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Abstract: Malocclusion is the malformation of teeth, jaw and skull caused by congenital genetic factors
or acquired environmental factors in the process of children's growth and development, such as diseases,
bad oral habits, abnormal substitute teeth, such as irregular arrangement of teeth, abnormal relationship
between upper and lower dental arch, abnormal jaw size and shape, etc. Malocclusion is also
accompanied by respiratory diseases and dysfunction, such as obstructive sleep apnea (OSA).
Conversely, abnormal occlusion also leads to respiratory tract developmental disorders and dysfunction.
The cranio-maxillofacial morphology is closely related to the upper airway morphology. They are cause
and effect each other. In recent years, it has been found that orthodontic treatment can not only improve
the malocclusion, but also has a significant effect on the upper airway volume. The abnormal upper
airway in childhood will affect children's breathing, cause children's sleep apnea, and affect children's
growth and development. At the same time, with the development of society, we pay more attention to
children's face. Therefore, at present, the upper airway morphological characteristics, influencing
factors and correction methods of malocclusion have become the focus of research.
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1. Introduction

Malocclusion is a variety of deformities caused by the irregular relationship between teeth, jaw and
craniofacial region. The upper airway is an important physiological organ of the human body, which is
closely related to breathing, swallowing, pronunciation and other functions. As the bony support of the
upper airway, the cervical vertebra, upper mandible and hyoid bone, together with the soft palate, tongue,
epiglottis and surrounding muscles, participate in the maintenance of respiratory function [1]. There are
many factors affecting the upper airway, such as facial shape, hyoid bone, temporomandibular joint, soft
tissue and so on. This article reviews the upper airway characteristics of different malocclusion
deformities and the effects of different orthodontic methods on the morphology of upper airway.

2. Anatomy and physiology of upper airway and malocclusion

The length of human upper airway is about 12cm, including nasopharynx, oropharynx and
laryngopharynx, in which oropharynx is the narrowest part of upper airway, tongue, soft palate and
retropharynx are the main components of oropharynx. The hyoid bone, located at the lower rear of the
neck mandible, is involved in maintaining the opening of the upper airway and assisting in mandibular
movement [2]. The mechanism of malformation is caused by the disharmony between teeth and bone,
teeth and jaw, upper and lower dental arch, upper and lower jaw, jaw and craniofacial bone. Because all
kinds of malocclusion have different soft tissue function and different hard tissue morphology, different
malocclusion deformities have different effects on the morphology of the upper airway. When we
formulate the treatment plan, we should not only consider the patient's teeth, mandible, muscle and other
factors, but also need to consider the airway shape of the patient. In order to prevent OSAS caused by
aggravation of airway stenosis during the treatment process.
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3. The relationship between malocclusion and upper airway
3.1. Correlation between maxilla, temporomandibular joint and upper airway

The position and shape of the mandible and mandible have a certain influence on the shape and
volume of the upper airway, which has been confirmed by many researchers. KimDooHwan et al
compared children with mandibular hypoplasia and normal children, and found that there were
significant differences in hyoid position, hyoid distance and mandibular measurement between patients
with mandibular hypoplasia and healthy controls. The distance of anterior hyoid and mandibular angle
may be the risk factors of airway stenosis in patients with mandibular hypoplasia [3].

ShokriA [4] et al found that the position of the maxilla and mandible affects the size of the upper
airway. The correlation between mandible and upper respiratory tract was the highest in III class
malocclusion and the lowest in class I malocclusion [5]. Some studies also found that the upper airway
area of bony III children in high-angle group was smaller than that in mean-angle group and low-angle
group [6]. The volume of bony class II airway is smaller than that of bony III airway, and the height of
mandibular angle may be related to airway condition [7]. At the same time, domestic researchers have
found that the upper airway of patients with bony class II high angle is narrower than that of patients
with uniform angle, and the volume of upper airway is closely related to the degree of mandibular
retraction, and the position of mandible is also related to the retrograde displacement of condyle and
anterior displacement of articular disc [8-9]. Mandibular retraction will make the condyle move
backward, which proves that there is a close relationship among jaw, airway and joint, especially in
sagittal direction [10]. The condyle is the center of mandibular development, so the change of condylar
position may affect the size of the airway. TruonglLaura et al. studied the correlation between
temporomandibular joint position and airway volume in patients with SDB and non-SDB patients. It was
found that there was a significant relationship between temporomandibular joint position and upper
airway volume. Compared with the posterior condyle, the upper airway volume of the anterior and central
condyle was larger, but not related to the cross-sectional area of the airway [11].

