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Abstract: Introduction: The temporomandibular joint (TM]) is affected in 30—45% of juvenile id-
iopathic arthritis (JIA) patients, with all JIA subtypes at risk for TM] involvement. JIA patients
with TM] involvement may present with altered craniofacial morphology, including micrognathia,
mandibular retrognathia, a hyperdivergent mandibular plane angle, and skeletal anterior open bite.
These features are also commonly present and associated with non-JIA pediatric patients with ob-
structive sleep apnea (OSA). Materials and Methods: The study was comprised of a group of 32 JIA
patients and a group of 32 healthy control subjects. CBCT images were taken for all patients and
were imported into Dolphin Imaging software. The Dolphin Imaging was used to measure the upper
airway volumes and the most constricted cross-sectional areas of each patient. Cephalometric images
were rendered from the CBCT data for each patient, and the following cephalometric values were
identified: SNA angle, SNB angle, ANB angle, anterior facial height (AFH), posterior facial height
(PFH), mandibular plane angle (SN-MP), FMA (FH-MP), overjet (OJ]), and overbite (OB). Airway
volumes, the most constricted cross-sectional area values, and cephalometric values were compared
between the JIA and control groups. Results: For airway values, statistically significant differences
were seen in the nasopharynx airway volume (p = 0.004), total upper airway volume (p = 0.013),
and the most constricted cross-sectional area (p = 0.026). The oropharynx airway volume was not
statistically significant (p = 0.051). For cephalometric values, only the posterior facial height showed
a statistically significant difference (p = 0.024). Conclusions: There was a significant difference in
airway dimensions in the JIA patients as compared to the control patients. In addition, the posterior
facial dimensions seem to be affected in JIA patients. The ODDs ratio analysis further corroborated
the findings that were significant.

Keywords: 3D airway analysis; 3D airway volumes; CBCT; orthodontics; oral and maxillofacial surgery

1. Introduction

Juvenile idiopathic arthritis (JIA) is characterized by the onset of arthritis of an un-
known etiology before the age of 16 that persists for longer than a six-week duration. JIA
is the most common rheumatic disease of childhood [1-3]. The progression and course
of disease in JIA is unpredictable. It is self-limiting in some patients while in other cir-
cumstances it can be persistent with joint resorption. Depending on the timing of onset
and severity of disease, JIA may cause growth disturbances, permanent joint damage,
functional limitations, and short- or long-term disability [4].
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The temporomandibular joint (TM]) is one of the more frequently involved synovial
joints in JIA patients and in some cases may be the only joint involved [5,6]. The TM] is
affected in 30-45% of JIA patients, with all JIA subtypes at risk for TMJ involvement [7,8].
Despite the high percentage of JIA patients that have TM]J arthritis and a high prevalence of
associated morbidity, TMJ arthritis is an underdiagnosed component of JIA [9]. This is due
in part to the challenges associated with traditional radiography and clinical examination
of the TM]J, as well as the fact that TMJ symptoms are frequently absent or unreliable [9-12].
Even with radiographic evidence of condylar lesions, a significant percentage of JIA patients
do not report any TMJ symptoms and may have a benign clinical TMJ examination [5,13,14].
Despite these challenges, early diagnosis and treatment of TMJ arthritis is critical, as the
risk of craniofacial growth alterations is thought to increase in cases of earlier age of onset
and results in longer duration of disease activity [9,15].

As TM] involvement may be present without any clinical signs or symptoms, MRI is
the gold standard for diagnosis of TMJ involvement [14]. This imaging technique is capable
of detecting 63-91% of inflammatory changes, ranging from active arthritic changes as
well as the sequelae of chronic arthritis [10]. Higher percentages of TM] involvement are
found when Gadolinium-enhanced magnetic resonance imaging (Gd-MRI) is employed,
compared to ultrasound, computed tomography (CT), cone-beam-computed tomography
(CBCT), or traditional radiography (i.e., panoramic radiographs) [5,11,16-18].

The anatomy of the TM] makes it particularly susceptible to damage from arthritis [5].
Unlike other synovial joints, the primary center for mandibular growth is the mandibular
condylar cartilage that lies under a thin layer of fibrocartilage on the head of the condyle [5].
Due to its superficial position, it is susceptible to damage or resorption in the presence of
chronic inflammation of the TM], and subsequently, TMJ arthritis may have destructive ef-
fects on the growth of the mandible [19,20]. JIA patients with TM] involvement may present
with altered craniofacial morphology, including micrognathia, mandibular retrognathism,
decreased total mandibular length, decreased posterior face heights, increased anterior face
heights, skeletal anterior open bite, posterior mandibular rotation with hyperdivergent
mandibular plane angle and occlusal plane angle, obtuse gonial angle, gonial notching,
convex facial profile, and facial asymmetry with chin deviation in cases of unilateral joint
destruction [5,6,13,15,21-27]. In one study, retrognathia was seen in 82% of JIA patients
that had TMJ involvement diagnosed using the panoramic radiograph but was also seen
in 55% of patients that did not show any signs of radiographic TMJ involvement. Those
patients who did have TM] involvement had a cephalometric A point-nasion-B point (ANB)
angle that averaged 1.8 degrees greater than those without TMJ involvement [6]. It has
been shown that even a small degree of condylar damage can be associated with significant
alterations in craniofacial morphology [13].

In recent years, CBCT has become a commonly used imaging modality in dentistry and
orthodontics. Compared to traditional CT, CBCT has a shorter acquisition time and a more
focused radiation beam with less scatter, resulting in lower radiation dosages and making
it more appropriate for routine clinical use in a dental setting [28]. CBCT data can be used
to assess skeletal craniofacial features and hard tissue structural abnormalities of the TM]
and can also provide a method of volumetric, cross-sectional area, and linear-dimensional
airway analysis.

Several 3D airway studies have shown smaller airway volumes and the most con-
stricted cross-sectional area (MCCA) measurements in adults with OSA, as measured
by CBCT, but less research has been conducted on pediatric populations [29-33]. Re-
cently, a study was undertaken to compare the apnea hypopnea index (AHI) measured
by polysomnography (PSG) to CBCT measures in pediatric OSA patients, and it was con-
cluded that CBCT analysis may be a useful tool in the evaluation of the upper airway in
pediatric OSA patients [34]. It was shown in both the nasopharynx and oropharynx that
airway volume as well as mean and minimal cross-sectional area were smaller in patients
with moderate to severe OSA (AHI > 5) compared to primary snorers (AHI < 1) that were
matched for age, gender, and obesity [34]. Another study relating AHI to CBCT airway data
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showed a statistically significant correlation between AHI and nasopharyngeal volume in
children aged 7-11, as well as between AHI and the MCCA in the 12-17 age group [35].

