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This study explored the relationship between condylar position and oropharyngeal airway dimensions
across various sagittal and vertical skeletal patterns. Cone beam computed tomography (CBCT) scans
from 330 individuals aged 12 to 18 were analyzed. The individuals were categorized into sagittal
skeletal Classes I, II, and 11l and divided into groups based on vertical skeletal patterns. Each vertical
group was further subdivided according to condylar position as anterior, centric, or posterior. Airway
dimensions—specifically oropharyngeal volume (OPV), area (OPA), and minimum cross-sectional area
(MCA)—along with condylar position, were measured. The Kruskal-Wallis test was used for intergroup
comparisons, followed by Pairwise Comparisons with Bonferroni adjustment. Spearman correlation
was used to assess the relationship between airway parameters, age, craniofacial measurements,

and condylar concentricity (CC). Multiple linear regression (MLR) analysis was applied to identify
predictors of oropharyngeal airway dimensions based on age, anteroposterior and vertical skeletal
patterns (ANB, FMA), and condylar concentricity. The comparison of airway dimensions within each
sagittal class revealed that individuals with anterior condylar position and hyperdivergent patterns had
the narrowest airway dimensions (OPV, OPA, and MCA) in Class Il and Ill. However, when differences
were evaluated between sagittal skeletal classes within each vertical pattern, Class Il subjects with
anterior condylar position exhibited the smallest airway dimensions. These findings emphasize the
significant influence of skeletal pattern and condylar position on oropharyngeal airway dimensions.
Class Il individuals with anterior condylar position consistently had the smallest airway dimensions.

In contrast, Class Ill individuals with posterior condylar position had the largest, highlighting the
combined role of sagittal and vertical craniofacial patterns and condylar positioning in shaping airway
morphology.
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Abbreviations

CBCT  Cone beam computed tomography
OPV Oropharyngeal volume

OPA Oropharyngeal area

MCA Minimum cross-sectional area

CcC Condylar concentricity

SDB Sleep-disordered breathing

OSA Obstructive sleep apnea
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T™] Temporomandibular joint

BMI Body mass index

N Normodivergent

Hr Hyperdivergent

Hp Hypodivergent

AS Anterior joint space

PS Posterior joint space

CD Condylar displacement percentage

The connection between upper airway dimensions and craniofacial morphology has become a focal point in
recent years due to its link to sleep-disordered breathing (SDB) and its impact on facial development. Early
identification of SDB or its potential risk factors is essential for fostering normal craniofacial growth. Reduced
pharyngeal dimensions early in life may increase the risk of developing sleep-disordered breathing, including
obstructive sleep apnea (OSA), as factors such as aging, obesity, or genetic predisposition further compromise
oropharyngeal airway patency'. The upper airway comprises the nasopharynx, oropharynx, and laryngopharynx,
with the oropharynx being the narrowest region, most susceptible to changes after orthodontic treatment?.
Research has indicated that the airway volume is associated not only with the positioning of the tongue, soft
palate, and pharyngeal fat pads, but also with the relative positions of the maxilla and mandible®.

A systematic review investigating the relationship between skeletal structure and upper airway volume,
assessed through 3D imaging, found that patients with Class IT malocclusion had smaller upper airway volumes
compared to Class I patients, while Class III patients generally exhibited larger airway volumes. Moreover,
individuals with hyperdivergent profiles were found to have reduced oropharyngeal volumes compared to
normodivergent patients®.

Hong et al.® reported that individuals with skeletal Class I1I patterns tended to have larger oropharyngeal
airway dimensions than those with Class I or II skeletal patterns. However, the difference was not statistically
significant. On the other hand, several studies have found that individuals with a Class III skeletal pattern
have significantly larger oropharyngeal airway volumes than those with Class I and 1I patterns®. Other studies
have indicated weak or minimal associations between craniofacial characteristics and oropharyngeal airway
measurements’?®.

The findings of Xu et al.” demonstrate a significant association between condylar position and pharyngeal
airway space in skeletal Class II individuals. Their CBCT-based analysis revealed that an anterior condylar
position correlates with reduced airway volume and cross-sectional area. A study by Yuen et al.!* demonstrated
increased pharyngeal airway space following condyle replacement and mandibular advancement surgery,
further supporting the potential link between airway dimensions and condylar positioning.

