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Abstract
Objectives: The objectives of this study were to characterize the craniofacial and 
airway morphology of oculo-auriculo-vertebral spectrum (OAVS) individuals using 
computed tomography (CT) examination.
Setting and Sample Population: This sample included individuals in the age range 
from 5 to 14 years, consisted of a group of 18 OAVS individuals (12 females and 6 
males), Pruzansky-Kaban1 IIB and III and by a paired control group matched by age 
and sex for comparison of morphometric and airway variables.
Materials and Methods: Through the CT examination, airway analysis was performed 
using Dolphin Imaging® Software, and seven morphometric measurements were 
performed to evaluate craniofacial morphology by Materialize Mimics® Software. To 
compare airway and morphometric variables, the control group was used. Student's 
t test and Mann-Whitney U test were performed to compare differences between 
the groups.
Results: Statistically significant differences were showed between the control and 
OAVS groups for the variables: total airway (TA) area, volume and MAA, RP area, RP 
volume, RP MAA, RG volume, RG MAA, total posterior height diff, Md incl and y-axis 
asymmetry. Pearson and Spearman's correlation showed mostly moderate correla-
tions between Mand Occlusal canting AS with TA area and RP volume, Ax-Gn with 
TA area and Hy-C3 with TA volume.
Conclusions: The OAVS's airway was altered and worse than the control group. Our 
results suggest that the contralateral side of OAVS individuals is unaffected; how-
ever, longitudinal assessments are needed to confirm it. Hyoid bone and postural 
measures play an important role in interpreting airway features of individuals with 
and without OAVS.
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1  | INTRODUC TION

The oculo-auriculo-vertebral spectrum (OAVS), (OMIM 144  210), 
also known as Goldenhar syndrome, is a disorder in craniofacial 
morphogenesis of heterogeneous aetiology and variable phenotype, 
with prevalence ranging from 1:3,500 to 1:5,600 live births, accord-
ing to the minimal criteria considered by authors.1,2 Craniofacial mal-
formation is usually unilateral.3,4 This condition involves anomalies 
of structures derived from the 1st and 2nd pharyngeal arches, such 
as mandible, maxillary, and external and/or middle ear anomalies. 
Due to the wide clinical variability of the OAVS, other craniofacial 
anomalies such as epibulbar dermoid, anophthalmia/microphthal-
mia, eyelid, iris and retinal coloboma, and rarely atypical facial clefts 
were described in this condition, in addition to extracranial alter-
ations: cardiac, renal and neurological.3 To date, there were no diag-
nostic criteria established. Some authors consider the preauricular 
skin tags as a minimal clinical signs for the diagnoses.3,4 Considering 
the aetiology, most cases are sporadic; however, familial cases with 
autosomal dominant inheritance as far as autosomal recessive in-
heritance have been described.5 Several chromosomal anomalies 
are described in cases with a clinical diagnosis of OAVS; however, 
there are no typical chromosomal anomalies for this condition.1,6 
The same teratogens have been associated with OAVS, mainly with 
the exposure to misoprostol and to isotretinoin.7

Individuals with OAVS may have an increased prevalence and 
severity of airway obstruction due to their anatomical features 
such as mandibular hypoplasia and glossoptosis. Obstructive sleep 
apnoea (OSA) and hypoventilation are more recurrent in these in-
dividuals compared to the general population, as well as the need 
for tracheostomy.8,9 The cone beam computed tomography (CBCT) 
examination allows the evaluation of the upper airway, assisting in 
the diagnosis of possible obstructions.10,11

Volumetric CBCT reconstructions are extremely important for 
the diagnosis of these cases, where the clinician can observe more 
anatomical details, without distortion and from different angles, as-
sessing possible anatomical deviations with more reliablility.12 The 
literature highlights the need for research on OAVS with larger and 
homogeneous samples. The assessment of craniofacial morphology 
in the OAVS by CBCT allows a better analysis of skeletal asymmetry 
without overlapping structures.

