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Abstract

Background. Large airway dimensions are associated with a rapid decline in the lung function and
a higher risk of hospitalization. Therefore, the airway dimensions of healthy subjects who tested positive
for coronavirus disease 2019 (COVID-19) may be associated with the severity of COVID-19 symptoms.

Objectives. The objectives of this study were to measure the upper airway dimensions and the cranio-
facial skeletal parameters in patients who tested positive for COVID-19, to compare the upper airway dimen-
sions and the craniofacial skeletal parameters between patients who developed no/mild symptoms and
those with moderate—severe COVID-19 symptoms, and to assess any association of the skeletal relation-
ships (anteroposterior (AP) and vertical) and the upper airway dimensions with the severity of COVID-19
symptoms in adult subjects.

Material and methods. A total of 204 orthodontic patients who tested positive for COVID-19 were
evaluated. Of these, only 137 met the inclusion criteria. The sample was further subdivided into 2 groups
based on the severity of symptoms: cases (moderate—severe symptoms; n = 56); and controls (asymp-
tomatic/mild symptoms; n = 81). The upper airway dimensions and the skeletal parameters were mea-
sured on lateral cephalograms. The nonparametric Mann—Whitney U test was used to detect differences
between the cases and the controls. Binary logistic regression analysis was used to evaluate the association
between the studied variables and the severity of symptoms.

Results. The cases had a reduced lower face height (LFH) and a reduced perpendicular distance from
the hyoid bone to the line connecting the anteroinferior limit of the 3¢ cervical vertebra ((3) and the
retrognathion point (RGN) (HH1) as compared to the controls. Regression analysis revealed a significant
assodciation of LFH (p = 0.013), the vertical airway length (VAL) (p = 0.002) and HH1 (p = 0.021) with
the severity of COVID-19 symptoms.

Conclusions. The types of malocclusion were similar in the cases and the controls. Patients with reduced
LFH and VAL, and a superiorly positioned hyoid bone in relation to the mandible developed more severe
(OVID-19 symptoms.
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Introduction

In late 2019, a new virus that caused respiratory infec-
tions emerged in Wuhan, China. Initially, the International
Committee on Taxonomy of Viruses called it 2019 novel
coronavirus (2019-nCoV), but later referred to it as severe
acute respiratory syndrome coronavirus 2 (SARS-CoV-2).!
The disease caused by the virus was named coronavirus
disease 2019 (COVID-19). The virus is characterized by
a rapid rate of spread, causing infection in many popu-
lations. Accordingly, the World Health Organization
(WHO) declared the outbreak of a pandemic of inter-
national concern.? After 3 years of the pandemic, when it
seemed that COVID-19 was moving toward the endemic
status, global infections are rising again. Moreover, the
reported number of cases is underestimated because
of increasing unreported at-home testing.® Therefore, it
is clear that SARS-CoV-2 will not be totally eliminated,
which means continuing to adapt to life with COVID-19.3

The majority of patients with COVID-19 are asymptom-
atic or present with mild—moderate symptoms, including
fever, generalized fatigue, vomiting, coughing, sneezing,
and pneumonia.* However, a minority develop severe con-
ditions and complications (acute respiratory distress syn-
drome, septic shock and multiple-organ failure in some
patients). Unfortunately, in some cases, death is inevitable,
with an estimated mortality rate between 1.4% and 4.3%.°

Worldwide, the gold standard test for the diagnosis
of COVID-19 is real-time reverse transcription polymerase
chain reaction (rRT-PCR).® However, other tests have been
used with varying degrees of accuracy, such as viral detec-
tion in sputum, tracheal aspirate, bronchoalveolar lavage,
and serological assays for immunoglobulins.® Saliva testing
could serve as another tool for a quick and inexpensive dia-
gnosis of COVID-19.” Additionally, although less precise in
comparison with other tests, imaging techniques have been
adopted in certain clinical situations.