Cone-beam computed tomography (CBCT) has emerged as a valuable tool in orthodontic assessment,
offering high-resolution 2D and 3D imaging of both hard and soft tissues. It is beneficial for evaluating the
pharyngeal airway due to its lower radiation exposure and faster image acquisition compared to conventional CT
scans'!. The use of CBCT and advancements in medical technology have significantly enhanced the evaluation
of the pharyngeal airway in orthodontics'2. To our knowledge, despite this progress, no study has yet explored
the relationship between airway dimensions and condylar positions across the full spectrum of anteroposterior
skeletal malocclusions (Class I, I1, and III). This study aims to explore the relationship between condylar position
and pharyngeal airway dimensions in individuals with different sagittal and vertical skeletal classifications, with
the goal of better understanding these relationships.

Methods

Ethical approval

This study was designed as a retrospective, cross-sectional study. Ethical approval was granted by the
Ethics Committee of the Stomatological Hospital at Xian Jiaotong University, under the approval number:
2024-XJKQIEC-KY-QT-0052-001.

Sample size calculation

The required sample size was determined using the G*Power software (G*Power version 3.1.9.4, Heinrich-Heine
University, Diisseldorf, Germany)'>. Based on a previously published study by A. Chianchitlert', an effect size
of 0.25 was applied. The calculations were conducted using a Type I error rate (a) of 0.05 and a statistical power
(1-B) of 0.95. The analysis indicated that a minimum of 84 individuals per group (a total of 252 individuals)
would be needed. To enhance the study’s statistical power, the final sample size was increased to 330 individuals.

Study population

The study randomly selected CBCT records for 330 Chinese individuals who met the inclusion criteria (132
males (40%) and 198 females (60%)), aged between 12 and 18 years with an average (14.22+1.78 years), who
visited the Xi’an Jiaotong University clinic from January 2020 to November 2024. CBCT scans were not obtained
specifically for research purposes. All patients provided informed consent, permitting the use of their clinical
records for research purposes.

Inclusion criteria

Individuals were divided into three sagittal skeletal classes: Class I (1° < ANB® < 5°), Class II (ANB°® >5°),
and Class III (ANB°<1°)!'>"'7. According to their vertical skeletal patterns, three groups of individuals were
created within each class: normodivergent growers (25.3°< FMA°<33°)!81° hypodivergent (FMA®° < 25.3°), and
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hyperdivergent growers (FMA® > 33°). Every individual had to be between the ages of 12 and 18 and have a
normal body mass index (BMI) between 18.5 and 24 kg/m??°.

Exclusion criteria

Exclusion was done for individuals with a positive history of craniofacial syndromes or anomalies, systemic
diseases affecting craniofacial growth, prior orthodontic treatment, OSA, habitual or obstructive mouth
breathing, adenoid hypertrophy, or temporomandibular joint (TM]) disorders. Individuals with mouth breathing
or adenoid hypertrophy were excluded from the study, as mouth breathing can alter the position of the tongue
and lips, potentially affecting airway measurements?~2>. Additionally, adenoid hypertrophy can lead to nasal
obstruction, which may affect breathing patterns and the dimensions of the pharyngeal airway?.

Sample grouping

Individuals were categorized based on sagittal skeletal pattern, vertical growth pattern, and condylar position
(Fig. 1). Sagittal skeletal relationships were classified as Class I, II, or III based on ANB angle measurements.
Vertical facial patterns were defined as normodivergent (N), hyperdivergent (Hr), or hypodivergent (Hp)
according to the FMA angle. Condylar position was assessed using Pullinger’s method?® and categorized as
anterior (A), centric (C), or posterior (P). Composite group labels were created by combining these classifications.
For example, “Class II-Hr-A” denotes an individual with a Class II skeletal pattern, a hyperdivergent vertical

growth pattern, and an anteriorly positioned condyle. This system facilitated subgroup analysis across different
skeletal and positional profiles.

CBCT acquisition protocol

The i-Cat system (Imaging Sciences International, Hatfield, PA, USA) performed CBCT scans. It was configured
with 120 kV, 5 mA, a 14x 17 cm field of view, a 0.4 mm voxel size, and an 8.9-second scan time. The patients
were told to maintain a relaxed lip and tongue position while sitting up straight and maintaining a natural
head position stabilized by forehead support and ear rods while keeping teeth in maximal intercuspation—the
Frankfort horizontal plane (FHP) runs in a parallel direction to the floor, with FHP alignment based on skin
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Fig. 1. The diagram illustrates the classification of individuals into Class I, II, and III skeletal patterns,
with additional subdivisions based on vertical growth patterns (normodivergent, hyperdivergent, and
hypodivergent) and condylar positions (anterior, centric, and posterior). The figure was produced using

Dolphin Imaging software (Version 11.9, Dolphin Imaging, Chatsworth, CA, USA; https://www.dolphinimagi
ng.com/).
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points, specifically the Porion and Nasion landmarks, for accuracy. Patients were instructed to breathe normally
through their noses during image acquisition, without swallowing, moving their heads, or tongues. DICOM
(Digital Imaging and Communications in Medicine) format was used to store all CBCT data.