Sleep-disordered breathing (SDB) and obstructive sleep apnea (OSA) may be among
the functional impairments that JIA patients experience, which have been shown to be
associated with pain, fatigue, and reduced health-related quality of life [36-38]. Daytime
effects of OSA in children may include attention deficit, aggressive/impulsive behavior,
hyperactivity, mood problems (including possibly depression/anxiety), poor school per-
formance, headaches, fatigue, and excessive daytime sleepiness [39,40]. Although OSA is
not caused by anatomic factors alone, certain craniofacial characteristics have been shown
to have significant associations with OSA /SDB [41]. A narrow or retrusive maxilla, ret-
rognathic mandible, hyperdivergent mandibular plane angle, steep palatal plane angle,
increased lower face height, decreased ratio of posterior to anterior face heights, anterior
open bite, obtuse gonial angle, obtuse cranial base angle, and inferior position of the hyoid
bone have been shown to be associated with pediatric OSA [41-47]. Arthritic involvement
of the TM] and the resulting retrognathia/micrognathia might be related to the increased
OSA prevalence in JIA patients, as both are common in JIA, and both are risk factors for
OSA [48,49].

Attended PSG is one of the more predictable methods to diagnose OSA [39]. The
prevalence of OSA determined by varying AHI thresholds in PSG in the general pediatric
population is 1-4% [50]. Limited data exists to determine the prevalence of SDB/OSA
problems in JIA patients, but it has been demonstrated that 40% of children with JIA had
an AHI of greater than or equal to 1.5 events per hour, as measured by PSG [36,51]. Pain,
fatigue, and medication side effects are often attributed to causing sleep disturbances in JIA
patients without screening for underlying OSA, and the average time from the diagnosis of
JIA to the discovery of OSA (when present) by PSG is 2.5 years, which may be significant
given the complications of OSA in overall health and disease management [49]. Most JIA
patients with OSA are undiagnosed and untreated, which likely contributes to a poorer
treatment response and worse patient-reported outcomes [36].

As the potential craniofacial morphology alterations associated with TM] arthritis
in JIA patients closely resemble those commonly associated with airway compromise
in pediatric patients, it is of particular interest to investigate potential airway-related
sequalae of JIA. At present, there are no known published studies that evaluate upper
airway dimensions in JIA patients using three-dimensional CBCT data. The purpose of this
study is to evaluate upper airway volumes, the most constricted cross-sectional areas, and
cephalometric values in JIA patients and compare them to healthy controls to determine if
any differences exist.

2. Subject and Methods

This study is a retrospective case control study evaluating patients with and without
JIA. Ethical approval was obtained from the University of Alabama Institutional Review
Board #30000975. Patients presenting in the Orthodontic department at the University of
Alabama School of Dentistry from 2018-2021 were reviewed. JIA patient had the following
records: (1) MRI of the TMJ, (2) clinical photographs, and (3) a CBCT with a field of view
that included the TM]J. A brief status of the JIA patients was also recorded. Patients who
presented for orthodontic treatment and had clinical photographs and a CBCT were eligible
as control patients. The control group was carefully selected to be age matched to the JIA
group. Control patients were excluded from the study if they had any of the following
characteristics: (1) history of arthritis, immune disease, or systemic disease confirmed by
or under investigation by a rheumatologist, (2) history of diagnosed TMJ dysfunction,
(3) congenital syndromes, or (4) craniofacial trauma.

The JIA study group comprised of 32 patients with a mean age of 13.6 years, consisting
of 10 males and 22 females. The control group comprised 32 patients with a mean age of
13.75 years, consisting of 13 males and 19 females.
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2.1. CBCT Acquisition

The CBCT image volumes for all JIA and control patients were captured using the
same Carestream 9300 CBCT machine (Carestream Dental, Atlanta, GA, USA). The CBCT
scan time was 14 s with a radiation dose of 20 uSi and image resolution up to 0.90 um. Each
image was saved in the universal Digital Imaging and Communications in Medicine or
DICOM (*.dcm) format. Each image was imported into Dolphin Imaging software (Version
11.95 Premium, Dolphin Imaging & Management Solutions, Chatsworth, GA, USA). All
images were oriented to the Frankfurt horizontal (FH) plane in the sagittal dimension and
by leveling the right and left orbitale points in the frontal dimension.

2.2. Cephalometric Rendering and Analysis

Dolphin Imaging software was used to render a cephalometric image for each patient
from the CBCT DICOM data. Each cephalometric image was generated from the algorithm
proprietary to the imaging software and produced an orthogonal perspective with 0%
magnification. The cephalometric image was digitally traced, and the following values
were identified: sella-nasion-A point (SNA) angle, sella-nasion-B point (SNB) angle, A
point-nasion-B point (ANB) angle, anterior facial height (AFH), posterior facial height
(PFH), PFH to AFH ratio, mandibular plane angle (SN-MP), FMA (FH-MP), overjet (O]),
and overbite (OB). See Figure 1.

Figure 1. Cephalometric images rendered from CBCT DICOM data and traced using Dolphin
Imaging. The (left) is a patient from the control group and the (right) is a patient from the JIA group.

2.3. Airway Measurements

The sinus/airway module of Dolphin Imaging was used to segment the three-dimensional
representation of the upper airway, as well as determine the most constricted cross-sectional
area (MCCA) of the upper airway. The inferior boundary of the oropharynx was set as a
horizonal line from the anterior-superior corner of the third cervical vertebrae (C3), and the
superior boundary was determined as a horizontal line from the posterior nasal spine (PNS).
The nasopharynx extended from the superior limit of the oropharynx (PNS-horizontal) to
a line extending vertically from PNS (PNS-vertical). The airway sensitivity in the Dolphin
Imaging software was determined based on the most accurate visual rendering of the proper
airway volume in our study groups and was set to 30 (on a scale from 0 to 100) for all patients.
The MCCA was found within either the oropharynx or nasopharynx using the “minimal axial
area” feature built into the Dolphin Imaging software. All measurements were done by a
single investigator. A second investigator (MG) analyzed the airways of a random sample of
10 study patients. See Figure 2.
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Figure 2. Showing boundaries of airway segmentation performed in Dolphin Imaging for (A) orophar-
ynx, (B) nasopharynx, and (C) total upper airway.

