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1. Abstract
Due to the pharyngeal airway space and dentofacial skeleton being in close proximity, their
interaction has been studied extensively in the past. With the introduction of cone beam
computed tomography (CBCT), their relationship has been recently revaluated with more
accuracy. The position of the head has also been showed to vary in function of skeletal
malocclusion and respiratory obstruction. The objective of this study was to evaluate the airway
space and head posture in relation to different skeletal malocclusion in three-dimension. The
study sample consisted of 83 non-growing individuals. The relationship between anteriorposterior and vertical malocclusion to airway space and head position were analyzed. The
Pearson correlation coefficient and multiple linear regressions were performed to test the
associations between the measured data. Statistical analyses were performed using SPSS
(version 19). The results revealed that a statistically significant correlation existed between the
GoGn-SN angle and the cranio-cervical angle (p=0.004 and r=0.311). Also, a weak statistically
significant correlation was found between the ANB angle and the anterior-posterior length of the
most constricted cross-section area of the airway (p=0.017 and r=-0.261). None of the other
associations tested in this study reached the level of statistical significance. As the
hyperdivergence of the patients increased, the more extended the head posture was. Based on the
results of the present study it can be concluded that patients with extreme dentofacial
characteristics undergo a modification of their pharyngeal and cervical musculature in order to
maintain a patent airway. The evaluation of the pharyngeal airway space and head posture should
be an integral part of the orthodontist treatment plan and diagnosis.
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2.Introduction
Respiratory function has been studied extensively in its relation to craniofacial growth
and has consequently taken a greater part in the orthodontic diagnosis and treatment planning. 1-3
Skeletal systems seem to respond to influences of adjoining tissues as the functional theory of
Moss explains. 4 More specifically, the mandible and cervical vertebrae grow in response to
functional relationships established by all the soft tissue and spaces operating in association with
these bones. 4 The close anatomical relationship between the mandible, cervical vertebrae and
the pharyngeal airway has triggered the interest of various research groups who examined their
relationships and were able to demonstrate a correlation between the skeletal malocclusion, head
posture and pharyngeal airway space. 5-7
As the respiratory function alters, such as with chronic mouth breathing, the position of
the head, neck, cervical vertebrae, jaws, and teeth are affected; 2, 8-10 Ricketts defined this
association as respiratory obstruction syndrome. 1 Others called it adenoidal facies or long face
syndrome. 2, 8, 11 Common traits, found in the orthodontic and medical literature associated with
altered respiratory function, are adenoid and tonsil hypertrophy, mouth breathing, narrow
external nares, “V” shaped maxillary arch, open-bite, tongue thrusting, excessive anterior facial
height, incompetent lip posture, protruding maxillary teeth with a Class II malocclusion, a steep
mandibular plane, posterior dental crossbites, a forward inclined cervical column and an
extended head position. 1, 2, 9, 12, 13
Past research studies, have concluded that there is a relationship between respiratory
obstruction and skeletal malocclusion. 8, 10, 14-17 Studies published by Linder-Aronson et al.
showed that children who had severe nasal obstruction and underwent adenoidectomy
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consequently had a more forward mandibular growth than patients with a clear airway who did
not have surgery performed. 6, 8 In fact, in 1986, this group examined 38 Swedish children aged 7
to 12 years old with a history of severe nasal obstruction and compared them to 37 children
matched for sex and age with no nasopharyngeal obstruction. 6 Both groups were analyzed five
years later and the study revealed that, within the group, who underwent adenoidectomy, girls
had significantly (p=0.02) less steep mandibular plane angles and less retrognathic mandibles
than pre-operative measurements. A similar pattern in the study group was observed for boys but
the results were not significant.
Also in 2006, Zettergren-Wijk et al. studied 17 children with obstructive sleep apnea (OSA) and
concluded that there is an association between airway and dentofacial morphology. 14
Specifically, OSA patients exhibited a more posteriorly inclined mandible (p<0.05), greater
lower anterior face height (p<0.01) and a reduced airway (p<0.05) compared to their matched
control group without breathing problems.
Furthermore, Joseph et al. in 1998 found that hyperdivergent patients with more retruded
mandibles presented with a narrowing of the airway, as well as a thin posterior pharyngeal wall.
15

On lateral cephalometric records, the study examined 23 hyperdivergent patients (FMA>33

degrees) and 23 normodivergent patients and found that the hyperdivergent group had a
significantly narrower anteroposterior pharyngeal dimension compared to the normodivergent
group. More specifically, the narrowing was revealed in the nasopharynx at the level of the hard
palate and in the oropharynx at the level of the tip of the soft palate and the mandible.
More recently, researchers have showed that Class II skeletal malocclusion patients had a
narrower airway structure from lateral cephalograms. 16-18 Trenouth et al. demonstrated, in a
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study of 70 growing individuals, that a decrease in mandibular length was significantly
correlated to a decrease in oropharyngeal airway. 17 Similarly, Kirjavainen et al. revealed, in a
study of 120 patients, that Class II patients had narrower oropharyngeal and hypopharyngeal
airways in comparison to Class I patients. 16 Also, Ceylan et al. did not find any correlation
between malocclusion and the dimensions of the nasopharynx area in a study sample of 140
patients, who were divided into Class I and Class II skeletal malocclusion. 18 However, the
research concluded that a significant negative correlation between the oropharynx area and the
ANB angle existed.	
  
A similar trend is observed in the otolaryngology field when the patency is being assessed with
nasal airflow/pressure methods. Their research demonstrated a significant correlation between
nasal obstruction and clockwise rotation of the mandible.

12, 13, 19

For instance, a study, in 2011,

looked at 98 children, who were obligate mouth breathers, due to nasal septum deviation. The
study matched them according to sex to a control group who were nasal breathers.

19

Nasal

breathing was evaluated by means of rhinomanometry and clinical examination. This study
concluded that the mouth-breather group had an increased upper facial height, an anterior facial
height, a steeper mandibular plane, a retrognathic mandible and maxilla, an increased overjet, a
Class II molar relationship and higher prevalence of crossbites, compared to the nose breathers’
group.
Vig et al. in 1980 demonstrated that head posture is associated with airway obstruction. 7
Their research showed that patients with an altered respiratory function tend to have an extended
head posture, a forward inclined cervical column and an increased mandibular plane angle.
Rocabado in 1982 introduced the term “cranio-cervical angle” to quantify the degree to which
the cervical vertebrae were inclined forward in comparison to the cranium.
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his study that Class II malocclusion had a more forward cervical column and therefore an
extended and a larger craniocervical angle than Class I malocclusion.
More recently, Solow et al. in 2002, explained that an obstruction of the airway leads to a
postural change resulting in an extension of the cranio-cervical angle. 2 According to Solow’s
soft-tissue stretching hypothesis, an increased dorsally directed soft tissue pressure in individuals
with an extended cranio-cervical angle restricts the normal growth of dento-alveolar arches. As a
result, a more downward and backward rotation of the mandible and narrow dental arches were
observed, which is more characteristic of a skeletal Class II hyperdivergent malocclusion. 2, 5
Posture seems to be one of the factors that influence the development of the face. 21 An extended
head posture is believed to improve the airway space in the pharyngeal area.