CBCT image orientation and measurement procedures

DICOM files were imported using Dolphin Imaging software (version 11.9; Dolphin Imaging & Management
Solutions’, Chatsworth, CA, USA). All measures were taken by a single investigator who was blinded. The image
orientation process involved aligning the coronal plane perpendicular to the axial plane, passing through the
Porion point, the midsagittal plane with the patient’s midline (a vertical line via Nasion), and the axial plane with
the FHP (Fig. 2). Airway segmentation sensitivity was set to the 50 — 55 range to obtain an accurate representation
of the airway?®. The 50-55 range was found to accurately represent the airway while minimizing overflow from
surrounding tissues. After testing different values, this range proved most effective for segmentation and was
consistently applied across all scans for reliability.

Evaluation of condylar position
One blinded investigator (D.M.) evaluated the condylar position using a sagittal CBCT slice that showed the
glenoid fossa’s center. Condylar position was categorized using the Pullinger et al. »° technique, which applied
the following formula: CD = (A — P) /(A + P) x 100%

A represents the anterior joint space (AS), P represents the posterior joint space (PS), and CD represents the
condylar displacement percentage. The condylar location was categorized as follows using the computed CD
value:

o Anterior (CD<-12%).
o Centric (-12% < CD<+12%).
o Posterior (CD >+ 12%).

The axial view showing the widest mediolateral diameter of the condylar process was selected as the reference
for secondary reconstruction. From this axial view, a line parallel to the long axis of the condylar process was
drawn, and lateral slices were reconstructed at 0.5 mm intervals with 0.5 mm thickness. From the superior
fossa (SF) - the highest point on the roof of the glenoid fossa-, lines were drawn tangent to the most prominent
anterior and posterior surfaces of the condyle. The narrowest posterior (PS) and anterior (AS) joint spaces were
then accurately measured on the central sagittal section (Fig. 3A, B)%.

Pharyngeal measurements
The area of interest in the airway was located using the Dolphin 3D Imaging software’s airway analysis tool.
The oropharyngeal airway space was defined by drawing one line parallel to the FHP through the posterior
nasal spine and another parallel to the FHP at the tip of the epiglottis. These lines were used to demarcate the
boundaries of the oropharyngeal airway space'®. The airway volume, airway area, and minimum cross-sectional
area were measured, and the updated volume was produced?® (Fig. 4).

The following airway measurements were taken:

« Oropharyngeal Volume (OPV).

+ Oropharyngeal Area (OPA).
o Minimum Cross-sectional Area (MCA).

Coronal Plane Mid-Sagittal Plane Coronal Plane
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Fig. 2. Adjustment of orientation planes (axial, mid-sagittal, coronal). The figure was produced using Dolphin
Imaging software (Version 11.9, Dolphin Imaging, Chatsworth, CA, USA; https://www.dolphinimaging.com/).
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Fig. 3. (A) The glenoid fossa as seen in the coronal view, with its central part determined based on the vertical
reference line. (B) The sagittal slice of the CBCT image of the mandibular condyle in the glenoid fossa. From
the superior fossa (SF), lines were drawn tangent to the most prominent anterior and posterior surfaces of

the condyle. The distances from these tangent points to the glenoid fossa were measured and recorded as the
anterior joint space (AS) and posterior joint space (PS), respectively. The figure was produced using Dolphin
Imaging software (Version 11.9, Dolphin Imaging, Chatsworth, CA, USA; https://www.dolphinimaging.com/).

These measurements are listed in Table 1.

