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Abstract

Relevance: nasal septum deviation is a highly common pathology of the nasal cavity. The emergence of a new method
of CFD modeling has made it possible to study the biophysical processes occurring in the pathological nasal cavities.

The purpose of this experiment was to study the velocity and partial pressure of the air flow inside nasal cavity for the
different nasal septum deviation types.

Materials and methods: the study used CT scans of 7 patients. Using special software algorithms for CFD modeling, 3D
nasal models and virtual air flows were obtained from these images. We examined the mean nasal flow velocity and partial
pressure for each type of nasal septum deviation.

Results: the average flow velocity for the 4th and 7th types of nasal septum deviations was 7.3 and 7.6 m / s, and the
partial pressure was -10.2 and -9.8 Pa, respectively, which was much higher than the data for other deviation types.

Conclusion: The nasal septum deviation type affects the flow velocity and partial pressure in the nasal cavity.

Key words: CFD modeling, nasal septum deviation, velocity.

Pestome
CFD MOAENMIMPOBAHME BO3QYUWHbLIX MOTOKOB HOCA
Y NALUUEHTOB C UCKPUBJNIEHUEM HOCOBOM NEPEFOPOOKMU

Hasbim C. CarangbixoBa *1, https://orcid.org/0000-0002-7274-8101,
Mawnkn Monr Qxao 2, Cayne A. Taykenesa *

! Kazaxckum HauvoHanbHbI MeguumnHcknn YHuBepcutet umenu C.[1. AccheHausipoBa,
r. AnmaTtsbl, Pecnybnuka KasaxcTaH;
2 Hasap6aeB YHuBepcurerT, r. Hyp-CynTtaH, Pecny6nuka KasaxcTaH.

AkTyanbHoOCTb. VckpuBIEeHWe HOCOBOWM NEPEropoakk SBNSETCS BbICOKO PacnpOCTPAHEHHON NaTOMNOrMen NoNOCTH Hoca.
MosiBneHne Hosoro metoga CFD mogenupoBaHust nO3BONMNO M3y4uTb BUOM3NYECKMe NpOLecChl, MPOMCXOAsWMe B
NonoCTW HOCa NaLWEHTOB.

Llenbto JaHHOTO 3KCMepuMeHTa SBRAnach U3y4YeHue CKOPOCTU U NapuuanbHOro [aBneHUs BO3OYLIHOMO MOTOoKa B
NOMOCTW HOCa NPY PasHbIX TUNAX UCKPUBMEHUS HOCOBOW NEPEropoaKU.

Matepuansl 1 meToAbl: B UCCIEA0BAHUM UCMOMNbL30BANNCh KOMMLIOTEPHbIE TOMOrPaMMbl 7 NauueHToB. MMpu nomoLyy
cneumanbHbix nporpaMMHblx anroputmoB CFD mMogenvpoBaHus M3 AaHHbIX CHUMKOB nonydveHbl 3[1 mopemu Hoca w
BMpTYanbHble BO3AYLWHbIE MOTOKA. Mbl M3yumnu cpegHee 3HaueHWe CKOPOCTU W NapuuanbHOro JaBneHUst HasarbHOro
NOTOKA Y KaXJoro T1na UCKPUBIEHUS HOCOBOM NEPErOPOKM.

Pe3ynbTaTtbl: CpefHsisi CKOpOCTb NMOTOKa Y 4 W 7 1o TMNoB Aedhopmalinn HOCOBOWM Neperopoaku Obino pasHo 7,3 u 7,6
m/cex, a napymansHoe gaenenue -10,2 v -9,8 Pa cOOTBETCTBEHHO, YTO HAMHOTO MPEBbILLANO AaHHbIE APYriX TUMOB HOCA.

3akntoyeHne: TN WUCKPUBIIEHMS| HOCOBOW MEPeropofkv BMWSIET Ha CKOPOCTb MOTOKA M napuwanbHoe fasreHue B
nonocTu Hoca.

Knroyeenie cnosa: CFD modenuposaHue, uckpugneHue Hocogol nepe2opodku, cKOpocmb.
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XaHa apicTiH naiga 6omnybl HaykacTapAblH MYpPbIH KybiCbiHA@ 6onaTbliH 6Guodmankanblk NpOLEcCTepdi 3epTTeyre
MYMKiHZiK Bepai.
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OKcnepuMeHT MakcaTtbl: Oyn 3KCMepuUMEHTTIH MakcaTbl MypblH NEpAeciHiH op Typni Kucaw TunTepiHae aya
aFbIHbIHbIH XblNAAMObIFbl MEH iLUiHAeri KbICbIMbIH 3epTTey 60nabl.

