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Abstract
Background. Normal airways are a key factor during the craniofacial growth of the young. Therefore, 
sleep-disordered breathing (SDB) without treatment can have harmful consequences for development and 
health.

Objectives. This study aimed to evaluate the cephalometric characteristics in non-snoring individuals 
and snoring subjects, and investigate differences in the pharyngeal airway space between the 2 groups. 

Material and methods. This case–control study included 70 patients aged over 18 years, selected from 
a radiology center. The patients were divided into 2 groups: case (35 patients with a history of habitual 
snoring); and control (35 healthy patients). The Berlin sleep questionnaire was administered to the parents 
of the patients. The nasopharyngeal airway was measured according to the analysis of Linder-Aronson 
(1970), and 4 indices were measured and analyzed in each of the lateral cephalometric radiographs.

Results. No statistically significant differences were observed in the pharyngeal measurements between 
the 2 groups, although all means in the control group were higher than in the experimental group. However, 
there was a significant relationship between gender and the Ba-S-PNS and PNS-AD2 indices.

Conclusions. Although the patients with nocturnal snoring had smaller airway dimensions, their pharyn-
geal measurements were not significantly different from the control group.
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Introduction
The normal development and extension of  the pha-

ryngeal airway are key factors in craniofacial growth.1 
As a result, sleep-disordered breathing (SDB) in the ab-
sence of  treatment may have harmful consequences for 
health.2 However, the epidemiological studies on apnea 
prevalence in the general population are inconsistent 
(3–7% in males and 2–5% in females).3

The primary causes of snoring include narrowing of the 
upper respiratory tract due to nasal septum deviation, 
adenoid hypertrophy, tonsillitis, obesity (body mass in-
dex (BMI) >27  kg/m2), edema secondary to inflamma-
tion of the oral cavity, sex (more common in males), and 
possibly genetics.4

A linear correlation exists between obesity and obstruc-
tive sleep apnea (OSA), with the precipitation of fat in the 
upper respiratory tract narrowing the airways and de-
creasing muscular activity, which leads to cyclic hypoxia 
and apnea.5

Snoring can lead to daytime sleepiness, increased 
risk of  cardiovascular diseases,6 and pregnancy-in-
duced hypertension,7 and continuous snoring may 
progress to OSA. This potential progression in com-
plications requires specialist attention for diagnosis 
and treatment.4 In preschool children, snoring has 
been reported in approximately 10% of the population, 
with OSA occurring in around 0.7‒2.9%.2 According to 
a  review by Benjafield  et  al., 936  million (95% confi-
dence interval (CI): 903–970) adults aged 30–69 years 
reported mild to severe OSA, and 425 million (95% CI: 
399–450) adults aged 30–69 years reported moderate 
to severe OSA.8

OSA is a common disorder characterized by a relative 
or complete collapse of airways during sleep,9 which can 
increase airflow resistance and stop breathing for 10 sec-
onds or more and has significant medical and psychoso-
cial effects on children and adults.10 Apnea refers to the 
complete discontinuity of air for at least 10 seconds, while 
hypopnea suggests a partial reduction in the oronasal air-
flow and decreased oxygen saturation of oxyhemoglobin. 
OSA can result from various combinations of anatomical 
and pathophysiological features, some of  which may be 
influenced by genetic factors.11 Various characteristics re-
ported for patients with OSA include a longer and thicker 
soft palate, decreased width of the oral or nasal airway,12 
increased thickness of  the soft palate, a  retruded chin, 
maxillary retrusion,13 an  increased craniofacial angle,8 
micrognathia,14 and differences in the position of the hy-
oid bone.15

The prevalence of OSA among African Americans ap-
pears to be higher than in Caucasians.16 Meanwhile, the 
prevalence of  OSA in Asian populations is similar to 
that of Caucasians, though the OSA severity is higher.17