Most of the scientific evidence is limited to case reports, intuba-
tion difficulties and anaesthetic protocols.13 There are also numer-
ous case reports regarding different treatments for these patients, 
such as temporomandibular joint (TMJ) rehabilitation and osteogenic 
distraction,14,15 and studies with larger sample have addressed only 
phenotypic descriptions or genetics.4,6 In addition, those studies are 
limited by including individuals with unilateral, bilateral, mild, mod-
erate and severe involvement in the same sample. To our knowledge, 
there is no research on the three-dimensional assessment of airway 
and craniofacial morphology of OAVS individuals, comparing with a 
control group. Thus, the aim of this study was to evaluate the airway 
and craniofacial morphology of patients with OAVS using computed 
tomography (CT) examination.

2  | MATERIAL AND METHODS

This sample included individuals in the age range from five to 
14 years. The inclusion criteria were as following: having a confirmed 
diagnosis of OAVS, performed previous CT examination with the full 
head field of view for medical/dental purposes, presenting mandibu-
lar anomalies without previous orthodontic or surgical treatment. 
Exclusion criteria were as following: undefined diagnosis of OAVS; 
individuals with absence of CT examination or one of inadequate 
quality; and presence of orthodontic treatment. The selected in-
dividuals were re-evaluated by the team of clinical genetics of the 
Hospital de Reabilitação de Anomalias Craniofaciais—Universidade de 
São Paulo (HRAC – USP) to confirm the diagnosis through genetic as-
sessment and to assess the presence of other associated anomalies.

The sample consisted of a group of 18 OAVS individuals, retro-
spectively selected from the HRAC – USP, classified as Pruzansky-
Kaban16 IIB and III, and by a paired control group matched by age 
and sex for comparison of morphometric and airway variables. The 
control group was retrospectively selected from a database contain-
ing de-identified CT examinations of patients from different centres 
in the Dental and Craniofacial Bionetwork for Image Analysis of the 
University of Michigan, following the ALADA (as low as diagnosti-
cally acceptable) principles.17 The inclusion criteria were as follows: 
the absence of skeletal deformities or syndromes and previous CT 
for medical/dental purposes, and SNA and SNB angle measurements 
within the normal parameters (SNA: 82° (±2°); SNA: 80°(±2°).

2.1 | Tomographic exams

The CBCT examinations were performed on the i-CAT® tomograph 
(Imaging Sciences, Hartfield PA, USA), according to the following 
protocol 120kVp, 8mA and examination time of 8.9  seconds with 
extended-field-of-view scanning technique. The subjects were posi-
tioned in the device, and the head position was standardized in which 
Camper's plane was perpendicular to the median sagittal plane and 
parallel to the ground. The dimensions of the voxel were from 0.30 
mm3 to 0.40 mm3. The images were transformed into Digital Imaging 
and Communications in Medicine (DICOM) files and exported to 
specific software (Dolphin Imaging®). The CT was performed in only 
two patients instead of CBCT.

2.2 | Spatial orientation of the skull

The DICOM files were imported into the Dolphin Imaging® (Dolphin 
Imaging and Management Solutions, Chatsworth, Calif), and the 
three-dimensional image of the patient's head was positioned in a 
common orientation18 using the head positioning tool. Regarding the 
coronal view, the median sagittal plane is oriented according to the 
patient's midline, considering the alignment of the crista galli and an-
terior nasal spine. In sagittal view, the conventional Frankfurt plane 
is unsuitable for these patients as they may have altered craniometric 
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points (Porium (Po)). So, for this study, it was used a Frankfurt plane 
from the SN line, which according to the literature is SN—7 degrees. 
Still in a sagittal view, it is certified that there is no rotation of the 
patient's head, which could compromise the marking of other planes.

2.3 | Cephalometric analysis

A lateral teleradiograph was created using the ‘Build X-rays’ tool of 
the Dolphin software. Cephalometric analysis consists of two linear 
measurements and seven angular measurements. The linear meas-
urements are as follows: MP-HY, distance between the mandibular 
plane and the hyoid bone; and HY-C3, distance between hyoid bone 
and C3 vertebra (C3). The angular measurements are as follows: 
SNA, angle formed between the point A (A) and the Sella-Nasion 
(SN) line; SNB, angle formed between point B (B) and the SN line; 
OPSN, angle formed between the occlusal plane (OP) and the SN 
line, OPT-SN, angle formed between the tangent line at C2 and the 
SN line; CVT-SN, angle formed by the intersection of the tangent line 
to the Cervical Vertebra Tangent (CVT) and the SN line, and MP-SN, 
angle formed between the mandibular plane (MP) and the SN line.19

