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ABSTRACT

Introduction: The study of the airways in orthodontics is essential because the respiratory func-
tion interferes with the proper development of the structures that form the craniofacial complex. 
Obstructions of the nasal passage favor functional imbalance and can even cause the develop-
ment of malocclusions. Objective: To determine the association between the anteroposterior 
length (APL) of the upper (UP) and lower (LP) pharynx with skeletal class (SC), and with maxillary 
and mandibular length. Material and Methods: The study was carried out in the Orthodontics 
clinic of the Universidad Autónoma “Benito Juárez” of Oaxaca. Sixty lateral head radiographs of 
people aged 18 to 40 years without previous orthodontic treatment were analyzed; they were 
divided into groups based on SC. Results: 30 people with SCI and 30 with SCII were identified.  
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It was observed that the APL of the LP is greater in the SCI than in the SCII (11.8 ± 2.9 mm vs. 10.0 
± 2.4 mm; p=0.007), the APL of the LP correlates weakly with mandibular length (p <0.001, r = 
0.44) and the APL of the LP is greater in men than in women (12.1 ± 3.0 mm vs. 10.0 ± 2.3 mm; 
p= 0.003). Conclusion: the APL of the LP is greater in the SCI than in the SCII and greater in men 
than in women; furthermore, APL correlates with mandibular length.
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INTRODUCTION

The study of the airway in orthodontics is fundamental because respiratory function interferes 
with the proper development of the structures that form the craniofacial complex1,2. Obstruc-
tions of the nasal passage favor functional imbalance that can even cause the development of 
malocclusions, oral breathing patterns, changes in the position of the tongue and lips, man-
dibular rotations, dolichofacial patterns, maxillary constrictions and inferior positioning of the 
hyoid3-6.

Despite the large amount of research that has been done on the airway and its influence 
on craniofacial growth and development, most of it yields unspecific data and leaves aside 
the individual measurement of the maxilla and mandible to obtain reliable and accurate in-
formation on this relationship7,8. It is important to perform a diagnostic evaluation before the 
execution of orthodontic treatments because these not only involve the oral cavity but also the 
naso-maxillary complex, musculature, and insertions related to the airways, which can modify 
and restructure vital functions such as breathing, swallowing, phonation, among others9,10.

There are several methods for the evaluation of the airway, the cephalometric analysis in 
the lateral head film has been used as part of basic orthodontic records, with the advantages 
of having low costs and radiation doses, being easily accessible, with the advantage of existing 
standardization of measurements with high reproducibility in an anatomically defined sagittal 
plane. These advantages make this method common in research, which validates the method-
ology adopted in this study11. Lateral head radiographs allow us to evaluate the nasopharyngeal 
air space thanks to the observation of the bony contours and soft profile of the patient, obtain-
ing static and two-dimensional information about the conditions of the upper airway; It is the 
ideal auxiliary diagnostic resource since it allows the realization of tracings that quantify the 
presence or not of disharmonies. The images are standardized because they are reproduced in 
the same reference position, which allows evaluating, measuring and comparing the changes 
caused by treatment or growth, so this is considered an important reliable detection tool12.

Based upon the above we felt the need to know the relationship that may exist between the 
size of the upper airway and the skeletal class (SC) through lateral head radiographs of patients 
who will undergo orthodontic treatment, without excluding the individual measurements of 
the maxilla and mandible. Therefore, the present study aims to obtain specific data to generate 
new hypotheses about this relationship, and thus acquire clear and sufficient information to 
be applied to our patients to provide them with a better diagnosis and treatment plan. Any 
disorder of the airway should be identified, diagnosed and, if possible, treated.
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MATERIALS AND METHODS

An observational, cross-sectional, prospective, and comparative study was conducted from Jan-
uary to December 2020. The selection of the sample was performed by convenience, including 
lateral cephalometric radiographs of people of age between 18 and 40, taken with the KaVo 
OP 300 Instrumentarium equipment, with 12.5 milli amperage and 90 kilo-voltage. Images 
that suggested any craniofacial pathology or syndrome, dental agenesis (except third molars), 
people who received previous orthodontic treatment or who were undergoing treatment at 
the time of radiographic acquisition, or people with fixed, removable, or maxillofacial prosthe-
ses that creates noise and hide anatomical details were excluded. Also, lateral cephalometric 
radiographs in which the Frankfort plane was not parallel to the floor and people with skeletal 
class III (SCIII) were eliminated.