Statistical analysis

To evaluate intra-investigator reliability, the Intraclass Correlation Coefficient (ICC) was calculated based
on measurements from 30 randomly selected individuals, with measurements repeated two weeks after the
initial assessment. The ICC was computed using a two-way mixed-effects model with average measures and
absolute agreement. Measurement error was assessed using the formula proposed by Dahlberg?. Data analysis
was conducted using SPSS software (IBM SPSS Statistics 27.0.1), with a significance level set at P < 0.05. The
normality of the data was evaluated using the Shapiro-Wilk test, which indicated that the data were not normally
distributed. Consequently, the Kruskal-Wallis test was employed for intergroup comparisons. When significant
variables were identified, pairwise comparisons were conducted. The Pearson ¥* test was used in descriptive
statistics to analyze sex distributions across the groups, assessing the homogeneity of these distributions.

The Mann-Whitney U-test was also performed to compare the joint space between the right and left condyles,
assessing whether their positions within the mandibular fossa were similar on both sides. The Spearman
correlation coeflicient was computed to examine the relationships between airway parameters, condylar
concentricity, and craniofacial parameters. Given the non-normal distributions of the dependent variables,
multiple linear regression analysis was performed following logarithmic transformation to identify predictive
factors for airway dimensions.

Results
The ICC demonstrated strong intra-investigator consistency, with values ranging from 0.90 to 0.97 for volumetric
measurements and from 0.93 to 0.99 for linear measurements. Measurement errors, calculated using Dahlberg’s
formula, ranged from 0.81 to 1.60 mm for linear measurements and from 165 to 323 mm? for volumetric
measurements. Method-related errors were found to be negligible, as indicated by the results of repeated testing.
Condylar concentricity between the right and left condylar measurements was not statistically significant
(P=0.461), indicating that the position of condyles within the mandibular fossa was similar on both sides.

The baseline demographics are shown in Table 2 and include sex, age, right and left condylar concentricity,
and the different angular measurements for each of the three skeletal classes (Class I, I, and III).

Comparing across sagittal patterns

For the Class I group, we analyzed the oropharyngeal airway space using an Independent-Samples Kruskal-Wallis
Test, including OPV, OPA, and MCA, to determine whether their distributions differ across skeletal patterns
considering condylar position. We found that OPV and MCA showed no statistical difference (p=0.258 and
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Fig. 4. (A) Boundary of the oropharyngeal volume (OPV), (B) Oropharyngeal area (OPA) and minimum
cross-sectional area (MCA), (C) 3D volumetric reconstruction demonstrating OPV and MCA. The figure was
produced using Dolphin Imaging software (Version 11.9, Dolphin Imaging, Chatsworth, CA, USA; https://ww
w.dolphinimaging.com/).

Abbreviations

Definition and illustration

Sella (S)

The central point of the Sella turcica, a saddle-shaped depression in the sphenoid bone that houses the pituitary gland.

Nasion (N)

The most anterior point at the junction of the frontal and nasal bones, located in the midline.

Point A (A)

The deepest point of curvature on the anterior surface of the maxilla, located between the anterior nasal spine and the dental alveolus.

Point B (B)

The deepest point of curvature on the anterior surface of the mandible, located between the chin and the alveolar crest.

SNA

The anteroposterior position of the maxilla relative to the cranial base

SNB

The anteroposterior position of the mandible relative to the cranial base

ANB

The difference between the SNA and SNB angles.

FMA

Angle formed by the intersection of the Mandibular plane and the Frankfort-horizontal FH plane

OPV

The oropharyngeal airway volume (OPV) was defined as the volume of the pharynx located between two parallel lines to the Frankfurt
horizontal plane (FHP): one passing through the posterior nasal spine and the other at the level of the tip of the epiglottis (Fig. 4).

OPA

Oropharyngeal area (OPA): Defined as the area between the upper and lower limits of the oropharynx. Once the OPV boundaries were
determined and the OPV was computed, the oropharyngeal airway area was automatically calculated and displayed (Fig. 4).

MCA

Minimum Cross-sectional Area (MCA): defined as the smallest cross-sectional area of the oropharyngeal airway measured along its axial plane.
It represents the narrowest point within the airway (Fig. 4).

CC

Condylar Concentricity (CC) is a measurement that evaluates the positional relationship of the mandibular condyle within the glenoid fossa. It is
typically expressed as the ratio of anterior and posterior joint space distances, indicating how centrally the condyle is positioned within the fossa.

Table 1. Definitions of pharyngeal airway and craniofacial parameters.

p=0.523, respectively) across vertical skeletal patterns, whereas OPA initially showed a substantial difference
(p=0.041); however, after the Bonferroni correction, all differences were no longer statistically significant.

