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ABSTRACT KEYWORDS
To study the influence of nasal surgery on nasal heating function. Three- Finite element method;
dimensional finite element nasal models were based on the computed Nasal heating function;
tomography data of anormal nose and the preoperation and postoperation Nasal surgery;
data of 2 noses (i.e., nose A and nose B) with a deviated nasal septum. Numerical simulation.

Numerical simulations primarily focusing on the airflow distribution and
the airflow temperature were used to study the influence of nasal surgery
on the nasal heating function of inhaled airflow. The airflow distribution
and heating characteristics of these models were obtained by comparing
the simulation results of the normal nasal cavity with the results of the
diseased nasal cavity and by comparing the preoperative and
postoperative nasal cavities. The noses before surgery had alarger surface
area and a smaller volume than after surgery. After the operation, the
heating effect on the airflow decreased significantly in nose A and
remained mostly unchanged in nose B (which had an adhesion between
theinferior turbinate and nasal septum). The surface areaand the volume
of nasal airway are correlated with the nasal heating function. The nasal
turbinate should not be resected excessively for treating a nasal
obstruction caused by compensatory nasal turbinate hypertrophy. The
width of the nasal airway should be maintained within a certain range
after surgery. An excessively wide airway could affect the nasal heating
function.  © 2013 Trade Sciencelnc. - INDIA

INTRODUCTION airflow distribution*2 and nasal functions® Nasa sur-

gery dso changesthenasal structure. Itisnecessary to

Thenoseactsasan air conditioningdevice. It pri-  explorehow nasal structural changesaffect thenosein
maxily performsthefunctionsof warming, humidifying, accomplishingitsfunctions. To eva uatechangesindini-
and removing particul ateand gaseouspollutantsfrom  cal symptoms after surgery, Lindemann(® studied the
inspired air beforetheair entersthelung. Nasa airway  influence of surgical closure of septal perforationson
structural changes caused by nasal diseaseswill affect  intranasal temperature. Intranasal temperature was
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measured at theareaof the nasal valveand theanterior
turbinate beforeand after surgical closure. Ten patients
with septd perforationswereincludedinthisstudy. The
value of thetemperature at the anterior turbinate area
wassggnificantly higher postoperatively. At different lo-
cationsinthenasal cavity, Keck® measured the tem-
perature of 23 volunteerswith aminiaturized thermo-
couple sensor during respiration. Thetemperature of
theanterior nasa segment airflow wasmoregrestly in-
creased during inspiration. Thistemperatureincrease
was |ess prominent in the posterior segment, despite
thelonger distance. Because of theinaccessibility of
thenasal cavity, computational model s of nasal trans-
port characteristics wererecently devel oped to com-
pensatefor limitedinvivo data.

Theobjectiveof thisresearchistoinvestigatethe
influenceof nasal surgery on nasal functionssuch asthe
heating of inspired air. Three-dimensiona modelsof a
norma nasd cavity and 2 nasal cavitieswithadeviated
nasal septum were established beforeand after the op-
eration. Numerica simulationsfor inspiratory airflow
were performed by using thefinited ement method un-
der steady-state conditions. Simulation resultswere
andyzed to determinetheinfluence of nasal surgery on
thenasd hesting function.

METHODS

The computed tomography (CT) scansof the nasal
passages of 2 patients’ noses (nose A and nose B) were
obtained before surgery and 4 months after surgery.
Thisproject was gpproved by the second &ffiliated hos-
pital of dalian medical university ethicscommotteeand
the patients. NoseA had an arophicturbinateintheleft
nasal cavity and acompensatory hypertrophic turbi-
nateintheright nasal cavity. In nose B, the opposite
conditionwasobserved. Thenasal passageway of nose
A was narrow, but had improved 4 months after sur-
gery for afracture of theinferior turbinate. Nose B had
an adhesion between the inferior turbinate and nasal
septum; thiswasimproved by inferior turbinectomy
surgery.

Three-dimensional nasal modelsof thenormal na-
sd cavity and the 2 patients’ nasal cavities before and
after operationswere established, based onthe 1-mm
spacing CT scanimages. AsFigure 1 shows, thenasa
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cavity model swere meshed and themeshing quadity of
thetetrahedra € ementswasgood without any distorted
elements. Steady-stateinspiratory air and heat trans-
port weresimulated by using thefinite eement method
(ANSY S). A no-dipflow velocity on the passage sur-
faceswasassumed for the boundary conditions. At the
nostril, apressurecondition (P) of 10, 1325 Pa(which
equal sthe standard atmospheric pressure) was speci-
fied. At the nasopharynx, the vel ocity was specified
based onavolumetric flow of 600 mL/sand thecross-
sectional areaof nasopharynx. Thevolumetricflow of
600 mL /s, which determined theturbulent flow regime,
&8jsahigh but reasonablevaluethat isregarded asthe
Chineserespiration flowrate va ue.® Thek-o turbulence
model wasused to smulatetheturbulenceflow inthe
nasal cavity.
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Figurel: Thethree-dimensional finite element model of a
normal nasal cavity.

