Intra-observer and inter-observer 

reliability was not evaluated for NE. 

      Reliability of repeated CBCT evaluations (intra-observer agreement) on the 4-point 

scale demonstrated very good agreement. (Table 3-1)  The maxillofacial radiologist 

(OMFR), academic 3D orthodontist (3DO), and airway orthodontist (AO) had very good 

intra-observer agreement (IAO) – that is, were all very consistent between repeated 

evaluations (ICC = 0.813-0.819; 95% CI ± 0.137-0.142).  The private practice orthodontist 

(PPO) had good IAO (ICC = 0.740, 95% CI ± 0.134).  Despite the PPO seeming poorer 
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than the other evaluators, there was no statistical difference as the 95% confidence 

intervals for all evaluators overlapped (Figure 3-2), although the lower boundary 95% CI 

was only 0.606.  In addition to strong intra-observer reliability, CBCT reliability was further 

collaborated by strong inter-observer agreement (EO) – that is, agreement between 

evaluators (ICC = 0.836 ± 0.084). 

      Accuracy of CBCT evaluations (agreement between CBCT with NE evaluations) was 

also strong across evaluators (ICC = 0.743-0.819, Table 3-2). (Table 3-2)  While the PPO 

again had the lowest level of CBCT agreement with NE (ICC = 0.743; 95% CI ± 0.183), 

the 95% confidence intervals of all evaluators comfortably overlapped (Figure 3-3).  

     When evaluations were transformed into clinically relevant binary diagnoses of 

diseased vs. healthy (Table 3-3), the sensitivity / specificity of CBCT imaging for 

evaluating adenoid hypertrophy was excellent. (Table 3-4)  All evaluators achieved 

sensitivity values of 83% or more, and specificity values of 88% or better were 

demonstrated. As a group of evaluators (Figure 3-4), CBCT demonstrated 88% sensitivity 

and 93% specificity for identifying clinically relevant adenoid hypertrophy. 

     Positive predictive values (PPV) and negative predictive values (NPV) were not 

calculated because they were deemed inappropriate statistics for this sample.  PPV and 

NPV are population dependent statistics that are directly related to disease prevalence.28 

No reliable prevalence data regarding adenoid hypertrophy could be found, as population 

estimates range widely from 19%29 to 58%.30 Therefore any PPV and NPV calculated 

from this sample could be misleading and false. 

 
 
3.4   Discussion 

     2D radiographs are at best fair for evaluating the nasopharyngeal airway (see thesis 

section V systematic review).  A previous systematic review 20 suggested that an 

alternative radiographic technique, one that can be used for routine for orthodontic 

diagnosis and treatment planning, is needed for evaluating adenoid size. The objective of 
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this study was to evaluate the accuracy and reliability of CBCT for screening adenoid 

hypertrophy.   

     Since ICC was the primary statistical analysis, a quick review of ICC interpretation 

may be helpful.  The generally accepted guideline for ICC interpretation31 suggests ICC 

>0.75 = excellent agreement, ICC between 0.4 - 0.74 = good to fair agreement, and ICC 

<0.4 = poor agreement. 

     This study demonstrated that CBCT imaging was reliable (Figure 3-2) for evaluating 

adenoid size both within evaluators (IAO ICC = 0.85, 95% CI ± 0.08) and between 

evaluators (IEO ICC = 0.84 ± 0.08).  Impressively the variation within observers and 

between observers was almost identical. 

      In addition, this study demonstrated that CBCT was accurate (Figure 3-3) for 

evaluating adenoid size compared to the reference-standard NE (CBCT vs. NE ICC = 

0.80, 95% CI ± 0.15).  As a screening tool CBCT demonstrated very good sensitivity 

(88%) – the ability to detect true disease from a population.  Furthermore CBCT 

displayed excellent specificity (93%) – the ability to detect true disease from a population.  

These findings suggest CBCT is a valid tool for screening subjects with clinically relevant 

nasopharyngeal obstruction. 

