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COMPARISON OF ARTIFICIAL INTELLIGENCE AND MANUAL METH-
ODS IN MEASURING UPPER AIRWAY DIMENSIONS ON VIETNAMESE
ADULT LATERAL CEPHALOGRAMS
Tran Van Minh', Pham Minh Chau', Nguyen Vu Thai Lien"

Abstract

Objectives: This study aimed to (1) describe
upper airway dimensions and their relationship
with skeletal patterns in Vietnamese adults
using manual cephalometric analysis, and
(2) compare the effectiveness of artificial
intelligence (AI) with manual measurements
in assessing airway morphology on lateral
cephalometric radiographs. Materials and
Methods: A total of Seventy-eight lateral
cephalometric radiographs of Vietnamese adults
aged 18-35 years were analyzed. Subjects were
classified into skeletal Class I, II, or III based on
the ANB angle. Airway parameters—including
nasopharyngeal width (NL), upper airway
length (UAL), nasopharyngeal area (Nph),
oropharyngeal area (Opsp), pharyngeal space
area (Phsp), and minimum airway spaces at
the soft palate (PhW-UP) and tongue base
(PhW-Tb)—were measured manually and
automatically using Vincismile Al software.
Statistical analyses included one-way ANOVA,
paired t-tests, and intraclass correlation
coefficients (ICC). Results: Manual analysis
showed that oropharyngeal and hypopharyngeal
dimensions (Opsp, Phsp, PhW-UP, PhW-Tb)

Nguyen Van Tan?, Bui Quang Hung'
were significantly larger in Class III
compared to Class II subjects (p < 0.05),
whereas nasopharyngeal parameters (NL,
UAL, Nph) did not differ significantly
among skeletal classes. When comparing
manual and Al measurements, most
parameters showed statistically significant
differences (p < 0.05). Al analysis required
approximately 10 seconds per case, compared
to approximately 21 minutes for manual
measurements, representing a substantial
reduction in analysis time. Conclusions:
Skeletal Class III individuals exhibited a
smaller nasopharyngeal dimension, whereas
Class II individuals showed relatively
smaller oropharyngeal dimensions. Despite
minor discrepancies in certain parameters,
Al demonstrates strong potential as a rapid
and reliable tool for clinical screening and
longitudinal monitoring of upper airway
morphology.
Keywords: Upper airway, cephalometry,
artificial intelligence, Vincismile, skeletal
pattern, orthodontics

SO SANH TRi TUE NHAN TAO VA PHUONG PHAP THU CONG TRONG PO
KICH THUGC DPUONG HO HAP TREN TREN PHIM SQ MAT NGHIENG
O NGUOI TRUONG THANH

Tém tat

Muc tiéu: M6 ta kich thude dwong hé hap trén
va moéi lién quan véi twong quan xwong hai
ham o nguoi truong thanh trén phim so mat
nghiéng bang phirong phdp thii céng, so sanh
hiéu qua cua tri tué nhan tao voi phuwong phap

thu cong trong danh gia kich thuoc duong ho
hap trén. Péi twong va phwong phdp: 78 phim
S0 mat nghiéng cua nguoi truong thanh Viét
Nam tir 18-35 tuéi. Céc déi tiwong dwoc phdn
logi thanh cdc kiéu twong quan xwong logi I, I
va Il dva trén goc ANB.

! Faculty of Odonto-Stomatology, Hanoi University of Business and Technology, Hanoi, Vietnam
2 Center for Craniofacial and Plastic Surgery, 108 Military Central Hospital, Hanoi, Vietnam

