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Numerical analysis of the nasal cavity structure reconstruction
effects on the airflow patterns within the upper airway in patient
with OSAHS

WAMG Ying', WANG Jie'’, YU Shen', WANG Ji-zhe'*, LIU Ying-xi'?(1. State Key La-
boratory of Structural Analysis for Industrial Equipment, Dalian University of Technology, Dalian 116024, China;
2. Department of Otorhinalaryngology, the Second Affiliated Hospital of Dalian Medical University, Dalian
116027, China; 3. Department of Otolaryngology-Head and Neck Surgery, Beijing Tongren Hospital, Captial
Medical University, Key Laboratory of Otolaryngology-Head and Neck Surgery of Ministry of Education, Beijing
100730, China)

Abstract: Objective To investigate the influence of airway structural changes after reconstruction of nasal cavity
structure on the airflow patterns within the whole upper airway and the movement of soft palate in patient with OS-
AHS accompanied by nasal abnormality. Method Based on the preoperative and postoperative CT data from
the patient with OSAHS, the three-dimensional finite element model of the upper airway and the soft palate were
reconstructed. The preoperative and postoperative flow characteristics of the upper airway and movement of the
soft palate were simulated by the fluid-solid interaction method. Results The surgical operation altered the ab-
normal anatomy of the nasal cavity. The nasal airway resistance and the whole upper airway resistance de-
creased significantly. Meanwhile, it was shown that the soft palate edema remitted obviously, and the motion am-
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plitude of the free edge also decreased. The displacement of the soft palate increased with the decrease in elastic
modulus of soft palate. Postoperative numerical results showed a good agreement with the experimental and
computational results of the normal human in literature review. Conclusions The reconstruction of the nasal cav-
ity structure influenced the airflow patterns and the movement of soft palate through altering the anatomy of the
upper airway. The movement of soft palate was affected by the variations of elastic modulus under different

pathophysiologic conditions.

Key words . Nasal structure; Upper airway; Fluid-solid interaction; Finite element Method; Numerical analysis
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Fig.1 The three-dimensional model of fluid-solid interaction of upper airway (a) Preoperation, (b) Postoperation
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Fig .2 Airflow patterns in upper airways during inspiration at the flow rate of 628 mL/s
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Fig. 3 Inspiratory pressure drops in upper airways at different axial locations for the peak flow rate of 628 mL/s (a) The two sides of na-

sal cavity, (b) Pharynx and larynx
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Tab. 3 Effects of the elastic modulus of the soft palate on the
displacements of Node 1 in preoperative model during expiration
( Expiratory flow rate was 209 mL/s)
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