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ABSTRACT 

Background: Surgical movement of the jaws for the correction of maxillofacial discrepancies 

can have a major influence on the airway. Prior to surgery, the airways require a detailed 

analysis for any potential obstruction and development of any sleep disturbance disorders. 

Objectives: To quantify the changes at the nasopharyngeal, oropharyngeal and 

hypopharyngeal airway levels after orthognathic surgery using lateral cephalograms and 

computed tomography and to assess the changes in quality of sleep following orthognathic 

surgery using polysomnography.  

Materials and Methods: The pharyngeal airway of 15 patients who underwent orthognathic 

surgery were assessed in a prospective study from 2019 to 2021. Pre-operative computed 

tomography scans, lateral cephalograms and polysomnography studies were done and 

compared to the same parameters 6 months post-operatively. 

Results: The average pre-operative width of airway at the nasopharynx level showed a mean 

increase of 6.13mm, and on analysis with the paired t-test, it was statistically 

significant(p=0.01). A similar significant change was noted at the hypopharynx, with a mean 

increase of 1.73mm(p=0.25). The lowest desaturation, however, increased from an average of 

77.27 % to 84.47% (mean: 7.2), which was statistically significant. Bimaxillary surgeries done 

with a mandibular setback of 5.25±1.83 mm accompanied by maxillary advancement of 

5.44±1.18mm have shown an increase in volume by 3.3% at the nasopharynx and 9.03% at 

oropharynx level with an overall increase of 2.78% increase in total airway volume, whereas 

the hypopharynx showed a 24.6% decrease in volume. In polysomnography, a 39.7% decrease 

in AHI index, 6% increase in the lowest desaturation, and a 5% decrease in the ODI were also 

noted along with a 13% improvement in sleep efficiency.  

 



Conclusion: Orthognathic surgery has an inevitable influence on the upper airways and 

thorough evaluation of the three dimensional structure is warranted, using appropriate imaging 

and diagnostic modalities in order to accurately diagnose any risk of sleep disturbances and 

incorporate adjunctive procedures into the treatment planning.   

Key words: orthognathic; pharyngeal airway; polysomnography; computed tomography; 

cephalometry 
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INTRODUCTION 

 

Orthognathic surgery has become widely popular in the field of oral and maxillofacial 

surgery as the treatment of choice for the correction of skeletal discrepancies. It has proved 

useful in the restoration of proper occlusion in conjunction with orthodontic treatment, 

masticatory function and improvement of aesthetics and facial profile. However, it comes 

with certain disadvantages. Any alteration in the skeletal structures of the face will 

inadvertently change the hard tissue relationships [1] and soft tissue anatomical locations 

such as the base of the tongue and soft tissue contours around the mandible and maxilla [2]. 

Such changes in the pharyngeal airway will reflect on its dimensions and restrict its muscle 

activity. 

Surgical treatment of the facial skeleton and its occlusion requires a thorough understanding 

of all variables including morphology of the facial skeleton, the upper airway configuration 

and a sound knowledge of the consequent respiratory disturbances. Dynamic changes in the 

anatomy of the airway may also contribute to obstructive sleep apnoea (OSA). [3]  

The airway is expected to increase in volume and dimensions with excessive horizontal 

growth and poor horizontal growth decreases it, hence, an increase after maxillary or 

mandibular advancement and a decrease after mandibular setback is expected rectifying such 

maxillomandibular deformities. [4][5] Hence, a thorough analysis of the airway is indicated 

when these procedures are planned, respecting the possible changes in dimensions, for the 

general health of patient. 

Although lateral cephalograms provide only 2-dimensional interpretations of 3-dimensional 

structures, it is still the most widely used method for evaluating the upper airway as it is 

easily available, simple and economic.   
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Recently, computed tomography (CT) imaging techniques have been introduced for 

investigating the upper airway by three dimensional assessment of the cross sectional areas at 

different levels. The changes in volume of the pharyngeal structures should be analysed 

during assessment of the upper airway due to the risk of development of OSA. [6] 

Polysomnography is the best choice for diagnosing sleep-disordered breathing and is 

invaluable in comparing the pre operative and post operative patency of the airway. A 

younger individual is capable of balancing a potential deterioration with appropriate adaptive 

mechanisms, but without definitive values, the extent of change cannot be quantified. Hence, 

the potential impact of orthognathic surgery on the upper airways should be incorporated in 

the diagnosis, treatment planning and execution for the overall improvement in patient 

condition. 

The present study analyzes the outcomes of orthognathic surgery and its effects on the 

pharyngeal airway. 
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AIMS AND OBJECTIVES 

 

AIM:  

To evaluate the pharyngeal airway changes following orthognathic surgery. 

 

 

OBJECTIVES: 

1. To quantify the changes at the nasopharyngeal, oropharyngeal and hypopharyngeal 

airway levels after orthognathic surgery. 

2. To assess the changes in quality of sleep following orthognathic surgery pre-operatively 

and post-operatively. 

3. To subjectively evaluate potential improvement or deterioration of symptoms of a 

reduced pharyngeal airway.  
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REVIEW OF LITERATURE 

1. A retrospective analysis was conducted by Feng Yu et al in 1994 on 26 non-adult 

growing patients at the Department of Oral and Maxillofacial Surgery, University of 

California, San Francisco out of whom 16 cases had undergone bilateral mandibular 

advancement and 10 cases had undergone maxillo-mandibular advancement for 

mandibular and maxillary horizontal deficiency. Preoperative, immediate postoperative, 

and long-term postoperative follow-up lateral cephalometric radiographs were obtained. 

All immediate postoperative cephalographs were taken within 6 days of surgery and the 

long-term postoperative cephalographs were taken at a mean of 15 months 

postoperatively (4-38 months). The 26 patients were divided into two groups based on 

the preoperative TB-PHW (tongue base to posterior pharyngeal wall) width. Group 1 

(15 patients) consisted of patients with preoperative TBPHW width less than 11 mm and 

group 2 (11 patients) consisted of those patients with preoperative TB-PHW widths 

greater than 11 mm. Group 1 showed a statistically significant change in TB-PHW space 

between preoperative and immediately postoperative and between preoperative and 

long-term postoperative (P < 0.01 and P < 0.001, respectively). Group 2 has no 

statistically different changes.  Increases in the sagittal dimensions of the oropharynx 

were unpredictable and tended to decrease with time, suggesting that mandibular 

advancement may be an unreliable method of treating obstructive sleep apnoea. The 

most stable long-term results were found in those cases with narrowing of the 

oropharynx preoperatively. [7] 
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2. Preoperative and postoperative computed tomography (CT) examinations were 

performed by Kawamata et al in 2000 on 17 patients treated by sagittal split ramus 

osteotomy with rigid osteosynthesis and on 13 patients treated by intraoral vertical 

ramus osteotomy without osteosynthesis. The preoperative to postoperative difference 

of the mandibular position was measured in axial CT images to assess the amount of 

mandibular setback. The sizes of the preoperative and postoperative pharyngeal airway 

were evaluated from semi-transparent and crosscut 3DCT images. Postoperative 

displacement of the hyoid bone was evaluated by a technique to superimpose a 

postoperative hard tissue 3DCT image on the preoperative image. The helical scan 

technique was used in the CT examination. The volume rendering technique was used 

to create 3DCT images. The mean mandibular setback was 7.8 ± 2.1 mm with a range 

of 5 to 11 mm. Three months after surgery, the lateral and frontal widths of the 

pharyngeal airway had decreased significantly in comparison with the preoperative 

width. The mean reduction rates of the lateral and frontal width were 23.6% and 11.4%, 

respectively. The diminished airway did not recover by either 6 months or 1 year after 

surgery in most cases. Downward and posterior displacement of the hyoid bone was 

seen postoperatively. There were positive correlations between the amount of 

mandibular setback and reduction of the lateral width of the pharyngeal airway (r = 0.54) 

and the amount of hyoid bone displacement (r = 0.42). There were no significant 

differences between the two surgical techniques. Three-dimensional computed 

tomography was a practical imaging technique to evaluate the morphologic airway 

changes. The pharyngeal airway may have irreversible narrowing after mandibular 

setback surgery. [8] 

 



6 
 

3. Pharyngeal airway dimensions of 32 orthognathic surgery cases were prospectively 

investigated by Turnbull et al in 2000 and the relationship between the surgery and sleep 

quality assessed. Digitized lateral cephalometric radiographs were used to compare pre-

operative and post-operative oropharyngeal airway morphologies. Patients were 

assessed in two main surgical groups based on sagittal jaw relationship. A questionnaire 

was used to assess changes in daytime sleepiness. The mandibular surgery cases were 

also assessed by overnight domiciliary sleep monitoring. A significant decrease in the 

retrolingual airway dimension was found in all patients after mandibular setback surgery 

and a significant increase in this dimension was noted after mandibular advancement. 

The questionnaire and sleep study revealed no significant changes in snoring incidence 

or apnoeic events after mandibular setback surgery. For the mandibular advancement 

group, a change in sleep quality was found, but only in cases with signs of a pre-existing 

sleep disorder. [1] 

 

4. In this study by Bhattacharya et al in 2000, airway CT was obtained and 3-dimensional 

airway models were constructed prospectively for 40 patients with Obstructive Sleep 

Apnoea Syndrome(OSAS) and 10 controls. Airway dimensions were correlated with 

polysomnography, and comparison was made between patients with and without OSAS. 

OSAS patients had a mean respiratory distress index of 51.9 events per hour. The mean 

minimum cross-sectional area (XSA) in the neutral position was 67.1 mm2. Minimum 

XSA decreased in both the inspiratory and expiratory phases to 16.3 mm2 and 15.0 mm2, 

respectively (P < 0.001). Complete airway obstruction occurred in 1 or more phases of 

respiration in 28 patients. Neither airway XSA nor length of obstruction correlated with 

sleep apnoea parameters. No statistically significant differences in airway dimensions 

were found between OSAS and control patients. Airway CT demonstrates dynamic 
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airway obstruction in OSAS but does not correlate well with clinically important disease 

parameters. [9] 

 

5. Muto et al in 2002 aimed to investigate the relationship between cranio-cervical 

inclination and pharyngeal airway space (PAS) by measuring these parameters at 

different head postures in the same subjects and to obtain a regression equation to correct 

the values measured. 50 lateral cephalometric radiographs taken at five different head 

postures per individual were obtained from ten adults (seven males and three females) 

aged from 25 to 30 years with nose breathers and Class I occlusion. The changes in 

cranio-cervical inclination produced by head extension were correlated with changes in 

the variables describing the PAS. The OPT/NSL (cranio-cervical inclination in the 

second vertebrae) and C3-Me (distance between the third vertebrae and the Menton) 

correlated strongly with PAS-TP (the most proximal distance measured between the 

posterior pharyngeal wall and the tongue base) in the pharyngeal airway space (r=0.807 

and 0.854 respectively). The regression equations were Y=27.177+0.39X (Y=PAS-TP, 

X=OPT/NSL), and Y=21.105+0.402X (Y=PAS-TP, X=C3-Me), respectively. From 

these equations we could conclude that an increase of 10 in OPT/NSL or 10 mm in C3-

Me increased the pharyngeal airway space (PAS-TP) by about 4 mm [10] 

 

6. Charts were reviewed for OSAS patients who received MMA surgery between October 

1996 and April 2002 by Gregoire et al. The outline of the posterior pharyngeal wall, soft 

palate and base of tongue were traced pre- and postoperatively. The minimum 

perpendicular distance between the posterior pharyngeal wall and both the soft palate 

and base of tongue were measured. The airway measurements as well as the AHI were 

analysed using the Wilcoxon signed rank test for significance between the pre and 
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postoperative values. Changes in pharyngeal airway space and AHI were analysed using 

the Spearman Rank Order Correlation Test. A total of 48 patients received MMA 

surgery as treatment for OSAS during this time period with 20 satisfying the 

requirements (18 males and 2 females). The average age was 44 years (range of 34 to 

61). Twelve patients had MMA, 7 patients had MMA in conjunction with genioplasty 

and 1 patient had maxillary advancement with a unilateral sagittal split osteotomy. The 

median increase in distance between the posterior pharyngeal wall and soft palate was 

96% (maximum 325%, minimum 14%; first quartile 64%, third quartile 96%). The 

median increase in distance between the posterior pharyngeal wall and base of tongue 

was 108% (maximum 500%, minimum 0%; first quartile 73%, third quartile 157%). The 

median decrease in AHI was 78% (maximum 100%, minimum 23%; first quartile 52%, 

third quartile 98%). The Spearman Rank Order Correlation test was calculated and 

revealed no correlation between the increase in pharyngeal airway and decrease in AHI., 

thereby concluding that treatment of OSAS using MMA surgery resulted in an average 

decrease in AHI of 73% for this patient population. There was no correlation between 

the increase in posterior pharyngeal airway space and the decrease in AHI 

postoperatively. [11] 

 

7. Abbott et al in 2004 obtained transverse fast gradient-echo cine MR images of the 

hypopharynx 1.5 T in 31 children with OSA (eight girls, 23 boys; mean age, 11.3 years) 

and 21 children free of airway symptoms who underwent MR imaging for other clinical 

indications (11 girls, 10 boys; mean age, 3.5 years). Volume segmentation with a k-

means clustering algorithm was applied to transverse cine MR images to quantify airway 

volumes at each time. Airway wall motion for each child was described with standard 

deviation and range. Coefficient of variance and normalized range, which are 
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independent of airway size, were used to compare groups (Kruskal-Wallis test). Plots of 

airway volume over time demonstrated large fluctuations during respiration in children 

with OSA and minimal fluctuations in controls; findings were consistent with airway 

distention and airway collapse in OSA. Average airway transverse volume was larger in 

the group with OSA than in the control group (OSA group, 2.52 mL; control group, 

0.936 mL; P .001). Mean standard deviation (OSA group, 0.840 mL; control group, 0.17 

mL; P .001) and mean range of airway cross section (OSA group, 3.552 mL; control 

group, 0.864 mL; P .001) were larger in the group with OSA. Coefficient of variance 

(OSA group, 0.32; control group, 0.17; P .001) and normalized range (OSA group, 1.42; 

control group, 0.96; P .001) indicate statistically significant difference in airway 

dynamics in children with OSA. Volume segmentation of transverse cine MR images of 

the hypopharynx aids in quantification of increased airway wall motion in children with 

OSA. Transverse MR imaging demonstrates both airway distention and collapse in 

children with OSA. [12] 

 

8. The impact of orthognathic surgery for class III malocclusion on ventilation during sleep 

was examined using a comparison of pre- and post-surgical respiratory parameters by 

Foltan et al. 21 patients with both maxillary hypoplasia and mandibular excess 

underwent Le Fort I osteotomy and advancement together with bilateral sagittal split 

osteotomy (BSSO) setback. Respiratory parameters, ECG and position of the body were 

monitored before surgery and postoperatively after the fixation removal (mean 8.5 

months). Average Le Fort I advancement was 4.44 mm, BSSO setback was 4.96 mm. 

