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Abstract; [Objective] To study the characteristics of the airflow-field pérameter in nasal cavity and sinuses after functional
endoscopic sinus surgery (FESS) by computational fluid dynamics (CFD). [Methods] A subject was selected strictly from 30
healthy young people through nasal endoscopic examination, acoustic rhinometry measurement and CT scanning. Based on the CT
image data of the subject, digital model of normal nasal cavity was reconstructed through Fluent 6.1.22 software. At the s;ame
time, according to the surgical requirements of FESS (remove the uncinate process and open the ethmoid sinus, maxillary sinus,
and sphenoid sinus), post-FESS digital nasal cavity model was simulated. The viscous motion of nasal airflow before and after
FESS was calculated by Navier-Stokes equations to compare the differences of airflow velocity, distribution, and pressure.
[Results] In the post-FESS digital nasal cavity model, airflow through common nasal meatus decreased obviously but increased
over 13% through middle nasal meatus and open ethmoid sinus. The airflow velocity in maxillary sinus, ethmoid sinus, and the
anterior part of sphenoid sinus was all more than 0.01 m/s. In the middle-upper part of maxillary sinus, the airflow velocity was
over 0.1 m/s and an obvious annular flow was observed. Resistance in the post-FESS digital nasal cavity model diminished mainly
in the middle and posterior parts of the operational cavity.  [Conclusion] The airflow dynamic parameters of pre- and post-FESS
nasal cavity models are different which proves that FESS changes some natural physiological mechanic characteristics of nasal
cavity.
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B1 Z4EREHERER
Fig.1 Nasal cavity model after three-dimensional reconstruction
A: Mesh generation of the computational fluid model for the pre-FESS (functional endoscopic sinus surgery) simulation. The nostrils are on

the lower left quadrant and the nasopharynx on the lower right quadrant. B; Eleven representative cross sections of selected sagittal planes for the

pre-FESS. The nostrils are on the left and the nasopharynx on the right.

B2 DeEHEENRFRNEERENERRGEEXER
Fig.2 Velocity vectorgraphs of general airflow-field in pre- and post-FESS nasal cavity models

A ; Contour plot of velocity vector magnitudes from the normal nasal model indicates a lack of paranasal sinus airflow (less than 0.01 m/s).

B: Velocity vector magnitude in the post-FESS nasal model indicates a three-fold increase in airflow dynamics (greater than 0.01 m/s) in the

maxillary, ethmoid, and sphenoid areas.

B3 FABREELMSEAEEEXSE
Fig.3 Velocity vectorgraphs of upper plane in the maxillary sinus of post-FESS model

A and B show the coronal cross-section of maxillary sinus depicts annular airflow from the posterior to the anterior maxillary sinus.
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Table 1 Comparison of pressure over varying
distances of selected planes in pre- and post-FESS nasal
models (Pa)

Distance  Left nasal cavity =~ Right nasal cavity

(cm) Pre-FESS Post-FESS Pre-FESS Post-FESS

Plane 1 0 -6.39 -6.43 -4.39 -4.37
Plane 2 0.5 -8.89 ~8.91 ~-6.30 -6.27
Plane 3 1.1 -9.91 -9.96 -7.05 -7.05
Plane 4 1.54 -997 -10.05 -7.33 -7.38

Plane 5 2.24 -1033  -10.52 -8.27 -8.39
Plane 6 291 -11.42  -11.58 -9.92 -10.02
Plane 7 3.75 -1298 -13.13 -11.59 -11.72
Plane 8 5.37 -16.20 -15.16 -14.62 -13.57
Plane 9 6.42 -18.67 -16.86 -17.12 -15.22
Plane 10 7.52 -21.13  -19.68 -1991 -18.37
Plane 11 8.54 -21.88  -20.57 -21.96 -20.61

or —— Pre-OP ~— Posi-OP

d/m
B4 HEREFAREIENESHZEE

Fig.4 Pressure-flow diagram of the right nasal cavity
before and after FESS

Pressure-flow magnitude averages over selected planes of the
nasal model at various levels from the entrance of the nares to the

nasopharynx before and after FESS.
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Table 2 Comparison of airflow in the left and right nostril pre- and post-FESS while Y=48 mm  (mL/s)

Left nostril

Right nostril

Pre-FESS Post-FESS Pre-FESS Post-FESS
Common meatus airflow 113.4(60.5%) 90.4(48.2%) 98.6(59.5%) 74.3(44.9%)
Inferior meatus airflow 20.5(10.9%) 18.6(9.9%) 27.5(16.5%) 25.4(15.4%)
Middle meatus airflow! 53.5(28.6%) 78.7(41.9%) 39.5(24.0%) 65.6(39.7%)
Global airflow 187.4(100%) 187.7(100%) 165.6(100%) 165.3(100%)

1) The ethmoid sinuses are included in the post-FESS nasal model
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