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WFIE R R O3 (#3C) : This work describes a new approach to provide detailed
quantification of the impact of surgical intervention on bilateral nasal airflow using
voxel-based thermo-fluid simulation. CT and MRI scans were used to reconstruct 3D
virtual models of both the pre- and post-operative nasal airways, respectively, of a patient
who presented with a deviated septum. Voxel-based simulations were applied to enable the
characteristics of inspiratory nasal airflow to be compared between the pre- and
post-operative models. The results showed that the use of such modeling techniques is
applicable to the predictive assessment of surgical interventions.

[ERESES [ e & &
20104 | 1,400, 000 420, 000 |1, 820, 000
20114/ | 1,000,000 300, 000 |1, 300, 000
201 2% 900, 000 270, 000 |1, 170, 000
G
T
e &t 3,800,000 990, 000 |4, 290, 000

WF4e/y 8 - bk 7%

BfE D8R - B - BT
F—U— R AEERBTE B YEBE
1. WFFEBHAA 4D 5 Ml X HIRRHERE, MiilCH AV 522K D
- BEORE, v 2200t oY

SRRV & 2 T AR O —# T,
E, o, FROE, KON D 2T o
EREN DR SN DR THMEZ 3Rk
IR Z R & L 35, RIEROKIRIE, R

rET7 4N F—¢ L TEMEEIZHEET D
To DI ETEMREE L BB LTV D, L
DU D, Wl 7 ESETR OBMEMEIZIN 2,
FLVMEIRZE, Foe SRR o FEn - Bl



FIMAZ X BB IRE L Z 5 720, &
JEN DT &L+ BREDBIFRIZ DWW TIER
TR S,

SPEE LTI, EA0&E %Bm“(éﬁs&

(SFfE) OEEhCENT s EAEEIC L -
TH U B M RO R, 12 %H
7o EDREIRL ﬂbfﬁﬂ&%%ﬁ&f%é
SRR AT DIE B ORRE, K%L
U3 2B FAlT & 72 B 03, BIENOK
ﬁ@ﬁﬁ%%ﬁ?ﬁ%%ﬂ#é:kmﬁﬂ

T%ét@,%%%@%@*ﬁ@%@ﬁﬁ

I EDHERENRKE ., SPEKENEE T
JE J148 5% D B E W R T%éﬂ,ﬂ*#%
BEOF 2 DIERCER & OMBEIcZ L <,
HHROFEMT A AL NOHSLBUIE SN
TW5s,

ARFFEIL, BPEEEFHICRT 2 Fiivai
#% o CT g MRI B4 % VT &3
HETNLVEBEL, 2R FErIalb—v

&:;é%ﬁmw¥ﬁ7tx%¢/F/XT
LERRE -HEEITHLHLOTHD. BIEFIRM
IS LIZEHER T (BEREAH T #%
ERT) ZRWEEHRFIEORR &2
RFEMT T = T ~DIGHIE, BED X 5 7
BHEIR CIIETE A v v afEli =2 X b, -
HEI A MBREKRR O L0, BRI A
BERERZW S AT L~DISHITNETH
5. & ZTARMIE T, BEHERETAREE
T 2 & ERES T — X O AL
ThHEAMTE (R Bk TF) CHESILT
HRIVELYI 2l —Ta UEREAL, #
DO GMEEEN LTEHHRO T T A AV
NAT BERE - T D.

2. MEOEN

N7 BNVEIZL D BENARH I =
— X EREEE L, FINEE - BRI AT AL L
TOHEHEICOWTHLNZTDHZ &% H
HIE45. BEAIZIE, R BALETICE

D BHERIETGIR DI RIRRZE, SRS OfHE A,

AR D AL EMICE LT, w7 ik
LIHE, &9 A Xemetl, Y Ialb—v

WKISAT 5. v a2 —va VRO
B UM E, ER CT mitg b ERAR S
£ 7 L& {ER L C PIV (particle image
velocimetry) & F U 72 Ji ARG+ 5258 & 1T\ VR
AT D, IHIZvIalb—yvaUfERe, &
FOBWIIT R, BEORER - R & OREfRIC
DOWTHHL, FIRTEAA R AT AL
L COBENEZMGFET 5.