According to Morsy et al., 82% of men and 93% of wom-
en with moderate to severe OSA are never diagnosed.18 

Some studies have also shown a  correlation between 
bruxism and OSA.19,20

Lateral cephalometric radiography is a  static imaging 
technique that provides data that can be reproduced in 
detail and focuses on the anatomical characteristics of up-
per airways.4 Generally, a  lateral cephalogram is used in 
individuals with obstructive symptoms as a screening tool 
for assessing the upper airway morphology and cranio-
facial pattern, identifying individuals at risk of SDB, and 
studying the therapeutic effects of treatments.2

Definitive diagnosis of OSA requires polysomnography, 
though it is time-consuming and expensive. Cephalomet-
ric analysis is widely used as a  diagnostic procedure in 
patients with OSA and for evaluating the effects of thera-
peutic interventions such as oral applicators.15 Evidence-
based medical assessment suggests that locating the ob-
struction should be the primary goal when researching 
sleep disorders.21 However, no single assessment method 
is ideal, although lateral cephalometry may provide valu-
able information for the diagnosis, treatment, and screen-
ing of patients. Since individuals with narrow airways and 
craniofacial anomalies may be at increased risk of  OSA 
and hypopnea syndrome, the use of a lateral cephalogram 
can play an  important role in the early diagnosis and 
treatment of these patients.12

The present study aimed to compare pharyngeal air-
ways in patients with and without snoring and to assess 
craniofacial features in individuals with SDB and snoring. 
The hypothesis was that patients with SDB would have 
large deviations from normal.

Material and methods
This case–control study selected participants from pa-

tients referred by their dentist for lateral cephalometric 
radiography for orthodontic treatment at a private radi-
ology center in Qazvin, Iran. Initially, the parents of pa-
tients responded to the Berlin questionnaire.22–24

The Research Ethics Board at the Qazvin Univer-
sity of  Medical Sciences, Iran, approved the study 
(IR.QUMS.REC.1396.145), which followed the guide-
lines of the Declaration of Helsinki. The questionnaire, 
developed at the Conference on Sleep in Primary Care 
in Berlin, Germany, in 1996, is a validated tool used to 
identify individuals at risk of OSA in primary and some 
non-primary care settings.18 The Berlin questionnaire 
contains 11 questions in three categories. The 1st cat-
egory comprises 5 questions regarding snoring, wit-
nessed apnea, and the frequency of  such events. The 
2nd category includes 4 questions addressing daytime 
sleepiness, with a sub-question on drowsy driving. The 
3rd category comprises 2 questions on a history of high 
blood pressure (>140/90 mmHg) and BMI > 30 kg/m2. 
Categories 1 and 2 are considered positive if there are 
2 positive responses to each category, while category 3 
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is regarded positive with a  self-report of  high blood 
pressure and/or BMI  >  30  kg/m2. The patients were 
scored as being at high risk of  having OSA if scores 
were positive for 2 or more of the 3 categories. Those 
patients who scored positively for 1 category were 
identified as being at low risk of having OSA.25

Exclusion criteria included a  history of  previous 
orthodontic treatment, <8 years of  age, known up-
per airway anomalies, chronic or recurrent infections 
(for example, tonsillitis or sinusitis), asthma, smok-
ing, BMI > 90 kg/m2, and systemic diseases, especially 
diabetes and hypertension. In addition, patients with 
skeletal class I occlusion with an A point, nasion, and 
B point (ANB) angle of 2‒4° were included. The weight 
and stature were measured upon medical examina-
tion to calculate BMI by dividing weight (kg) by height 
squared (m2).

The sample size was calculated as 34 patients in each 
group, according to a study by Kurt et al.,10 by consider-
ing α =  0.05, P (statistical power) =  90% and d =  1.6%. 
Seventy patients participated in the study and were 
divided into 2 groups to compare pharyngeal airways, 
with 35 participants (18 males and 17 females) who had 
a  history of  habitual snoring of  >6  months in the ex-
perimental group and 35 healthy participants (16 males 
and 19 females) in the control group.