The transmission of COVID-19 occurs through air
droplets and contaminated surfaces. Therefore, preven-
tive measures, such as the use of masks, hand washing
and social distancing, have been in place since the start
of the outbreak. However, the gold standard for preven-
tion is vaccination.®

It has been found that although COVID-19 vaccines
have proven efficacy in preventing severe illness and
death among those exposed to the virus, a small percent-
age of people will still contract SARS-CoV-2.° In fact, the
reported COVID-19 hospitalization rates were 4.1 times
higher among 12-34-year-old individuals in the unvacci-
nated population than in those who had completed their
primary series of the vaccine.!°

Many risk factors have been linked to a greater risk of de-
veloping severe adverse outcomes. Patients at higher risk
include older adults, those with respiratory and cardio-
vascular diseases, obese patients, and those with hyper-
tension or diabetes mellitus.!! Sleep disorders, including
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obstructive sleep apnea, have also been linked to severe
consequences of COVID-19.!2 Furthermore, it has been
reported that genetic factors might play a role in the
expression of COVID-19 symptoms, although this issue
is not fully understood. When compared to mild cases,
patients with severe symptoms can exhibit significantly
higher numbers of variants in coding and noncoding
regions. Blood type has also been reported to influence
the development of COVID-19 infection and its complica-
tions. The Rh(D)-positive blood type has been found more
often in deaths due to COVID-19 infection. Also, different
genomes have been linked to the severity of COVID-19.13
Oral manifestations of COVID-19 include dysgeusia
(taste disorders), oral pain, blisters, desquamative gingivi-
tis, and ulceration, especially of the tongue.'* Although
oral manifestations have been reported in about 25%
of COVID-19 cases with severe complications, these
manifestations usually occur as a result of an impaired
immune system and/or susceptible oral mucosa.!®
Inflammation can cause airway narrowing. As a result,
the flow rate in the narrowed segment is increased. This
enhances the tendency of the airway to collapse inward.!®
Several methods to evaluate the upper airway dimen-
sions have been reported, such as nasal resistance and air-
flow tests, nasoendoscopy, polysomnography, cone-beam
computed tomography (CBCT), and lateral cephalograms
(LCs).1” The latter have been used extensively to investigate
the airway dimensions.!® Previous studies indicate that LCs
are reliable in the assessment of the airway dimensions,’
and that the commonly used landmarks to measure the air-
way dimensions can be reliably identified.?0-22
Skeletal anteroposterior (AP) and vertical relationships
may correlate with the upper airway dimensions or the to-
tal airway volume in healthy patients with no respiratory
diseases or pathologies. It has been suggested that in some
types of malocclusion, particularly Class I and Class II with
increased vertical growth patterns, the upper airway tends
to be narrower.?’ As a result, in addition to treating occlu-
sal problems, the aim of several orthodontic treatment mo-
dalities is to prevent the reduction of the nasopharyngeal
dimensions, or even help increase them; these modalities
include mandibular advancement appliances, mandibular
or maxillary surgeries, and rapid maxillary expansion.
Oelsner et al. reported that large airway dimensions were
associated with a rapid decline in the lung function and
a higher risk of hospitalization and death.?! Therefore, it
would be worthwhile to investigate whether the airway
dimensions of healthy subjects (with no comorbidities)
who tested positive for COVID-19 are associated with the
severity of COVID-19 symptoms. If such an association
exists, this would highlight the importance of airway dimen-
sion assessment during orthodontic treatment planning.
The objectives of this study were to measure the upper
airway dimensions and the craniofacial skeletal parameters
in patients who tested positive for COVID-19, to compare
the upper airway dimensions and the craniofacial skeletal
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parameters between patients who developed no/mild symp-
toms and those with moderate—severe COVID-19 symp-
toms, and to assess any association of the skeletal relation-
ships (AP and vertical) and the upper airway dimensions
with the severity of COVID-19 symptoms in adult subjects.

Material and methods

The study was conducted in accordance with the
STrengthening the Reporting of OBservational studies in
Epidemiology (STROBE) statement.

Ethical approval for the study was obtained from the
Institutional Review Board at Hamad Medical Corporation,
Doha, Qatar (No. MRC-01-21-238).

Study design

This case—control study was carried out at Hamad
Dental Center/Hamad Medical Corporation in the State
of Qatar.