     This study design permitted preliminary probing into the role that clinical and 

radiographic experience plays in screening for adenoid hypertrophy with CBCT imaging. 

Keeping in mind that only one individual per category was assessed the findings need to 

be considered carefully. The OMFR, AO, 3DO, had strong reliability (IAO) evaluating 

CBCT images and good accuracy against NE findings. (Table 3-2).  The reliability lower 

limit 95% CI was well above the recommended 0.75 cut-off value31, while the accuracy 

95% CI was slightly below, but still at the upper range of “fair to good”.  For all effective 

purpose, these three evaluators with advanced training were completely equivalent in 

their ability to grade adenoid size on 4-point scale, and were all considered acceptably 

accurate and reliable.   
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     When viewed on the 4-point size evaluation scale, interpreting the results of the PPO 

was more challenging.  Visually, the PPO’s evaluations did not seem as reliable (Figure 

3-2), although accuracy was similar (Figure 3-3).  On one had there was no statistical 

difference between the reliability of the 4 evaluators, since there was overlap between the 

95% confidence intervals.  But on the other hand, the lower limit of the 95% confidence 

interval for the PPO fell substantially below the recommended cut-off of 0.7531. Therefore, 

despite the lack of statistical difference, the private practice orthodontist should not be 

considered as reliable for evaluating adenoid size on a 4-point scale, although the 

accuracy seems within range. 

     However, when viewed in the context as a clinically relevant diagnosis (binary 

diseased vs. healthy), the individual representing PPO in this study achieved equal 

sensitivity and specificity as the other three evaluators (Table 3-4). What must be kept in 

mind is that the PPO evaluated in this study has invested considerable time taking 

continuing education in CBCT imaging and airway related disorders. The findings of the 

“private practice orthodontist” in this study may not be representative of the average 

clinician, but instead represent a high water mark.  Therefore an astute PPO  – one who 

is willing to invest considerable time into 3D radiographic continuing education – can 

realistically aspire to accurately and reliably secondarily screen for clinically relevant 

adenoid hypertrophy when the imaging has been acquired for other orthodontic 

purposes. 

     Orthodontists have an obvious interest in upper airway management as a key 

component to achieving their treatment outcomes given the relationship between 

craniofacial growth, development of malocclusion, and nasopharyngeal obstruction.  

Since a well-trained PPO can identify clinically relevant adenoid hypertrophy with 

reasonable accuracy, orthodontists may have an important role as early detectors of mild 

to moderate pediatric SDB (SDB).  While several instances of pediatric SDB are often 

identified early in life, mild to moderate cases may go undiagnosed by primary care 

physicians or pediatricians.  In this capacity orthodontists may significantly help improve 
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their patient’s systemic health, quality of life, and cognitive-behavioral development by a 

timely appropriate referral. 

     As potential early detectors of nasopharyngeal obstruction and pediatric SDB, 

orthodontists should become familiar with identifying common symptoms and risk factors.  

Common symptoms include: altered craniofacial growth6,7, snoring32, mouth breathing1, 

suborbital venous pooling, headaches, rhinorrhea, and attention deficit14,15.  Common risk 

factors for developing POSA include: asthma1,33, obesity2,3,34, chronic allergies4,35, parent 

or housemate that smoke5-7,36, and pre-term birth8,37. If an orthodontist combines a 

thorough clinical history with reliable CBCT imaging, they should have excellent success 

screening patients who require further otolaryngology and sleep medicine work-ups. 

     Despite the high degree of accuracy and reliability of CBCT for evaluating adenoid 

size, orthodontists should be mindful of its limitations.  First, the findings of this study 

cannot be universally applied to all anatomical structures of the airway.  Compared to 

other soft tissue craniofacial structures adenoids are more stable in size and a “snap 

shot” CBCT image is accurately representative. In contrast, the oropharynx space is 

extremely dynamic because of the tongue’s mobility, and imaging taken mere seconds 

apart can be highly variable.9,38 Similarly the nasal passage is high dynamic due to 

physiologic nasal cycles of the turbinate, and may also appear very different if images are 

retaken after 30 minutes.10,39   Because of these limitations and anatomical differences it 

is absolutely critical for orthodontists to understand that CBCT imaging alone is 

completely unable to diagnose SDB, even though CBCT is accurate and reliable for 

diagnosing adenoid hypertrophy.   