Lateral cephalometric radiographs were taken with 
the participants in a standing position, with the teeth at 
maximum intercuspation, the lips in a relaxed position, 
and the head in the natural position, with the Frankfurt 
horizontal plane parallel to the ground. A 2-millimeter 
aluminum filter was used to visualize the nasal pyra-
mid.26 The nasopharyngeal airway was measured ac-
cording to the analysis of Linder-Aronson (1970),27 and 
4 indices were measured in each lateral cephalometric 
radiograph.

Ba-S-PNS is used to determine the hard palatal and 
soft palatal horizontal position and the cause of airway 
obstruction, while nasopharyngeal airway adenoid-1 
(PNS-AD1) is used for screening the airway obstruction, 
which is the pharyngeal diameters at the levels of  the 
adenoids. PNS-AD2 is used for screening the airway 
obstruction and is measured as the distance from PNS 
to the nearest adenoid tissue on a  perpendicular line 
from PNS to sella-basion (S-Ba). The PTV distance to 
the adenoid (PTV to AD) is used for airway obstruction 
screening, using a distance of 5 mm above the PNS and 
on the PTV to the nearest adenoid tissue (Fig. 1).

A radiologist and a dentist measured the indices for 
each patient separately. Subsequently, the mean of the 
variables associated with the upper airway was de-
termined. Observations were repeated 2 weeks later, 
and the results were compared between the 2 stages. 
An  independent-sample t test assessed intra-observer 
variations, with no significant differences found in the 
values of the observed parameters.

Statistical analysis 

Data analysis employed IBM SPSS Statistics for 
Windows, v. 25.0 (IBM Corp., Armonk, USA). Data was 
expressed as mean and standard deviation (M  ±SD). 
The Kolmogorov–Smirnov test determined the normal-
ity of data distribution. All variables were normally dis-
tributed except for age. The cephalometric measurements 
in the 2 groups were compared using the analysis of vari-
ance (ANOVA), and Levene’s test confirmed the equal-
ity of variance. The independent-sample t tests detected 
significant differences in the craniofacial and airway space 
measurements between the 2 groups. Statistical signifi-
cance for all tests was set at p < 0.05 (2-tailed).

Results
The mean age of  the participants was 10.4 years, which 

ranged from 8.1 to 12.9 years. The distribution of age, height 
and weight was the same among the studied groups. Based 
on the Berlin questionnaire, 19 samples (54.28%) were low-
risk, and 16 (45.72%) were high-risk in the experimental 
group. The BMI values in the experimental and control 
groups were 43.0 ±5.3 kg/m2 and 39.0 ±8.7 kg/m2, respec-
tively, with no significant difference between the 2 groups.

Fig. 1. Nasopharyngeal airway measurements

Ba – basion; S – sella; PNS – posterior nasal spine; AD1 – adenoid 1: the 
nearest adenoid tissue measured over the line of PNS-Ba; AD2 – adenoid 2: 
the nearest adenoid tissue measured on the perpendicular line from S to 
Ba; PTV – vertical pterygoid plane.  
Ba-S-PNS angle [°]: it is used to determine the hard palatal and soft 
palatal horizontal position, as well as the cause of airway obstruction; 
PNS-AD1 [mm]: line 1 is used for screening the airway obstruction (it is the 
pharyngeal diameter at the level of the adenoids ); PNS-AD2 [mm]: line 2 
is used for screening the airway obstruction (it is the distance from PNS 
to the nearest adenoid tissue on a perpendicular line from PNS to S-Ba); 
PTV to AD [mm]: it is used for airway obstruction screening (the distance is 
measured 5 mm above PNS on PTV to the nearest adenoid tissue). 
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Table  1 presents the mean values for Ba-S-PNS, 
PNS-AD1, PNS-AD2, and the distance between PTV and 
adenoid. There were no significant relationships between 
the 4 indices in patients with and without snoring. Fur-
thermore, the independent-samples t tests showed no re-
lationship between indices in males and females with and 
without snoring (Table 2 and 3).

