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Effects of septal perforation on nasal airflow: computer
simulation study

H P LEE, R R GARLAPATI*, V F H CHONG†, D Y WANG*

Abstract
Background: Nasal septal perforation is a structural or anatomical defect in the septum. The present study
focused on the effects of septal perforation on nasal airflow and nasal patency, investigated using a
computer simulation model.

Methods: The effect of nasal septal perforation size on nasal airflow pattern was analysed using
computer-generated, three-dimensional nasal models reconstructed using data from magnetic resonance
imaging scans of a healthy human subject. Computer-based simulations using computational fluid
dynamics were then conducted to determine nasal airflow patterns.

Results: The maximum velocity and wall shear stress were found always to occur in the downstream
region of the septal perforation, and could potentially cause bleeding in that region, as previously
reported. During the breathing process, there was flow exchange and flow reversal through the septal
perforation, from the higher flow rate to the lower flow rate nostril side, especially for moderate and
larger sized perforations.

Conclusion: In the breathing process of patients with septal perforations, there is airflow exchange from
the higher flow rate to the lower flow rate nostril side, especially for moderate and large sized perforations.
For relatively small septal perforations, the amount of cross-flow is negligible. This cross-flow may cause
the whistling sound typically experienced by patients.
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Introduction

Nasal septal perforation is a structural or anatomical
defect in the septum. It occurs due to septal submu-
cous resection, and can be caused by septal surgery
(e.g. septoplasty), blunt trauma and inhalatory drug
abuse, as well as by excessive nose picking, nose
packing and cauterisation.1 – 3 There are a wide
variety of symptoms of nasal septal perforation,
including a sensation of nasal obstruction, epistaxis,
crusting, dryness, headache, nasal pain and a
whistling sound. Septal perforations may typically
be classified as asymptomatic, small symptomatic
(i.e. smaller than 2 cm in diameter) and large symp-
tomatic (i.e. larger than 2 cm in diameter).3 Numer-
ous clinical case studies have described the surgical
treatments for this condition.1 – 6 However, relatively
few experimental or computer-based studies have
assessed the effects of septal perforation on nasal
airflow and patency.

It has been acknowledged that nasal airflow affects
the patency and physiological functions of the nose,
such as filtration, warming and humidification of
inspired air, the sense of smell, and the sensation of
nasal pungency.7

It is almost impossible to examine and visualise
airflow in the nasal cavities in vivo. Studies on nasal
airflow patterns can only be done using in
vitro models of the human nose or in vivo rodent
models. The use of three-dimensional nasal cavity
models constructed from magnetic resonance
imaging (MRI) and computed tomography (CT)
data, coupled with the use of computational fluid
mechanics techniques, has been found to be a useful
tool and method with which to simulate and under-
stand nasal airflow patterns. Although there are
many computational fluid dynamics studies addressing
nasal obstruction, turbinate surgery and particle depo-
sition, there are relatively few such studies assessing
the effect of nasal septal perforation on nasal airflow.

Among the few reported studies is that of Grant
et al. who created a three-dimensional nasal cavity
model using CT scans from a healthy human
subject, and then artificially inserted a virtual septal
perforation.8 It was found that high wall shear stres-
ses were concentrated in the posterior region of the
perforation. This finding may explain the typical
bleeding associated with septal perforation.
However, only a single model was presented.
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Pless et al. presented a numerical simulation study
of airflow patterns and air temperature distribution
during inspiration in a nose model with a septal per-
foration.9 They constructed two models with and
without septal perforation, based on the CT scan of
a healthy human subject. Septal perforation was
found to cause highly disturbed airflow in the area
of the perforation. The disturbed airflow and temp-
erature distribution across the septal perforation
could be a cause of crusting and recurrent nose
bleeds.

Grutzenmacher et al. were the first to investigate
septal perforation related airflow patterns by perform-
ing fluid flow experiments on functional nasal models,
namely modified Mink boxes.10 These authors
assessed septal perforations of varying sizes and
locations, with and without septal deviation. Stream-
lines were found to ‘bump’ towards the posterior
border of the perforation, causing turbulence which
increased with increasing perforation size. In large
perforations, it proved impossible to generate a suffi-
ciently high flow velocity to cause a whistling.

In another article, Grutzenmacher and colleagues
analysed the effects of septal perforations of
varying sizes and locations, using modified Mink
boxes representing anatomically exact models of
the human nose.11 The perforation location was
found to have no effect on the airflow pattern. In
large perforations, the air jet was found to collide
with the posterior edge of the perforation and to dis-
integrate turbulently.

In this study, we investigated the airflow pattern
and wall shear stress distribution in a nasal cavity
with a septal perforation. We also assessed the
effect of septal perforation size. Moreover, we ana-
lysed the correlation between the results of engineer-
ing simulations (based on computational fluid
mechanics) and clinical observations.