For the calculation of the sample size, a difference of 2 mm in the anteroposterior length 
(APL) of the pharyngeal airway between individuals with skeletal class I (SCI) and skeletal class 
II (SCII) was considered, a standard deviation of 2.5 mm, an alpha value of 0.05 and power of 
the test of 80%. Based on the above, the estimated sample size was 26 individuals per group. 
However, 30 people per group were included.

Once the sample was selected, the radiographs were visualized using Cefax software ver-
sion 6.0.3 and the Sella-Nasion (S-N), Nasion–Point A (N-A), Nasion–Point B (N-B) points were 
traced, obtaining as a result the ANB angle measurement; based on Steiner’s cephalometry 
they were classified into two groups (SCI and SCII)13. Subsequently, with the measuring tool we 
determined the maxillary APL in the sagittal view from the Anterior Nasal Spine (ANS) to the 
Posterior Nasal Spine (PNS); the mandibular APL was measured with the cephalometric points 
Gonion (Go) to Gnation (Gn) (Figure 1). Subsequently, measurements for the upper airway 
were performed using the method described by McNamara14. For the upper measurement, the 
posterior contour of the soft palate and the closest point of the posterior pharyngeal wall were 
located. In the lower pharynx (LP) the intersection of the posterior border of the tongue with 
the lower border of the mandible, and the closest point of the posterior pharyngeal wall (Figure 
2) were measured. 

Descriptive statistics were used for the analysis of the general characteristics of the sample. 
To make comparisons of the distance of the upper and lower pharyngeal airway between the 
study groups, gender, and age, the Student’s t-test was used. To correlate the upper and lower 
pharyngeal airway distance with mandibular and maxillary length, the Spearman correlation 
was used. A significant difference was considered when p <0.05. 

RESULTS

Sixty lateral cephalometric radiographs (30 SCI and 30 SCII) of people who were about to start 
orthodontic treatment, taken with the same method and by the same specialized operator, 
were selected and analyzed. All radiographs were taken in 2020. The mean age of the SCI sub-
jects from whom the radiographs were taken was 27.5 years (Range: 18-40 years) and 25.3 
years (Range: 18-40 years) for SCII patients. 

We found that the APL of the upper pharynx (UP) was similar between SCI and SCII sub-
jects (12.1 ± 2.6 mm vs. 12.8 ± 2.4 mm; p=0.245), while the APL of the LP was higher in SCl 
patients than in SCII (11.8 ± 2.9 mm vs. 10.0 ± 2.4 mm; p=0.007) (Table 1 and Graph 1). On 
the other hand, no statistical correlation was observed between UP APL (p=0.233, r=0.14)  
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Figure 2. Measurement of UP and LP. Anatomical drawing of the radiograph (yellow lines). The UP 
measurement is observed: from the posterior contour of the soft palate to the closest point of the 

posterior pharyngeal wall (upper blue line), and the lower measurement, from the intersection 
of the posterior border of the tongue with the lower border of the mandible, to the closest point 

of the posterior pharyngeal wall (lower blue line). LP: lower pharynx; UP: upper pharynx.

Figure 1. APL measurement of the maxilla and mandible. Anatomical drawing of the 
radiograph consisting of bony structures and soft profile (yellow lines). A sagittal view 

shows the measurement of the maxilla from ANS to PNS (upper blue line), and the mandible 
from Go to Gn (lower blue line). ANS: anterior nasal spine; PNS: posterior nasal spine; Go: 

cephalometric point Gonion; Gn: cephalometric point Gnation; APL: anteroposterior length. 
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and LP (p=0.627, r=0.06) with the maxilla, respectively. Similarly, no correlation was  
found between UP APL with mandibular length (p=0.280, r=0.13), but a weak correlation  
was found between LP APL with mandibular length (p<0.001, r=0.44) (Graph 2).

