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Abstract: Objective To simulate the microflow field environment between the anastomotic nail surface and
intestinal wall tissue after implantation and to study the effect of hydrophobic surfaces on the flow rate of
extracellular fluid and the fluid shear force on the wall to regulate bacterial adhesion through changes in the flow
field. Methods The microstructure of shark skin was observed, and a simplified two-dimensional (2D)
movement model of bacteria in a microflow field was established. Using computational fluid dynamics (CFD)
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numerical simulation, the movement of bacteria on a smooth surface and micro-textured surface in a static and
dynamic flow field were simulated. The flow field characteristics around bacteria and the magnitude of fluid shear
force under the two surface environments were compared, and the internal mechanism of the fluid shear force
affecting bacterial adhesion was analyzed. Results The addition of the biomimetic microtexture enhanced the
flow rate of the extracellular fluid in the microflow field, and the fluid had little viscous effect on the bacteria in the
static flow field. The fluid in the dynamic flow field had a stronger pushing effect on the bacteria. The fluid shear
force on the microtextured wall increased when the pit width was within a specific range. Conclusions The bionic
micro-textured surface of the anastomotic nail can accelerate the flow rate of extracellular fluid, increase the fluid
shear force of micro-textured walls and bacteria, and influence bacterial adhesion. These result provide a
theoretical basis for studying bacteriostatic surfaces of anastomotic nails.
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Fig.1 Design of shark skin surface microstructure
(a) Microstructure of shark skin, (b) 3D model of skin
surface, (c) Simplified model of 2D microflow field
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Fig. 2 Establishment and verification of microflow field
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(a) Smooth surface, (b) On microtexture surface

2.2.2 H#ERIFPAALHEGITKHAE AR
R HGHn WEATEEN O m/s, HHH
T, LR BB O RETE, O A R R O A
i, TR N O IS, X oK
FEBRAE I R UL 2 10 L8] LR AR 1932 3 R
FER AR B 107 3 5 10 it sh R b AR — B AR R
FAFE T T O S BE T AL, T A5 A BB AR TR] 4
PALE 2o G A IS vh 40 B 3 30 3l i A AR 1k
T o R R 2 R A R M A T AR B
TUEW [ WIE 4(a) ], BRWSHHE T EBT
100 20, 4230 10 s 5, FJ7 0.5 pm Ab G A g i
AL 4(b) , FEGI R L, AN T -2k
H 1.2 wm/s TR SR b, AR T 5 P2
HFT5 wm/s BT KIGFE R 7 B A2 A 5 1)
71, 25 R R SH H F RT T R A2 30 8 KA AR
Y, KBTS SR iz s i, b R L
TR T 32 BY DI N ) AR T 4R 2 1 B K, e 2
SLEBEE [ WLE 4(c) .

2.2.3 HEARDFAHREM K HATE A BRI
e READBRRREER 10 po/s,
LR R R PRy A R, YA
A B H 7 w5 K AT i 8h O 1) — Bt 78
JEVE R b, 20 TR B G R T AR B B I BN e
P, T2 P LU A R o BB A R I A T R
L4 0 P8 T /N H A DX 5 7 B 2R et I, O
YN E S, T A B 0 B (A5 AR R Tt
R BT BE R , [7] s 240 7R 7 284 St b s 2
TR 32 T 165 9 T8 B, e v R U 22 PR 2 R
0.12 wm/s[ WK 5(a) . ATLAE L, R m k
Ty R v X ) 2 O i SR BE T S AT 2
[T A 6 wm/s DL X He 2 80% | i i i %
T 7 H2 50% . KIGATTE A 10 wm/s (3
iz s 10 s, 2056 F 7 0.5 wm Ab WA i 3 43 A
WHE S (b), W R @ L, VR E N
5.82 wm/s; 1 7E A R b, OF 3 N
6.58 wm/s, JETH K & K AT A il
AMUAETE A B i T I8 e i, L2405 14 U 3l in
J Y R T i T i, R UM R L KA R
TS AR BT U) RO, SRR R T b 4 B
Z R )48 b Y i TG AR, A Sk 2 BT Y
TR WE 5(c) ],



BRILE. BRERAETYAITHERENEFRFMNBRBHE

FENG Rongchuan, et al. Bacterial Adhesion on Bionic Surface of Anastomotic Nail in Gastrointestinal Microenvironment :

A Microflow Field Simulation 343
HREE vi(m-s™) Btk v/(m-s™)
o 10 o
g en £ 8 s
>~ Az Y6 265008
5 s gl 4 et
& e J fyiow
- +3.003¢:08 . 2880006
TA6148150152154156158160162164166 q4614815015215;“56158160162164166
P E, X/um LB, X/um
(a) KFHFBAEA [F) R T W 30 2= Vel B B g 7l
40 j
— M i
20 — W s W
& 30
=~ 15 R
o g 20
£
< 10 £ 10
Tl L LT =
0.5 0
145 150 155 160 165 145 150 155 160 165
£ E, Yum PrE, X/pm
(b) KBATE F470.5 pmAb Fidds B (o) KMGHFBE 5 i 2 WAk 51 4