2.4. Statistical Analysis

All data were entered onto an Excel spreadsheet. The datasets for each individual
reading were tested and analyzed and found to be normally distributed. A Student’s
unpaired t-test was performed to compare airway volumes, MCCA values, and cephalo-
metric values between the JIA patients and control group. In addition, the ODDs ratio
was calculated. This analysis was used to determine the measure of association between a
particular variable and the group measured.

3. Results

The results of each variable measured are presented on Table 1. Data from the first and
second investigators were analyzed using a t-test, and no statistical differences were found.
In addition, the data collected from each investigator had a high degree of reproducibility,
indicating that the airway variables measured were reliable and accurate for analysis.

Table 1. Mean and standard deviation of each variable in control and JIA study groups, as well as
p-value for statistical significance of unpaired Student f-test. In addition, the ODDS ratio was also
calculated. * Indicates statistical significance.

Variable Control JIA p-Value ODDS Ratio
Mean (SD) Mean (SD) Mean (SD) (Confidence Range)

Age (years) 13.75 (2.91) 13.59 (2.73) 0.825 1

SNA (Degrees) 83.06 (3.45) 81.53 (4.27) 0.12 1.00 (0.42-2.35)
SNB (Degrees) 79.29 (3.65) 78.43 (4.42) 0.398 0.88 (0.32-2.44)
ANB (Degrees) 3.69 (2.84) 3.21 (2.15) 0.448 0.45 (0.16-1.25)
Anterior Face Height(mm) 113.12 (9.46) 109.16 (8.51) 0.083 0.72 (0.23-2.23)
Posterior Face Height (mm) 75.39 (7.05) 71.06 (7.87) 0.024 * 5.40 (1.66-17.56) *
PFH/AFH Ratio 66.58 (5.67) 65.12 (5.08) 0.281 1.29 (0.48-3.44)
SN-MP (Degrees) 32.45 (7.30) 33.51 (6.12) 0.529 0.85 (0.28-2.59)
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Table 1. Cont.

Variable Control JIA p-Value ODDS Ratio
Mean (SD) Mean (SD) Mean (SD) (Confidence Range)

FMA (Degrees) 22.97 (7.33) 22.88 (5.79) 0.958 1(0.34-2.97)
Overbite (mm) 2.81(2.37) 2.13(1.28) 0.159 0.77 (0.15-3.53)
Overjet (mm) 4.15 (2.33) 4.43 (3.90) 0.734 0.68 (0.25-1.84)
Oropharynx Airway Volume (mm?) 14,047.31 (5586.36) 11,098.03 (6268.15) 0.051 3.40(1.18-9.81) *
Nasopharynx Airway Volume (mm?3) 5827.03 (2425.85) 4392.19 (1203.04) 0.004 * 4.59 (1.54-13.67) *
Total Upper Airway Volume (mm?3) 19,874.34 (6790.35) 15,490.22 (6945.79) 0.013 * 3.22 (0.77-13.50) *
Minimal Cross-Sectional Area (mm?) 202.50 (103.03) 143.75 (103.23) 0.026 * 2.96 (0.95-9.21) *

3.1. Cephalometric Analysis

The cephalometric variables were compared between the JIA study group and the
control group. Only the variable of the posterior facial height was found to be statistically
and significantly different between the two groups, measuring 71.06 mm in the JIA group
and 75.39 mm in the control group (p < 0.05). The ODDs ratio confirmed the posterior facial
height to be significantly smaller in the JIA group.

3.2. Airway Analysis

The airway variables were compared between the JIA study group and the control
group. The JIA sample was significantly different than the control group for the following
airway parameters. The total upper airway volume (nasopharynx and oropharynx com-
bined) was 15,490 mm? in the JTA group and 19,874 mm? in the control group (p < 0.05).
The nasopharynx volume was 4392 mm? in the JIA group and 5827 mm? in the control
group (p < 0.01). The oropharynx volume in the JIA group was 11,098 mm?3 compared to
14,047 mm? in the control group, which was close to but did not quite reach statistical
significance (p = 0.051). The MCCA was 144 mm? in the JIA group and 203 mm? in the
control group (p < 0.05). The ODDs ratio also indicated a significant association of JIA
patients with the variables measured in all the airway analysis.

4. Discussion

The JIA and control groups being evaluated were age-matched (p = 0.825) to account
for normal growth-related changes in cephalometric and airway parameters [52]. The
cephalometric values evaluated allowed for the study of the anteroposterior and vertical
craniofacial morphologies, which are of interest in this study because there is evidence that
anteroposterior jaw positions and mandibular posterior rotation can affect the airway.

4.1. Cephalometric Parameters

Many previous studies have documented differences in cephalometric variables be-
tween JIA patients and control patients [5,6,13,15,21-27]. However, our data did not
demonstrate statistically significant differences in cephalometric values between the two
groups in any variable other than posterior facial height (p = 0.024). A difference in the
posterior facial height has been previously demonstrated in other studies [13,15,23]. One
possible explanation for the lack of differences in cephalometric values could be that the
control group represented an already retrognathic sample. It does appear that both our JIA
and control groups have a tendency toward mild mandibular retrognathia, with the ANB
angles of the JIA group and control group measured at 3.21 and 3.69 degrees, respectively.
Additionally, the absence of cephalometric differences between the groups may suggest
that the treatment regimens employed in the treatment of JIA patients were effective at
minimizing craniofacial growth disturbances secondary to JIA.
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4.2. Airway Parameters

Previous studies have demonstrated that groups with different craniofacial growth
patterns have shown differences in CBCT-derived airway parameters [53-57]. Interestingly,
despite minimal cephalometric differences between our two groups, we did find statistically
significant differences in nasopharyngeal airway volume (NAV), total upper airway volume
(TUAV), and MCCA. In the JIA group, 16 of 32 patients (50%) had an MCA of less than
100 mm?2, while the control group had only 6 of 32 patients (18.75%) with an MCA less
than 100 mm?. The value of 100 mm? was chosen because it roughly represents the lowest
quarter (25%) of the range of MCCA values that were found in both our JIA and control
groups, as well as being easy to visually identify using Dolphin Imaging. In addition, the
oropharyngeal airway volume (OAV) difference between the groups approached statistical
significance (p = 0.051). Another possible question that arose from this study was “Could
the posterior face height be a significant factor in airway volume and MCCA?”. However,
this seems unlikely given the difference in posterior face height between the two groups
was 4.33 mm, which represents about 5% of the average posterior face height of 71.06 mm
in the JIA group. However, the 2D representation of the cephalogram does not take into
account the 3D anatomical dentofacial deformity present in some JIA patients (Figure 3).
Finally, evidence of sleep-disordered breathing (SDB) has been previously shown in JIA
patients that have no evidence of cervical spine or TM] arthritis [48]. At present, not
enough information is available to investigate other reasons as to why airway parameters
were different between the two groups. However, based on our data, it does appear that
additional factors other than craniofacial morphology may contribute to the anatomic
airway reduction in JIA patients. In the general pediatric population, other factors that
could contribute to airway compromise include obesity, size of adenoids and tonsils, and
presence of allergic rhinitis [42,58-66].