Corresponding author: Tran Van Minh
Email: tminh2240@gmail.com

Date submitted: March 10, 2026

Date reviewed: March 23, 2026

Date accepted: April 2, 2026



VIETNAM DENTAL JOURNAL -

VOL 02 - NO.1 - APRIL, 2026

Cdc théng s6 danh gia gom NL, UAL, Nph,
Opsp, Phsp, PhW-UP va PhW-Tb. Cac phép
do dwoc thure hién bang phiong phép thii cong
va t déng bang phan mém Vincismile. Phdn
tich thong ké sir dung ANOVA, Paired t-test va
hé s6 twong quan néi I6p (ICC). Két qui:
Phdn tich thi céng cho thdy cdc kich thuéce
vung hong miéng va ha hong khac biét co y
nghia thong ké giita nhém twong quan xwong
logi Il va logi Il (p < 0,05), trong khi cac
théng sé viing hong mili khéong khdc biét cé ¥
nghia thong ké giita cdc nhém. Khi so sanh hai
phirong phdp do, phan I6n cdc thong sé c¢é su
khdc biét ¢é ¥ nghia thong ké (p < 0,05), tuy
nhién, mirc @6 twong dong dat tir trung binh
dén tot (ICC = 0,56-0,89). Thoi gian phdn tich
bang Al khodng 10 gidy méi truong hop, trong
khi do thu cong khoang 21 phut, nhanh hon
khodng 120 lan. Két lugn: Nguoi cé kiéu hinh
xwong loai Il co kich thwoc hong miii nho
nhat, trong khi kiéu xwong logi II ¢é kich
thwée vimg hong miéng nhé nhat. Mdc dir ton
tai mét s6 sai khdc nhé trong cdc phép do dién
tich, Al cho thdy tiém néng lém trong sang loc
va danh gid sw thay doi kich thuée dwong hé
hdp trén.

Tir khéa: Puong hé hdp trén, phim so mdt
nghiéng, tri tué¢ nhan tao, Vincismile, twong
quan xwong, nan chinh rang.

L. INTRODUCTION

Since Angle’s 1907 report describing upper
airway narrowing in patients with Class II
malocclusion, the relationship between airway
morphology and craniofacial skeletal patterns
has remained a central topic in orthodontics'.
Numerous studies have investigated the
influence of sagittal and vertical skeletal
discrepancies (Class I, II, III), facial height
patterns (short, average, long face), and
functional factors on upper airway dimensions?.
Chronic upper airway obstruction and habitual
mouth breathing are recognized as important
factors influencing craniofacial development,

leading to conditions such as maxillary
constriction,  crossbite, and long-face
syndrome. Prolonged mouth breathing may
also increase the risk of obstructive sleep
apnea syndrome (OSAS)3. Consequently, in
modern dental practice, the evaluation of soft
tissues and airway dimensions has become
an integral part of diagnosis and treatment
planning. Among current imaging modalities,
lateral cephalometric radiographs remain
a cost-effective standard tool for airway
assessment, despite their two-dimensional
limitations. The major drawback of manual
analysis lies in the time required for each case,
which increases the workload for clinicians.
Furthermore, measuring airway areas on
two-dimensional 1images of a complex
three-dimensional structure is challenging
and often requires specialized software. With
the advent of Al, upper airway analysis has
become faster and more objective, reducing
human-related errors and overcoming
many difficulties of manual measurement.
However, evidence supporting the reliability
of Al-based airway measurements remains
limited, and their accuracy compared with
traditional manual tracing still requires further
investigation.

Therefore, the present study aimed to (1)
describe upper airway dimensions and their
association with skeletal patterns in adults,
and (2) compare the effectiveness of artificial
intelligence (Al) with manual measurements
in assessing airway morphology on lateral
cephalometric radiographs.

I1. Materials and methods

2.1. Study design and setting

A cross-sectional analytical study was
conducted using archived lateral cephalometric
radiographs collected between December
2024 and April 2025 at the Clinical Center of
the Faculty of Odonto-Stomatology, Hanoi
University of Business and Technology
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Data were collected at a single past time point,
reflecting only the status at that moment,
without long-term follow-up or analysis
of associations between risk factors and
outcomes. Ethical approval and participant
consent were obtained prior to data use.

2.2. Participants:

Lateral  cephalometric  radiographs  of
adults aged 18-35 years were included if
they demonstrated clear visualization of
nasopharyngeal and oropharyngeal anatomical
landmarks, with the tongue in a resting
position, an open epiglottis, and acceptable
image quality (adequate contrast and proper
head alignment). Standardized lateral
cephalometric radiographs were obtained from
the orthodontics department’s database.