Table 4 shows the relationship between sex and radio-
graphic indices. There was a significant relationship be-
tween sex and the Ba-S-PNS index in individuals with 
and without snoring. Also, a significant relationship was 
found between sex and the PNS-AD2 index in patients 
with snoring. However, the relationships between sex and 
the other indices in patients with and without snoring 
were not significant.

Discussion
Possible causes of OSA are anatomical narrowing of the 

upper airway as a consequence of alterations in the cra-
niofacial morphology or soft tissue enlargement, sleep 
posture, age, male gender, nasal obstruction, and adipose 
tissue in the pharynx.25 However, the evaluation of  air-
ways in snoring patients has not been the focus of much 
attention.2 Therefore, this study used lateral cephalo-
grams to investigate the upper airway structures in snor-
ing and non-snoring patients.

The present study found no statistically significant dif-
ferences in the indices between the two groups. How-
ever, the mean airway indices were numerically high-
er in all non-snoring individuals, which is consistent 
with the findings reported by Pirila-Parkkinen  et  al., 
who compared snoring and non-snoring individuals in 
terms of PNS-AD1 and PNS-AD2 indices.2 In their study, 
OSA patients showed the most deviations from the con-
trol group in terms of cephalometric findings compared 
to the other subgroups of  obstructive sleep disorders. 
More specifically, there was a  significant difference in 
PNS-AD1 between the OSA and the control groups. They 
also observed that airway obstruction was more severe in 
the OSA group. Also, the findings of  the present study 
concur with a study by Kurt et al. comparing snoring and 
non-snoring patients in terms of  the PNS-PPW1 index 
(upper pharyngeal space).10

In the present study, the difference between males 
and females only reached statistical significance for the 
Ba-S-PNS index (p =   0.016). Specifically, the mean val-
ue of this index was higher in non-snoring females than 
in non-snoring males, but the means of  the other three 

Table 3. Comparison of the cephalometric pharyngeal airway 
measurements in female patients with and without snoring

Index Snoring M ±SD p-value

Ba-S-PNS 
[°]

no 63.32 ±6.18
0. 410

yes 61.79 ±4.79

PNS-AD1  
[mm]

no 32.50 ±7.41
0.320

yes 30.06 ±7.26

PNS-AD2  
[mm]

no 27.30 ±7.12
0.160

yes 24.07 ±6.31

PTV to AD  
[mm]

no 17.37 ±6.82
0.410

yes 15.51 ±6.52

Table 4. Relationship between sex and the cephalometric indices 

Index Snoring Sex M ±SD p-value

Ba-S-PNS 
[°]

no
M 58.57 ±4.56

0.016*
F 63.32 ±6.18

yes
M 57.49 ±4.67

0.011*
F 61.79 ±4.79

PNS-AD1  
[mm]

no
M 32.68 ±7.85

0.940
F 32.50 ±7.41

yes
M 32.78 ±4.98

0.200
F 30.06 ±7.26

PNS-AD2  
[mm]

no
M 27.10 ±7.16

0.930
F 27.30 ±7.12

yes
M 28.80 ±6.48

0.036*
F 24.07 ±6.31

PTV to AD  
[mm]

no
M 19.61 ±8.41

0.390
F 17.37 ±6.82

yes
M 19.17 ±5.74

0.080
F 15.51 ±6.52

M – male; F – female; * statistically significant (p < 0.05).

