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ABSTRACT

Purpose: The aim of this study was to explore the correlations of cone-beam computed tomographic findings with
the apnea-hypopnea index in patients with obstructive sleep apnea.

Materials and Methods: Forty patients with obstructive sleep apnea were selected from the ear-nose-throat (ENT)
outpatient clinic, Faculty of Medicine, Mansoura University. Cone-beam computed tomography was performed
for each patient at the end of both inspiration and expiration. Polysomnography was carried out, and the apnea-
hypopnea index was obtained. Linear measurements, including cross-sectional area and the SNA and SNB angles,
were obtained. Four oral and maxillofacial radiologists categorized pharyngeal and retropalatal airway morphology
and calculated the airway length and volume. Continuous data were tested for normality using the Kolmogorov-
Smirnov test and reported as the mean and standard deviation or as the median and range. Categorical data were
presented as numbers and percentages, and the significance level was set at P <0.05.

Results: The minimal value of the cross-sectional area, SNB angle, and airway morphology at the end of inspiration
demonstrated a statistically significant association (P <0.05) with the apnea-hypopnea index, with excellent
agreement. No statistically significant difference was found in the airway volume, other linear measurements, or
retropalatal airway morphology.

Conclusion: Cone-beam computed tomographic measurements in obstructive sleep apnea patients may be used as
a supplement to a novel radiographic classification corresponding to the established clinical apnea-hypopnea index

classification. (Imaging Sci Dent 2024, 54: 147-57)
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Introduction

Sleep breathing disorders have a negative impact on the
public quality of life. These disorders encompass a wide
range of abnormalities in respiratory function, including
hypoxia, sleep fragmentation, and obstructive sleep ap-
nea (OSA). Approximately 936 million people around the
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world have been diagnosed with OSA, making it the most
common sleep-breathing disorder.' This condition, which
affects 14% of men and 5% of women, is characterized
by an obstruction of airflow in the upper airway accom-
panied by a respiratory effort that can cause frequent, un-
expected awakenings during the night, as well as oxygen
desaturation.”

Polysomnography is the gold-standard diagnostic pro-
cedure for OSA. Polysomnography uses electroencepha-
lography, electrooculography, electrocardiography, pulse
oximetry, and airflow and respiratory effort measurements
to calculate the apnea-hypopnea index (AHI), which mea-
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sures the number of times an individual’s airflow was
obstructed during 1 hour of sleep.” To be diagnosed with
OSA, a patient must have an AHI of 15 or more events
per hour, or 5 or more events per hour if symptoms or car-
diovascular comorbidities are present.” OSA is classified
as mild (AHI=5-15 events/hour), moderate (AHI = 15-30
events/hour), or severe (AHI =30 events/hour) based on
the AHI cutoff references and thresholds."®” Many fac-
tors are assessed during a polysomnography exam, but the
most crucial ones are oxygen saturation and the AHI, both
of which are primarily used to confirm an OSA diagnosis.
Polysomnography is a high-cost procedure, both mone-
tarily and in terms of personnel, facilities, and specialized
consultants.® Additionally, because of the restricted avail-
ability of polysomnography and the constraints associated
with its accessibility, there are currently very long waiting
lists, which exacerbate the illness burden.’ Nonetheless,
current knowledge and recognition of OSA in primary
care are crucial to managing the disease process.lo’12 OSA
specialists, dentists trained in sleep medicine, and physi-
cal therapists must collaborate closely to create the most
effective pathway from diagnosis to treatment."

Cone-beam computed tomography (CBCT) imaging pro-
duces 3-dimensional (3D) images and provides an extreme-
ly accurate assessment of craniofacial and upper airway
anatomy. CBCT offers less X-ray exposure than traditional
computed tomography (CT) and good-quality radiographic
images. While CBCT cannot diagnose OSA, it is an essen-
tial tool for evaluating various anatomical features, such
as volume, surface area, cross-sectional area, angles, and
shapes. These features are critical for physicians to deter-
mine the origin, severity, and prognosis of the disorder, as
CBCT is a valuable imaging technique for delineating the
boundaries of soft tissues.'* To sum up, advancements in
CBCT technology have opened up numerous opportunities
for upper airway evaluation.'>"°

In this context, the present study investigated the correla-
tions of CBCT findings, including pharyngeal and retropal-
atal airway morphology and linear and volumetric mea-
surements, with the AHI in patients with OSA.

