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ABSTRACT 
Objective: To determine the relationship between skeletal malocclusion and upper pharyngeal airway space 
in the United Arab Emirates population using linear cephalometric measurements. Material and Methods: 
A retrospective cross-sectional study was performed on lateral cephalogram radiographs acquired from the 
University Dental Hospital. Through convenience sampling, 70 lateral cephalograms were selected from 200, 
meeting the inclusion criteria for this study. Study subjects were divided into three groups: Class I (n=25), 
Class II (n=21), and Class III (n=24). The study groups were compared based on the linear upper pharyngeal 
airway space measurements. Results: The three groups observed significant differences between the upper 
pharyngeal airway measurements. No differences in parameters were noted within the male and female study 
subjects. A highly significant difference (p<0.001) in the Palatal Pharyngeal Distance was observed among 
the groups. Similarly, when the mean Middle Pharyngeal Distance and mean Inferior Pharyngeal Distance 
were compared among the three study groups, a highly significant difference (p<0.001 and p<0.004, 
respectively) was observed. Conclusion: The highest variation in the linear dimensions of the upper 
pharyngeal airway space among the different skeletal malocclusion was observed in the Nasopharynx, Skeletal 
Class III having the most prominent dimensions followed by Class I and the least in Class II skeletal 
malocclusion. 
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n Introduction 

Respiratory function has been extensively studied concerning craniofacial growth and has consequently 

played a significant role in orthodontic diagnosis and treatment planning [1]. The Skeletal system seems to 

respond to the influences of adjoining tissues, as demonstrated by Moss's functional theory [2]. In particular, 

the mandible and cervical vertebrae grow due to functional relationships formed by all soft tissues and spaces 

associated with these bones. The close anatomical relationship between the mandible, cervical vertebrae, and 

pharyngeal airway has aroused the interest of different research groups who have examined their relationships 

and demonstrated a correlation between skeletal malocclusion, head posture, and pharyngeal airway space (PAS) 

[3,4]. 

Not many studies assess linear dimensions of the upper airway in the United Arab Emirates population. 

Because the etiology of malocclusion is multifactorial, airway study and evaluation should be added to the initial 

diagnosis to help diagnose possible obstructive airway syndromes, better develop a final treatment plan, and 

understand potential risk factors for airway-related problems. Furthermore, this knowledge would help 

orthodontists collaborate with the obstructive sleep apnea (OSA) team and fabricate a mandibular protruding 

device or prepare patients for orthognathic surgery to help them breathe better [5]. Therefore, assessing the 

pharyngeal structure in association with the orthodontic and orthognathic surgery diagnosis, the treatment 

planning process and the diagnosis and treatment of OSA might be beneficial. The null hypothesis for this study 

was that there is no significant difference in the linear airway dimensions among the different types of 

malocclusions. The alternative hypothesis is that there is a substantial difference in the linear airway dimensions 

among the different types of malocclusions. Therefore, this study aimed to evaluate the linear dimension of upper 

pharyngeal airway space among different skeletal malocclusions using lateral cephalograms for the residents of 

the United Arab Emirates. 

 

n Material and Methods 

Study Design and Population and Sampling Technique 

A retrospective study used lateral cephalograms of patients who visited the University Dental Hospital, 

University of Sharjah, for various dental treatments between January 2021 and January 2023. Seventy lateral 

cephalograms of male and female study subjects were selected for the study. Convenience sampling was used to 

select the 70 cephalograms from 200 cephalograms. 

The estimation of sample size was carried out based on the method used by Buyukcavus and Kocakara 

[6]. Power analysis for upper PAS was carried out with an alpha error probability of 0.05 and a power of 80%. 

The assessment revealed that at least 21 study subjects were necessary for each study group. To Enhance the 

Power of this study, we included more study subjects than the required minimum. 

 

Data Collection 

The lateral cephalograms were acquired using the Viso7 Cephalometric unit (Planmeca, Helsinki, 

Finland). The radiographs were developed using the following parameters: 68kVp and 8mAs exposure time 2.0s. 