4 BERBHABREXNKEITEZNNOZMN
Fig. 4 Influence of different surfaces on the movement of E. coli in static flow field
(a) Contour and velocity direction of E. coli swimming on different surface, (b) Fluid

velocity at 0. 5 wm below E. coli, (c¢) Fluid shear forces under E. coli

/ e 7
SR vim:s") WHRE s
£ s
3 -6.384e-06
>~ -7.636e-06
i Sormece
& B
) b 0
146 148150152154 156158160 162164166 146148150152154156158160162164166
PLE, X/um HrE, X/um
(a) KIGAT BTEA 5] R W3] 2= B B BE 77 1]
9.00 ' 400
— e 350 — e
~ 800 — L £ 300 lreay
o R 250
£ 700 =200
=4 g 150
6.00 100
£ 50
5.00 0
145 150 155 160 165 140 150 160 170
AL E, X/um AL E, X/um
(b) KA F770.5 pmih Fidkd B (¢) KB R 75 Fr LAk 8 1 77

5 HERBHABRAXNKBHEZNZMN
Fig.5 Influence of different surfaces on the movement of E. coli in dynamic flow field
(a) Contour and velocity direction of E. coli swimming on different surface, (b) Fluid

velocity at 0. 5pum below E. coli, (c¢) Fluid shear forces under E. coli
2.2.4 WORSEE ST TR @ T2 W 6% MG TE S SRR T A B WK 6 (a) ],

WO TP R P R S RE b X R I T 1 00 B T BT A2 3 A B O ) 45 2R R B
R R R AR, 23S 6=2.3.4.5.6 pm JSF FERMSUGIGTRIL A 15 5E N Bl (AT 98 B8 i 38



EREMANE $39% $F28 2024548
344 Journal of Medical Biomechanics, Vol.39 No.2, Apr. 2024

HH A RE 1 T A2 B AR BT U) B 2 T, P
SRR SIS EB 2. 75 wm &b, 5 B R SF 2R
FE UL b BT A2 AR BT V) ) M R, E T B
2.75 wm DL B RE A, AR 5 V) AR A AN BH I 5 i
FE2.75 wm DL RE AT, BTS2 AR B U1 18R L
K 6(b) ], ASCIA A, X33 4 I 1 e
103 Bt TR T o B 1 388 I AR A5 AN B J ) ) 3 9 5 1Y
I AE A

[\e}
o
o
N

Fah 7 0f P
— E— SIS b=5
\r TN 7| .DE b:G:
| AR RO
\ W LRl
| & om | &
- L &2y curtttts
b 0F --.ctll"!"'.
0 1 2 3
B D S 8 B B/ um

(2) BUHCHHE Hish o & (b 7R S B B T 5299 41 7
E6 REMSEETFHOMNEERZEH

Fig. 6 Shear force on exit side wall surface under five micropit
widths (a) Schematic diagram of flow near microcrater,

(b) Shear forces on the walls of pits with different widths

3 i

FERRS I T, K AT i iz ) 00 30 1A 78 i MR
O G T, W b R Il 3 Sk 40 1R i B T ),
A R i I A [ WL 4 (a) ] T
AU T LR B I K T R [ W
Kl 4(b) ], Bk, R RLECH S5 5HMEME &
(T b, 20 DR A 40% 1Y B a] 78 {3 2340 26 1 i
Bl1,60% AR [] 76 Y6 Wt % 16732 3, X 5 Halder 452"
SR B SRS A R AR R S R T s s L
M, TEFSIHEE T, e Lm LRk s 7K
FFTR Y 55 U1 7 & /N T ol i e LAk [ LK 4
(¢) 1o PRI, AR SCHEN , 20 1 7 38 2 B S T A i, oy
A TR Y 2 T A Bl T 080/ 20 TR T A2 240 ML AR 4
TRy (B ) ) TR S i

ST ST, g B B AR I AT 4l
S RETE Z (M [ W 5(b) ], Bore g %
TR I s TR R, AN E TY
GETRI W ZBUHEA 7ok 28, ol 45 B B PIUAE BE T, 1717 P
TSR 2 THT 1 4 TR 5 R TR 2 1) ¢ v Ik ) S 4
PEARA (75 20 TR HE LA R A B e Sl iR T A,

BEEXERE 2 FERES AT A, KT I 32 B SR
S W 5 (e) ], AR R A 5 e PR LS
A TRV DR B (45 B U1 ) BoA7 JA 22 4 1]
5P L0 40 o B X ) Y B )RR RE i 2, SO S R R
A ) T B7 L A B B R AR AR TR e R