Generally, the orthognathic procedure worsened breathing function during sleep, as 

reflected in significant increase of index of flow limitations and decrease in oxygen 

saturation. The posterior airways space decreased to 75% of its original volume, the 
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distance between mandibular plane and hyoid bone increased to 133%. The results 

indicate that bimaxillary surgery for class III malocclusion increased upper airway 

resistance. A young person would probably be able to balance such a decline in 

respiratory function using different adaptive mechanisms, but the potential impact of 

orthognathic surgery on the upper airways should be incorporated in a treatment plan. 

[13] 

 

9. Alves et al in 2008 conducted a three-dimensional cephalometric study from computed 

tomography scans was carried out to investigate upper airway space in normal nasal 

breathing patients presenting skeletal pattern of classes II and III. In addition, the 

statistical analysis was done according to gender criterion. The results revealed that the 

majority of the airway measurements were not affected by type of malocclusion. The 

three-dimensional technology used in this study also allowed the volume and surface 

area calculations, and no statistical significance was found. The retroglossal width and 

posterior nasal cavity height mean were larger in males than females in the class II 

group, but volume and cross-section area were not statistically significant. However, in 

class III group, although the differences in linear and angular measures means were not 

significant, the retropalatal volume and retroglossal volume and cross-section area were 

larger in males. The authors highlighted that the evaluation of upper airway space should 

be an integral part of diagnosis and treatment planning to achieve functional balance and 

stability of the results. [14] 

 

10. A study by Degerliyurt in 2008 aimed to compare the morphologic changes of the upper 

airway space in Class III patients who underwent mandibular setback or bimaxillary 

surgery, consisting of 47 subjects in 2 groups who had been diagnosed as having Class 
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III skeletal deformities and had been treated by mandibular setback or bimaxillary 

surgery (maxillary advancement and mandibular setback). Anteroposterior, lateral, and 

cross-sectional area dimensions of the airway at the level of soft palate and base of 

tongue were measured pre- and postoperatively on computed tomography images. 

Anteroposterior dimensions of the airway decreased in both groups (P<0 .0001); 

however, the reduction was significantly less in cases treated with bimaxillary surgery 

(P <0.05). In the mandibular setback surgery group, the cross-sectional area of the 

airway decreased significantly (P< 0.001). Although the cross-sectional area of the 

airway decreased in the bimaxillary surgery group, the reduction was not statistically 

significant (P> 0.05). thus concluding that bimaxillary surgery can prevent narrowing of 

the upper airway in the correction of Class III deformities in comparison with 

mandibular setback surgery used as the sole treatment. [15] 

 

11. Jae-Woo Park et al used lateral cephalometry and computed tomography (CT) to 

examine the volumetric, planar, and linear changes in the pharyngeal airway after 

mandibular setback surgery. The pharyngeal airways of 12 subjects who underwent 

mandibular setback surgery at Seoul National University Dental Hospital were assessed 

linearly and volumetrically on lateral cephalometric radiographs and CT before surgery 

and 6 months after surgery. The pharynx, nasopharynx, and oropharynx were evaluated 

by volumetric analysis. Pharyngeal depth, airway space, pharyngeal soft-tissue 

thickness, and hyoid bone position were measured by linear analysis. The axial section 

area of the airway was measured by area analysis. From the linear analysis, a significant 

decrease in pharyngeal depth and a significant posterior movement of the hyoid bone 

(P<0.05) were noted. Volumetric analysis by CT showed that the oropharynx decreased 

after mandibular setback surgery. However, the volume and the axial section area of the 
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airway in the CT images did not change significantly after mandibular setback surgery 

(P>0.05) thus concluding that although the structures around the mandible inevitably 

moved backward after mandibular setback surgery on linear analysis, physiologic 

deformation could occur to preserve the airway capacity after sagittal compression. [16] 

 

12. Demetriades in 2010 conducted a retrospective cohort analysis of 26 patients who 

underwent mandibular retropositioning with or without maxillary advancement within 

the past 5 years at Tufts University School of Dental Medicine. Pre- and postoperative 

lateral cephalometric radiographs were analysed with digital DOLPHIN software 

(Dolphin Imaging, Chatsworth, CA) for evidence of changes to the posterior airway 

dimension. In addition, patients were evaluated postoperatively with SNAP 

polysomnography (model 4/6; SNAP Laboratories, Wheeling, IL) for evidence of 

OSAS. Results indicated that mandibular retropositioning greater than or equal to 5 mm 

decreased the posterior airway space below 11 mm (30.75%, P =0.03) and showed 

evidence of soft palate elongation greater than 32 mm (15.39%, P =0.037) in a 

significant number of patients. However, as determined by cephalometric analysis, 

mandibular retropositioning greater than or equal to 5 mm in combination with maxillary 

advancement had no significant effect on the posterior airway space or soft palate. 

Postoperative SNAP polysomnography hence showed higher incidence of mild to 

moderate OSAS in patients who underwent mandibular retropositioning greater than or 

equal to 5 mm (69.25%) compared with patients who underwent mandibular 

retropositioning in combination with maxillary advancement (38.46%, P=0.039). [17] 

 

13. A prospective clinical trial was carried out by Jakobsone where lateral cephalographs 

and CT scans of 10 Class III patients were evaluated 1 week before and 6 months after 



13 
 

surgery. Wilcoxon matched pairs signed ranks test was used to determine the differences 

in measurements pre- and postoperatively. Spearman’s rank correlation was used to test 

the association between the CT and cephalometric measurements. Results. CT 

measurements: The oropharyngeal and hypopharyngeal volumes increased by 3.98 ± 

4.18 cm3 (P .015) and 2.51 ± 1.92 cm3 (P .021), respectively. The total volume of the 

posterior airway space increased, but the increase was not statistically significant. After 

surgery no change in the cross-sectional area of the upper airway was recorded at the 

retropalatal, oropharyngeal, or hypopharyngeal levels. Cephalometric measurements: 

The nasopharyngeal space increased 4.08 ± 5.07 mm (P .039) and the tongue increased 

in length by 4.84 ± 5.93 mm (P .22). No correlation was found between the 

measurements on CT scans and corresponding measurements on the lateral 

cephalographs. Bimaxillary surgery for correction of Class III malocclusion did not 

cause decrease of the posterior airway space. [6] 

 

14. A study by Kim et al in 2010 aimed to investigate the difference in the pharyngeal airway 

after sagittal split ramus osteotomy (SSRO) procedures between male and female 

patients with Class III malocclusion. 30 male and 47 female Korean patients were 

studied. All were diagnosed with Class III malocclusion and had undergone SSRO 

treatment. The pharyngeal airway was measured at 3 different levels: uvula tip, low C2, 

and mid-C3 of the lateral cephalograms. It was measured during 3 periods 

preoperatively and also during the second and twelfth month postoperatively. The 

changes in the pharyngeal airway were compared between the male and female patients. 

The size of the pharyngeal airway preoperatively was approximately the same in both 

genders. In contrast, after the SSRO procedure, the pharyngeal airway became narrow 

when measured at all 3 levels, without any significant difference in either group. 
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However, the degree of narrowness, which is correlated with the distance of mandibular 

setback, was only found in female patients, thereby concluding that the pharyngeal 

airway became narrow in both genders. However, the degree of narrowness, which is 

proportionate to the distance of the mandibular setback, only occurred in the female 

patients. [18] 

 

15. Hong et al conducted a study in 2011 to assess whether the pharyngeal airway narrowed 

after orthognathic surgery in patients undergoing either mandibular setback surgery or 

bimaxillary surgery and whether the amount of narrowing of the pharyngeal airway was 

any different after mandibular setback surgery or bimaxillary surgery. Cone-beam 

computed tomography scans were obtained for 21 patients who were assigned to either 

mandibular setback surgery or bimaxillary surgery. The anteroposterior dimension, 

lateral width, cross-sectional area, and volume of each subject’s pharyngeal airway were 

measured before and after surgery. Results: The pharyngeal airway showed significant 

narrowing after both mandibular setback surgery and bimaxillary surgery. The amount 

of change in the anteroposterior dimension and cross-sectional area on the posterior 

nasal spine plane and the length of the pharyngeal airway showed significant differences 

between the 2 groups. The amount of narrowing of the pharyngeal airway was smaller 

in patients undergoing bimaxillary surgery than in the patients undergoing mandibular 

setback surgery. [19] 

 

16. To evaluate the volumetric change of the upper airway space in 36 Class III patients 

who had undergone bimaxillary surgery or isolated mandibular setback, and, further, to 

analyse the relation between postsurgical stability and airway change, Park et al in 2011 

performed a three-dimensional (3D) CBCT examination at three stages: T0 (before 
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surgery), T1 (an average of 4.6 months after surgery), and T2 (an average of 1.4 years 

after surgery). The results showed significant decrease in the volumes of the 

oropharyngeal and hypopharyngeal airways 4.6 months post-surgery in the mandibular 

setback group (p < 0.05), and these diminished airways had not recovered 1.4 years post-

surgery. In the bimaxillary surgery group, the volume of the oropharyngeal airway also 

decreased. A Spearman correlation analysis showed that the anteroposterior length of 

the hypopharyngeal area had a correlation with post-surgical stability in the isolated 

mandibular surgery group, and that the cross-sectional area of the nasopharynx was 

correlated with maxillary relapse only in the bimaxillary surgery group (p < 0.05). [3] 

 

17. Mattos et al in 2011 conducted a meta-analysis to identify, review and compare scientific 

literature about changes in airway in adult patients undergoing orthognathic surgery to 

correct anteroposterior osseous discrepancies. An electronic search of four databases 

was carried out up to July 2010, with supplemental hand searching of the references of 

the retrieved articles. Quality assessment of the included articles was carried out. Data 

were extracted and a meta-analysis was performed. Heterogeneity was assessed amongst 

the studies and results were presented in forest plots. 49 studies met the inclusion 

criteria. Only studies with moderate or high methodological soundness were included in 

the review. Moderate evidence was found to support a significant decrease in the 

oropharyngeal airway in mandibular setback surgery, a milder decrease in bimaxillary 

surgery to correct Class III and an increase in maxillomandibular advancement surgery. 

[20] 

 

18. 20 patients requiring orthognathic surgery during 2004 to 2005 were recruited for 

analysis by Sears et al in 2011. Lateral cephalograms and CBCT scans were obtained at 
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3 points: preoperatively, within 1 month postoperatively, and after 6 months 

postoperatively. The nasopharynx, oropharynx, and hypopharynx were segmented on 

both the radiograph and the CBCT scan for each patient in a repeatable manner at each 

point. For the lateral cephalogram, linear measurements in the middle of each of the 3 

segments were obtained. For the CBCT, volumetric measurements of each of the 3 

segments were obtained. The intrarater variability was assessed, and Pearson’s 

correlation was used to compare the 2 imaging modalities. Of the 20 patients, 13 were 

female and 7 were male. The mean age at surgery was 23.85 years (range 14 to 43). Of 

the 20 patients, 6 underwent maxillary advancement only, 8 underwent mandibular 

advancement with or without genioplasty, and 6 underwent 2-jaw surgery or mandibular 

setback. Statistically significant correlation was noted between the linear and volume 

measurements in the nasopharyngeal and oropharyngeal regions but not in the 

hypopharyngeal region (r = 0.43, P <.002; r = 0.49, P < .0002; r = 0.16, P = .26, 

respectively). The maxillary advancement group (n = 6) demonstrated a correlation 

between the linear and volume measurements in the nasopharyngeal region (r = 0.53, P 

= .03). The mandibular advancement with or without genioplasty group (n = 8) showed 

a correlation in the nasopharyngeal and oropharyngeal regions (r = 0.55, P < .02, and r 

= 0.46, P = .05, respectively). For the combination/setback procedures (n = 6), a 

correlation was found in the oropharyngeal region (r = 0.64, P =.01). All other 

comparisons between the linear and volume measurements did not correlate. 

Additionally, no correlations were found between the linear and volumetric change in 

airway. [21] 

19. A study by Goncales et al in 2012 evaluated the cephalometric changes in the pharyngeal 

airway space after orthognathic surgery procedures to correct mandibular prognathism. 

Pre and post-operative cephalometric analysis was performed on 19 patients submitted 
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to mandibular setback by mandibular bilateral sagittal split osteotomy associated with 

maxillary advancement by Le Fort I osteotomy, using the Dolphin Imaging 10.0 

software. Results did not reveal statistically significant changes in the upper 

(nasopharyngeal), middle (oropharyngeal) and lower (hypopharyngeal) airway spaces, 

but showed increase in the nasal pharynx due the maxillary advancement and a lower 

position of the hyoid bone due the mandibular setback. [22] 

 

20. Gokce et al in 2012 aimed to determine the effects of Bimaxillary orthognathic surgery 

(BOS) on pharyngeal airway space, respiratory function during sleep and pulmonary 

functions. 21 male patients were analysed using cephalometry, spirometry for 

pulmonary function tests, and a 1-night sleep study for full polysomnography before and 

17 5 months after BOS. The data show that the hyoid bone repositioned to the inferior, 

the tongue and soft palate displaced to the posterior, narrowed at the oropharynx and 

hypopharynx and widened at the nasopharynx and velopharynx levels significantly (p < 

0.05). The alterations indicated decreased airway resistance and better airflow. As a 

consequence of polysomnography evaluation, the sleep quality and efficiency of the 

patients improved significantly after BOS. Patients who undergo BOS should be 

monitored with pulmonary function tests and polysomnography pre- and postoperatively 

to detect any airway obstruction. [5] 

 

21. Kobayashi et al in 2012 reported the effects of mandibular setback on space in the 

pharyngeal airway and respiratory function during sleep. 78 patients (29 men and 49 

women) in whom skeletal class III malocclusions had been corrected were included. The 

mean (range) age at operation was 24 (16–38) years and body mass index (BMI) 21.4 

(16.1–30 .9) kg/m2. Morphological changes were evaluated on lateral cephalograms 
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taken three times: preoperatively, a few days postoperatively, and more than 6 months 

postoperatively. Overnight arterial oxygen saturation (SpO2) was measured by pulse 

oximetry 6 times: preoperatively, and on days 1, 3, 5, and 7, and 6 months 

postoperatively; oximetric indices were calculated. Those immediately after mandibular 

setback were significantly worse than those preoperatively, although they gradually 

improved. There were positive correlations between BMI and oximetric indices, and 

little association between changes in mandibular position and oximetric indices. There 

was no evidence of sleep-disordered breathing 6 months after mandibular setback 

because most patients adapt to the new environment for respiratory function during 

sleep. However, some (particularly obese) patients may develop sleep-disordered 

breathing just after mandibular setback. In such patients attention should be paid to 

respiratory function during sleep in the immediate postoperative period, and careful 

postoperative follow-up is needed. [2] 

 

22. Lee et al performed a retrospective study in a group of patients who underwent 

bimaxillary surgery for Class III malocclusion and had full cone-beam computed 

tomographic (CBCT) images taken before surgery and 1 day, 3 months, and 6 months 

after surgery. The upper and lower parts of the airway volume and the diameters of the 

airway were measured from 2 different levels. Presurgical measurements and the amount 

of surgical correction were evaluated for their effect on airway volume. Data analyses 

were performed by analysis of variance and multiple stepwise regression analysis. The 

subjects included 21 patients (6 men and 15 women; mean age, 22.7 years). The 

surgeries were Le Fort I impaction (5.27 ± 2.58 mm impaction from the posterior nasal 

spine) and mandibular setback surgery (9.20 ± 4.60 mm set back from the pogonion). 