Table 1.
Comparison between APL of UP and LP

UP LF

SCI SCII SCI SCII

12.1 ± 2.7 mm 12.9 ± 2.4 mm 11.8 ± 2.9 mm* 10.0 ± 2.4 mm

Table footer: Results are expressed as mean± standard deviation. SCI: 
skeletal class I; SCII: skeletal class II; LP: lower pharynx; UP: upper pharynx; 
APL: anteroposterior length. *: p = 0.007, between APL of SCI and SCII.

Graph 1. Comparison of APL of LP and UP in patients with SCI and SCII.
Graph footer: SCI: skeletal class I; SCII: skeletal class II; APL: anteroposterior length; 

LP: lower pharynx; UP: upper pharynx; APL: anteroposterior length.

Regarding gender, it was observed that the APL of the LP is higher in men than in women 
(12.1 ± 3.0 mm vs 10.0 ± 2.3 mm; p= 0.003). In contrast, the APL of the UP between men and 
women was similar (12.0 ± 2.3 mm vs 12.8 ± 2.6 mm; p=0.267) (Graph 3). Finally, we failed to 
demonstrate a correlation between UP APL (p=0.299, r=0.28) and LP (p=0.485, r=0.08) with 
age, respectively.

DISCUSSION

The prevalence of class III malocclusions varies depending on race, ethnic group, and geographic 
region; in the Americas, the prevalence is 5%15. Our study included SCI and SCII subjects, 
but not SCIII because only 3 lateral cephalometric radiographs were compatible with SCIII.  
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The present study demonstrated that there is a relationship between APL of LP with SCI; sub-
jects belonging to the SCII group have a collapsed lower pharyngeal airway compared to subjects 
with SCI, who have a more patent lower pharyngeal airway. As mentioned by Linder-Aronson8, 
altered pharyngeal breathing is capable of modifying facial morphology and dentition. How-
ever, when comparing UP measurement in SCI and SCII patients, no significant differences were 
found, thus inferring that UP size is independent of SCI or SCII. 

Graph 2. Correlation of APL LP with mandibular length.
Graph footer: The correlation coefficient and p-value are shown in 

the graph. APL: anteroposterior length; LP: lower pharynx.

Graph 3. Comparison of APL of LP and UP between men and women. 
Graph foote: LP, lower pharynx; UP, upper pharynx; APL, anteroposterior length.
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The results showed that there is no relationship between UP and LP APL with maxillary 
length; however, when relating it to the mandible, we found a weak correlation, which demon-
strates that patients with SCII and decreased mandibular length have greater collapse of the 
inferior pharyngeal pathway, which is unprecedented since there is no other study in which 
maxillary and mandibular length have been evaluated individually.

Tourné16, Handelman and Osborne17, Taylor et al.18 mention that patients between 14 and 
18 years of age present a resting period in the growth of the pharyngeal structures and that 
this period is the most stable for studying the naso- and oropharyngeal regions. However, in 
our study we included people aged 18 to 40 years, who did not present significant differences 
in size in the APL of the LP and UP despite the wide age range, suggesting that age is not a de-
termining factor of pharyngeal length. When comparing the pharyngeal dimensions, we found 
that LP is greater in men than in women, the same as reported by Celikoglu et al.19 and Chiang 
et al.20 who mention that the nasopharyngeal and oropharyngeal length is significantly greater 
in men; this relationship could be explained because women mature at 18 years of age while 
men do at 21 years of age, thus men take more time to develop and grow21.

CONCLUSIONS

Because respiratory problems interfere dentofacially causing changes in growth, the role of 
the orthodontist is key to making an early diagnosis that helps to improve the quality of life 
of patients with airway collapse. The clinician should also be able to refer the patient to the 
otolaryngologist or allergist to achieve higher success of the orthodontic treatment. Therefore, 
it is recommended that the orthodontist, as part of the initial diagnosis, performs a clear and 
specific evaluation of the airway of patients who will undergo orthodontic and maxillary ortho-
pedic treatment.
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