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Introduction: Nasal airway obstruction (NAO) could be a common symptom that
influences a person’s quality of life. It can be assessed by patient perception or by
physical measurements. Computational fluid dynamics (CFD) can be used to analyze
nasal function. There is a need of comparative studies for assessment of airflow
regimes using CFD.

Assessment of the different CFD utilities as an objective method for evaluation of
nasal airflow characteristics was our main goal.

Studied were collected from MEDLINE (Ovid), Google Scholar ,Cochrane Library
and EMBASE using a combination of the MeSH terms “septal deviation”, “nasal
obstruction”, “Computational fluid dynamics (CFD)".

Methods: We investigated all the results obtained by the authors with respect to the
CFD parameters and the evaluation of nasal obstruction (clinical or physical).
Results: To compare nasal obstruction with CFD parameters, most studied used heat
flow, Wall Shear Stress (WSS), pressure drop, velocity and streamlines. We found that
heat flux appeared to be the CFD parameter which most strongly correlated with
patient perception. Pressure drop, wall shear stress and velocity were moreover
valuable and appeared a great relationship.

Conclusion: More and more research on CFD on the nasal cavity has caused a better
understanding of nasal obstruction. Further studies need to be done, including
temperature and humidity exchange.
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Introduction

The septum is a main structure of the nasal
cavity. In addition to serving as the supporting
supporting mechanism, the space between the
septum and the lateral walls of the nasal cavity
regulates nasal airflow and breathing. In the nasal
cavity, a straight septum leads to laminar airflow,
allowing inspired air to be warmed, cleaned and

humidified and therefore gas exchange would
be optimized. By the way, deviated nasal septum
can cause varying degrees of nasal obstruction
and decrease nasal breathing capacity [1, 2].
Septoplasty is the foremost common surgery
in grown-ups performed by an otolaryngologist
[3, 6]. Each year, 10,000 to 95,000 septoplasties
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are performed in European nations [3, 6] and
260,000 in the United States [7, 8]. The overall
taken a toll per operation can indeed go up to
$10,559 within the US [5]. In spite of the fact that
this surgery is routinely done around the world,
Ear Nose and Throat (ENT) societies have pointed
out that one of the greatest misguided judgments
of modern ENT specialty is the need of objective
method for evaluating septoplasty [1]. In specific,
the nonattendance of a clear association between
the subjective sensation of nasal obstruction
and the objective effect of nasal septal deviation
(NSD) may be deluding within the evaluation of
patients who ought to treated surgically [9].

The utilize of numerical modeling, particularly
airflow modeling with CFD, has ended up an
important and popular field of research in
recent years [10]. Earlier studies in the 1990s
oversimplified the modeling of the nasal cavities
and were limited to only one side [11, 12].
With the enhancement of computing power, 3D
reconstructions of the nasal cavities have gotten
to be more exact and complex airflow patterns
have been recognized whithin the nasal cavity
[13-17]. Diseases related to nasal cavity are
evaluated wll using numerical simulation, such
as empty nose syndrome or deviated septum
[18-20]. Nowadays authors recommend virtual
surgical planning using the CFD model [21-23].

In this article, seven articles that used CFD
analysis to evaluate nasal septum deviation are
reviewed.

Materials and Method

A database search was performed using
electronic searching. The electronic databases are
MEDLINE (from 1980 to 2020), EMBASE (1980
to 2020) and the Cochrane Database of Systems
Review (CDSR) (1980 to 2020). The search terms
used in the database were ‘septal deviation’, ‘nasal
obstruction’ and ‘Computational Fluid Dynamics
(CFD)’ The inclusion criteria were used for the
initial selection of studies from abstracts and
titles located through an electronic database
search were: human studies, no case reports or
conference proceedings and no neonatal studies.

The following exclusion criteria were applied
after full-text review: any sino nasal disease that
may affect on diagnosis of nasal septal deviation,
septal perforation, chronic rhinitis, choanal
atresia, turbine hypertrophy, nasal polyps, etc...;
Studies with patients with past septal surgery
were also excluded.

