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Effect of Bimaxillary Orthognathic Surgery
on Pharyngeal Airway Volume
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SUMMARY: Subjects with maxillary skeletal classes Il and Il not only express alterations in the hard and soft maxillofacial
tissues, but also in the morphology and dimensions of the upper airway. A small space in the upper airway has been dbsieeied w
disorders, such as snoring and mainly obstructive sleep apnea/hypopnea syndrome (OSAHS). Consequently, interest hagincreased d
to the influence of orthognathic surgery in the airway space. Although there are studies in the literature that have ppepairecy
spaces, most have evaluated the changes using two-dimensional images, mainly lateral skull X-rays. The present studyesimmied to d
ne the airway volume in subjects with skeletal classasd Il who underwent bimaxillary orthognathic surgery. 80 CBCT exams from 40
subjects obtained before and 6 months after surgery were used. There were 20 class Il and 20 class Il subjects. Fdrithenadyisiae
a 3D rendering of the upper airway was made in previously established segments, and then the airway volume was calctiiatgd using
Slicer® software version 4.11 (Slicer, USA). The statistical analysis by t-test of related samples revealed statistfazlyt siglimetric
increases in the nasopharynx, laryngopharynx, and total volume in class Il patients. However, in class Ill patients, tignéiogre
increases in the nasopharynx and total volume, while the volume was maintained in the oropharynx and laryngopharynx.
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INTRODUCTION

The maxillo-mandibular discrepancies associated A smaller space in the upper airway and the resulting
with growth and bone development produce significadower mobilized air volume is strongly associated with sleep
functional alterations. Skeletal class type Il is characterizelisorders, such as snoring and mainly obstructive sleep apnea
mainly by a posterior position of the mandible compared (©SA) (Zhanget al, 2021), which is a common disorder,
the maxilla, due to a lack of mandibular growth, or excessiweth a prevalence from 9 % to 38 % in the general population
growth of the maxilla (Natht al, 2019). In class Il subjects, (Senaratnat al, 2017). This syndrome is characterized
the opposite occurs, with the mandible in a more protrudéyperiods of apnea and/or hypopnea while sleeping. Apnea
position than the maxilla, associated with mandibulds the cessation of airflow by the nose or mouth, whereas
hyperplasia or maxillary hypoplasia (Chehal, 2015). hypopnea is a reduction in the airflow that enters by the
These discrepancies not only express alterations in the hamse or mouth, which causes oxygen saturation and/or ends
and soft maxillofacial tissues, but also in the morphologyn arousal. Epidemiological studies have repeatedly
and dimensions of the upper airway, where spaces in tbenfirmed that the severity of OSA plays an important role
upper airway are frequently observed to be reduced in clasghe development of cerebrovascular diseases, including
Il subjects. (Natlet al, 2019) stroke (Redlinest al, 2010). Although the reduction in the
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diameter of the upper airway is not the only triggering faczBCT examinations: The CBCT examinations were
tor of OSA, since it is a multifactor disorder, it is amobtained by specialized technicians with 5 years of
anatomical factor important to consider. experience with a NewTom VGi EVO 3D scanner (Verona,
Italy) with a 24 ¥ 19 cm window, taken with an exposure
For these reasons, during the past few years, interéiste of 15 s at 110 kV and 8 mA. To obtain the volume, the
has increased due to the influence of orthognathic surggrgtient was seated in a vertical position, with the lips at rest
on the airway space. Several authors indicate thamnd without forced muscle contraction. The examinations
orthognathic surgery leads to an increase in upper airmagre input with an ordinal number, indicating only the
space. (Cheat al,, 2015; Von Bremest al., 2021) This, of patient’s age, sex, and skeletal class, determined previously
course, is very favorable, especially in class Il cases whareing cephalometric analysis by the surgical team who
the volume of posterior air space tends to be significantherformed the orthognathic surgery, and thus the subjects’
reduced (Xiangt al, 2017). identity was kept confidential. The presurgical imaging
occurred between two and four weeks before the
Although studies exist in the literature that havétervention.
compared upper airway spaces, most have evaluated the
upper airway changes using two-dimensional images, mainfplumetric Analysis. For the volumetric analysis, the 3D-
lateral skull X-rays. However, cephalometric X-rays in twélicer® software version 4.11 (Slicer, USA) was used. To
dimensions can limit the accuracy of the measurementstbfs end, the examinations were opened in DICOM format
the upper respiratory tract due to the disadvantages of tvasd segmented, rendering the upper airway three-dimensio-
dimensionally evaluating a three-dimensional space (Abgal, using the following reference points (Fig 1): (1) Ante-
Nickler et al, 2017). At the moment, cone beam computedor: posterior nasal spine in the sagittal plane and choanae
tomography (CBCT) is widely used to evaluate the shapethe axial plane. (2) Posterior: posterior wall of the pharynx
and volume of the respiratory tract. CBCT offers thé€3). Superior: highest point of the nasopharynx. (4) Inferior:
advantages of volumetric rather than linear measuremertigjow the hyoid bone at the level of the lower margin of the
thereby providing a three-dimensional analysis as well &4 vertebral body.
measurements without distortions (Chatnal,, 2015). In
addition to the use of CBCT, various software packages hg
been developed to take volumetric measurements and
be applied to estimate upper airway volumes.

