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Background: COVID-19 is a respiratory disease, and its symptoms may be affected by the upper airways of adolescents.



Objective: To investigate the effect of parameters of adolescents’ upper airways on COVID-19 symptom severity.



Methods: This retrospective study was performed from January to March 2022 at the Hospital of Stomatology, Xi’an Jiaotong University, Xi’an, China. The inclusion criteria were patients who started orthodontic treatment for the first time, who experienced initial onset of laboratory-confirmed COVID-19, and who received two intramuscular doses of the SARS-CoV-2 vaccine. Participants’ COVID-19 symptom severity was recorded by a questionnaire including seven different dimensions. The three-dimensional parameters of the upper airway were obtained by cone beam computed tomography (CBCT) and measured by Dolphin Imaging software by blinded orthodontic investigators. The correlation between COVID-19 symptom severity and three-dimensional upper airway parameters was analyzed.



Results: 64 males (46.4%) and 74 females (53.6%) were included in the study, with the median age of 9.5 years. The severity score of dimension 3 (headache, muscle pain, fatigue, shortness of breath, diarrhea and smell affects) showed a linear relationship with age. Spearman's rank correlation showed that the severity score of dimension 1 (nasal symptoms) was negatively correlated with nasal volume (r = −0.325). The severity score of dimension 6 was negatively correlated with the height of the nasopharynx (r = −0.325) and positively correlated with the horizontal-to-vertical ratio of the oropharynx (r = 0.385).



Conclusions and relevance: The COVID-19 symptom severity was aggravated with the increase of age. Nasal and throat pain and dry mouth was negatively correlated with nasal volume and nasopharyngeal height. The COVID-19 symptom severity among individuals is relavant to age and upper airway.
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1 Introduction

The coronavirus disease 2019 (COVID-19) pandemic, due to the novel severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), has caused a worldwide sudden. As of July 1, 2020, SARS-CoV-2 has affected more than 200 countries, resulting in more than 10 million identified cases with 508,000 confirmed deaths (1) and COVID-19 continues to circulate (2).

COVID-19 has a spectrum of asymptomatic infection to mild/moderate pneumonia and/or severe respiratory syndrome with fatal outcomes (3). The primary symptoms of COVID-19 include fever, cough, sore throat, and fatigue, and some patients experience nasal symptoms such as congestion and runny nose, as well as gastrointestinal symptoms such as diarrhea and vomiting (4–7). Neurological symptoms, including headache, dizziness, and loss of smell and taste, have also been reported (8). Oral manifestations are common in COVID-19 patients and mainly include taste disorders, mucosal lesions, dry mouth, and oral ulcers (9). A minority of patients with severe COVID-19 may develop critical complications, such as acute respiratory distress syndrome (ARDS) and multiorgan failure (10), leading to death and other adverse outcomes. Several risk factors for poor outcomes, including age, obesity, and respiratory and cardiovascular diseases, have been identified (11, 12). Adolescents with COVID-19 typically exhibit asymptomatic or mild cases (13), and COVID-19 has a lower incidence and severity in adolescents than in adults; this may be due to healthier respiratory systems, different respiratory receptor expression, and possibly immune systems that offer protection against SARS-CoV-2 infection, although the exact reasons remain to be explored (14). Therefore, it is of clinical significance to explore the reasons leading to different severity of COVID-19 symptoms (15). At the same time, it will also provide some new ideas in the study of influencing factors that cause different symptoms of respiratory diseases, which is conducive to the management and control of respiratory diseases in clinic.

COVID-19 is a respiratory disease; hence, there is a possible relationship between symptom severity and upper airway parameters. Recent studies have indicated that in adults with COVID-19, numerous parameters, such as lower facial height (LFH), vertical airway length (VAL), and position of the hyoid bone relative to the mandible, may be associated with the severity of COVID-19 symptoms (16). However, the correlations between three-dimensional parameters of adolescent upper airway parameters and the COVID-19 symptom severity remain unclear.