Materials and Methods

All patients were recruited from the outpatient clinics of
the ear-nose-throat (ENT) department of Mansoura Uni-
versity, Faculty of Medicine, Egypt. Eligible patients were
adults over the age of 18 who were candidates for upper
respiratory airway surgery, as determined by a compre-
hensive history, clinical examination, and polysomnogra-

phy. Each patient was informed about the purpose of the
study and provided with all relevant information before
giving their written consent to participate. The Faculty of
Dentistry, Cairo University, Research Ethical Committee
granted approval in line with the Helsinki Declaration of
1964. To maintain participant confidentiality and to en-
sure the integrity of the blinding procedure, all reports,
personal data, scans, and administrative documents were
securely stored and identified only by a unique coded
identification (ID) number. The study was registered at
www.clinicaltrials.gov with the ID: OCS05051989 on
January 26, 2021.

The sample size calculation was based on a study that in-
vestigated correlations between the upper airway length on
cephalometric images and the severity of OSA."” The cal-
culation utilized a correlation coefficient and was conduct-
ed with the following formula, the standard normal devia-
tion for a =70 =1.9600, the standard normal deviation for
P=7Zp=12816,C=0.5XIn[ (1 +1)/(1 —1)]=0.5763, and
the total sample size=N=[(Za +Zp)/C]2+ 3 =35. After
adding 10% to compensate for dropout, the total sample
size was 40 OSA patients.

An ENT multidisciplinary team was assigned to assess
and determine which OSA patients to enroll based on
whether they would benefit from this study. At first, a thor-
ough study of each patient’s background was carried out,
including a review of all potential risk factors and a full ac-
count of the patient’s sleep behaviors."® Next, the orophar-
ynx, nasopharynx, and hypopharynx were clinically exam-
ined in detail for signs of pathology or structural anomalies,
such as nasal airway obstruction, an overly long soft palate
or uvula, and swollen lingual tonsils. Patients filled out the
Epworth Sleepiness Scale (ESS), an 8-part questionnaire
that measures how often a person nods off during everyday
activities."””” Then, polysomnography was performed to
properly evaluate normal and pathological physiological
sleep episodes. Body mass index (BMI) was recorded, and
the AHI was used to determine the severity of OSA, and
patients were categorized as mild, moderate, and severe.’!

Using the iCAT FLX V17-Series CBCT system (Im-
aging Science International, ISI, Hatfield, PA, USA), 2
radiographic examinations—at the end of inspiration and
end of expiration—were performed before surgical inter-
vention. Quick scan imaging methodology using a field of
view (FOV) of 16cm X 13cm (120kVp, SmA, 2 s) with a
voxel size of 0.3 mm was applied. During scanning, par-
ticipants wore a protective lead apron. Participants were
instructed to remain stable, hold their breath for only 2
s, and not move their head, body, tongue, or jaws. Sub-
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Fig. 1. An automated graph of a single obstructive sleep apnea patient along the predetermined oropharyngeal airway space shows the differ-
ence between the cross-sectional area (mm?) and the antero-posterior and lateral dimensions (mm), using Invivo 5 software (Anatomage, San
Jose, CA, USA), at the end of inspiration (A) and the end of expiration (B).

Fig. 2. SNA(A) and SNB (B) angles of a single obstructive sleep apnea patient, measured on the cone-beam computed tomography midsagittal

plane using OnDemand 3D App software (Cybermed Inc, Seoul, Korea).

sequently, they were instructed to replicate these actions
during the scanning process to minimize motion artifacts.
The raw CBCT DICOM data were reviewed in all orthog-
onal planes to identify and exclude any artifacts 2

The OnDemand 3D App (Cybermed Inc, Seoul, Korea)
and Invivo5 software (Anatomage, San Jose, CA, USA)
were utilized to evaluate linear and volumetric measure-
ments at the onset of both inspiration and expiration. Max-
imum, minimum, and average values were recorded for

the cross-sectional area, anteroposterior, and lateral dimen-

sions from both scans (Fig. 1). On the midsagittal image,
the SNA (the angle formed by 2 lines: one drawn from the
center of the sella turcica to the nasion, and the other from
the nasion to the A point, which is the deepest part of the
maxillary bone) and the SNB (the angle formed by 2 lines:
one drawn from the center of the sella turcica to the nasion,
and the other from the nasion to the B point, which is the
deepest part of the mandibular bone) were measured (Fig.
2)2** The 3D oropharyngeal airway volume and length
were quantified from the posterior nasal spine (PNS) to the
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Fig. 3. An automated 2-dimensional graph of an obstructive sleep apnea patient showing the difference between the total volume of the
predetermined oropharyngeal airway space (mm”) using Invivo 5 software (Anatomage, San Jose, CA, USA) at the end of inspiration (A)

and the end of expiration (B).