No statistically significant differences were found in the total airway volume for all time 
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points. In contrast, the volume of the upper part showed an increase (12.35%) and the 

lower part showed a decrease (14.07%), with a statistically significant difference 6 

months after surgery (P .05). Predictor variables affecting the upper and lower parts of 

the airway volume were presurgical A point to Nasion-perpendicular (A to N-perp) and 

vertical surgical correction of the pogonion and the posterior nasal spine (P .05). They 

concluded that bimaxillary surgery for the correction of Class III malocclusion affected 

the morphology by increasing the upper part and decreasing the lower part of the airway, 

but not the total volume. [23] 

 

23. Santagata in 2013 conducted a study to evaluate the effects of maxillary and mandibular 

surgery on pharyngeal airway dimensions in skeletal class III malocclusions. 76 patients, 

treated between 2007 and 2013 by maxillary advancement (11 patients), maxillary 

advancement and mandibular setback (39 patients), maxillary advancement, mandibular 

setback and genioplasty reduction (26 patients) were included. Cranial latero-lateral 

radiography was used to compare oropharyngeal airway morphologies before and 1 year 

after surgery. In maxillary procedures, the average of advancement was 3.2 mm (SD 0.9 

mm). In mandibular procedures, the average of the setback was 1.9 mm, (SD 0.4 mm). 

The results showed an increase in cephalometric measurement of PAS after surgery for 

each group. The surgeon should consider bimaxillary surgery rather than mandibular 

setback surgery to correct a class III deformity to prevent the development of obstructive 

sleep apnoea syndrome as it has a lesser effect on reduction of the pharyngeal airway 

than mandibular setback surgery only. [24] 

 

24. Panou et al in 2013 evaluated the pharyngeal airway and maxillary sinus volume 

changes after mandibular setback surgery combined with maxillary advancement and/or 
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impaction surgery. Seventeen Class III skeletal patients (11 females, 6 males) who 

required bimaxillary orthognathic surgery were selected. Volumetric measurements 

were performed using cone beam computed tomography (CBCT) scans preoperatively 

and 3.9 6 0.87 months postoperatively. All the CBCT scans were assessed and analysed 

using MIMICS 14.0 software. Preoperative and postoperative volumes of pharyngeal 

airway and maxillary sinuses and the relationship between the amounts of surgical 

movement of the jaws and the above volumes were statistically evaluated. The 

pharyngeal airway area presented no significant change except for the lower and total 

pharyngeal airway volumes in males, in whom a significant decrease was observed 

(4196.27 6 2061.11 mm3 and 3375.53 6 3624.67 mm3, respectively). No significant 

change was observed in the minimal cross-sectional area of the pharyngeal airway. 

There was a significant decrease in the volume of the maxillary sinuses after the surgery 

by 3448.09 ± 3315.56 mm3. No correlation was found between the amount of skeletal 

movement and the change in the volume of pharyngeal airway or maxillary sinuses, 

thereby concluding that there was a significant decrease only for lower and total 

pharyngeal airway volumes in males and a significant decrease in the volume of the 

maxillary sinuses. [25] 

 

25. A retrospective study by Becker et al in 2014 assessed preoperative (T0), 2- to 4-month 

postoperative (T1), and 6- to 12-month postoperative (T2) radiographs of subjects with 

a Class III facial pattern treated at São Lucas Hospital (Porto Alegre, Brazil) using 

imaging software (Dolphin Imaging 3D 11.5). Five measurements of the pharyngeal 

airway space (nasopharynx; upper, middle, and lower oropharynges; hypopharynx) were 

evaluated and correlated with the skeletal movement of the jaws (lines perpendicular to 

the Frankfurt horizontal plane passing through the nasion point to points A and B). The 
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Student t test for paired samples was used to assess the presence of significant 

differences between the intervals, and the Spearman correlation coefficient was used to 

assess the significant correlation existing between the skeletal movement and the 

pharyngeal airway changes. The results were considered at a maximum level of 

significance of 5% (P < .05). In the sample of 58 subjects (38 females and 20 males, 18 

to 48 years old), measurements of the nasopharynx, upper oropharynx, and middle 

oropharynx increased, whereas measurements of the lower oropharynx and 

hypopharynx decreased during these periods (T0 to T1, T0 to T2). Decreases from T1 

to T2 in the measurements of the nasopharynx and upper oropharynx were also 

identified. A correlation between the jaw movements and the change in airway 

measurement was found between the line perpendicular to the Frankfurt horizontal plane 

passing through the nasion point to point A and the nasopharynx and between the line 

perpendicular to the Frankfurt horizontal plane passing through the nasion point to point 

B and the lower oropharynx for T0 to T1 and T0 to T2.  A correlation was thus found 

between skeletal movements and changes in the measurements of pharyngeal airway 

between maxillary advancement and the nasopharynx, with proportions of 102.8% and 

85.5% in the short and medium terms, respectively, and between mandibular setback 

and the low oropharynx, with proportions of 44.8% and 43.5% in the short and medium 

terms. A correlation for pharyngeal airway measurements was found between those 

located anatomically near each other, showing the importance of the pharyngeal muscles 

in this relation. [26] 

 

 

26. The aim of this study by Hasebe et al in 2014 was to examine the effects of mandibular 

setback surgery on pharyngeal airway space and respiratory function during sleep. The 
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subjects were 22 patients in whom mandibular prognathism was corrected by bilateral 

sagittal split ramus osteotomy; either one jaw or two jaw surgery. Polysomnography was 

performed before surgery and 6 months after surgery, and the apnoea hypopnea index 

(AHI) and arterial oxygen saturation during sleep were measured to assess respiratory 

function during sleep. Morphological changes were studied using cephalograms taken 

immediately before, a few days after and 6 months after surgery and compared to a 

control group of 10 patients without sleep-disordered breathing underwent the same 

examinations. AHI was not changed significantly after surgery, although two patients 

were diagnosed with mild obstructive sleep apnoea (OSA) syndrome after surgery. They 

were not obese, but the amounts of mandibular setback at surgery were large. In 

conclusion, a large amount of mandibular setback might inhibit biological adaption and 

cause sleep-disordered breathing, and it might be better to consider maxillary advance 

or another technique that does not reduce the airway for patients with skeletal class III 

malocclusions who have large anteroposterior discrepancy and/or maxillary hypoplasia. 

[4] 

 

27. A study by Brunetto et al in 2014 was conducted to correlate the amount of jaw 

displacement with the volume variation and the minimal cross-sectional area of the 

pharyngeal airway. A comparison was made between the correlations with the 

percentage and the absolute values of the measurement variations. Forty-two patients 

were divided into 2 groups according to the kind of orthognathic surgery done. Group 1 

had 22 subjects who had undergone maxillary advancement associated with mandibular 

setback, and group 2 had 20 patients who had undergone maxillomandibular 

advancement. The pharyngeal airway was divided into the upper segment and the lower 

segment, and the sum of these volumetric measures resulted in the total volume. The 
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maxillary and mandibular displacements were assessed using closest point iteration after 

a voxel-wise cone-beam computed tomography superimposition. Hence, jaw 

displacements were correlated, using Pearson's correlation and linear regression 

analysis, to the volume variations of the pharyngeal airway (first time separately and 

then both groups together) and to the minimal cross-sectional area variation. Results: 

The strongest correlation found was between maxillary displacement and the upper 

segment in group 2 (r = 0.898, r2 = 0.888; P < 0.001). With the groups' data combined, 

the variables mandibular displacement and the lower segment showed a linear 

correlation (r = 0.921, r2 = 0.914; P < 0.001). Maxillary displacement showed a strong 

positive correlation with the minimal cross-sectional area variation in group 2 (r = 0.710, 

r2 = 0.604; P < 0.01). Correlations with the percentage values were substantially stronger 

than the correlations with the absolute values. Stronger positive correlations were found 

between the jaw's displacement and the volume variation of the volume segment that 

was closer to it in both kinds of surgeries. Only the maxillary displacement is a reliable 

predictor of the minimal cross-sectional area variation after maxillomandibular 

advancement. [27] 

 

28. To ascertain the consequences for UA size and shape of mandibular setback surgery in 

comparison with bimaxillary surgery (maxillary advancement with Le Fort I and 

mandibular setback), and to analyse the changes in oximetric indices and their 

relationship with OSA, a systematic review was conducted by Fernandes et al in 2014 

using 4 databases: Medline, Scopus, Embase and Cochrane. Selection criteria: 

Systematic reviews, meta-analyses, clinical trials and cohort and case-control studies of 

adults published in the past 15 years were included. The initial search yielded 668 

articles, of which 498 were eliminated because of duplication and 123 on the basis of 
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their titles and abstracts or summaries. The remaining 47 papers were read in their 

entirety, and 14 were included in the final selection. They observed that the 

nasopharyngeal space does not undergo significant changes after either of the two 

surgical procedures. In the oropharynx and hypopharynx, none of the measurements 

changed significantly with maxillary advancement; however, persistent and significant 

decreases in the area, horizontal linear dimensions, and volume of these spaces are 

encountered after mandibular setback alone. No long-term changes in oximetric indices 

were found. Morphological changes are more pronounced following exclusively 

mandibular surgery. A decrease in the UA does take place but appears not to affect the 

patient's sleep quality. This study found no evidence to confirm that bimaxillary or 

mandibular orthognathic surgery predisposes to obstructive sleep apnoea development. 

[28] 

 

29. A study by Gokce et al in 2014 used 3-dimensional simulation and modeling programs 

to evaluate the effects of bimaxillary orthognathic surgical correction of Class III 

malocclusions on pharyngeal airway space volume, and compared them with the 

changes in obstructive sleep apnoea measurements from polysomnography. Twenty-five 

male patients (mean age, 21.6 years) with mandibular prognathism were treated with 

bilateral sagittal split osteotomy and LeFort I advancement. Polysomnography and 

computed tomography were performed before surgery and 1.4 ± 0.2 years after surgery. 

All CT data were transferred to a computer, and the pharyngeal airway space was 

segmented using SimPlant OMS (Materialise Medical, Leuven, Belgium) programs. 

The pretreatment and post treatment pharyngeal airway space determinants in 

volumetric, linear distance, and cross-sectional measurements, and polysomnography 

changes were compared using paired samples t test. Pearson correlation was used to 
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analyse the association between the computed tomography and polysomnography 

measurements. The results indicated that setback procedures produce anteroposterior 

narrowing of the pharyngeal airway space at the oropharyngeal and hypopharyngeal 

levels and the middle and inferior pharyngeal volumes (P < 0.05). In contrast, 

advancement of the maxilla causes widening of the airway in the nasopharyngeal and 

retropalatal dimensions and increases the superior pharyngeal volume (P < 0.05). 

Bimaxillary surgery induces significant increases in the total airway volume and the 

transverse dimensions of all airway areas (P < 0.05). Significant correlations were found 

between the measurements on the CT scans and critical polysomnography parameters. 

They concluded that bimaxillary orthognathic surgery for correction of Class III 

malocclusion caused an increase of the total airway volume and improvement of 

polysomnography parameters. Modifications to the proposed treatment plan can be 

made according to the risk of potential airway compromise or even to improve it with 

3-dimensional imaging techniques and polysomnography. [29] 

 

30. A retrospective analysis was conducted by Goncales et al in 2014 to evaluate changes 

in the pharyngeal airway space after orthognathic surgery and test the ability of cone-

beam computed tomography (CBCT) to allow analysis of the airway. Pre and post-

operative measurements were taken using CBCT of 100 individuals who underwent 

orthognathic surgery. The results showed an increase of the airway at the middle portion 

in the anteroposterior and lateral directions in the maxillary advancement, mandibular 

advancement and maxillomandibular advancement groups. The results also showed an 

increase of the total area in the maxillary advancement, mandibular advancement, 

maxillomandibular advancement and maxillary advancement and mandibular setback 

groups. The total sagittal area increased in accordance with the bone movement, thus 
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concluding that CBCT allows the analysis of the effects of orthognathic surgery on the 

pharyngeal airway. The changes to the airway follow the maxillomandibular 

advancement that is carried out and the maxillary and mandibular advancements 

increase the upper and middle airway in the anteroposterior and lateral directions. [30] 

 

31. To evaluate the effect of bimaxillary rotational setback surgery on upper airway 

structure in patients with skeletal class III deformities, and to compare the preoperative 

and postoperative upper airways of class III patients with age- and sex-matched class I 

control subjects, Hseih et al in 2015 assessed the upper airways of 36 adults using cone-

beam computed tomography before and at least 6 months after surgery. Results were 

compared with those of age- and sex-matched control subjects with skeletal class I 

structure. Before surgery, the class III patients had significantly larger velopharyngeal, 

oropharyngeal, and hypopharyngeal volumes than did the control subjects (all p < 0.01). 