The aim of this study was to investigate the correlation between COVID-19 symptom severity and three-dimensional (3D) upper airway morphologies in adolescents. The findings of this study can provide a reference for the prediction of COVID-19 prognoses in adolescents.



2 Methods


2.1 Study design and participants

This retrospective study was performed at the Hospital of Stomatology, Xi’an Jiaotong University, in Xi’an, China, between January and March 2022. This study was approved by the Ethics Committee of Xi’an Jiao-tong University (2023-XJKQIEC-QT-0020-002).

The inclusion criteria were as follows: (1) patients who started orthodontic treatment for the first time between January and March 2022 at the Hospital of Stomatology, Xi’an Jiaotong University; (2) patients with initial onset of laboratory-confirmed COVID-19; and (3) patients who received two intramuscular doses of the SARS-CoV-2 vaccine. The exclusion criteria were as follows: (1) patients who had suffered from respiratory infections other than COVID-19 in the past three months; (2) patients who suffered from systemic disease, craniofacial deformities or other developmental disorders; and (3) patients who previously underwent any orthodontic treatment.



2.2 Procedures


2.2.1 Symptom severity investigation

The participants were interviewed in person by respiratory medicine specialists and asked to complete a series of questionnaires on demographic characteristics (age, sex, education), nasal obstruction symptom evaluation (NOSE) scores (17) and COVID-19 symptom severity. Set options for each question in the questionnaire and assign different points to questions. The reliability and validity of this questionnaire were evaluated by exploratory factor analysis (EFA) (18, 19), which divides the dimensions of the questionnaire, was used to determine the number of factors retained by the questionnaire. Informed consent was obtained from all study participants.



2.2.2 Airway measurements

All CBCT scans were performed using the same procedure with similar cone beam equipment (i-CAT, Imaging Sciences International, Hatfield, PA, USA) (120 kV, 5 mA, 14 *17 cm FOV, 0.4 mm voxel, and scan time of 8.9 s). Patients were asked to sit erect and hold their breath at the end of expiration, with their head in a natural posture, their jaw in maximal intercuspation, and not to swallow. All digital image data were recorded in Digital Imaging and Communications in Medicine (DICOM) format. The 3D airway parameters were measured by Dolphin Imaging software version 11.7. (Dolphin Imaging & Management Solutions, Chatsworth, CA, USA).

CBCT was analyzed by blinded orthodontic investigators with more than ten years of clinical experience. The interrater consistency test (kappa >0.8) showed good reliability. CBCT parameters included the airway volume, airway length, minimal airway area, anteroposterior (A-P) distance of the minimal airway area, and lateral distances of the minimal airway area of the nasopharynx, oropharynx and laryngopharynx.

3D volume images of the skull were reoriented. The axial plane was used to orient the skull on the Frankfort horizontal plane. The horizontal reference line was produced using the porion and right orbitale in the right sagittal view. In the frontal view, the horizontal reference line was established by the right and left orbitales. The vertical reference line was established through the nasion and the anterior nasal spine (20). This established a reference plane so that all images could be standardized to this position before airway measurement. Then, the best para-sagittal view of the airway that allowed for clear visualization of the posterior nasal spine and of the second cervical vertebra was identified. The patient airway was identified by viewing sequential slices of the volume and placing seed points in the voids on the image that represent the patient airway. Based on the seed points, the software automatically selected the adjacent empty areas and identified the patient airway. The airway was divided into 2 spaces: the lower space, corresponding to the oropharynx and velopharynx, and the upper space, corresponding to the nasopharynx. The most inferior boundary of the lower space of the airway was determined to be the plane drawn through the most anterior-inferior point of the second cervical vertebra and parallel to the Frankfort plane. The most superior boundary of the lower space of the airway and the most inferior boundary of the upper space were determined to be the plane connecting the posterior nasal spine and the most superior point of the anterior arch of the atlas. The posterior-superior-anterior boundaries of the upper space of the airway were defined by lines connecting the atlas, basion, spheno-occipital synchondrosis, superior and anterior edges of the vomer bone, and posterior nasal spine. Once the portion of the field of interest was selected, the software automatically calculated the pharyngeal volume in cubic millimeters, the cross-sectional area in square millimeters and the minimal airway area (21, 22) (Figure 1).