Anatomic and structural features alone are certainly part of the overall pathogenesis
of SDB and OSA [60]. However, the fact that patients with OSA do not have airway
compromise when awake demonstrates that there is more to the picture than just anatomy,
and in fact, upper airway neuromuscular tone plays a large role in normal respiratory
patency and function [67]. Additionally, children have been shown to have a reduced
tendency toward cortical arousals that would otherwise correct for obstructions that occur
during sleep [67]. Nevertheless, correlations between CBCT-derived airway dimensions
and AHI have been shown, demonstrating that airway anatomy is a definite factor in airway
compromise during sleep and that CBCT should be viewed as a useful tool in evaluating
the airway in pediatric patients [34,35]. That being said, CBCT airway analysis certainly
has its limitations. A CBCT image provides a representation of the airway at only one
static time point of the respiratory cycle with the patient in an upright and awake posture.
Additionally, there is evidence that successive CBCT images taken on the same patient only
a few months apart are prone to considerable variations in airway volumes [68].

Visual inspection of the 3D airway morphology revealed an interesting finding that
requires further investigation from a larger sample. Of the 32 patients with JIA, 21 demon-
strated asymmetric deviations of the airway form when evaluated from the 3D frontal view
of the airway volume. This represented 67% of the patients reviewed. It is not uncommon
for a JIA patient population to also show facial asymmetries when evaluating skeletal
and soft tissue forms, but to be able to visualize this in a 3D manner was revolutionary
(Figure 4). Further work is required in evaluating for the presence of a correlation between
the skeletal/facial and airway asymmetries.
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Figure 3. Frontal and sagittal views of the airways of all JIA patients with the scale measured in
square millimeters of airway cross-section and a marker showing the level of the minimal cross-
sectional area of each. Please note that visualizing the color map of the airway utilizes a different
feature of Dolphin Imaging, which does not allow for as much precision in setting the upper and
lower airway boundaries and is only used here to give a visual representation of the cross-sectional
areas at different levels of the airway. All quantitative volumetric and minimal cross-sectional data
were gathered with the segmentation boundaries set, as described in Section 2 and as shown in

Figure 2.
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(B) Q)

(E) (F)

Figure 4. (A-C) Images from a JIA patient with a chin deviation to the left side and an asymmetric
airway with a “twist” effect. (D-F) Images of a control patient representative of the control group
with no skeletal asymmetry and an airway with no gross asymmetries.

4.3. Software Analysis and Interpretations

When evaluating the software programs commercially available for airway analysis of
the CBCT DICOM data, some positive and negative qualities have been noted. Dolphin
Imaging, which was used in our study, has been validated as having high reliability in
measuring the airway consistently between repeated measurements of the same image data
and when comparing two airways when both were measured with Dolphin Imaging [69].
For this reason, the data obtained for the JIA and control groups in our study have a high
level of validity, given that the airways were all rendered with Dolphin Imaging using
the same technique and by the same operator. However, these same software programs,
including Dolphin Imaging, have been shown to have poor accuracy when comparing the
airway volume values between different software programs [69]. This finding, combined
with the fact that there are not currently clear segmentation standards for landmarks used
to define the upper and lower boundaries of the different subdivisions of the upper airway,
make it difficult to compare airway volumes from one study to another or to use proposed
normative values to evaluate study results or individual patients.

4.4. JIA, Airway and OSA

Timely diagnosis of TM] arthritis in JIA patients is critical to allow for early inter-
vention and to reduce the risk of any possible craniofacial growth alterations. Our study
demonstrated a reduced airway dimension in JIA patients, and this finding may have an
effect on OSA. Due to the significant influences that OSA may have in overall health and
disease management, early identification of debilitating craniofacial effects of JIA is critical.
Referral for orthodontic evaluation of the craniofacial structures may provide additional
information useful in evaluating OSA risk factors. While CBCT images cannot provide a
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diagnosis of OSA, they may be a useful screening tool. Additionally, there is evidence that
screening JIA patients with the Pediatric Sleep Questionnaire (PSQ) could lead to a timelier
diagnosis and treatment of SDB [36].

4.5. Study Limitations

Our study is unique in that no one has previously demonstrated 3D airway differences
in a JIA patient population. However, our study did have a number of limitations. The
retrospective study design does not allow for ideal standardization of the CBCT acquisitions.
Not all CBCT images were taken by a single operator, which may have some effect on
optimal patient positioning. Additionally, there was no ability to make sure that all patients
were given the same instructions for breathing and tongue posture instructions during
the image acquisition. Additionally, when considering selection of patients for the control
group, it is not standard protocol in our clinic to have a CBCT image taken for all patients
undergoing orthodontic evaluation, and CBCT images are often acquired when there is an
out-of-the-ordinary finding, dentofacial diagnostic need, or suspicion. For this reason, it is
possible that our control group consisted of patients that are not a true representation of the
standard norm. During the segmentation of the airway, a common threshold value was used
for all patients, while other authors have discussed using an “interactive” method of setting
the threshold value in which the threshold is determined for each patient individually at
a number that provides a visual best fit of the airway. However, there is no evidence to
suspect that our segmentation method created errors on any individual scans.

5. Conclusions
The following conclusions were obtained from this study:

(1). There was a difference in the posterior face height between JIA and control patients.

(2). There was a significant difference in total upper airway volume, nasopharynx airway
volume, and most constricted cross-sectional area measurements between JIA and
control patients.

(3). The ODDs ratio analysis confirmed the association of the statistically significant
parameters above.

(4). 50% of JIA patients had an airway with a most constricted cross-sectional area of less
than 100 mm?.

(5). 67% of JIA patients had an asymmetric airway form.