Matepuanpgap meH Tacingep: 3eptTey 6apbiCbiHAa 7 HAayKacTblH, KOMMbIOTEPMK TOMOrpamMmanapsl kongaxbingsl. CFD
MoZenbaeyre apHanfFaH apHanbl Gaffapnamanblk kacaktama anropuTMAEpIH KongaHa OTbIpbin, OCbl CypeTTepheH
MypbIHHBIH, 3D Moaenbaepi MeH BUpTYanabl aya aFbiHAapbl anbiHAbl. Bi3 MypbIH nepaeciHin, KucaobiHbIH, 8pbip TvNi yLUiH
MYPbIH aFbIHbIHbIH, OpTaLLa XbINAaMAbIFbIH XXOHe napunanablK KbiCbIMbIH KapacTbipabIK.

Hatnxenep: MypbIH NepaeciHiH, KUCatobIHbIH, 4 XaHe 7 TUNTepiHAeri opTalla aFbIHHbIH, Xbinaamablfbl 7,3 xaHe 7,6 M /
C Kypagbl, an napuuangpl KbicbiM caiikeciHwe - 10,2 xaHe - 9,8 Pa Kypaabl, 6yn 6acka MypbiH NepaeciHiH KUCatobIHbIH
TMNTepi boibIHWa ManiMeTTepaeH anpekanaa 6ackala 6onap!.

KopbITbIHABI: MYpbIH NEPAECIHIH KM1Cat TUMi MYPbIH KybICbIHAAFbI aFbIH XKblAamablFbl MEH KbiCbiMFa 8cep eTefi.

Tytindi ce3dep: CFD modenbdey, MypbiH nepdeciHiH Kucatobl, XbindamobIK.
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Introduction

The nasal septum (NS) is an important part not only for
the nasal cavity formation, but also it is a functional link of
the intranasal air flow system organization, which also
contributes to the air distribution to the lower respiratory
tract. [1]. A needing for the diagnosis and treatment of the
septum deviation (SD) is evident because of the variety of
consequences (nasal bleeding, chronic rhinosinusitis,
airways obstruction syndromes, lower respiratory tract
diseases, infectious complications, etc.) [14].

The surgical treatment of this pathology includes the
middle positioning of the NS: submucosal resection,
septoplasty. In order to refer the patient to the surgery,
subjective feelings about nasal obstruction, the presence of
snoring and a number of other aspects are assessed [17].
Rhinoscopy (anterior, endoscopic) is mandatory [19], where
the doctor visually finds a nasal septum deviation (NSD)
and the presence of spurs and ridges. Computer
tomography provides information about deviation location at
any part of the nasal cavity (NC), which will be useful for a
surgery planning [6].

In addition, a number of other nasal respiratory function
assessment tools are carried out, including active anterior
rhinomanometry, which, due to their low correlation with the
subjective sensations of patients [8] are rarely used, mainly
for expertise and for research purposes. Thus, the
indications for surgical treatment of NSD are determined in
a complex manner, summing up the results of clinical and
instrumental diagnostic methods. The final decision should
be made by a doctor. However, it is not uncommon for
patients to be dissatisfied with the surgery results, even in
long-term follow-up periods. [20]. Accordingly, there is a lot
of discussion about diagnostic standards. [4].

Many authors [3] believe that the role of the biophysical
changes of the airflow inside the nasal cavity (NC) as a
result of SD should not be underestimated. Nasal airflow
parameters such as a partial pressure and velocity are the

key characteristics [23]. These data can be obtained using
relatively new 3D technologies and virtual modeling.
Computational Fluid Dynamics (CFD) modeling has already
established itself as a method that allows to use patient’s
computer tomograms of the nasal cavities to create
mathematically calculated flows regulated by gas and liquid
motion principles [7]. CFD modeling calculates flow velocity,
partial pressure of the air movement inside a nose,
temperature conditions, wall shear stress, air flow
distribution, as well as can find precisely specified local
changes throughout the nasal cavity and paranasal sinuses
[10].

The carried out studies helped to expand knowledge
about nasal cavity aerodynamics in normal [5] and in the
various nasal pathologies, such as NSD [2], nasal valve
pathologies [21].