Subjects stood in a relaxed posture with the
head in a natural position, Frankfort plane and
interpupillary line parallel to the floor. Ear
rods stabilized the head vertically, while a
frontal device prevented anterior or posterior
tilt. Radiographs were taken in maximum
intercuspation, with subjects breathing calmly
and refraining from swallowing. Exclusion
criteria included a history of or ongoing
orthodontic treatment or maxillofacial surgery,
craniofacial anomalies, or chronic airway
disorders (e.g., tonsillar hypertrophy, nasal
septum deviation, chronic sinusitis, obstructive
sleep apnea syndrome [OSAS], or cervical
spine deformities). The radiograph selection
process and study workflow are illustrated in
Figure 1.

Select a Cephalometric film from the database

Cephalometric Selection Criteria

Cephalometric Exclusion Critreia

Contact the person who has been filmed

Cephalometric film

J Person Selection Criteria

/ \,

Eligible and consented |l Ineligible or not consented >

Manual Measuremment Al Measurement

|
v

Data analysis and processing

Excluded participants

Figure 1. Research process flow.

2.3. Sample size

A convenience sampling method was applied.
The minimum sample size was calculated
using the formula for estimating a population
mean: n= , where based on a previous study*,
and (d = 1) represents the acceptable margin
of error. The calculated minimum sample size
was 71 subjects. To account for a potential
10% exclusion rate, a total of 78 radiographs

were included in the final analysis, with an
approximately equal distribution among
skeletal Classes I, I, and III.

Measurement  parameters: Measurement
parameters were defined according to the
protocol described by Neelapu et al. (2016)°.
Anatomical landmarks, Reference plane and
Airway variables are presented in Table 1.
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Anatomical landmarks

Point N The most anterior point on the frontonasal suture in the midsagittal plane

Point Po The highest point of the external auditory meatus

Point Or The lowest point of the infraorbital rim

Point ANS Anterior nasal spine

Point PNS Posterior nasal spine

Point A The most posterior point of the maxillary alveolar bone in the midsagittal plane
Point B The most posterior point of the mandibular alveolar bone in the midsagittal plane
Point Go The most inferior and posterior point of the mandibular angle

Point ATA Most anterior point of the anterior arch of the atlas

Point UP The most posterior convex point of the soft palate

Point Tb Tongue base

Point Et The highest point of the epiglottis

Point H The most anterior and superior point of the hyoid bone

Pharyngeal Posterior boundary of the pharyngeal wall in the vertical plane. Reference planes
boundaries

(PhW)

Reference planes

Frankfort Line passing through Po and Or;
horizontal (FH)
Palatal Line passing through ANS and PNS

horizontal plane

Aiway variables

NL Nasopharyngeal width (mm)

UAL Upper airway length (mm)

Nph Nasopharyngeal area (cm?)

Opsp Oropharyngeal area (cm?)

Phsp Total pharyngeal space area (cm?)

PhW-UP Minimum airway space at the soft palate and posterior pharyngeal wall (mm)
PhW-Tb Minimum airway at the tongue base and posterior pharyngeal wall (mm)

Table 1: The anatomical landmarks, reference planes, and upper airway dimensions used in this study.
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The Frankfort plane was designated as the
inferior limit of the upper airway in the
oropharyngeal region. Distances from the
posterior pharyngeal wall to lines parallel to
the Frankfort plane passing through the points
UP and Tb were measured as PhW-UP and
PhW-Tb, respectively. The intersection of
the palatal horizontal plane with the posterior
pharyngeal wall was measured as NL.
Skeletal classification: SNA angle - Formed
by lines SN and NA; SNB angle -Formed by
lines SN and NB; ANB angle - Formed by
lines NA and NB; calculated as SNA minus
SNB. Skeletal pattern was determined using
ANB angle: Class I (0-4°), Class II (> 4°),
and Class III (< 0°).

Pharyngeal space (Phsp)

Figure 1: Descriptions of reference points,
reference line, and the method for measuring
the upper airway using cephalometric5

Manual measurement

Lateral cephalometric radiographs were
acquired using a CS 8100 3D system
(Carestream, USA) with a maximum
exposure time of 14.2 seconds, tube voltage
of 60-90 kV, and tube current of 15 mA. The
exposure time per image ranged from 1 to
2 seconds, with a radiation dose of < 0.003
mSv per exposure. All radiographs were
imported into ZwCAD 2025 (ZWSOFT,
Guangzhou, China) and traced at a 1:1 scale.
Anatomical landmarks and reference planes
were identified prior to measurement. Linear
and area measurements were obtained using
the built-in calculation tools of the software.
Manual measurements were performed twice
by a trained orthodontist, with a two-week
interval between sessions.

