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Background and Objective: The upper airway and its related muscles are directly or indirectly 

connected to the maxilla or mandible. The displacement and position of the jaws in orthognathic 

surgeries affect their position. As a result, it seems necessary to evaluate airway changes after surgical 

treatments. The aim of this study was to investigate the effects of orthognathic surgeries on airway 

dimensions in operated patients using cephalograms prepared from them. 

Methods: In this cross-sectional study, cephalometric images of 24 patients with Class III 

malocclusion who had undergone simultaneous mandibular setback and maxillary advancement 

surgery were evaluated. The patients' airways were assessed using the Arnett-Gunson analysis at 

three levels—nasopharynx, oropharynx, and hypopharynx—to determine potential changes. 

Additionally, the mean and standard deviation of various distances—including Aa–Ap, S1a–S1p, and 

Ba–Bp—were analyzed before and after surgery. Finally, the A+B outcome was measured on the 

patients' cephalostats, and the correlation of A+B outcome changes with the nasopharynx, 

oropharynx, and hypopharynx was assessed. 

Findings: The mean airway dimensions in the nasopharynx, oropharynx, and hypopharynx before 

surgery were 12.97±3.93, 9.16±2.85, and 14.45±4.81 mm, respectively. After surgery, these values 

were 15.83±4.09, 10.66±2.46, and 10.08±2.76 mm, respectively (p<0.001, p<0.045, and p<0.001). 

The results indicated an increase in the airway space at the nasopharynx and oropharynx levels and, 

in contrast, a decrease in the airway space at the hypopharynx level following bimaxillary surgery. 

The correlation results of the studied variables showed that there was a positive and significant 

correlation between the A+B outcome and the Ba-Bp variable, and a negative and significant 

correlation was also observed between the A+B outcome and the Aa-Ap and S1a-S1p variables. 

Conclusion: The results of the study showed that simultaneous mandibular setback and maxillary 

advancement surgeries result in an increase in the airway space in the nasopharynx and oropharynx, 

while the airway space in the hypopharynx decreases. 

Keywords: Cephalometry, Orthognathic Surgery, Mandibular Setback, Maxillary Advancement, 

Airway Obstruction. 
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Introduction 

Recent advances in orthognathic surgery have expanded the range of corrective procedures addressing 

dentofacial deformities, and there is now growing interest in the effects of these surgeries on airway 

morphology. Numerous cephalometric studies have shown that repositioning the skeletal components of the 

face—particularly mandibular setback and maxillary advancement—significantly affects the pharyngeal 

airway space. In general, facial structure is influenced by genetic and environmental factors during growth. 

If facial structure grows abnormally or disproportionately, the occurrence of dentofacial anomalies becomes 

inevitable. These anomalies can result from trauma, infection, or other external factors (1). Moreover, 

dentofacial anomalies can impact mastication and speech (2, 3). 

Dentofacial anomalies can be corrected using a combination of orthodontic treatment and orthognathic 

surgery. Orthognathic surgery is one of the common approaches for correcting these anomalies and has 

gained considerable popularity in the field of maxillofacial surgery over the past 30 to 40 years (4).  

Pre-surgical orthodontic treatment is performed with the aim of correcting dental misalignment. Therefore, 

orthodontics is a prerequisite for surgery, and postoperative orthodontics is also used to achieve greater 

harmony between the two corrected jaws, improve dental alignment, correct dental rotations, and stabilize 

the surgical results. If the patient's upper jaw is retruded, this condition is known as "maxillary deficiency," 

and the patient must undergo maxillary advancement surgery. If the upper jaw is protruded or the patient 

has "maxillary protrusion," the upper jaw must be set back, a procedure known as "maxillary setback." 

Additionally, if the lower jaw is retruded or the patient has "mandibular deficiency," the lower jaw must be 

advanced surgically, which is called "mandibular advancement" (5, 6). If the patient has a protruded lower 

jaw or "mandibular prognathism," they undergo mandibular setback surgery (7). 