Author Contributions: Conceptualization, C.H.K.; formal analysis, M.G., M.L.S., T.P. and CH.K;
investigation, R.Q.C. and B.E.K.; methodology, M.G. and C.H.K.; project administration, T.P. and
C.HK,; writing—original draft, M.G. and C.H.K.; writing—review and editing, R.Q.C. and M.L.S. All
authors have read and agreed to the published version of the manuscript.

Funding: Biomedical Research Award, American Association of Orthodontics Foundation.

Institutional Review Board Statement: University of Alabama at Birmingham Institutional Review
Board gave approval for the study. IRB#30000975.

Informed Consent Statement: Informed consent was obtained from all patients in the study.
Data Availability Statement: Data is available at the UAB Department of Orthodontics repository.

Conflicts of Interest: The authors declare no conflict of interest.

Crayne, C.B.; Beukelman, T. Juvenile Idiopathic Arthritis: Oligoarthritis and Polyarthritis. Pediatr Clin. N. Am. 2018, 65, 657—-674.

Prakken, B.; Albani, S.; Martini, A. Juvenile idiopathic arthritis. Lancet 2011, 377, 2138-2149. [CrossRef]
Bukovac, L.T.; Perica, M. Juvenile Idiopathic Arthritis. Reumatizam 2016, 63 (Suppl. 1), 53-58.

References
1.
[CrossRef]
2.
3.
4.

Hersh, A.O.; Prahalad, S. Immunogenetics of juvenile idiopathic arthritis: A comprehensive review. ]. Autoimmun. 2015,

64,113-124. [CrossRef]


http://doi.org/10.1016/j.pcl.2018.03.005
http://doi.org/10.1016/S0140-6736(11)60244-4
http://doi.org/10.1016/j.jaut.2015.08.002

Appl. Sci. 2022,12, 4286 110f13

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Ringold, S.; Cron, R.Q. The temporomandibular joint in juvenile idiopathic arthritis: Frequently used and frequently arthritic.
Pediatr. Rheumatol. 2009, 7, 11. [CrossRef]

Twilt, M.; Schulten, A.J.M.; Nicolaas, P.; Diilger, A.; van Suijlekom-Smit, L.W. Facioskeletal changes in children with juvenile
idiopathic arthritis. Ann. Rheum. Dis. 2006, 65, 823-825. [CrossRef]

Kau, C.H.; Allareddy, V.; Stoustrup, P.; Pedersen, T.; Kinard, B.; Cron, R.Q.; Stoll, M.L.; Gilbert, G.H. Management of juvenile
idiopathic arthritis: Preliminary qualitative findings from the National Dental Practice-Based Research Network. J. World Fed.
Orthod. 2021, 10, 70-73. [CrossRef]

Abramowicz, S.; Levy, ].M.; Prahalad, S.; Travers, C.D.; Angeles-Han, S. Temporomandibular joint involvement in children with
juvenile idiopathic arthritis: A preliminary report. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2019, 127, 19-23. [CrossRef]
Arabshahi, B.; Cron, R. Temporomandibular joint arthritis in juvenile idiopathic arthritis: The forgotten joint. Curr. Opin.
Rheumatol. 2006, 18, 490-495. [CrossRef]

Pawlaczyk-Kamieniska, T.; Paczyk-Wroblewskawla, E.; Borysewicz-Lewicka, M. Early diagnosis of temporomandibular joint
arthritis in children with juvenile idiopathic arthritis. A systematic review. Eur. ]. Paediatr. Dent. 2020, 21, 219-226.

Stoll, M.L.; Kau, C.H.; Waite, P.D.; Cron, R.Q. Temporomandibular joint arthritis in juvenile idiopathic arthritis, now what? Pediatr.
Rheumatol. 2018, 16, 32. [CrossRef]

Abramowicz, S.; Kim, S.; Prahalad, S.; Chouinard, A.-F; Kaban, L.B. Juvenile arthritis: Current concepts in terminology,
etiopathogenesis, diagnosis, and management. Int. J. Oral Maxillofac. Surg. 2016, 45, 801-812. [CrossRef]

Billiau, A.D.; Hu, Y.; Verdonck, A.; Carels, C.; Wouters, C. Temporomandibular joint arthritis in juvenile idiopathic arthritis:
Prevalence, clinical and radiological signs, and relation to dentofacial morphology. J. Rheumatol. 2007, 34, 1925-1933.
Abramowicz, S.; Susarla, HK.; Kim, S.; Kaban, L.B. Physical Findings Associated with Active Temporomandibular Joint
Inflammation in Children with Juvenile Idiopathic Arthritis. ]. Oral Maxillofac. Surg. 2013, 71, 1683-1687. [CrossRef]

Stabrun, A.E.; Larheim, T.A.; Hoyeraal, H.M.; Rosler, M. Reduced mandibular dimensions and asymmetry in juvenile rheumatoid
arthritis. Pathogenetic factors. Arthritis Rheum. 1988, 31, 602—-611. [CrossRef]

Koos, B.; Twilt, M.; Kyank, U.; Fischer-Brandies, H.; Gafiling, V.; Tzaribachev, N. Reliability of Clinical Symptoms in Diagnosing
Temporomandibular Joint Arthritis in Juvenile Idiopathic Arthritis. J. Rheumatol. 2014, 41, 1871-1877. [CrossRef]

Pedersen, T.K.; Kiiseler, A.; Gelineck, J.; Herlin, T. A prospective study of magnetic resonance and radiographic imaging in
relation to symptoms and clinical findings of the temporomandibular joint in children with juvenile idiopathic arthritis. J.
Rheumatol. 2008, 35, 1668-1675.

Celebi, A.A.; Cron, R; Stoll, M.; Simsek, S.; Kinard, B.; Waite, PD.; Wang, J.; Vo, V.; Tran, L.; Kau, C.H. Comparison of the
condyle-fossa relationship and resorption between patients with and without Juvenile Idiopathic Ar-thritis (JIA). J. Oral Maxillofac.
Surg. 2022, 80, 422-430. [CrossRef]

Twilt, M.; Mobers, S.M.L.M.; Arends, L.R.; Cate, R.T.; Van Suijlekom-Smit, L. Temporomandibular involvement in juvenile
idiopathic arthritis. . Rheumatol. 2004, 31, 1418-1422. [CrossRef]

