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Table 1 . Demographic data of patients

. Setback on Mn Setback on Setback Mx setback
Patient Age A .
Sex right Mn left length on chin  length(mm)
ID (year) molars (mm) @ molars (mm) ® point (mm) © @
A M 24 13 11 13.8 1
B F 23 8 12 11.7 0
C M 18 10 11 10.1 0
D F 19 6 11 8.2 0
E M 25 6 6.5 7.1 2

(a), (b), (d) is post-operative record referred from the operation chart.
(c) was manually measured in CT.

CBCT scanner(HDXwill A}, Seoul, Korea)Z 5% Aom, 7]4<]
AbE R F A 2SS 2Tk 200mm x 190mme] field of
view(FoV), 2mm¢®] slice thickness, 0.3mm<] voxel size, 100kVDp,
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(b)

Fig. 1. Construction of 3D upper airway from CBCT image. (a)

Segmentation of the air region; (b) 3D surface model of

the upper airway
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Fig. 2. Cross-section along the main stream
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Fig. 3. Mesh generation of upper airway 3D
geometry
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Fig. 5. Cross-sectional area along the upper airway of patient
A. (Mn setback length on chin point : 13.8mm, Average
area reduction ratio : -16.49%)
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E. (Mn setback length on chin point : 7.1mm, Average
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Fig. 8. The pressure profile of the upper airway calculated using
CFD, (a) whole; (b) a cross-section
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Fig. 9. The flow velocity profile of the upper airway calculated
using CFD, (a) a few fluid velocity curves; (b) a

cross—section
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Fig. 13. Cross-sectional area along the upper airway of patient
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Abstract
Computationl fluid dynamic(CFD)
analyses of the upper airway after

mandibular setback operation in

skeletal class III patients

Sang-Hyun Park
School of Dentistry

Seoul National University

Purpose : Mandibular setback wusing bilateral sagittal split
osteotomy in orthognathic surgery of skeletal class III patient
causes structural change of soft tissue, and many studies have
demonstrated that mandibular setback causes volumetric decrease
of the upper airway and weakening of the respiratory function
during sleeping.

Computational fluid dynamics (CFD) is a validated method to
accurately compute aerodynamic flow characteristics of the upper
airway, which allows description of regional flow and pressure
profiles in the upper airway. The aim of this study was to
investigate the changes of flow patterns in the upper airway
after mandibular setback in skeletal class III patients based on

computational fluid dynamics.



Methods : The subjects were five patients (three males and
two females); who underwent bilateral sagittal split osteotomy to
set back the mandible in the Department of Oral and
Maxillofacial Surgery at Seoul National University Dental
Hospital between 2015 and 2017. Two CBCT scans from each
patient, one of which was taken pre-operatively(3 months before
the surgery) and the other post-operatively (6 month after the
surgery), were used retrospectively. The dataset collected from
all CBCT scans was exported in DICOM file format; and then
read into MIMICS software to obtain 3D models of the upper
airway pre-operatively and post-operatively. 3-matics software
was used to set the reference plane, and the cross—sectional area
in the upper airway was calculated for each reference plane to
compare airways post-operatively and pre—operatively.

The STL files of the 3D models of two patients were imported
into Midas NFX software for mesh generation and flow
simulation. Flow simulations and analysis of inspiratory upper
airway flow were performed using the second-order k-e¢
turbulence model. Average pressure values of all mesh points in
each reference plane were calculated, and the pressure profiles in
the post-operative upper airways were compared with those of
the pre-operative upper airways.

Results : As a result of comparing the pre-operative and
post-operative cross—sectional areas, it was observed that the
average cross—sectional area decreased by 7.56% in the five
patients after surgery. From the wuvula to the epiglottis, a
decrease of —17.71% in cross—sectional area was observed. Flow
analysis using computational fluid dynamics revealed an average

pressure drop of 38.3% in two patients due to a decrease in



airway area after surgery. In this study, the reduction of airway
space and the pressure drop in the airway after mandibular

setback surgery were confirmed by CFD analysis.

keywords : Upper airway, Computational fluid dynamics,

Mandibular setback, Flow analysis, Pressure drop
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