Although there is no consensus in the scientifi
literature regarding the three-dimensional volumetri
differences of the upper airway in class Il and Il subjec
who underwent orthognathic surgery, it is necessary to kng
the volume obtained after maxilla-mandibular movemen
to guide future conditions affecting the airway.

MATERIAL AND METHOD

An experimental, comparative, and retrospectiv
study was conducted, approved by the Scientific Ethid
Committee of the Universidad San Sebastian, Chile, fi
number 66-22. Twenty class Il and 20 class Il subjects we
included as follows: 80 CBCT studies were used, 40 befo
and 40 after the surgery, from 40 subjects over 18 yearsi
age who underwent orthognathic surgery. All the subjec’@- 1._Reference points for the three-dimensional rendering of the
signed an informed consent for their participation, and thd§fa! airway.
were told about the scope of the study. Subjects with skeletal
class |, subjects with imaging signs of facial trauma who  Anindependent analysis of the airway segments was
required previous surgery, and subjects with incompletben performed. The previously segmented airway was
diagnostic and imaging information were excluded. divided into nasopharynx, oropharynx, and laryngopharynx,
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outlined in Figure 2. After segmentation, the volumetriStatistical analysis First, a test of normality was done with
calculations were made of each individualized segment atite Shapiro-Wilk test. Then, the differences between the
the total volume before and after orthognathic surgery witlroups were analyzed using a t-test for related samples.
the corresponding modules from the previouslp<0.05 was considered statistically significant. For the
individualized software. analysis, the SPSS version 21 statistics software was used
(IBM Corp., Armonk, NY, USA).

RESULTS

Fig. 2. Division of the upper

airway studied. In which: A: The statistical analysis by t-test of related samples
Nasopharynx: highest point of reyealed (Fig. 3) statistically significant volumetric increases
the nasopharynx up to the pos-jy ¢|ass || patients in the nasopharynx (p=0.017),
terior nasal spine. B: .. 0000hannx (p=0.045), and total volume (p=0.015). By
Oropharynx: from the posterior -

nasal spine to the lower edgecontrast, in the oropharynx, .although the values after
of C2. C: Laryngopharynx: Orthognathic surgery were higher than the presurgical
from the lower edge of C2 to condition, they were not statistically significant (p=0.062).

the lower edge of CA4.

In class Ill patients (Fig. 4), statistically significant
increases were noted in the nasopharynx (p=0.007) and to-
tal volume (p=0.045), whereas in the
Class I

oropharynx, although the values after
40000+ — = Pre orthogna_thic surgery were higher than the
presurgical condition, they were not

30000 W Post  gagistically significant (p=0.060). By
contrast, in the laryngopharynx, mean

ﬂE volumetric values were slightly lower after
20000 orthognathic surgery; however, they were

not statistically significant (p=0.521).