3.2. The position of tongue and hyoid bone is related to the upper airway

Wei Yonghua et al. [12] conducted a study on the upper airway of normal children and found that the
size and position of the hyoid body were closely related to the patency of the upper airway, and the hyoid
bone played an important role in maintaining the size of the upper airway. The lower hyoid bone can
make the hyoid body position lower and backward, resulting in stenosis of the airway behind the root of
the tongue. Scholars at home and abroad have found that for children, the tongue volume and hyoid
position of class III patients are larger than those of class I and class II patients, and the tongue volume
is positively correlated with pharynx and airway. It was closely related to the position of the mandible
[13]. The children with Angle class III malocclusion had larger tongue volume, upward displacement of
hyoid bone and smaller nasopharyngeal volume, while those with Angle class II malocclusion had
smaller tongue volume, lower hyoid bone displacement and smaller oropharyngeal volume. There was a
correlation among tongue volume, hyoid position, airway volume and maxillofacial morphology in
children with malformation [14-16]. DaCostaElianaDantas et al found that the position of hyoid bone
has a great influence on oropharynx and laryngopharynx, but has no significant effect on nasopharynx
[17]. Hyoid position and obesity can lead to upper airway collapse [18]. In Chinese children, the variables
of mandibular body length and craniocervical inclination were significantly correlated with most upper
airway variables [19].

3.3. Other factors affecting the characteristics of the upper airway

In the upper airway measurement of male upper airway, the diameter of nasopharynx and the posterior
airway space of soft palate and the space of laryngopharynx in male were significantly larger than those
in female, and the length, area and thickness of soft palate and tongue in male were significantly larger
than those in female[20-21]. The area of oral cavity and the area of oropharyngeal cavity in male were
significantly larger than those in female, but there was no difference in the space occupied by soft palate
and tongue between male and female. Some studies have found that there is also a correlation between
different positions and airway size in cephalometric films [22]. There are differences in airway size
between children and adolescents in obesity [23] and gender [24]. With age, the upper airway volume
gradually increased [25-26]. The morphology of upper airway was different in different bone ages [27].
There are differences in upper airway among different races [28]. In childhood, the main cause of upper
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airway stenosis is adenoid and tonsil hypertrophy [29]. Oral breathing can lengthen the airway and make
the oropharyngeal cavity smaller, while tonsillar hypertrophy can also narrow the airway [30]. Adenoid
hypertrophy has obvious adverse effects on the morphology of cranio-maxillofacial and upper respiratory
tract in children. Cervical posture also has an effect on the shape of upper airway, the size of
oropharyngeal airway opening is closely related to cervical curvature, and cervical posture is related to
pharyngeal airway [31].

4. Effects of different orthodontic methods on upper airway

Orthodontic methods are generally divided into functional correction, fixed correction and surgical
correction. The structural stenosis of the upper airway is related to the abnormality of the airway itself
and its surrounding structure. the function of the oral appliance is to try to change the abnormal size and
position of the structure around the upper airway in order to expand or stabilize the airway [20]. At
present, the orthodontic methods for children and adults are functional correction, fixed correction and
surgical correction for patients with OSAS caused by severe airway stenosis.