Participants and setting

Cases were patients who experienced moderate—severe
COVID-19 symptoms that necessitated hospitalization
and special care due to shortness of breath or severe
complications (the need for supportive care, assisted ven-
tilation or intensive care unit admission). Controls were
COVID-19 patients with no/mild symptoms, for whom
special care or hospital admission were not required. This
was based on the emergency department decision that
was recorded in the national electronic health record sys-
tem, which is the only electronic health record system in
the country (Cerner®, Kansas City, USA); in the system,
each patient has a unique hospital identification number
for both their medical and dental records.

The records of all orthodontic patients who tested posi-
tive for COVID-19 at any time between March 2020 and
March 2021 were retrieved from the medical health re-
cord system of Hamad Medical Corporation in the State
of Qatar. None of the included subjects was vaccinated
while the study was being conducted. Eligible patients
who met the inclusion criteria were included. The inclu-
sion criteria were as follows:

— patients who tested positive for COVID-19;

— adult patients aged >18 years (the airway dimensions
remain almost stable after turning 13 years of age)'’;

— no previous orthodontic treatment (some orthodontic
procedures can affect the airway dimensions);

— no medical history of pharyngeal pathology and/or nasal
obstruction, adenoidectomy, or tonsillectomy — it was
determined based on the electronic health record system;

— non-pregnant, non-smokers, and no associated comor-
bidities, such as respiratory and cardiovascular diseases,
hypertension, and diabetes mellitus;

— no missing posterior teeth, except for the third molars,
which could affect the vertical dimension, since the
posterior teeth act as a guide for the vertical jaw rela-
tionship (if there are no posterior teeth, this vertical
guide is lost and, accordingly, the mandible overcloses,
resulting in a reduction of the tongue space and more
forward positioning of the mandible, which may affect
the airway dimensions);

— LCs of sufficient quality available in the electronic medi-
cal records.

All LCs were taken in centric occlusion, using
an OrthoSlice 1000C X-ray cephalogram machine (Trophy
Radiologie, Marne-la-Vallée, France), with a cephalostat
at 64 KVp, 16 mA and 0.64 s of exposure, according to the
manufacturer’s instructions.

The LCs of the included patients were printed out us-
ing the Xelis Dental 1.0, Dental 3D INFINITT PACS®
software (INFINITT, Phillipsburg, USA). The LCs were
hand-traced using acetate tracing paper. The tracing and
landmark identification on the LCs were performed by
one operator (T.M.A.). The measurement and assessment
methods have been used previously.'” The magnification
of all radiographs was adjusted using a calibration marker.

The measurement of the upper airway dimensions was
based on the identification of specific landmarks on the
LC (Fig. 1). The definitions of the different points and
measurements used are shown in Table 1.

Fig. 1. Cephalometric skeletal base relationship, points and measurements
used in the study to assess the upper airway dimensions (as defined in
Table 1)
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Table 1. Definitions of the airway points and measurements used in the study, with reference to Fig. 1

Cephalometric points

Description
A point A
ANS anterior nasal spine
B point B
Ba basion
3 anteroinferior limit of the 3" cervical vertebra
Eb base of epiglottis
Go gonion
H hyoidale
Me menton
p tip of the soft palate
PNS posterior nasal spine
RGN retrognathion
S midpoint of the sella turcica
T tongue tip

Airway dimension measurements (in millimeters)

No. in Fig. 1 Description

1 PNS-AD1 lower airway thickness; distance between PNS and the nearest adenoid tissue measured through the PNS-Ba line (AD1)
2 AD1-Ba lower adenoid thickness; defined as the soft-tissue thickness at the posterior nasopharynx wall through the PNS-Ba line

upper airway thickness; distance between PNS and the nearest adenoid tissue measured through a perpendicular line to