Kristensen, K.D.; Stoustrup, P; Kiiseler, A.; Pedersen, T.K.; Twilt, M.; Herlin, T. Clinical predictors of temporomandibular joint
arthritis in juvenile idiopathic arthritis: A systematic literature review. Semin. Arthritis Rheum. 2016, 45, 717-732. [CrossRef]
Weiss, PE,; Arabshahi, B.; Johnson, A.; Bilaniuk, L.T.; Zarnow, D.; Cahill, A.M.; Feudtner, C.; Cron, R. High prevalence of
temporomandibular joint arthritis at disease onset in children with juvenile idiopathic arthritis, as detected by magnetic resonance
imaging but not by ultrasound. Arthritis Rheum. 2008, 58, 1189-1196. [CrossRef]

Koos, B.; Gassling, V.; Bott, S.; Tzaribachev, N.; Godt, A. Pathological changes in the TMJ and the length of the ramus in patients
with confirmed juvenile idiopathic arthritis. J. Cranio -Maxillofac. Surg. 2014, 42, 1802-1807. [CrossRef]

Piancino, M.G.; Cannavale, R.; Dalmasso, P.; Tonni, I.; Garagiola, U.; Perillo, L.; Olivieri, A.N. Cranial structure and condylar
asymmetry of patients with juvenile idiopathic arthritis: A risky growth pattern. Clin. Rheumatol. 2018, 37, 2667-2673. [CrossRef]
Hsieh, Y.-J.; Darvann, T.A.; Hermann, N.V,; Larsen, P.; Liao, Y.-F; Bjoern-Joergensen, J.; Kreiborg, S. Facial morphology in children
and adolescents with juvenile idiopathic arthritis and moderate to severe temporomandibular joint involvement. Am. J. Orthod.
Dentofac. Orthop. 2016, 149, 182-191. [CrossRef]

Kjellberg, H.; Fasth, A,; Kiliaridis, S.; Wenneberg, B.; Thilander, B. Craniofacial structure in children with juvenile chronic arthritis
(JCA) compared with healthy children with ideal or postnormal occlusion. Am. J. Orthod. Dentofac. Orthop. 1995, 107, 67-78.
[CrossRef]

Kjellberg, H. Juvenile chronic arthritis. Dentofacial morphology, growth, mandibular function and orthodontic treatment. Swed.
Dent. J. Suppl. 1995, 109, 1-56.

Sidiropoulou-Chatzigianni, S.; Papadopoulos, M.A.; Kolokithas, G. Dentoskeletal Morphology in Children with Juvenile
Idiopathic Arthritis Compared with Healthy Children. J. Orthod. 2001, 28, 53-58. [CrossRef]

Srivastava, K.C.; Shrivastava, D.; Austin, R.D. Journey towards the 3D dental imaging—The milestones in the advancement of
dental imaging. Int. . Adv. Res. 2016, 4, 377-382. [CrossRef]

Ogawa, T.; Enciso, R.; Shintaku, W.H.; Clark, G.T. Evaluation of cross-section airway configuration of obstructive sleep apnea.
Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontol. 2007, 103, 102-108. [CrossRef]

Enciso, R.; Nguyen, M.; Shigeta, Y.; Ogawa, T.; Clark, G.T. Comparison of cone-beam CT parameters and sleep questionnaires in
sleep apnea patients and control subjects. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. Endodontol. 2010, 109, 285-293. [CrossRef]


http://doi.org/10.1186/1546-0096-7-11
http://doi.org/10.1136/ard.2005.042671
http://doi.org/10.1016/j.ejwf.2021.01.003
http://doi.org/10.1016/j.oooo.2018.07.008
http://doi.org/10.1097/01.bor.0000240360.24465.4c
http://doi.org/10.1186/s12969-018-0244-y
http://doi.org/10.1016/j.ijom.2016.03.013
http://doi.org/10.1016/j.joms.2013.04.009
http://doi.org/10.1002/art.1780310504
http://doi.org/10.3899/jrheum.131337
http://doi.org/10.1016/j.joms.2021.09.004
http://doi.org/10.1080/03009740601154368
http://doi.org/10.1016/j.semarthrit.2015.11.006
http://doi.org/10.1002/art.23401
http://doi.org/10.1016/j.jcms.2014.06.018
http://doi.org/10.1007/s10067-018-4180-5
http://doi.org/10.1016/j.ajodo.2015.07.033
http://doi.org/10.1016/S0889-5406(95)70158-3
http://doi.org/10.1093/ortho/28.1.53
http://doi.org/10.21474/IJAR01/2405
http://doi.org/10.1016/j.tripleo.2006.06.008
http://doi.org/10.1016/j.tripleo.2009.09.033

Appl. Sci. 2022,12, 4286 12 0f13

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

Buchanan, A.; Cohen, R.; Looney, S.; Kalathingal, S.; De Rossi, S. Cone-beam CT analysis of patients with obstructive sleep apnea
compared to normal controls. Imaging Sci. Dent. 2016, 46, 9-16. [CrossRef]

Momany, S.M.; AlJamal, G.; Shugaa-Addin, B.; Khader, Y.S. Cone Beam Computed Tomography Analysis of Upper Airway
Measurements in Patients with Obstructive Sleep Apnea. Am. J. Med. Sci. 2016, 352, 376-384. [CrossRef]

Tikku, T.; Khanna, R.; Sachan, K.; Agarwal, A,; Srivastava, K.; Lal, A. Dimensional and volumetric analysis of the oropharyngeal
region in obstructive sleep apnea patients: A cone beam computed tomography study. Dent. Res. J. 2016, 13, 396-404.

Hsu, W,; Kang, K.; Yao, C.J.; Chou, C.; Weng, W.; Lee, P; Chen, Y. Evaluation of Upper Airway in Children with Obstructive Sleep
Apnea Using Cone-Beam Computed Tomography. Laryngoscope 2021, 131, 680-685. [CrossRef]

Masoud, A.L; Alwadei, A.H.; Gowharji, L.E; Park, C.G.; Carley, D.W. Relating three-dimensional airway measurements to the
apnea-hypopnea index in pediatric sleep apnea patients. Orthod. Craniofac. Res. 2021, 24, 137-146. [CrossRef]

Ward, TM.; Chen, M.L.; Landis, C.A.; Ringold, S.; Beebe, D.W.; Pike, K.C.; Wallace, C.A. Congruence between polysomnography
obstructive sleep apnea and the pediatric sleep questionnaire: Fatigue and health-related quality of life in juvenile idiopathic
arthritis. Qual. Life Res. 2017, 26, 779-788. [CrossRef]

Tarakgi, E.; Arman, N.; Barut, K.; Sahin, S.; Adrovig, A.; Kasapgopur, O. Fatigue and sleep in children and adolescents with
juvenile idiopathic arthritis: A cross-sectional study. Turk. J. Med. Sci. 2019, 49, 58-65. [CrossRef]