3. WD HIE

SR FTRT% O X ## CT, MRI {4 &
D 3WILEPEET NV EHE L Tt L 2
BEiEOR7 LY I 2 b — g &
L, RZEBMEIZ LY AL BRI D
ITRRAZEICBE L C, @y Ratl s, =/

CT or MRI images Segmented images

A
v\ -
8 \
b
Pre surgery
:> ( CT images)

Post surgery model
(MRI images)

Polygon model

Smoothing
surface

X1 &FER7 'BLET VORBE

X ol »
XX,

xel pitch = 1.50mm 0.80mm

X2 RIEAEyFICL D5

ANV N4

4 3 B U = — o RRPETE

AT A Aoay va— v EE R
BT S. VIal—T g VR, L
FHOBER - eSS 2 HWEE, $E
BRI D SMER L GEE T VIR
DOPWNDORPFULFERFER L iR LT, 20fF
BhiE R OV 4 M 2 AR T 5.
Rr7ELY I 21— 3 000, 3 RICIHE




TE W OBV IR f# AT > v N — V-Sphere ,
CBC-1.4.0(F LW 72 FT VCAD + A7 A
Wge 7 v 77 b)) Uz, FagidsEk o
X, EHREFEL, =R LF—REXTH Y,
EBRIARIZZER L L=, & N OAFRRYRE, 5
HEBECLT, R ERE - BESM
(230 ml/s, 25 C) & BEmE —ERESM
(34 C) 5z TEPENOTNG L IRES
AT LTz, BRI, BRI O fijts
WX LY et 9 A4 X metd 5729,
RI7ENLEyF% 01~1.5 mm £ LS
HCHEZIToT-.

TRARATIRALSEBR 1, EH Y ) a— SR
BRI A2 3T 7Y & & W T ER
L CfTo 7z, FEBNEOFE % alfifb4 25 7=
b, VEENRAKICIE, ) a—r LEITRO%
LVMAREIEEE 50% D 7Y & U KR & 1
AL MR —EREDHNE R 7 TRAE
S, BWERTH OWImAE S R/ & 72 D BIRIC

0

AN
3

AP total [Pa]

&
)

Total pressure difference

- -0 - binary voxel model ( Post surgery )

- - - - boundary fitted model ( post surgery )
—=— binary voxel model ( pre surgery )
—— boundary fitted model ( Pre surgery )

0 0.4 0.8 1.2 16

Voxel pitch [mm]

4 BEFIRGRE & SRR O BIFR

Boundary fitted model Binary voxel model

) A
ﬂ?%l

Pre surgery model
(left : boundary fitted model right: binary voxel model)

BWTABMMER SO Re = 760 £725 &
IMEARGH L. VPRI X ekt
Z BN O SREPICEAL, FRE M X
VETFEH AT TRE LT

4. WFIEECR

R B WAEIZ X B BERER O & 5
J& O FR 1 E ST & IR E S KT T R
EE LT, R R X DT B &t
Sk DBE R ARG T & IEREERS 11T X D RRMT
FERE L LR, R LET LOKT
G EE % v F 0.20 mm FEEEE TR
HT LI, BREEK TV EFRER

JEHER, W, M OBER AUWE 1) D43
DEONDZ ENbhol-. F-WEFHRNAD
S OSBRI 2 ZERIBEICOWT Y, R
YILET VO RIEEZ > F 0.20 mm
BEETHN T2 L1080, 5ERIEDOR

35

30

25

- -0 - binary voxel model ( Post surgery )

- - - - boundary fitted model ( Post surgery )
—=— binary voxel model ( Pre surgeery )
—— boundary fitted model ( Pre surgery)

Temperature ( Exit face) T [C]

20
0 0.4 0.8 12 1.6

Voxel pitch [mm]

6 FEFRAG A & BIPEH DR O RILR

A
A& 5
45928

Post surgery model

wallshare stress magntude: 00125 0025 005 01 02 04

X5 ShPeREd VWIS D53 A

B 7 SPERE BRI D oy AR




REMERSHETHIZERARETHD =
ER oot BEEIZKIT D EIRE DI
DONTHZYRERD/BONDZ D, &
e IEMERE 2 WU CX A E A2 A

LTWAHZ ERbhrosTe.