     In addition to anatomical limitations, it is uncertain whether the accuracy and reliability 

of CBCT would extend to children younger than 6 years old.  Typically children with 

moderate to severe sleep disordered breathing are diagnosed at a very early age, often 

within the first year of life.  However, this is unlikely to be an issue – because of the 

radiation delivery CBCT will never be a replacement for NE.  The indication for acquiring 

a CBCT image is for orthodontic diagnosis, which can then be secondarily evaluated for 
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adenoid hypertrophy.  Since children are unlikely to receive orthodontic evaluated before 

the age of 6, the findings of this study are valid for the population likely to be receiving a 

CBCT image. 

    While at first glance the sample size of this study may appear small and therefore 

underpowered.  However, the ICC confidence intervals are tight, especially among the 

three highly trained evaluators (OMFR, AO, 3DO).  It is highly unlikely that increasing the 

sample size will improve the confidence intervals.  Therefore, despite the smaller sample 

size, the study’s findings are more than likely valid and useful for clinical application. 

Regarding the PPO category due to the large confidence interval the values could be 

modified significantly with an increased sample size. This should be addressed in future 

studies.   

     However, other weaknesses in methodology remain.  First, reliability was not 

described for NE evaluation. Second, the method of collecting nasoendoscopy data had 

to be compiled retrospectively, even though the otolaryngologist documented the findings 

prospectively.  Third, the private practice orthodontist may not have been representative 

of an “average” orthodontist due to his extensive continuing education training and 

personal interest in airway. Future investigations ideally should tighten the prospective 

methodology in addition to performing repeated and blinded NE assessments of 

adenoids ideally with multiple evaluators.  This protocol would strengthen the methods 

and allow intra-observer and inter-observer reliability of nasoendoscopy to be described, 

and then contrasted against CBCT reliability. 
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3.5   Conclusions 

• CBCT images are accurate for evaluating adenoid size compared to 

nasoendoscopy (ICC = 0.80, 95% CI ± 0.15) 

• CBCT evaluations are reliable between repeated evaluations from a single 

individual (intra-observer ICC 0.85, 95% CI ± 0.08), and evaluated between 

multiple individuals (inter-observer ICC = 0.836 ± 0.084) 

• CBCT can accurately identify clinically relevant adenoid hypertrophy with 88% 

sensitivity and 93% specificity 

• In the hands of orthodontists trained to look at adenoid size in relation to the post 

nasal space the CBCT approaches the accuracy and reliability of NE
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3.6   Tables 

 
Table 3-1:  Reliability of CBCT for diagnosing adenoid size  

 Agreement between repeated  

CBCT evaluations 

(ICC ± 95% CI) 

Maxillofacial Radiologist 0.886 ± 0.070 

Airway Orthodontist 0.892 ± 0.067 

Academic 3D Orthodontist 0.896 ± 0.065 

Private Practice Orthodontist 0.740 ± 0.134 

 

Average Intra-observer 
Agreement 

 

0.85 ±  0.08 

 

Overall Inter-observer 
Agreement 

 

0.836 ±  0.084 
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Table 3-2: Accuracy of CBCT imaging for diagnosing adenoid size  
 

 Agreement between 

 CBCT and NE evaluations 

(ICC ± 95% CI) 

Maxillofacial Radiologist 0.813 ± 0.140 

Airway Orthodontist 0.814 ± 0.142 

Academic 3D Orthodontist 0.819 ± 0.137 

Private Practice Orthodontist 0.743 ± 0.183 

 

Average 

 