Patient scans were taken in the natural head position, with teeth in maximum intercuspation, and with patients 

in an upright position. During radiography, patients were instructed not to move their heads and to keep the 

tongue resting. 

Head Position: The natural head position (NHP) is critical to the standard orientation of the head 

because it determines the craniocervical angle of the patient more accurately and facilitates radiographic 
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cephalometric measurements. NHP is a realistic representation of the patient [7] and the most reproducible 

position. NHP was obtained by having the patient focus on eye level at a distant point so that the craniocervical 

spine angulation was in an unstrained position. The image field of focus was selected from the skull's vertex 

down to nearly the 5th cervical vertebra [8]. 

 

Inclusion / Exclusion Criteria 

The inclusion criteria comprised lateral cephalograms for patients of all ethnicities, sexes, races, and 

ages 22-65 years old who were seeking dental care at the University of Sharjah. The exclusion criteria eliminated 

any patient with a prior orthodontic treatment, medical history of adenoidectomy, tonsillectomy, orthognathic 

surgery, or trauma involving the cervical spine and head. These characteristics could interfere with airway space 

measurements. 

Radiographs with errors affecting the region of interest (ROI) and artifacts involving ROI were 

excluded from the study. Scan patients undergoing (or with a history of) orthodontic treatment and a history of 

mid-facial skeletal trauma will be excluded from the study. 

 

Skeletal Classification Identification 

Two examiners (one orthodontist and one dental radiologist with more than 10 years of experience) 

conducted the radiographic measurements. They were calibrated before the commencement of the study. In case 

of disagreement, a third examiner with similar experience was consulted to arrive at a decision. 

The anteroposterior skeletal malocclusion was measured by the ANB angle in degrees. The landmark 

identification was carried out using Steiner's cephalometric guidelines. Point 'A' was marked as the most 

posterior point in the concavity of the anterior maxilla, Point 'B' was identified as the most posterior point in the 

concavity of the anterior mandible, and Point 'N' (Nasion) was marked as the most anterior point on the 

frontonasal suture [9]. According to the ANB angles, each study subject was classified into three groups, which 

determined the skeletal pattern, as shown in Figure 1. 

 

 
Figure 1. Skeletal pattern identification using ANB angle: (a) Class I, (b) Class II, and (c) Class III. 

 

• 1º < ANB < 4º – Class I malocclusion; 

• ANB > 4º – Class II malocclusion; 

• ANB < 0º – Class III malocclusion. 
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Linear Cephalometric Measurement of Pharyngeal Airway Space 

The landmark identification and linear measurement were performed by two examiners on the lateral 

cephalogram. The measurements were added and divided by a factor [2]to obtain each parameter. The 

evaluation of 10% of the study subjects' measurements was redone to ensure the reliability of the data. McNamara 

identified the different cephalometric landmarks for the pharyngeal airway space, and since then, numerous 

studies have been formulating different techniques of measurement [10]. 

Using the guidelines from McNamara, Martin et al. defined the PAS in subjects with ideal occlusion 

[11]. The following linear PAS measurements were used for this present study, based on the linear 

cephalometric measurements by Buyukcavus and Kocakara [6], as shown in Figure 2. 

 

 
Figure 2. Landmark identification and lines of measurement. 

 

Naso Pharynx 

Palatal Pharyngeal Distance (PPS): Identified as the line passing from the posterior nasal spine (PNS) 

and parallel to FH (Frankfurt's Horizontal) and cut out by a point on the posterior nasopharyngeal wall. 

 

Oropharynx 

Middle Pharyngeal Distance (MPS): on the line passing from a point P, parallel to FH, and the point 

cut by the posterior pharyngeal wall. 

 
Hypopharynx 

• Inferior Pharyngeal Distance (IPS): on the line passing from the inferior anterior border of the second 

cervical vertebrae (cv2ai) and the points cut by the front and the rear pharyngeal wall. 

• Epiglottic Pharyngeal Distance (EPS): on the line passing from the extreme point on the epiglottis (Et), 

parallel to FH and the point cut by the posterior pharyngeal wall. 