Table 1. Comparison of the cephalometric pharyngeal airway 
measurements in patients with and without snoring

Index Snoring M ±SD Range p-value

Ba-S-PNS 
[°]

no 61.15 ±5.90 47.72–73.67
0.240

yes 59.58 ±5.14 48.71–69.26

PNS-AD1 
[mm]]

no 32.58 ±7.50 16.13–43.20
0.500

yes 31.46 ±6.25 12.21-43.64

PNS-AD2 
[mm]

no 27.21 ±7.03 15.14–41.91
0.670

yes 26.50 ±6.75 11.43–40.70

PTV to AD 
[mm]

no 18.40 ±7.56 4.36–32.94
0.540

yes 17.39 ±6.32 1.58–32.09

M – mean; SD – standard deviation.

Table 2. Comparison of the cephalometric pharyngeal airway 
measurements in male patients with and without snoring

Index Snoring M ±SD p-value

Ba-S-PNS 
[°]

no 58.57 ±4.56
0.500

yes 57.49 ±4.67

PNS-AD1 
[mm]]

no 32.68 ±7.58
0.960

yes 32.78 ±4.98

PNS-AD2 
[mm]

no 27.10 ±7.16
0.470

yes 28.80 ±6.48

PTV to AD 
[mm]

no 19.61 ±8.41
0.850

yes 19.17 ±5.74
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indices in both sexes were almost the same. A  study by 
Daraze  et  al. on healthy Lebanese participants showed 
a  significant difference between sexes regarding the 
PNS-AD1 index. This contrast with the present study 
could be attributed to the difference in sample size and 
ethnicity. However, Daraze et al. reported no significant 
difference in the PNS-AD2 index between the two sexes.27

A longitudinal study by Peppard et al. showed that an in-
crease in weight of 10% (relative to stable weight) predict-
ed a 6-fold increase in the odds of developing moderate 
to severe SDB, and a 32% increase in apnea-hypopnea in-
dex (AHI) during a follow-up period of four years, while 
a weight loss of 10% led to a 26% reduction in AHI.21

Hou et al. reported that deviations in craniofacial mor-
phology are more common in Chinese patients with se-
vere OSA,28 whereas Rose et al. did not establish a direct 
relationship between cephalometric findings and OSA 
severity.29

The current study found a  statistically significant dif-
ference in the Ba-S-PNS and PNS-AD2 indices between 
snoring males and females. However, no significant re-
lationship was established between these two groups re-
garding the other two indices. In addition, Pirila-Parkkin-
en et al. showed no significant difference between sex and 
pharyngeal airway indices in patients with obstructive 
sleep disorders.2

Studies have considered the relationship between air-
ways and anatomical structures and the type of malocclu-
sion. According to Dastan et al., the upper airway volume 
in sub-groups did not show a  significant difference.30 
Therefore, these indicators were not evaluated separately 
in this study. However, some studies have shown that the 
vertical height of the face can affect airway volume.30–32

Patients with hypertension and diabetes were excluded 
because, according to studies, the risk of bruxism increas-
es with these disorders, and bruxism can cause airway 
disorders.33,34

According to Li et al.,35 orthodontic treatment interven-
tions could change the dimensions of the upper airways, 
whereas Abdalla  et  al. did not confirm this finding.36 
Numerous other studies demonstrated the corrective ef-
fect of combined surgical and orthodontic treatments on 
the airway space.35–37 Therefore, the present study exclud-
ed patients with a history of orthodontics.

This study examined the nasopharyngeal airway exclu-
sively. Other factors, such as the oropharyngeal airway, 
hyoid bone, and nasal cavity anatomy, will be the sub-
ject of  subsequent studies to evaluate their relationship 
with the nasopharyngeal airway.

Limitations of this study included difficulty in accessing 
OSA patients, expensive and time-consuming processes, 
the small sample size, and the assessment of two-dimen-
sional radiographs for airway measurements. Future stud-
ies will overcome these limitations by initially employing 
three-dimensional imaging airway segmentation and vol-
ume measurements in the subsequent research phase.

