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3-D Airway Analysis Related to Facial Morphology
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SUMMARY: The aim of this investigation was to define the volume and area of the airway in subjects with Class Il and Class IlI
skeletal deformity. A cross-sectional study was designed including subjects with facial deformity defined by Steiner’is snblesits
with indication of orthognathic surgery who presented diagnosis by cone beam computerised tomography. We determinedtiemtaeasure
of maximum area, minimum area and volume of the airway. The data were compared using Spearman's test, with statisticeé¢ signific
defined as p<0.05. 115 subjects were included: 61.7 % Class Il and 38.3 % Class lll, mean age 2Z8Y&rdA(significant
difference was observed in the area and volume measurements in the groups studied, with significantly smaller measuiments foun
Class Il (p=0.034). The minimum area was 10.4 mm2 smaller in Class Il patients than in Class Ill, while the general &l @inea@y t
was 4.1 mm3 smaller in Class Il than in Class Ill. We may conclude that Class Il subjects present a smaller airway v@lase fthan
subjects.
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INTRODUCTION

More attention has been paid to sleep pathology in Studies show that different morphological patterns
recent years due to the high level of comorbidity andre linked with an increase or diminution of the vertical fa-
complexity of the disease. Obstructive sleep apnea-hypopruéa position, and with sagittal alterations of the maxilla and
syndrome (OSAHS) is a chronic disorder characterised Inyandible, generating alterations in the airway volume (Muto
repetitive episodes of total or partial collapse of the uppet al. 2008; Zhengt al. 2014). This morphology creates the
airway during sleep, causing progressive asphyxia for mozenditions for alterations in the respiratory mechanism
than 10 seconds (Spicuzegal, 2015.). (Zhenget al 2014) and increases the risk of associated

pathologies (Gonegt al 2018). In this way, morphological

Some risk factors have been described as possilgi@niomaxillofacial anomalies generate significant functional
triggers of OSAHS, such as age, male sex, obesity aodanges which involve oral dysfunction, labial
craniofacial deformities; the latter two present a positiviemcompetence, functional alterations and muscular
correlation in patients diagnosed with OSAHS (Neelipu imbalances (Sprenget al 2017).
al., 2017; Albajalaret al,2011).

In cases of diagnosis of severe respiratory alterations

Some investigations show a relation between airwdike OSAHS, different treatment modalities have been
size and morphological facial pattern; the position of theroposed like the continuous positive airway pressure
maxilla and the mandible in the anteroposterior directiofCPAP) mask. The main problem with these is the failure of
influence this volume (Sprengext al.,, 2017.) This patients to adhere to the treatment, since 17-54 % of patients
anatomical variation may be further exposed where therede not use the CPAP for a prolonged period. Surgical
a vertical facial increment in conjunction with mandibulaalternatives have also been proposed. One viable option is
retraction, causing pharyngeal reduction of the airway amdthognathic surgery (Ferratal 20016) since it allows an
respiratory collapse (Neelagt al, 2017). increase in the anteroposterior and lateral relations of the
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maxilla, with consequent increase in airway volume (Veys Based on these variables, a statistical analysis was
et al, 2017; Zaouet al, 2019). carried out to determine the relation between them.
Spearman's test was used, with threshold of statistical
The aim of this research was to analyse the airwaygnificance p<0.05.
volume in subjects with different skeletal conditions by 3D
imaging.
RESULTS

MATERIAL AND METHOD
In this research, 115 subjects were included.
According to Steiner's proposed definition, there were 71
A cross-sectional study was carried out to identifgkeletal Class Il subjects (61.7 %) and 44 Class Il subjects
the airway volume in adult subjects with different sagitta38.3 %) (Figs. 1 and 2). The subjects included presented a
skeletal anomalies where orthognathic surgery is indicatedpan age of 27.8 11.6 years (range 18 to 63 years). 46
all the images obtained were used for pre-surgery facial diagysbjects (40 %) were male and 69 (60 %) were female. Table
nosis. The subjects enrolled in the study voluntarily, signirigidentifies the airway volumes observed in the different
an informed consent document. The investigatiomeasurement levels.
safeguarded the integrity of the participants and complied
with the Helsinki Declaration. Using Spearman's test, the airway volume was
significantly greater in Class Ill subjects (p=0.034). The subjects
The subjects included were subjects of both sexes, agado presented significant differences by sex (p=0.0159),
over 18 years, who presented a Class Il facial deformigithough this difference may be associated with the fact that
(Steiner analysis with angle >2°) or a Class Il deformitthe Class Il group of subjects (smaller airway volume) contained
(Steiner analysis with angle <2°); subjects with previous falmost twice as many female as male subjects.
cial surgery, background of facial trauma or conditions which
signified alterations of the facial morphology were excluded. When each measurement was examined
independently, it was observed that at all levels the subjects
Images were taken of all the subjects using the NewTowith Class Il characteristics presented smaller airway
3D Tomograph, Model VGi EVO (Verona, Italy), viewing field measurements than Class Il subjects. In the minimum area
24 x 19 cm. and exposure parameters 110 kV, 8 mA, 15 seeported in each class, Class Il presented an area 1¢.4 mm
The image was obtained by a technician who specialiseslaiger than Class Il; in the maximum area, Class Il presented
this kind of imaging; the patient was positioned immobile in an area 46.6 mtharger than Class II; in the total volumetric
vertical position while the image was taken, with lips in repaneasurement, Class Il subjects presented a mean volume
se and without forcing any position of the body. 4.1 mnt larger than Class Il subjects.