Although some studies have shown that changes in pharyngeal airway space (PAS) after orthognathic 

surgery are not significantly different (8), other studies indicate that in patients with Class II malocclusion, 

PAS changes are observable at all reference points examined after orthognathic surgery (9). Some studies 

have also reported that significant changes occur in PAS reference points after maxillary advancement and 

mandibular setback (10, 11). Research by Shi et al. and Kraivijitkul et al. has shown that mandibular setback 

surgery may lead to a reduction in oropharyngeal volume and increase the risk of obstructive sleep apnea 

(OSA), whereas maxillary advancement helps improve the nasopharyngeal airway (12, 13). More recent 

studies, including those by Hussain et al. and Honglertnapakul et al., have emphasized that changes in 

airway space after simultaneous mandibular setback and maxillary advancement are influenced by various 

anatomical factors such as hyoid bone displacement, tongue position, and soft tissue adaptation. However, 

the question remains whether the benefits of skeletal correction in terms of esthetics and function outweigh 

the potential risks to airway function, particularly in patients with Class III malocclusion (14, 15). 

Findings have shown that orthognathic surgery may lead to a reduction in airway space and predispose 

patients to sleep apnea (16). Based on these findings, it appears that changes in the facial skeleton can cause 

impairment in the individual's airway function. Therefore, one of the concerns of orthognathic surgeries is 

the possibility of disruption in the normal function of the pharyngeal airway (17). Since orthognathic surgery 

may lead to anatomical changes in the facial skeletal structure, and these changes can lead to functional and 

incompatible disturbances in the airway and predispose the individual to sleep-related breathing disorders 

or exacerbate them, evaluation of airway changes after surgical treatment is necessary (18). 

One of the methods for evaluating the upper airway is lateral cephalometry, which is considered one of 

the key tools in orthodontics (19). Morphometric evaluation of the pharyngeal airway space is usually 

performed using standard cephalometric films by identifying specific reference points and measuring 

various lengths and areas in the pharyngeal region (20, 21). Lateral cephalometry allows visualization of 

                             2 / 10



Cephalometric Assessment of Pharyngeal Airway Space Changes in Patients …/ J. Mohammadi, et al                       3 

Journal of Babol University of Medical Sciences, 2026; 28: e55 

hard and soft tissue structures for evaluating anomalies (22). However, the limitation of this method is its 

two-dimensional nature. For three-dimensional evaluation of the airway, cone beam computed tomography 

(CBCT) imaging can be used, but unlike cephalometric methods, this technique has a higher cost (23). 

Nevertheless, several studies have shown that the lateral cephalometry technique is more reliable alongside 

CBCT in evaluating the airway in patients undergoing orthognathic surgery (24-26). The results of one 

study showed that orthognathic surgery led to facial symmetry, as no difference was observed between the 

two groups in this regard. Additionally, in patients with limited and asymmetric airway space, the airway 

returned to a symmetrical state after surgery. However, a reduction in oropharyngeal space was observed 

after surgery in these patients (26). The aim of the present study is to quantitatively evaluate changes in the 

pharyngeal airway space in patients undergoing simultaneous mandibular setback and maxillary 

advancement using lateral cephalometric radiography before and after surgery. 

Methods 

This cross-sectional study was conducted after approval by the Ethics Committee of Zanjan University 

of Medical Sciences under code IR.ZUMS.REC.1400.040, on patients who had undergone correction of 

Class III skeletal malocclusion via orthognathic surgery, including maxillary advancement and mandibular 

setback, at Bu-Ali Hospital in Tehran. Sampling was performed by systematic random sampling from 

medical records, and a total of 24 eligible patients were selected. Power analysis confirmed the adequacy of 

this sample size for detecting significant changes in pharyngeal airway space before and after surgery, based 

on previous studies (27). The inclusion criteria consisted of lateral cephalometric radiography of acceptable 

quality, at two time points—before surgery and one week after it—in patients aged 20 to 35 years with Class 

III malocclusion. Image quality was assessed, including natural head position and sufficient clarity of soft 

and hard tissues. The exclusion criteria consisted of the presence of postoperative complications, a history 

of upper respiratory diseases, craniofacial syndromes, previous surgeries of the head and neck region, and 

a body mass index (BMI) greater than 30. Ultimately, 24 patients entered the analysis stage. The data 

analysis method is presented in Figure 1, and the cephalometric reference points are presented in Table 1. 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 1. Arnett and Gunson airway analysis 

 

For each lateral cephalometric radiograph, a code was assigned. Transparent tracing paper (Acetat Great 

Lake) measuring 10x8 cm was placed 1 cm from the left margin and taped to the radiograph with three 

pieces of adhesive tape. Manual tracing with a black pencil was performed by a trained individual to draw 
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the contours of the soft and hard tissues, and the corresponding landmarks were identified. Copies of the 

tracing paper were made, and the points B, S1, A, as well as the orbital and porion points were marked. 