The development of this technique will help clinicians
not only understand the nasal airflow characteristics in
healthy and pathological NCs, but also make a prognosis
for certain clinical conditions of the olfactory and respiratory
functions, be guided in establishing safe levels of exposure
to inhaled material [25]. For various types of NSD the air
flow direction and resistance were studied in detail [22, 16,
26]. However, the partial pressure and flow rate in various
locations of a nose were undeservedly ignored. We believe
that these parameters can be a key in the nasal obstruction
severity gradation and their changes can become an
important diagnostic criterion.

The aim of our study is to find the average values of the
velocity and partial pressure of the nasal airflow for the
different types of NSD.

Materials and methods

The research design

Pre-experimental, interventional  (in
randomized, prospective, case-control.

Patient selection

vitro),  non-
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For the study we selected participants among patients
of 1stENT department of a specialized clinic (City Hospital
No. 5) in Almaty, Kazakhstan. We used the R. Mladina [13]
classification to distinguish different types of septum
deviation. This classification takes into account the
deviation directions (anterior-posterior, upper-lower), as well
as the presence of a ridge. This makes it stand out from
other classifications [18].

R. Mladina's classification distinguishes 7 types:

Type 1 - crest-like deviation of anterior part of nasal
septum, small in size, unilateral, does not disturb nasal
breathing;

Type 2 - pronounced crestal deformity in anterior part of
a nose, impairing the respiratory function;

Type 3 - crestal deviation, unilateral, in posterior part of
NS;

Type 4 - S-typed septum deformation - two crestal
deviations located in the right and left cavities;

Type 5 - "Turkish saber" - type deviation - comb-
shaped, in the back of the nose;

Type 6 - crestal deformities in the horizontal plane, in
both nostrils;

Type 7 - "Crumpled" partition - many deformities in
different planes, or a combination of the above types.

On clinical examination, the patient's nasal septum
deviation was classified to a specific type, and the patient's
data were entered into an electronic journal.

The following inclusion criteria were agreed: age over
18 years, non-pregnant, previously not undergoing surgery
on nasal cavity. Also, the inclusion criterion was the
presence of computed tomography of the nasal cavity with
a slice step of no more than 0.6 cm [15].

Exclusion criterion: patient refusal, presence of nasal
valve pathology, the electronic file's defect, which could be
disturbing for the 3D modeling. The latter criterion was
tested by an on-line engineer at Nazarbayev University.
Since the study does not suggest a comparison with healthy
nasal airflow, a control group was not recruited. The study
group included those first patients in whom the inclusion
criteria were determined. In total, it was planned to include
1 patient from each type of septum deviation.

Research methodology

CFD modeling is an engineering method to create
virtual air flow. Our modeling was done by the group of
engineers in a special computer laboratory (Nazarbayev
University, Aerospace Engineering Department). All stages
of computer modeling were performed in association with
otorhinolaryngology because of complexity and specify of
nasal cavity construction.

Firstly, CT scans of the nasal cavities were used to take
3D models on the softwares MIMICS MEDICAL 22.0
(Leuven, Belgium) and 3-matic Medical 14.0 (Leuven,
Belgium, 2019). These models were transferred to ANSYS
Fluent 19.2 (ANSYS Inc., Canonsburg, Pennsylvania),
where they were converted to a 3D solid model. The
following input data were entered: a pressure of 0 Pa in the
nostrils at the inlet, and at the outlet - a uniform flow rate of
250 cm3 / s as a boundary condition. The rest of the
geometry was defined as the wall adhesion condition [2].
Further, to calculate the quasi-stationary air flow, a Navier-

Stokes flow solver based on a turbulent incompressible fluid
flow (k-Q SST model) was used.

Methods of data presentation and processing

Velocity and partial pressure on each nasal half were
studied along four cross-sectional planes perpendicular to
the bottom of the nasal cavity (Figure 1).

Figure 1. Sagittal view of the nasal cavity (side view)
with 4 key cross-sectional planes (a) - the first area on
the nasal valve, (b) the second area at the anterior end
of the inferior turbinate, (c) the third area at the anterior
end of the middle turbinate, (d ) - the fourth area on the
choan (posterior part of the nasal cavity).

The results are summed up and divided by 4, thus
obtaining the average value of the measured values.