Fig. 4. An automated 3-dimensional graph of an obstructive sleep apnea patient showing the difference between the total volume of the
predetermined oropharyngeal airway space (mm?) using Invivo 5 software (Anatomage, San Jose, CA, USA) at the end of inspiration (A),

and the end of expiration (B).

most anterior inferior point of the second cervical vertebra
(C2), using automated 2D and 3D graphs (Fig. 3 and 4). Al-
though the 3D rendering of the airway volume was primar-
ily performed through automatic segmentation, some scans
required semi-automatic modification. This was done by
manually trimming the borders on the 3D images to correct
for any excess air thresholding within the predetermined

oropharyngeal airway volume.

On axial CBCT images, the pharyngeal airway morphol-
ogy was classified as wide, long, or square based on the
narrowest cross-sectional area (Fig. 5).2%" The retropalatal
airway morphology was assessed from sagittal CBCT im-
ages at the mid-sagittal plane and was classified as either

funnel-like, where the distance from the hard palate to the
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posterior pharyngeal wall is more patent, or tunnel-like,
where a vertically shaped palate with a narrower cross-sec-
tion area at the level of the hard palate extends inferiorly to
the velum (Fig. 6) 2

Four oral and maxillofacial radiologists, each with vary-
ing years of experience, independently analyzed the CBCT
images without exchanging any patient or clinical infor-
mation or interpretations. The radiologists independently
assessed the morphology of both the pharyngeal and ret-
ropalatal airways in the CBCT scans. Each radiologist con-
ducted the linear and volumetric measurements twice, with

Fig. 5. Cone-beam computed tomography axial cuts at the narrowest
cross-sectional area generated by the OnDemand 3D App (Cybermed
Inc, Seoul, Korea), show the different pharyngeal airway morpholo-
gies at the end of inspiration. A. Wide, B. Long, C. Square.

Marco Isaac et al

at least a 1-month interval between evaluations.

The aim of this study was to investigate the potential
correlation, whether positive or negative, between OSA
severity (as measured by AHI and ESS values) and linear,
volumetric, and morphological CBCT data taken at the
end of both inspiration and expiration.

Data were analyzed using SPSS version 22 (IBM Corp.,
Armonk, NY, USA). Categorical data were presented as
numbers and percentages. Continuous data were initially
tested for normality using the Kolmogorov-Smirnov test.
Normally distributed data were described using the mean
and standard deviation, while non-normally distributed
data were presented as the median and range. Statistical
significance was set at a P-value of less than 0.05. The ap-
propriate statistical test was then applied based on the type
of data, as follows: the chi-square test for categorical vari-
ables, 1-way analysis of variance for continuous variables,
and Pearson and Spearman correlations to assess relation-
ships between continuous variables.

Results

Forty patients were initially planned to participate in this
study; however, five had to drop out due to motion artifacts
or overflow in the 3D rendering that could not be trimmed
semi-automatically in their CBCT scans, reducing the sam-
ple size to thirty-five participants. The descriptive statistics
reflect measurements at the end of inspiration and expira-
tion, as shown in Table 1.

As indicated in Table 1, the Spearman correlation co-
efficient between the AHI and linear measurements at
the end of inspiration showed no significant difference;
likewise, no significant differences were found in the oro-
pharyngeal measurements. The association between the
AHI and linear measurements at the end of expiration, in
contrast, revealed a significant difference (P <0.05) in the
SNB angle, minimum and average cross-sectional area,
and minimum lateral dimensions. The oropharyngeal

Fig. 6. Cone-beam computed to-
mography midsagittal cuts at the
end of expiration generated by the
OnDemand 3D App (Cybermed Inc,
Seoul, Korea), showing funnel-like
(A) and tunnel-like (B) retropalatal
airway morphology.
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Table 1. Correlation between the apnea-hypopnea index (AHI) and linear and oropharyngeal measurements