8, 10

On a similar note, Behlfekt et al. examined 22 growing children with enlarged tonsils and
compared them to a matched control group with normal tonsils. 22 This group found that the
study group had an extended head position, a low positioned hyoid bone and a low and forward
tongue posture. They related these findings to a mechanism of adaptation to pharyngeal
obstruction as a way for individuals to improve their airway space.
However, other researchers have refuted the association between skeletal malocclusion in
relation to the upper airway obstruction and/or head posture. Fields et al. demonstrated that oral
breathing also occurred in patients with normal facial morphology. 23 This group examined 16
normal and 32 long-faced growing individuals with the aid of lateral cephalometric and
respirometric techniques. Multiple regression analysis showed that the two groups had similar
pharyngeal tidal volumes. However, the study also found that only a low percentage of long
faced patients were breathing normally. Most of them were actually nasal breathers. The results
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illustrate the idea that breathing could actually be behavioral and not dependent on the size of the
airway. Thus, the study concluded that patients could be oral breathers by habit and not due to
nasal obstruction.
Guray 24 repeated experiments by Linder-Aronson et al. 8 and found opposite results. The
removal of adenoids in patients with adenoidectomy, after a six year follow up, changed the
mode of breathing of the patients, but did not have an impact on skeletal malocclusion. In a
medical systematic review by Shapiro, it was demonstrated that, although many studies found
nasally constricted patients to have longer faces and retrognatic jaws, some others found that
adenoidectomy couldn’t predict changes and improve facial morphology in the growing
individuals. 25
Also, Huggare et al. revealed contradicting results to Solow et al; patients with Class II
malocclusion and an increased overjet, had their head posture flexed and their cervical spine
inclined backwards compared to Class I malocclusion patients. 26. In another study using the
pressure flow technique, the same group also found, that patients with a large nasal cross
sectional area had an extended head position and thus an increased cranio-cervical angle. 27
Similarly, Sonnesen et al. in 1998 looked at a study group of 96 growing children and made
measurements on lateral cephalograms taken with the individual in a standardized position. 26
Their study concluded that subjects with an Angle Class II malocclusion had a smaller
craniocervical angle.
More recently, Freitas et al. found no correlation between malocclusion and pharyngeal airway
width. 28 The study looked at 80 growing children, which were divided into Class I and Class II
Angle malocclusion and then subdivided into hyperdivergent and normodivergent pattern.
Interestingly, this group found no statistical difference between Class I and Class II airway
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measurements, but found that hyperdivergent patients had a statistical narrower airway than
normodivergent patients.
These studies were mainly done using two-dimensional analyses. Two-dimensional
analysis has severe limitations such as superimposition of bilateral structures, difficulty in
landmark identification and differences in magnification, resulting in difficulty in delineating the
soft tissue contour of the airway space. 29 Two other limitations of two-dimensional studies are
the lack of volumetric analysis and cross-sectional areas. Since the relationship between airway
space, malocclusion and head posture remains controversial and a two-dimensional analysis
remains questionable, a study involving three-dimensional analysis would be more appropriate.
For instance, CBCT scans can be used to determine accurately the boundaries between empty
spaces and soft tissues and, therefore can delineate the shape and the volume of the airway much
better than a lateral cephalogram. 30-32
Due to the decreased amount of radiation compared to a regular CT scan and because they
provide a more accurate representation of the human skull, CBCTs have gained a lot of
popularity since their introduction in the dental profession. As a result, many studies have been
performed using CBCTs in order to precisely evaluate the airway in three dimensions.

33

A few

studies relating malocclusion to airway dimensions have been published but contained some
limitations. For instance, Alves et al. in 2008 studied 60 adults with Class II or III skeletal
malocclusion and evaluated their pharyngeal airway space. 34 The research found no statistical
significant correlation between malocclusion and airway dimensions in all three planes of space.
However, their study did not compare the Class II and Class III malocclusion groups to a control
Class I malocclusion group.
Also, Kim et al. in 2009 compared Class I to Class II skeletal malocclusion in terms of airway
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volume. They demonstrated that patients with 2<ANB<5, had a larger total airway volume than
patients with an ANB larger than 5. 35 However, when the airway was divided into subregions,
the airway measurements were not statistically significant. One of the limitations was that the
study group was mainly a pre-adolescent group with a mean age of 11 years old, which
represents a growing population with continual growth changes in the pharyngeal apparatus. 36
Also, the study was considered a pilot study due to a small sample size of only twenty-seven
patients.
Moreover, Grauer et al. in 2009 examined at a non-growing sample of 60 subjects with various
malocclusions (Class I, II and III) and evaluated their vertical skeletal morphology37 The study
found that Class II patients had a more forward orientation of the airway (p<0.001). Moreover,
this group demonstrated that the airway in Class II patients was significantly narrower, but no
correlations were found in terms of vertical malocclusion and airway volume or orientation of
the airway. The study suggested a possible reflex in the head posture, due to the orientation of
the airway in Class II patients. However, it would have been interesting in knowing if a
relationship exists between airway volume and malocclusion below the inferior border of second
vertebrae, which was the inferior limit of the airway used in this study.
In 2011 El et al. studied the association of malocclusion and the airway space, but omitted
patients vertical malocclusion characteristics, which also have been found to be associated with a
constricted airway. 38 The research concluded that patients with Class II malocclusion (ANB >3
degrees), had a more constricted nasopharynx and oropharynx, compared to Class I patients.
Their study included a good sample population (140) and they excluded obese patients, which is
a cofounding factor for OSA. No correlations between the pharyngeal air space and vertical
malocclusion were reported in this paper.
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The same year, Oh et al. published a three-dimensional study performed on sixty growing
children with a mean age of 11.79 years old. 39. They found that children with an ANB >= to 4
degrees had a backward inclination of the airway, suggesting a possible change in head posture.
However, they did not find a difference between Class I and Class II malocclusion in regard to
the volume of their nasopharynx and oropharynx. It would be of value to repeat this study with
patients past their developmental stage to see if similar results are found.
Recently, in 2012, another three-dimensional study evaluated 50 children with a mean age of
9.16 years and found that diverse anterior-posterior skeletal patterns had different airway
measurements, but diverse vertical skeletal malocclusion did not have different airway
measurements. 40 On a side note, they did not analyze if the cranio-cervical angle had an
influence on the airway, as only patients with a normal range of cranio-cervical angles of 90-110
degrees were included. Therefore, they found that pharyngeal airway space, such as volume,
airway area and the minimum axial area, were affected by anterior-posterior malocclusion. In
fact, Class II skeletal malocclusion children had smaller airway space compared to class I
skeletal malocclusion.
Based on available studies and variability in the results found, there is a need for a new
study investigating not only the association between anterior-posterior skeletal malocclusion to
airway dimensions, but also the role of the vertical dimension. Since there is no research in threedimensional on the association between, skeletal malocclusion, head position and airway
volume, in a non-growing population, this current study will enrich the scientific literature
Patients with OSA would benefit from this study. Obstructive Sleep Apnea Syndrome
(OSAS) is the most prevalent sleep-related breathing disorder.