Results

The chart of the electronic database search and
last selection of studies in the review is shown
in figure 1. Electronic searches brought about
21 abstracts after expulsion of copies that came

from overlap of studies between the electronic
databases. 14 studies were excluded concurring
to exclusion criteria. This resulted in 7 studies
that are discussed in this review article[24-30].
The intention of Sung Kyun Kim et al [24]
study is to fing the relationship between CFD
parameters and the structure of nasal cavity with
NSD using numerical simulation. They produced 6
computational models of nasal cavities with septal
deviation from computed tomographic images:
three patients had nasal airway obstruction
(NAO) and three asymptomatic patients. CFD
used to reconstruct inspiratory airflows in each
nasal cavity and the fluid dynamic parameters of
each were evaluated. In the cases with NAO, the
bigger pressure drop from anterior to posterior
of the septum was determined and more
irregular flow patterns in different parts of nasal
cavity were observed. Local maximum velocity
and wall shear stress were greater in patients
with NAO in comparison to asymptomatic group.
The feeling of NAO maybe in relationship to the
cross sectional nasal resistance from nostril to
nasopharynx than to the total nasal resistance of

MEDLINE; n: 274
Google Scholar; n: 326
Cochrane Library; n: 115

EMBASE; n: 391 Excluded based on initial

TOTAL; n:1106 excluded criteria:

MEDLINE; n: 261
Google Scholar; n: 312

Cochrane Library; n: 109
Initial screening
of titiles and
abstracts

EMBASE; n: 385

TOTAL; n:1067

Selected based on initial inclusion
criteria applied to titles and
abstracts

MEDLINE; n: 6
Google Scholar; n: 11
Cochrane Library; n: 7

EMBASE; n: 15

TOTAL; n:39

Removed duplicates
from database
searches; Total: 18

Total;n:21 after duplicates
removed. Screened full
articles and applied
exclusion criteria

l ) Excluded; n: 14
Fully selected articles; n: 7

Figure 1. Summery of review article
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nasal cavity Figure 2 shows flow partitioninig in
normal (N1) and symptomatic (S1) patient.

The study of Natasa Janovic et al included 225
NSD patients [25]. The computed Tomograghic
structure of the septum was evaluated utilizing
5 different NSD categories commonly used in
clinical practice and research. The NSD angle is
also measured. Nasal obstruction was measured
by Nasal Obstruction Symptom Evaluation
(NOSE) questionnaire. The relationship between
Computed Tomograghy (CT) morphology and
angle of NSD and NOSE scores were investigated
utilizing appropriate regression methods.
Patients with NSD found in anterior of septum
always have the sensation of nasal obstruction,
however patients with posterior NSD do not
necessarily have NAO sunjectively, regardless
of severity. Regression analysis showed no
relationship between NOSE score and CT findings
and NSD angle. The spurs of septum were did not
statistically influence on obstruction severity.

E. Moreddu et al [26] avaluated nasal nasal
airflow in youngsters. According to this in the five
youngsters, the consequences of CFD have been
concordant with clinical evaluation.

According to the study of Lifeng Lietal [27], NSD
is categorized in to 7 types. Type 1 is a one- sided
deviated septum that is horizontal to the nasal
valve but does not end to the nasal valve. Type 2
may be a one- sided septum that the deviation
is placed at the region of valve, decreasing the
normal angle of the valve. Type 3 alludes to a “C”
type septum found whithin the middle part of
the nasal cavity, confronting the middle turbine
head. Type 4 is known as a bilateral abnormality
including type 2 on one side and type 3 on the

other side. The deviation is characterized where
the anterior deviation is located. Type 5 is a nearly
horizontal septal spur that extends laterally and
deeply into the nasal channel. Type 6 is found as
a large unilateral intermaxillary bone wing with a
“gutter” between it and the unilarelal septum. On
the other side, there is an anteriorly septal spur.
Type 7 maybe a combination of the 1 to 6 types.

The point of this study was to apply CFD to
investigate the impacts of different types of NSD
on nasal airflow and warming function. Patients
with each sort of deviation were selected and
person without NSD taken part as a control.
By utilizing CFD, modeling of nasal cavity was
done. Airflow partitioning, total resistance of
nose, velocity and airflow temperature were
assessed. Among all NSD types, highest velocity
and resistance were significantly higher at types
4 and 7. The flow and velocity partitioning were
also different in types 4 and 7 an also types 2 and
6. The airflow in all types of NSDs were totally
warmed to a comparative degree. According
to CFD analysis, the types of NSD may have
relationship to airflow patterns.