The velopharyngeal, oropharyngeal, and hypopharynx volumes decreased significantly 

after surgery (all p < 0.01). The postoperative airways of class III patients were similar 

with regard to velopharyngeal, oropharyngeal, and hypopharyngeal volume (all p > 

0.01) compared to control subjects. The postoperative velopharyngeal and 

oropharyngeal airway volumes were associated with the baseline airway volume (p < 

0.001) and horizontal movement of the soft palate (p < 0.01). Results suggested that 

upper airway volume is decreased after bimaxillary rotational setback surgery for 

skeletal class III deformities, but is not smaller than in normal controls, and the 

postoperative upper airway volume is related to airway volume at baseline and changes 

in the surrounding structures. [31] 
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32. A prospective two-center cohort study was designed by Boyd et al in 2015 to evaluate 

OSA patients who underwent MMA > 2 years ago. The primary outcome measure was 

the apnoea-hypopnea index (AHI). Secondary outcome measures included blood 

pressure (BP), sleepiness (Epworth Sleepiness Scale [ESS]), and quality of life 

(Functional Outcomes of Sleep Questionnaire [FOSQ]). 30 adult patients (80% men, 

age 50.5 ± 9.6 years [mean ± SD]) participated in the study. The AHI decreased from a 

mean of 49 to 10.9 events/h (p < 0.0001) at the time of long-term evaluation (6.6 ± 2.8 

years after MMA), with 46.7% of patients obtaining an AHI < 5 and 83.4% of patients 

attaining an AHI ≤ 15 events/h. The mean diastolic BP decreased from 83.7 to 79.0 mm 

Hg (p < 0.05). ESS decreased from a mean of 12.1 to 6.0 (p < 0.01). FOSQ increased 

from a mean of 12.6 to 17.3 (p < 0.05). Few long-term treatment-related adverse events 

occurred, which had minimal impact on quality of life (QOL). Hence, MMA can be 

considered a clinically effective and safe long-term treatment for most patients with 

moderate-to-severe OSA as demonstrated by significant decreases in AHI, diastolic BP, 

and subjective sleepiness, with concomitant significant improvements in QOL. It can 

also be considered as the alternative treatment of choice for patients with severe OSA 

who cannot fully adhere to CPAP therapy. [32] 

 

33. Thirty-seven patients with obstructive sleep apnoea diagnosed with polysomnography 

were evaluated by Shete et al in 2016 with the subjective Epworth sleepiness scale, 

percentage of oxygen saturation, and cone-beam computed tomography. Parameters 

were airway volume, smallest cross-section area, anteroposterior width, and transverse 

width of the upper airway. Patients received a mandibular advancement device, a Twin-

block appliance that could be titrated with a jackscrew; post-treatment data were 

collected after 6 months. A statistically significant improvement in mean oxygen 
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saturation level was observed, from 87.97% 6 4.43% to 94.89% 6 1.54% (P<0.001). A 

significant mean increase in airway volume of 2360 ± 2050 mm3 (P<0.001) was 

observed, from 12140 ± 4773 mm3 to 14500 ± 5114.6 mm3. A statistically significant 

mean increase in the smallest cross section of 46.55 ± 31.62 mm2, from 81.95 ± 55.23 

mm2 to 128.5 ± 54.78 mm2 was observed. Anteroposterior width increased significantly, 

from 4.99 ± 1.65 mm to 8.01 ± 2.04 mm. Transverse width increased significantly, from 

27.67 ± 8.52 mm to 31.94 ± 8.59 mm. Mandibular advancement devices increased the 

mean upper pharyngeal airway volume in this cohort, and this increase in volume 

appeared to be related to increased oxygen saturation. [33] 

 

34. In 2017, Amra et al presented an updated systematic review of the literature on the 

accuracy of screening questionnaires for OSA against polysomnography (PSG) as the 

reference test. Using the main databases (including Medline, Cochrane Database of 

Systematic Reviews and Scopus), a combination of relevant keywords were used to filter 

studies published between January 2010 and April 2017. The review included 

population-based studies evaluating the accuracy of screening questionnaires for OSA 

against PSG. Thirty-nine studies comprising 18,068 subjects were included. Four 

screening questionnaires for OSA had been validated in selected studies including the 

Berlin questionnaire (BQ), STOP-Bang Questionnaire (SBQ), STOP Questionnaire 

(SQ), and Epworth Sleepiness Scale (ESS). The sensitivity of SBQ in detecting mild 

(apnoea-hypopnea index (AHI) ≥ 5 events/hour) and severe (AHI ≥ 30 events/hour) 

OSA was higher compared to other screening questionnaires (range from 81.08% to 

97.55% and 69.2% to 98.7%, respectively). However, SQ had the highest sensitivity in 

predicting moderate OSA (AHI ≥ 15 events/hour; range = 41.3% to 100%). SQ and SBQ 

are reliable tools for screening OSA among sleep clinic patients. [34] 
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35. This longitudinal prospective study of 18 patients was conducted by Chang et al between 

April 2013 and July 2016 to assess changes in airway after cleft orthognathic surgery. 

The mean age at time of operation was 19.72± 3.30 years. Mean body mass index was 

20.36±3.16 before surgery and 20.10±2.92 six months after surgery (p=0.247). There 

were no significant changes in AHI/hr (1.99±2.90 vs 1.86±2.69; p=0.81), LSAT 

(90.89±5.85 vs 92±4.90; p=0.168) or NSD (p=1.000) before and after surgery. The 

snoring index significantly improved after surgery (78.11±113.83 vs 29.18±46.88; 

p=0.022). There was a mean increase of 0.73cm3 in velopharyngeal volume, a mean 

decrease of 0.79cm3 in oropharyngeal volume, an improvement in snoring index, and no 

statistically significant change in hypopharyngeal volume. Cleft orthognathic surgery 

that produced anterior advancement of the maxilla, setback of the mandible and 

clockwise rotation of the maxillo-mandibular complex resulted in increased 

velopharyngeal, decreased oropharyngeal and unchanged hypopharyngeal airways and 

improved snoring, but did not significantly alter the objective sleep-related breathing 

function. [35] 

 

 

36. A retrospective pilot study was designed by Marcussen et al in 2017 with 30 randomly 

selected patients (10 men and 20 women, aged 23.1 6.8 years, molar-relations: 15 

neutral, 8 distal, and 7 mesial). Cone-beam computed tomography scans were performed 

before surgery and 1 week following surgery. Total upper airway volume measurements 

were measured and obtained 1-mm slices at vertical levels in the velo-, oro-, and 

hypopharynx and at the smallest visible cross-section. Pre-operative and post-operative 
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measurements were compared using Student t test. After orthognathic surgery, the 

minimum cross-sectional area at the vertical level increased from 83 mm3 before surgery 

to 102 mm3 after surgery (P ¼ 0.019). In patients with neutral and distal occlusions, the 

minimum cross-sectional slice volume increased in 87% but in only 57% with mesial 

occlusion. The findings suggested that orthognathic surgery increases upper airway 

volume parameters. However, a few patients have continued impairment of the airways 

following the surgery. [36] 

 

37. A retrospective evaluation of a homogeneous cohort of Class II patients was conducted 

by Ristow et al in 2018 on patients who had undergone mandibular-only advancement. 

Pre- (T0), post- (T1), and 1-year post-operative (T2) CBCT scans were obtained and the 

changes in PAS parameters (volume and smallest cross-sectional area) were compared 

with a new segmentation software. Mandibular advancement was measured and 

correlated with PAS parameters. A significant postoperative gain in all airway 

parameters compared with baseline was shown for T1 (p=0.02), with an additional 

increase for T2 (p>0.05). They concluded bilateral mandibular-only advancement 

surgery resulted in a significant widening of the PAS in Class II patients. Long-term 

adaption of the PAS also occurs after surgery implying an additional gain of PAS over 

time. Sicat Air software seems to be a sufficient and promising tool for PAS evaluation. 

[37] 

 

38. A retrospective study by Yatabe-Ioshida et al in 2018 was carried out at a national 

referral center for cleft lip and palate rehabilitation. The sample consisted of cone-beam 

computed tomography (CBCT) scans obtained before and after orthognathic surgery of 

15 individuals (30 CBCT scans), divided into 2 groups: unilateral cleft lip and 
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palate(UCLP) group (n ¼ 9 patients/18 CBCT scans) and bilateral cleft lip and 

palate(BCLP) group (n ¼ 6/12 CBCT scans). All patients had a nonsyndromic UCLP or 

BCLP and a skeletal class III malocclusion at the preoperative period. Airway volume, 

pharyngeal minimal cross-sectional area (mCSA), location of mCSA, sella-nasion-A 

point (SNA) and sella-nasion-B point (SNB) angles, and condylion-A point and 

condyloid-gnathion linear measurements were assessed in opensource software (ITK-

SNAP and SlicerCMF). Main Outcome Measure: Airway dimensions of patients with 

UCLP and BCLP increase after orthognathic surgery. Following orthognathic surgery, 

UCLP group showed a significant 20% increase in nasopharynx volume. Although not 

significant, BCLP group also showed an increase of 18% in the same region. Minimal 

cross-sectional area remained dimensionally stable after surgery and was all located in 

the oropharynx region, on both groups. Additionally, a positive correlation was observed 

between volume and mCSA on both groups. Individuals with UCLP and BCLP showed 

an increase in the upper airway after orthognathic surgery and this might explain the 

breathing and sleep improvements reported by the patients after the surgery. [38] 

 

39. Acoustic Pharyngometry (AP) records of 10 patients treated with Surgery First 

Orthognathic Approach (SFOA) for Mandibular Setback (MS) surgery were evaluated 

by Agarwal et al in 2019 for changes in upper airway dimensions at T0 (Pre-treatment), 

T1 (01 week post-surgery) and T2 (01 year post surgery) and the stability of these 

changes 01 year post surgery. Percentage changes in airway parameters were measured 

between T0 and T1 to study the changes in airway dimensions post-surgery and between 

T1 and T2 to know the stability of changes in upper airway dimensions 01-year post 

surgery and to ascertain relapse. The distribution of mean volume, mean area and 

minimum area at T1 was significantly lower compared to T0 (p-value=0.05). SFOA is 
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a viable approach for management of maxillofacial deformities in selected cases. 

However, skeletal relapse and airway compromise in MS cases necessitates the clinician 

to meticulously diagnose and plan the treatment in these cases and a more extensive bi-

jaw surgery may be considered at the expense of preventing airway compromise in these 

patients. [39] 

 

40. In a retrospective study by Hwa AN et al in 2019, patients with skeletal Class III 

deformities were treated at Pusan National University Hospital (Busan, South Korea) 

and had undergone cone-beam computed tomography examination preoperatively, 

immediately postoperatively, 6 months postoperatively, and 1.3 years postoperatively. 

The anteroposterior length (APL), largest transverse width (LTW), and cross-sectional 

area (CSA) at 4 reference planes and the PAS volume were measured. Spearman’s 

correlation analysis was used to assess the correlation between the PAS changes and 

skeletal movements. The subjects included 11 men and 12 women. Their mean age was 

22.7 ± 4.7 years (range, 18 to 33 years). The APL and CSA on the PNS-Vp, CV1, and 

CV2 planes, the LTW on the CV1 plane, and the oropharyngeal and total volume had 

decreased at 6 months postoperatively. However, thereafter, no significant 2D or 

volumetric changes were observed until 6.2 years postoperatively. The long-term change 

of the LTW on the CV3 plane correlated negatively with mandibular relapse. The 

volume and morphology of the 6-month postoperative changes in PAS were stable at 6 

years for patients who had undergone maxillary advancement and mandibular setback 

[40] 

 

41. To three-dimensionally evaluate the upper airway of individuals with cleft lip and palate 

(CLP) and Class III malocclusion and the occurrence of obstructive sleep apnoea (OSA), 
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twenty-one CLP individuals with Class III malocclusion, 20–29 years of age, who 

underwent computed tomography for orthognathic surgery planning, were prospectively 

evaluated by Campos et al in 2019. All participants underwent polysomnography, and 

the apnoea-hypopnea index ≥ 5 events/ hour was considered indicative of OSA. The 

total upper airway and its subdivisions volumes, as well as the minimum pharyngeal 

cross-sectional area (CSA), were assessed using Mimics software. Among the 21 

individuals analysed, 6 (29%) presented with OSA. The total upper airway and the 

oropharynx mean volumes were significantly decreased in subjects with OSA when 

compared to individuals without OSA. Mean CSA was not statistically different between 

groups, thud concluding that CLP individuals with Class III malocclusion and OSA have 

an upper airway significantly smaller than individuals without OSA. [41] 

 

42. Passos et al in 2019 evaluated 11 patients with severe obstructive sleep apnoea (OSA) 

and 7 healthy controls without OSA during wakefulness and during natural sleep 

(documented by full polysomnography). Using fast multidetector CT, images of the 

upper airway in the waking and sleep states were obtained. Upper airway narrowing 

during sleep was significantly greater at the retropalatal level than at the retroglossal 

level in the OSA group (p < 0.001) and in the control group (p < 0.05). The retropalatal 

airway volume was smaller in the OSA group than in the control group during 

wakefulness (p < 0.05) and decreased significantly from wakefulness to sleep only 

among the OSA group subjects. Retropalatal pharyngeal narrowing was attributed to 

reductions in the anteroposterior diameter (p = 0.001) and lateral diameter (p = 0.006), 

which correlated with an increase in lateral pharyngeal wall volume (p = 0.001) and 

posterior displacement of the tongue (p = 0.001), respectively. Retroglossal pharyngeal 

narrowing during sleep did not occur in the OSA group subjects. This indicated that in 
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patients with OSA, upper airway narrowing during sleep occurs predominantly at the 

retropalatal level, affecting the anteroposterior and lateral dimensions, being associated 

with lateral pharyngeal wall enlargement and posterior tongue displacement [42] 

 

43. The aim of this retrospective cohort study by Giralt-Hernando et al in 2021 was to assess 

the effect of the maxillary and/or mandibular movements upon the pharyngeal airway 

volume (PAV) and the minimum cross-sectional area (mCSA) using three-dimensional 

cone-beam computed tomography voxel-based superimposition patients with 

dentofacial deformity subjected to orthognathic surgery. The predictor variable were the 

surgical movements performed at surgery. The primary outcome variables were the PAV 

and mCSA measured preoperatively, at 1 and at 12-month followup. Skeletal and 

volumetric relapse and stability were recorded as secondary outcomes at 1 and 12 

months, respectively. Descriptive, bivariate and correlation analyses were computed. 

