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Objectives: This study aimed to determine if there are differences in the upper airway space
between the three facial biotypes described by Ricketts. It also investigated if there are an-
atomical differences between males and females at the upper airway level.
Methods: Data was collected from a private orthodontic clinic. Orthodontic tracing was done
using NemoFab Ortho software to obtain the dentoskeletal measurements: anterior facial
height, posterior facial height, maxillary width, and palatal depth. The upper airway meas-
urements were achieved using the same software by identifying landmarks for each upper
airway compartment (nasopharynx and oropharynx). The Pearson correlation coefficient
was used to determine the correlation between the variables a=0.05).
Results: The sample included eighty patients with a mean age of 30.4 years, predominantly
females (67.5%). Statistical differences were found between brachyfacial and dolichofacial
patients regarding the oropharynx volume (p=0.009) and total volume (p=0.027). Regarding
the comparison by sex, male patients had significantly higher mean values for upper airway
volumes and all the dentoskeletal features analyzed, except for maxillary width.
Conclusions: There are statistical differences in the upper airway space among different
facial biotypes. Brachyfacial patients seem to have higher upper airway volumes than
Dolichofacial patients. Moreover, males showed higher upper airway volumes than females.
(Rev Port Estomatol Med Dent Cir Maxilofac. 2024;65(4):181-187)
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Correlacdo entre o volume das vias aéreas superiores e os biétipos faciais
de Ricketts: um estudo de tomografia computadorizada de feixe cénico

RESUMO
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Objetivos: O objetivo deste estudo foi avaliar se havia diferencas estatisticas em relagao ao
espaco das vias aéreas superiores entre os trés bidtipos faciais descritos por Ricketts. Ava-
liou-se ainda a existéncia de diferencas anatémicas entre homens e mulheres ao nivel da
via aérea superior.
Meétodos: Os dados foram recolhidos de uma clinica ortodontica privada. O tragado ortodén-
tico foi realizado utilizando o software NemoFab Ortho para obtengao das medidas dentoes-
queléticas: altura facial anterior, altura facial posterior, largura maxilar e profundidade do
palato. As medidas da via aérea superior foram obtidas utilizando o mesmo software através
da identificagcdo de pontos de referéncia para cada compartimento da via aérea superior
(nasofaringe e orofaringe). O coeficiente de correlacao de Pearson foi utilizado para deter-
minar a correlagdo entre as variaveis (0=0.05).
Resultados: A amostra incluiu oitenta pacientes com idade média de 30,4 anos, predominan-
temente do sexo feminino (67,5%). Foram encontradas diferengas estatisticas entre pacien-
tes braquifaciais e dolicofaciais quanto ao volume da orofaringe (p=0,009) e volume total
(p=0,027). Em relagdo a comparagao por sexo, os pacientes do sexo masculino apresentaram
valores médios significativamente mais elevados para os volumes da via aérea superior e
para todas as caracteristicas dentoesqueléticas analisadas, com excecdo da largura maxilar.
Conclusoées: Existem diferencas estatisticas no espago da via aérea superior entre os diferen-
tes bidtipos faciais. Pacientes braquifaciais parecem apresentar maiores volumes de via
aérea superior do que os pacientes dolicofaciais. Além disso, os homens apresentaram maio-
res volumes de espaco de via aérea superior do que as mulheres. (Rev Port Estomatol Med
Dent Cir Maxilofac. 2024;65(4):181-187)
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Introduction

The link between respiratory function and craniofacial mor-
phology has been a topic of great interest in recent years. Many
studies have shown a relationship between those two varia-
bles,* while many other authors found no correlation.*>

Upper airway obstruction can occur due to many factors
and has been linked to a change in the respiratory pattern that
may affect craniofacial growth and development.® Those air-
way constrictions lead to a shift from nasal to mouth breath-
ing and, in many cases, culminate with the upper airway col-
lapsing during sleep—the main symptom of obstructive sleep
apnea.” The upper airway collapse mechanism is incomplete-
ly understood but is associated with several factors, including
craniofacial changes. The most common among them are
reduced mandibular body length, inferiorly positioned hyoid
bone, posterior displacement of the maxilla, and narrowing of
the pharyngeal space.® Within the pharyngeal space, the oro-
pharynx is where most obstructive disorders occur.® There-
fore, fully understanding this anatomic structure is extreme-
ly important.

Cone-beam computed tomography (CBCT) is a 3D radiolog-
ical imaging technique widely used in upper airway volume
assessment studies for several reasons, including its lower
radiation dose compared to conventional computed tomogra-

phy.'° This technology, introduced in the late 1990s, allows
visualizing anatomic structures in multiple planes, which was
impossible using two-dimensional (2D) imaging techniques.