2.4 | Airway analysis

An airway analysis tool from the Dolphin Imaging® program was 
used to determine the variables, such as volume; area; and minimal 
axial area of retropalatal and retroglossal airway. In sagittal view, the 
upper boundary was determined by a line parallel to the tangent of 

Frankfurt plane that is tangent to the Basion (Ba) point and lower 
boundary by a tangent line to the tip of the epiglottis on a plane par-
allel to the Frankfurt plane. The lateral and posterior limits consist of 
the margins of the airway wall and the anterior limit, of soft palate, 
tongue base and anterior wall of the extremity (Figure 1A). After de-
limitation of the upper airway, the ‘threshold and seed’ points were 
delimited to include the largest possible volume. The software auto-
matically calculated the volume, a minimum axial area of the upper 
airway (Figure 1B).20

Delimitation and calculation of the Minimum Retropalatal and 
Retroglossal Axial Area.

•	 Limits of the retropalatal area:
a.	 Upper limit—the line parallel to the tangent of Frankfurt plane 

to the Basion (Ba) point;
b.	 Anterior and posterior soft palate boundaries and pharyngeal 

wall margins, respectively;
c.	 Lower limit: line formed by the lower tip of the uvula parallel 

to the Frankfurt plane. Minimal retropalatal axial area: shorter 
distance between soft palate and posterior pharyngeal wall 
(PPW).

•	 Limits of the retroglossal area:
a.	 Upper limit: lower limit of the retropalatal space;
b.	 Anterior and posterior limits: the base of the tongue and the 

inferior pharyngeal wall, respectively;
c.	 Lower limit: line tangent to the tip of the epiglottis and par-

allel to the Frankfurt plane. Minimal retroglossal axial area: 
the shortest distance between the base of the tongue and the 
PPW (Figure 2).21

F I G U R E  1   A) Airway delimitation following the defined limits (green lines). Airway to be analysed according to the pink boundary. Seed 
sensitivity points in yellow. B) Volume and airway area values calculated by the software according to the delimited area [Colour figure can 
be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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After delimitation of the retropalatal and retroglossal areas, the 
threshold and seed points were determined to include the largest 
possible volume. The software automatically calculated the mini-
mum axial area of both regions.

2.5 | Craniofacial morphology evaluation

The DICOM files with the previously orientation of the head in the 
Dolphin Imaging® program were exported to Materialize Mimics® 
Software. For three-dimensional evaluation, using the ‘Segmentation’ 
tab, the best thresholding was chosen for surface model segmenta-
tion (.stl). Once segmentation was done, seven measurements were 
recommended by Stoustrup et al,22 adding a Y-axis measure. There 
were three measures of linear or angular differences between the 
sides (Figure 3 A – C), three of plane angles (Figure 3 D – F), one of 
the mean ratio of Anterior Facial Height (AFH) and Posterior Facial 
Height (PFH) (Figure 3 G) and one of the Y-axis asymmetry (Figure 3 
H).

Regarding the differences between the sides, the affected side 
(AS) was defined as the side with the lowest total posterior height of 
the mandible. Measurements for the AS were subtracted from the 
contralateral (larger) side (unaffected side – US). The following mor-
phometric variables were analysed: A- total posterior mandibular 
height; B- maxillary occlusal canting; C- mandibular occlusal canting; 
D- mandibular axial angle; E- mandibular inclination; F- mandibular 
occlusal inclination; G- anterior/posterior lower face height ratio; 
and H- Y-axis asymmetry.

2.6 | Statistical analysis

To assess the reliability of the measurement method, the intraclass 
correlation coefficient was used. Measurements were performed in 
50% of the sample, randomly selected at two different times, with 
a one-week interval. Shapiro-Wilk test was performed to assess 
the normal distribution of the variables. For comparison between 
the control and OAVS groups, the Student t test was used for the 
variables that presented normal distribution, and the nonparamet-
ric Mann-Whitney U test for those without normal distribution. 

Pearson's and Spearman's coefficients were used to evaluate cor-
relations among the variables and groups.