Significance was set at P< .05. The sample was composed of 103 patients grouped as 

follows: bimaxillary (BimaxS = 53) maxillary (MaxS = 25) or isolated mandible 

(MandS = 25). All of the surgical treatments resulted in a significant linear pattern of 

initial-immediate increase of 33.4% (95% CI: 28.2 – 38.7%). The results of this study 

suggest that there is a favorable effect of orthognathic surgery in the upper airway 

regardless of the surgical approach, with bimaxillary advancement and MOP changes 

by CCW rotation being the most significant contributors. [43]  

 

44. A retrospective evaluation of a cohort of Class II and III patients, who had undergone 

orthognathic surgery (Le Fort I osteotomy, bilateral sagittal split osteotomy), between 

December 2011 and July 2014, was performed by Rückschloß et al in 2021. CBCT scans 

were performed one week prior (T1) to and 6 months (T2) after surgery, followed by 
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analysis of several airway parameters (volume, mean cross-sectional area, and diameter) 

and the three-dimensional extent of mandibular movement. In Class II patients 

significant postoperative volumetric increases in the middle and lower PAS segment as 

well as in all diametric and spherical variables (p ≤ 0.001) could be seen. In Class III 

patients there were only significant postoperative increases in the volumetric, and 

partially in diametric and spherical, variables (p < 0.05) of the upper PAS segment. 

There was also a significant linear relation between forward displacement of the maxilla 

and mandible and some airway parameters (p < 0.05). These results revealed that 

bignathic surgery in Class II patients provokes an increase in most dimensions of the 

PAS. This intervention can be assumed to reduce airway resistance and might therefore 

be a suitable treatment option for patients suffering from OSAS. For bignathic surgery 

in Class III patients, a positive effect could be seen, especially at the nasopharynx. [44] 

 

45. For comparison of the airway changes and risks of sleep apnoea after the bimaxillary 

orthognathic surgery and mandibular setback surgery in the growing patients with 

skeletal Class III malocclusion, MEDLINE, PubMed, Cochrane Library, Embase, ISI, 

Google scholar were utilized as electronic databases to conduct a systematic literature 

between 2010 to August 2020 by Safi et al. The quality of the included studies was 

assessed using MINORS. Meta-analysis was performed using Stata 16 software. In 

electronic searches, a total of 218 potentially relevant abstracts and topics have been 

found. 23 papers met the criteria defined for inclusion. The mean difference of upper 

airway total volume changes between before and after surgery was (MD = 1.86 cm3 95% 

CI 0.61 cm3-3.11 cm3; p= 0.00) among 14 studies. This result showed that after 

mandibular setback surgery, there was a statistically significant decrease in the upper 

airway volume, hence concluding that Class III Patients who undergo bimaxillary 
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surgery show no other significant difference in airways volume after surgery than 

patients in Class III who undergo mandibular setback alone. [45]  

 

46. In this retrospective cohort study by Giap et al in 2021, skeletal Class III patients who 

underwent bimaxillary surgery were enrolled. The predictor variable was facial 

symmetry status divided into 2 groups, asymmetric (Group A) and symmetric (Group 

B). The primary outcome variables were changes in airway parameters, including cross-

sectional linear distances, cross-sectional area (CSA), minimum CSA (Min-CSA), and 

volume; and airway asymmetry index between the preoperative and 6-month 

postoperative imaging studies. Correlation analysis was performed between upper 

airway and skeletal changes. 25 patients were included in this study, with 15 patients in 

Group A (mean age: 23.00 years; BMI: 22.83) and 10 patients in Group B (mean age: 

22.30 years; BMI: 22.48). Group A showed a higher asymmetry index than Group B at 

T0; however, no significant differences compared to Group B at T1. The airway volume 

was significantly decreased in the oropharynx in Group A at T1, whereas it showed no 

significant differences in Group B (P < .05). Lateral movement of B point and Menton 

showed positive correlations with changes in Min-CSA in the oropharynx and negative 

correlations with changes in airway asymmetry index (P < .05). Pharyngeal airway 

exhibited an asymmetrical and constricted morphology in Group A before surgery. The 

airway morphology in Group A showed a tendency to adopt a symmetrical and less 

constricted shape after surgery. The airway space was reduced in the oropharynx in 

Group A after surgery. [46] 

 

47. Wadhwa et al in 2021 analysed pharyngeal airflow characteristics and their relationship 

with the skeletal movement of the maxilla and mandible after bimaxillary orthognathic 
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surgery in patients with skeletal class III (mandibular prognathism) malocclusion. Cone-

beam computed tomography (CBCT) was conducted before surgery (T0), immediately 

after surgery (T1), and at least six months after surgery (T2). Digital imaging and 

communications in medicine files were transferred to InVivo (Anatomage) software to 

measure the skeletal changes after surgery. The changes in the maxillary and mandibular 

position, tongue position, and hyoid bone position were analysed. Patient-specific 

models were reconstructed using 3D-Doctor software. The models after converting to 

the stereolithography (STL) file for Ansys integrated computer engineering and 

manufacturing code for computational fluid dynamics (ICEM CFD), commercial 

software were used for calculating the geometry, pressure drop and adjusted pressure 

coefficient value. The total volume of the upper airway including nasal cavity was 

reduced by 23% immediately after surgery and recovered to 92.2% of the initial volume 

six months after surgery. The airflow computation analysis showed a decrease in the 

pressure drop values immediately after surgery and six months after surgery. The 

adjusted pressure coefficients were slightly different but the change was statistically 

insignificant. The airflow characteristics computed using the computational fluid 

dynamics were correlated to the surgical changes. The surgical changes can affect the 

aerodynamics of the pharyngeal airway. In clinical practice, this knowledge is useful for 

developing a suitable orthognathic surgery treatment plan [47] 

 

48. The aim of a study conducted by Sahoo et al was to quantify upper airway changes 

following mandibular orthognathic surgery. Treatment records of 50 patients who 

underwent mandibular orthognathic surgery were divided into 2 groups. Group 1 

included cases treated with Mandibular Advancement Surgery and Group 2 consisted of 

cases treated with Mandibular Setback Surgery with 25 patients in each group. The 
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Lateral Cephalogram and Acoustic Pharyngometry records of both groups were studied 

at T0 (01 week before surgery) and T1 (01 year post surgery) for changes in linear 

airway measurements (Nasopharyngeal Airway Space - NAS, Superior Airway Space - 

SAS, Posterior Airway Space - PAS and Hypopharyngeal Airway Space (HAS)), hyoid 

bone position (Mandibular Plane Hyoid distance), mean area and mean volume. The 

percentage change and change in these parameters per millimeter advancement or 

setback of mandible at T1 was calculated. A significant increase in linear airway 

parameters (SAS and PAS); decrease in hyoid distance; and increase in volume and area 

of upper airway was observed at T1 in Group 1 and reverse was observed in Group 2. 

The change in airway parameters (SAS, PAS, mean volume and area) was more 

significant in Group 1 as compared to Group 2. In the current airway centric approach, 

meticulous assessment and prediction of long-term airway changes post surgery should 

be an integral part of ortho-surgical diagnosis and treatment planning and suitable 

modifications in the treatment plan must be made to cater for any potential adverse 

effects on airway. [48] 

 

49. The purpose of this retrospective clinical study by Pereira et al was to assess the stability 

of changes in the upper airways 4 years after orthognathic surgery in patients with 

skeletal Class II malocclusion. 33 cone-beam computed tomography images were 

obtained from 11 patients (average age of 35.91 years) followed up longitudinally for 4 

years. The airways were measured with the help of Dolphin Imaging software (Dolphin 

Imaging and Management Systems, Chatsworth, Calif) at 3 points: T1 (preoperative), 

T2 (6 months after surgery), and T3 (4 years after surgery). The parameters assessed 

were surface area (SA), minimum axial area, and volume (VOL) of the pharyngeal 

airway space. The times were compared using analysis of variance and Tukey’s test. 
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Pearson’s analysis was performed to assess the correlation with surgical changes and 

age (P<0.05). Results: Four years after operating on the airway spaces, the means of SA 

and VOL were significantly higher than those observed before the surgery (P <0.05). 

The means at 6 months were intermediate, with no significant difference before the 

surgery and 4 years after it (P >0.05). There was no significant correlation of the changes 

in SA, VOL, and minimum axial area with the amount of mandibular advancement, 

counterclockwise rotation of the occlusal plane, and age of the patient (P >0.05). Four 

years after mandibular advancement surgery in patients with skeletal Class II 

malocclusion, the increases in the airways remained stable. [49] 

 

50. Shehab et al in 2021 assessed and compared the volumetric, cross sectional surface area, 

and linear changes of the oropharyngeal airway in patients following bimaxillary 

orthognathic surgery using 3-D cone beam computer tomography (CBCT) imaging in 

31 patients. 15 patients underwent maxillary and mandibular advancements (Group A), 

while the other 15 patients underwent maxillary advancement and mandibular setback 

(Group B). Volume changes in airways, surface area, and linear values from specified 

hard and soft tissue parameters were reported. Statistical analysis comparing the results 

of the two groups showed that Group A was statistically significantly higher mean % 

increase than Group B in volumetric, surface area and linear measurements. Both groups 

failed to show a statistically significant change in surface area post-operatively. Group 

B showed no statistically significant change in linear measurements at any levels. 

Significant changes in the measured parameters was observed in patients performing 

maxillary and mandibular advancement thus increasing the airway volume; which can 

provide surgeons with a greater confidence that this combination movement is not 

adversely affecting the airway [50] 
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MATERIALS AND METHODS 

 

A prospective study of patients with maxillomandibular discrepancies requiring orthognathic 

surgery, reporting to our unit between 2019-2021 were included for the study and were 

analysed for airway changes using lateral cephalometry, computed tomography and 

polysomnography. 

 

PATIENT SELECTION CRITERIA  

Inclusion criteria 

• Patients with maxillomandibular discrepancies requiring surgery, irrespective of a 

single jaw or double jaw discrepancy  

• Patients who achieved skeletal maturation 

• Patients undergoing orthodontic treatment  

.  

Exclusion criteria  

• Patients with syndromes 

• History of airway surgery 

• Patients who have not been subjected to orthodontic treatment  

• Patients operated elsewhere earlier for osteotomies  

 

Data such as the age, gender, type of maxillomandibular discrepancy, the type of surgery done 

and post-operative complications, if any, were collected and documented. All the patients 

underwent orthognathic surgery at our unit following the same protocols for rigid internal 

fixation, under general anaesthesia. Standard Bilateral Sagittal Split Osteotomies(BSSO) for 

mandibular discrepancies and Le Fort I osteotomies for maxillary discrepancies were 
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performed.  The pharyngeal airway of the patients was assessed pre operatively and 6 months 

post-operatively, using lateral cephalographs, computed tomography scans and 

polysomnography.  

 

I) Lateral cephalometry 

Lateral cephalograms were taken to assess the anteroposterior dimensions of the airway.  The 

film was exposed with the patient in relaxed breathing after swallowing. The cephalographs 

were taken with Cephalostat machine (KODAK CEPHSENSOR AND CEPH PRINTER) from 

Imaging Systems with KVP of 82 kV and 10 mA 0.500 s at a distance of 155 cm from the 

source to the midsagittal plane. Head was oriented to FH plane parallel to the floor and lips in 

relaxed position with the teeth in maximum intercuspation. Radiographic film used was Kodak 

TMG-1(24×30). These were later traced on transparent lead acetate paper and the following 

measurements were taken: 

a) Nasopharynx: The line joining posterior nasal spine (PNS) and basion (Ba) intersecting 

the posterior pharyngeal wall. 

b) Oropharynx: The antero-posterior width of the pharynx, measured between the 

posterior pharyngeal wall till the point where the dorsum of the tongue intersects the 

inferior mandibular border on a parallel line to the Frankfort plane. 

c) Hypopharynx: Base of epiglottis to the posterior pharyngeal wall  

 

II) Computed tomography scans  

CT images were obtained using 128 MDCT machine, manufactured by Siemens (Somatom 

AS), at SDM College of Medical Sciences and Hospital, used at +100 kvP, 218 mAs and a scan 

time of 9.25s. During the CT study, subjects were placed in the supine position, their head 

being fixed to the scanner head rest in neutral position and facial musculature relaxed. The 
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scans were taken pre-operatively and post operatively at 6 months to assess anteroposterior 

dimension, lateral dimension and volumetric changes in the airway at nasopharyngeal, 

oropharyngeal and hypopharyngeal levels. 

a) Nasopharyngeal boundaries were defined from horizontal plane perpendicular to 

sagittal plane at the posterior nasal spine to the most inferior portion of the soft palate.  

b) Oropharyngeal boundaries extended from inferior border of nasopharynx to epiglottic 

vallecula.  

c) Hypopharyngeal boundaries were considered from the inferior border of oropharynx to 

4th cervical vertebra.  

The cross sectional area was measured by tracing the perimeter of the airway and calculated 

using the software available. 

The airway volume in the area of interest was calculated from the number of voxels ranging 

from the minimum value –1024 HU to –100 HU to exclude the soft and hard tissues. The 

airway selected by the threshold value was divided into the planes used to define the airway 

spaces. The images were measured and assessed by the same examiner, and the volume of 

each part was measured by exporting the divided spaces for volumetric analysis. 

 

III) Polysomnography 

The patients were subjected to polysomnography pre-operatively and post operatively (6 

months) which was conducted overnight at the Sleep Lab in SDM College of Medical Sciences 

and Hospital. Polysmith v 8.0 machine manufactured by Nihon Cohden systems was used to 

assess any changes in the quality of sleep before and after surgery. 

Patient’s details such as age, sex, height, weight were documented to aid in the 

polysomnography study.  

The following parameters were taken into consideration. 
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• AHI index : Apnoeic events, hypopnoeic events  

• Oxygen desaturation index 

• Snoring Index 

• Sleep Efficiency  

• Body Mass Index  

All sleep studies were scored manually by the same experienced technician, who was blinded 

to the clinical status of the subjects. An episode of apnoea was defined as a ≥ 90% reduction in 

flow amplitude for at least 10 s. An episode of hypopnea was defined as a ≥ 50% reduction in 

flow amplitude, accompanied by ≥ 3% oxygen desaturation or a ≥ 10 s awakening. 

A questionnaire was provided to the patients for subjective assessment 6 months after 

orthognathic surgery. It required the patients to rate their perception of improvement in 

aesthetics and quality of sleep on a scale of 1-5, where 1) worsening of symptoms, 2) No 

improvement, 3) Mild improvement, 4) Moderate improvement and 5) Marked improvement.  

 

The institutional review board at the university provided ethical clearance (IRB No. 

2019/P/OS/67) and valid informed consent was obtained from the patients and their parents. 
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RESULTS 

 

A total of fifteen patients who had met the criteria were included in the study.  