Lines parallel to the Frankfurt plane (Po-Or) were drawn through the points A, B, and S1. In this setup, the 

nasopharynx includes the linear distance between the anterior point A and the posterior point A, the 

oropharynx the linear distance between the anterior point S1 and the posterior point S1, and the hypopharynx 

the linear distance between the anterior point B and the posterior point B. The variable sum of A+B was 

measured on the cephalostats of the patients. The procedure was carried out as shown in Figure 2. A line 

was drawn through the Nasion point perpendicular to the Frankfurt axis, and the changes in the displacement 

of points A and B before and after surgery were measured relative to this line. The A+B result was 

calculated, and the correlation between this variable and the three airway parameters was evaluated. 

 

Table 1. Cephalometric reference points (landmarks) 

Point Description 

A Anterior The anterior wall of the nasopharynx passing through the skeletal point A. 

A Posterior The posterior wall of the nasopharynx passing through the skeletal point A. 

S1Anterior The anterior wall of the oropharynx passing through the tip of the upper incisor (S1). 

S1 Posterior The posterior wall of the oropharynx passing through the tip of the upper incisor (S1). 

B Anterior The anterior wall of the hypopharynx passing through the skeletal point B. 

B Posterior The posterior wall of the hypopharynx passing through the skeletal point B. 

Skeletal Point A: The innermost point on the anterior contour of the premaxilla (upper jaw), located between the anterior 

nasal spine and the maxillary incisor teeth. Skeletal Point B: The innermost point on the anterior contour of the mandible, 

located between the mandibular incisor teeth and the chin (Menton). Orbital Point: The lowest point on the inferior margin 

of the orbit. Porion Point: The central point on the upper margin of the external auditory canal. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. Method of measuring the A+B variable 

 

Lateral cephalometric radiographs were used to collect data. A paired T-test was used to analyze changes 

before and after surgery, and Pearson's correlation test was used to investigate the relationship between 

variables. All statistical analyses were performed using R software version 4.01 and SPSS, and p < 0.05 was 

considered significant. 

  

  

Airway 

Frankfurt 

                             4 / 10



Cephalometric Assessment of Pharyngeal Airway Space Changes in Patients …/ J. Mohammadi, et al                       5 

Journal of Babol University of Medical Sciences, 2026; 28: e55 

Results 

The changes in the means, standard deviations, and p-values of the various parameters measured before 

and after surgery are summarized in Table 2. The mean value of the Aa-Ap distance (the distance between 

the anterior and posterior walls of the nasopharynx at point A) significantly increased from 12.97±3.93 mm 

before surgery to 15.83±4.09 mm after surgery. The S1a-S1p parameter (the distance between the anterior 

and posterior walls of the oropharynx at point S1) also showed a significant change, such that its mean 

increased from 9.16±2.85 mm before surgery to 10.66±2.46 mm after surgery. In contrast, the Ba-Bp 

variable (the distance between the anterior and posterior walls of the hypopharynx at point B) demonstrated 

a significant decrease, from 14.45±4.81 mm before surgery to 10.08±2.76 mm after surgery. 

 

Table 2. Comparison of the mean values of the Aa-Ap, S1a-S1p, and Ba-Bp variables before and 

after surgery in the study subjects 

Variable n 

Before 

surgery 

Mean±SD 

Before 

surgery 

(minimum) 

Before 

surgery 

(maximum) 

After 

surgery 

Mean±SD 

After 

surgery 

(minimum) 

After 

surgery 

(maximum) 

p-value* 

Aa-Ap 24 12.97±3.93 6 20 15.83±4.09 8 22 <0.001 

S1a-S1p 24 9.16±2.85 4 13 10.66±2.46 6 15 <0.045 

Ba-Bp 24 14.45±4.81 7 25 10.08±2.76 6 14 <0.001 
*P-values indicate statistically significant differences between values before and after surgery (p<0.05) 