3 PNS-AD2 5-Ba from PNS (AD2)
4 AD2-H upper adengid thic_kness; defined asAthe soft—Fissue thickness at the ppsterigr nasopharynx wall through the PNS—H line
(H - hormion, point located at the intersection between a perpendicular line to S-Ba from PNS and the cranial base)
5 McN Upp McNamara's upper pharynx dimension (minimum distqnce between the upper soft palate and the nearest point on the
posterior pharynx wall)
6 McN Low McNamara’s lower pharynx dimensioq (minimum distance bgtween the point'where the posterior tongue contour crosses
the mandible and the nearest point on the posterior pharynx wall)
7 PNS-P soft palate length from PNS to the lower tip of the uvula (P)
8 MPT soft palate thickness (maximum thickness of the soft palate measured on the line perpendicular to the PNS-P line)
9 SPAS superior posterior airway space (width of the airway behind the soft palate along the line parallel to the Go-B line)
10 MAS middle airway space (width of the airway along the line parallel to the Go-B line through P)
11 IAS inferior airway space (width of the airway along the Go-B line)
12 VAL vertical airway length (distance between PNS and Eb)
13 H-MP perpendicular distance from the hyoid bone to the mandibular plane
14 HH1 perpendicular distance from the hyoid bone to the line connecting C3 and RGN
15 H-C3 distance between the hyoid bone and C3
16 H-RGN distance between the hyoid bone and RGN

Skeletal relationships

Relationship Description

ANB - angle formed between point A, nasion and point B

Anteroposterior (AP) ggssss ||:|‘2>7j°
Class Ill: <2°

Max/Mand — maxillary/mandibular planes angle
reduced: <22°
average: 27 +5°
increased: >32°

Vertical
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For the AP skeletal relationship, the ANB angle was
used to classify malocclusion into Class I, IT or III. Verti-
cally, the skeletal relationship was classified based on the
maxillary/mandibular planes angle (Max/Mand) into
reduced, average or increased (Table 1).

Outcomes

The primary outcome was the level of COVID-19 se-
verity in relation to the upper airway dimensions and the
skeletal relationships. The severity was assigned as either
asymptomatic or moderate—severe.

The secondary outcome was the association between
the body mass index (BMI) and COVID-19 severity.

Sample size

Convenient sampling was adopted. This was due to the
lack of studies evaluating the effect of the upper airway di-
mensions on the severity of COVID-19 symptoms. Using
the G*power program, v. 3.1.9 (https://www.psychologie.
hhu.de/arbeitsgruppen/allgemeine-psychologie-und-
arbeitspsychologie/gpower), and assuming a large effect
size difference of 0.6 between the groups, the power analy-
sis yielded a total sample size estimate of 54 subjects per
group at a conventional alpha (a) level (0.05) and desired
power (1-B) of 0.85.

Bias

To minimize bias, the investigator who carried out the
tracing and made measurements was blinded to the pa-
tient’s identity and to whether the patient was a case or
a control. Independent variables (covariates) were also
extracted from the electronic medical records. These in-
cluded age and gender (demographics), height, weight,
and BMI, which is calculated as weight [kg] / height [m]2.
The BMI was categorized as either underweight/normal if
<25 kg/m? or overweight/obese if =25 kg/m?2.

Error of the method

A total of 10% of the included LCs were randomly select-
ed and reanalyzed after a 2-week interval. Dahlberg’s for-
mula was used to calculate the method error (Equation 1)%3:

ME - [(Xd*/2N) (1)

where:

ME — method error;

d — difference between the measurements; and
N - sample size.

The Dahlberg error ranged from 0.27 mm for AD1-Ba
to 0.68 mm for AD2—H.

Statistical analysis

Statistical analysis was performed using IBM SPSS
Statistics for Windows, v. 28.0 (IBM Corp., Armonk, USA).
Descriptive statistics were calculated for all the measured
variables for each group. The Shapiro—Wilk test was used to
assess the normality of the distribution of the numeric data;
it indicated that the data was not normally distributed. The
nonparametric Mann—Whitney U test was used to detect
differences between the cases and the controls. In addition,
odds ratios (ORs) were presented using binary logistic
regression analysis to evaluate the association between the
skeletal parameters and the upper airway dimensions and
the severity of COVID-19 symptoms (dichotomized to either
asymptomatic/mild (coded 1) or moderate—severe (coded 2)).
The level of statistical significance was set at p < 0.05.