3  | RESULTS

Regarding the descriptive and demographic distribution of the 
sample, the mean age for the control group was 9.43 years and for 
the OAVS group was 9.63. The groups were paired by age and sex, 
so they had the same number of male (n = 6) and female (n = 12) 
individuals.

The result of the intraclass correlation coefficient (ICC) was ex-
cellent, greater than or equal to 0.922 for all variables, except for RP 
area that was 0.811.

For comparison between the control and OAVS groups, the 
Student t test was used for the variables that presented normal dis-
tribution, and the nonparametric Mann-Whitney U test for those 
without normal distribution. In one patient from the OAVS group, 
the variables MP-Hy, Hy-C3, CVT-SN and OPT-SN could not be mea-
sured owing to the limited field of view of the CT. The same occurred 
for the CVT-SN and OPT-SN variables for three patients in the con-
trol group, and then, variables were considered missing data.

The following measurements were compared between the right 
and left sides by the t test as following: total posterior height; Mx 
occlusal canting; Md occlusal canting md; and Ax-Go of the control 
group (Table 1). As there was no statistically significant difference 
among them, regarding the comparison between the control and 
OAVS groups, the mean values from the right and left sides were 
used.

Table 2 shows the comparison between the control and OAVS 
groups for morphometric measurements and most variables had a 
statistically significant difference, except for the US variables, as 
well as for the cephalometric variables, such as: MP-Hy; Hy-C3; and 
CVT-SN.

In the comparison between control and OAVS groups for airway 
measurements, Table 3 shows that all variables were statistically sig-
nificant except for the RG area (retroglossal area) variable.

A post hoc test was performed to analyse the test power for 
the main variables of the study and the statistical power for each 
of them are as follows: total airway area (60% power), total airway 

F I G U R E  2   Delimitation of retropalatal (A) and retroglossal (B) areas [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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volume (92%), total MMA (85%), RP area (62%), RP volume (95%), 
RP MAA (81%), RG volume (49%), RG MAA (93%), total posterior 
height diff. (100%), Md Incl (100%), Y-axis ass (100%), MP-SN (99%) 
and OPT-SN (55%).

For comparisons within each group, the t test showed that the 
AS and US in the OAVS group were statistically significant different 
for all bilateral variables (total posterior height, Max occlusal canting, 
Md occlusal canting and Ax-Go).

Pearson's and Spearman's coefficients were used to evaluate cor-
relations among the variables and groups. The correlation between 
morphometric and airway measurements in the control group were 

moderate between the variables as following: total posterior height 
and RP volume; Max occlusal canting and RG volume; Md occlusal 
canting and RG volume; Md axial Ang and RG MAA; Md axial Ang 
and total MAA; Ax-Gn and RG volume; HY-C3 and total MAA, RP 
volume; RP MAA and RG volume; CVT-SN and RG MAA; and OPT-SN 
and RG MAA. In addition, it could be noted strong correlations be-
tween the variables, such as Max occlusal canting and total airway 
volume; Max occlusal canting and RP volume; Md occlusal canting 
and total airway volume; Md occlusal canting and RP volume; Ax-Gn 
and total airway volume; Ax-Gn and RP volume; and HY-C3 and RG 
MAA (Table 1).

F I G U R E  3   Morphometric measures. A) total posterior height, B) maxillary occlusal canting, C) mandibular occlusal canting, D) mandibular 
axial angle, E) mandibular inclination, F) mandibular occlusal inclination, G) anterior/posterior lower facial height ratio and H) Y-axis 
asymmetry. Modified from: Stoustrup et al, 201822 [Colour figure can be viewed at wileyonlinelibrary.com]

www.wileyonlinelibrary.com
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The correlation between morphometric and airway measure-
ments in the OAVS group was moderate between the variables as 
following: total posterior height diff. and RG Area; Max occlusal 
canting AS and RP area; Md occlusal canting AS and total airway 
volume, RP area, RP volume; Md occlusal canting US and RP Area; 
Ax-Gn and total airway volume, RP area and RP volume. The other 
correlations were considered weak.