Although obstructive sleep apneais a functional syndrome
that must be evaluated and diagnosed with functional tests,
CBCT can give information on obstruction sites within the up-
per airway. Therefore, besides supporting orthodontic diagno-
sis, it can help screen at-risk patients who must be referred to
otorhinolaryngology.

According to Ricketts’ analysis, facial biotypes can be clas-
sified into brachyfacial, mesofacial, and dolichofacial, de-
pending on growth direction.™ The dolichofacial, or vertical
growth pattern, is characterized by a higher anterior facial
height, a lower mandible position, and a narrowing of the hard
palate on the transverse dimension. This type of facial growth
is often associated with upper airway obstruction and mouth
breathing.'?

According to many authors, mouth breathing can predis-
pose to a lowered position of the mandible and tongue, chang-
ing the direction of facial growth. It often determines a clock-
wise rotation of the mandible and a vertical growth of facial
structures.’>*

Many studies have investigated correlations between the
upper airway space and facial features or dental or skeletal
classes. Although many studies have addressed this topic,
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there is a lack of information on upper airway space differenc-
es among the three facial biotypes described by Ricketts.
Therefore, this study aimed to assess if there are statistical
differences among those three facial biotypes regarding the
upper airway space and its most constricted site. Furthermore,
we set out to investigate if there are correlations between den-
toskeletal features and upper airway volume, as well as upper
airway volumetric differences between males and females.

Material and Methods

In this retrospective epidemiological study, orthodontic treat-
ment records of patients from a private clinic were examined
and selected if they matched the inclusion criteria: Caucasian
patients aged >16 years old with a CBCT scan available. Exclu-
sion criteria were as follows: non-Caucasian patients, cranio-

facial anomalies, obstructive sleep apnea diagnosis, and pre-
vious orthodontic treatment or orthognathic surgery.

The methodology for CBCT acquisition was patients posi-
tioned upright, with the Frankfurt horizontal parallel to the
ground, and in maximum intercuspation. The equipment used
was the Planmeca2 ProMax 3D Mid instrument (Planmeca Oy,
Helsinki, Finland). The images obtained were saved in DICOM
(Digital Imaging and Communications in Medicine) format and
imported to the NemoFab Ortho software for volume orienta-
tion. Orthodontic tracing was performed in the mid-sagittal
plane slice using the same software. Cephalometric tracing
assessed the following variables: anterior facial height (Na-
Me), posterior facial height (S-Go), maxillary width, and palatal
depth (Figure 1).

The facial biotype was assessed using the VERT index pro-
posed by Ricketts, which entails five cephalometric measure-
ments (facial axis, facial depth, mandibular plane, anteroinfe-

Figure 1. Assessment of dentoskeletal variables using NemoFab Ortho software.
AFH - anterior facial height; PFH - posterior facial height; PD - palatal depth; MW - maxillary width.

Figure 2. Assessment of (a) nasopharynx and (b) oropharynx volumes using NemoFab Ortho software.
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rior facial height, and mandibular arch) and classifies the face
into six types: severe brachyfacial, brachyfacial, mesofacial,
light dolichofacial, dolichofacial, and severe dolichofacial.’®

The limits of the nasopharynx and the oropharynx were
determined for the upper airway assessment. The following
landmarks were identified as the nasopharynx boundaries: (1)
posterior nasal spine, (2) sella, and (3) the odontoid process tip,
forming a triangle (Figure 2a). For the oropharynx, four ana-
tomic points were identified: (1) posterior nasal spine, (2) epi-
glottis tip, (3) odontoid process tip, and (4) posterior superior
border of the fourth cervical vertebra (Figure 2b). Afterward,
the software calculated the corresponding volume in cubic
centimeters (cm®) and the minimal sectional area in square
millimeters (mm?). The sum of both nasopharynx and oro-
pharynx volumes represented the total upper airway volume.

Statistical analysis was performed using the Statistical
Package for Social Sciences (SPSS) software for Windows, ver-
sion 29 (IBM Corp. Released, 2022). Student’s t-test and the
intraclass correlation coefficient were used in the error evalu-
ation of the continuous measurements. The intra-observer
error for the linear and volumetric measurements was as-
sessed on 30 randomly repeated measurements selected from
the total sample, with the method proposed by Walter et al..®
The Pearson correlation coefficient was used to determine the
correlation between dentoskeletal variables and upper airway
volume. A 5% significance level was set for the statistical tests’
results; i.e., differences and correlations were considered sta-
tistically significant when the significance value was lower
than 0.50 (a=0.05).

Results

The results of the Student’s t-tests for paired samples showed
no statistically significant differences (p>0.05) between the
means of the first measurement and the means of the second
measurement. The intraclass correlation coefficient (ICC) val-
ues were greater than 0.97 in all variables, indicating excellent
consistency between the results of the first and second meas-
urements. Together, these results guarantee excellent reliabil-
ity of the measurements and confirm the absence of measure-
ment errors.