[image: Figure 1]
FIGURE 1
Skull orientation: (A) frontal view; (B) right sagittal view. The landmarks for the airway: (C) Laryngeal airway volume; (D) Oropharyngeal airway volume; (E) Nasopharyngeal airway volume. (F) The nasal landmarks.




2.2.3 Statistical analysis

All the data were analyzed using SPSS 18.0. After the normality test of data, the following statistical methods were selected. The demographic characteristics and symptom scale scores of COVID-19 patients are presented as interquartile range (IQR) for continuous variables. For the comparison of COVID-19 symptom severity between people with different sex and education, we used the Mann‒Whitney U-test where appropriate. To explore the relationship of age and COVID-19 symptom severity, regression models were used. Spearman rank correlation was selected for the correlation between COVID-19 symptom severity and airway parameters. All tests were two-sided. A p-value less than 0.05 was considered to indicate statistical significance.





3 Results


3.1 Reliability and validity of the questionnaire

The reliability alpha of the questionnaire was 0.926 (29 items). The validity of the questionnaire was examined by exploratory factor analysis. KMO > 0.5 and Bartlett's sphericity test P < 0.001 suggested that there was enough variability in the items to perform EFA. Through exploratory factor analysis, the 26 questions on the COVID-19 symptom severity in the questionnaire were divided into seven dimensions, and the factor coefficients for each dimension were greater than 0.5, indicating that the dimensions were well divided. According to the results of the dimension division, dimension 1 mainly described nasal symptoms, dimension 2 mainly described cough symptoms, dimension 5 mainly described fever symptoms, and the other dimensions contained scattered symptoms, including those related to the pharynx, mouth, pain, smell, nausea and other aspects (Table 1).


TABLE 1 Results of the dimension division in the questionnaire.
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3.2 Description of demographic characteristics and COVID-19 symptom severity

The current study included 138 participants, including 64 males (46.4%) and 74 females (53.6%). The median age of participants was 9.5 years. CBCT imaging data for the past six months were available for 42 participants (17 males and 25 females).

As shown in Table 2, the median score for dimension 5 (fever symptoms) was the highest (2.333), and the median score for dimension 4 (nausea, mouth pain and periodontal symptoms) and 7 (pharyngeal pain and oral disease) was the lowest. The severity of dimension 3(r2 = 0.171) had a linear relationship with age, and was increased with increasing age (Table 3). The linear regression coefficient had statistical significance, which means that age could be used as a predictor of the severity of symptoms in this dimension. There was no significant difference in the COVID-19 symptom severity between males and females.


TABLE 2 Severity scale of the participants in each dimension.

[image: Table 2]


TABLE 3 Linear regression coefficient analysis between the severity of dimension 3 and participant's agea.
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3.3 Correlations between COVID-19 symptom severity and upper airway parameters

The symptom severity on dimension 1 was negatively correlated with nasal volume (r = −0.325), indicating that nasal symptoms of COVID-19 decreased with increasing nasal volume (Table 4). The severity score of dimension 6 was negatively correlated with the height of the nasopharynx (r = −0.325) and positively correlated with the horizontal-to-vertical ratio of the oropharynx (r = 0.385). In other words, as the height of the nasopharynx increased, the shape of the oropharynx became increasingly narrower and longer, and the severity of pharyngeal pain and dry mouth decreased in patients with COVID-19.


TABLE 4 Correlation coefficient between airway parameters and severity scale of each dimension.

[image: Table 4]

The severity of dimension 3 was positively correlated with nasal volume (r = 0.335), oropharyngeal volume (r = 0.331), oropharyngeal height (r = 0.513), the horizontal-to-vertical ratio of the oropharynx (r = 0.331), laryngeal volume (r = 0.523), laryngeal height (r = 0.392), the minimum cross-sectional area of the larynx (r = 0.364), the cross-sectional area of the PNS (r = 0.340), the transverse diameter of the PNS (r = 0.406), and the longitudinal diameter of the PNS (r = 0.341), indicating that as scales of these airway parameters increased, the symptoms of dimension 3 worsened.