Ethical principles

The study was approved by the Higher Ethical
Commission of KazMUNO, Almaty, Kazakhstan (Protocol
No. 1 dated January 15, 2019). All patients signed their
consent to participate in the study and to use a computed
tomogram.

Results

We had 7 patients with septum deviation of each type
by Mladina classification. As a result of CFD modeling, the
average values of the air flow velocity and partial pressure
were described and evaluated for these patients.

An average flow velocity of each type of deviation
(Figure 2)

The average air flow velocity was generally uniform
(2.6-4.0 m / s), with the exception of sharp rises in the 4t
and 7t types of SD, where the flow velocity reached 7.3
and 7.6 m / s for each type. The 1st and 5 types of
deviation had the lowest flow velocities (2.6 and 29 m / s)
(Diagram 1).

2. An average partial pressure, Pa (Figure 3)

Diagram 2 shows that the partial pressure in all types
was negative, and it fluctuated between - 2.8 and -5.5 Pa.
However, in the 4 and 7t types of NSD, the pressure was
significantly different, -10.2 and -9.8 Pa, respectively. These
values were the lowest for all types. In the first and fifth
types of SD, the average pressure was much higher than in
others.
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Figure 2. Nasal airflow velocity (m/ s) in different types of septum deviation (coronary cut).
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Figure 3. Nasal airlow partial pressure (Pa) in different types of septum deviation (coronary cut).
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An average nasal airflow velocity, m/sec
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-

Nasal septum deformation type

Diagram 1. An average nasal airflow velocity
in 7 types of nasal septum deviation.

Discussion

In this experiment, we studied the mean values of nasal
air flow velocity and partial pressure in nasal cavity of
patients with seven different types of nasal septum
deviation. For the experiment, the CFD modeling technique
was used using computer images of the nasal cavities.
During the virtual modeling, 4t and 7t types of NSD were
identified with the maximum flow rate and the lowest
pressure.

The CFD modeling method is relatively new, therefore,
at this time, the boundaries of the norm for certain
biophysical parameters of the nose have not yet been
formed [24].

Among presented models of pathological nasal cavities,
the patients with 4t and 7t types had the most pronounced
septum deviation in contrast of healthy nasal cavities, which
led to bilateral obstruction of the nasal passages. The
obstruction leads to a change in the laminar flow to
turbulent, the appearance of pathological eddies and the
acceleration of the flow.

The results found coincide with the previous studies,
where an increase in the flow rate in the curved part of the
nasal septum was also found [12]. In another research, with
an S-shaped deformity, the flow velocity was equal to 7.67
m/s [2], which was very close to our results (7.3 and 7.6 m/s).

In a study of healthy people, Wang noted a negative
partial pressure in the nasal cavity, which gradually
decreases in the direction from the nasal entrance to the
nasopharynx [21]. Patients with a deviated nasal septum
also showed negative pressure [9], but the values vary
greatly depending on the area of study. This is due to the
variety of types of SD and the lack of homogeneous groups
in the patient selection. In our study, types of SD with total
bilateral obstruction (4 and 7t types) of nasal tracts
showed the lowest possible pressure, which is associated
with the formation of a vacuum in the nasal cavity. Other
researchers have also found a significant drop in nasal
cavity pressure in patients with unilateral or bilateral SD
[11]. There is no doubt that the SD type, leading to block
both nasal passages, is already an indication for surgery.
However, there is still a little information about the physical
processes taking place inside the nasal cavity, and these
kind studies can expand the concept of nasal obstruction.

Research disadvantages

To get statistically significant results, a larger number of
participants are required, as well as a control group of
healthy patients.

2 3 4 5 6 7 8

-10

An average nasal airflow partial pressure,
Pa
o

-12

Nasal septum deformation type
Diagram 2. An average nasal airflow partial pressure
in 7 types of nasal septum deviation.

It is necessary to compare the data of biophysical
parameters with the subjective sensations of patients to
determine the CFD modeling method's sensitivity to the
nasal air flow.

Conclusion

4h and 7t types of nasal septum deviations had the
most different average values of flow velocity and partial
pressure in the nasal cavity than other types of SDs.

The type of the nasal septum deformation affects the
biophysical parameters of air movement in the nasal cavity.
Further study with a statistically significant sample of
patients will help to identify the type of deformity of the
nasal septum, which has a pronounced violation of the
parameters. These studies will expand the concept of the
NSD classification and may become the "gold" standard to
determine the indications for surgery.
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