AGE: The patients’ age ranged from 18 years to 32 years, with a mean age of 22.6 years.  

GENDER: The majority (9 patients) were female and constituted 60% of the sample, whereas 

there were 6 males, accounting for 40%.  

TYPE OF DEFORMITY: Coming to the diagnosis, among the 15 patients assessed, a 

majority (10 patients) were cases of maxillary hypoplasia secondary to cleft lip and palate 

deformities, hence presenting with a pseudo-Class III skeletal malocclusion. Out of these, 5 

patients presented with mandibular prognathism and underwent bimaxillary surgery, with 

mandibular setback via bilateral sagittal split osteotomy and maxillary advancement via Le 

Fort I osteotomy. 5 patients underwent a single jaw surgery (maxillary advancement via LeFort 

I osteotomy) for maxillary deficiency. Out of these, 2 of them underwent genioplasty 

procedures, one of them being an advancement genioplasty and the other being a reduction 

genioplasty. 

4 patients were cases of mandibular prognathism, out of whom 3 patients underwent 

bimaxillary surgery (mandibular setback via bilateral sagittal split osteotomy and maxillary 

advancement via Le Fort I osteotomy) and only one patient underwent a single jaw procedure 

(mandibular setback).  

Only 1 patient with mandibular retrognathism with obstructive sleep apnoea was assessed in 

our study. The patient underwent only a mandibular procedure (mandibular advancement via 

bilateral sagittal split osteotomy and advancement genioplasty).  
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LATERAL CEPHALOMETRIC ANALYSIS: 

The average pre-operative width of airway was 14.73mm at the nasopharynx level, which 

showed a mean increase of 6.13mm, and on analysis with the paired t-test, it was statistically 

significant(p=0.01). A similar significant change was noted at the hypopharynx, with a mean 

increase of 1.73mm(p=0.25). However, the airway did not show a statistically significant 

increase at the oropharynx level (p>0.05). 

COMPUTED TOMOGRAPHY SCAN ANALYSIS: 

Nasopharynx: 

The average anteroposterior dimension of the airway was 2.15cm3 at the nasopharynx level 

pre-operatively, and increased only by 0.11mm, which was statistically insignificant. Similar 

results were found in relation to the transverse dimension as well, with a mean increase of 

0.11mm(p>0.05). However, the cross-sectional area at the nasopharynx level increased from 

5.27cm2 to 6.25cm2 (mean increase of 1.39 cm2) which was found to be statistically significant 

(p=0.007).  The average volume of the airway was 7.04cm3 at the nasopharynx level pre-

operatively and showed an increase of 0.87 cm3. On statistical comparison, the increase was 

not statistically significant (p>0.05). 

Oropharynx: 

The mean increase in anteroposterior and transverse dimensions of the airway was 0.12cm 

0.17cm at the oropharynx level and not statistically significant.  The cross-sectional area 

increased by 0.43cm2 and the average volume of the airway was 7.89cm3 at the oropharynx 

level and showed an increase of 0.8 cm3, although both changes did not show statistical 

significance. 
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Hypopharynx: 

The mean increase in anteroposterior and transverse dimensions of the airway was 0.06cm       

and 0.28cm at the hypopharynx level respectively, which were not statistically insignificant. 

The average volume of the airway was 3.25cm3 at the hypopharynx level and decreased by 

0.09cm3. On statistical comparison, this decrease, however, was not statistically significant. 

(p>0.05).  

Total airway volume: 

The total airway volume 18.43 cm3 to 19.75 cm3 (mean increase of 1.32cm3), which was not 

significant.    

POLYSOMNOGRAPHY: 

The average Apnoea-Hypopnoea index (AHI) was 7.76events/hour pre operatively and 

decreased to 2.96 events per hour. The lowest pulse rate recorded pre-operatively and post-

operatively did not show a major change (0.87 bpm).  

The lowest desaturation, however, increased from an average of 77.27 % to 84.47% (mean: 

7.2), which was statistically significant.  

Although the Oxygen Desaturation index was 7.38 pre-operatively, and reduced to 3.66 post 

operatively, it was not significant. The snoring index showed minimal changes (mean 

difference of 0.85 events/hour) which was also not significant.  

The mean BMI of the patients in the study was 23 and decreased to 22.86, which was not 

statistically significant (p>0.05).  

Based on the questionnaire provided to the patients, 9 out of 15 patients reported a marked 

improvement in their facial profile and self-esteem and 8 patients reported a marked 

improvement in their quality of sleep and reduced frequency of snoring.  



47 
 

 

The mean maxillary advancement via Le Fort I osteotomy was 5.96 ±1.39 mm on the left side 

and 5.73 ± 1.33mm. The BSSO mandibular setback was 5.33±1.73 mm on the left side and 

5.06 ± 1.81 mm on the right side. 
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TABLES 

 

Table 1: Distribution of male and females in two groups 

 

 Frequency Percent 

Male 6 40.0 

Female 9 60.0 

Total 15 100.0 

 

LATERAL CEPHALOMETRY: 

      Table 2: Pair wise comparisons of pre-operative and post-operative changes in airway 

at the nasopharynx, oropharynx and hypopharynx levels using paired t-test 

VARIABLES Mean Std. 

Dev 

Paired differences using paired t-test 

Mean 

diff 

Low Upper T value p value 

Nasopharynx Pre-op 14.73 4.50 -6.13 

 

-10.56 

 

-1.71 

 

-2.97 .010 

 Post-op 20.87 6.70 

Oropharynx Pre-op 10.07 3.41 -1.80 -3.60 0.00 -2.14 .050 

Post-op 11.87 3.11 

Hypopharynx Pre-op 8.87 2.26 -1.73 -3.22 -0.25 -2.50 .025 

Post-op 10.60 2.95 
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COMPUTED TOMOGRAPHY 

Table 3: Pair wise comparisons of pre-operative and post-operative dimensions in airway at 

the nasopharynx, hypopharynx and oropharynx level using paired t-test 

VARIABLES Mean Std. 

Dev 

Paired differences using paired t-test 

Mean 

diff 

Low Upper T value p value 

NASOPHARYNX 

Anteroposterior Pre-op 2.15 0.69 -0.11 

 

-0.42 

 

0.20 

 

-0.76 .462 

Post-op 2.26 0.58 

Lateral Pre-op 2.57 0.55 -0.15 -0.36 0.07 -1.47 .163 

Post-op 2.71 0.65 

Cross sectional 

area 

Pre-op 5.27 1.65 -1.39 

 

-2.32 

 

-0.45 -3.17 .007 

Post-op 6.65 2.09 

Volume Pre-op 7.04 2.73 -0.87 -1.96 0.23 -1.70 .111 

Post-op 7.91 2.54 

OROPHARYNX 

Anteroposterior Pre-op 1.41 0.58 -0.12 

 

-0.36 

 

0.12 

 

-1.08 .297 

 Post-op 1.53 0.54 

Lateral Pre-op 2.33 0.67 -0.17 

 

-0.46 0.12 -1.25 

 

.233 

Post-op 2.50 0.57 

Cross sectional 

area 

Pre-op 3.56 1.66 -0.43 

 

-1.24 

 

0.39 

 

-1.12 .281 

 Post-op 3.99 1.77 

Volume Pre-op 7.89 3.85 -0.80 -1.71 0.10 -1.90 .078 

Post-op 8.69 4.03 
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HYPOPHARYNX 

Anteroposterior Pre-op 1.39 0.25 -0.06 

 

-0.23 

 

0.12 

 

-0.69 .503 

 Post-op 1.45 0.23 

Lateral Pre-op 2.32 1.01 -0.28 -0.63 0.07 -1.73 .105 

Post-op 2.60 0.81 

Cross sectional 

area 

Pre-op 3.60 2.08 -0.95 

 

-2.45 

 

0.54 

 

-1.37 .193 

 Post-op 4.55 2.40 

Volume Pre-op 3.52 1.62 0.09 -0.90 1.07 0.19 .850 

Post-op 3.43 1.34 

 

Table 4: Pairwise comparison of pre-operative and post-operative total airway volume using 

paired t-test 

VARIABLES Mean Std. 

Dev 

Paired differences using paired t-test 

Mean 

diff 

Low Upper T value p value 

Total airway 

volume 

Pre-op 18.43 6.41 -1.32 

 

-3.38 

 

0.74 

 

-1.37 .192 

 Post-op 19.75 5.81 
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POLYSOMNOGRAPHY 

 

Table 5: Pair wise comparisons of pre-operative and post-operative polysomnographic parameters  

VARIABLES Mean Std. 

Dev 

Paired differences using paired t-test 

Mean 

diff 

Low Upper T value p value 

AHI Pre-op 7.76 18.83 4.80 

 

-2.37 

 

11.97 

 

1.44 .173 

 Post-op 2.96 5.95 

Apnoea index Pre-op 3.69 11.92 1.97 -1.98 5.91 1.07 .303 

Post-op 1.72 4.82 

Hypopnoea index Pre-op 4.04 7.01 2.79 

 

-0.48 6.05 1.83 .088 

Post-op 1.25 1.28 

Lowest pulse Pre-op 56.00 16.39 -0.87 

 

-6.93 5.19 -0.31 

 

.764 

 Post-op 56.87 15.16 

Lowest 

desaturation 

Pre-op 77.27 10.48 -7.20 -12.10 -2.30 -3.15 

 

.007 

 Post-op 84.47 8.08 

ODI Pre-op 7.38 19.67 3.72 -3.44 10.87 1.114 .284 

Post-op 3.66 6.85 

Snoring index Pre-op 6.94 15.67 0.85 -7.97 9.66 .206 .840 

Post-op 6.10 9.47 

Sleep efficiency Pre-op 84.61 15.18 -5.28 -11.25 0.68 -1.900 .078 

Post-op 89.89 12.47 

 

BMI 

Pre-op 23.00 2.85 0.14 -0.91 1.19 .282 

 

.782 

Post-op 22.86 2.79 
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COMPARISON OF CLEFT v/s NON-CLEFT CASES  

Table 6: Group wise comparison: cleft cases vs non cleft cases in Lateral cephalometric analysis 

at three levels using Independent Samples test 

 Diagnosis Mean 

Std. 

Deviation 

Mean 

diff 

95% Confidence 

Interval of the 

Differences 
T value p value 

Lower Upper 

Nasopharynx 

Cleft 8.50 8.87 

7.10 -1.74 15.94 1.735 0.106 

Non cleft 1.40 2.07 

Oropharynx 

Cleft 1.60 2.67 

-0.60 

 

-4.58 

 

3.38 

 

-0.326 

 

0.75 

 Non cleft 2.20 4.55 

Hypopharynx 

Cleft 1.70 2.79 

-0.10 

 

-3.40 

 

3.20 

 

-0.066 

 

0.949 

 Non cleft 1.80 2.77 

 

Table 7: Group wise comparison: cleft cases vs non cleft cases in CT scan analysis at the 

nasopharynx using Independent Samples test 

 Diagnosis Mean 

Std. 

Deviation 

Mean 

diff 

95% Confidence 

Interval of the 

Difference 
T value p value 

Lower Upper 

AP 

Cleft 0.13 0.64 

0.06 

 

-0.62 

 

0.74 

 

0.184 

 

0.857 

 Non cleft 0.07 0.41 



53 
 

Lateral 

Cleft 0.26 0.27 

0.33 -0.10 0.76 1.648 0.123 

Non cleft -0.07 0.51 

CSA 

Cleft 1.63 1.49 

0.73 

 

-1.30 

 

2.76 

 

0.777 

 

0.451 

 Non cleft 0.90 2.14 

Volume 

Cleft 1.22 2.36 

1.04 -1.31 3.39 0.954 0.357 

Non cleft 0.18 0.54 

 

Table 8: Group wise comparison: cleft cases vs non cleft cases in CT scan analysis at the 

oropharynx using Independent Samples test 

 Diagnosis Mean 

Std. 

Deviation 

Mean 

diff 

95% 

Confidence 

Interval of the 

Difference 

T value p value 

Lower Upper 

AP 

Cleft 0.08 0.34 

-0.12 

 

-0.65 

 

0.40 

 

-0.503 

 

0.624 

 Non cleft 0.20 0.62 

Lateral 

Cleft 0.14 0.39 

-0.11 -0.76 0.54 -0.356 0.727 

Non cleft 0.74 0.79 

CSA 

Cleft 0.74 1.09 

0.94 -0.78 2.66 1.18 0.259 

Non cleft -0.20 2.05 

Volume 

Cleft 0.74 1.66 

-0.20 -2.21 1.81 0.666 0.834 

Non cleft 0.94 1.77 
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Table 9: Group wise comparison: cleft cases vs non cleft cases in CT scan analysis at the 

hypopharynx using Independent Samples test 

 Diagnosis Mean 

Std. 

Deviation 

Mean 

diff 

95% 

Confidence 

Interval of 

Differences 

T value p value 

Lower Upper 

AP 

Cleft 0.06 0.25 

0.00 -0.39 0.38 0.248 0.987 

Non cleft 0.06 0.45 

Lateral 

Cleft 0.24 0.52 

-0.13 -0.89 0.64 0.259 0.724 

Non cleft 0.37 0.86 

CSA 

Cleft 1.64 2.09 

2.06 -1.02 5.14 0.497 0.172 

Non cleft -0.42 3.48 

Volume 

Cleft 0.25 0.57 

1.02 -1.08 3.12 0.01 0.313 

Non cleft -0.77 3.08 

 

         Table 10: Group wise comparison: cleft cases vs non cleft cases for total airway volume 

using Independent Samples test 

 Diagnosis Mean 

Std. 

Deviation 

Mean 

diff 

95% 

Confidence 

Interval of 

Differences 

T value p value 

Lower Upper 
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Total 

airway 

volume 

Cleft 1.78 3.46 

1.38 -3.11 5.87 0.253 0.519 

Non cleft 0.40 4.46 

 

 

Table 11: Group wise comparison: cleft cases vs non cleft cases for polysomnographic analysis 

using Independent Samples test 

 

 Diagnosis Mean 

Std. 

Deviation 

Mean 

diff 

95% 

Confidence 

Interval of 

Differences 

T value p value 

Lower Upper 

AHI index 

Cleft -1.66 1.46 

9.43 -5.43 24.28 0.003 0.194 

Non cleft -11.08 22.53 

Apnoea 

index 

Cleft -0.14 0.69 

5.49 -2.62 13.60 0.003 0.168 

Non cleft -5.63 12.31 

Hypopnoea 

index 

Cleft -1.51 1.09 

3.83 -3.03 10.70 0.005 0.249 

Non cleft -5.34 10.33 
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 Diagnosis Mean 

Std. 