In a research by Julia S. Kimbell et al [28] CT
and sunjective scores were obtained from the
NOSE and Visual analog scale (VAS) in two
patients with NAO who were successfully treated
with septoplasty. Pre- and post-operative CFD
models were made from CT scans. Simulation of
steady-state inspiratory airflow was applied to
determine nasal resistance using bilateral and
unilateral CFD (CFD-NR). In both subjects, NOSE
and VAS scores improved after septoplasty. Both
bilateral CFD-NR and unilateral CFD-NR showed
decreasing resistance on the affected side in post-
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Figure 2. Flow distribution of N1 model (upper) and S1 model (lower). IA: inferior airway, MA: middle airway, SA: superior airway, L:
left, R: right [24]
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operative model (Figure 3).

Thomas Radulesco et al [29] studied on a group
of patients referred for septoplasty. The Age of
the patients ranged between 19 to 58 years old.
Preoperative CT scan was done. They compared
the CFD parameters (total pressure, heat flow,
wall shear stress, temperature, nasal velocity
and resistance) with the patient’s perception
score and rhinomanometry results applying the
Spearman correlation test (rs). They also made
comparison for resistance between CFD and
rhinomanometric values.

Twenty-two patients with NSD and NAO were
evaluated and 44 analyzes were performed
comparing each side to its CFD data. Considering
the correlation with the patient’s perceived score,
the greatest parameter they assessed was the
estimation ofheat flux (rs = 0.86). Nasal resistance
measurement by CFD and rhinomanometry

Total Pressure (Pa)

7 Right
-8 Most Obstructed Side

Total Pressure (Pa)

z, Right
o Most Obstructed Side

(B) Heat Flux

(C) Wall Shear Stress

Patient 1 Patient 2

PRE-SURGERY

PRE-SURGERY

POST-SURGERY POST-SURGERY

Figure 3. Pre- and post septoplasty CFD models of subjects 1
and 2 with left nares shown in black and channel added to the
nasopharynxes to improve simulation convergence in dark

gray [28]

(A) Total Pressure

&

-

e
Less Obstructed Side

(D) Streamiines

Left
Less Obstructed Side

Figure 4. Lateral views of Right side and Left side according to (A) total pressure (Pa), (B) heat flux (W/m2), (C) wall shear stress (Pa)
and (D) streamlines. Streamlines are coloured according to total pressure. The patient complained of right side “Total Obstruction”
(4/4). On the left side, he reported “No obstruction” (0/4). A strong Pressure drop and decreased Heat Flux. WSS1 and 2 were null and

lower, respectively, on the right side [29]
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revealed a strong correlation with subjective
score (rs = 0.75,P <0.001 and rs = 0.6, P < 0.001,
respectively).

This study aimed to improve the interpretability
of data calculated by CFD in the upper repiratory
tract airways. It emphasizes that heat flux
values are strongly correlated with subjective
questionnaire in cases with NSD. It also helps
to detect the side with obstruction and can help
with more research on CFDs. Figure 4 shows the
results.

Ting Liu et al [30] utilized commercial software
to make anasal cavity 3D model with the paranasal
sinuses from CT of 15 patients with NSD and 4
normal cases. Considering the place of the most
curve in nasal septum, patients were classified in
to caudal, anterior and media deviation groups.

Airflow showed regular patterns the control
group, but in the deviated septum models
asymmetry in the bilateral nasal cavities were
revealed. Airflow parameters showed difference
in terms of convex and concave surfaces in models
with NSD. The caudal septum deviation cases had
maximum peak velocity, however the minimum
peak velocity was in the media deviation patients.
An interesting findind was that the peak velocity
was not always on the convex side, whereas
sometimes it was found at the concave side.

Figure 5 shows the results of the model with
caudal septum deviation.

Table 1 provides a summary of the most

important points of the mentioned studies.

Discussion

With respect to comparison between subjective
nasal obstruction and nasal resistance, some
researchers have cocurred that one-sided
evaluation is more accurate than bilateral
investigation [20]. So, it is essential to center on
the narrow side and the other side instead of total
airflow or total nasal resistance [22]. The most
criticism that can be made against questionnaires
(excluding VAs) is that they do locate on the more
obstructed side, but CFD analysis focused on
unilateral assessment. In most studies, there was
a significant widening after operation on narrow
side, while patients reported no improvement
on feeling obstruction. Therefore, it is important
to take in to account the airflow distribution.
Assessment of the correlation between CFD
and patient perception showed mixed results.
Numerous reasons can clarify this issue. To begin
with, the feeling of obstruction is not just due to
increased nasal resistance. Typically why clinical
measurements such as rhinomanometry are
discussed [22, 30]. Second, special consideration
ought to be paid to the nasal cycle in CFD analysis,
because this fact can be a main issue [22]. Third,
tissue compliance is not right now considered in
CFD studies, which they assume wall rigid and
not flexible. It is known that nasal obstruction
due to nasal valves can be static or dynamic [22].