Methods

Firstly, representative nasal airway geometry was
obtained from the MRI nasal scans of a healthy
human subject. Scan slices of 1.5 mm, taken in the
coronal plane, were used. These images were seg-
mented and a three-dimensional model was con-
structed using Mimics version 12.1 software (http://
www.materialise.com). An in-house algorithm was
used to improve the mesh quality. The resulting
three-dimensional nasal cavity model is shown in
Figure 1. It can be seen that the model includes all
the important features of the nasal cavity. A nasal
septal perforation was then created in the model at
the location shown in Figure 2. This perforation
was cylindrical in shape, with a diameter of 5, 10 or
15 mm for a small, medium or large perforation,
respectively. Our 15 mm diameter ‘large’ perforation
was smaller than the 20 mm diameter perforation
defined as a large perforation by Heller et al.3 This
was because a 20 mm perforation was found to be
too large for the relatively smaller Asian nose used
in the present model and simulation.

We then constructed high resolution, three-
dimensional volume meshes comprising air volume

computational domain exterior to the nose
(Figure 3) for the various septal perforation sizes
used. A typical computational model comprised
about 2 million three-dimensional tetrahedral grids.
Models were generated using a combination of
several commercially available pre-processing soft-
ware programs, including Mimics version 12.1,
Hypermesh version 8.0 (http://www.altair.com) and
TGrid version 4.0 (http://truegrid.qarchive.org).
Finally, the numerical simulation was carried out
using the commercial computational fluid dynamics
(CFD) software program Fluent version 6.3.22
(http://www.fluent.com).

For the purposes of this computational fluid
dynamics simulation process, the overall flow was
assumed to be incompressible, quasi-steady and
laminar. At the external boundary of the air
volume for the computational domain exterior to
the nose, the pressure inlet was applied with zero
gauge pressure (i.e. atmospheric pressure). The exist-
ence of this extra volume (2040 cm3) in front of the
nose would ensure that the entry of gas was in
contact with uniform atmosphere gas and further
isolate the artificial boundary condition effect to
the simulation results within nasal cavity. A constant
nasopharyngeal airflow velocity of 2 m/s (and hence
a constant flow rate) was applied as the boundary
condition for the simulations. It was assumed that a
person suffering from any nasal problems would
still desire to inhale the same amount of oxygen
(and generate the same flow rate) during the breath-
ing process. However, in order to compare and vali-
date the present model with the reported findings
of Grant et al., the velocity boundary condition at
the throat was first replaced by a pressure boundary
condition of 250 Pa, to match the condition
imposed by Grant and colleagues in their modelling
and simulation studies.8

The project was approved by the institutional
review board of the National University of Singa-
pore, as regards its ethical aspects.

Results and discussion

We could make only a qualitative comparison
between our findings from the present model and
those of Grant et al. as these authors did not describe
in detail the nasal geometry or the perforation size
and location used in their model.8 Various represen-
tative results from our 15 mm perforation model, for
the inhalation case study, were compared with Grant
and colleagues’ results.8 Firstly, three coronal sec-
tions were identified in our model which were
similar to those reported by Grant et al.8 (Figure 4).
The velocity contours presented in Figure 5 at
these three coronal planes, and the velocity contour
at and around the perforation, shown in Figure 6,
are similar to those presented by Grant et al.8

We also found that high shear stresses concentrated
in the posterior region of the perforation (shown in
Figure 7), in agreement with Grant and colleagues’
findings; this could explain the typical bleeding
associated with septal perforation.8
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FIG. 1

Sagittal plane view of the three-dimensional nasal cavity model, also showing various cross-sectional, coronal planes indicating the
features of the nasal cavity.

FIG. 3

External computational domain of the nasal cavity.

FIG. 2

The location of the septal perforation in the nasal cavity
model.
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We also used a simulation involving 2 m/s airflow
velocity for nasal cavity models with three different
sizes of septal perforation. Figures 8 and 9 show
velocity contours for the three perforation sizes, for

inhalation and exhalation, respectively. Figures 10
and 11 show the wall shear stress contours for the
same three perforation sizes, for inhalation and
exhalation, respectively.

FIG. 5

Velocity contours at the three planes (a), (b) and (c), as defined in Figure 4. Scale indicates colour codes for least (blue) to greatest
(red) velocity.

FIG. 6

Velocity contours at and around the septal perforation. Scale
indicates colour codes for least (blue) to greatest (red)

velocity.

FIG. 4

Location of the three coronal planes. The innermost plane was
designated plane (a), followed by plane (b) and plane (c)

closest to the nostril.
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It was observed that the maximum velocity and
shear stress always occurred in the downstream
region of the septal perforation. This could poten-
tially cause bleeding in that particular region, as
reported by other researchers.