In the Class II group, OPV, OPA, and MCA showed significant differences (see Table 3). These parameters
were lowest in the Class II-Hr-A group (skeletal Class IT hyperdivergent individuals with anteriorly positioned
condyles), with P values of <0.001 for OPV and OPA and <0.01 for MCA. Among Class II hyperdivergent
individuals, those with anteriorly positioned condyles had lower OPV and OPA than those with centric and
posterior condylar positions (P <0.05; Table 4).
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‘ Skeletal class I (n = 112) | Skeletal class II (n = 108) | Skeletal class III (n = 110) | Total (n=330) | P
Sex, n (%)?
Male 41 (36.6) 53 (49) 38 (34.5) 132 (40) 0,061
Female 71 (63.3) 55 (50.9) 72 (65.4) 198 (60)
Age distribution (years) | Most patients aged 12-16 | Most patients aged 12-15 | Most patients aged 12-17
Age, Years (mean + SD)® | 14.19 £ 1.679 14.10 £ 1.798 14.35 + 1.850 1422 +£1.78 .568°
SNA (mean + SD) 82.168 + 3.5113 82.961 + 3.9553 79.413 + 4.1209
SNB (mean + SD) 78.957 + 3.5217 76.660 + 4.0355 80.544 + 3.9948
ANB (mean + SD) 3.202 £ 1.1977 6.301 + 0.9654 —1.134 +£1.8494
CD-R% (mean + SD)® —2.1821 £ 29.094 —1.7500 + 28.485 —4.3054 £ 26.979 .705b
CD-L% (mean + SD)® —3.7621 £ 28.141 —1.6727 +£27.444 2.3716 £ 21.191 249b

Table 2. Descriptive statistics and comparisons of craniofacial measurements among skeletal classes. *Results
of Pearson x2. "Kruskal-Wallis test. CD-R%, percentage displacement of the right condyle; CD-1%, percentage
displacement of the left condyle. n: indicate number.

In the Class III group, OPV, OPA, and MCA also showed significant differences (see Table 3). These values
were lowest in the Class ITI-Hr-A group (skeletal Class III hyperdivergent individuals with anteriorly positioned
condyles), with P values of <0.001 for OPV and MCA and <0.05 for OPA (see Table 4).

Comparing across vertical patterns

Only the OPV differed significantly among normodivergent individuals across Class I, II, and III (see Table 5).
The Class II-N-A group (Class II normodivergent individuals with anteriorly positioned condyles) showed a
smaller OPV (P<0.05; see Table 6).

Among hyperdivergent individuals comparing Class I, I, and III, notable differences were observed in OPV,
OPA, and MCA (see Table 5). The lowest values for all three parameters were found in the Class II group with
anteriorly positioned condyles, with P values of <0.001 for OPV, < 0.01 for OPA, and <0.01 for MCA (see
Table 6).

Among hypodivergent individuals across Class I, II, and III, OPV, OPA, and MCA showed significant
differences (see Table 5). All three parameters were lowest in the Class II group with anteriorly positioned
condyles, with P values of <0.001 for OPV and MCA and <0.01 for OPA (see Table 6).

Table 7 presents the results of a bivariate correlation analysis between airway space, condylar concentricity,
and craniofacial parameters. The findings show that age, SNB, and condylar concentricity are positively associated
with oropharyngeal airway measures (OPV, OPA, MCA), whereas FMA and ANB are negatively correlated. Sex
and SNA do not correlate with the airway parameters.

In Table 8; Fig. 5, a regression model was developed to predict the oropharyngeal airway dimensions using age,
ANB, FMA, and condylar concentricity (CC) as predictors. The model was statistically significant and effective
for OPV (adjusted R? = 0.261), followed by OPA (adjusted R? = 0.201), while it was weak for MCA (adjusted
R? = 0.167). The linear regression equations were as follows: OPV, ¥ = 3.908 + 0.021(X1) — 0.007(X2)
—0.004(X3) +0.001(X4), OPA,Y =2.662+0.012(X1) —0.005(X2) —0.003(X3)+ 0.001(X4),
MCAY =2.148 + 0.020(X1) — 0.012(X2)—0.006(X 3) + 0.001(X4). where Y indicates the log of OPV,
OPA, and MCA; X1 indicates age; X2 indicates ANB; X3 indicates FMA; and X4 indicates Condylar Concentricity
(CO).