41

It is considered a major public

health problem as it leads to many adverse problems such as cardiovascular diseases or car
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accidents. 42 OSAS main features are snoring and episodes of breathing cessation during sleep.
The pharyngeal airway is repeatedly completely or partially collapsed during sleep. 41 The
airway can be divided into four parts; the nasopharynx, the velopharynx, the oropharynx and the
hypopharynx. The collapse is mainly in the velopharynx, but usually extends to other sites of the
airway apparatus or can be found in other areas of the airway. 43 The current study analyzing
different parts of the airway will analyze which part of the airway is smaller from the CBCT
sections. By being aware of airway constriction from three-dimensional analysis, the orthodontist
and the pediatrician can recognize airway problems in developing individuals. They can help in
the treatment of growing children early, either orthopedically or by soft tissue surgery to avoid
any prolonged adverse effects. In more details, Defabjanis 44 explains that a co-management of
these patients is crucial for better care and the earlier the diagnosis is made, the more effective
the treatment will be.
The outcomes of this study may help the orthodontist to better understand the pharyngeal
airway volume and head posture when treating patients. Since the etiology of malocclusion is
multifactorial, the study of the airway volume and head position should be added in his initial
diagnosis to help diagnose possible obstructive airway syndromes, better formulate a final
treatment plan and understand possible risk factors for airway related issues. Furthermore, this
knowledge would help the orthodontist to collaborate with an obstructive sleep apnea team and
fabricate a mandibular protruding device or prepare patient for orthognathic surgery to help them
breathe better. 11 Therefore, it might be considered useful to assess the pharyngeal structure in
association with the orthodontic/orthognathic surgery diagnosis, the treatment planning process,
and the diagnosis and treatment of obstructive sleep apnea.
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3.Specific Aims and Hypothesis
The overall aim of this study was to investigate the association between anteroposterior
skeletal malocclusion, vertical skeletal malocclusion, pharyngeal airway space and head posture
in the adult population using a three-dimensional diagnostic tool. The following hypotheses are
made:
1. A greater tendency towards Class II skeletal malocclusion is associated with a decreased
airway space in comparison to Class I skeletal malocclusion.
2. A greater tendency towards Class II skeletal malocclusion is associated with a more extended
head posture in comparison to a Class I skeletal malocclusion.
3. A steeper mandibular plane angle is associated with a decreased airway space in comparison
to a more acute mandibular angle.
4. A steeper mandibular plane angle is associated with a more extended head posture in
comparison to a more acute mandibular angle.

4.Research Design and Methods
This retrospective study used pre-existing patients’ radiographic records to collect all
necessary information. Cone Beam Computed Tomography (CBCT) records obtained during the
period of January 2006 to December 2012 of patients at Tufts University School of Dental
Medicine were analyzed.
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The Institutional Review Board (IRB) at Tufts University approved the study.
The inclusion criteria included radiographs for patients of all ethnicity, sex, race, and
ages 18-75 years old who were seeking dental care at Tufts University School of Dental
Medicine.
The exclusion criteria eliminated any patient with a medical history of adenoidectomy,
tonsillectomy, orthognathic surgery or trauma involving the cervical spine and head. These
characteristics could potentially interfere with airway space measurements. This study excluded
patients with Class III skeletal pattern (ANB<0 degrees) to reduce the heterogeneity of the
sample and have the study focused on specific skeletal classification. Patients with multiple
missing posterior teeth were excluded, as their vertical dimension is reduced due to lack of
occlusal support and this could interfere with their true mandibular plane angle.
All subjects were scanned using the i-CAT CBCT scanner (Imaging Sciences
International, Hatfield, PA), according to a standard protocol (120 KV, 5mA, 13 cmx17 cm
FOV, 0.3mm voxel and scan time of 20 s). Patient scans were taken in natural head position,
with teeth in maximum intercuspation and with patients in an upright position. Patients were
instructed to not move their head during scanning. Three-dimensional images were constructed
using the iCAT software, and then were stored in a DICOM3 (Digital imaging and
communications in Medicine) file format.
One investigator performed the landmark identification and the measurements using the
software InVivo dental (version 5.1, Anatomage, San Jose, California, USA). In order to
minimize tracing variability and errors, repeated ten scans’ measurements where done by two
investigators and inter-rater and intra-rater reliability were calculated. Each subject was assigned
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a unique identifier, which allowed coding for data analysis.

Skeletal Classification
The anteroposterior skeletal malocclusion was measured by the ANB angle in degrees. A
is the most posterior midline point in the concavity of the maxilla, B is the most posterior
midline point in the concavity of the mandible and N (Nasion) is the most anterior point on the
frontonasal suture (Figures 1 and 2). 49 Since there are variations in limits of skeletal
classification with the ANB angle based on different ethnicities or races, this study correlated our
outcome measurement to ANB. 50 ANB values from 0 and beyond were included.

The vertical skeletal malocclusion was measured by the steepness of the mandibular
plane with Steiner’s GoGn-SN angle. GoGn-SN is the angle as measured from a line drawn from
Sella to Nasion as it intersects a line drawn on the lower border of the mandible (GoGn). 45 S
point (sella) is the center of the sella turcica, Go (gonion) is the most lateral point on the
mandibular angle close to the bony gonion and Gn (gnathion) is the lowest point in the midline
on the lower border of the chin (Figures 1 and 2).

Head Posture
The natural head position (NHP) is critical as the standard orientation of the head because
it determines more accurately the craniocervical angle of the patient and facilitates radiographic
cephalometric measurements. 45 NHP is a realistic representation of the patient 46 and the most
reproducible position. 47 NHP was obtained by having the patient focusing at eye level at a
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distant point so that the cranio-cervical spine angulation was in an unstrained position. The
image field was from the vertex of the skull down to approximately the 5th cervical vertebra.
A two-dimensional lateral cephalometric image was derived from the CBCT using a
compression algorithm that created an image in a perspective view to replicate the traditional 2D cephalometric radiograph to determine the craniocervical angle. This technique has been
proven to be even more accurate for linear measurements than a traditional lateral
cephalogram.48
The head posture is determined with the craniocervical angle, which is measured between
NS and OPT lines. NS is the line drawn between Nasion and Sella. Sella is the point in the center
of the sella turcica. The OPT line is the odontoid process tangent through Cv2ip and Cv2tg 2
Cv2tg is the most posterior point on the superior curvature of the tip of the odontoid process and
cv2ip is the most posterior point on the inferior curvature of the second vertebra. (Figures 3 and
4).
Airway Volume 	
  
Pharyngeal volume was measured by the volume at the velopharynx, oropharynx and
hypopharynx using InVivoDental software in cubic millimeters based on soft tissue landmarks.
The velopharynx, orapharyngeal and hypo-pharyngeal volume extends from the palatal plane
(ANS-PNS) extending to the posterior wall of the pharynx and to a parallel plane to the palatal
plane that passes at the level of the epiglottis. 41 The velopharynx extends from the hard palate
plane to the tip of the uvula, on a plane parallel to the hard palate, the oropharynx extends from
the tip of the uvula to the tip of the epiglottis, on a plane parallel to the hard palate and the
hypopharynx from the tip of the epiglottis to the base of the epiglottis, on a plane parallel to the
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hard palate (Figure 5). Since the airway is an empty space, surrounded by skeletal and muscle
tissues, an inversion of the image was done to allow the empty space to stand out. The final
airway volume of each subregion was carried out by carving out the study airway volume from
other unwanted structures (Figure 6). The threshold value was also changed to obtain a more
accurate airway volume and eliminate artifacts.	
  