Conclusions
The present study found no significant differences in the 

studied indices between the snoring and non-snoring sub-
jects. Therefore, the airway anatomy was not significantly 
different between these two groups. However, the ab-
sence of no significant differences between the two groups 
could be attributed to the higher proportion of  low-risk 
subjects than high-risk subjects in the experimental group.

Ethics approval and consent to participate

The Research Ethics Board at the Qazvin Univer-
sity of  Medical Sciences, Iran, approved the study (IR.
QUMS.REC.1396.145). Written informed consent was 
obtained from all study participants prior to the initia-
tion of the research study.

Data availability 

The datasets generated and/or analyzed during the cur-
rent study are available from the corresponding author on 
reasonable request. 

Consent for publication 

Not applicable.

ORCID iDs
Maryam Tofangchiha  https://orcid.org/0000-0002-5515-2189
Mahsa Esfehani  https://orcid.org/0000-0001-6685-4234
Lida Eftetahi  https://orcid.org/0000-0003-3703-4848
Monirsadat Mirzadeh  https://orcid.org/0000-0002-3781-6383
Rodolfo Reda  https://orcid.org/0000-0003-1532-6524
Luca Testarelli  https://orcid.org/0000-0003-3904-3000

References
1. Guttal K, Burde K. Cephalometric evaluation of  upper airway in 

healthy adult population: A  preliminary study. J Oral Maxillofac 
Radiol. 2013;1(2):55–60. doi:10.4103/2321-3841.120115

2. Pirilä-Parkkinen K, Löppönen H, Nieminen P, Tolonen U, Pirttiniemi P. 
Cephalometric evaluation of children with nocturnal sleep-disordered 
breathing. Eur J Orthod. 2010;32(6):662–671. doi:10.1093/ejo/cjp162

3. Korompili G, Amfilochiou A, Kokkalas L, et al. PSG-Audio, a scored poly-
somnography dataset with simultaneous audio recordings for sleep 
apnea studies. Sci Data. 2021;8(1):197. doi:10.1038/s41597-021-00977-w

4. Akpinar ME, Celikoyar MM, Altundag A, Kocak I. The compari-
son of  cephalometric characteristics in nonobese obstructive 
sleep apnea subjects and primary snorers cephalometric measures 
in nonobese OSA and primary snorers. Eur Arch Otorhinolaryngol. 
2011;268(7):1053–1059. doi:10.1007/s00405-010-1448-z

5. Jehan S, Zizi F, Pandi-Perumal SR,  et  al. Obstructive sleep apnea 
and obesity: Implications for public health. Sleep Med Disord. 
2017;1(4):00019. PMID:29517065. PMCID:PMC5836788.

6. Nagayoshi M, Tanigawa T, Yamagishi K, et al. Self-reported snoring 
frequency and incidence of cardiovascular disease: the Circulatory 
Risk in Communities Study (CIRCS). J Epidemiol. 2012;22(4):295–301. 
doi:10.2188/jea.je20110109

7. Franklin KA, Holmgren PA, Jönsson F, Poromaa N, Stenlund H, 
Svanborg  E. Snoring, pregnancy-induced hypertension, and 
growth retardation of  the fetus. Chest. 2000;117(1):137–141. 
doi:10.1378/chest.117.1.137



M. Tofangchiha et al. Pharyngeal airway in a cephalometric study126

8. Benjafield AV, Ayas NT, Eastwood PR, et al. Estimation of the global 
prevalence and burden of obstructive sleep apnoea: A  literature-
based analysis. Lancet Respir Med. 2019;7(8):687–698. doi:10.1016/
S2213-2600(19)30198-5

9. Punjabi NM. The epidemiology of  adult obstructive sleep apnea. 
Proc Am Thorac Soc. 2008;5(2):136–143. doi:10.1513/pats.200709-
155MG

10. Kurt G, Sisman C, Akin E, Akcam T. Cephalometric comparison 
of  pharyngeal airway in snoring and non-snoring patients. Eur 
J Dent. 2011;5(1):84–88. PMID:21311612. PMCID:PMC3037194