Armbrust, W.; Siers, N.E.; Lelieveld, O.T.; Mouton, L.J.; Tuinstra, J.; Sauer, P. Fatigue in patients with juvenile idiopathic arthritis:
A systematic review of the literature. Semin. Arthritis Rheum. 2016, 45, 587-595. [CrossRef]

Trosman, I.; Trosman, S.J. Cognitive and Behavioral Consequences of Sleep Disordered Breathing in Children. Med. Sci. 2017,
5, 30. [CrossRef]

Guilleminault, C.; Korobkin, R.; Winkle, R. A review of 50 children with obstructive sleep apnea syndrome. Lung 1981,
159, 275-287. [CrossRef]

Ozdemir, H.; Altin, R.; Sogiit, A.; Cinar, F; Mahmutyazicioglu, K.; Kart, L.; Uzun, L.; Davsanci, H.; Gtindogdu, S.; Tomag, N.
Craniofacial differences according to AHI scores of children with obstructive sleep apnoea syndrome: Cephalometric study in
39 patients. Pediatr. Radiol. 2004, 34, 393-399.

Katz, E.S.; D’Ambrosio, C.M. Pathophysiology of Pediatric Obstructive Sleep Apnea. Proc. Am. Thorac. Soc. 2008, 5, 253-262.
[CrossRef]

Galeotti, A.; Festa, P; Viarani, V.; Pavone, M,; Sitzia, E.; Piga, S.; Cutrera, R.; De Vincentiis, G.; D’Anto, V. Correlation between
cephalometric variables and obstructive sleep apnoea severity in children. Eur. . Paediatr. Dent. 2019, 20, 43—47. [PubMed]
Joseph, A.; Elbaum, J.; Cisneros, G.J.; Eisig, S.B. A cephalometric comparative study of the soft tissue airway dimensions in
persons with hyperdivergent and normodivergent facial patterns. J. Oral Maxillofac. Surg. 1998, 56, 135-139; discussion 139-140.
[CrossRef]

Flores-Mir, C.; Korayem, M.; Heo, G.; Witmans, M.; Major, M.P.; Major, PW. Craniofacial morphological characteristics in children
with obstructive sleep apnea syndrome: A systematic review and meta-analysis. . Am. Dent. Assoc. 2013, 144, 269-277. [CrossRef]
[PubMed]

Katyal, V.; Pamula, Y.; Martin, A.]J.; Daynes, C.N.; Kennedy, J.D.; Sampson, W.]. Craniofacial and upper airway morphology in
pediatric sleep-disordered breathing: Systematic review and meta-analysis. Am. . Orthod. Dentofac. Orthop. 2013, 143, 20-30.e3.
[CrossRef]

Kawashima, S.; Niikuni, N.; Chia-Hung, L.; Takahasi, Y.; Kohno, M.; Nakajima, I.; Akasaka, M.; Sakata, H.; Akashi, S. Cephalo-
metric Comparisons of Craniofacial and Upper Airway Structures in Young Children with Obstructive Sleep Apnea Syndrome.
Ear Nose Throat ]. 2000, 79, 499-502, 505-506. [CrossRef]

Bloom, B.J.; Owens, J.A.; McGuinn, M.; Nobile, C.; Schaeffer, L.; Alario, A.J. Sleep and its relationship to pain, dysfunction, and
disease activity in juvenile rheumatoid arthritis. J. Rheumatol. 2002, 29, 169-173.

Ward, T.M.; Beebe, D.W.; Chen, M.L.; Landis, C.A.; Ringold, S.; Pike, K.; Wallace, C.A. Sleep Disturbances and Neurobehavioral
Performance in Juvenile Idiopathic Arthritis. J. Rheumatol. 2017, 44, 361-367. [CrossRef]

Lumeng, J.C.; Chervin, R.D. Epidemiology of Pediatric Obstructive Sleep Apnea. Proc. Am. Thorac. Soc. 2008, 5, 242-252.
[CrossRef]

Ward, T.M.; Archbold, K.; Lentz, M.; Ringold, S.; Wallace, C.A.; Landis, C.A. Sleep Disturbance, Daytime Sleepiness, and
Neurocognitive Performance in Children with Juvenile Idiopathic Arthritis. Sleep 2010, 33, 252-259. [CrossRef]

Schendel, S.A.; Jacobson, R.; Khalessi, S. Airway Growth and Development: A Computerized 3-Dimensional Analysis. J. Oral
Maxillofac. Surg. 2012, 70, 2174-2183. [CrossRef] [PubMed]

Nath, M.; Ahmed, J.; Ongole, R.; Denny, C.; Shenoy, N. CBCT analysis of pharyngeal airway volume and comparison of airway
volume among patients with skeletal Class I, Class II, and Class III malocclusion: A retrospective study. Cranio 2021, 39, 379-390.
[CrossRef] [PubMed]

Alhammadi, M.S.; Almashraqi, A.A.; Halboub, E.; Almahdi, S; Jali, T.; Atafi, A.; Alomar, F. Pharyngeal airway spaces in different
skeletal malocclusions: A CBCT 3D assessment. Cranio 2021, 39, 97-106. [CrossRef] [PubMed]

Wang, X.; Chen, H.; Jia, L.; Xu, X.; Guo, J. The relationship between three-dimensional craniofacial and upper airway anatomical
variables and severity of obstructive sleep apnoea in adults. Eur. J. Orthod. 2021, 44, 78-85. [CrossRef]

Tseng, Y.-C.; Tsai, F.-C.; Chou, S.-T.; Hsu, C.-Y.; Cheng, J.-H.; Chen, C.-M. Evaluation of pharyngeal airway volume for different
dentofacial skeletal patterns using cone-beam computed tomography. J. Dent. Sci. 2021, 16, 51-57. [CrossRef]


http://doi.org/10.5624/isd.2016.46.1.9
http://doi.org/10.1016/j.amjms.2016.07.014
http://doi.org/10.1002/lary.28863
http://doi.org/10.1111/ocr.12417
http://doi.org/10.1007/s11136-016-1475-3
http://doi.org/10.3906/sag-1711-167
http://doi.org/10.1016/j.semarthrit.2015.10.008
http://doi.org/10.3390/medsci5040030
http://doi.org/10.1007/BF02713925
http://doi.org/10.1513/pats.200707-111MG
http://www.ncbi.nlm.nih.gov/pubmed/30919644
http://doi.org/10.1016/S0278-2391(98)90850-3
http://doi.org/10.14219/jada.archive.2013.0113
http://www.ncbi.nlm.nih.gov/pubmed/23449902
http://doi.org/10.1016/j.ajodo.2012.08.021
http://doi.org/10.1177/014556130007900708
http://doi.org/10.3899/jrheum.160556
http://doi.org/10.1513/pats.200708-135MG
http://doi.org/10.1093/sleep/33.2.252
http://doi.org/10.1016/j.joms.2011.10.013
http://www.ncbi.nlm.nih.gov/pubmed/22326177
http://doi.org/10.1080/08869634.2019.1652993
http://www.ncbi.nlm.nih.gov/pubmed/31405348
http://doi.org/10.1080/08869634.2019.1583301
http://www.ncbi.nlm.nih.gov/pubmed/30821659
http://doi.org/10.1093/ejo/cjab014
http://doi.org/10.1016/j.jds.2020.07.015