4  | DISCUSSION

The OAVS individuals can be classified as ‘unilateral’ when the crani-
ofacial involvement is present only on one side, or ‘bilateral’, when 
both sides of the cranium are involved (in different magnitudes), even 
if it is only found a preauricular skin tag among individuals. However, 
most of the literature does not separate the sample according to 
the severity of the mandibular deformity.23,24 It is also common to 

present the AS and US for the characterization of these individuals24 
and use the US as a control for measurement comparison. However, 
it was unsure, until now, whether the contralateral side of unilateral 
OAVS was in fact unaffected or just less affected, as there was no 
previous study with this statement. In this study, the OAVS group 
was evaluated by a clinical genetic team and consisted exclusively 
of unilateral Pruzansky IIB and III individuals. When comparing the 
morphometric measurements of the control group with the OAVS 
group (Table  2), it was observed that all measurements of the US 
had no significant difference when compared with the control group. 
From this result, it is stated that the contralateral side of unilateral 
OAVS individuals is actually unaffected and may be compared with 
individual without skeletal deformities. Thus, it could be possible to 
derive this observation since a control group paired by age and sex 
was used.

For individuals without syndromes, the airway may vary for dif-
ferent facial patterns. El H. and Palomo JM.25 stated that the man-
dibular position related to the cranial base affects the volume of the 
oropharynx airway, but Di Carlo et al26 found no statistical signif-
icant relationships between dimension and morphology of upper 
airways and skeletal malocclusion. In Table 2, the SNB variable for 
the OAVS individuals was statistically lower than the control group. 
However, it is not just the volume that showed different. All airway 
variables, except the RG Area, were significantly different between 
the groups, with the lowest values for the OAVS group (Table  3). 
Changes in the airway of these individuals have been reported be-
fore9,27; however, this is the first study to compare tridimensional 
airway differences of the OAVS group with a control group matched 
by age and sex, as well as providing accurate information about these 
differences. The largest differences were observed in RP volume 
and RG MAA. Future studies should investigate these differences 
between individual's airway and use of computational fluid dynamics 
(CFD)28 in order to offer even more valuable information.

Despite airway analysis method with Dolphin Imaging® soft-
ware is being widely used in the literature, caution is needed in the 
interpretation of data. Our group recently29 compared the pharyn-
geal airway measurements of two CBCT scans of each patient of the 
sample with a time interval of 4-6 months without intervention (test-
retest study). Indeed, we showed that different CBCT scans with the 
same examination and patient positioning protocol could produce 
distinct measurements. Therefore, it is essential to interpret the re-
sults and know when the differences may be influenced by random 
errors inherited from the method. The average difference regard-
ing total oropharyngeal volume between the control group and the 
OAVS group in this study was 3812.72 mm3, that is values beyond 
the random method error reported by Ryan et al29 (2851.64 mm3), 
and therefore, real differences were presented. As the variation be-
tween the average difference of this study and the random method 
error reported29 is of approximately 1000 mm3, which is smaller than 
the standard deviation, clinical relevance should be interpreted with 
caution. A polysomnography examination could improve the airway 
analysis, but these data were not available for the individuals of this 
study.

TA B L E  1   Definition of abbreviations

Abbreviation Definition

AS Affected Side

US Unaffected 
Side

RP Retropalatal

RG Retroglossal

MA Minimum 
Axial Area

Max occlusal canting Maxillary 
occlusal 
canting

Md occlusal canting Mandibular 
occlusal 
canting

Diff. Difference

Md Axial Ang Mandibular 
axial angle

Md Incl Mandibular 
inclination

Occl Md Incl Occlusal 
mandibular 
inclination

Ax-Go Distance 
between 
axial plane 
and the 
Gonium 
point

Ax-Gn Distance 
between 
axial plane 
and the 
Gnatium 
point

Y-axis ass Y-axis 
asymmetry
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The correlations between the morphometric and airway variables 
in both groups were calculated to investigate whether there were any 
morphometric variables that had greater influence on the individuals' 
airway. In the control group, among the moderate and strong correla-
tions,30 the most clinically significant were as follows: HY-C3 and MAA 
RG; CVT-SN and MAA RG; OPT-SN; and MAA-RG (Supplementary file, 
Table 4). Regarding the correlation HY-C3 and MAA RG, our result cor-
roborates with previous research that reported a positive correlation 

between hyoid bone position and airway.31 The CVT-SN and OPT-SN 
measurements described by Solow et al19 are postural variables and 
characterize the cervical curvature and the position of the head in 
relation to the column, respectively. The positive correlation of these 
variables with the minimal retroglossal area is consistent with anaes-
thesiology studies, such as head posture has an essential effect on air-
way collapsibility, and collapse site.32 Head extension improves airway 
volume, permeability and decreases airway resistance.33

Measures

Control (n = 18) OAVS (n = 18)

diff. pmean Sd mean sd

Total posterior 
height AS

51.04 4.26 30.56 7.33 −20.48 <0.001a 

Total posterior 
height US

51.04 4.26 52.35 4.84 1.31 0.395

Total posterior 
height Diff.

