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Abstract: Objective To investigate characteristics of the airflow in lower respiratory tract for patient with chronic
obstructive pulmonary disease (COPD) under different motion states using computational fluid dynamics (CFD)
method. Methods The CT scanning data and pulmonary function data of COPD patients were collected to
reconstruct the three-dimensional (3D) model of lower respiratory tract. The numerical simulation was performed
by applying individualized boundary conditions, so as to analyze parameters such as wall pressure, wall shear
stress (WSS), flow rate and pressure drop in lower respiratory tract of the patient. Results With exercise
intensity increasing, the wall pressure, WSS, flow velocity and pressure drop of lower respiratory tract in COPD
patients gradually increased. The differences in parameters between the resting state and low-intensity exercise
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state were small, while such parameters under high-intensity exercise state increased significantly. Among the

parameters, WSS was a sensitive mechanical parameter, and the area occupied by WSS>1.0 Pa was 272. 35,

438.24, 4 369. 48 mm* under three motion states, respectively. Conclusions The airway wall pressure, WSS,

flow velocity and pressure drop of COPD patients under motion states are significantly increased, which increases

the possibility of mucosal injury and inflammation in lower respiratory tract. The results explain the mechanism of

bronchial inflammation in COPD patients and the reasons why patients cannot exercise for a long time from the

mechanical perspective.

Key words: lower respiratory tract modeling; chronic obstructive pulmonary disease ( COPD) ; computational fluid

dynamics ( CFD) ; numerical simulation
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Fig. 1 Three-dimensional model of the lower respiratory tract
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Tab.1 Respiratory parameters and inlet boundary conditions for

each exercise state in COPD patient and normal subject
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Fig. 2 Wall pressure distributions under different motion states
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Fig.3 Distributions of wall shear stress in lower airway under

different motion states (a) COPD patient, (b) Normal subject

2.3 EEZHSH

RS XT L4832 43 AT 25 5, 0 X 3 AR
RIWAE CFm 1) A ERE P 2) A ELR
O 3) A B S P 4) A iz =T
XAE (I 5) A B SCRAE R 6) MR
S P 7) B9 AR TR BB i (L 1)
XTLE COPD JBETE 3 iz SRR 41 2 B A
B, Bt 5 R ) I, ACTE A R B
HE, SRS 5 IR B A 3l O 2 D,

G R JRE 3 gl N R T A S, 2 S 10D Y A
BT A TSR A B SR A il
MR, EEOIRAS I AN SR R
re L J IR T A T A A AR B RN R
BN, AR P — 2P R, AR IR A
3 Bz SRS T AR ] 23 32 ot o A, RS
COPD EF HHBLAY 3 K 3, (H 4% - I F)  J8E J A
W RAAR (WL 4)

FEI OCFE2 PE3 PE4 PES F6 7
SN NIENY X
) OO o Q@ oup
P oA Te

(a) COPDEE

A TXTEX E X
I A X EY K X
O 9aoe@e o

() EHA
B4 REEDRAH FERETRBEEE ST

Fig. 4 Distribution of velocities at different cross-sections in

A
-
<

lower airways (a) COPD patient, (b) Normal subject
A B.C 433 MRS EEIZ 3 5 ik B SR

3 Wit

— T 5 as O T K ST B = R AR
(single-photon emission computed tomography, SPECT) 5
CT Bk 1 WP Il A R i fin 538 B 1 45 4 1 CFD
DTERIERPE " AR SCR L& AL E BAE R
B FFRAFRY RIS X IEH A K COPD B #H TEA Rz
SRS T I 2 B A BB 18 ) CFD
DR ARBUE T WP PN BETE R ) WSS T I
RIRREES R, o3 B (88 Ae i B RSR B A2 3l LA &%
15 R J3E 5 BIPARZSTR RRIGE R R

ASCRI,3 FARET COPD 3% VB BEH
Fe 3 (WSS Ui 2 s o I 5 48 2l i 6 i 5 3 ¥
Wk A R 5 SCHR 11, 16 1 PR SE 45 R — 24
TE B NI I 0 5500 A0 Ve B 5 B %) 1
BER B X2/ N T AR SR AT COPD il
WECR, 4 COPD BFH AL T SRS, P I 1l



BEE,%. FRIEHRETBEEEEMEREE THRRENHNSTTE
CHENG Zhiguo, et al. Airflow Characteristics of Lower Respiratory Tract in Patients with
Chronic Obstructive Pulmonary Disease under Different Motion States 681