Results

Sample characteristics

A total of 204 patients diagnosed with COVID-19 were
identified from the electronic medical records in the ortho-
dontic department. Of those, 67 were excluded due to
poor-quality LCs or not meeting the inclusion criteria.
Ultimately, a total of 137 patients were included in the
study (51 males and 86 females). The sample was further
subdivided into 2 groups (cases and controls) based on
the severity of COVID-19 symptoms. There were 56 cases
(moderate-severe symptoms) and 81 controls (asymp-
tomatic/mild symptoms) (Table 2). The mean age of the
cases was 21.66 +4.32 years, and the mean age of the con-
trols was 21.95 +5.02 years.

There were no differences between the groups in terms
of gender (p = 0.200). Females comprised 68% of the cases
and 59% of the controls, while only 32% of the cases and
41% of the controls were males (Table 2).

The percentage of overweight/obese patients among the
cases was 70%, while it was only 48% among the controls.
Subjects with a lower BMI (<25 kg/m?) were less likely to
develop severe COVID-19 symptoms (p = 0.010) (Table 2).

The types of malocclusion in the cases and the controls
are presented in Table 2. No significant differences were
detected between the 2 groups (p = 0.584). The Class II
skeletal pattern was most represented in the cases, where-
as in the controls, Class I and Class II were evenly distri-
buted (37%).

Vertically, the majority of cases and controls had a nor-
mal vertical pattern (59% and 57%, respectively). There
were more subjects with a reduced vertical pattern in
the case group, whereas in the control group, there were
more subjects with an increased vertical pattern. How-
ever, these differences were not statistically significant
(p = 0.248) (Table 2).


https://www.psychologie.hhu.de/arbeitsgruppen/allgemeine-psychologie-und-arbeitspsychologie/gpower
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Table 2. Characteristics of the cases and the controls in the study (N = 137)

Cases Controls
(n=56) (n=281) -

18 (32.1) 33(40.7)
Gender 0.200
F 38(67.9) 48 (59.3)
underweight/normal 17 (30.4) 42 (51.9)
BMI 6.24 0.010%
overweight/obese 39 (69.6) 39 (48.1)
Class | 16 (28.6) 30(37.0)
AP skeletal classification Class I 24(42.9) 30(37.0) 1.08 0.584
Class Il 16 (28.6) 21(25.9)
reduced Max/Mand 10(17.9) 8(9.9)
Vertical skeletal classification average Max/Mand 33 (58.9) 46 (56.8) 2.79 0.248
increased Max/Mand 13(23.2) 27 (33.3)

Data presented as number (percentage) (n (%)). BMI — body mass index; M — male; F — female; * statistically significant (p < 0.05).

The mean and standard deviation (M +SD) values, the
Mann-Whitney U test statistics, and p-values for the ske-
letal measurements in both the cases and the controls are
shown in Table 3. The lower facial height (LFH) was the
only cephalometric measurement that showed a significant
association with severe COVID-19 symptoms (p < 0.05).
Subjects who presented with severe COVID-19 symptoms
had areduced LFH as compared to the controls. There were
no significant differences in ANB, Max/Mand, the palatal
length (ANS—PNS), or the mandibular length (Go—Pog)
between the cases and the controls (p > 0.05).

The M +SD values, the Mann—Whitney U test statistics,
and p-values for the airway dimensions in both the cases
and the controls are shown in Table 4. In subjects with
severe COVID-19 symptoms, the perpendicular distance
from the hyoid bone to the line connecting C3 and RGN
(HH1) was lower than in the controls (p < 0.05).

The results of binary regression analysis conducted to in-
vestigate the association between the skeletal parameters and
the upper airway dimensions and the severity of COVID-19
symptoms are shown in Table 5. The following variables re-
vealed significant associations: LFH (p = 0.013); vertical air-
way length (VAL) (p = 0.002); and HH1 (p = 0.021). The odds
of developing moderate—severe COVID-19 symptoms in-
creased by 1.2 times if LFH and HH1 were reduced by 1 unit.