Based on the sagittal section of the airway taken through crista galli, we scrolled down on
this section to find the corresponding axial slice with the most constricted and widest crosssection area (Figure 7). This technique finds the narrowest and the widest cross-section areas in
the axial section since the area looked at on the sagittal section is not necessarily the same in the
axial section and can give us the wrong location for the studied areas. The cross-sectional area,
the anterior-posterior length (depth) and the width at the narrowest and widest diameter were
measured and the shape and location at these areas were recorded. 	
  
Statistical Analysis	
  
The sample size calculation was performed using nQuery advisor (version 7.0).
Assuming a correlation of ρ=0.30, a sample size of n=83 was adequate to obtain a type I error
rate of 5% and a power of 80%. The relationships between the independent variables (anteriorposterior and vertical malocclusion) and dependent variables (airway measurements and head
position) were explored using simple and multiple linear regressions. Correlations were analyzed
with the Pearson correlation coefficient and p-values were recorded. All statistical analyses were
performed using SPSS (version 19). Means and standard deviations were reported for the
different characteristics of the sample population. Scatter plots were used to illustrate the airway
measurements and the head position in relation to the independent variables, as well as to test the
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assumptions of linearity and equal variance. The assumption of normality was tested using
quantile-quantile (Q-Q) plots. Inter-rater reliability and intra-rater reliability analyses were
performed to assess the concordance of data respectively between the two raters and within one
rater. To test the intra-rater reliability of the measurements made on the CBCT scans, ten random
scans were selected and the same operator repeated the following measurements a second time.
Linear measurement, such as the most constricted area, and its respective anterior-posterior
length and width were recalculated. Three-dimensional measurements such as the ANB and
GoGn-SN angles were recalculated. The difference between each corresponding pair of
measurements was calculated and an absolute value was recorded. The mean and standard
deviation of the absolute differences were then computed. To test the inter-rater reliability of the
measurements made on the CBCT scans, ten random scans were selected and a second operator
repeated the measurements. Linear measurement, such as the most constricted area, and its
respective anterior-posterior length and width were calculated. The mean and standard deviation
of the absolute differences between operators were computed. 	
  
	
  

5.Results
In the present study, 83 CBCT scans were used. Regarding the characteristics of this sample
population, the mean and standard deviations are listed in Table I.
Relative to the mean of the each measurement, the mean absolute difference within raters was
small indicating high concordance of data within one rater. (Table II) In fact, the mean absolute
difference for the ANB angle was less than 1 degree, which is not considered a significant
difference considering the mean ANB angle is 4.28 degrees. The mean absolute difference for
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the ANB angle was within 1 degree, which is not considered a significant difference considering
the mean GoGn-Sn angle is 31.94. The mean absolute difference for the anterio-posterior length
was within 1mm, which is not considered a significant difference considering the mean to be
6.67mm. The mean absolute difference for the width was within 2mm, which is not considered a
significant difference considering the mean to be 21.90 mm. The mean absolute difference for
the most constricted area was within 6 mm2, which is not considered a significant difference
considering the mean to be 131.61 mm2.
Relative to the mean of each measurement, the mean absolute difference between raters was very
small indicating high concordance of data between two raters. (Table III) The mean difference
for the anterio-posterior length was within 1 mm, which is not considered a significant difference
considering the mean to be 6.67mm. The mean absolute difference for the width was about 2mm,
which is not considered a significant difference considering the mean to be 21.90 mm. The mean
absolute difference for the most constricted area was within 12 mm2, which is not a significant
difference considering the mean to be 131.61 mm2.

Head Posture
In the present study population, a moderate positive correlation (r=0.311) between GoGn-SN
angle and the craniocervical angle was found. The correlation was statistically significant
(p=0.004) (Table IV). The scatterplot between the two variables illustrates that as the GoGn-SN
angle increased, the craniocervical angle tended to increase (Figure 8).
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On the other hand, results showed that the correlation between the ANB angle and the
craniocervical angle was positive, but not statistically significant (r=0.137 and p=0.218) (Table
IV). The scatter plot shows the lack of correlation between the two variables (Figure 9).
Multiple linear regression results showed that the association between the GoGn-SN angle and
the craniocervical angle was still positive and statistically significant when adjusting for the
ANB angle (β=0.475; p=0.010) (Table V). On the other hand, when adjusting for the GoGn-SN
angle, the association between the ANB angle and the craniocervical angle was still positive and
not statistically significant (β=0.118 and p=0.790) (Table V).

Airway characteristics
In the present study, no statistical significance between the GoGn-SN angle and the velopharynx
volume (r=-0.068, p=0.542), oropharynx volume (r=-0.109, p=0.330) or hypopharynx volume
(r=0.009, p=0.945) was found (Table VI). The scatter plots illustrate the lack of correlation
between the GoGn-SN angle and the different volumes of the pharyngeal airway; velopharynx
and oropharynx and hypopharynx (Figures 10, 11, 12). The hypopharynx volume was only
studied in 55 out of 83 scans.
Also, the correlations were found not to be statistically significant between the ANB angle and
the velopharynx volume (r=-0.004, p=0.973), oropharynx volume (r=-0.186, p=0.094) and
hypopharynx volume (r=0.041, p=0.767) (Table VI). The scatter plots illustrate the lack of
correlation between the ANB angle and the different volumes of the pharyngeal airway;
velopharynx and oropharynx and hypopharynx (Figures 13, 14, 15). Similarly, these associations
were not statistically significant when adjusting for each variable (p>0.05) (Table VII)
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Looking at the most constricted area of the airway; the correlation between ANB angle and the
most constricted area was not statistically significant (r=-0.088 and p=0.431) (Table VIII). The
scatter plots illustrate the lack of correlation between the ANB angle and the most constricted
area (Figure 16). The correlation between the anterior-posterior length of the most constricted
area and ANB angle was statistically significant (p=0.017). However, this correlation was small
and negative (r=-0.261). The scatter plot illustrates that as the ANB angle increased, the anteriorposterior length of the most constricted area significantly decreased (Figure 17). The correlation
between the width of the most constricted area and the ANB angle was not statistically
significant (r=0.019 and p=0.861). The scatter plots illustrate the lack of correlation between the
ANB angle and the width of the most constricted area (Figure 18). When adjusting for GoGn-SN
angle, the association between ANB angle and the most constricted area was still negative and
not statistically significant (β =-2.669 and p=0.519) (Table IX). The association between ANB
angle and the length of the most constricted area was still statistically significant and negative (β
=-0.263 and p=0.044). The association between the ANB angle and the width of the most
constricted area was still positive and not statistically significant (β =0.033 and p=0.923).
The correlation between GoGn-Sn angle and the most constricted area was not statistically
significant (r=-0.057 and p=0.608) (Table VIII). The scatter plots illustrate the lack of correlation
between the GoGn-SN angle and the most constricted area (Figure 19). The correlation between
GoGn-SN angle and the anterior-posterior length of the most constricted area was also negative
and not statistically significant (r=-0.154 and p=0.165). The scatter plots illustrate the lack of
correlation between the GoGn-SN angle and the anterior-posterior length of the most constricted
area (Figure 20). The correlation between GoGn-SN angle and the width of the most constricted
area was not statistically significant (r=0.026 and p=0.814). The scatter plots illustrate the lack of
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correlation between the GoGn-SN angle and the width of the most constricted area (Figure 21).
Adjusting for ANB angle, the results remained the same (Table IX). The associations between
GoGn-SN angle and the most constricted area and the anterior-posterior length of the most
constricted area were respectively negative and not statistically significant (β =-0.420; p=0.803
and β =-0.032 and p=0.543). The association between GoGn-SN angle and the width of the most
constricted area was still positive and not statistically significant (β =0.025 and p=0.854).
The location of the most constricted area was in the majority of the scans the lower third of the
velopharynx. The most common shape was an oval flattened mesiodistally (Figure 7).
When studying the largest area of the airway, the correlation between ANB angle and the largest
area was not statistically significant (r=0.013 and p=0.906) (Table X). The scatter plots illustrate
the lack of correlation between the ANB angle and the largest area (Figure 22). The correlation
between the ANB angle and the anterior-posterior length and the width of the largest area of the
airway were respectively not statistically significant (r=0.045, p=0.687; r=0.056, p=0.612)
(Table X). The scatter plots illustrate the lack of correlations between the ANB angle, and
respectively the anterior-posterior length and the width of the largest area of the airway (Figures
23 and 24).
The correlation between the GoGn-SN angle and the largest area of the airway was not
statistically significant (r=0.005 and p=0.966) (Table X). The scatter plots illustrate the lack of
correlation between the GoGn-SN angle and the largest area (Figure 24). The correlation
between the GoGn-SN angle and the anterior-posterior length of the largest area was not
statistically significant (r=-0.048 and p=0.667) (Table X). The scatter plot illustrates the lack of
correlation between the GoGn-SN angle and anterior-posterior length of the largest area (Figure
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25). The correlation between the GoGn-SN angle and and the width of the largest area was
positive but not statistically significant (Table X). The scatter plots illustrate the lack of
correlation between the GoGn-SN angle and the width of the largest area (Figure 27).
Adjusting for each variable, similar results were found for the largest area and the anteriorposterior length of the largest area (Table XI) and results were still not statistically significant
(p>0.05). However, when adjusting for the GoGn-SN angle, the association between the ANB
angle and the width of the largest area became this time negative, but was still not statistically
significant (β=-0.021 and p=0.913). Similarly, when adjusting for the ANB angle, the association
between the GoGn-SN angle and the width was still found to be positive and not statistically
significant (β=0.131 and p=0.099) (Table XI).
The location of the largest area was in the majority of the scan at the upper third of the
velopharynx and the shapes were roundish or squarish (Figure 7).	
  
