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PURPOSE & BACKGROUND

• 3-D volumetric analysis is reproducible and accurate
• Schendel S, Hatcher D,  Automated 3-D Airway Analysis by Cone Beam CT. Journal of Oral and 

Maxillofacial Surgery. 2010 March; 68(3):696-701

• 3-D upper airway volume in non OSA patients have been described  
• Schendel S, Jacobson R. Normal Upper Airway Growth & Development. Presented at AAOMS 

Chicago 2010

• MMA has a high success rate in treating patients with OSA
• Schendel S, Powell N, Jacobson R,  Maxillary, Mandibular, and Chin Advancement:  Treatment 

Planning Based on Airway Anatomy in Obstructive Sleep Apnea,  J Oral Maxiilofac Surg, 29:663:676, 
2011.  

• Broujerdi J, Jacobson R, Schendel S,  Volumetric 3D Upper Airway Analysis in Patients wioth OSA 
Following Maxillomandibular Advancement. The 3rd William H. Bell Lectureship:  Accelerated 
Orthognathic Surgery and Increased Orthodontic Efficiency:  A Paradigm Shift, 2011 March

• Holty JE, Guilleminault C. Maxillomandibular Advancement for The Treatment of Obstructive Sleep 
Apnea: A Systematic Review and Meta-Analysis. Sleep Med Rev. 2010 Oct;14(5):287-97.

• Evidence is lacking on airway volume changes after orthognathic surgery
• Mattos CT, et al. Effects of Orthognathic Surgery on Oropharyngeal Airway: a Meta-Analysis. Int. J. 

Oral Maxillofacial Surgery, 2011 July



Our Analytical Approach



Clinical Experience



Clinical Experience



Surgical Technique

•LeFort I Maxillary Osteotomy
Advancement (+/- segmental)

With Bone grafting
•Bilateral Sagittal Split Osteotomy
of the Mandible Advancement

• +/- Genioplasty

• Average Maxillary Movement:   6.5 mm
• Average Mandibular Movement:              12.3  mm
• Average Genio Movement:  6.4 mm



Post-Operative Care



Pre- & Post- Operative Volumetric Analysis

• Average UAS Pre 13.69 cm3

• Average UAS Post 19.44 cm3

• Average % Change UAS
• 35.04%

• Average % Change RP
• 44.65%

• Average % Change RG
• 248.7%



Pre- & Post- Operative Choke Point 
Surface Area Analysis

• Average Choke Point RP Pre
• 184.11 mm2

• Average Choke Point RP Post
• 286.91 mm2

• Average % Change RP
• 55.84%

• Average Choke Point RG Pre
• 157.46 mm2

• Average Choke Point RG Post
• 213.29 mm2

• Average % Change RG
• 35.45%

• Location of Choke Pt Pre-Operatively
• 15 RG Pre-Op, 10 RP Pre-OP

• Location of Choke Pt Post-Operatively
• 19 RG Post-Op, 6 RP Post-Op



Pre- & Post- Operative Surface Area 
Slice Analysis

• Average PNS Pre
567.83 mm2

• Average PNS Post
619.21 mm2

• Average % Change PNS
9.05%

• Average OP Pre
252.57 mm2

• Average OP Post
382.29 mm2

• Average % Change OP
7.39%

• Average Hyoid Pre
227.63 mm2

• Average Hyoid Post
272.14 mm2

• Average % Change Hyoid
19.55%



Pre- & Post- Operative Transverse Analysis
• Average mm change in the transverse 

dimension 
– Retropalatal Choke Pt:: 5.91 mm 
– Retroglossal Choke Pt: 2.98 mm
– PNS:  2.70 mm
– OP:  4.38 mm
– Hyoid:  .88 mm



Pre- & Post- Operative A-P Analysis
Average mm change in the A-P dimension 

Retropalatal choke pt:  1.80  mm
Retroglossal choke pt:   2.67 mm
PNS: 2.44 mm
OP: 2.41 mm
Hyoid: 2.12 mm



• Average Change in UAS height
• -.48 mm

• Average Change in RP height
• +1.44 mm

• Average Change in RG height
• -1.92 mm

Pre- & Post- Operative Height Analysis



PRE & POST-OPERATIVE SOFT PALATE & HYOID 
LENGTH ANALYSIS

• Average Change in Soft Palate 
Length

• -0.87 mm
• % change in Soft Palate Length

• -2.29%
• Average Change in Mandibular

Plane –Hyoid Length
• -1.97 mm

• % change in Mandibular Plane –
Hyoid Length

• -10.32%



POUSEILLE’S LAW

• As radius increases and height decreases, the resistance of flow decreases



Results

• Volume
– The UAS enlarged significantly
– The shape of the UAS changed from a funnel to a tube like shape
– The retroglossal space increases in volume more than the retropalatal space

• Surface Area
– The surface area at the choke point in the retroglossal space increases by a greater percent change than the retropalatal space
– The location of the choke point is generally post-operatively in the retroglossal space, however, the retroglossal space 

increases the most as does the hyoid surface area slice
• Indication of normalizing the airway and eliminating any bottlenecking/funneling

– The airway enlarges in a rectangular fashion

• Width
– The transverse dimension increases more than the A-P dimension in millimeter change
– The A-P dimension increases more than the transverse dimension in percent change
– The retropalatal space increases more in the transverse and A-P dimensions than the retroglossal space does

• Height
– The height of the airway measured from the posterior of the post nasal spine to the superior tip of the hyoid bone generally 

decreases post-operatively
– The height of the airway was pre-and post- operatively longer in the retropalatal space  than the retroglossal space
– The height of the retropalatal space increase on average and the height of the retroglossal space decreases
– The height of the mandibular plane to the hyoid bone decreases



Case I
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Conclusions

• 3-Dimensional airway analysis indicates that orthognathic
surgery for dento-facial deformities positively increases the 
patients airway by increasing tension and changing the position 
of the palatal and pharyngeal muscles.  As a result:

– Airway volume increases
– Shape of airway changes

• Bottleneck to cylinder
• Height of airway decreases

– Resistance decreases
• Radius of the airway increases
• Height of the airway decreases
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