5

Each measurement session was completed
over seven days, with approximately 10-15
cephalograms analyzed per day. Radiographs
were anonymized and randomly presented
by an independent third party. The reliability
between the two manual measurements was
assessed using the Intraclass Correlation
Coefticient (ICC = 0.88) for the Osps variable.
The Dahlberg’s error was 0.099 (cm?) for the
Phsp variable.

Al-based measurement

Each radiograph was uploaded to Vincismile
Al (web-based platform, Huge Dental Inc.,
California, USA). The software automatically
detected cephalometric landmarks and
performed linear and area measurements.
Airway parameters were calculated using
built-in algorithms derived from established
cephalometric reference datasets. The two
repeated Al measurements showed perfect
agreement, with no detectable differences.
Measurement Time

Manual measurement: The time per radiograph
was calculated from the identification of
anatomical landmarks to the completion of all
measurements. Each radiograph was measured
twice, and the mean of the two trials was
recorded as the final measurement time. A total
of 78 radiographs were processed sequentially,
and the average across all radiographs was
considered the final result.

Al measurement: The time per radiograph was
calculated from the start of image uploading to
the system until the final output was obtained.
Each radiograph was processed twice, and the
mean of the two trials was recorded as the final
measurement time. The same procedure was
applied to all 78 radiographs, and the overall
average was considered the final result.
Statistical analysis

All statistical analyses were performed using
SPSS version 26.0 (IBM Corp., Armonk, NY,
USA) and Microsoft Excel 365 (Microsoft
Corp., Redmond, WA, USA).
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Continuous variables were expressed as mean
+ standard deviation (SD).

Normality of data distribution was assessed
using the Shapiro—Wilk test.

Differences among skeletal classes were
analyzed using one-way analysis of variance
(ANOVA), followed by Tukey’s post hoc test
for multiple comparisons

Agreement between manual and Al
measurements was assessed by Paired T-tests.
Statistical significance was set at p < 0.05.
2.4. Ethical Consideration

The study protocol was reviewed and approved
by the Research Proposal Review Committee
of the Faculty of Odonto-Stomatology, Hanoi
University of Business and Technology
(Hanoi, Vietnam).

All procedures were conducted in accordance
with  relevant ethical guidelines and
regulations. All participants were fully
informed about the study and provided written
informed consent prior to participation.
Participant confidentiality was strictly
maintained, and all data were anonymized
and used solely for research purposes.

I1I1. Results
3.1. General
Participants
The mean age of the study population
was 24.8+3.09 years, with no significant
difference between males (n = 38, 49%)
and females (n = 40, 51%; p = 0.912). The
distribution of skeletal relationships among
participants was equal (1:1:1), with 26
individuals in each group.

3.2. Airway dimensions by skeletal pattern

Characteristics of the

Table 2: Upper airway dimension measurement results obtained using a manual method.

Upper X+SD p Tukey
Airway Skeletal Skeletal Skeletal Class (ANOVA HSD
Measurement Class I Class 1T 1 (n=26) tesst) Post Hoc
(n=26) (n=26) test
NL (mm) 30.30+£3.07 29.44+3.55 28.77+4.68 0.350
UAL (mm) 59.04+6.49 58.96+7.42 56.81+£6.07 0.404
Nph (cm?) 4.43+0.92 4.24+1.23 4.12+0.97 0.567
Opsp (cm?) 7.10+1.83 6.02+1.1 7.98+3.05 0.006* [I<I1
Phsp (cm?) 8.284+2.05 6.84+1.41 8.70+2.17 0.002* 1I<III
PhW-Tb(mm) 13.96+3.99 12.17+£3.16 15.90+3.89 0.002* 1I<III
PhW-UP(mm) 12.07+3.09 9.76+2.58 13.26+3.32 0.000* 1<III
*: Statistically significant (p < 0.05).
Only statistically significant pairwise hypopharyngeal dimensions (Opsp, Phsp,
comparisons (p < 0.05) are presented PhW-UP, and PhW-Tb) were significantly