The image was analysed using the NNT New Tom
software (Imola, Italy) by a specialist in Maxillofacial DISCUSSION
Radiology who delimited the pharyngeal space in a rectan-
gular area; the reference points used were:
Facial morphology defines conditions of form and
- Anterior position: posterior nasal spine in the sagittal plarfanction which are essential for life and quality of life. In

and choanae in the axial plane. these analyses, 3D studies have evolved to explain
- Posterior position: posterior wall of the pharynx. morphology better and to define the best treatments.
- Upper position: highest point of the nasopharynx.
- Low position: low hyoid bone, at the inferior edge of the Studies with 2D images have been used for many
vertebral body of C4. years and help to define certain standards (@tatb2016);
Table 1. Distribution of the 115 subjects included by type of facial deformity and airway volume.
Minimum area (mm?) Maximum area (mm?) Totd volume (mmg)
X SD X SD X SD
Cll 107.4 55.7 509.9 125 26.1 7.3
Clil 1178 54.8 556.5 1349 30.2 9.6
Difference 104 46.6 41
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Fig. 2. Subjects with Class Il skéletal deformity and observation in airway.

however they still present limitations due to the three-diespiratory obstructions (Galeott al, 2019). Also in
mensional form of the human body. In 2014, our group (Olatsildren, a correlation has been reported between reduction
etal, 2014) indicated dimensional changes in the airway hiy cortical bone tissue and the presence of OSAHS, probably
2D analysis, showing that subjects with Class Il faciallso determining an alteration in bone homeostasis (Eimar
deformity presented a smaller airway area based exclusivelyal, 2019).
on sagittal measurements. We also indicated that the
nasopharynx presented limited differences, showing thatthe  Our investigation studied the airway conditions of
position of the mandible was the most important in thigsatients with skeletal deformities. OSAHS was not found in
definition since a more retracted position of the hyoid bongny of these patients, however skeletal alterations have been
was also related with a more retracted position of thefined as risk factors for the presence of OSAHS.
mandible. Sakakibarat al (1999) indicated that in obese patients the
increase of soft tissues in the airway zone are an important
The morphology of the airway has been reviewedlement in the presence of OSAHS, while in non-obese
analysing respiratory pathologies like obstructive slegpatients skeletal alterations are more important in the
apnea-hypopnea syndrome (OSAHS). This syndromigresence of OSAHS. Similar conclusions were presented
disease has a great impact on quality of life and the presehgeyu et al (2003), who indicated that narrow nasopharynx
of comorbidities. Jungt al (2019) indicated that patients and narrow oropharynx are important risk factors for patients
with OSAHS present a high risk of cardiovascular morbiditywith OSAHS.
Kim et al (2019) also indicated that patients with OSAHS
are associated with sub-clinical systemic arteriosclerosis.  Although the relation between airway reduction and
Thus OSAHS and respiratory pathology are today @SAHS is real, attention has focused on more specific
potentially destructive problem with important connotationgspects of these relations. Mouhanna-Faitail (2019)
for public health. compared craniofacial relations in groups with and without
OSAHS and they found that the airway volume was smaller
In children, a relation has been reported between subjects with OSAHS but that this was not necessarily
skeletal alterations like mandibular divergence and thelated with craniofacial morphology. Cillo ét.al (2012)
presence of OSAHS, although no cause-effect relation hiagind no relation between any of the specific cephalometric
been identified between craniofacial anomalies anghriables used and the presence of OSAHS.

425



RAVELO, V,; OLATE, G.; MOYA, M.P.; BRITO, L.; GARAY, I. & OLATE, S. 3-D  Airway analysis related to facial morphologyt. J. Morphol., 38(2)23-426, 2020.

