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Abstract 
      Three-dimensional digital technologies and artificial intelligence (AI) are one of the most recent 
and relevant advancements in the field of dentistry, including in orthodontics. These systems have 
enabled clinicians to increase the accuracy of diagnosis and treatment planning, to improve patient 
care along with reducing treatment planning time. 
     The present  study aims to explore possible applications of the artificial intelligence (AI) to 
examine the upper airway and to assess the reliability of the automatic evaluation of cone-beam 
computed tomography (CBCT).  
     Thirty CBCTs, with the field of view 15*15, were uploaded to the Diagnocat (LLC Diagnocat, 
Moscow, Russia) account, and the radiologic orthodontic report of each was generated as the basis 
of automatic evaluation. The same CBCTs were manually evaluated by independent evaluator. 3D 
color visualization of upper airway, total and minimum volume, UPW, LPW, PASmin and A/N ratio 
were  assessed. The data were collected to allow statistical analysis with Microsoft Excel software. 
A total of 60 reports were created for 30 CBCTs.  
     Reliability the correspondence between the two methods was 93.3%. A positive correlation 
between the minimum sagittal linear dimension (MSLD) on 2-dimensional reconstructed lateral 
cephalograms and minimum cross-sectional area (MCSA) on the CBCTs and  a negative 
correlation between A/N ratio and total area airway were established. 
      The AI system can be helpful as an initial evaluation of upper airway screening CBCTs, giving 
appropriate credibility reports and suggesting additional diagnostic methods for more accurate 
evaluation if needed. The AI technology can also help improve the accuracy of diagnoses for 
orthodontic treatment, therefore, helping orthodontists  work more efficiently. However, the AI has 
shortcomings in assessing adenoid hypertrophy (AH). 
     In conclusion, the fields of artificial intelligence in orthodontic diagnostics can be useful for upper 
airway screening and also have great priorities. Research in the field of upper airway diagnostics 
using artificial intelligence requires further studies.  
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 Introduction 
 

 Physiological breathing is often affected 
by anatomic or functional problems, causing the 

respiratory cycle to be initiated not only through 
the nose but also through the mouth.1,2,3 Normal 
breathing is important for normal occlusion and 
craniofacial development4. It has been proved by 
the authors of many studies that adenoids lead to 
chronic oral breathing (OB), and it can cause 
oromyofunctional disorders, different types of 
malocclusions.5,6 A normal mode of breathing 
has been considered important for optimal 
craniofacial and dental growth and development7. 
In addition to specific detrimental effects on the 
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facial skeleton, impaired nasal breathing has 
been reported to cause changes in human head 
posture8. 

Since the type of breathing and the 
condition of the upper airway affects not only the 
maxillofacial region, but also the whole organism, 
it is extremely important to correctly assess the 
upper airway condition. The first stage - 
diagnostics is an important key to the correct 
treatment planning and achieving appropriate 
results.  In fact, not all orthodontists evaluate the 
upper airway condition before treatment. Many 
people just don't know how to do it. Dentists are 
more focused on cephalometric calculations and 
data. But if the orthodontist misses important 
diagnostic information, it makes it difficult to get a 
good clinical stable result after treatment.  

Today in dentistry and radiology there are 
modern digital technologies that help dentists in 
diagnostic process. One of such advanced and 
prospective technologies is artificial intelligence 
(AI)9. At present, AI has been used vastly in 
dentistry.10,11,12 Artificial intelligence (AI) is a 
general term that describes machines that mimic 
the cognitive functions of human intelligence.13 
Currently, AI applications are used in areas such 
as object detection, image classification. Artificial 
intelligence can evaluate and analyze cone-beam 
computed tomography images (CBCTs) and 
identify different dental pathologies. Also, the 
technique of artificial intelligence is actively used 
in orthodontics.14,15 Some artificial intelligence-
based programs perform segmentation and 
visualization of the upper airway.16,27  
The aim of this study was to assess the reliability 
of AI in the automatic upper airway detection on 
CBCT images. 
   

Materials and methods 
 

This retrospective research was performed 
following the principles of the Declaration of 
Helsinki. Thirty diagnostically acceptable CBCTs 
of patients with various dental anomalies at the 
age from 9 to 15 years (18 girls and 12 boys) 
were collected from the private dental clinic, 
Moscow, Russia. Images were taken from 
August 2021 to September 2022 and included in 
the study.  