0.80 ±  0.15 
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Table 3-3: 2x2 tables comparing CBCT vs. NE diagnosis of adenoid hypertrophy  
 

a. Radiologist  b. Airway Orthodontist 
 NE (+) NE (-)    NE (+) NE (-) 
CBCT (+) 10 2  CBCT (+) 10 1 
CBCT (-) 2 25  CBCT (-) 2 26 
 
 
 
 

      

c. Academic 3D Orthodontist  d. Private Practice Orthodontist 
 NE (+) NE (-)   NE (+) NE (-) 
CBCT (+) 11 2  CBCT (+) 11 2 
CBCT (-) 1 25  CBCT (-) 1 24 
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Table 3-4: Sensitivity / specificity of CBCT for diagnosing adenoid size evaluated against 
nasoendoscopy 

 Sensitivity Specificity 

Maxillofacial Radiologist 83.3% 92.6% 

Airway Orthodontist 83.3% 96.2% 

Academic 3D Orthodontist 91.7% 92.6% 

Private practice 
Orthodontist 

91.7% 88.9% 

 

Average 

 

88% 

 

93% 
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Table 3-5: 4x4 contingency table of CBCT vs NE adenoid size for all evaluators  
 
 

 NE1 NE2 NE3 NE4 
CBCT1 55 17 3 0 
CBCT2 11 17 4 0 
CBCT3 1 2 11 5 
CBCT4 1 4 11 15 
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3.7  Figures 
 
Figure 3-1: adenoid size in CBCT mid-sagittal slice 
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Figure 3-2: CBCT Reliability – Agreement Between Repeated CBCT evaluations 
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Figure 3-3: CBCT Accuracy – Agreement Between CBCT and NE evaluations 
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Figure 3-4: distribution of adenoid size evaluated by CBCT vs nasoendoscopy for all 
evaluators 
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Chapter 4: Conclusions 

 

4.1    Evaluation of the Null Hypothesis 

     The primary objective of this investigation was to evaluate the reliability and accuracy 

of CBCT imaging for evaluating adenoid size.  Specifically, CBCT images were compared 

against nasoendoscopy diagnosis.  The primary null hypothesis was: 

 Ho: CBCT imaging is unable to accurately and reliably evaluate adenoid 

hypertrophy 

 HA: CBCT imaging is an accurate and reliable tool to screen for adenoid 

hypertrophy 

 

     The secondary objective was to assess whether clinical experience impacts the 

accuracy and reliability of evaluating CBCT images. The secondary null hypothesis was: 

 HO: Clinical experience does not influence accuracy and reliability of CBCT 

interpretation 

 HA: Clinical experience does influence accuracy and reliability of CBCT 

interpretation 

 

The following key findings were observed:  

1. CBCT images are accurate for evaluating adenoid size compared to 

nasoendoscopy (ICC = 0.80, 95% CI ± 0.15) 
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2. CBCT evaluations are reliable between repeated evaluations from a single 

individual (intra-observer ICC 0.85, 95% CI ± 0.08), and evaluated between 

multiple individuals (inter-observer ICC = 0.836 ± 0.084) 

3. CBCT can accurately identify clinically relevant adenoid hypertrophy with 88% 

sensitivity and 93% specificity 

4. In the hands of orthodontists trained to look at adenoid size in relation to the post 

nasal space the CBCT approaches the accuracy and reliability of NE 

 

     On the basis of these observations the primary null hypothesis was rejected, and the 

alternative hypothesis was accepted. CBCT imaging is a reliable and valid tool for 

identifying adenoid hypertrophy. 