End of inspiration
Linear and oropharyngeal

End of expiration

Descriptive statistics AHI Descriptive statistics AHI
measurements
Mean = SD Median (range) r P-value MeanxSD Median (range) r P-value
84.4 84.8
+ +
SNA 83.86 £4.66 (70.4-91.7) 0.193 0274 84.17£4.99 (70.1-91.7) 0.164 0.361
SNB 80.06+4.16 805 0.287  0.100 80.41+4.55 80.5 0391 <0.05
R (70.6-86.2) ’ ' T (70.6-86.9) ’ ’
Maximum cross-sectional 252.18 246.37
+ + -
area (mm?) 268.52+103.72 (80.85-47731) 0.180  0.300 254.0+104.35 (80.85-47731) 0.003 0.986
Minimum cross-sectional 40.15 3435
+ - + -
area (mm?) 49.93+60.28 (0.12-260.58) 0274  0.111 46.12+58.73 (0.12-258.88) 0410 <0.05
Average cross-sectional 100.85 99.74
+ - + -
area (mm?) 119.59+65.62 (32.51-320.26) 0024 0890 112.24+66.23 (32.51-328) 0352 <0.05
Maximum antero-posterior 13.96 13.20
+ - + -
dimensions (mm) 13.61+4.18 (7.54-26.69) 0.068  0.697 13.25+4.52 (5.68-26.69) 0.021 0.909
Minimum antero-posterior 3.07 _ 2.65 _
dimensions (mm) 3.19+£2.63 (0-11.13) 0.095 0.586 30+2.58 (0-1076) 0.263 0.139
Average antero-posterior + 6.85 + 6.63 _
dimensions (mm) 695+2.17 (4.02-1325) 0.029  0.868 6.64+2.18 (326-12.6) 0.135 0452
Maximum lateral 25.77 23.14
+ +
dimensions (mm) 24.64+4.51 (14.77-33.19) 0274 0.111 2397+4.76 (14.77-33.19) 0.034 0.850
Minimum lateral 10.79 10.29
+ - + -
dimensions (mm) 9.561+6.74 (0-2501) 0322 0.059 8.69+6.67 (0-24.5) 0.383 <0.05
Average lateral 14.82 _ 1423 _
dimensions (mm) 1559+4.97 (8.22-29) 0.093 0.595 15.08+4.74 (8.22-27.35) 0.331 0.06
Airway length 47.83+10.78 470 0228 0.189  4722+11.01 45.19 0.257 0.148
e (26.59-71.24) ’ ) e (26.59-71.24) ’ )
L . 4.8 44
+ + -
Volumetric dimensions (cc) 5.82+2.84 09-12.5) 0015 0933 5.52+2.90 (09-12.5) 0.229 0.200

SD: standard deviation, r: Spearman correlation coefficient

measurements showed no significant associations with
the AHI in the measurements taken at the end of inspira-
tion (Table 1).

This study investigated correlations between all the
variables and the ESS score, and it was found that the air-
way length exhibited significant associations at the end of
both inspiration and expiration. Additionally, statistically
significant associations (P<0.05) were found between
many measurements, including the SNB angle, minimum
cross-sectional area, and minimum lateral dimensions,
and the ESS value at the end of expiration only (Table 2).

To ensure the reliability of the data, intra-observer agree-
ment for linear and oropharyngeal measurements was as-
sessed at the end of both inspiration and expiration. The
interclass correlation for intra-observer agreement indicat-
ed excellent consistency across all recorded data (>0.8),
particularly for the oropharyngeal measurements at the end
of both respiratory phases and the linear measurements at
the end of expiration. However, the SNA and SNB angles

exhibited good agreement (>0.70) only at the end of inspi-
ration. Additionally, the intra-observer agreement showed
a high level of concordance for all recorded data (greater
than 0.8) during both the inspiratory and expiratory phases.

There was a statistically significant association (P <0.05)
between airway morphology and the AHI at the end of
inspiration only (Table 3). However, no statistically signif-
icant relationship was identified between the retropalatal
airway morphology and the AHI or ESS values. A statisti-
cally significant difference (P <0.05) was observed in the
airway morphology upon comparing the end of inspiration
and expiration; however, there was no statistically signifi-
cant difference in the retropalatal airway morphology (Table
4).