Discussion

A previous study reported that in adults with skeletal Class IT malocclusion, oropharyngeal airway dimensions
varied significantly depending on whether the condyles were positioned anteriorly, centrally, or posteriorly®.
Notably, that investigation was the first to explore the relationship between condylar position and pharyngeal
airway dimensions. However, it was limited to normodivergent individuals with skeletal Class IT malocclusion,
leaving a gap in our understanding of how condylar position might influence airway space across various sagittal
and vertical skeletal patterns.

This study explored the oropharyngeal airway space across different sagittal skeletal classes and vertical
growth patterns, with a particular focus on its relationship with condylar position. The findings revealed that
airway dimensions (OPV, OPA, and MCA) were closely associated with condylar position, with the narrowest
airway measurements consistently observed in Class II hyperdivergent individuals with anteriorly positioned
condyles.

Two-dimensional radiographic imaging is often unreliable for evaluating condylar position because it is
affected by magnification, distortion, and overlapping nearby anatomical structures, making accurate assessment
difficult®®!. CBCT has been used in several earlier investigations to assess the condyle positions®**~**. However,
Pullinger’s method?’, using a 2D sagittal slice for condylar evaluation, has the limitation of not capturing the
full 3D positioning, including medial/lateral position and rotation. While this is a common drawback of 2D
techniques, it remains widely used in clinical settings. Pullinger’s criteria (-12%/12%) for condylar position on
CBCT is an established convention based on prior studies®?.

Xu et al.®, although not classifying their participants based on antero-posterior skeletal classes or vertical
growth patterns, reported that, in contrast to the central and posterior condylar groups, the anterior condylar
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group’s pharyngeal airway volumes and areas were noticeably smaller, with the posterior group demonstrating
the largest airway dimensions. A similar trend was observed in our study, particularly within the Class II
hyperdivergent group (anterior, centric, and posterior). Specifically, we observed that the OPV in the anterior
group was the smallest compared to the centric and posterior groups. Additionally, the OPA in the anterior
group was considerably smaller compared to the centric group. However, this pattern was not evident in the
Class II normodivergent, in contrast to the findings of the previous study. This discrepancy may be attributed to
differences in participant age ranges, as Xu et al. included individuals aged 18 years and older. Another potential
factor could be the variation in sample sizes across subgroups between the two studies. Furthermore, Xu et al.
didn’t consider the anteroposterior and vertical classification.

Altheer et al.* recently conducted a systematic review demonstrating that hyperdivergent individuals
generally exhibit smaller oropharyngeal volumes than normodivergent individuals. Similarly, Al-Somairi et al.'?
reported that hyperdivergent patients had significantly reduced oropharyngeal sagittal width, volume, surface
area, and minimum constricted area, with skeletal Class III individuals showing the greatest sagittal width.
Our study builds on these findings by incorporating condylar position as an additional variable. Among Class
II individuals, we found that OPV, OPA, and MCA were all significantly smaller in the Class II-Hr-A group
(skeletal Class II-hyperdivergent with anteriorly positioned condyles), and these parameters notably increased
in the Class II-N-P (skeletal Class II-Normo-divergent with posteriorly positioned condyles) and Class II-Hp-P
groups. A similar pattern was observed in Class III, where all three airway parameters were lowest in the Class
III-Hr-A group and showed a substantial increase in the Class III-Hp-P group (skeletal Class III-hypodivergent
with posteriorly positioned condyles).

Previous studies have highlighted the influence of skeletal pattern on upper airway dimensions
Guo et al.’’ reported that hyperdivergent individuals tend to have smaller oropharyngeal volumes than their
normodivergent and hypodivergent counterparts, and that skeletal Class II patients generally exhibit narrower
upper airways. Similarly, Nath et al.’® found a significant correlation between pharyngeal airway volume and the
anteroposterior position of the mandible, with skeletal Class II individuals consistently demonstrating smaller
airway volumes than those in Class I and III. Our findings align with these observations and further build upon
them by including condylar position in the analysis. Among normodivergent individuals in our study, the OPV
was notably smaller in the Class II with anteriorly positioned condyles group compared to the Class III with
posteriorly positioned condyles group. In both hyperdivergent and hypodivergent groups, OPV, OPA, and MCA
were substantially reduced in the Class II with anteriorly positioned condyles group compared to Class III. These
results suggest that airway dimensions are influenced not only by skeletal classification and vertical pattern but
also by the position of the mandibular condyle, with anteriorly positioned condyles associated with smaller
airway volumes and posteriorly positioned condyles tending to correlate with larger airway dimensions.