Shy TR A I W R X 45 0T o (B az sl AR, {ELA
FIE# NGRS SHAE A E
FEC I R, IR 4 P 7 AR AR
(R ZE iR I SR TR o e T A S G T
5 TE RE (1) EE 4, FH N e 2 A WSS HE R, gk 2
ST COPD B BE A R4S R oK, R
NGBS RE S I B (AR B 3 SR AR A 3
FLB 7™ S AR R B, BB SRS R RS N, A S
FERBL, BRAGE E TR AE RIS A B, A = WSS
IR 7E 3 P BRIV, WSS 5
HARIERER B A 6, OB BE R AL F R WSSk
Y REAGERIE"  YEEHE TR (0
AT E AR ) S T ALAAE A LA
SRIASAT A G S, FH N M S IR I R
B RIS e A B AR G B 32 Bh 4%
TSR A BN, {H WSS>1. 0 Pa B4 A5 1 AR A4
BEAR, ZYXTT COPD HBEMF, WSS & —1
WU J1 2448 b5, IR R WSS X skt 32 B2 A
FE 3 UL /NGB RETE, IR T A RE R R 47, 1K
i PRI T S TE B R o W | I — 2 RNV AR
WRAE S, B AT RS EE S, L S5
FXF T BOR S FCIRJEiZ St A B 227, A
SCRBE,SE A TE E  R n, DURGE A B
SEE A DA R R il R v SR B R (D
Kl3), BE RSN, & WSS B i i AU KR
JEIB BT 10 £, /N8 A K 3 T 06E M RS b
b T R T RREOIR A | W B i A3

COPD B & F SRS FERE L IEH A 11 45,
FE R R /IN L WS TE BH T 5 55 , £ 35 28 B A A R g
Z A, FEVL FEV1% FVC 5 FEVI/FVC ¥
ShyH) W B A I A ) R 5 A B ZE S DL R A, R
BRI A, 5 AR SR R R A R —
., HEBFIZ IR, RS, R
AT SIS SRR FE, R A AT 2
FIHUEE (H COPD % B 9l N A7 e I LG
AURRTE ) DRI, St B 1 R A A TGk K I 1)
B Bl B IO S8 R B R 55 1E R SR A

4 ZHig

AiE ] COPD 3% CT Bude U K M4k i oy
AEBHE SE L CFD 15 3 i B 1 & B 1 55 1)

77 AR 03 M [ 2 o A IR TE PN AN TRz 2
R TR E, 45 REW, 7 QAR R, COPD
SR P BE T I g BE TR B DN AT LA R
FERIRTIE R A m s iR, BE EN A T4
SRR ERG R SR I R 7 L K JAE 1)
AIREYE, ARSCM =M MR T COPD /B AR
SCTE AL LA e 835 TCHE R [elaz sl i B A

S

[ 1] SMITH BM, TRABOULSI H, AUSTIN JHM, et al. Human
airway branch variation and chronic obstructive pulmonary
disease [J]. Proc Natl Acad Sci, 2018, 115(5): E974-
E981.

[2] TAN WSD, SHEN HM, WONG WSF. Dysregulated
autophagy in COPD. A pathogenic process to be
deciphered [ J]. Pharmacol Res, 2019, 144 1-7.

[ 3] ZEW, SR, W%, & CT RAULEME M BH 28 M Il e v Y
BHMEJI]. I PRIERN A, 2020, 25(10) : 1589-1594.

[ 4] GANGULY K, CARLANDER U, GARESSUS ED, etal.
Computational modeling of lung deposition of inhaled
particles in chronic obstructive pulmonary disease
(COPD) patients: Identification of gaps in knowledge and
data [J]. Crit Rev Toxicol, 2019, 49(2) . 160-173.

[ 5] VOGELMEIER CF, ROMAN-RODRIGUEZ M, SINGH D,
et al. Goals of COPD treatment. Focus on symptoms and
exacerbations [ J]. Resp Med, 2020, 166 105938.

[ 6] ZHAO J, FENG Y, KOSHIYAMA K, et al. Prediction of
airway deformation effect on pulmonary air-particle
dynamics; A numerical study [ J]. Phys Fluids, 2021, 33
(10) : 101906.

[7] HUANG F, ZHANG Y, TONG ZB, etal Numerical
investigation of deposition mechanism in three mouth-
throat models [ J]. Powder Technol, 2021, 378. 724-735.

[8] GU Q, QI S, YUE Y, etal Structural and functional
alterations of the tracheobronchial tree after left upper
pulmonary lobectomy for lung cancer [ J]. Biomed Eng
Online, 2019, 18(1): 105.

[9] MIRZA S, CLAY RD, KOSLOW MA, etal. COPD
guidelines: A review of the 2018 GOLD report [ J]. Mayo
Clin Proc, 2018, 93(10) : 1488-1502.