Also, as VAL was reduced by 1 unit, the odds of developing
moderate—severe COVID-19 symptoms increased by 23%.

Discussion

Since the outbreak, COVID-19 has contributed to
a large number of deaths and economic losses in a rela-
tively short time. To date, in the State of Qatar, more than
247,000 cases have been diagnosed as COVID-19-positive
out of a population of less than 3 million; 685 deaths
were recorded until November 2022.2* It was found that
although the majority of infected patients had no or mild
symptoms, approx. 15-25% developed severe symptoms
with a relevant impairment of the respiratory function,
leading to hospitalization and assisted ventilation.*

The upper airway has a complex geometry, and is sur-
rounded by muscles and mobile soft tissue structures that
can alter the airway configuration. The main function
of the upper airway is to regulate the inspired and expired
airflow, along with heating and humidifying the inspired

% The relative growth and size of these surrounding
tissues determine the size of the pharyngeal space, which
plays an important role in the respiratory function and
resistance to airflow.26

Table 3. Statistics for the skeletal measurements in both the cases and the controls

Variable Cases Controls Mann-Whitney U test statistics Z p-value
ANB [] 341 +347 3.17 £3.60 2165 —045 0.651
Max/Mand [°] 2871+7.19 30.26 +5.48 1872 -1.73 0.083
ANS-PNS [mm] 48.10 £5.46 4933 +7.34 1934 -147 0.143
Go-Pog [mm] 6921 £7.14 71.16£7.33 1908 —1.58 0.115
UFH [mm] 48.84 +4.12 49.68 +4.07 2065 -0.89 0372
LFH [mm] 59.95 +5.44 62.44 £5.98 1754 -2.25 0.024*
FP [%] 55.08 £2.27 55.65 £2.05 1856 -1.80 0.072

Data presented as mean =+ standard deviation (M +SD). Pog —-pogonion; UFH — upper facial height; LFH — lower facial height; FP — facial proportions;

* statistically significant (p < 0.05).
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Table 4. Statistics for the airway dimensions in both the cases and the controls

Variable Controls Mann-Whitney U test
PNS-AD1 [mm] 2325+357 74.04 22384543 65.52 1986 —1.24 0.216
AD1-Ba [mm] 18.77 +4.26 64.59 19.95 +5.17 72.05 2021 -1.09 0.278
PNS-AD2 [mm] 18.88 £4.08 72.65 18.25+5.52 66.48 2063 —0.90 0.369
AD2-H [mm] 10.66 +3.22 63.01 12.30 +£5.53 73.14 1932 —147 0.140
McN Upp [mm] 10.73 £3.18 7212 10.56 +3.51 66.85 2093 -0.77 0443
McN Low [mm] 12.02 £3.92 7333 11.12 £3.54 66.01 2025 -1.07 0.286
PNS—P [mm] 33.34£5.10 68.18 33.59 £5.51 69.57 2222 -0.20 0.840
MPT [mm] 761 £1.69 63.04 798 £1.73 7312 1934 —148 0.138
SPAS [mm] 10.68 £3.28 7230 10.58 £4.15 66.72 2083 -0.81 0416
MAS [mm] 9.96 +£3.26 69.72 10.00 £2.99 68.50 2227 -0.18 0.858
IAS [mm] 12.02 +3.86 7246 1130 +£3.52 66.61 2074 -0.85 0.395
VAL [mm] 58.66 £8.37 68.71 58.75£7.28 69.20 2251 -0.07 0.942
H-MP [mm] 13.16 £4.23 63.65 14.17 £4.49 72.70 1968 -132 0.188
HHT [mm] 3.77 £3.64 60.67 5.19+4.24 74.76 1801 —2.05 0.040%
H-C3 [mm] 32.81 £5.40) 7113 33.30£5.01 67.52 2148 -052 0.600
H-RGN [mm] 36.61 £6.56 65.39 3744 £648 7149 2066 —-0.89 0.376
* statistically significant (p < 0.05).
Table 5. Results of binary regression analysis with the severity of symptom as the independent variable
Variable B SE Wald statistics p-value Exp (B) 95% Cl for Exp ()
Gender —0.250 0.55 0.199 0.656 0.780 0.27-2.30
Age —0.002 0.05 0.003 0.957 0.998 0.91-1.09
BMI 0.060 0.05 1.233 0.267 1.060 0.96-1.17
ANB 0.010 0.08 0.014 0.905 1.010 0.86-1.18
Max/Mand 0.004 0.06 0.006 0.939 1.000 0.90-1.12
UFH -0.070 0.07 0.861 0353 0.930 0.81-1.08
LFH -0.200 0.08 6.202 0.013* 0.820 0.70-0.96
PNS-AD1 —-0.050 0.09 0.257 0612 0.950 0.79-1.15
AD1-Ba -0.090 0.07 1618 0.203 0.920 0.80-1.05
PNS-AD2 0.030 0.08 0.189 0.664 1.030 0.89-1.20
AD2-H —-0.020 0.07 0.103 0.748 0.980 0.85-1.12
McN Upp 0.040 0.15 0.089 0.766 1.050 0.78-140
McN Low 0.240 0.22 1.272 0.259 1.280 0.84-1.95
PNS-P —-0.010 0.06 0.013 0.908 0.990 0.88-1.12
MPT -0.07 0.14 0.247 0619 0.930 0.71-1.23
SPAS —0.080 0.14 0.387 0.534 0.920 0.71-1.20
MAS —-0.160 0.13 1513 0219 0.860 0.67-1.10
IAS 0.010 0.20 0.002 0.963 1.010 0.68-1.49
VAL 0.210 0.07 9.988 0.002** 1.230 1.08-1.40
H-MP —-0.120 0.08 2205 0.138 0.890 0.77-1.04
HH1 -0.170 0.07 5365 0.021* 0.840 0.73-0.97
H-C3 —0.100 0.07 1.760 0.184 1.100 0.96-1.26
H-RGN -0.110 0.06 3.765 0.502 0.900 0.81-1.00