Chan et al.* found that individuals with skeletal Class IT malocclusion have a more posterior tongue base
compared to Class III, often linked to a retrusive or short mandible. This can push the tongue and soft palate
back, reducing oropharyngeal volume. Our study supports this, showing smaller OPV, OPA, and MCA in
Class IT individuals, especially those with hyperdivergent patterns and anteriorly positioned condyles (Class II-
Hr-A). This suggests that condylar position, along with skeletal patterns, compounds the effect on upper airway
morphology by influencing mandibular and tongue posture.

Paknahad et al.** found that condyles were positioned more anteriorly in individuals with skeletal Class
IT malocclusion compared to Class I and III. They suggested this might reflect an adaptive response of the
masticatory system or limited condylar cartilage adaptability. However, this could also be linked to reduced
airway volume in Class II patients, where mandibular advancement may cause anterior condylar displacement
as a compensatory mechanism for upper airway narrowing’. This highlights the importance of considering
condylar position in relation to airway volume, particularly in Class IT malocclusion cases.

In individuals with OSA, the hyoid bone is typically positioned inferiorly and posteriorly?!. Mandibular
advancement shifts the hyoid superiorly and anteriorly, expanding the hypopharyngeal airway*?. In Class III
malocclusion, orthodontic treatment with surgery often leads to mandibular setback, causing the hyoid and
tongue to shift backward, reducing the airway space®’. Oral appliances reposition the mandible and tongue
forward, increasing airway size**. Factors such as adenoid and tonsil hypertrophy, allergies, and infections
contribute to obstruction. The lack of lip seal and low tongue position in mouth breathers disrupts airway flow
and may increase lymphatic tissue in the pharynx, affecting its dimensions?!.

Xu et al. ** investigated the accuracy of dynamic condylar positions by combining mandibular movement
data with CBCT images. They reported that while static CBCT scans provide reliable 3D images of the
temporomandibular joint (TM]), they do not capture the dynamic nature of jaw movements, which significantly
affects condylar position. While our study relied on static CBCT imaging in maximal intercuspation, similar
limitations may apply, as dynamic movements were not considered in our analysis.

This study found no statistically significant difference in joint spaces between the right and left sides,
consistent with findings reported in most previous research?6-45,

This study suggests that airway dimension is influenced by both skeletal class and condylar position,
particularly in hyperdivergent and Class II cases. Since reduced oropharyngeal volume is associated with
conditions like OSA, our results emphasize the value of assessing condylar position to help identify at-risk
individuals and guide targeted treatments for better orthodontic and respiratory outcomes.

Despite the study’s contributions, several limitations should be acknowledged. The retrospective design
restricts causal conclusions regarding the relationship between condylar position, craniofacial morphology,
and airway dimensions. We recognize the importance of considering skeletal maturation, such as the Cervical
Vertebral Maturation (CVM) stage, as our sample consisted of growing individuals. However, including this
factor would require a larger sample size, warranting further investigation of its confounding effects in future
research. Additionally, since this study was conducted at a single institution, the findings may not be broadly