For the airway morphology, the 4 observers had good
inter-observer kappa agreement, particularly at the end of
expiration views, which exhibited excellent agreement and
a high percentage of agreement (>85%). The inter-observ-
er agreement for the retropalatal airway morphology dis-
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Table 2. Correlations of linear and oropharyngeal measurements with the Epworth Sleepiness Scale (ESS)

End of inspiration
Linear and oropharyngeal

End of expiration

Descriptive statistics ESS Descriptive statistics ESS
measurements
Mean =+ SD Median (range) r P-value MeanxSD Median (range) r P-value
844 84.8
+ +
SNA 83.86 £4.66 (70.4-91.7) 0.122 0492 84.17+4.99 (70.1-91.7) 0.189  0.293
SNB 80.06+4.16 80.5 0274 0117 8041455 80.5 0447 <005
R (70.6-86.2) ’ ' T (70.6-86.9) ’ ’
Maximum cross-sectional 252.18 246.37
+ +
area (mm?) 268.52+103.72 (80.85-47731) 0285 0.098 254.0+104.35 (80.85-47731) 0.145 0422
Minimum cross-sectional 40.15 3435
+ - + -
area (mm?) 4993 £60.28 (0.12-260.58) 0.228 0.187 46.12+58.73 (0.12-258.88) 0.363 <0.05
Average cross-sectional 100.85 _ 99.74 _
area (mm>) 119.59+65.62 (32.51-320.26) 0014 0937 112.24+66.23 (32.51-328) 0286 0.106
Maximum antero-posterior 13.96 13.20
+ +
dimensions (mm) 13.61+4.18 (7.54-26.69) 0071 0.685 13.25%4.52 (5.68-26.69) 0.091 0.614
Minimum antero-posterior 307 2.65
+ - + -
dimensions (mm) 3.19+£2.63 (0-11.13) 0.238 0.168 30+2.58 (0-10.76) 0242 0.175
Average antero-posterior 4 6.85 4 6.63 _
dimensions (mm) 695+2.17 (4.02-13.25) 0.008 0.964 6.64+£2.18 (326-12.6) 0.121  0.503
Maximum lateral 25.77 23.14
+ +
dimensions (mm) 24.6414.51 (14.77-33.19) 0324 0058 23971476 (14.77-33.19) 0211 0503
Minimum lateral 10.79 10.29
+ - + -
dimensions (mm) 9.56+6.74 (0-2501) 0.240  0.165 8.69+6.67 (0-245) 0.345 <0.05
Average lateral 14.82 14.23
+ - + -
dimensions (mm) 15.59+4.97 (8.22-29) 0.067 0.701 15.08+4.74 (8.22-2735) 0.227 0.204
Airway length 4783+10.78 470 0400 <005 47221101 45.19 0402 <005
U (26.59-71.24) ’ ’ e (26.59-71.24) ’ ’
L . 4.8 44
+ + -
Volumetric dimensions (cc) 5.82+2.84 (09-12.5) 0.165 0344 5.52+2.90 09-12.5) 0.052 0.776

SD: standard deviation, r: Spearman correlation coefficient

played excellent agreement, with a high percentage (>90%)
at the end of both inspiration and expiration. In addition,
the intra-observer agreement for all recorded data was
highly favorable (>0.8) at both the end of inspiration and
expiration.

Discussion

The goal of this cross-sectional study was to investigate
the relationship between CBCT radiographic and clinical
findings in OSA patients, which in turn may provide a
novel classification of OSA severity based on CBCT find-
ings that are associated with the AHI classification. This
objective could be achieved through the use of CBCT, as
it provides an accurate 3-dimensional representation of
airway structures, making it the preferred method for air-
way analysis. The study collected both objective and sub-
jective CBCT radiographic data and explored their cor-
relation with the most commonly used clinical assessment

methods for determining OSA severity. Given that the
AHI is the gold-standard, evidence-based tool for measur-
ing disease severity, this study focused on analyzing the
correlations between various factors and the AHI.