0.44 1.34 −21.78 6.67 −22.23 <0.001a 

Max occlusal 
canting AS

54.96 4.36 49.39 3.53 −5.58 <0.001a 

Max occlusal 
canting US

54.96 4.36 55.98 4.03 1.01 0.475

Max occlusal 
canting Diff.

0.37 1.35 −6.59 3.47 −6.96 <0.001b 

Md occlusal 
canting AS

55.44 4.46 50.30 3.79 −5.13 0.001a 

Md occlusal 
canting US

55.44 4.46 57.38 4.56 1.94 0.205

Md occlusal 
canting Diff.

0.60 1.33 −7.07 3.66 −7.68 <0.001a 

Md Axial Ang 0.80 0.60 5.76 3.51 4.96 <0.001a 

Md Incl 31.89 5.16 47.91 5.18 16.02 <0.001a 

Occl Md Incl 19.83 4.09 33.00 4.61 13.16 <0.001a 

Ax-Go AS 61.93 6.08 54.23 6.14 −7.70 0.001a 

Ax-Go US 61.93 6.08 60.52 6.29 −1.41 0.500

Ax-Go US Diff. 0.47 1.34 −6.29 6.60 −6.77 <0.001a 

Ax-Gn 95.83 5.61 92.62 4.36 −3.20 0.064

Ant/post lower 
facial height 
ratio

0.65 0.05 0.62 0.05 −0.03 0.113

Y-axis ass 1.09 0.90 13.24 6.29 12.15 <0.001b 

MP-SN 32.94 3.44 43.01 5.99 10.06 <0.001b 

SNA 82.42 3.01 78.73 3.35 −3.69 0.001a 

SNB 78.71 3.34 70.57 4.70 −8.14 <0.001a 

OP-SN 17.89 3.31 22.18 6.40 4.29 0.016a 

MP-Hy 10.32 3.84 8.06c  4.73 −2.26 0.130

HY-C3 30.37 4.26 28.19c  3.27 −2.18 0.062

CVT-SN 103.80d  10.61 107.45c  8.67 3.65 0.217

OPT-SN 98.64d  10.52 106.58c  9.72 7.94 0.014b 

astatistically significant difference (t test). 
bstatistically significant difference (Mann-Whitney U test). 
cn = 17. 
dn = 15; AS: affected side; US: unaffected aide. 

TA B L E  2   Comparison between control 
and OAVS groups for morphometric 
measurements
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For the OAVS group, the correlations ranged mostly from mod-
erate to low,30 with only one strong correlation Ax-Gn- total airway 
area(r = 0.7) (Supplementary file, Table 5). This finding is in opposi-
tion to previous studies that showed a negative relation between 
anterior facial height and airway area and volume.34

There is already a consensus that OAVS patients need tracheos-
tomy more frequently, suggesting alterations in their airways.8,9 This 
hypothesis was confirmed in this study. The negative correlation of 
the difference in mandibular posterior height of the AS and US with 
the airway shows that the bigger the imbalance between the sides 
is, the smaller the retroglossal area will be. In addition, the Y-axis 
asymmetry was negatively correlated with the RP MAA, so it may 
be stated that the greater the mandible deviation from the sagittal 
plane is, the smaller the retropalatal minimal axial area will be.