in the post hoc (Tukey’s test) column.
Manual measurements indicated that the
nasopharyngeal parameters (NL, UAL, Nph)
were smallest in the Class III skeletal group
and largest in the Class I group; however,
these differences were not statistically
significant (p > 0.05). In contrast, one-way
ANOVA followed by Tukey’s post hoc test
demonstrated that oropharyngeal and

greater in the Class III group compared with
the Class II group (p <0.05). Additionally, the
Class II group exhibited significantly smaller
Phsp and PhW-UP values than the Class I
group (p < 0.05). No statistically significant
differences were observed between the Class [
and Class III groups.

3.3. Comparison between manual and
Al-based measurements
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Table 3: Comparison of manual and Al-based measurements of upper airway dimensions

Paired Samples T-test

Upper Airway
Measurement Measurement Measurement X=SD p
NL (mm) 29.524+3.81 28.14+3.57 1.374£3.44 0.001*
UAL (mm) 58.31+6.70 56.48+6.31 1.824+2.96 0.000*
Nph (cm?) 4.27+1.04 4.04+0.75 0.23+0.96 0.036*
Opsp (cm?) 7.01+£2.25 6.64+1.57 0.37+1.77 0.064
Phsp (cm?) 7.924+2.04 6.61+1.67 1.31+1.47 0.000*
PhW-Tb(mm) 13.97£3.95 12.81£2.93 1.1542.32 0.000*
PhW-UP(mm) 11.66+3.03 12.13+£2.97 -0.36+1.64 0.056
*: Statistically significant (p < 0.05).
Most variables showed statistically significant whereas  Al-based analysis  required

differences between manual and Al
measurements (paired t-test, p < 0.05). Only
Osps and Phw-TB showed no statistically
significant differences between the two
methods (p>0.05). The mean processing time
for manual measurements was approximately
20.8 minutes per radiograph,

approximately 0.17 minutes (= 10 seconds).
Thus, Al reduced measurement time by
approximately 122-fold while maintaining
acceptable  agreement  with  manual
measurements.

3.5. Al-based airway narrowing detection

® Nph m Phsp mUAL = PhW-Tb mUL ® Opsp m PhW-UP

100%

100%

61.54%
35.59%
11.54%11.54%
HE . %

Figure 2: Al-based assessment of upper airway dimensions
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According to the Vincismile output, as shown
in Figure 2, all Al analyzed cases (100%)
showed reduced nasopharyngeal area (Nph)
and pharyngeal space area (Phsp) compared
with reference values. A total of 61.5% of
cases demonstrated reduced upper airway
length (UAL), and 35.9% showed decreased
minimum airway space at the soft palate
(PhW-UP). Only one case (1.3%) exhibited
marked narrowing at the tongue base

(PhW-Tb).

IV. Discussion

The bidirectional relationship between
respiratory  function and  craniofacial

morphology has been well established. The
soft-tissue stretching theory proposed by
Solow and Kreiborg (1997), together with
experimental models by Harvold (1981),
demonstrated that airway obstruction can
induce craniofacial skeletal adaptations.
However, the extent to which skeletal
configuration influences airway dimensions
remains controversial®’. The present findings
are consistent with previous studies (Neelapu
et al., 2016; Sfondrini et al., 2024)%®, showing
that individuals with Class III skeletal patterns
tend to exhibit larger oropharyngeal and
hypopharyngeal dimensions compared with
Class II individuals. This may be attributed
to mandibular prognathism, which advances
the tongue and hyoid bone, thereby enlarging
the hypopharyngeal airway. In contrast,
Phan Thi Tinh et al. (2023) reported greater
nasopharyngeal width in Class II individuals
compared with Class 14. This discrepancy
may be explained by variations in skeletal
morphology, particularly mandibular retrusion
and increased soft palate thickness, which are
commonly associated with reduced airway
dimensions below the velopharyngeal region.
In the present study, nasopharyngeal
dimensions did not differ significantly
among skeletal classes, which is consistent
with findings by Wenzel et al. (1989) and
Kirjavainen et al.