Lindemann* measured the mucosal temperature
at severa intranasal sitesin 15 healthy volunteers at
room condition (25°C + 1°C at 30% =+ 4% relative
humidity). Based on the measurement by Lindemann
and on areport by Garcia, 1* theboundary conditions
of temperature were defined for thesmulation of heat
transport inthe nasal cavity. Thetemperature of ambi-
ent air wasset at 25°C at the nostrils. During inspira-
tion, themucosd temperaturewas 32.6°C for the nasal
cavity proper and 34.4°C for the nasopharynx. At the
end of inspiration and expiration, themeasurement by
the Lindemann method showed that thetemperature
valuesweresignificantly lower inthenasd valvearea
and the anterior turbinate areathan inthe nasal vesti-
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bule. Thus, an average value of 33.5°C was adopted
for thenasa vestibule.

RESULTS

Thevolumesand surfaceareas of themodelswere
caculated for each nasdl cavity fromthenostrilstothe
end of theseptum (TABLE 1). Thenosespresurgically
had alarger surface areaand a smaller volume than
they did postsurgically. The surface areaand volume of
nose B changed dightly, whereasthevolumeof noseA
apparently increased (by approximately 33%inthel eft
cavity and 72%intheright cavity). After the operation,
thehesting effect ontheairflow decreased significantly
by atemperaturedrop of 1.2°C in nose A (especially in
theright cavity). After the operation on nose B, the ef-
fect onairflow heating a so changed (<0.5°C).

the posterior airway (Figure 2). In contrast, the heat
flux plot showed adifferent scenariointhenasa wall of
nose B. AsFigure 2D shows, the heat flux washigher
intheanterior region of cavity and middienasa mesatus.
We believethat the adhesion between the anterior re-
gion of inferior turbinate and nasal septum obstructed
theinferior part of thecommon nasal mestus, themain
arflow passed through the middle nasal meatusinthe
nasa cavity, themucous membranes of themiddlena-
sd meatusprimarily performed the heting function, and
theinferior part of common nasal meatuswasineffec-
tivefor performing thehesting function. Thiswaseguiva-
lent that theairflow heating areawasreduced. Thede-
creased surface arealed to ahigher heat flux per unit
areainthe middle nasal meatusin nose B thanin the
normal nose. AsFigure 3 shows, theincreased rate of
arflow temperatureishigher preoperatively inthe pos-

TABLE 1: Simulation resultsof heating and humidification in the preoperation and postoper ation modelsof the 2 patients

T (AT) (°C) Area (cm?) Volume (cm®) Arealvolume
Left Right Left Right Left Right Left Right
cavity cavity cavity cavity cavity cavity cavity cavity
Normal (372'11) 320(70) 755 753 11.9 12.7 6.3 5.9
Patient A 32.6
preoperative (7.6) 32.6 (7.6) 103.2 99.0 13.2 111 7.8 8.9
Patient A 32.2
Dostoperstive O 31464 912 935 17.6 19.1 5.2 4.9
Patient B 304
preoperative (5.4) 31.1(6.1) 87.6 90.2 12.6 13.8 7.0 6.5
Patient B 30.9
postoperative (5.9) 31.2(6.2) 81.8 84.6 14.9 15.7 55 54

AT = change in temperature; T =temperature.

Toexaminetheeffect of structura changeson heat
function, we compared hest flux throughthenasa wall
of nosesA and B with heat flux of thenorma nose. The
heat flux of the normal nosewas higher intheanterior
region of nasal cavity (Figure2). Thisiswhy airflow
temperatureincreased rapidly in theanterior portion of
thenasd cavity (Figure 3). Theheat flux distributionon
the nasa wall of noseA (Figure2) was preoperétively
similar to the heat flux of thenormal nose. However,
the preoperativeai rflow temperaturerose higher in nose
A thaninthenormal nose (Figure 3). After the surgery
for thefracture of theinferior turbinate, thenasal air-
way becamewider (Figure4). Thehigh heat flux area
onthenasal wall of noseA postoperatively extended to

terior part of right cavity of nose B thaninthenormal
nose. After inferior turbinectomy surgery, both sidesof
thenasal passagesin nose B becamewider (Figure4),
compared to thenorma nose, and theairflow through
both sidesof thenasal passageswasin equilibrium. The
percentage of arflow that passed through theright cav-
ity increased from 37% to 55.4%. The postoperative
heat flux distributioninnose B wassimilar to that of
noseA (Figure 2). Before the operation, the mucosal
surface of the middle nasal meatusand inferior turbi-
natewould smultaneoudly heeat theair whenit flowed
through thenose. However, thewidened nasal passages
and increased airflow after the operation would cause
theairflow inthe center of theairway to haveinsuffi-
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cient timeto becomeheated intheright nasal cavity. In
nose B, the postoperative airflow temperature differ-
encewassimilar and the heet flux per unit areain pos-
terior part of nasa wall was higher than the preopera-
tivevalues (Figure2). Figure 3 adso showsthat theris-
ing trend in the temperaturein nosesA and B postop-
eratively wassimilar to thetrend inthe normal nose.
Thisfinding could dso proverecovery of thenasd functio