	
  
	
  

6.Discussion	
  
	
  

The primary objectives of this study were to study the association between dento-skeletal
characteristics, head posture and pharyngeal airway space. Both past and more recent studies
using two-dimensional or three-dimensional analyses have found controversial results regarding
this association.

1, 2, 5-8, 12-28, 34, 35, 37-40, 51

The current investigation studied the association of

anterior-posterior and vertical skeletal characteristics to the cranio-cervical angle and other
airway features.
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The angles ANB and GoGn-SN were chosen respectively to determine the anteriorposterior and the vertical skeletal relationships of the patients. There has been controversy in
using these angles to determine the malocclusion. 52, 53 However, Ishikawa reported that the ANB
angle was highly predictable. On the other hand, he demonstrated that the Frankfort plane is an
unreliable reference because of the difficulty in identifying the points. 54 Therefore the GoGn-SN
angle was used instead of the FMA angle to determine the vertical component of the
malocclusion. The ANB angle was used instead of the Wits’ appraisal due to the inability to
construct an occlusal plane in scans where multiple teeth were missing. The ANB and GoGn-SN
angles are also widely used, easily understood in the orthodontic and oral surgery fields and
many similar studies have used these angles. 2, 40 Due to the different racial norms, the sample
study was not divided into groups, as it could interfere with our results and the trends of these
associations were measured instead. In fact, different races have distinctive Steiner norms. 50, 55	
  
The sample study included 83 scans of patients older than 18 years old. During childhood (5-8
years old) and adolescent skeletal growth spurts (12-15 years old), the pharyngeal apparatus
grows rapidly. 36, 56 Some studies suggest that the airway still undergoes changes after adolescent
years until adulthood 57, 58 from 20 to 50 years old. They found that the soft palate becomes
longer and the pharynx becomes smaller. Nonetheless, these studies were done in twodimensions by looking at lateral cephalograms taken at different time points. Only one recent
three-dimensional pharyngeal growth study in 2012 recently revealed that airway dimensions
increase before the age of 20, remain stable between 20 and 50 yrs of age and then decrease
again. 59 However, no longitudinal study was reported in this previous study and to our
knowledge no study in three-dimensions exists evaluating the airway in individuals throughout
time. The pharyngeal airway size is influenced by its surrounding skeletal structures. 1, 4, 36
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therefore patients included in our study had to be past their adolescent growth spurt so that no
significant growth of the pharyngeal apparatus would be expected.	
  
When studying the correlation between dentofacial characteristics and head posture a statistically
significant positive correlation between the vertical skeletal pattern and the cranio-cervical angle
was found. The more GoGn-SN increased, the more extended was the head posture. Past studies
have also concluded that patients with a vertical growth pattern of the face, have an extension of
the head. 1, 7, 8, 21 Solow et al. have found that vertically growing patients usually exhibit a
craniocervical angle above 113 degrees. 2 The current study sample included patients with
craniocervical angles from 70 to 124.80 degrees, so patients that Solow describes as vertical
growers were included in this study.
When the vertical skeletal pattern was correlated to airway measurements, no trend was found in
the present investigation. Similarly, Grauer et al. studied the vertical malocclusion in threedimensions in adults and separated the sample into low, normal and high angle groups. They
found no statistically significant correlation between the vertical malocclusion and airway
volumes of each group. 37 Alves et al. in 2012, also found no correlation between the GoGn-SN
angle of children and the airway volume (from the hard palate to the tip of the epiglottis).
However, the two groups selected were not significantly different to each other. 40 Iwasaki et al.
explains in their three-dimensional study that although no differences between vertical
malocclusion and size of the airway existed in their study, this group did find significant
differences in the simulated maximal pressure and velocity of the airway. 60 They designed a
fluid-mechanical simulation to study the airway and concluded that hyperdivergent patients had
higher airway resistance and more pharyngeal airway obstruction compared to brachyfacial
patients. As a consequence, 17 out of 20 hyperdivergent patients were mouth breathers. These
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findings are similar to Fields et al. study, in two-dimensions, in which no differences between the
airway volume of normal and high mandibular angle patients existed, but hyperdivergent patients
were more prone to abnormal mouth breathing in contrast to normal children. 23 Although threedimensional analysis can analyze the morphology of the airway, fluid mechanical system seems
to be an additional tool to detect possible airway obstruction by measuring airway resistance.
Future research is needed to test the patients in this study for airway obstruction to make final
conclusions about their airway patency.
The study demonstrated that an increase in the mandibular plane angle, led to an increase in the
extension of the head posture and an increase in a more forward orientation of the cervical
verterbrae. The extension of the head has been shown to be a factor and occur at the same time as
cervicogenic headache 61 and tension-type headache 62. For instance, an abnormal posture can
lead to trigger points in the suboccipital muscles in the cervical vertebrae and refer pain to cause
occipital and temporal headaches 63. Also, this extended head position can lead to a shortening of
the sternocleidomastoid muscle and also induce neck pain. Therefore, an examination of the
cervical vertebrae and its neighboring muscles and a record of headaches should be performed in
patients. This clinical examination should be of particular emphasis on these high mandibular
plane angle patients.	
  