11. Perrotti G, Baccaglione G, Clauser T, et al. Total Face Approach (TFA) 3D 
cephalometry and superimposition in orthognathic surgery: Evalua-
tion of the vertical dimensions in a consecutive series. Methods Protoc. 
2021;4(2):36. doi:10.3390/mps4020036

12. Johal A, Conaghan C. Maxillary morphology in obstructive sleep apnea: 
A cephalometric and model study. Angle Orthod. 2004;74(5):648–656. 
doi:10.1043/0003-3219(2004)074<0648:MMIOSA>2.0.CO;2

13. Lowe AA, Fleetham JA, Adachi S, Ryan CF. Cephalometric and 
computed tomographic predictors of obstructive sleep apnea 
severity. Am J Orthod Dentofacial Orthop. 1995;107(6):589–595. 
doi:10.1016/s0889-5406(95)70101-x

14. Sundaram S, Bridgman SA, Lim J, Lasserson TJ. Surgery for obstruc-
tive sleep apnoea. Cochrane Database Syst Rev. 2005;(4):CD001004. 
doi:10.1002/14651858.CD001004.pub2

15. Battagel JM, Johal A, Kotecha B. A  cephalometric comparison 
of  subjects with snoring and obstructive sleep apnoea. Eur J 
Orthod. 2000;22:353–365. doi:10.1093/ejo/22.4.353

16. Redline S, Tishler PV, Hans MG, Tosteson TD, Strohl KP, Spry K. 
Racial differences in sleep-disordered breathing in African-Ameri-
cans and Caucasians. Am J Respir Crit Care Med. 1997;155(1):186–192. 
doi:10.1164/ajrccm.155.1.9001310

17. Lam B, Ip MS, Tench E, Ryan CF. Craniofacial profile in Asian 
and white subjects with obstructive sleep apnoea. Thorax. 
2005;60(6):504–510. doi:10.1136/thx.2004.031591

18. Morsy NE, Farrag NS, Zaki NFW, et al. Obstructive sleep apnea: Per-
sonal, societal, public health, and legal implications. Rev Environ 
Health. 2019;34(2):153–169. doi:10.1515/reveh-2018-0068

19. Martynowicz H, Gac P, Brzecka A, et al. The relationship between 
sleep bruxism and obstructive sleep apnea based on polysomno-
graphic findings. J Clin Med. 2019;8(10):1653. doi:10.3390/jcm8101653

20. Tan MWY, Yap AUJ, Chua AP, Wong JCM, Parot MVJ, Tan KBC. 
Prevalence of  sleep bruxism and its association with obstructive 
sleep apnea in adult patients: A  retrospective polysomnograph-
ic investigation. J Oral Facial Pain Headache. 2019;33(3):269–277. 
doi:10.11607/ofph.2068

21. Peppard PE, Young T, Palta M, Dempsey J, Skatrud J. Longitudinal 
study of moderate weight change and sleep-disordered breathing. 
JAMA. 2000;284(23):3015–3021. doi:10.1001/jama.284.23.3015

22. Amra B, Rahmati B, Soltaninejad F, Feizi A. Screening question-
naires for obstructive sleep apnea: An updated systematic review. 
Oman Med J. 2018;33(3):184–192. doi:10.5001/omj.2018.36

23. Amra B, Nouranian E, Golshan M, Fietze I, Penzel T. Valida-
tion of  the Persian version of Berlin sleep questionnaire for diag-
nosing obstructive sleep apnea. Int J Prev Med. 2013;4(3):334–339. 
PMID:23626891. PMCID:PMC3634173.