 

Statistical Analysis 

The data was analyzed using IBM SPSS statistics, version 22 (IBM Corp, Armonk, NY, USA). At 

p<0.05, the results were considered statistically significant. The Pearson chi-square test was used to compare 
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the study subjects’ gender and other variables. The one-way ANOVA was used to evaluate patients who had 

different malocclusion classifications. Tukey Post-Hoc tests were utilized for bilateral comparisons of significant 

parameters. To determine the error margin of the measurements, the same researcher repeated 50 randomly 

selected lateral cephalometric films after the initial measurements. For each measurement, Cronbach coefficients 

were calculated. The repeatability coefficients for each measurement were high (α≥876). 

 

n Results 

The gender distribution (n=70) revealed that 27 cephalograms were from male individuals (Figure 3). 

The age of the subjects ranged from 23 years to 54 years (mean = 30.5 years). 

 

 
Figure 3. Gender distribution of study subjects. 

 

The inter-examiner and intra-examiner reliability was assessed using the Concordance Correlation 

Coefficient. The inter-examiner reliability varied from 0.991 (PPS) to 0.997 (IPS) (Table 1). After one week, each 

examiner reexamined 10% (n=7) of the lateral cephalograms and measured the parameters. The intra-examiner 

reliability varied from 0.991 (MPS) to 0.996 (IPS) for Examiner 1, and for Examiner 2, it ranged from 0.908 to 

0.995. 

 

Table 1. Representation of the inter and intra-examiner reliability. 
Period Parameters PPS MPS IPS EPS 

Baseline Inter-Examiner Reliability 0.991 0.995 0.997 0.992 
One Week Intra-Examiner Reliability (Examiner 1) 0.994 0.991 0.996 0.993 
One Week Intra-Examiner Reliability (Examiner 2) 0.995 0.990 0.989 0.908 

 

When the mean ANB angle of the study groups, Class I, II, and Class III, were compared using the 

Kruskal Wallis Test and Mann Whitney's test, a significant difference (p<0.001) between the study groups was 

observed. The highest mean ANB angle was observed in the Class II group, whereas the least mean ANB angle 

was observed in Class III (Table 3). 

No significant difference was noted when the mean ANB angle was compared between the genders 

within the groups (Table 4). A highly significant difference was observed (p<0.001) when the mean PPS of the 

three groups was compared using ANOVA; similarly, when the mean MPS and mean IPS were compared among 

the groups, a highly significant difference (p<0.001 and p<0.004, respectively). However, a significant difference 

was observed when the mean EPS was compared with the groups (p=0.03) (Table 5). 
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Table 3. Comparison of ANB angle between malocclusions. 
Malocclusion N Mean SD Min. Max. Percentiles Kruskal Wallis Test Mann Whitney Test (p-value) 

Q1 Median Q3 Chi-Square Value p-value 1 vs. 2 1 vs. 3 2 vs. 3 
Class I 25 2.54 0.65 1.54 3.60 1.89 2.60 3.06 61.23 <0.001* <0.001* <0.001* <0.001* 
Class II 21 6.49 1.34 5.00 11.04 5.66 6.10 6.84      
Class II 24 -2.64 2.20 -7.72 -0.25 -3.25 -2.35 -0.93      

*Statistically Significant. 
 

 

Table 4. Comparison of ANB angle between sexes according to malocclusion. 
Malocclusion Gender N Mean SD Minimum Maximum Percentiles Mann Whitney U Test 

Q1 Median Q3 U statistic p-value 
Class I Male 8 2.56 0.57 1.68 3.30 2.02 2.66 3.06 65.00 0.86 
 Female 17 2.53 0.70 1.54 3.60 1.80 2.43 3.17   
Class II Male 6 7.20 2.23 5.16 11.04 5.42 6.49 9.16 36.00 0.48 
 Female 15 6.20 0.69 5.00 7.61 5.67 6.04 6.71   
Class III Male 13 -3.14 2.69 -7.72 -0.25 -6.02 -2.94 -0.75 59.00 0.47 
 Female 11 -2.04 1.31 -5.24 -0.41 -2.47 -2.30 -1.03   

 

 
Table 5. Comparison of study variables between malocclusions. 