4.1. Effect of functional correction on upper airway

Functional orthodontics is mainly aimed at children with growth and development potential of
substitute dentition. Many studies have shown that functional orthodontics can significantly improve the
upper airway volume of children with different malocclusion. Functional correction of FRIII had an effect
on the airway space behind the soft tip of the upper airway, but there was no significant change in the
rest of the upper airway space [32]. Wang Wei et al found that Twin-block significantly improved the
airway volume and minimum cross-sectional area of oropharynx in patients with Class II mandibular
retraction before and after treatment, and mandibular forward displacement was not positively correlated
with airway improvement [33]. In this study, Angle class II bone type patients who complained of
nocturnal snoring were selected for three-dimensional comparison of airway before and after treatment.
After treatment with sagittal guided interresistance appliance (sagittal-guidanceTwin-blockappliance,
SGTB) SGTB functional appliance, the upper airway volume, nasopharyngeal volume and
oropharyngeal volume were all increased, and the study found that proper application of SGTB functional
appliance can improve airway patency. Prevention of OSAS caused by structural stenosis of the upper
airway [34]. Maxillary expansion and Twin-block appliance to guide the mandible forward can expand
the horizontal plane of the airway and expand the nasopharynx, and the effect of Twin-block treatment
is not affected by age, but also can be performed in the late stage of dental replacement [35]. After Twin-
block treatment, the upper airway of Angle class II patients dilated, and the biggest change in volume
and average cross-sectional area occurred in oropharynx [36]. It was found that Twin-block can increase
airway volume and prevent the occurrence of OSAS [37]. The airway diameter increased after slow
maxillary expansion [38]. FastucaR et al found that the upper airway volume increased significantly after
using the maxillary expansion device for 12 months [39].

4.2. Effect of fixed orthodontics on upper airway

Domestic researchers have found that for 12-14 years old patients with bony II after orthodontic
treatment, the condylar position is consistent with the upper airway volume, suggesting that there may
be a certain correlation between the temporomandibular joint position and the upper airway volume [40].
Sun Jianwei and others have found that straight arch wire treatment after tooth extraction can change the
shape of airway to a certain extent [41]. However, some studies have shown that fixed orthodontics has
no significant effect on the airway, whether further treatment after extraction of premolars has an effect
on the size of the airway [42].

4.3. Effect of surgical treatment on upper airway

The study found that if there is no early correction in childhood, it will aggravate the degree of
malocclusion and lead to the occurrence of adult OSAS, while orthodontic treatment alone can not solve
the bony malocclusion, which needs surgical treatment. The study found that maxillary forward
movement less than 10mm is enough to increase TAV by at least 70% [43]. However, some studies have
found that there is no change in the total pharyngeal volume after orthognathic surgery, but III double-
jaw orthognathic surgery significantly reduces the pharyngeal airway volume and area [44]. Domestic
researchers have found that in patients with bony II malocclusion, the total volume and each part of the
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upper airway volume increased after bimaxillary surgery, in which the glossopharyngeal volume
increased most significantly, and the sagittal width of the upper airway increased significantly, but the
length did not change significantly [45]. Meta analysis found that bimaxillary surgery still caused the
risk of airway stenosis [46].

5. Summary

With the development of society, parents and doctors pay more and more attention to children's facial
beauty, and malocclusion deformities will also affect airway size and children's breathing patterns, which
will affect children's development. Many studies have found that upper and lower jaws, hyoid bone,
tongue size, adenoid, tonsil hypertrophy and so on will cause airway stenosis, while cervical posture and
the position of condyle in temporomandibular joint will also affect airway shape. The size of the airway
is affected by many factors. in recent years, many researchers pay more attention to the influence of
multiple factors of the airway. In the past, the research focused on the influence of the airway on the
cranio-maxillofacial development, on the contrary, the study now turns to whether the cranio-
maxillofacial development affects the airway, and there are few studies on the correction methods of
different malocclusion and the influence of condylar position on the airway. We should pay more
attention to the characteristics of the upper airway of different malocclusion, early detection and early
treatment to avoid the aggravation of malocclusion, so as to avoid adverse effects on children's physical
and mental health.
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