[10] TSEGA EG. Computational fluid dynamics modeling of
respiratory airflow in tracheobronchial airways of infant,
child, and adult [ J]. Comput Math Methods Med, 2018,
doi; 10. 1155/2018/9603451.

[11] DENG Q, OU C, SHEN YM, etal. Health effects of



ER4EMNE $£38% F4H 2023£8A

682 Journal of Medical Biomechanics, Vol. 38 No.4, Aug. 2023
physical activity as predicted by particle deposition in the and nanoparticle-deposition applications [ J]. Int J Numer
human respiratory tract [ J]. Sci Total Environ, 2019, 657. Meth Bio, 2011, 27(12) . 1930-1950.
819-826. [15] DE BACKER JW, VOS WG, VINCHURKAR SC, etal.
[12] QI S, ZHANG B, YUE Y, etal Airflow in Validation of computational fluid dynamics in CT-based
tracheobronchial tree of subjects with tracheal bronchus airway models with SPECT/CT [J]. Radiology, 2010, 257
simulated using CT image based models and CFD method (3): 854-862.
[J]. J Med Syst, 2018, 42(4) ; 65. [16]  XUENG, 2SCH. AMENPIRAD LA A G T IERE N O
[13] CHEN FL, HORNG TL, SHIH TC. Simulation analysis of BRI ] BERAMII%:, 2019, 34(5) : 460-467.
airflow alteration in the trachea following the vascular ring LIU LJ, SUO WC. Characteristics of airflow in lower
surgery based on CT images using the computational fluid respiratory tract of ards patients [ J]. J Med Biomech,
dynamics method [J]. J Xray Sci Technol, 2014, 22(2) . 2019, 34(5) : 460-467.
213-225. (17] SKEE, TALNS, B, 5. MR 2 MBS E AN W)
[14] ZHANG Z, CLEMENT K. Laminar-to-turbulent fluid- PPN LA R [ J]. PR S fa B A,

nanoparticle dynamics simulations: Model comparisons

2016, 15(2) . 109-114.

R e e e e e ) e e e e e e e e e = ) ) )

(L% 669 )

[28]

[29]

[30]

[31]

[32]

[33]

WANG X, GENG B, WANG H, et al. Fluid shear stress-
induced down-regulation of microRNA-140-5p promotes
osteoblast proliferation by targeting VEGFA via the ERKS5
pathway [ J]. Connect Tissue Res, 2022, 63(2) . 156-168.
WANG X, HE J, WANG H,
regulates osteoblast proliferation and apoptosis via the
IncRNA TUG1/miR-34a/FGFR1 axis [J]. J Cell Mol Med,
2021, 25(18) : 8734-8747.

SHERR CJ, ROBERTS JM. CDK inhibitors. Positive and
negative regulators of G1-phase progression [J]. Genes
Dev, 1999, 13(12). 1501-1512.

SHERR CJ, ROBERTS JM. Inhibitors of mammalian G1
cyclin-dependent kinases [ J]. Genes Dev, 1995, 9(10) :
1149-63.

MARTIN-CABALLERO J, FLORES JM,
PALENCIA P,
Cip1) -deficient mice [ J].
6234-6238.

HE Y, YU B. MicroRNA-93 promotes cell proliferation by
directly targeting P21 in osteosarcoma cells [ J]. Exp Ther

et al. Fluid shear stress

GARCIA-
et al. Tumor susceptibility of p21 ( Wafl/
Cancer Res, 2001, 61(16):

[34]

[35]

[36]

[37]

[38]

Med, 2017, 13(5) : 2003-2011.
LIU W, WANG D, LIU L, inhibits

osteosarcoma progression by impairing USP22-mediated

etal. miR-140
LSD1 stabilization and promoting p21 expression [J]. Mol
Ther Nucleic Acids, 2021, 24. 436-448.
ZHANG CL, LIAO WM, LI FB,
significance of p21 ( WAF1) expression in osteosarcoma
[J]. Chin J Pathol, 2005, 34(8): 524-527.

KIPPIN TE, MARTENS DJ, VAN DER KOOY D. p21 loss
compromises the relative quiescence of forebrain stem cell

et al. Prognostic

proliferation leading to exhaustion of their proliferation
capacity [J]. Genes Dev, 2005, 19(6) ; 756-767.
NISHIMURA EK, GRANTER SR, FISHER E. Mechanisms
graying: Incomplete melanocyte stem cell
maintenance in the niche [ J]. Science, 2005, 307(5710) .
720-724.

PLASILOVA M, SCHONMYER B, FERNANDEZ J, et al.
Accelerating stem cell proliferation by down-regulation of

of hair

cell cycle regulator p21 [J]. Plast Reconstr Surg, 2009,
123(6) . 1898.