4 Discussion

To our knowledge, this is the first study on the correlation between COVID-19 symptom severity and 3D upper airway parameters. The findings of the present study suggest that headache, muscle pain, fatigue, shortness of breath and diarrhea worsen with increasing age. The severity of nasal and throat pain and dry mouth were negatively correlated with nasal volume and nasopharyngeal height. COVID-19 symptom severity was negatively correlated with parameters of the nasal cavity and nasopharynx.

Research on infectious diseases has been considered difficult because many infections and their health outcomes present spatiotemporal and population heterogeneity (23). The risk of infection among participants in infectious disease studies also differs due to factors such as previous infection history or antibodies obtained by vaccination, thus affecting the reliability of the study results. The current study recruited participants who were infected with COVID-19 for the first time and who had received two doses of the COVID-19 vaccine, which eliminates the influence of antibodies generated due to previous infection history. The data obtained on the severity of symptoms after COVID-19 better reflect reality and provide baseline data for future studies on COVID-19 reinfection. As there is no official or authoritative questionnaire on COVID-19 symptoms, this study integrated numerous mature scales on respiratory disease symptoms and comprehensively evaluated the severity and duration of symptoms in the nose, pharynx, mouth, head, and other areas and pain and fever.

The results of the present study showed that some symptoms, such as headache, muscle pain, fatigue, shortness of breath and diarrhea, worsened with increasing age, which was consistent with the findings of previous studies (24–26). Dimensions 1, 3, and 6, which included the severity of nasal symptoms, throat pain and dry mouth, were negatively correlated with nasal volume and nasopharyngeal height. It is speculated that due to the large volume of the nasal cavity and the nasopharynx height, more moist air enters from nasal cavity, which reduces the severity of dry mouth and throat pain. On the other hand, the original large volume of the nasal cavity is less affected by mucosal swelling after viral infection, so that nasal symptoms such as nasal congestion will be alleviated (27). The human coronaviruses (HCoVs) are respiratory diseases that also have respiratory symptoms (28). This can be explained by the antigenic similarity (as well as antibodies or immunity to those antigens) between COVID-19 and other HCoVs, which may cause cross-protection and similar symptoms (29). Therefore, it is predicted that changes in parameters of upper airway also could alleviate symptoms of respiratory diseases, such as HCoVs. Other research has shown that orthopaedic treatments can significantly increase, in the short-term, the dimensions and/or volume of the upper airways in children or young adolescents with growth potential (30). The size of the nasopharyngeal airway might be connected to the maxillary width because the maxilla comprises most of the lateral walls of the nasal cavity (20), and rapid maxillary expansion (RME) significantly increases the nasal airway volume but has no effect on the pharyngeal airway volume (24, 31). The direct relationship between the extension of maxillomandibular advancement and an increased volume in the upper airways is also well established (32). Therefore, it reflects another major advantage of early orthodontic treatment and adenoidectomy in addition to promoting normal craniofacial development. These findings suggest that airway assessment in orthodontic treatment may be of great significance for the clinical management of respiratory diseases.

There are limitations in the present study. The questionnaire data were based on the patients reports, which were subjective. The results of this study showed that the severity of dimension 3 (including headache, muscle pain, fatigue, shortness of breath, diarrhea and olfaction symptoms) was positively correlated with the oropharynx and laryngeal volume. According to the questionnaire factor analysis, symptoms in dimension 3 were scattered, and the cross-influence among symptoms made the relationship between the study results and reality unclear. Therefore, to eliminate the influence of confounding factors and obtain a more realistic conclusion, future studies on the separate symptoms are needed.



5 Conclusion

COVID-19 symptom severity was negatively correlated with parameters of the nasal cavity and nasopharynx. Patients with upper airway agumentation through orthopaedic treatments tend to have mild respiratory disease symptoms.
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“The correlation is significant when the confidence (2-failed) is 0.05.
bThe correlation is significant when the confidence (2-tailed) is 0.01.
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