Figure 5. The peak velocity contours at five coronal sections of one caudal deviation case. Plane 1, nasal valve region; plane 2, anterior
part of the inferior meatus; plane 3, anterior part of the middle meatus; plane 4, anterior part of the superior meatus; and plane 5,

coronal section placed in the most curved part of septum [30]
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Table 1. Summary of mentioned studies

Study Study group

3
patients with nasal
airway obstruction

Sung Kyun Kim et
al. [24]

Natasa Janovic et

al. [25] 225 patients with NSD

Control group

3 patients without nasal
airway obstruction

No control group

Results Conclusion

In patients with nasal
obstruction pressure drop The feeling of nasal
was greater and more obstruction
irregular flow distribution may be related more
was found. Local peak to the level of nasal
velocity and wall shear resistance than to the

stress were higher in total
the group with nasal nasal resistance
obstruction
The CT morphology
Regression analysis did and the angle of
not show any relationship the NSD could not

between NOSE determine
scores and CT morphology severity of the
and the angle of NSD. The nasal obstruction.
presence of spurs have Requesting CT
no effect on the degree of to confirm nasal
obstruction significantly obstruction is not

mandatory.
Five patients aged 8 The results of CFD CFD simulation can be
E. Moreddu et al. . correlated to clinical - .
[26] to 15 years, with nasal No control group practice utilized for children
obstruction rhinologic pathologies
Study Study group Control group Results Conclusion
The peak velocity and The type of septal
total nasal resistance were deviation may allow
. . greater in to disturb airflow
Lifeng Li, et al. [27] 8 patlen(t)s%\lilv;t]? 7 types 8 normal participants types 4 and 7. characteristics. but,

Julia S. Kimbell et

al. [28] 2 cases with NAO

Thomas Radulesco 22 NSD cases with nasal
etal. [29] obstruction

15 patients with septal

Ting Liu et al. [30] deviation

If they are static (structural), CFD can solve the
problem, however simulating the collapse of the
nasal valve that occurs during breathing would
be complex and have bios.

The nasal entry would be an important
region in the feeling of nasal obstruction, where
pressure and velocity measurments are related
to the perception of nasal obstruction [24, 29].
Assessing pressure and velocity can be done
frequently when performing CFDs.

No control group

No control group

4 controls

Airflow in all categories of ~ warming function was
NSD was fully warmed toa  not different in types
similar degree of NSD

In both subjects, NOSE and
VAS scores improved in post ~ CFD and subjective
septoplasty models and was  data was correlated
correlated to CFD data. with eatch other.

heat flux
rhinomanometric and CFD
resistances had
correlations with subjective
scores.

Heat flux measures
are closely correlated
to nasal obstruction
due to septal
deviation.

Different types of
septal deviation can
alter nasal airflow.
The location of septal
deviation and the
inferior turbinate
hypertrophy in the
concave side may
affect on airflow
patterns

with deviation in caudal had
the highest peak velocity
The peak velocity was
sometimes in the concave
side

WSS gets higher with NSD or collapse of the
nasal valve and decreases in the absence of
obstruction [24]. However the results mentioned
above seem interesting, the major limitation of
the WSS is that it is not reliable in the presence
of complete nasal obstruction. So, in cases of a
septal deformity, the outcome is often reliable,
whereas in the absence of airflow, the WSS is zero
and therefore difficult to correlate with clinical
assessments.
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Regarding the partitioning of nasal airflow,
some authors have reported a strong correlation
between the sensation of obstruction and the
nasal airflow: patients with reduced airflow in
the middle meatus revealed more perception of
obstruction[21]. However, inotorhinolaryngology
patients, flow in the middle meatusincreases after
surgery [31, 45]. Therefore, modulating nasal
airflow, even without degrading nasal resistance,
modulates patient perception and may lead to
perception of nasal obstruction.

We did not discover a major contrast between
NOSE and VAS in their relationship to CFD,
with their correlation varying across different
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