One of the most important factors that distinguishes ap-
nea patients from non-apnea patients is their airway linear
measurements, which include the minimum, maximum,
and average cross-sectional area, anteroposterior, and lat-
eral dimensions.”” This study found a direct correlation
between the disease severity, as quantified by the AHI and
ESS, and the minimum values of the lateral dimension
and cross-sectional area values, most notably the mini-
mum cross-sectional area at the end of expiration. These
results align with the systematic review of OSA patho-
physiology conducted by Eckert et al., which indicated
that disruptions in one or more non-anatomical variables
might cause OSA and affect its severity.31 Therefore, it is
not necessary for all the assessed variables to be associat-
ed with OSA severity.
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Table 3. Correlations of airway and retropalatal airway morphology with the apnea-hypopnea index (AHI) and Epworth Sleepiness Scale (ESS)

End of inspiration

End of expiration

Morphology
AHI P-value ESS P-value AHI P-value ESS P-value
Airway
Square 56.48 £28.31Y 1445+2.04(A) 51.29+23.37 13.20+3.55
Wide 43.99+2429% P=0.04* 1236+341(A) P=0053 56.19%£3137 P=0890 14.17+235 P=0.640
Long 97.50+3.54 160141 60.0+0.0 14000
Retropalatal
Funnel 50.21+25.73 13.59+2.81 52.38+26.62 13.67+2.71
P=0.182 P=0.409
Tunnel 63.90+32.61 14.38+2.53 58.13+34.64 140+2.92
Completely obstructed - - 60.0£0.0 P=0.936 16£0.0 P=03826
Cannot be detected - - 640+0.0 15+£0.0
*statistically significant, (A): significant difference between studied groups by post-hoc Tukey test
Table 4. Correlations between airway and retropalatal airway morphology at the end of inspiration and expiration
End of inspiration End of expiration
Morphology P-value
Number Percentage Number Percentage
Airway Square 22 62.9 25 714
Wide 11 314 9 25.7 <0.05
Long 2 5.7 29
Retropalatal Funnel 22 62.9 23 65.7 0.167
Tunnel 13 37.1 12 343 '

Compared to conventional medical CT, iCAT FLX
V17-Series CBCT offers a significantly lower radiation
dose and could be used to evaluate the incidence and sever-
ity of OSA, with the notable limitation that patients must
remain seated during the scan.’” In contrast, CT imaging
in the supine position reflects the patient’s posture during
sleep, which may be more relevant for evaluating airway
obstruction. Gurgel et al. conducted a systematic review
and meta-analysis using various CBCT machines to ac-
quire images in both supine and upright positions. They
found that neither the volume nor the anteroposterior linear
dimensions differed significantly between the two posi-
tions.® Consequently, even though patients were scanned
in the supine position while awake (i.e., without simulating
sleep) the supine position may not necessarily provide the
most accurate representation.

Although CBCT exposes patients to radiation, unlike
polysomnography, a rapid scan protocol was employed for
each patient, completing the scan in just two seconds. Fur-
thermore, exposure settings were carefully adjusted, and
the voxel size was reduced to 0.3 mm. By also limiting the

FOV to the pharyngeal airway space, the relative radiation
dose was significantly minimized.

Parallel to the results of this study, which showed that
end-of-expiration views differed from end-of-inspiration
views, Woodson observed that during expiration, seg-
ments interact in such a way that the retroglossal level
is more frequently obstructed, leading to a greater ret-
ropalatal collapse during obstructed breaths compared to
non-obstructed breaths. Woodson contended that blockag-
es during expiration often occur at the retropalatal struc-
tures, suggesting that inspiratory blockage may not be
the sole indicator of an upper airway abnormality in pa-
tients.”” Therefore, based on this assertion, all participants
were imaged twice, at the end of both inspiration and
expiration. Despite OSA being traditionally considered
an inspiratory disease, our study highlighted that obstruc-
tion levels can also be significant at the end of expiration.
This was underscored by the statistical significance of the
measurements taken from the end-of-expiration views, as
opposed to those from the end-of-inspiration.

Cephalometric measurements, such as SNA and SNB,
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have long been documented due to an established scientific
hypothesis. This hypothesis suggests that the backward dis-
placement of the jaw compresses the muscles surrounding
the pharyngeal airway, potentially leading to OSA. While
these measurements are quite helpful in distinguishing
OSA patients from healthy individuals, they have limited
utility in assessing the severity of the condition.”’ Howev-
er, in the current study, the position of the mandible was
found to have a statistically significant correlation with
SNB angles and predictors of severity. This implies that a
retracted mandibular position, coupled with increased ver-
tical tongue volume, may place patients at a higher risk for
OSA.