(A) Normal (B)Pre-operative nose A (C) Post-operative nose A

(E) Post-operative nose B

(D) Pre-operative nose B
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Figure2: Heat flux (W/m?) fromthenasal wall totheinhaled
airflow in (A) thenormal nose, (B) noseA, preoper ative, (C)
noseA, postoper ative, (D) nose B, preoper ative, and (E) nose
B, postoper ative.

0

44.44

4
222.222 2000

DISCUSSION

Thetemperatureof inhded air under normal condi-
tionswas|ower than thetemperature of the nasal mu-
cosa. When airflow passesthrough the nasal cavities,
thetrangportation of heet isinevitable. A Sgnificant tem-
perature difference between the mucosal surfaceand
the entering air causesahigh heat flux inthe anterior
portion of the nasal cavity. The exchange of heat oc-
cursprimarily intheanterior portion of thecavity inthe
healthy nose*%l. After heat exchange in the anterior
portion of the cavity, the temperature difference be-
tween themucosal surfaceand theair decreases. The
exchange of heat per unit areawasreduced in the pos-
terior portion of the nasal wall; thistrend wasconsis-
tent with thefindingsof thestudy by Garcid™ Thecom-
putational result of thisnormal model showed that the
ar temperatureis25.3°C in the nasal vestibule, 29.2°C
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Figure3: Thewarming streamlinesin themiddleairway of
thenasal models.
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Figure4: Temperature (°C) distribution in (A) the normal
nose; (B) noseA, preoperative; (C) noseA, postoper ative; (D)
nose B, preoperative; (E) and noseB, postoper ative.
inthenasal valve, and 32.0°C in the nasopharynx dur-
inginspiration. Thesevalueswere closeto the mea-
surements of 25°C + 1.5°C, 29.2°C + 2.5°C, and
31.9°C £ 0.8°C, respectively, obtained by Keck!®

The heat exchange occurred at the surface of nasal
mucosa. Therefore, alarge surface areawasbeneficia
for the nasal heating function. The dataa so showed a
correl ation between the nasal cavity volumeand the
nasa hegtingfunction. Ingenerd, thearealvolumevaue
waslarger, thenasal airway wasnarrower, and theair-
flow heating effect was greater!3 Thesurgery on nose
A increased theleft and right cavity volumeby 33.3%
and 41.7%, respectively, and decreased the surface area
by 11.6% and 5.6%o, respectively, which then decreased
the heating efficiency of theinspired air. Therefore, the
airflow temperature at the 2 postnares of noseA was
lower before surgery than after surgery.

NoseB wasaspecial case. Thenasal cavity vol-
umeof noseB increased and thesurface areadecreased
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after surgery, but the efficiency of heating theinspired
air increased intheleft nasal cavity and remained al-
most unchangedintheright nasa cavity. Thiswasbe-
causean obgructionintheinferior nasa passage caused
themain airflow to passthrough the middle passage,
and the effective heating area of thenasal surfacefor
airflow wasreduced. Theairflow temperature at the
postnareswas consequently lower thanthenormd value,
despitethearealvolumevaue. After surgery thearway
waswider, thevolumewaslarger, and thesurfacearea
wasonly changed dightly (6.6% | eft and 6.2% right).
However, thewhol e surface areawaseffectively ahest-
ing area. After the operation, thenasal heating function
was performed by the whole nasal airway instead of
only by themiddlenasal airway asit had been before
theoperation. Therefore, the heating efficiency of nose
B after surgery may behigher or similar to that before
surgery. From the previousresults, itisobviousthat a
narrow nasal alrway—in contrast to a wide nasal air-
way—is conductive to the nasal heating function, but is
not conductiveto respiration. Therefore, nasal surgery
should maintainthenasa airway a asuitablewidth.

CONCLUSION

Simulationsfor heating airflow were performed
withinseverd computationd fluid dynamics(CFD) na
sa modelsto study theinfluence of nasal surgery on
thenasal heating function of inhaed airflow. Theante-
rior part of noseisthe main heating areafor inhaled
airflow. The parameters of the surface areaand the
volume of the nasal cavity would affect the perfor-
mance of the nasal heating function. Nasal surgery
would maintain the nasal airway at asuitablewidth.
Thisstudy provides somereference datafor clinical
problems and will contributeto further research on
theinfluence of nasal cavity structure on nasal func-
tion.
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