According to our results, the more hyperdivergent the patient were, the more extended their head
posture was, independently of the size of their airway. This implies that hyperdivergent patients
possibly have a postural adaptation to maintain a patent airway. A decreased pharyngeal space
could lead to change in the head position to maintain patency of the airway. In fact, as Muto et
al. explained in their research, a strong positive association between cranio-cervical angle and
the airway space was revealed at every pharyngeal level (r=0.807) . 64 By modifying the head
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posture of patients, an increase in the size of the airway was demonstrated. More specifically, a
change of about 10 degrees in the cranio-cervical angle produced approximately 4mm of change
in the airway. Since the pharyngeal airway space is composed of many muscles that are directly
connected to the skeleton, the airway space is directly affected by these skeletal structures. 1, 4
This adaptive posture change might have happened in the development years of the patients to
maintain a patent airway, which might have resulted in a modification of the muscle force and
have an effect on the neighboring skeletal structure. 5, 8 Recently, a three-dimensional volumetric
study found that Class II patients had a more bend airway suggesting an extended head posture
compared to Class I patients, while maintaining a similar volumetric airway as Class I patients. 39
Aboudara et al. have suggested that obstruction of the airway may also be due to its shape, in
additional to its size. 65 The current study concluded that the orthodontist and the
otolaryngologist should work together in extreme hyperdivergent patients because they might
present with an extended head posture and possible airway problems. Consultation should be
advised for these patients for airway obstruction and/or difficulty in breathing, due to bending of
the airway and not necessarily due to abnormal size. 	
  
However, the same studies by Solow et al. Vig et al. and Linder-Aaronson et al. 2, 8, 9 also found a
correlation between head posture and class skeletal II malocclusion, which was not found in this
study. Similarly as Huggare et al. studies have demonstrated 27, the studied correlation between
anteroposterior malocclusion and craniocervical angle was not found to be statistically
significant. A possible explanation was that although the correlation was statistically significant,
the Pearson correlation coefficient was not strong (r=0.34) between the vertical malocclusion and
the head posture. This could be a reason why a correlation between anteroposterior malocclusion
and head posture was not found in this study.	
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Similar to past studies 24, 28, 34, 39, the results of the present study did not demonstrate an
association between Class II malocclusion and airway volume. No correlation was found
between anteroposterior malocclusion and the dimensions of velopharynx, oropharynx or
hypopharynx. Using InViVo Dental software, Kim et al. revealed that Class II skeletal growing
children had a smaller total airway than Class I skeletal patients this group did not find any
differences in subregions’ volumes of the pharyngeal airway in relation to anteroposterior
malocclusion. 35 Using a different volumetric software, Alves et al. in 2008 also found in nongrowing patients that anteroposterior malocclusion did not affect the airway volume. 34 Similarly,
in 2011, Oh et al. measured the airway volumes using InViVo software and found no differences
between Class II and Class I malocclusion in a growing sample. 39 These studies support our
findings that skeletal anteroposterior malocclusion does not affect the airway volume.
In the current study, no correlation between anteroposterior or vertical malocclusion and the
most constricted or largest cross-section areas of the airway were found. Also, no correlation
between the anteroposterior or vertical malocclusion and the mesiodistal width of the most
constricted area of the airway were found. However, it was found that a weak correlation
between the depth (anteroposterior length) of the most constricted area of the airway and the
anteroposterior malocclusion exists. This was not found for the vertical malocclusion. Similarly,
Kikuchi found that when the mandible is posteriorly rotated, the airway became vertically
longer. He suggested that the supra hyoid muscles that are in close proximity to the airway and
the mandible, compensated vertically and anteroposteriorly to maintain a patent airway. 66 Thus,
airway volume does not change between different skeletal malocclusions because the airway
shape, rather than the size, adapts to maintain a constant airway. An area of future study would
be to measure the length of the airway to understand these compensatory mechanisms. In the
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current study, since the height of the patients was not available to us, the length of the airway
was not measured as it could have acted as a cofounding factor since taller patients generally
have a longer airway. 38 In a future study, the airway could be measured for patients with similar
height to get more conclusive results about this adaptive mechanism.
One more limitation of our study was the lack of information regarding our subjects’ Body Mass
Index (BMI), which is a significant risk factor of OSA 38, 67. In fact, obesity collapses the airway
more readily, as it increases the tissue pressure around the airway. Future areas of study would
be to record the BMI of each patient studied and eliminate patients with a BMI above 30 to avoid
affecting the results. Possible other confounders that might limit the current study are patients
with large tongue and uvula and increased neck circumferences. These features would predispose
the patient to respiratory obstruction.