Variables Malocclusion N Mean SD Minimum Maximum ANOVA 
       F p-value 

PPS Class I 25 23.78 1.76 21.00 27.10 45.50 <0.001* 
 Class II 21 20.47 1.26 18.60 23.40   
 Class III 24 25.04 1.80 22.10 31.00   

MPS Class I 25 12.59 1.30 10.60 16.40 10.07 <0.001* 
 Class II 21 11.12 1.35 8.30 14.10   
 Class III 24 12.31 0.75 10.90 14.20   

IPS Class I 25 10.11 1.16 7.50 13.10 6.15 0.004* 
 Class II 21 9.43 1.47 7.00 12.00   
 Class III 24 10.68 0.93 9.20 13.40   

EPS Class I 25 9.93 1.14 7.70 12.90 3.55 0.03* 
 Class II 21 9.08 1.33 6.80 11.50   
 Class III 24 9.85 1.07 7.50 12.60   

*Statistically Significant. 
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A significant difference was observed when a pairwise comparison of mean PPS was performed among 

the groups. When a pairwise comparison of mean MPS was performed among the groups, a highly significant 

difference (p<0.001) was observed. Similarly, when the mean MPS of Class II and Class III were compared, a 

highly significant difference (p=0.003) was observed. However, when the mean MPS of Class II and Class III 

were compared, no significant difference (p=0.68) was observed. No significant difference was observed when 

mean IPS was compared between Class I and Class II (p=0.14) and Class I and Class III (p=0.23). However, a 

significant difference was observed in Classes II and Class III (p=0.002). When mean EPS was compared between 

Class I and III (p=0.97) and Class II and Class III (p=0.08), no significant difference was observed; however, a 

substantial difference in Class I and Class II (p=04) was observed (Table 6). When the study variables (PPS, 

MPS, IPS, EPS) were compared between the genders, no significant difference was observed. 

 

Table 6. Pairwise comparison of variables between malocclusions. 
 (I) Malocclusion (J) Malocclusion Mean Difference 

(I-J) 
Std. 

Error 
p-value 95% Confidence 

Interval 
Lower 
Bound 

Upper 
Bound 

PPS Class I Class II 3.31 0.49 <0.001* 2.14 4.48 
 Class I Class III -1.26 0.47 0.03* -2.39 -0.14 
 Class II Class III -4.57 0.49 <0.001* -5.75 -3.39 
MPS Class I Class II 1.47 0.34 <0.001* 0.65 2.29 
 Class I Class III 0.28 0.33 0.68 -0.51 1.07 
 Class II Class III -1.19 0.35 0.003* -2.02 -0.36 
IPS Class I Class II 0.68 0.35 0.14 -0.16 1.53 
 Class I Class III -0.57 0.34 0.23 -1.39 0.25 
 Class II Class III -0.05 0.36 0.002* -2.11 -0.40 
EPS Class I Class II 0.86 0.35 0.04* 0.02 1.69 
 Class I Class III 0.08 0.34 0.97 -0.73 0.89 
 Class II Class III -0.77 0.35 0.08 -1.62 0.07 

Tukey Post Hoc Test; *Statistically Significant. 
 

n Discussion 

There is strong evidence in the literature on the influence of orthodontic treatment on the pharyngeal 

airway [12,13]. Therefore, it is crucial for the orthodontist to precisely evaluate the pharyngeal airway space to 

formulate an efficient diagnosis and treatment plan for their patients. 

Several studies have reported a relative narrowing of the PAS following surgical setback of the mandible 

[12,13]. In other studies, surgical advancement of the mandible was found to be associated with successful 

treatment of OSA [14,15]. 