Appl. Sci. 2022,12, 4286 13 0f 13

57.

58.

59.

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

Castro-Silva, L.; Monnazzi, M.S.; Spin-Neto, R.; de Moraes, M.; Miranda, S.; Gabrielli, M.ER.; Filho, V.P. Cone-beam evaluation of
pharyngeal airway space in class I, I, and III patients. Oral Surg. Oral Med. Oral Pathol. Oral Radiol. 2015, 120, 679-683. [CrossRef]
Redline, S.; Tishler, P.V.; Schluchter, M.; Aylor, J.; Clark, K.; Graham, G. Risk Factors for Sleep-disordered Breathing in Children.
Associations with obesity, race, and respiratory problems.Children. Am. . Respir. Crit. Care Med. 1999, 159 Pt 1, 1527-1532.
[CrossRef]

Marcus, C.L.; Brooks, L.]J.; Draper, K.A.; Gozal, D.; Halbower, A.C.; Jones, J.; Schechter, M.S.; Ward, S.D.; Sheldon, S.H.; Shiffman,
R.N. Diagnosis and management of childhood obstructive sleep apnea syndrome. Pediatrics 2012, 130, 576-584. [CrossRef]
Isono, S.; Shimada, A.; Utsugi, M.; Konno, A.; Nishino, T. Comparison of static mechanical properties of the passive pharynx
be-tween normal children and children with sleep-disordered breathing. Am. |. Respir. Crit. Care Med. 1998, 157 Pt 1, 1204-1212.
[CrossRef]

Lin, S.Y.; Melvin, T.-A.N.; Boss, E.F,; Ishman, S.L. The association between allergic rhinitis and sleep-disordered breathing in
children: A systematic review. Int. Forum Allergy Rhinol. 2013, 3, 504-509. [CrossRef]

Cao, Y.; Wu, S,; Zhang, L.; Yang, Y.; Cao, S.; Li, Q. Association of allergic rhinitis with obstructive sleep apnea: A meta-analysis.
Medicine 2018, 97, €13783. [CrossRef] [PubMed]

Gileles-Hillel, A.; Alonso-Alvarez, M.L.; Gozal, L.; Peris, E.; Cordero-Guevara, J.A.; Terdn-Santos, J.; Martinez, M.G.; Jurado-
Luque, M.].; Corral-Pefiafiel, J.; Duran-Cantolla, J.; et al. Inflammatory markers and obstructive sleep apnea in obese children:
The NANOS study. Mediat. Inflamm. 2014, 2014, 605280. [CrossRef] [PubMed]

Tam, C.S.; Wong, M.; McBain, R.; Bailey, S.; Waters, K.A. Inflammatory measures in children with obstructive sleep apnoea. J.
Paediatr. Child. Health 2006, 42, 277-282. [CrossRef] [PubMed]

Kiiseler, A.; Pedersen, T.K.; Gelineck, J.; Herlin, T. A 2 year follow up study of enhanced magnetic resonance imaging and
clinical examination of the temporomandibular joint in children with juvenile idiopathic arthritis. J. Rheumatol. 2005, 32, 162-169.
[PubMed]

Gozal, D.; Serpero, L.D.; Capdevila, O.; Kheirandish, S.; Gozal, L. Systemic inflammation in non-obese children with obstructive
sleep apnea. Sleep Med. 2008, 9, 254-259. [CrossRef] [PubMed]

Marcus, C.L. Pathophysiology of childhood obstructive sleep apnea: Current concepts. Respir. Physiol. 2000, 119, 143-154.
[CrossRef]

Ryan, D.P.O.; Bianchi, J.; Ignécio, J.; Wolford, L.M.; Gongalves, J.R. Cone-beam computed tomography airway measurements:
Can we trust them? Am. J. Orthod. Dentofac. Orthop. 2019, 156, 53-60. [CrossRef]

El, H.; Palomo, ]. M. Measuring the airway in 3 dimensions: A reliability and accuracy study. Am. |. Orthod. Dentofac. Orthop.
2010, 137 (Suppl. 4), S50.e1-550.€9. [CrossRef]


http://doi.org/10.1016/j.oooo.2015.07.006
http://doi.org/10.1164/ajrccm.159.5.9809079
http://doi.org/10.1542/peds.2012-1671
http://doi.org/10.1164/ajrccm.157.4.9702042
http://doi.org/10.1002/alr.21123
http://doi.org/10.1097/MD.0000000000013783
http://www.ncbi.nlm.nih.gov/pubmed/30572534
http://doi.org/10.1155/2014/605280
http://www.ncbi.nlm.nih.gov/pubmed/24991089
http://doi.org/10.1111/j.1440-1754.2006.00854.x
http://www.ncbi.nlm.nih.gov/pubmed/16712558
http://www.ncbi.nlm.nih.gov/pubmed/15630742
http://doi.org/10.1016/j.sleep.2007.04.013
http://www.ncbi.nlm.nih.gov/pubmed/17825619
http://doi.org/10.1016/S0034-5687(99)00109-7
http://doi.org/10.1016/j.ajodo.2018.07.024
http://doi.org/10.1016/j.ajodo.2009.11.010

	Introduction 
	Subject and Methods 
	CBCT Acquisition 
	Cephalometric Rendering and Analysis 
	Airway Measurements 
	Statistical Analysis 

	Results 
	Cephalometric Analysis 
	Airway Analysis 

	Discussion 
	Cephalometric Parameters 
	Airway Parameters 
	Software Analysis and Interpretations 
	JIA, Airway and OSA 
	Study Limitations 

	Conclusions 
	References