Hyoid bone is an important factor to be evaluated with the air-
way,31 and the positive correlations found between the variable Hy-
C3 and the volume, area and minimum total axial area in both control 
and OAVS group reinforce this statement. It is suggested that val-
ues of hyoid cephalometrics are valuable for predicting retroglos-
sal obstruction severity35 and changes in the hyoid bone may lead 
to changes in the airway. Therefore, it is important to study these 
two variables and their associations.31 The change in the hyoid bone 
position is directly related to the activity of the supra- and infrahy-
oid muscles, which are also responsible for deglutition. Indeed, it is 
noted that the OAVS individuals have skeletal malformations that 
may affect the hyoid bone and muscles as well as having their origin 
in the mandible and styloid process. Thus, changes in hyoid bone-
related measurements may be expected in OAVS patients.

The vertebral anomaly, present in the triad of the name OAVS, 
is one of the most important characteristics that compose the phe-
notype of these individuals, since these alterations can develop 
cervical instability.36 The cause between the malformation of cra-
niofacial structures and cervical vertebrae is still uncertain, but 
signalling during early embryogenesis among notochord, para-axial 

mesoderm, neural tube and neural crest is believed to be important 
for this connection.37 The most common types of vertebral malfor-
mations in OAVS individuals are as follows: fusion of cervical verte-
brae; presence of hemivertebra or hypoplasia of cervical, thoracic 
or lumbar vertebrae.4,38 Differently from the control group's results 
(Supplementary file, table 4), the OAVS group did not show a correla-
tion of cervical curvature and head position related to the column 
variables (OPT-SN and CVT-SN) with the airway (Supplementary 
file, Table 5). This result demonstrates that for an individual without 
OAVS, an increase in the cervical curvature angle or a larger head 
extension improves the airway. However, for the OAVS individuals, 
this characteristic is not observed. One of the probable answers is 
that this head extension movement is difficult for the OAVS patients 
due to their vertebral anomalies being difficult to improve airway 
patency by extending head posture. In addition, the previous re-
search39 demonstrated that 46.2% of the individuals with OSA of 
this study, it could be noticed a fused cervical vertebrae (FCV). This 
corroborates, even more, with the importance of studying postural 
relations associated with the airway features.

A limitation of the present study consisted of three individuals 
from the OAVS group that had multi-slice CT scans in supine position 
instead of CBCT scans in sitting position. That might have influenced 
head extension and curvature,40 although the variability of these mea-
surements was similar between the two groups. Another limitation of 
this study was the absence of information about the specific clinical 
purpose of the CBCTs from the control group, and the only information 
was medical/dental indication. The lack of information about the im-
aging centres that performed the tomography examinations was also 
a limitation. We have standardized the data for having the same voxel 
size; however, other parameters could not be assessed, such as brand 
of the CBCT machine, kV and mA used, scanning time and others.

Further studies with larger and homogeneous samples are en-
couraged to understand OAVS individuals and also provide more 
individualized and accurate interdisciplinary treatment. In addition, 

Measure

Control (n = 18) OAVS (n = 18)

diff. pmean sd mean sd

Total airway 
area

449.33 86.60 385.61 75.86 −63.72 0.037b 

Total airway 
volume

11 319.94 3787.12 7507.22 2473.29 −3812.72 0.001b 

Total MAA 182.17 86.16 106.56 52.01 −75.61 0.001b 

RP area 306.00 62.32 256.33 64.30 −49.67 0.025a 

RP volume 8310.33 2997.40 5118.06 1918.56 −3192.28 <0.001b 

RP MAA 200.39 88.12 129.67 51.65 −70.72 0.006a 

RG area 165.44 53.48 138.06 45.48 −27.39 0.064

RG volume 3197.33 1312.52 2328.17 1222.36 −869.17 0.019b 

RG MAA 202.94 91.42 111.06 52.28 −91.89 <0.001b 

Abbreviations: sd: Standard deviation.; RG: retroglossal; MAA: minimal axial area; RP: retropalatal.
astatistically significant difference (t test). 
bstatistically significant difference (Mann-Whitney U test). 

TA B L E  3   Comparison between 
Control and OAVS groups for airway 
measurements
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adding polysomnography and dynamic X-ray of the cervical column 
examinations as variables may offer even more valuable insights.

5  | CONCLUSION

In conclusion, the OAVS's airway was altered and worse than the 
control group. Our results suggest that the contralateral side of 
OAVS individuals is unaffected; however, longitudinal assessments 
are needed to confirm it. Hyoid bone and postural measures play an 
important role in interpreting airway features of individuals with and 
without OAVS.
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