The exclusion criteria were: CBCT with an 
open mouth, unacceptable quality, containing 
severe artifacts (motion artifacts), field of view 
less 15*15, previous orthodontic treatment, 

severe craniofacial anomalies. 
All CBCTs were listed and numbered. Then, 

all images were uploaded to the Diagnocat 
software account (DC, Diagnocat LCC, Moscow, 
Russia), and the radiologic orthodontic report of 
each was generated as the basis of automatic 
evaluation. 3D color visualization of upper airway, 
total and minimum volume were  assessed. The 
same CBCTs were manually evaluated by one 
independent dentist (evaluator). Using manual 
image tracing in the WEBCEPH program on 
reconstructed lateral cephalograms (RLCs), the 
following parameters were determined and 
calculated: UPW, LPW, PASmin, A/N ratio.17,18 

Table 1 shows the descriptions of the parameters 
(Table 1). 

The evaluator assessed each radiograph 
independently and separately (without knowing 
the Diagnocat software evaluation). So first, the 
evaluator performed a manual tracing of RLCs, 
determines the PASmin and only after that 
compared the obtained data from the Diagnocat 
visualization. As for statistical analysis the mean 
values of the parameters, the standard deviation 
and the Pearson correlation were determined in 
Microsoft Excel 2000. 
 

 
Table 1. Measurements used for 2D airway 
tracing and analysis. 
 

Results 
 

A total of 30 children were included in the 
study which consisted of 18 girls (60 %) and 12 
boys (40%). Mean age of patients was 11.5±2.45 
and most patients were at least 14 years old (9 
persons, 30%). All data of both groups was 
generated in the table (Table 2). Regarding the 
value of the adenoid index all patients in this 
study were divided into 2 groups: the first 
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adenoid group with A/N greater than 0.6 (AG) 
and the second  control group less than 0.6 (CG). 
The AG was diagnosed with adenoid hypertrophy 
(AH) according to X-ray examination. According 
to Zhao T et. al the child can be suspected of AH 
if the A/N ratio is greater than 60%. If the AN 
ratio is greater than 0.6, a diagnosis of AH will be 
made.19  

In the study of Hamza S. B. et al., an X-ray 
gradation of the degrees of adenoids was 
given.20 Adenoid hypotrophy was graded as 
follows: 

• Grade 0 (0.0-0.25) no adenoid enlargement 
• Grade 1 (0.26-0.50) minimal enlargement 
• Grade 2 (0.51-0.75) moderate enlargement 
• Grade 3 (0.76-1.00) gross enlargement. 

The results showed that the average of 
radiologic adenoid size, the radiologic 
nasopharyngeal size, and A/N ratio for patients of 
AG  were 14.75±2.27 mm, 21.65 ±3.58 mm, and 
0.65±0.05, respectively. The average of 
radiologic adenoid size, the radiologic 
nasopharyngeal size, and  A/N ratio for patients 
of CG   were 14.75±2.27 mm, 21.65 ±3.58 mm, 
and 0.29±0.1, respectively. The average value of 
UPW and LPW was 12,7 ±1,9 mm and  9, 8±2,9  
mm for the AG. UPW and LPW was 13,7±0,4 
mm and 9, 6±0,2  mm for CG. The average value 
of PASmin 7.25 ±1.2 mm in all patients,  6.75 
±2.6 mm  and 7.6 ±2.77 mm for the first and 
second groups, respectively (Figure1). 

 

 
Figure 1. Upper airway measurements on RCLs.  
 

According Hsu W.E et. al minimum of 
pharyngeal airway space (PASmin) is the most 
constricted anterior-posterior distance of upper 
airway, from which a line was traced 

perpendicular from the posterior wall of the 
pharynx extending to the anterior wall of the 
pharynx.21 In our study we also outlined PASmin 
like the most constricted anterior-posterior 
distance of upper airway. PASmin is also named 
like minimum sagittal linear dimension (MSLD) 
on 2-dimensional RLCs.22 The most frequent 
localizations of the maximum narrowing of the 
upper airway in the sagittal direction on RLCs 
were the oropharynx (63.33%), and then 
hypopharynx (33.33%). Constrictions in the 
oropharynx are most often at the level of the 
uvulae tip and the middle of the soft palate. 
Regarding the hypopharynx, the constrictions 
were often at the level of the root of the tongue 
and the mandibular angle and in some cases 
below the mandibular angle. In one patient  from 
AG, PASmin was located in the nasopharynx at 
the level of adenoids.  

3D color visualization of the upper airway 
of 30 CBCT was performed by the Diagnocat 
program. The artificial intelligence determined the 
total volume of the upper airway at the level from 
the upper border (the maxillary plane of the ANS-
PNS) to the lower border (epiglottis) and the 
minimum cross-sectional area (MCSA). The most 
frequent localizations of the MCSA were the 
oropharynx (76.6%), and then hypopharynx 
(40%). The MCSA was less in patients with 
adenoids. 

 

 
Figure2. The superimposition of automatic and 
manual upper airway calculation. 
 