Our results showed that subjects with Class Il skeletREFERENCES
deformity presented a smaller airway volume than subjects
with Class Il deformity; however, some subjects with Class
11 presented a similar airway volume to Class Il subject§.i|l0 Jr., J. E & Dattilo, D. J_. Ma)fillomandibular advancement for severe
Thus maxillomandibular morphology is not always gbg;:m/;x?ﬁgcagizIS?JEE}% f_'g’:';g"l"gftab'e long-term procedure.
associated with a reduction in airway volume, and it may lQﬁ'ﬁlo Jr., J. E.; Thayer, S.; Dasheiff, R. M. & Finn, R. Relations between

that other variables contribute synergistically to the obstructive sleep apnea syndrome and specific cephalometric
respiratory patho|ogy. measurements, body mass index, and apnea-hypopneaJn@zal
Maxillofac. Surg., 70(4$278-83, 2012.

h . | be th | | | I(Ej'mar, H.; Al-Saleh, M. A. Q.; Cortes, A. R. G.; Gozal, D.; Graf, D. &
The airway volume cannot be the only value relate Flores-Mir, C. sleep-disordered breathing is associated with reduced

with the presence of OSAHS (Susadaal, 2010). mandibular cortical width in childredDR Clin. Trans. Res., 4(58-
Furthermore, it is difficult to obtain ranges of normality and 67, 2019. ' o _
abnormality for the airway since variables like bod mas%aleottl,A.; Festa, P.; Viarani, V.; Pavone, M.; Sitzia, E.; Piga, S.; Cutrera,
ind h 'yh h |d{) included in d . .y h R.; De Vincentiis, G. C. & D"Antd, V. Correlation between
Index, height etc. shou ) € Included In eterm'”'”g what cephalometric variables and obstructive sleep apnoea severity in
volume should be considered normal for the respiratory children.Eur. J. Paediatr. Dent., 20(3-7, 20109.
function and in this scene, surgical treatments lik&ng, J. H.; Park, J. W.; Kim, D. H. & Kim, S. T. The effects of obstructive
maxillomandibular advancement or body mass reduction (in sleep apnea on risk factors for cardiovascular diseaaeblose Throat

b . fi d y bl h . ( J., 2019145561319882548, 2019.
obese patients) are confirmed as suitable therapies fQf, s .| ee, k. v.; Kim, N. H.; Abbott, R. D.; Kim, C.; Lee, S. K.; Kim, S.

augmenting the airway and reducing OSAHS (Cillo Jr. & H. & Shin, C. Relationship of obstructive sleep apnoea severity and
Dattilo, 2019). subclinical systemic atherosclerodsr. Respir. J.2019. Doi: 10.1183/
13993003.00959-2019. [Online ahead of print]

h lude th . | . . Mouhanna-Fattal, C.; Papadopoulos, M.; Bouserhal, J.; Tauk, A.; Bassil-
Thus we conclude that airway volume is an important Nassif, N. & Athanasiou, A. Evaluation of upper airway volume and

variable in these analyses. Itis clear that subjects with ClasScraniofacial volumetric structures in obstructive sleep apnoea adults: a

Il deformity have a smaller airway volume than Class Il descriptive CBCT studynt. Orthod., 17(4)$578-86, 2019. )

subjects, thus in the presence of OSAHS, one of the treatm@[i{e: S Cantin, M.; Vasquez, B.; del Sol, M.; Henriquez-Alarcon, M. &
L . e . . de Moraes, M. Pharyngeal airway space in subjects with class Il and

objectives must consider modification and augmentation of << |11 facial deformitiednt. J. Morphol., 32(4)1271-6, 2014

the airway. Based on our research we may conclude tlite, S.; zaror, C.; Blythe, J. N. & Mommaerts, M. Y. A systematic review

Class Il subjects presenta smaller airway volume than Classof soft-to-hard tissue ratios in orthognathic surgery. Part Ill: double

Il subjects. jaw surgery procedured. Craniomaxillofac. Surg., 44(11599-606,
2016.
Sakakibara, H.; Tong, M.; Matsushita, K.; Hirata, M.; Konishi. Y. &
Suetsugu, S. Cephalometric abnormalities in non-obese and obese
RAVELO, V.; OLATE, G.; MOYA, M.P.; BRITO, L.; GARAY, |. & patients with obstructive sleep apnoEar. Respir. J., 13(203-10,
OLATE, S. Anélisis 3-D de la via aerea relacionado con la morfologia 1999.
facial. Int. J. Morphol., 38(2}23-426, 2020. Susarla, S. M.; Thomas, R. J.; Abramson, Z. R. & Kaban, L. B.

Biomechanics of the upper airway: Changing concepts in the
RESUMEN: El objetivo de esta investigacion de definir el vo- pathogenesis of obstructive sleep api@aJ. Oral Maxillofac. Surg.,
lumeny area de via aérea en sujetos con deformidad esqueletal clase |l )739(12)1__149'59' 2010. )
IIl. Se disefié un estudio de corte transversal incluyendo sujetos con de X F“J'mmf" K.; Uru_shlbata, K.; Matsuzawa,_ Y. & Kubo, K. )
formidad facial definida segun andlisis de Stainer en sujetos con indica- Cephalometric analysis in obese and nonobese patients with obstructive
cién de cirugia ortognatica que presentaran una tomografia SI€€P apnea syndrom@hest, 124(112-8, 2003.
computadorizada de haz cénico como elemento diagndstico; en este exa-
men se determinaron medidas de area mayor, menor de via aéreay volu-
men presente; los datos fueron comparados utilizando pruebas estadirresponding author:
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