L
10000 -
I_l ' |l| i |l| DISCUSSION
0 I I I

L]
Masopharynx Oropharynx Laryngopharynx Total
Fig. 3. Statistical results for the t-test for related samples in class Il subjects.
*: Statistical significance.

m

In this study of the airway, only
CBCT after orthognathic surgery with a
post-operative minimum of 6 months were

Class il included. Before this time, according to
50000 reports in the literature, edema could pro-
. 0 Pre duce a reduction in initial volume, which
40000 T mm Post  would mask the real volumetric increases
T (Brunettoet al, 2014).
- 300004

E It is important to note that there is
20000+ no standardization in the literature to de-
0 T T T termine the anatomical limits of the upper

100004 T airway, which could make a comparison

3 [—l I |_| |_| I of the results difficult. However, the

T I T T

projection of the hard palate and posterior
nasal spine has been described frequently

Fig. 4. Statistical results for the t-test for related samples in class Ill subjects. in the literature (Pereirat al,, 2021,
*: Statistical significance. Yoshinoet al, 2021).

Masopharynx Oropharynx Laryngopharynx Total
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The clinical importance of the relation between the RESUMEN: Sujetos con clases esqueletales Il y Ill maxi-
surgical movement of the maxilla and/or mandible and tH@res, no solamente expresan alteraciones en los tejidos duros y

size of the upper airway is based on the effects of ipdandos maxilofaciales, sino también en la morfologia y dimen-
positional change. In this respect, planning orthognathfé®nes de la via aérea superior. Un espacio reducido a nivel de la
a aérea superior se asocia a trastornos del suefio como ronquidos

surgery is a complex procedure that involves differert rincipalmente el sindrome de apnea/hipoapnea obstructiva del

components and variables. Apparently, class Il pat'e'éé)eﬁo (AQS); debido a esto, ha aumentado el interés por la in-

generally benefitin terms of an increase in the upper airWg@yencia de Ia cirugia ortognatica en el espacio de la via aérea. Si

space; class Il patients tend to remain relatively constagien existen en la literatura estudios que han comparado los espa-

(Von Bremeret al., 2021). cios de la via aérea superior, la mayoria de los estudios han evalua-
do los cambios utilizando imagenes bidimensionales, principal-

In class Il patients, most studies on the airway shoWente radiografias laterales de craneo. El objetivo del presente
volume increases due to the advancement of the mandilﬂét,UdiO fue determinar el volumen de la via aérea en sujetos con
which produces an early increase in air volume, especia sefs'esqueletalesillylll sometidosacirug?a ortognatica pimaxilar.
in the oropharynx and nasopharynx. In this respect, in a stu utilizaron 80 examenes CBCT pertenecientes a 40 sujetos obte-

ith 11 cl Il patients with foll f to f nidos previo a la cirugia y 6 meses después de realizada. Veinte
wi class Il patients with Toflow-up for up to four yearssujetos clase Il y 20 clase lll. Para el analisis volumétrico se reali-

Pereiraet al, (2021) found a significant and sustainedy yn renderizado 3D de la via &rea superior en segmentos previa-
increase in the upper airway volume. In the present stugiyente establecidos y posteriormente se calcul6 el volumen de di-
significant volume increases were reported in theha via aérea con la utilizacion del software 3D Slicer ®version
nasopharynx, laryngopharynx, and total volume, which maly11 (Slicer, USA). El andlisis estadistico realizado por t-test de
be related to what is described in the literature. muestras relacionadas, arrojé en pacientes clase Il aumentos
volumétricos estadisticamente significativos en nasofaringe,

In the case of class Ill patients, maxi”arylarlngofannge y volumen total. Mientras que en pacientes clase

. . . I, se observd aumentos significativos en Nasofaringe y volumen
advancement leads to an increase in the upper airway (So '%as\ 9 9 . inge y\
ofal y mantencion de volumen en orofaringe y laringofaringe.

et al, 2019), whereas a mandibular setback usually results

in a reduction of the upper airway (At al, 2019). In a PALABRAS CLAVE: Via aérea superior; Cirugia
study with 30 patients who underwent orthognathic surgeryrognatica; Volumen aéreo faringeo.

Li etal (2022) reported a significant increase in air volume
of the nasopharynx, which agrees with the results of the
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