SE - standard error; C/ - confidence interval; * statistically significant (p < 0.05); ** statistically significant (p < 0.01).

Cox-Snell R% 0.259. Hosmer-Lemeshow test: 6.69; p = 0.570.




20

This study investigated whether the upper airway di-
mensions and the skeletal relationships in healthy young
adults (with no comorbidities) were associated with the
severity of COVID-19 symptoms. If such an association
exists, it would substantiate the importance of treating
orthodontic problems that are associated with narrow
airway dimensions as soon as they are identified. This
study is considered the first to examine this association.

All age groups can be infected with COVID-19; how-
ever, the disease most commonly affects middle-aged and
older adults. It was found that 80% of hospitalizations
were in adults over 65 years of age, and that these patients
were at a 23-fold greater risk of death than those aged
less than 65 years.?” In the present study, age ranged from
15.00 to 22.58 years, as all the included subjects in both
groups were orthodontic patients from a young-age group
with LCs in their medical records; this may be considered
a limitation of this study.

All the included subjects were healthy and had no com-
plaints of any systemic diseases, as comorbidities, such as
hypertension, diabetes, obesity, and cardiovascular and
respiratory diseases, are strongly associated with severe
outcomes in COVID-19.1

In this study, gender was not associated with the seve-
rity of COVID-19 symptoms. This is in contrast to a re-
port by Jin et al., who found that although the prevalence
of COVID-19 was the same in males and females, males
were at higher risk of developing severe outcomes and
death, regardless of age.?® It was also found in a meta-
analysis conducted by Peckham et al. that male patients
tended to develop more severe outcomes than females,
with a significantly higher number of intensive care unit
admissions and deaths.?” The number of females in our
study was almost % of the sample as compared to % be-
ing male patients. This difference may have affected our
results.