     Furthermore, the secondary null hypothesis was rejected, and the secondary 

alternative hypothesis was accepted.  Accuracy and reliability of CBCT evaluations are 

influenced by experience, but with adequate training does not seem to affect clinical 

performance 

 

4.2   Clinical Significance and Implications 

     Prior to the development of CBCT, orthodontists lacked an accurate and reliable tool 

for screening adenoid size.1   The findings of this study validate CBCT imaging as an 

accurate and reliable screening tool for evaluating adenoid size.  Furthermore, this study 

demonstrated that orthodontists of various backgrounds – including dedicated private 

practice clinicians – can become adequately trained to very accurately screen clinically 

relevant adenoid hypertrophy. 
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     Relative to other imaging modalities, CBCT is superior to clinical examination alone 

and lateral cephalometry (Table 4-1) for evaluating adenoid size.  Furthermore, CBCT is 

able to achieve comparable sensitivity and specificity to video fluoroscopy and multi-row 

detector CT imaging (Table 4-1), but does so at a fraction of the radiation depending on 

the imaging parameters. CBCT imaging provides a unique balance of accessibility, 

reliability, and accuracy at a relative low radiation dose. This is not to say CBCT imaging 

ought to be applied universally, simply to screen for adenoid hypertrophy in every patient. 

Rather when clinical exam and medical history are highly suggestive for nasopharyngeal 

obstruction, or when when 3D imaging is indicated for specific orthodontic diagnosis and 

treatment planning (i.e. impacted teeth, TMJ evaluation, orthognathic surgery)2, 

orthodontists can confidently perform secondarily evaluations of adenoid size.  

      Furthermore, CBCT imaging will never (and should never) be considered a 

replacement to nasoendoscopy.  However, given the limited access to otolaryngologists, 

the accuracy and reliability of CBCT imaging further solidifies the orthodontist’s important 

role as an early detector and screener of pediatric airway problems.  As a capable an 

early detector orthodontists are uniquely positioned to provide high quality referrals in 

need of ENT evaluation and concurrently reduce the number of false positive referrals. 

 

4.3   Recommendations for Future Research 

1. CBCT imaging is highly reliable for evaluating adenoid size and may provide a 

diagnosis that can improve orthodontic outcomes and overall health. 

However, CBCT imaging is not entirely benign.  The use of ionizing radiation 

always caries a certain amount of risk and therefore should used judiciously, 

always conforming principles of ALARA.  Therefore the development 

systematic and validated clinical algorithms are to help orthodontists identify 
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which patients are most likely to benefit from CBCT imaging are 

recommended. 

2. Adenoid hypertrophy is only one possible cause of airway obstruction.  

Septum deviation, turbinate hypertrophy, cocha bullosa, lingual tonsil 

hypertrophy, and oropharyngeal constriction could all contribute to airway 

problems, and can be visualized on CBCT images.  Future research 

investigating the use of CBCT for assessing other nasal and oropharyngeal 

problems is recommended.       
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4.4 Tables 

 

Table 4-1: Sensitivity and Specificity of CBCT compared to other tests for diagnosing 
adenoid hypertrophy 

Diagnostic Test Sensitivity Specificity N 
Clinical Exam    

NOI46 22% 88% 154 
    

Rhinomanometry    
without decongestant50 81% 34% 71 

 
with decongestant50 83% 83% 52 

    
Lateral Cephalogram     

adenoid size45 86% 41% 48 
A/N ratio45 41% 95% 48 

adenoid – turbinate airway45 61% 68% 48 
airway-palate ratio45 66% 96% 48 

airway size (McNamara line)47 75% 86% 30 
subjective assess27 70% 55% 40 
subjective assess48 70% 52% 70 

    
Video Fluoroscopy     

 Nasopharynx during function 27 100% 90% 40 
Nasopharynx during function 48 100% 93% 70 

    
Multi-row detector CT    

Multi-plane render 49  92% 97% 29 
    

CBCT    
percent obstruction 88% 93% 39 
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Appendix A: Systematic Review Protocol, Database Search Terms 
and Strategies 

 

Question: 

1) what diagnostic tests are available for assessing the upper airway? 
2) What is the sensitivity and specificity of these studies compared to 

nasoendoscopy? 