AR EBR TR, BERN O BTEE IS
P8 BR RIS D 38 A2 % 1 D FE D 2 i D o)
Z— Bl h, £7-20 X9 Riihokk
AKHJRE = FR 7L I 2 — g
VTELBHRHENTWA Z ENERINT-.
AL EBR TR, BE EERORE I T ER O
SR TICB W TR D R EM, IEET
PESCENRNAEL DI EbbhoTz.

b) A EE

K8 Ry Ial—TadERL A
(b SEBRAE e D b

5. E7pdEIam LA
(WFgEFAE . WFIEo 3 M ONEHEIT 784 12
(=)

(MERERm L) (B 6 11)

(1) PIV Measurement of Transitional Airflow
in the Human Nasal Cavities, Y. Yokoyama, Y.
Watanabe, G. Tanaka, T. Sera, H. Yokota,
Proceedings of the 12th Asian Symposium on
Visualization, 2013.5. (4 pages)

(2) Visualization of Particle Deposition in the
Human Nasal Cavities, Y. Watanabe, H. Sakai,
G. Tanaka, T. Sera, H. Yokota, Proceedings of
the 12th Asian Symposium on Visualization,
2013.5. (4 pages)

?3) Voxel-based Simulation of
Air-Conditioning in the Human Nasal Cavity,
G. Tanaka, K. Ohta, F. Araki, T. Sera, H.
Yokota, K. Ono, S. Takagi, Proceedings of the
3rd International Forum on Heat Transfer,
IFHT2012-097, 2012.11. (2 pages)

(4) Voxel-based Simulation of Airflow in the
Human Nasal Cavities, G. Tanaka, S. Kimura,
T. Sera, N. Kakusho, H. Yokota, K. Ono, S.
Takagi, Proceedings of the 8th KSME-JSME
Thermal and fluids engineering conference,
GSF22-004, 2012.3. (4 pages)

(5) Visualization and Measurement of Airflow
in the Human Nasal Cavities, T. Nishizawa, Y.
Watanabe, Y. Takimoto, G. Tanaka, T. Sera, H.
Yokota, Proceedings of the 8th KSME-JSME
Thermal and fluids engineering conference,
GSF22-003, 2012.3. (4 pages)

(6) PIV Measurements of Airflow in the
Human Nasal Cavities, T. Nishizawa, R.
Takano, Y. Watanabe, G. Tanaka, Proceedings
of the 11th Asian Symposium on Visualization,
ASV11-po-07, 2011.6. (3 pages)

(Fa¥R) G124

(1) Voxel-based Simulation of Airflow in the
Nasal Airways, G. Tanaka, S. Kimura, T. Sera,
N. Kakusho, H. Yokota, K. Ono, S. Takagi,
Bioengineering 11, p. 94, 2011.9.

(2) Assessment of Surgical Rhinoplastic
Intervention using Computational  Fluid
Dynamics, G. Tanaka, E. Blenke, D. J. Taylor,
D. J. Doorly, R. C. Schroter, 6th World
Congress on Biomechanics, Abstracts p. 370,
2010.8.

(3) Voxel-based simulation of airflow in the
nasal cavities, S. Kimura, G. Tanaka, T. Sera,
N. Kakusho, H. Yokota, K. Ono, S. Takagi,
6th World Congress of Biomechanics
Abstracts, p. 372, 2010.8.

6. WFZCHHR

() WFFeEHE

M %% (TANAKA GAKU)

TR « KPR TARFZER - HEHdR
Mt s: 20292667