Our sample included 80 patients aged between 16 and 56
years, with a mean age of 30.4 years (SD=11.4) and a median
age of 28.0 years (Table 1). Regarding gender, 54 (67.5%) were
female and 26 (32.5%) male. Of the 80 patients, 28 (35.0%) had
the brachyfacial type, 26 (32.5%) the mesofacial type, and 26

Table 1. Sample characterization.

Age Minimum 16
Maximum 56
Mean 30.4
Median 28.0
Sex Female 54 (67.5%)
Male 26 (32.5%)
Facial Brachyfacial 28 (35.0%)
biotype Mesofacial 26 (32.5%)
Dolichofacial 26 (32.5%)

Table 2. Characterization of dentoskeletal,
nasopharyngeal, and oropharyngeal variables.

Variables Mean SD

Nasopharinx - volume 6.87 2.40
Nasopharinx - minimal sectional area 13.22 9.72
Oropharynx - volume 17.24 6.76
Oropharynx - minimal sectional area 200.74 101.16
Total volume 24.12 7.99
Posterior facial height 77.38 7.84
Anterior facial height 115.65 7.78
Palatal depth 21.06 2.90
Maxillary width 47.93 6.38

SD - standard deviation

(32.5%) the dolichofacial type (Table 1). Table 2 presents the
characterization of dentoskeletal, nasopharynx, and orophar-
ynx variables.

The results of the correlations between the dentoskeletal
variables and the nasopharynx and oropharynx variables (Ta-
ble 3) showed moderately significant positive correlations be-
tween the posterior facial height and the oropharynx volume
(r=0.315, p=0.004) and the total volume (r=0.318, p=0.004). None
of the other correlations differed significantly from zero
(p>0.05).

Regarding the comparison of nasopharynx and oropharynx
variables between facial types (Table 3), there were statistical-
ly significant differences in the oropharynx volume (p=0.009),
the minimum section of the oropharynx (p=0.009), and the
total volume (p=0.027). Brachyfacial patients had the highest
mean values, and dolichofacial patients had the lowest mean
values, with statistically significant differences between these
two facial types (p<0.05). Mesofacial patients had intermediate
mean values, with no significant differences, either regarding
brachyfacial patients (p>0.05) or dolichofacial patients (p>0.05).

Regarding the comparison by sex (Table 4), male patients
had significantly higher mean values for nasopharyngeal vol-
ume (p=0.030), oropharyngeal volume (p=0.001), total volume
(p<0.001), posterior facial height (p<0.001), anterior facial
height (p<0.001), and palate depth (p=0.018). No significant
differences were observed between male and female patients
regarding the minimum section of the nasopharynx (p=0.367),
the minimum section of the oropharynx (p=0.276), or the max-
illary width (p=0.327).

Discussion

Many studies have demonstrated that upper airway volumes
differ among skeletal classes.'»'® Moreover, skeletal class II is
often associated with reduced upper airway volume and may
represent a risk factor for developing obstructive sleep apnea.

CBCT is a useful tool for determining airway obstructions
and can help clinicians screen at-risk patients. CBCT is con-
sidered a reliable method in this investigation because we
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Table 3. Correlations between the dentoskeletal variables and the nasopharyngeal and oropharyngeal variables.

Nasopharynx

Oropharynx

Dentoskeletal variables

Minimal sectional

Minimal sectional Total volume

Volume Volume
area area
Posterior facial height r=0.171 r=0.074 r=0.315 r=0.138 r=0.318
(p=0.129) (p=0.513) (p = 0.004) (p =0.223) (p = 0.004)
Anterior facial height r=0.135 r=-0.050 r=0.208 r=-0.048 r=0.216
(p=0.233) (p = 0.660) (p = 0.064) (p=0.673) (p = 0.054)
Palatal depth r=0.095 r=0.093 r=0.174 r=-0.004 r=0.176
(p = 0.400) (p = 0.413) (p = 0.122) (p = 0.975) (p=0.118)
Maxillary width r =-0.025 r =-0.045 r=0.061 r=0.016 r=0.044
(p = 0.826) (p = 0.692) (p = 0.593) (p = 0.891) (p = 0.699)
Facial biotype
Brachyfacial (n=28) M=7.01 M =13.88 M=19.752 M=239.10¢% M=26.762
(SD = 2.50) (SD = 10.01) (SD = 6.06) (SD = 90.48) (SD = 7.45)
Mesofacial (n=26) M= 6.62 M = 14.41 M =15.99 2 M = 182.58 @ M=22613%
(SD =2.22) (SD = 11.70) (SD = 6.73) (SD = 99.47) (SD = 8.20)
Dolichofacial (n=26) M = 6.86 M=1146 M=14.83"P M=163.81" M=21.68"°
(SD = 2.49) (SD =7.01) (SD = 4.98) (SD =79.77) (SD =5.71)
ANOVA p=0.842 p=0.521 p = 0.009 p = 0.009 p = 0.027

1 — correlation coefficient; M - mean; SD - standard deviation

Table 4. Sex differences regarding dentoskeletal, nasopharyngeal, and oropharyngeal variables.