 

Purpose in Thesis: provide numerical data to compare against the sensitivity / specificity 
results that will be generated in my clinical study 

 

P: children age 3-18 with suspected upper airway dysfunction 

I: any quantified, reproducible diagnostic tests of the adenoids or nasal septum 

C: diagnosis with nasoendoscopy 

O: sensitivity / specificity analysis 

 

Search Strategy 

Pubmed 

1) ((upper OR nasal OR nasopharyngeal) AND airway) OR adenoid* OR adenoid [MeSH] 
OR nasal septum OR nasal septum [MeSH] OR nasopharynx OR nasopharynx [MeSH] 
OR nasal obstruction [MeSH] 

2) diagnostic OR diagnosis OR diagnosis [MeSH] OR assess* OR test OR evaluat* OR 
exam* OR investigat* OR rhinometry OR radiograph OR x-ray OR cephalomet* OR 
cephalometry [MeSH] OR fluoroscop* OR fluoroscopy [MeSH] OR tomography OR 
tomography, X-ray [MeSH] OR CT OR CBCT OR magnetic resonance OR MRI OR 
magnetic resonance imaging [MeSH] 

3) endoscop* OR fiberoptic OR endoscopy [MeSH] 

4) nasoendoscop* 

5) 1 AND 2 

6) 1 AND 3 

7) 4 OR 6 

8) 5 AND 7 

Limits: human, children and adolescents (age 6-18), NOT cancer 

 



Inclusion Criteria Exclusion Criteria 
• Subjects age 6-15 • Adults 
• Sensitivity / specificity comparison 

to nasoendoscopy 
• Syndromes or atypical 

development (ie. clefts, flaccid 
musculature) 

 • Cancer or syndromes 
 • History of airway surgery or trauma 
 

EMBASE 

1) ((upper OR nasal OR nasopharyngeal) AND airway) OR adenoid$ OR adenoid 
[MeSH] OR nasal septum OR nasal septum [MeSH] OR nasopharynx OR nasopharynx 
[MeSH] OR nose obstruction [MeSH] 

2) diagnostic OR diagnosis OR diagnosis [MeSH] OR assess$ OR test OR evaluat$ OR 
exam$ OR investigat$ OR rhinometry OR radiograph OR x-ray OR cephalomet$ OR 
cephalometry [MeSH] OR fluoroscop$ OR fluoroscopy [MeSH] OR tomography OR 
tomography [MeSH] OR CT OR CBCT OR magnetic resonance OR MRI OR nuclear 
magnetic resonance imaging [MeSH] 

3) endoscop$ OR fiberoptic OR endoscopy [MeSH] 

4) nasoendoscop$ 

5) 1 AND 2 

6) 1 AND 3 

7) 4 OR 6 

8) 5 AND 7 

Limits: 

 

Cochrane Library 

1) ((upper OR nasal OR nasopharyngeal) AND airway) OR adenoid* OR adenoid [MeSH] 
OR nasal septum OR nasal septum [MeSH] OR nasopharynx OR nasopharynx [MeSH] 
OR nasal obstruction [MeSH] 

2) diagnostic OR diagnosis OR diagnosis [MeSH] OR assess* OR test OR evaluat* OR 
exam* OR investigat* OR rhinometry OR radiograph OR x-ray OR cephalomet* OR 
cephalometry [MeSH] OR fluoroscop* OR fluoroscopy [MeSH] OR tomography OR 
tomography, X-ray [MeSH] OR CT OR CBCT OR magnetic resonance OR MRI OR 
magnetic resonance imaging [MeSH] 

3) endoscop* OR fiberoptic OR endoscopy [MeSH] 

4) nasoendoscop* 

5) 1 AND 2 

6) 1 AND 3 

7) 4 OR 6 



8) 5 AND 7 

 

 

Web of Science 

1) ((upper OR nasal OR nasopharyngeal) AND airway) OR adenoid* OR nasal septum 
OR nasopharynx OR nasal obstruction 

2) diagnostic OR rhinometry OR radiograph OR x-ray OR cephalomet* OR fluoroscop* 
OR tomography OR CT OR CBCT OR magnetic resonance OR MRI 