It was also observed that there was flow exchange
through the septal perforation during the breathing

process, from the higher flow rate to the lower flow
rate nostril side. For the 15 mm septal perforation,
this flow exchange was calculated to be 31 cm3/s in
inhalation and 17 cm3/s in exhalation, thus contribut-
ing about 6–10 per cent of the total flow rate (this
being 290 cm3/s). There was a reversal in cross-flow
in exhalation compared with inhalation, as shown in
Figure 12. The same trends observed for the 15 mm
septal perforation were also observed for the 5 and
10 mm perforations.

A key observation was that the cross-flow percen-
tage did not decrease much when the perforation
size was reduced from 15 to 10 mm. In contrast, a
comparatively large decrease in cross-flow percen-
tage was seen when the perforation size was
reduced from 10 to 5 mm. Moreover, it was observed
that the septal perforation always resulted in cross-
flow from the side with the higher upstream flow
rate to the side with the (initial) lower upstream
flow rate, for both inhalation and exhalation.
For the 10 mm septal perforation, the cross-flow
rates were 28 cm3/s for inhalation and 7 cm3/s for
exhalation. For the 5 mm septal perforation, the
cross-flow rates were 13 cm3/s for inhalation and
7 cm3/s for exhalation. This cross-flow could be the
reason for the whistling sound typically experienced
by patients.

In order to verify whether there was a minimal
septal perforation size capable of producing cross-
flow, the same nasal cavity model was used but with

FIG. 8

Velocity contours for inhalation, for (a) 4 mm, (b) 10 mm and (c) 15 mm septal perforations. Scales indicate colour codes for least
(blue) to greatest (red) velocity.

FIG. 7

Wall shear stress contour at and around the perforation. Scale
indicates colour codes for least (blue) to greatest (red) shear

stress.

FIG. 9

Velocity profiles for exhalation, for (a) 4 mm, (b) 10 mm and (c) 15 mm septal perforations. Scales indicate colour codes for least
(blue) to greatest (red) velocity.
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a 1.4 mm diameter perforation at the same location,
and the flow pattern evaluated. The amount of cross-
flow was negligible (inhalation, 0.3 cm3/s; exhalation,
0.4 cm3/s).

The methods of the present study could be
extended to investigate the combined effect of
septal perforation and septal deviation, as well as

the combined effect of septal perforation and nasal
obstruction.

The present, numerical study had some limit-
ations, for example the assumption that airflow is
incompressible and laminar. One could argue that
nasal airflow is not laminar but rather a mixture of
turbulent and orifice flow.12 However, the details

FIG. 11

Wall shear stress profile for exhalation, for (a) 4 mm, (b) 10 mm and (c) 15 mm septal perforations. Scales indicate colour codes for
least (blue) to greatest (red) shear stress.

FIG. 12

Reversal in cross-flow direction via the septal perforation during the breathing cycle. Scales indicate colour codes for least (blue) to
greatest (red) velocity.

FIG. 10

Wall shear stress profile for inhalation, for (a) 4 mm, (b) 10 mm and (c) 15 mm septal perforations. Scales indicate colour codes
for least (blue) to greatest (red) shear stress.
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of the respiratory airflow pattern throughout the
nasal cavity are not completely understood at
present.

. This study created computer-based nasal
models with various sizes of septal perforation,
using data from magnetic resonance imaging
scans of a healthy human subject

. Maximum velocity and shear stress were found
always to occur in the downstream region of
the septal perforation; this could potentially
cause bleeding at this site, as reported by other
researchers

. During the breathing process, flow exchange
through the septal perforation occurred from
the higher flow rate to the lower flow rate
nostril side

. In relatively small septal perforations, the
amount of cross-flow was negligible

The primary aim of the present study was to inves-
tigate the effect of septal perforation on normal nasal
airflow. Therefore, we did not address other common
conditions such as septal deviation. It has been
reported that such variables as temperature and
humidity can also influence the nasal airflow
pattern (altering velocity and turbulence, for
instance).13 In future numerical studies, all these
confounding factors would need to be considered in
terms of study design and actual experiments.

Conclusion

This study created computer-based nasal models
with various sizes of septal perforation, based on
MRI scans of a healthy human subject. It was
found that the maximum airflow velocity and shear
stress always occurred in the downstream region of
the septal perforation, and could potentially cause
bleeding in that particular region, as reported by
other researchers. Flow exchange through the
septal perforation was also observed during
the breathing process, from the higher flow rate to
the lower flow rate nostril side, especially for moder-
ate and large septal perforations. For relatively small
septal perforations, the amount of cross-flow was
negligible.
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