Deviation 

Mean 

diff 

95% 

Confidence 

Interval of 

Differences 

T value p value 

Lower Upper 

Lowest 

pulse 

Cleft 1.30 11.78 

1.30 -12.11 14.71 0.477 0.837 

Non cleft 0.00 10.27 

Lowest 

desaturation 

Cleft 8.60 9.89 

4.20 -6.36 14.76 0.239 0.406 

Non cleft 4.40 6.23 

 

 

 Diagnosis Mean 

Std. 

Deviation 

Mean 

diff 

95% 

Confidence 

Interval of 

Differences 

T value p value 

Lower Upper 

ODI 

Cleft -0.63 0.61 

9.24 -5.62 24.11 0.002 0.202 

Non cleft -9.88 22.63 

Snoring 

index 

Cleft 0.39 4.17 

3.70 -15.72 23.13 0.024 0.687 

Non cleft -3.31 28.93 

Sleep 

efficiency 

Cleft 4.60 4.72 

-2.05 -15.22 11.12 0.032 0.742 

Non cleft 6.65 18.77 
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 Diagnosis Mean 

Std. 

Deviation 

Mean 

diff 

95% 

Confidence 

Interval of 

Differences 

T value p value 

Lower Upper 

BMI 

Cleft -0.55 1.29 

-1.23 -3.45 0.98 0.03 0.251 

Non cleft 0.68 2.76 

 

\ 

COMPARISON OF SINGLE JAW SURGERY v/s DOUBLE JAW SURGERY 

Table 12: Group wise comparison: single jaw vs bi-jaw cases in Lateral cephalometric analysis 

at three levels using Independent Samples test 

 

 

Surgery 

done 

Mean 

Std. 

Deviation 

Mean 

Diff 

95% Confidence 

Interval of the 

Difference 
T value p-value 

Lower Upper 

Nasopharynx 

Single jaw 3.43 3.15 

-5.07 -13.83 3.69 -1.251 0.233 

Both jaws 8.50 10.27 

Oropharynx 

Single jaw 1.71 3.55 

-0.16 -3.94 3.62 -0.092 0.928 

Both jaws 1.88 3.23 

Hypopharynx 

Single jaw 1.71 1.38 

-0.04 -3.15 3.08 -0.025 0.981 

Both jaws 1.75 3.58 
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Table 13: Group wise comparison of single jaw vs bi-jaw cases in CT scan analysis at 

nasopharynx using Independent Samples test 

 

 

Surgery 

done 

Mean 

Std. 

Deviation 

Mean 

Diff 

95% Confidence 

Interval of the 

Difference 
T value p-value 

Lower Upper 

AP 

Single jaw 0.24 0.41 

0.25 -0.38 0.88 0.867 0.402 

Both jaws -0.01 0.67 

Lateral 

Single jaw 0.15 0.44 

0.01 -0.44 0.46 0.049 0.961 

Both jaws 0.14 0.36 

CSA 

Single jaw 1.66 2.09 

0.51 -1.43 2.45 0.565 0.582 

Both jaws 1.15 1.36 

Volume 

Single jaw 1.24 0.96 

0.70 -1.56 2.95 0.665 0.518 

Both jaws 0.55 2.60 

 

 

 

 

 



59 
 

Table 14: Group wise comparison of single jaw vs bi-jaw cases in CT scan analysis at 

oropharynx using Independent Samples test 

 

Surgery 

done 

Mean 

Std. 

Deviation 

Mean 

Diff 

95% Confidence 

Interval of the 

Difference 
T value p-value 

Lower Upper 

AP 

Single jaw 0.32 0.36 

0.38 -0.07 0.82 1.837 0.089 

Both jaws -0.06 0.43 

Lateral 

Single jaw 0.33 0.64 

0.31 -0.28 0.89 1.128 0.28 

Both jaws 0.03 0.41 

CSA 

Single jaw 0.86 0.85 

0.81 -0.83 2.45 1.062 0.307 

Both jaws 0.05 1.84 

Volume 

Single jaw 0.64 1.58 

-0.31 -2.20 1.58 -0.353 0.73 

Both jaws 0.95 1.78 

 

 

Table 15: Group wise comparison of single jaw vs bi-jaw cases in CT scan analysis at 

hypopharynx using Independent Samples test 

 

 

Surgery 

done 

Mean 

Std. 

Deviation 

Mean 

Diff 

95% Confidence 

Interval of the 

Difference 
T value p-value 

Lower Upper 
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AP 

Single jaw 0.13 0.18 

0.15 -0.21 0.50 0.893 0.388 

Both jaws -0.01 0.40 

Lateral 

Single jaw 0.60 0.82 

0.60 -0.03 1.23 2.055 0.061 

Both jaws 0.00 0.13 

CSA 

Single jaw 2.03 2.48 

2.02 -0.87 4.91 1.507 0.156 

Both jaws 0.01 2.67 

Volume 

Single jaw 0.27 0.96 

0.68 -1.34 2.70 0.726 0.48 

Both jaws -0.41 2.30 

 

 

Table 16: Group wise comparison of single jaw vs bi-jaw cases of total airway volume in CT scan 

analysis using Independent Samples test 

 

 

 

Surgery 

done 

Mean 

Std. 

Deviation 

Mean 

Diff 

95% Confidence 

Interval of the 

Difference 
T value p-value 

Lower Upper 

Total 

Airway 

Volume 

Single jaw 2.16 2.97 

1.58 -2.63 5.79 0.811 0.432 

Both jaws 0.58 4.34 

 

 



61 
 

 

 

Table 17: Group wise comparison of single jaw vs bi-jaw cases of polysomnographic 

parameters using Independent Samples test 

 

 

Surgery 

done 

Mean 

Std. 

Deviation 

Mean 

Diff 

95% Confidence 

Interval of the 

Difference 
T value p-value 

Lower Upper 

AHI index 

Single jaw -8.97 18.71 

-7.82 -22.09 6.45 -1.184 0.257 

Both jaws -1.15 1.50 

Apnoea 

index 

Single jaw -4.35 10.28 

-4.47 -12.29 3.35 -1.235 0.239 

Both jaws 0.12 0.48 

Hypopnoea 

index 

Single jaw -4.62 8.44 

-3.44 -9.96 3.09 -1.137 0.276 

Both jaws -1.19 1.47 

 

 

 

Surgery 

done 

Mean 

Std. 

Deviation 

Mean 

Diff 

95% Confidence 

Interval of the 

Difference 
T value p-value 

Lower Upper 

Lowest 

pulse 

Single jaw 3.29 11.01 

4.54 -7.86 16.94 0.79 0.444 

Both jaws -1.25 11.16 
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Lowest 

desaturation 

Single jaw 9.29 9.32 

3.91 -6.08 13.90 0.846 0.413 

Both jaws 5.38 8.58 

 

 

 

 

Surgery 

done 

Mean 

Std. 

Deviation 

Mean 

Diff 

95% Confidence 

Interval of the 

Difference 
T value p-value 

Lower Upper 

ODI 

Single jaw -7.82 18.76 

-7.69 -21.96 6.57 -1.165 0.265 

Both jaws -0.13 0.82 

Snoring 

index 

Single jaw -6.15 19.73 

-9.95 -27.43 7.54 -1.229 0.241 

Both jaws 3.80 10.97 

Sleep 

efficiency 

Single jaw -0.59 10.31 

-11.01 -21.62 -0.39 -2.24 0.043 

Both jaws 10.42 8.73 

 

 

Surgery 

done 

Mean 

Std. 

Deviation 

Mean 

Diff 

95% Confidence 

Interval of the 

Difference 
T value p-value 

Lower Upper 

BMI 
Single jaw -0.04 0.98 

0.19 -2.01 2.39 0.187 0.855 

Both jaws -0.23 2.53 
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   Table 18: Statistics- maxillary advancement and mandibular setback  

 Maxillary advancement Mandibular setback 

 Left Right Left Right 

N 13 13 9 9 

Mean 5.9615 5.7308 5.3333 5.0556 

Std. Deviation 1.39137 1.33253 1.73205 1.81046 

Minimum 3.00 3.00 3.00 3.00 

Maximum 8.50 8.50 8.00 8.00 
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FIGURES 

 

Figure 1: Gender ratio of sample 

 

 

Figure 2: Lateral cephalometric analysis 
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Figure 3: CT analysis of total sample 

 

 

 

Figure 4: Polysomnography analysis of total sample 
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Figure 5: Group wise comparison between cleft and non-cleft groups of change in lateral cephalometric 

measurements at three levels 

 

Figure 6: Group wise comparison of change in CT scan dimensions at three levels between cleft and non-

cleft groups 
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Figure 7: Group wise comparison of change in polysomnographic parameters at three levels between 

cleft and non-cleft groups 

 

Figure 8: Group wise comparison of lowest pulse, lowest desaturation and sleep efficiency between cleft 

and non-cleft groups 
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COMPARISON OF SINGLE JAW V/S BIJAW CASES 

Figure 9: Group wise comparison of lateral cephalometric mean differences in single jaw v/s bi-jaw cases 

Figure 10: Group wise comparison of CT mean differences in single jaw v/s bi-jaw cases 

 

0

1

2

3

4

5

6

7

8

9

Nasopharynx Oropharynx Hypopharynx
SINGLE-JAW BI-JAW

-0.5

0

0.5

1

1.5

2

2.5

AP LAT CSA VOL AP LAT CSA VOL AP LAT CSA VOL

NASOPHARYNX OROPHARYNX HYPOPHARYNX

SINGLE-JAW BI-JAW



69 
 

Figure 11: Group wise comparison of polysomnographic indices between single jaw and bi-jaw cases 

 

 

Figure 12: Group wise comparison of lowest pulse, lowest desaturation and sleep efficiency between 

single jaw and bi-jaw cases 
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Figure 13: Mean maxillary advancement and mandibular setback 
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DISCUSSION 

Orthognathic surgery has significant implications on the pharyngeal airway of the patient. 

Mobilization of the jaws for the purpose of restoration of adequate function and aesthetics 

inevitably alters the airway dimensions. One of the primary concerns regarding orthognathic 

surgery is the potential narrowing or worsening of the pharyngeal airway space. This narrowing 

leads to greater velocity of flow and hence decreased intraluminal pressure, which can further 

narrow the airway and cause obstruction. [15] Hence, there is a need to understand these 

changes in the airway and incorporate this potential impact of surgery into the patient’s 

treatment planning and implementation. There is also a need to consider adjunctive procedures 

along with the conventional orthognathic surgical procedures in order to minimize the adverse 

effects on the airway. Our study incorporates 2-dimensional, 3-dimensional and qualitative 

assessment of the changes in the airway. For this, we have included all patterns of orthognathic 

surgery, irrespective of the jaw mobilized to get a more comprehensive idea of the extent of 

changes in each pattern.  

One of the conventional radiographic modalities that is widely used for planning of 

orthognathic surgery is the lateral cephalogram, owing to its simplicity, ease of availability and 

low cost. It serves as a primary tool to assess the anteroposterior positioning of the jaws and in 

addition, also provides a static 2-dimensional evaluation of the airway. However, it allows only 

imaging of the sagittal plane with inevitable overlapping of the pharyngeal airway structure. 

As the transverse dimensions are not measurable, it provides only a two dimensional 

measurement of a three dimensional structure, thus resulting in loss of information about the 

morphology of the airway. [49] [44] It also lacks soft tissue definition and does not contribute 

to assessment of location of tongue base and uvulopalatal complex.  
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Hence, there exists a need to assess the three dimensional changes in airway, which is 

facilitated by computed tomography. A CT scan is a non-invasive technique which facilitates 

the diagnosis, treatment planning, surgical guidance and result evaluation. Although it is more 

expensive and exposes the patient to radiation, it is advantageous over lateral cephalometry as 

it allows visualisation and assessment of the hard and soft tissues, and allows isolation of the 

pharyngeal airway without interference of the adjacent hard tissue structures. [15] [8] The CT 

scan allows the positioning of the patient in the supine position, unlike a CBCT scan in which 

the patient is erect. A CT scan hence provides a more accurate replication of the airway of an 

individual who is asleep. [17] However, in supine position, the tongue and soft palate thicken 

due to gravitational forces which increases its collapsibility [29] 

Multiple studies have assessed time dependent changes in the pharyngeal airway after 

orthognathic surgery. In our study, the post-operative follow up scans were not done in the 

immediate post-operative period, as the resultant oedema may camouflage the actual gain in 

airway space. [49] As per studies by Kawamata [8] and Chen [51], the airway does not 

significantly undergo changes from 3 to 6 months after surgery to 1 year after surgery. We have 

hence chosen an intermediate period of 6 months, so as to take into consideration the possible 

bony relapse and its associated soft tissue adaptations.   

Lateral cephalometry: In our study, we have noted a statistically significant increase in 

nasopharyngeal and hypopharyngeal dimensions using lateral cephalometry, and the increase 

was more in bimaxillary procedures, as compared to monomaxillary procedures. A reduction 

in the airway at all three levels was observed in isolated mandibular setback cases, which is 

similar to the results observed in other studies. Hochban et al [52] noted decreased posterior 

pharyngeal airway space was noted in patients who underwent mandibular retropositioning. 

Significant decrease in oropharyngeal and hypopharyngeal dimensions were also noted on 

linear analysis of airway in isolated mandibular setback cases by Park et al [16].  Chen at al 
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[51] noted PAS narrowing of 2.85mm at the oropharynx and 3.62mm at the hypopharynx in 

monomaxillary cases and has suggested that mandibular setback in conjunction with maxillary 

advancement can compensate for possible narrowing in oropharyngeal airway due to the 

decreased requirement of mandibular retropositioning [51].  Hence, in cases where a larger 

advancement or setback was required, a bimaxillary procedure was planned to account for 

possible relapse and decreased pharyngeal airway space. In our study, the mandibular setback 

of 5.25±1.83 mm accompanied by maxillary advancement of 5.44±1.18mm has yielded 

reduced relapse rates as well as markedly improved occlusion, aesthetics and airway patency 

[]. Though mandibular setback was done in bimaxillary surgeries, airway compromise was not 

observed as the anteroposterior dimension increased following maxillary advancement in the 

cephalad region. This has in turn helped to accommodate the tongue at an antero-superior 

position, and thereby hypopharyngeal dimensions have not been adversely affected.  The 

increased nasopharyngeal dimensions noted in our sample is consistent with the findings by 

Cakarne et al. However, the study by Samman et al  showed significant decreases at the 

oropharyngeal and hypopharyngeal level whereas our study has shown increased dimensions 

at all levels. In cases of maxillary hypoplasia, the patients had significant cosmetic and 

functional deformities such as reduced oral cavity space, and absence of malar prominences. 