3) endoscop* OR fiberoptic 

4) nasoendoscop* 

5) 1 AND 2 

6) 1 AND 3 

7) 4 OR 6 

8) 5 AND 7 

9) cancer OR valopharangeal OR valopharynx OR trauma OR “cleft lip” OR “cleft palate” 

10) 8 NOT 9 

Limit to Subject Area: otorhinolaryngology, pediatrics, medicine, respiratory system, 
allergy, immuneology, radiology nuclear medicine medical imaging, dentistry 
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Appendix E: Parent / Guardian Research Information Sheet 
 

INFORMATION SHEET 
 
 Title of Research Study  CBCT imaging for upper airway dysfunction 
 
 Principal Investigator(s): Dr Carlos Flores-Mir  
 
 Co-Investigator(s): Dr Michael Major, Dr Hamdy El-Hakim, Dr Manisha Witmans, Dr Paul Major 
 
Purpose: To evaluate the usefulness of CBCT (3D orthodontic x-rays) for diagnosing deviated nasal septum (a 
narrow bone down the middle of the nose) and enlarged adenoids (a tonsil like tissue at the back of the nose).  
 
Background: Your child has suspected nose breathing and orthodontic problems that may be related.  In order 
to properly diagnose these problems your child requires nasoendoscopy (small camera inserted in the nose to 
identify blockage in the nasal airway) and orthodontic x-rays.  For this study we would like your child to have a 
single 3D x-ray instead of multiple 2D x-rays for your orthodontic records.  In addition to helping us understand 
your child’s orthodontic problems, the 3D x-ray could tell us more about your child’s nose breathing problems 
too.  Approximately 20-30 people with airway dysfunction (breathing problems) will take part in this study. 
 
Procedures: If you agree to take part, your child will come to the orthodontic office one time for orthodontic x-
ray’s and to the hospital one time for nasoendoscopy on the same day.  The information collected will be used 
to decide what treatment your child will require.  Everyone in the study will have the same procedures. 
 
Benefits: The information collected will help us diagnose your child’s problems, and may help us diagnosis 
similar problems in future patients more quickly and accurately. 
 
Risks: Your child will not feel the x-ray.  The radiation is near the same as the usual series of 2D x-rays.  The 
nasoendoscopy may feel uncomfortable, cause a momentarily nosebleed, or hurt for a day or two.  But the 
nasoendoscopy is essential for proper diagnosis and needed even if you were not part of the study.  If your 
nose keeps hurting for more than 2 days or you have more nosebleeds, take your child to their doctor. 
 
Withdrawa:l Since the x-ray and nasoendoscopy is a one-time event there is no opportunity to quit from the 
study.  Both are necessary for us to properly treat your airway and orthodontic problems. 
 
Confidentiality: No one except you, your child, and research team will know you’re taking part in the study 
unless you want to tell them.  Your name and your chart won’t be seen by anyone except the doctors and 
nurses during the study. Any potential publication or presentation based on study data will not identify you by 
any means.  
 
Additional Contacts: 
If you have questions regarding the study you can contact to Dr. Flores at 780-492-7409. If you have questions 
regarding the study ethics or you want to express concerns regarding the process you can contact the 
University of Alberta Ethics Office at XXX-XXX-XXXX. 
 



 

Appendix F: Parent / Guardian Research Consent Form 

 

Consent to Research Participation 
 
Part 1 (to be completed by the Principal Investigator): 
 
Title of Project: CBCT Imaging for Diagnosis of Upper Airway Dysfunction 
 
Investigator(s): Dr Michael Major, Dr Carlos Flores-Mir, Dr Hamdy El-Hakim,  
    Dr Manisha Witmans, Dr Paul Major    
 
 
Part 2 (to be completed by the research subject): 
 
Do you understand that you have been asked to be in a research study?    
 
Have you read and received a copy of the attached Information Sheet?    
 