 

Statistical analysis revealed that the p-value for the Aa-Ap (Figure 3) and Ba-Bp (Figure 4) variables 

was <0.001, indicating a highly significant difference between values before and after surgery. Additionally, 

the S1a-S1p variable also showed a statistically significant increase (p=0.045) (Figure 5). However, the 

magnitude of this change was smaller compared to the other variables. The extent of changes varied among 

the different study subjects. For example, in subject number 17, the Aa-Ap value was 14 mm before surgery 

and increased to 22 mm after surgery; in subject number 12, the S1a-S1p value increased by 5 mm after 

surgery; and in subject number 3, the Ba-Bp value was 17 mm before surgery and decreased to 14 mm after 

surgery. The Pearson correlation coefficient was calculated using SPSS software, and its heat map was 

drawn using R software (Figure 6). 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 3. The rate of Aa-Ap changes in the study subjects before and after surgery 
  

Figure 4. S1a-S1p changes in case study 

subjects before and after surgery 

 

Figure 3: The rate of Aa-Ap changes in the 

study subjects before and after surgery 

  
Figure 6. Outcome of points A and B for the 

study subjects after surgery 

 

Figure 5. The rate of Ba-Bp changes in the 

study subjects before and after surgery 

 
 

The Pearson correlation coefficient was calculated using SPSS software, and its heat map was 

drawn using R software (Figure 6). The correlation  
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Figure 4. S1a-S1p changes in case study subjects before and after surgery 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5. The rate of Ba-Bp changes in the study subjects before and after surgery 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 6. Outcome of points A and B for the study subjects after surgery 

  
Figure 4. S1a-S1p changes in case study 

subjects before and after surgery 

 

Figure 3: The rate of Aa-Ap changes in the 

study subjects before and after surgery 

  
Figure 6. Outcome of points A and B for the 

study subjects after surgery 

 

Figure 5. The rate of Ba-Bp changes in the 

study subjects before and after surgery 

 
 

The Pearson correlation coefficient was calculated using SPSS software, and its heat map was 

drawn using R software (Figure 6). The correlation  

  
Figure 4. S1a-S1p changes in case study 

subjects before and after surgery 

 

Figure 3: The rate of Aa-Ap changes in the 

study subjects before and after surgery 

  
Figure 6. Outcome of points A and B for the 

study subjects after surgery 

 

Figure 5. The rate of Ba-Bp changes in the 

study subjects before and after surgery 

 
 

The Pearson correlation coefficient was calculated using SPSS software, and its heat map was 

drawn using R software (Figure 6). The correlation  

  
Figure 4. S1a-S1p changes in case study 

subjects before and after surgery 

 

Figure 3: The rate of Aa-Ap changes in the 

study subjects before and after surgery 

  
Figure 6. Outcome of points A and B for the 

study subjects after surgery 

 

Figure 5. The rate of Ba-Bp changes in the 

study subjects before and after surgery 

 
 

The Pearson correlation coefficient was calculated using SPSS software, and its heat map was 

drawn using R software (Figure 6). The correlation  

                             6 / 10



Cephalometric Assessment of Pharyngeal Airway Space Changes in Patients …/ J. Mohammadi, et al                       7 

Journal of Babol University of Medical Sciences, 2026; 28: e55 

The correlation results of the studied variables showed that there was a positive and significant 

correlation between the A+B outcome and the Ba-Bp variable at the 5% probability level. That is, the more 

negative the A+B outcome value was, the lower the Ba-Bp value became. Additionally, a negative and 

significant correlation was observed between the A+B outcome and the Aa-Ap and S1a-S1p variables 

(Figure 7). 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 7. Correlation of the A+B outcome with the three variables Aa-Ap, S1a-S1p, and Ba-Bp in 

the study subjects before and after surgery 

Discussion 

The most important finding of this study was a statistically significant increase in the airway space in 

the nasopharynx and oropharynx, and in contrast, a decrease in the airway space in the hypopharynx 

following bimaxillary surgery, including maxillary advancement and mandibular setback. This indicates 

that surgical movements have differential effects on different segments of the airway. The results have 

shown that orthognathic surgery can have positive effects on the upper airway, and even with technical 

differences in surgical methods, changes in jaw position directly affect the airway space. In fact, these 

changes can improve the nasopharyngeal and oropharyngeal space and consequently facilitate breathing; 

particularly in patients suffering from respiratory disorders such as sleep apnea, it can have significant 

effects on their quality of life and respiratory function and reduce the risks arising from sleep-related 

breathing problems (28). Therefore, orthognathic surgeries are beneficial not only for correcting the 

aesthetic problems of the jaws and teeth but also for improving respiratory function and the quality of life 

of patients with respiratory disorders. 