Although this finding was observed exclusively at the
end of expiration, it should be regarded as a statistical
anomaly. To clarify, the SNB angle can be detected during
both inspiration and expiration, as it demonstrates consis-
tency across both phases. However, research by Damstra
1.** has assessed the reliability and measurement error
associated with cephalometric analyses. These studies have
shown that the measurement error can exceed 3.50 mm

et a

with a 95% confidence interval. Interestingly, the margin
of error for these measurements surpassed 4°. Therefore,
this may account for the observation that the SNB angle
showed a statistically significant association solely at the
end of expiration, despite its clinical relevance in both
phases.

The human pharynx resembles a soft tube where a bal-
ance is required between the negative pressure that pre-
disposes the airway to collapse and the contractility of the
pharyngeal dilator muscle, which helps maintain patency.
Furthermore, Jaffray and Siewerdsen'* showed that the
flat panel detectors used in CBCT imaging provide ex-
ceptional spatial resolution, enabling precise delineation
of soft-tissue borders. This represents a key advantage of
CBCT imaging: its ability to offer high contrast between
different structures and to accurately determine air volume
within this complex anatomy by isolating the air through
thresholding. In line with the findings of Rodrigues et al.,
the present study found no statistically significant correla-
tion between airway volume and the severity of OSA. This
could be explained by the fact that volume measurements
are taken at the peak of both inspiration and expiration,
which can vary with respiratory function. Additionally, fac-
tors such as impaired upper airway muscle function during
sleep, unstable respiratory control, and a low respiratory
arousal threshold contribute to the pathogenesis of the dis-
ease. In other words, a reduced airway volume might be
compensated for by increased muscle tonicity.35
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Iwasaki et al. claimed that the pharyngeal airway space
can be categorized into three groups in CBCT analysis, dis-
tinguished by variations in size and volume. These groups
are characterized by three distinct axial shapes: wide, long,
and square. The size and volume of the airway decrease
progressively from the wide to the long and finally to the
square shape.” The findings of this study suggest a strong
correlation between airway morphology—specifically, the
wide and square shapes—and AHI values at the end of in-
spiration. Due to the limited number of patients with a long
airway shape, high AHI values are more commonly asso-
ciated with the square shape rather than the wide. Further-
more, the statistically significant morphological differences
between the end of inspiration and expiration imply that
pharyngeal airway characteristics can be inferred under
varying conditions.

In a “funnel-like” retropalatal airway morphology, the
distance between the hard palate and the posterior pharyn-
geal wall is more pronounced, with the palate vertically
oriented in the midsagittal plane. This orientation is par-
allel to the posterior pharyngeal wall and perpendicular to
the hard palate. Conversely, when the palate is tilted to one
side, the retropalatal airway is described as “tunnel-like.”
This configuration features a narrowed cross-sectional area
at the level of the hard palate, which extends distally down-
ward to the velum.”® This study found no significant differ-
ence in the retropalatal architecture between a tunnel and
a funnel at the end of both inspiration and expiration. The
limited number of patients available for analysis accounts
for the scarcity of data on palatal level obstruction, as un-
derscored by the non-statistically significant difference ob-
served between the end of inspiration and expiration.

In summary, the findings of this cross-sectional study
suggest that the minimum value of the cross-sectional area,
which can be automatically calculated by airway analysis
CBCT software, along with the SNB angle, are both sig-
nificant factors in the clinical assessment of OSA severity.
Consequently, this could lead to a new classification sys-
tem for OSA severity that correlates with the established
AHI classification, using CBCT radiographic data. When
used in conjunction with polysomnography, CBCT radio-
graphic evaluation holds potential as a valuable diagnostic
tool for the early and incidental detection of OSA.

To achieve better outcomes, it would be beneficial to
plan and conduct further studies with larger sample sizes.
Such studies would enable the evaluation of individuals
with different AHI values, leading to more precise out-
comes related to CBCT. There is also a need for additional
research to determine the clinical significance of end-expi-

— 155 —



Correlation between cone-beam computed tomographic findings and the apnea-hypopnea index in obstructive sleep apnea patients: A cross-sectional study

ration CBCT views before they can be established as a new
standard for classifying disease severity. Given its potential
to become a significant diagnostic tool in the near future,
this technique warrants closer attention. Moreover, the 13
medical community should increase its awareness of the
importance of identifying sleep apnea. It is expected that
upcoming multicenter studies will investigate the trends
and advancements in the specialized application of CBCT
across a broader patient population.
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