68

The data regarding BMI was not available for most of

these patients and hence could not be included in this retrospective study. Data on BMI should
be part of any future prospective studies on this topic.
In this study, the largest area of the airway was found to be, most of the time, at the level of the
hard palate. On the other hand, the smallest areas of the airway were found to be along the entire
study length of the airway. However, the site with the most frequency was in the velopharynx at
the level of the tip of the soft palate. Similar studies in two-dimensions and three-dimensions
also found the most constricted area of the airway to be at the same level as we found in our
study 15, 43, 69-71 For example, Bachar et al. showed that 89 % of the time the velopharynx was the
site of obstruction in sleep apnea patients. 71 Most of the time the smallest area was found to be
oval in shape and flattened anterior-posteriorly. The shape tends to be in agreement with the
small correlation found in Class II subjects, which tended to have a smaller depth of the airway.
As Muto et al. explain, the anterior-posterior diameter of the airway’s space at the level of the
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soft palate was smaller in patients with a mandibular retrognatia. 70 This research group
suggested that Class II patients with retruded mandible tend to have their mandible close the soft
palate because of the low position of the tongue, which tends to push the soft palate backwards,
affecting the depth of the pharyngeal airway 70, 72 Similarly, as Isono et al. explains the airway
location which tends to be the narrowest was most of the time the velopharynx area. In sleep
apnea patients compared to normal patients, the velopharynx had a higher closing pressure and
tended to be narrower and more collapsible. 72
Although the current study only found a small correlation between class II malocclusion and the
depth of the airway, it is important to remember that the frequency of respiratory disturbances
tends to worsen with age even in healthy individuals 73 So although it is a small correlation, these
results should not be ignored as this may impact the long- term airway changes. Studies have
showed that with mandibular advancements, either with a device or surgery, the airway tends to
increase. 74, 75 The more Class II skeletally these patients are, the more they should then be
placed on observation with a longitudinal study of their pharyngeal airway. Also,
otolaryngologist and sleep apnea specialists should perform future tests to eliminate possible
airway obstruction in extreme Class II malocclusions.
In general, three-dimensional studies found very different results. They are difficult to compare
due to different landmarks used, different location and direction of airway sections and diverse
software used to make the analysis. For instance, many studies used the palatal plane to C1 as a
delimitation landmark of the airway 37, 39 or studied the airway only until a plane passing through
the inferior border of C2 38, omitting the epiglottis in the hypopharynx area. 38 The lack of
standardization makes the comparison with other studies challenging. In fact, many studies used
skeletal landmarks as opposed to soft tissue landmarks. Kim et al. used the same landmarks and
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used the same software, but looked at a growing population. 35 In this study, similar results were
found, such that there is no correlation between malocclusion and the dimensions of subregions
of the airway, but differences were found in other measurements. This could be due to lack of
standardization of methodology and a different study sample. Alves et al. used very similar
airway landmarks in a non-growing population and found similar results, to the ones from our
study although a different volumetric software was used. 34 Another group, in 2012, used the
same landmarks and software and found a correlation between anterior-posterior malocclusion
and airway volume in contrast to this study. 40 On the other hand, they studied a growing
population, which was a different study sample. Also, this current study did not separate
malocclusion into groups like all the other studies, but instead looked at the trend. It is possible
that if the groups were separated, different results would have been found. A reason why this
study did not separate groups was that different ethnicities were used and cut off limits for ANB
angle is different for each racial ethnicity. 38, 55 For instance, Kim et al. defined Class II skeletal
malocclusion as an ANB angle above 5 while El et al. classified class II skeletal malocclusion as
an ANB angle above 3. On another note, recently, a group studied the software accuracy for the
analysis of the airway. 76 Although CBCT has proven to be an accurate volumetric tool for the
airway measurements, 31, 32 there have not been studies of the accuracy on the new software to
measure the airway. The results of their study were that three-dimensional software were reliable
to determine the volume, but that the accuracy of the measurements was different between
software. Due to the lack of standardization in the airway measurements, comparison between
studies are less compatible and future research is needed to make clinical conclusions about
findings of this study.
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Adaptation mechanisms have been suggested in the current study by either the posture of the
head or the musculature surrounding the airway space, to possibly maintain airway patency. This
mechanism most probably occurs during the development of the soft tissue and skeleton
surrounding the pharyngeal airway. Also, CBCT might not be the only tool necessary to detect
airway obstruction, as the fluid-mechanical study implies. Thus, a correction of the airway
obstruction during growth could potentially influence dentofacial changes. 6 Alternatively, this
adaptation might be only formed during development and a change in adulthood could be
detrimental to a patient. For instance, studies have reported complication in the airway after
mandibular setback surgery for mandibular prognatism. Orthognathic surgery can affect the
skeletal tissues, as well as the adjoining soft tissue surrounding it as previously explained. Cases
of obstructive sleep apnea have been reported as a cause of this type of surgery as patients were
not able to biologically adapt. 77 Possible areas of future study would be to replicate the study
with Class III skeletal malocclusion patients and compare results with this study. It would be
interesting to see if a difference exists in terms of head position and airway volume in patients
with a more forward jaw position. Also, by comparing the Class III airway values, especially the
depth of the airway, with normal values, it should give a guide to surgeons on how much they
can bring back the mandibular jaw.	
  

To conclude the hypothesis that a greater tendency towards Class II skeletal malocclusion is
associated with a decreased airway space in comparison with Class I skeletal malocclusion was
verified. The hypothesis that a steeper mandibular plane angle is associated with a more
extended head posture in comparison to a more acute mandibular angle was verified.
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However, the hypothesis that a greater tendency towards Class II skeletal malocclusion is
associated with a more extended head posture in comparison with a Class I skeletal malocclusion
was not verified. The hypothesis that a steeper mandibular plane angle is associated with a
decreased airway space in comparison to a more acute mandibular angle was not verified.

7.Conclusion
To conclude the following statements can be made
- A trend towards an increase in the extension of the head posture was observed in increased
mandibular plane angles
-A trend towards a decrease of the pharyngeal airway was observed in increased severity of
Class II malocclusion
Based on the results of the study it can be concluded that there may be pharyngeal and cervical
musculature adaptations to order to maintain a patent airway in patients with extreme dentofacial
characteristics. The evaluation of the pharyngeal airway space and head posture should be an
integral part of the orthodontist treatment plan and diagnosis. It allows the orthodontist to better
understand possible risk factors for airway related issues and therefore, help the orthodontist to
work as part of a patient care team in the management of sleep apnea, orthognathic surgery or
with the otolaryngologist.
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8.Tables and Figures
Table I: Sample characteristics of the patients CBCT scans
Sample size

Minimum

Maximum

Mean

Standard
deviation

ANB angle
(degrees)

83

0.00

11.21

4.28

2.59

GoGn-SN angle
(degrees)

83

14.25

46.98

31.94

6.35

CVA angle
(degrees)

83

70.00

124.80

95.53

10.05

Velopharynx
volume (in
mm3)

83

1000.00

20000.00

7246.99

3746.85

Oropharynx
Volume (mm3)

83

1000.00

16000.00

3963.41

2486.73

Hypopharynx
Volume (mm3)

55

1000.00

6000.00

2761.82

1327.83

Most constricted
area (mm2)

83

17.38

498.41

131.61

89.43

Anterioposterior length
of the most
constricted area
(mm)

83

1.14

13.51

6.67

2.88

Width of the
most constricted
area (mm)

83

6.88

41.86

21.90

7.28

Largest area
(mm2)

83

183.94

825.98

467.89

139.52

Anterioposterior length
of the largest
area (mm)

83

8.10

30.77

19.33

4.06
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Width of the
most constricted
area (mm)

83

15.38

41.25

24.61

4.24

Table 2. Intra-examiner reliability test. Ten random scans were selected for linear and threedimensional measurements
Number

Minimum

Maximum

Mean

Standard
deviation

ANB angle
(degrees)

10

0.03

1.31

0.58

0.48

GoGn-SN angle
(degrees)

10

0.31

4.39

1.40

1.28

Most constricted
area (mm2)

10

0.24

13.28

5.78

5.51

Anterioposterior length
of the most
constricted area
(mm)

10

0.03

4.00

1.62

1.15

Width of the
most constricted
area (mm)

10

0.01

6.50

2.48

1.89
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Table 3. Inter-examiner reliability test. Ten random scans were selected for linear
measurements.

Number

Minimum

Maximum

Mean

Standard
deviation

Most constricted
area (mm2)

10

0.93

50.31

12.11

14.19

Anterioposterior length
of the most
constricted area
(mm)

10

0.12

5.80

1.53

1.70

Width of the
most constricted
area (mm)

10

0.29

7.42

2.19

2.21
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Table IV: Pearson correlation coefficient and p-value for the cranio-cervical angle compared
with the independent variables (ANB angle or GoGn-SN angle).

CVA angle
(degrees) –

ANB angle
(degrees)

GoGn-SN angle

0.137

0.311

0.218

0.004*

(degrees)

N=83

Pearson
correlation (r)
P-value

*p<0.01

Table	
  V:	
  Multiple linear regression. The slope β and p-value for the cranio-cervical angle
compared with the independent variables (ANB angle and GoGn-SN angle).

ANB angle
(degrees)

GoGn-SN angle

0.118

0.475

0.790

0.010*

(degrees)

CVA angle
(degrees) –
N=83

Slope β
P-value

*p<0.01	
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Table VI: Pearson correlation (r) coefficient and p value for the velopharynx, oropharynx and
hypopharynx volumes compared with the independent variables (ANB angle or GoGn-SN
angle).