8,14,35,36
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Normodivergent (N) Hyperdivergent (Hr) Hypodivergent (Hp)
Oropharyngeal space | Ivs.II | Ivs. III | IT vs. IIT Ivs. II Ivs. III | I vs. I Ivs. I | Ivs. I | Il vs. IIT
II-N-A . | I-Hr-A - II-Hr-A . II-Hp-A .
NS NS HLNp | 0018 | G | 0-004 | NS ULHrC | 0018 |Ns NS M-Hp-C | %031
II-Hr-A - II-Hr-A o II-Hp-A -
(OPV) Lirp | 0006 IL-Hep | 0-000 M-Hp-p | %000
1I-Hp-C .
M-Hp-p | 0023
II-Hr-A . II-Hr-A . II-Hp-A "
NS NS NS LHrG |0035* |NS l-HeA | 0:027% | NS NS M-Hp-p | 006
II-Hr-A - II-Hr-A
(OPA) LHep | 0002 ILHrC | 0-004**
II-Hr-A N
ur-Hr-p | 001
II-Hr-A II-Hp-A .
NS NS NS LHrG | 0.042* | NS NS NA NS H-Hp-C | 0033
H'HP'A %
(MCA) M-Hp-p | %000
1I-Hp-C .
nr-Hp-p | 0%
Table 6. Pairwise comparisons for different sagittal skeletal classes within each vertical pattern (Hr, N, Hp). N
indicates Normodivergent; Hr, Hyperdivergent; Hp, Hypodivergent. A indicates anteriorly positioned condyle;
C, centrally positioned condyle; P, posteriorly positioned condyle. NS indicate not significant. See Table 1 for
additional abbreviations. *Significance <0.05; ** significance < 0.01; *** significance <0.001.
ddit 1 abb t *Signifi <0.05; ** fi <0.01; *** fi <0.001
Oropharyngeal space ‘ Age ‘ Sex ‘ SNA ‘ SNB ‘ ANB ‘ FMA ‘ CcC
oPV
Correlation coefficient | 0.364™ | —0.034 | - 0.015 | 0.165™ | — 0.220™ | —0.269™ | 0.290"
P-value 0.000 |0540 |0.792 |0.003 |0.000 |0.000 | 0.000
OPA
Correlation coefficient | 0.298” | —0.048 | 0.038 | 0.217” | -0.2167 | -0.272" | 0.246"
P-value 0.000 [0381 |0496 |0.000 |0.000 |0.000 | 0.000
MCA
Correlation coefficient | 0.248" | 0.004 | —0.037 | 0.159" | —0.242" | -0.255" | 0.153"
P-value 0.000 [0949 |0.504 |0.004 |0.000 |0.000 |0.005
Table 7. Spearman correlation coefficient between oropharyngeal parameters and independent variables.
*P<0.05; **P<0.01. See Table 1 for additional abbreviations.
Unstandardized
coefficients Standardized coefficients ANOVA
Dependent variable: oropharyngeal volume B S.E | Beta t P F P R? Adjusted R?
(Constant) | 3.908 0.064 61.19 | <0.001** | 30.067 | <0.001*** | 0.270 | 0.261
Age 0.021 0.004 | 0.288 |5.897 | <0.001***
(OPV) ANB -0.007 | 0.002 |- 0.191 |- 4.005 | <0.001***
FMA -0.004 | 0.001 |-0.194 | —4.028 | <0.001***
cc 0.001 0.000 | 0.224 |4.662 | 0.022*
(Constant) | 2.662 0.049 54.03 | <0.001*** | 21.744 | <0.001*** | 0.211 | 0.201
Age 0.012 0.003 [ 0212|4179 | <0.001%**
(OPA) ANB -0.005 |0.001 |-0.188 | —3.778 | <0.001***
EMA ~0.003 | 0.001 |-0.204 | —4.069 | <0.001**
cc 0.001 0.000 | 0.203 | 4.058 | 0.022*
(Constant) | 2.148 0.096 2232 | <0.001*** | 17.47 | <0.001*** | 0.177 | 0.167
Age 0.020 0.005 | 0.187 |3.597 | <0.001***
(MCA) ANB -0.012 | 0.003 | -0.209 |- 4.130 | <0.001***
FMA -0.006 | 0.002 [-0.212 | —4.140 | <0.001***
cc 0.001 0.000 | 0.118 | 2309 | 0.022*

Table 8. Multiple linear regression model for (OPV, OPA and MCA) as a dependent variable after logarithmic
transformation®. OPV oropharyngeal volume, OPA oropharyngeal area, MCA minimum cross-sectional area.
*Significance <0.05; ** significance < 0.01; *** significance <0.001.
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Fig. 5. shows the plots of predicted versus actual log-transformed values of (A) OPV, (B) OPA, and (C) MCA,
respectively.

generalizable. Assessing condylar position in a static “maximal intercuspation” state might not fully capture
dynamic jaw movements. Furthermore, smaller sample sizes in some subgroups could have decreased statistical
power, and larger, more balanced subgroups in future studies could improve the robustness of the results. Finally,
although mouth breathing and adenoid hypertrophy were excluded, uncontrolled variables such as tongue
volume and posture, hyoid bone position, and maxillomandibular length may have influenced the outcomes.
Future studies with larger, more diverse samples and prospective designs should consider these factors for a
more comprehensive understanding.
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Conclusion

This study highlights a significant relationship between condylar position and oropharyngeal airway dimen-
sions, especially in sagittal and vertical skeletal patterns.

The results indicate that anteriorly positioned condyles are associated with smaller airway volumes, while
posteriorly positioned condyles tend to correlate with larger airway dimensions.

These findings highlight the importance of considering condylar position when evaluating airway morpholo-
gy in orthodontic treatment planning, as it may provide further insights into airway management, especially
in patients with skeletal Class IT malocclusion and varying vertical growth patterns.

Data availability
The data that support the findings of this study are available from the corresponding author upon reasonable
request.
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