Previous studies have reported different results regarding airway changes following bimaxillary 

surgeries, such that the study by Turnbull et al. showed that maxillary advancement surgery and mandibular 

setback surgery significantly change the airway space of patients, such that the airway space in patients 

increases following surgery (29), which is probably because the extent of maxillary advancement during 

surgery is greater than mandibular setback. On the other hand, some studies have shown that bimaxillary 

orthognathic surgeries are not associated with any change in airway space. The studies by Panou et al. and 

also Aydemir et al. showed that following bimaxillary orthognathic surgeries, no change is created in the 

airway space in the oropharynx and hypopharynx (30, 31). Tepecik et al. also showed that following 

bimaxillary surgery, the airway space decreased only in the oropharynx, whereas the airway space in the 

nasopharynx and hypopharynx did not change significantly (32). According to the study by Chen et al., 

 

  با سه A+B امدی پری متغی: همبستگ۷شکل 
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patients who undergo bimaxillary surgery do not show any change in airway space in the long term (33), 

which is probably because the displacement of the maxilla and mandible during surgery is such that they 

neutralize each other's effects, and maxillary advancement compensates for the effect of mandibular setback 

surgery. 

In contrast, in this study, a significant decrease was observed in the hypopharyngeal space, which is 

consistent with the findings of Dain et al. and Chen et al. (16, 33) and is probably due to the posterior and 

inferior displacement of the hyoid bone and related laryngeal structures following mandibular setback 

surgery. The results of our study showed that the airway space in the nasopharynx, oropharynx, and 

hypopharynx changed significantly in patients undergoing simultaneous bimaxillary surgery, such that the 

space in the nasopharynx and oropharynx increases and, in the hypopharynx, decreases. Considering that 

maxillary advancement surgery probably has little effect on the hypopharynx, therefore, in the results of our 

study, according to the above, it was shown that following bimaxillary surgery, due to mandibular setback, 

the hypopharyngeal airway space will still decrease. 

In this study, the outcome of the two jaws' movement (A+B) was also used as an indicator for quantifying 

skeletal displacement during surgery, which was one of the strengths of our study. When this outcome 

becomes negative, meaning that the extent of mandibular setback was greater than maxillary advancement, 

and consequently, a greater decrease in the hypopharyngeal space was observed. In contrast, positive A+B 

values indicate the predominance of maxillary forward movement, and consequently, it was associated with 

a lesser decrease in the hypopharyngeal space. Therefore, the greatest correlation between the two jaws' 

outcome was observed in the hypopharynx. These findings emphasize the importance of carefully evaluating 

the pattern of jaw movement before surgery and indicate that, if possible, excessive mandibular setback 

should be avoided to prevent its negative effects on airway patency. 

One of the important limitations of this study is the use of two-dimensional lateral cephalometric 

radiography for airway evaluation. Considering that the upper airway is a complex, three-dimensional 

structure divided into the three aforementioned parts, it is recommended that future studies use three-

dimensional imaging methods such as CBCT or MRI for more accurate analysis of airway space volume, 

which are more reliable. Additionally, conducting studies on patients with chronic respiratory problems and 

evaluating how bimaxillary surgery affects these patients could be useful. It is recommended that after 

surgery, a questionnaire also be prepared and patients' satisfaction regarding improvement or lack thereof 

be surveyed. 

The results of this study show that bimaxillary surgery, including mandibular setback and maxillary 

advancement, leads to an increase in the airway space in the nasopharynx and oropharynx, while the 

hypopharyngeal space decreases. These findings also highlight the compensatory role of the maxilla in 

reducing the negative effect of mandibular setback on the airway. 
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