In this study, BMI was significantly associated with the
severity of COVID-19 complications. The overweight/
obese patients were 2.7 times more likely to develop se-
vere complications than the underweight/normal sub-
jects. This finding agrees with that reported in previous
studies, indicating an increased risk of severe COVID-19
complications among patients of higher weight. In their
study, Gao et al. reported that a BMI of more than 23 kg/m?
was associated with a linear increase in the risk of severe
COVID-19, leading to hospital admission and death.3
Another study from Korea by Kang and Kong found a rela-
tionship between BMI and fatal illness. They reported
that a BMI of <18.5 kg/m? and a BMI of >25 kg/m? were
associated with a higher risk of fatal illness.3!

In the present study, the majority of subjects with
moderate—severe COVID-19 symptoms presented with
Class II malocclusion and a normal vertical pattern,
whereas the majority of subjects who developed no or
mild symptoms had Class I and Class II malocclusion and
a normal vertical pattern. This is compatible with a study
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by Silva et al., who stated that Class II patients with small-
er mandibles tended to have reduced sagittal airway di-
mensions.?? Moreover, Kirjavainen and Kirjavainen found
that Class II malocclusion in a group of healthy patients
with no respiratory disorders was related to narrower
oro- and hypopharyngeal spaces as compared to controls
with a Class I molar relationship.3® Kim et al. reported
that a constricted nasopharyngeal airway was associated
with retruded mandible and maxilla.3* On the other hand,
Chokotiya et al. found that the airway dimensions were not
significantly different between Class I, II and III skeletal
relationships.?® However, in the present study, regression
analysis revealed no association between the skeletal rela-
tionships (AP and vertical) and the severity of COVID-19
symptoms. The only cephalometric variable that showed
an association with the severity of COVID-19 symptoms
was LFH. A reduced LFH in the case subjects cannot be
taken as an indicator of a vertical growth pattern, as other
vertical variables (Max/Mand and facial proportions (FP))
were within the normal range.

A reduced LFH indicates a reduced distance between
the palatal and mandibular planes, which in turn points
to reduced room to accommodate the tongue. In such
cases, the tongue and its associated soft tissues would
be forced posteriorly, resulting in the narrowing of the
sagittal airway dimensions. When the sagittal airway di-
mensions decrease, the vertical airway dimensions tend
to increase as a response, which has been found to be as-
sociated with an accelerated decline in the lung function
and an increased risk of hospitalization and death.?! Of
note, it is relevant to mention that several studies have
investigated the effect of orthodontic treatment on the
upper airway dimensions. While the majority of studies
found no significant clinical effect after treatment,'” some
studies found a significant increase in the upper airway
dimensions, in particular with rapid maxillary expansion
appliances.®®

In this study, subjects who developed moderate—severe
symptoms had a reduced VAL and a superiorly positioned
hyoid bone. It has been shown that the hyoid bone posi-
tion differs in each type of malocclusion. It is positioned
inferiorly in Class I and Class II malocclusion,*”* and su-
periorly in Class III malocclusion.®

In the present study, the hyoid bone was found to be
more superior to the mandible in the cases as compared
to the controls. It is due to the fact that the majority
of controls had Class I and II malocclusion, which is con-
sistent with what has been previously reported.®”3® The
majority of cases, however, had Class II malocclusion, but
the hyoid bone was still located superior to the mandible;
this can be explained by the fact that although the domi-
nant malocclusion type was Class II, the associated LFH
and VAL were reduced, which means that there was less
space for the tongue, resulting in the stretching of the as-
sociated soft tissues which are connected to the epiglottis,
thereby elevating the hyoid bone more superiorly.



Dent Med Probl. 2023;60(1):13-22

Limitations

One limitation of this study is its high female/male
ratio. Another one is a convenient sample, in which only
orthodontic patients diagnosed with COVID-19 who had
good-quality pretreatment LCs were included. Moreover,
the study is a retrospective case—control study, in which
the classification of cases vs. controls was based on symp-
toms and the treatment already provided to the patient.
Finally, it is a single-center study, so the generalization
of the results may not be possible.

Conclusions

The types of malocclusion were similar in the case and
control subjects. COVID-19 patients with moderate—
severe airway complications tended to have reduced
LFH and VAL, and a superiorly positioned hyoid bone
in relation to the mandible. COVID-19 patients with
BMI > 25 kg/m? were more likely to develop moderate—
severe airway complications.
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