Due to the reduced oral cavity space, the patients had a pre-existing compromise in pharyngeal 

airway. A Le Fort I osteotomy maxillary advancement procedure hence ultimately enhanced 

the airway space by advancing the bony origin of the velopharyngeal and suprahyoid muscles 

[15], and has been shown to be effective in the improvement in function like the pharyngeal 

airway. In patients with a pseudo-Class III deformity, as in the case of cleft lip and palate 

patients, owing to the mandibular prognathism, mandibular setback alone can possibly decrease 

the pharyngeal airway.  In comparison with non-cleft patients, we observed cleft patients in our 

study particularly at the nasopharynx level, showed marked improvement following 
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bimaxillary surgery. These patients showed post-operative improvement in articulation and an 

initial hyponasality which improved on subsequent follow up.  

Computed tomography: Unlike the lateral cephalometry where the transverse dimensions and 

volume of the airway cannot be adequately assessed, CT scans provided a more accurate 

measurement of the upper airway.  In bimaxillary surgeries, more anteroposterior change was 

noted as compared to a minimal change in lateral dimensions at all levels (NPA, OPA, HPA). 

This was in correlation to studies by Degerliyurt et al and Kawamata et al where they suggested 

that since the pharyngeal airway is elliptical in shape, with the lateral dimension being the 

longer axis so significant changes was not observed in lateral dimensions, whereas we have 

observed an increase in CSA at all levels in bimaxillary surgeries. Our results were similar to 

Hong et al where increased anteroposterior dimension and CSA were noted following 

bimaxillary surgery. [19] However, the study by Degerliyurt et al [15] showed a decrease in 

CSA at all levels despite the type of surgery performed. Even when combined with a maxillary 

advancement of an average of 4.6mm, Jakobsone et al [6] did not observe any increase in 

oropharyngeal dimensions. This is in contrast to our study, where increase in CSA dimensions 

have been noted with a maxillary advancement of 5.44±1.18mm. As the cross-sectional areas 

can alter according to the head posture, all the CT scans were done with the patient in supine 

position, to minimize the differences in size of pharyngeal airway space.  [17] In bimaxillary 

surgeries, we have noted an increase in volume by 3.3% at the nasopharynx and 9.03% at 

oropharynx level with an overall increase of 2.78% increase in total airway volume, but the 

hypopharynx showed a 24.6% decrease in volume. This was similar to the results of Gokce et 

al [29], who observed that except for a decrease in oropharyngeal volume by 19.01%, 

significant increases were noted at nasopharynx (46.3%) and total airway volume (7.24%) and 

a decrease of 27.47% was observed at the hypopharynx level. Unlike most other studies, 

Jakobsone has noted a statistically significant increase in hypopharyngeal volume along the 
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oropharyngeal volume. This increase in oropharyngeal volume that was noted in our study as 

well could be attributed to the tongue occupying the space gained by advancement of the 

maxilla.  

Positive changes in the airway are seen in cases of maxillary advancement at the nasopharynx, 

oropharynx with minimal changes at hypopharynx, and it generally has a better prognosis 

compared to mandibular setback. We have noted an increase in anteroposterior and transverse 

dimensions as well as the cross sectional area at nasopharynx and oropharynx, with 

minimalistic changes at the hypopharynx, but with an overall increase of 14.3% in total airway 

volume. Similar results have been noted by Hernandez et al [57], where maxillary advancement 

has increased the PAS volume by 37.7%.  

Both the bimaxillary and monomaxillary groups of patients included cleft as well as non-cleft 

patients. We observed that the total airway volume of cleft patients increased by a larger extent 

compared to the non-cleft group. However, the anteroposterior and transverse dimension and 

CSA and volume improved only at the nasopharynx level. The mean volume increase was 

observed to be 1.22cm3, which was in accordance with the study by Chang et al where a mean 

increase of 0.73cm3 was noted at the nasopharynx in a total of 18 patients.  

The surgeon and the orthodontist should keep in mind the dimensions of the airway while 

planning for a setback procedure. In the cases of mandibular prognathism presenting with a 

Class III deformity, if setback of <8mm is indicated, then monomaxillary procedure can be 

conducted, keeping in mind the potential relapse and influence on the patient’s airway. 

However, in procedures where more than 8mm mandibular setback is indicated, we have 

observed that bimaxillary procedures have a better overall effect on the patient’s airway and 

functions. In addition, in patients with a protruded chin, due consideration has to be given to 

the potential airway compromise if setback genioplasty is considered. Similarly, patients with 
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a retruded chin can possibly benefit from an advancement genioplasty procedure due to the 

forward movement of the genial tubercles and its attached musculature, which further helps in 

forward positioning of the tongue and increase in airway dimensions.  

Polysomnography: Obstructive sleep apnoea is characterized by periodic cessation of breathing 

occurs despite continuous efforts towards inspiration. It can be associated with hypertension, 

diabetes, and increased tendency towards cardiovascular events. Polysomnography is the 

diagnostic modality of choice for the qualitative assessment of airflow and potential OSA. It 

provides a highly detailed report of the breathing parameters and provides an insight towards 

the respiratory disturbances of the patient but requires technical monitoring. Some of the 

established risk factors are obesity and other skeletal characteristics such as short mandibular 

body length and a retro-positioned mandible, as well as tongue size and position of the hyoid 

bone [4]. Although continuous positive airway pressure (CPAP) is considered as the first line 

treatment of choice, telegnathic surgery for curative purpose can be considered in patients with 

moderate to severe OSA due to better patient compliance and similar outcomes. [32] 

In bimaxillary surgeries, we have noted a 39.7% decrease in AHI index, with the average 

number of central apnoeic events remaining unchanged, indicating that it is independent of the 

modifications made in the upper airways as a result of Le Fort I advancement and BSSO 

mandibular setback. This was also observed in the results of Foltan et al [13], but unlike our 

study, he has noted the worsening of AHI index. A 6% increase in the lowest desaturation, and 

a 5% decrease in the ODI were also noted. There was a 13% improvement in sleep efficiency, 

and a similar outcome was also observed by Prinsell et al [54]. Most cases of bimaxillary 

surgeries showed a minor improvement in snoring index. Gokce et al in his study also observed 

satisfactory improvement with 6 out of 9 patients showing complete resolution of snoring. 

However, in one case of severe mandibular prognathism where maxillary advancement was 

done with a larger setback(8mm), we have observed a deterioration in snoring index post-
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operatively, as well as the AHI index and ODI index. These symptoms have, however, 

improved on follow up.  

Isolated mandibular setback procedures for correction of a Skeletal Class III deformity can be 

an initiating factor in the development of respiratory disturbances, such as obstructive sleep 

apnoea. Foltan et al [13] and Hasebe et al in their analyses have observed that a vast majority 

of younger patients are able to adapt to changes in the skeletal and muscular structures but 

some are then predisposed to developing OSA.  The retraction of mandible can result in 

narrowing of the airway and posterior positioning of the tongue [15].  Riley et al have observed 

OSA in 2 patients who have undergone mandibular setback [55]. Following an isolated BSSO 

mandibular setback of <5mm, we observed that although the PAS showed narrowing and 

decrease in dimensions, the AHI index did not worsen and the breathing parameters did not 

deteriorate. Hochban et al observed similar findings in his study of 16 patients [52]. However, 

due to our limited sample, this result cannot be taken into consideration and the study warrants 

inclusion of a larger number of patients to ascertain the accurate effect of isolated mandibular 

setback. 

The average pre-operative BMI in the bimaxillary group showed a minimal decrease post-

operatively, indicating that it may not have played a role in influencing the breathing 

parameters. Similar findings were noted in the isolated mandibular setback. This is unlike the 

findings of Cannellas et al [53], who noted a significant decrease in BMI 6 months post 

operatively. In the case of obese patients, BMI is a cause for concern and needs consideration 

during treatment planning.   

One of the primary limitations of the study was the ongoing COVID-19 pandemic due to which 

a larger sample size was difficult to attain. More studies with homogenous samples needs to be 

conducted with long term evaluations of the upper airway. Although bimaxillary surgeries have 
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a better prognosis on the airway space, a larger mandibular setback can be cause for concern 

and predisposes the patient to OSA. Hence, adjunctive intrapharyngeal procedures such as 

uvulopharyngoplasty, genioglossus advancement hyoid myotomy, and extrapharyngeal 

procedures such as anterior inferior mandibular osteotomy, hyothyroidopexy, midline 

glossectomy, should be considered in patients where a setback >8mm is planned. However, to 

determine the location of obstruction in the airway, the results of polysomnography needs to 

be correlated with the measurements obtained from the CT scans and treatment should be 

planned accordingly. Such patients would have to be carefully followed up post operatively 

and long term evaluation has to be conducted to establish a conclusive treatment protocol. 
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CONCLUSION 

 

Orthognathic surgery inadvertently influences the pharyngeal airway. The surgeon and the 

orthodontist must formulate a plan that brings into account the function, aesthetics, as well as 

the patency and efficiency of the airway space. [13] 

Computed tomography remains the gold standard for the accurate three-dimensional imaging 

of the soft and hard tissues and can provide as a valuable tool for airway assessment in addition 

to its existing role in diagnosis and treatment planning. Although, this provides a quantitative 

assessment of the airway dimensions and the location of possible obstruction, it needs to be 

correlated with the parameters provided by polysomnography to evaluate the deterioration or 

improvement of the airway patency.  

In cases of isolated maxillary advancement, nasopharyngeal dimensions showed an 

improvement which reflected on the breathing parameters and enhanced the quality of sleep. 

However, in severe mandibular prognathism, there is an unavoidable posterior repositioning of 

the mandible and associated structures which may compromise the airway and worsen the 

breathing patterns. A bimaxillary surgery can be considered in order to reduce the extent of 

mandibular setback and its adverse effect on the pharyngeal airway. [29] Further, in cases 

where a larger mandibular setback is required, adjunctive procedures need to be considered 

and incorporated into the treatment plan. The surgeon and orthodontist must work in tandem 

to fabricate a treatment plan that restores the function, aesthetics and either maintains or 

improves the patency of the airway.  
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SUMMARY 

 

A prospective in vivo study was conducted on 15 patients who reported to our unit for the 

treatment of maxillofacial discrepancies and underwent orthognathic surgery. All the patients 

in the age range of 18-32 years who fit the inclusion criteria were assessed pre-operatively and 

6 months post-operatively using lateral cephalometry, computed tomography and overnight 

polysomnography, irrespective of the type of surgery performed.  

Lateral cephalograms were taken and anteroposterior dimensions at the nasopharynx, 

oropharynx and hypopharynx were measured. Using CT scans, anteroposterior and transverse 

dimensions, as well as the cross sectional area and volume were measured at the nasopharynx, 

oropharynx and hypopharynx levels. The patients then underwent polysomnographic analysis 

where the AHI index, snoring index, ODI index and sleep efficiency were recorded. All these 

parameters were measured post operatively and comparison was done using paired t-test.  

Group wise comparisons were also made between cleft and non-cleft patients as well as 

between single-jaw and double-jaw patients.  

The lateral cephalometric measurements at the nasopharynx and oropharynx showed 

statistically significant increase in the total sample and was noted to be increased in bimaxillary 

surgeries as compared to an isolated mandibular setback where decrease in dimensions are 

expected. The CT scan analyses correlated with the polysomnographic parameters have 

indicated that a larger isolated mandibular setback of more than 8mm would warrant 

combination with a Le Fort I osteotomy maxillary advancement in order to reduce the extent 

of mandibular repositioning. Further, adjunctive intrapharyngeal and extra pharyngeal 

procedures need to be considered and incorporated into the final treatment plan. 
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ANNEXURE I: Questionnaire for subjective evaluation  

 

 

CRANIO FACIAL SURGERY & RESEARCH CENTRE 
S.D.M. COLLEGE OF DENTAL SCIENCES & HOSPITAL 

 

 

Name: 

Age: 

Address: 

Telephone number: 

 

 

 1 
Worsening of 

symptoms 

2 
No 

improvement 

3 
Mild 

improvement 

4 
Moderate 

improvement 

5 
Marked 

improvement 

How satisfied are you 
with the outcome of the 
surgery? 
 

     

How much has the 
surgery improved your 
self-esteem? 

     

How informed were you 
about the procedure? 

     

How much has the 
surgery improved your 
physical appearance? 

     

 
Functional changes  

How much has the 
surgery improved your 
quality of sleep? 

     

How much has the 
surgery brought about a 
change in your 
frequency of snoring? 
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ANNEXURE II: Consent form  

 

 

CONSENT FORM DEPARTMENT OF ORAL AND MAXILLOFACIAL SURGERY 

INFORMED CONSENT FOR THE PARTICIPATION IN THE STUDY 

 

 

 I, ……………………………………………. , voluntarily consent to the participation in the 

current research study. I agree and give access to my health records and co-operate to any 

investigation considered necessary for the study. I have been informed about the study titled 

“EVALUATION OF PHARYNGEAL AIRWAY CHANGES FOLLOWING 

ORTHOGNATHIC SURGERY” conducted by Dr Alka Ajith, postgraduate from the 

department of Oral and Maxillofacial surgery, SDM College of Dental Sciences and Hospital, 

Dharwad. I have been explained about the nature of the study and proposed procedures in the 

language of my understanding. I consent to take photographs and publications of the same for 

the purpose of advancing health education and research. I understand that in any report on the 

results of this research my identity will remain anonymous.  
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COLOUR PLATES 

 

 

Fig 1: Lateral cephalometric analysis 

 

         

Fig 2: Pre-operative and post-operative assessment of airway dimensions at three levels 
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Fig 3: Computed tomography scans 

 

 

Fig 4: Assessment of cross sectional area on CT 
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Fig 5: Volumetric analysis of pharyngeal airway at nasopharynx, oropharynx, hypopharynx 

 

 

Fig 6: Polysomnography study  
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Fig 7: Patient undergoing polysomnography analysis 

 

 

 

Fig 8: Polysomnographic parameters 
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MASTER CHART 1
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MASTER CHART 2: LATERAL CEPHALOMETRY 
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MASTER CHART 3: CT SCAN ANALYSIS  
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MASTER CHART : POLYSOMNOGRAPHY 

 