(2007)'*'. This regional variation likely
reflects the differing anatomical constraints:
the nasopharynx is bounded by rigid cranial
structures, whereas the oropharynx and
hypopharynx are influenced by soft tissues and
hyoid-related musculature. The mean upper
airway length observed in this Vietnamese
adult cohort (UAL = 58.3 mm) was lower than
that reported in European populations (63—67
mm)'?, suggesting potential ethnic differences
in craniofacial and cervical morphology.
These findings highlight the importance of
population-specific reference values in airway
assessment. Although the association between
gender and upper airway dimensions was
not the main focus of this study, previous
evidence consistently shows that OSAS
is more prevalent in men, possibly due to
hormonadl factors'*’'* . However, Pradhan,
Resina et al. (2021), in a study of 125 lateral
cephalograms of patients aged 18-27, reported
mean upper airway dimensions of 11.40+1.84
mm in males and 11.68+1.96 mm in females,
indicating nearly identical pharyngeal airway
sizes between genders". Artificial intelligence
(AI) applications in dentistry have expanded
rapidly, including cephalometric landmark
detection, tooth segmentation, and pathology
recognition. Previous studies have primarily
focused on Al-based detection of adenoid
hypertrophy, reporting high accuracy (>
0.9)'*~'8, However, evidence evaluating Al
performance in upper airway measurement
remains limited. In this study, although
significant differences were identified between
manual and Al-based measurements across
several parameters, consistency was observed
only for the indices Osps and PhW-Tb. These
findings indicate that notable discrepancies
remain between the two measurement
methods. Such differences may be attributable
to the limited sample size, which may not
have been sufficiently large to represent and
evaluate the variations between the methods.
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Despite these discrepancies, Al offers substan-
tial advantages in terms of speed and objectivi-
ty. The Vincismile system required approxi-
mately 10 seconds per radiograph, significant-
ly reducing analysis time compared with
manual measurements, while maintaining
acceptable agreement. From a clinical perspec-
tive, evaluation of upper airway dimensions
facilitates early identification of individuals at
risk of airway compromise or obstructive sleep
apnea syndrome (OSAS), enabling timely
referral and multidisciplinary management.
Furthermore, Al-based tools may support
longitudinal monitoring during orthodontic or
orthognathic treatment by providing objective
and reproducible measurements. However,
Al-derived results should be interpreted with
caution, as variations in landmark detection,
image scaling, and boundary definition may
introduce systematic bias. Therefore, Al
should be considered an adjunct rather than a
replacement for expert clinical assessment.
This study has several limitations. First,
restricting the sample to high quality radio-
graphs with clearly defined anatomical land-
marks may introduce selection bias and reduce
generalizability. Moreover, its retrospective
design and the inability to fully control head
positioning during radiograph acquisition
represent the most significant constraints.
Second, the use of two-dimensional radio-
graphs may not fully capture the complex
three-dimensional structure of the airway.
Third, only skeletal relationships were consid-
ered, without accounting for potential
confounding factors such as age, sex, tongue
size, hyoid position, or jaw morphology. Final-
ly, the limited availability of comparable stud-
ies, particularly in Vietnamese populations,
may restrict the generalizability of the findings
and the interpretation of Al-based measure-
ments. Further research using three-dimen-
sional imaging and larger, more diverse sam-
ples is warranted

9

V. Conclusion

Although Al provided rapid results,
significant  differences were  observed
compared with manual measurements. Only
PhW-UP demonstrated comparable results to
the manual method. Further improvements in
accuracy are required for future development
of the AI model. Regarding skeletal
patterns, Class II individuals exhibited
relatively reduced airway dimensions in the
oropharyngeal and hypopharyngeal regions,
with several parameters reaching statistical
significance compared to Class I and Class
III. In contrast, no statistically significant
differences were observed between Class |
and Class III groups. These findings suggest
that the influence of skeletal pattern on airway
dimensions may be more pronounced in Class
I within the present sample.Nevertheless,
the use of two-dimensional cephalometric
analysis may limit the ability to characterize
the complex three-dimensional morphology
of the wupper airway fully. Therefore,
further studies with larger sample sizes and
three-dimensional imaging modalities are
warranted to provide a more comprehensive
evaluation and to elucidate these relationships
better.
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