Sex
Variables :—:r:gke) (I:V[=a12e6) Student’s t-test
Nasopharinx - volume 6.52 (2.48) 7.60 (2.06) p = 0.030
Nasopharinx - minimal sectional area 13.48 (10.68) 12.69 (7.49) p=0.367
Oropharynx - volume 15.57 (5.74) 20.73 (7.46) p =0.001
Oropharynx — minimal sectional area 196.03 (96.94) 210.54 (110.75) p=0.276
Total volume 22.09 (7.29) 28.33 (7.85) p <0.001
Posterior facial height 73.68 (5.97) 85.08 (5.23) p <0.001
Anterior facial height 113.18 (6.83) 120.78 (7.21) p < 0.001
Palatal depth 20.59 (2.89) 22.04 (2.72) p=0.018
Maxillary width 48.15 (6.20) 47.46 (6.84) p=0.327

aimed to determine if there is a correlation between the upper
airway volume and the facial biotype, not to diagnose obstruc-
tive sleep apnea.

The present study found positive correlations between up-
per airway volume and the dentoskeletal variables. The correla-
tions were significant between the anterior facial height, the
oropharynx volume, and the total pharynx volume. Further-
more, we also found significant differences in the upper airway
among the three facial biotypes, thus emphasizing the relation-
ship between the upper airway and craniofacial morphology.

Establishing a cause-effect relationship between the upper
airway and craniofacial morphology is quite difficult. Howev-
er, we here demonstrate that an altered maxillomandibular

position is linked to a reduction in the airway space, which
represents a risk factor for developing obstructive sleep apnea
syndrome.

Most studies in the literature used the skeletal class in-
stead of the facial biotype we considered here. Therefore, to
our knowledge, this is a pioneer study investigating the asso-
ciation between facial biotypes and upper airway space.

We observed no significant differences between facial bio-
types regarding nasopharyngeal volume and minimal section
area. This finding corroborates a previous study from Rohan
et al.,’ who found that pharyngeal airway volume, both naso-
pharyngeal and oropharyngeal, does not differ significantly
between different vertical jaw relationships. On the other
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hand, Joseph et al.?° found statistically significant differences
in the nasopharyngeal volume between patients with hyper-
divergent growth and normodivergent growth, with the former
having a narrower nasopharynx than the latter. According to
those authors, the facial growth pattern appears to impact not
only the airway dimensions but also its morphology, particu-
larly in the nasopharynx region. Feres et al’s study?! also re-
ported reduced nasopharyngeal volume in dolichofacial pa-
tients, explaining that it could result from those patients’
excessively vertical facial features.

Our study found significant differences between facial bio-
types regarding oropharynx volume and minimal section area.
Brachyfacial individuals presented significantly higher values
for oropharynx volume compared to dolichofacial individuals.
This finding agrees with a previous study by Joseph et al.,?°
who found hyperdivergent individuals had narrower antero-
posterior pharyngeal dimensions than normodivergent, espe-
cially in the oropharynx. Skeletal features like maxillary and
mandibular retrusion and vertical maxillary excess may ex-
plain that difference.

Our study suggests that mean airway volume is signifi-
cantly higher in males than females, possibly due to their an-
atomic size differences, as suggested by several previous stud-
ies.??"2* Males presented higher nasopharynx and oropharynx
volumes than females. On the other hand, we found no signif-
icant differences between males and females in the minimal
section area of the oropharynx and nasopharynx.

Regarding facial features, males showed higher anterior
and posterior facial heights than females. This finding is co-
herent with previous studies from Kharbanda et al.?® in an
Indian population, who found higher values for vertical facial
parameters in males than females. Similar results were ob-
served by Vieira et al.?¢ in their study in a Brazilian-Asiatic
population, which indicated a sex dimorphism regarding facial
vertical growth. Palatal depth was also significantly higher in
males than females in the present study. Al-Zubair? obtained
similar results, although their measurements were made on
maxillary casts using a palatometer.

Conclusions

Our results suggest that the facial biotype is correlated with
airway space. Dolichofacial individuals seem to have less air-
way space than the brachyfacial group, possibly due to their
facial features that promote more vertical facial growth. Also,
males had higher mean airway volume and facial feature val-
ues than females in this study.
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