Abundant literature reports an increase in airway space and improved breathing after rapid maxillary 

expansion (RME) in children. Palaisa et al. [16] reported that RME treatment increases the capacity of the nasal 

cavity and decreases nasal airway resistance. Furthermore, a Chinese study that used mandibular advancement 

devices in its patients resulted in increased PAS and reduced the distance of the hyoid bone to the mandibular 

plane [17]. 

Ozbek et al. reported that the use of functional orthopedic appliances on prepubertal Class II patients 

increased the sagittal dimensions of the upper pharyngeal airway. Therefore, the clinical importance of the 

pharyngeal airway orthodontist should not be underestimated, particularly in adolescence, since an orthodontist 

can influence growth and prevent any breathing conditions or complications in the future [18]. 

Researchers have studied the pharyngeal airway spaces in different parts of the world. In one Turkish 

study, the evaluation of the pharyngeal airway dimensions was compared among different skeletal patterns. 
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Similarly, a recent Indian study evaluated the correlation between skeletal Class II skeletal malocclusion and 

linear dimensions of the upper pharyngeal airway [19]. Another study on the Lebanese population evaluated the 

dimensions of the airway using cephalometrics in different types of skeletal malocclusion [20]. They also 

assessed the association of airway spaces in lateral cephalograms and the gender of the study subjects [20]. 

To the best of our knowledge, there was a lack of literature comparing malocclusion and pharyngeal 

airway spaces in the Gulf Cooperation Council (GCC). We conducted a cross-sectional retrospective study using 

70 lateral cephalograms from the radiology archives of the University Dental Hospital, United Arab Emirates. 

In the present study, lateral cephalograms were evaluated by two examiners, and the inter-rater reliability varied 

between 0.992 and 0.997. Habumugisha et al. [21] found interrater reliability for the pharyngeal airway 

measurements from 0.90 to 0.99. Another study conducted in the United States of America ranged between 0.87 

to 0.90 [22]. Similarly, an Indian study also revealed excellent inter-rater reliability between the two examiners 

[23]. 

In our study, each examiner reexamined 10% of the lateral cephalograms after one week and measured 

the parameters. The intra-examiner reliability varied from 0.991 to 0.996 for examiner one and from 0.908 to 

0.950 for examiner 2. In the Habumugisha et al. [21] study, the inter-rater reliability for the first examiner 

ranged from 0.92 to 0.99, and for the second examiner, it ranged from 0.91 to 0.99. A systematic review showed 

that the intra-examiner reliability in most studies ranged between 0.780 and 0.999 [24]. 

In the past, researchers have used different landmarks and different number parameters for the 

evaluation of the upper airway. In Alfawazn's [25] study, only two parameters of the upper airway (upper and 

lower airway width) were evaluated. A similar number of parameters were used by Indian authors [26], which 

also used similar parameters in their study using lateral cephalograms. However, some studies have used 

parameters similar to those in our research. A Brazilian study [27] and an Indian [28] study also used five upper 

airway parameters. In most of the studies, 5-6 parameters of the upper airway were measured [27,28]. 

The present study's linear measurements were done parallel to the FH plane. A similar plane was used 

as a horizontal guide in a Turkish study [29] and a Lebanese study [20]. Based on the observation of the 

methods used in the studies, the FH plane is the most used reference plane. 

The present study noted a significant difference in the mean PPS of the three study groups. The highest 

mean PPS was observed in Class III group, followed by Class I, and the least in Class II. Similar findings were 

observed in the literature [30,31]. Researchers suggest that in Class III malocclusion, the downward and 

forward growth of the mandible leads to increased upper airway space [32]. Clinically the knowledge of airway 

sizes helps the orthodontist for early management of malocclusion. Any obstruction to the airway may influence 

the severity of malocclusion. 

Research suggests that the airway space of Class III patients is wider than that of Class I and II, possibly 

due to the forward position of the tongue; this theory is validated by McNamra [10]. According to his study, a 

rise in pharyngeal wall dimensions over 15 mm (about 0.59 in) indicates a forwardly placed tongue, which would 

cause a forwardly positioned mandible and, in turn, a wider airway. Similarly, Grauer et al. [33] assessed the 

upper pharyngeal airway space and shape and found a relationship with facial morphology. They concluded that 

the skeletal Class II had a forward inclination of the airway, thus reducing the space of the airway. In contrast, 

Class III subjects had more vertically oriented airways, implying larger airway space [33]. 