The superimposition of automatic and 
manual calculation of the upper airway was 
performed (Figure 2). Reliability the 
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correspondence between the two methods was 
93.3%. There were 2 special cases. In two 
patients out of 30 the visualization of the MCSA 
and PASmin did not coincide. One patient from 
CG had no adenoids and the AI determined the 
upper airway volume to the most upper border of 
the nasopharynx (base of the skull). The MCSA 
was determined under the base of the sphenoid 
bone (Figure 3). Another patient from AG had 
severe adenoid hypertrophy (A/N = 0.83). It was 
noted that in a patient with grade 2 adenoid 
hypertrophy, artificial intelligence did not 
determine the narrowing or presence of 
pathology in the nasopharynx. The most often 
the color visualization in the nasopharynx was 
blue or green, which corresponds to the volume 
w to a volume of 300-360 cm3, even in patients 
with adenoids. 

 

 
Figure 3. View of 3D color visualization of the 
pharyngeal airway by Diagnocat. 
 

 
Table 2. Comparison of upper airway 
measurements between Adenoid Group (AG) 
and Control Group (CG). 

By statistical analysis Pearson correlation 
coefficient between PASmin and minimum cross-
sectional area was 0.289 and 0.338 for AG and 
CG, respectively. A positive correlation between 
the  MSLD on 2-dimensional reconstructed 
lateral cephalograms and MCSA on the CBCT 
scans confirmed the relationship between these 
parameters. Pearson correlation coefficient 
between A/N ratio and total area airway was -
0.20 and -0.44 for the first and second group, 
respectively. A negative correlation between 
these parameters indicates that an increase in 
adenoids affects a decrease in the total volume 
of the airway space. 
 
 Discussion 
 

 The use of CBCT as a 3D diagnostic tool 
is increasing because of its advantages over 2D 
methods.23 Important information obtained from a 
CBCT scan includes the upper airway 
assessment, which is essential for treatment 
planning of patients with adenoids. Previous 
studies have shown that the upper airway 
morphology  can be studied using 2D and 3D X-
ray methods, but CBCT is the most accurate.24,25, 

26 Today, the study of the upper airway by means 
through modern digital technologies and  the 
artificial intelligence are a relevant and 
prospective direction. 

In our study, we tried to evaluate the 
capabilities of an artificial intelligence-based 
program Diagnocat in the upper airway 
assessment in children aged 9-15 years, to 
clarify CBCT upper airway volumetric 
assessment, its reliability and limitations, for 
routine dental clinical use. Computed 
tomographic measurements of the airway space 
are not intended to diagnose clinical pathologies, 
but they have been widely used to screen, 
assess and monitor treatment outcome.  

The automatic protocol for X-ray 
evaluation by the AI used within this study 
presented high possibility for the airway space 
visualization, detection of total and minimum 
volume. Identifying the location and value of the 
smallest airway dimension can be useful in 
screening and planning treatment for patients 
with adenoids, mouth breathing and other airway 
space problems.  

But low possibility was obtained for 
adenoid hypertrophy assessment. Diagnocat did 
not detect moderate or severe adenoid 



 
Journal of International Dental and Medical Research ISSN 1309-100X                                           Artificial Intelligence Application 
http://www.jidmr.com                                                                                                                                       Mariya Balashova and et al 

 

  Volume ∙ 16 ∙ Number ∙ 1 ∙ 2023 
                            

Page 109 

hypertrophy compared to manual 2D assessment 
of RLCs.  The AI did not point out 2 or 3 
radiographic degree of adenoid hypertrophy in 
patients. This important diagnostic information 
can have critical meaning for treatment planning 
and obtained results.  Positive correlation 
between MSLD on 2-dimensional RLCs and the 
MCSA 3-dimensional CBCTs confirmed the 
clinical reliability of using the method to assess 
the upper airway. 

There are limitations in this study. The 
evaluated group of 30 CBCTs relatively small, 
although it provides data for appropriate 
statistical analysis. The second limitation is the 
lack of clear guidelines and borders for 
determining the parameters of the airway space. 
It is planned to develop new algorithms for AI 
training. Further researches are needed in this 
field and authors of this study suggest involving a 
wider group of evaluators and performing 
analyses using larger samples. 

 
Conclusions 
 
Within the limitations of this  study, we can 

draw the conclusion that the artificial intelligence 
application can be helpful for an initial evaluation 
of screening CBCT  for upper airway assessment, 
except for the definition of adenoid hypertrophy. 
Moreover, a more complex report generated by 
this system refers to some potential pathologies 
to be evaluated by specific specialists and be 
useful for complex diagnostics and choosing the 
correct treatment tactics in each individual clinical 
case. 
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