24. Ozgurhan G, Vehapoglu A, Vermezoglu O, Temiz RN, Guney A, 
Hacihamdioglu B. Risk assessment of obstructive sleep apnea syn-
drome in pediatric patients with vitamin D deficiency: A  ques-
tionnaire-based study. Medicine (Baltimore). 2016;95(39):e4632. 
doi:10.1097/MD.0000000000004632

25. Tsai HH, Ho CY, Lee PL, Tan CT. Cephalometric analysis of nonobese 
snorers either with or without obstructive sleep apnea syndrome. 
Angle Orthod. 2007;77(6):1054–1061. doi:10.2319/112106-477.1

26. Meiyappan N, Tamizharasi S, Senthilkumar KP, Janardhanan  K. 
Natural head position: An  overview. J Pharm Bioallied Sci. 
2015;7(Suppl 2):S424–S427. doi:10.4103/0975-7406.163488

27. Daraze A, Delatte M, Liistro G, Majzoub Z. Cephalometrics of pharyn-
geal airway space in Lebanese adults. Int J Dent. 2017;2017:3959456. 
doi:10.1155/2017/3959456

28. Hou HM, Hägg U, Sam K,  et  al. Dentofacial characteristics of  Chi-
nese obstructive sleep apnea patients in relation to obesity and 
severity. Angle Orthod. 2006;76(6):962–969. doi:10.2319/081005-273

29. Rose EC, Staats R, Lehner M, Jonas IE. Cephalometric analysis in 
patients with obstructive sleep apnea. Part I: Diagnostic value. 
J Orofac Orthop. 2002;63(2):143–153. doi:10.1007/s00056-002-0057-x

30. Dastan F, Ghaffari H, Shishvan HH, Zareiyan M, Akhlaghian M, 
Shahab S. Correlation between the upper airway volume and the 
hyoid bone position, palatal depth, nasal septum deviation, and 
concha bullosa in different types of  malocclusion: A  retrospec-
tive cone-beam computed tomography study. Dent Med Probl. 
2021;58(4):509–514. doi:10.17219/dmp/130099

31. Dalmau E, Zamora N, Tarazona B, Gandia JL, Paredes V. A  compar-
ative study of  the pharyngeal airway space, measured with cone 
beam computed tomography, between patients with different cra-
niofacial morphologies. J Craniomaxillofac Surg. 2015;43(8):1438–1446. 
doi:10.1016/j.jcms.2015.06.016

32. Alhammadi MS, Almashraqi AA, Helboub E, et al. Pharyngeal airway 
spaces in different skeletal malocclusions: A  CBCT 3D assessment. 
Cranio. 2021;39(2):97–106. doi:10.1080/08869634.2019.1583301

33. Kim DS, Lee CL, Ahn YM. Sleep problems in children and ado-
lescents at pediatric clinics. Korean J Pediatr. 2017;60(5):158–165. 
doi:10.3345/kjp.2017.60.5.158

34. Liao F, Singh GD. Resolution of  sleep bruxism using biomimet-
ic oral appliance therapy: A  case report. J Sleep Disord Ther. 
2015;4(4):1000204. doi:10.4172/2167-0277.1000204

35. Li Q, Tang H, Liu X,  et  al. Comparison of  dimensions and vol-
ume of  upper airway before and after mini-implant assisted 
rapid maxillary expansion. Angle Orthod. 2020;90(3):432–441. 
doi:10.2319/080919-522.1

36. Abdalla Y, Brown L, Sonnesen L. Effects of rapid maxillary expan-
sion on upper airway volume: A  three-dimensional cone-beam 
computed tomography study. Angle Orthod. 2019;89(6):917–923. 
doi:10.2319/101218-738.1

37. Liu P, Jiao D, Wang X, Liu J, Martin D, Guo J. Changes in maxil-
lary width and upper airway spaces in young adults after surgi-
cally assisted rapid palatal expansion with surgically facilitated 
orthodontic therapy. Oral Surg Oral Med Oral Pathol Oral Radiol. 
2019;127(5):381–386. doi:10.1016/j.oooo.2018.11.005