ANB angle
(degrees)

GoGn-SN angle

-0.004

-0.068

0.973

0.542

-0.186

-0.109

0.094

0.330

0.041

0.009

0.767

0.945

(degrees)

Velopharynx
Volume
(mm3)

Pearson
correlation (r)

P value

Oropharynx
volume

Pearson
correlation
P value
Hypopharynx
Volume
(mm3)

Pearson
correlation

P value
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Table VII: Multiple linear regression. The slope β and p value for the velopharynx, oropharynx
and hypopharynx volumes compared with the independent variables (ANB angle and GoGn-SN
angle).

ANB angle
(degrees)

GoGn-SN angle

0.033

-0.044

0.847

0.525

-0.166

-0.018

0.159

0.693

0.022

0.00

0.775

0.0993

(degrees)

Velopharynx
Volume
(mm3)

β

P value

Oropharynx
volume
β

P value
Hypopharynx
Volume
(mm3)
β

P value
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Table VIII: Pearson correlation coefficient and p value for the most constricted area,
anterioposterior length and mesiodistal length of the most constricted area compared with the
independent variables (ANB angle or GoGn-SN angle).
ANB angle
(degrees)

GoGn-SN angle

-0.088

-0.057

0.431

0.608

-0.261

-0.154

0.017**

0.165

0.019

0.026

0.861

0.814

(degrees)

Most
constricted
area
(mm2)
Pearson
correlation p

P value
Length
AnterioPosterior of
the most
constricted
area (mm)
Pearson
correlation
P value
Width of the
most
constricted
area(mm)
Pearson
correlation

P value
**p<0.05	
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Table IX: Multiple linear regression. The slope β and p value for the most constricted area,
anterioposterior length and mesiodistal length of the most constricted area compared with the
independent variables (ANB angle and GoGn-SN angle).
ANB angle
(degrees)

GoGn-SN angle

β

-2.669

-0.420

P value

0.519

0.803

-0.263

-0.032

0.044**

0.543

0.033

0.025

0.923

0.854

(degrees)

Most
constricted
area
(mm2)

AnterioPosterior
Length of the
most
constricted
area (mm)
β

P value
Width of the
most
constricted
area
(mm)
β

P value

**p<0.05	
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Table X. Pearson correlation coefficient and p value for the largest area, anterioposterior length
and mesiodistal length of the largest area compared with the independent variables (ANB angle
or GoGn-SN angle).

ANB angle
(degrees)

GoGn-SN angle

0.013

0.005

0.906

0.996

0.045

-0.048

0.687

0.667

0.056

0.191

0.612

0.814

(degrees)

Largest area
(mm2)

Pearson
correlation (r)
P value
Length
AnterioPosterior of
the largest
area (mm)
Pearson
correlation
P value

Width of the
largest area
(mm)
Pearson
correlation (r)

P value
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Table XI. Multiple linear regression. The slope β and p value for the largest area, anterioposterior
length and mesiodistal length of the largest area compared with the independent variables (ANB
angle and GoGn-SN angle).
ANB angle
(degrees)

GoGn-SN angle

β

0.708

0.004

P value

0.913

0.999

0.111

-0.047

0.555

0.542

-0.021

0.131

0.913

0.099

(degrees)

Largest area
(mm2)

Length
AnterioPosterior of
the largest
area (mm)
β

P value
Width of the
largest area
(mm)
β

P value
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Figure 1: The anterior-posterior malocclusion was measured with the ANB angle. A is
the most posterior midline point in the concavity of the maxilla, B is the most posterior midline
point in the concavity of the mandible and N is the most anterior point on the frontonasal suture.
The steepness of the mandibular plane was measured with the Steiner GoGn-SN angle (GoGnSN is the angle as measured from a line drawn from Sella to Nasion as it intersects a line drawn
on the lower border of the mandible (GoGn)
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Figure 2: Three-dimensional analysis of the ANB angle and the GoGn-SN angle using
the InVivo5 software.
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Figure 3: The cranio-cervical angle used in this study is the OPT/NSL angle. The angle formed
by the line tangent to the odontoid process CV2t (the most posterior point on the superior
curvature of the tip of the odontoid process) through CV2i (the most inferior and posterior point
on the corpus of the second cervical vertebra.
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Figure 4: The cranio-cervical angle used in this study is the OPT/NSL angle using the
InVivodental software. A lateral cephalometric was derived from the Cbct image.
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Figure 5: The pharyngeal airway space divided into nasopharynx, velopharynx, oropharynx and
hypopharynx.
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Figure 6: The superior picture (a) represented an inverted image to calculate the airway volume.
The lower left picture was the total study pharyngeal volume (b) and the lower right picture was
the velopharynx (c).

Figure 7: The superior picture represented on the left was the smallest cross-sectional area of the
airway determined from the right sagittal section. The inferior pictures represented on the left the
largest cross-sectional area of the airway determined from the right sagittal section.
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Figure 8: Scatter plot illustrating the correlation between GoGN-SN angle in degrees and the
craniocervical angle in degrees.
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Figure 9: Scatter plot illustrating the correlation between ANB angle in degrees and the
craniocervical angle in degrees.
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Figure 10: Scatter plot illustrating the correlation between GoGn-SN angle in degrees and the
velopharynx volume in cubic millimetres.
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Figure 11: Scatter plot illustrating the correlation between GoGn-SN angle in degrees and the
oropharynx volume in cubic millimetres.
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Figure 12: Scatter plot illustrating the correlation between GoGn-SN angle in degrees and the
hypopharynx volume in cubic millimetres.
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Figure 13: Scatter plot illustrating the correlation between ANB angle in degrees and the
velopharynx volume in cubic millimetres.
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Figure 14: Scatter plot illustrating the correlation between ANB angle in degrees and the
oropharynx volume in cubic millimetres.
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Figure 15: Scatter plot illustrating the correlation between ANB angle in degrees and the
hypopharynx volume in cubic millimetres.
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Figure 16: Scatter plot illustrating the correlation between ANB angle in degrees and the most
constricted area of the airway in square millimetres.
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Figure 17: Scatter plot illustrating the correlation between ANB angle in degrees and the
anterior-posterior length of the most constricted area of the airway in millimetres.
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Figure 18: Scatter plot illustrating the correlation between ANB angle in degrees and the width
of the most constricted area of the airway in millimetres.
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Figure 19: Scatter plot illustrating the correlation between GoGn-SN angle in degrees and the
most constricted area of the airway in square millimetres.
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Figure 20: Scatter plot illustrating the correlation between GoGN-SN angle in degrees and the
anterior-posterior length of the most constricted area of the airway in millimetres.
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Figure 21: Scatter plot illustrating the correlation between GoGn-SN angle in degrees and the
width of the most constricted area of the airway in millimetres.
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Figure 22: Scatter plot illustrating the correlation between ANB angle in degrees and the width
of the largest of the airway in millimetres.
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Figure 23: Scatter plot illustrating the correlation between ANB angle in degrees and the
anterior-posterior length of the largest area of the airway in millimetres.
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Figure 24: Scatter plot illustrating the correlation between ANB angle in degrees and the width
of the largest area of the airway in millimetres.
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Figure 25: Scatter plot illustrating the correlation between GoGn-SN angle in degrees and the
largest area of the airway in square millimetres.
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Figure 26 : Scatter plot illustrating the correlation between GoGn-SN angle in degrees and the
anterior-posterior length of the largest area of the airway in millimetres.
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Figure 27: Scatter plot illustrating the correlation between GoGn-SN angle in degrees and the
width of the largest area of the airway in millimetres.
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