In the present study, there was no significant difference in the linear parameters of MPS, IPS and EPS 

among the different study groups. Similar results were observed in multiple studies, with no statistically 

significant difference being recorded in the oropharynx and hypopharynx (MPS, IPS and EPS) among study 
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groups. However, a considerable change in the nasopharynx (PPS) was observed. Buyukcavus and Kocakara [6] 

also reported that the linear dimensions in the oropharynx and hypopharynx were not statistically significant 

when assessed with the different groups in their study. 

Ozbek et al. studied the effect of functional orthopedic treatment on oropharyngeal dimensions in 

growing Class II malocclusion patients and found that functional treatment could increase the sagittal dimension 

of the upper PAS [18]. Therefore, the clinical importance of the pharyngeal airway should be considered. It is 

vital for adolescents when the growth and development of the maxilla and mandible are of utmost importance. 

In the present study, there was no significant difference in the linear measurements of the upper PAS 

between male and female study subjects. Similarly, in Indian research by Dhayananth et al. [26], no significant 

difference was found among male and female subjects when comparing upper PAS dimensions. However, Jain et 

al. [32] found a significant difference in the linear dimensions of the upper airway between male and female 

study subjects in Class I and Class III malocclusion groups, although Class II subjects did not show any 

significant gender-based variation of linear upper airway dimensions.  

The difference in the gender-based variation could be attributed to variation in the age group of the 

subjects in the two studies. One possible factor could be due to growth and development: according to literature, 

females' craniofacial structures and development mature before the males' subjects in the teenage years. A 

popular study by Bishara also confirms that females have an earlier onset and maturation of the anatomical 

structures of the face during growth compared to boys [34]. 

In our study, we performed a linear measurement in 2D for a 3D structure. The Pharyngeal airway 

space varies across all the axial planes; therefore, for the accurate evaluation of the Pharyngeal airway space, we 

may make use of a CBCT or CT scan for volumetric and area measurement but does the radiation dose and low 

reliability make it practical. Extensive literature supports the reliability and reproducibility of airway dimensions 

of pharyngeal airway space using lateral cephalometric radiographs when compared to CT scans. CT scans are 

very accurate and precise in identifying pharyngeal airway and surrounding structures, but the high radiation 

dose makes them impractical for routine use [35]. 

Although one CBCT scan may replace all conventional orthodontic radiographs, one set of these 

radiographs in orthodontics still entails 2-4 times less radiation than one CBCT. Depending on the scan mode, 

the radiation dose of a CBCT is about 3-6 times an OPG, 8-14 times a PA, and 15-26 times a lateral cephalogram 

[35]. 

Our research suggests the importance of the use of cephalometry for the assessment of the upper airway. 

The major advantages are the cheaper cost, ease of availability, and reduced radiation exposure as compared to 

the more modern advanced imaging techniques; cephalometry proves to be an important and valuable accessory 

for airway analysis as orthodontists already use it. The only disadvantage is that transverse dimensions cannot 

be assessed. Future research may be conducted to study the variation of the Pharyngeal airway space across 

different ethnicities and to find out what is causing the variation between different populations. 

 

n Conclusion 

The most variation in the upper Pharyngeal airway Space among the different skeletal malocclusion 

was observed in the Nasopharynx (PPS), skeletal Class III having the most prominent dimensions followed by 

Class I and the least in Class II skeletal malocclusion. The variation in the lower part of the upper airway 

(oropharynx and hypopharynx) did not result in a difference in each of the skeletal malocclusions. Since our study 

population consisted of only adults who had completed growth and development, there was no difference in the 



 Pesqui. Bras. Odontopediatria Clín. Integr. 2025; 25:e230173 

 
10 

Pharyngeal airway space dimensions between the genders when compared with the different skeletal 

malocclusion groups. 
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