Do you understand the benefits and risks involved in taking part in this   
 
Have you had an opportunity to ask questions and discuss this study?     
Do you understand that you are free to refuse to participate or withdraw from     
the study at any time?  You do not have to give a reason and it will not affect  
your care. (Use wording appropriate to your subject group) 
 
Has the issue of confidentiality been explained to you?  Do you understand     
who will have access to your records? 
 
Do you want the investigator(s) to inform your family doctor that you are    
participating in this research study?  If so, please provide your doctor’s name: 
__________________________________   (N.B. This question is optional).  
 
This study was explained to me by:    _____________________________ 
 
I agree to take part in this study.                
 
______________________     ________________ ________________________ 
Signature of Research Participant        Date   Witness 
 
___________________________    ________________________ 
Printed Name       Printed Name 
 
I believe that the person signing this form understands what is involved in the study and  
voluntarily agrees to participate. 
 
__________________________________   __________________ 
Signature of Investigator or Designee    Date 
 
THE INFORMATION SHEET MUST BE ATTACHED TO THIS CONSENT FORM AND  
A COPY GIVEN TO THE RESEARCH SUBJECT 
 



 

Appendix F: Child Research Assent Form 

 
INFORMATION SHEET AND ASSENT FORM 

 
 Title of Research Study  CBCT imaging for upper airway dysfunction 
 
 Principal Investigator(s): Dr Carlos Flores-Mir  
 
 Co-Investigator(s): Dr Michael Major, Dr Hamdy El-Hakim, Dr Manisha Witmans, Dr Paul Major 
 
We suspect you have upper airway and orthodontic problems.  You require nasoendoscopy (small camera 
inserted in your nose to see your nasal airway) and orthodontic x-rays for proper diagnosis.  For this study we 
would like you to have a single 3D x-ray instead of multiple 2D x-rays for your orthodontic radiographs.  In 
addition to helping us understand your orthodontic problems, the 3D x-ray tell us more about your upper airway 
problems too.  Approximately 20-30 people with airway dysfunction will take part in this study. 
 
What will you have to do?:  If you and your parents agree to take part, we will ask you to come to our office one 
time for orthodontic x-ray’s and nasoendoscopy before we decide what treatment you will require.  Everyone in 
the study will have the same procedures as you. 
 
Will it help?:  The information collected will help us diagnose your problems, and may help us diagnosis similar 
problems in future patients more quickly and accurately. 
 
Will it hurt?:  You will not feel the 3D x-ray.  The radiation is near the same as the usual series of 2D x-rays.  
The nasoendoscopy may feel uncomfortable, cause a momentarily nose bleed, or hurt for a day or two.  But 
due to your upper airway problems, you would need to have the nasoendoscopy even if you were not part of the 
study.  If your nose keeps hurting for more than 2 days or you have more nose bleeds, you must tell your mom, 
dad, or your doctor. 
 
Can you quit?:  Since the x-ray and nasoendoscopy is a one-time event there is no opportunity to quit from the 
study.  Both are necessary for us to properly treat your airway and orthodontic problems.  
 
Who will know?:  No one except your parents and the doctor will know you’re taking part in the study unless you 
want to tell them.  Your name and your chart won’t be seen by anyone except the doctors and nurses during the 
study. Any potential publication/presentation based on study data will not identify you by any means. All patient 
data without personal identifiers will be combined for study purposes. 
 
Your signature:  We would like you to sign this form to show that you agree to take part.  Your mom or dad will 
be asked to sign another form agreeing for you to take part in the study.  
 
Do you have more questions?  You can ask your mom or dad about anything you don’t understand.   
If you have questions regarding the study you can contact to Dr. Flores at 780-492-7409. If you have questions 
regarding the study ethics or you want to express concerns regarding the process you can contact the 
University of Alberta Ethics Office at XXX-XXX-XXXX. 
 
I agree to take part in the study.  __________________________ _______ 
 signature of research participant date 
 
 __________________________ _______ 
 signature of witness date 
 
 __________________________ _______ 
 signature of investigator date 
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