FT T ARCIMITE A EE 8 BE g B2 i, s 10 0 5 U
RT A TAL KM AT T a3k 18 1 B0 =6 M1 70 2 49
FIBEE 5 I8 BRI 32 5 04 R 3R S0 0 N E T
o WY B DX, R M AT T 45 440 R B O
s 5 BE 1T PE AT RE A3, 4 99 U0 B, 2 (A5 0
Mo TR, 75— EMITmEE T, s i
S8 LR H 1 INRE TR A 3 U0 2 R (UL 6)
Pe 5 FiORSH Bt b s A RE T A BY U0 ), R A
P PRI AR B S Ak 3 T A — 5 g BT, 90 e
R GUPBEAS 75 5 2 e I8, H 11 A0 BE T i 32 5 1)
JIBR IR, — 7 ARG RUSE T DU 18 K Y
VLA B L) ) RV 45 365 (@ , 00 T A TR A

4 #ig

ASCHESE T R AT e B A D £ Bk 2
P TR ARG 3 PPl sl i —HERERY Gl ad CFD %K
(B0 EL, A R T T 7 PR T — 5 R i 5
DI AR UR BE 1T 3 JHG 3 88 0 i 52 A 3 U1 g 3
JREYEEI . ASCRFRIIESE AT

(1) BA 5 & 0 B IR g 2 i b A AR
Ry EA R WARTE G S 27
[UI70 F 2 RG] o o , bR 3 3t 3 ) U

(2) ST, I R b K T
TRE T PN S PN 7K e 2 I R N U R R £ N R )
T30 AR T 32 A WA S /0N | BE S DR e i o 2
MR, S, SR S 3 I A i 5 22 3
FUEREIE RGBSl , AR T 2, KM AT e J) LR
PRI I 2 A, LR T T 52 381 B K ) O AR 5 )
T RIGHFF A el S e s M B2 TR 43 3
T ZH AR 2 B0 ) KO R R AT R

(3) TEMIT R B — B 1 &0 T, St v B2 B
R U I T T A T 8, S B T ) 3 AR 5 1)
FIEBOR . FE—EMITREE T, AT RUInER TR
Gy, o mT LA ] 20 B B R BB Ih L

LA LSS SRAEA FROC T B A iF i S B, BRoA



BEIL%E. BRMRETYSITHERENA@EFHMNMRSEHE
FENG Rongchuan, et al. Bacterial Adhesion on Bionic Surface of Anastomotic Nail in Gastrointestinal Microenvironment

A Microflow Field Simulation

345

Ik,

TENAGERSE R, RIS B 2 W) 5 5T B 40

WAETT HAT —E M AT, BTSSR N4 IR %
BN A IOV SR AR A W) 5 BT 1T, AT i 20>
G173 R NELY/ R R VAT NE PSS
—EHEA

FIZE AR L,
YEETTERAERR . L R f T4 AR Kt feid

7,8 BEFREE ;L E MR THRIE FE
Ve sb 28 3 AR R A X AL AT AR G R AE R
F B L F

S Xk

(1]

[5]

VANPRAAGH JB, DEWIT JG, OLINGA P, etal
Colorectal anastomotic leak: Transcriptomic profile
analysis [J]. Brit J Surg, 2021, 108(3) : 326-333.

BESOHE, BT, ARk, S5, W B TR
LAGEI R T [ J]. BURS W 516 YT, 2020, 31(15) .
2413-2415.

KREMANOVIC M, BISWAS D, ALl H,
Hydrodynamics and surface properties influence biofilm
Adv Colloid Interfac, 2021 (288):

et al.

proliferation [ J ].
102336.

SCHUMACHER JF, LONG CJ, CALLOW ME,
Engineered nanoforce gradients for inhibition of settlement

et al.

(attachment) of swimming algal spores [ J].
2008, 24(9) : 4931-4937.

s, JHSRAR, BN, G DAL R I B ME AL
Pi 5T J]. R, 2009, 40(9) : 201-204.
BRI5, RIFSC, MHER. UiE RIS SEOT L TR NI
TS 2R R B FL AT [ ] HUBRST 5 i, 2020
(8): 117-120.

CHOI W, LEE C, YOO CH, et al. Structural tailoring of
sharkskin-mimetic patterned reverse osmosis membranes

Langmuir,

for optimizing biofouling resistance [J]. J Membrane Sci,
2020(595) : 117602.

BF, SR, AR, 5. B YA T U 3R 40 M Ah
WSV s [ ], A 12, 2023, 38(4):
817-823.

MA Y, HU YH, ZHENG QC,
surface of gastrointestinal staples on extracellular fluid

et al. Effects of texture
velocity and shear force [ J]. J Med Biomech, 2023, 38
(4): 817-823.

DUNDAR AF, KOLEWE KW, HOMYAK B, et al. Bioinspired
photocatalytic shark-skin surfaces with antibacterial and
antifouling activity via nanoimprint lithography [J]. ACS Appl

[10]

[11]

[12]

[13]

[14]

[15]

[16]

[17]

[18]

[19]

[20]

[21]

[22]

[23]

Mater, 2018, 10(23) ; 20055-20063.

LI'Y, ZHANG L, ZHANG C, et al. Bioinspired antifouling
Fe-based amorphous coating via killing-resisting dual
surface modifcations [J]. Sci Rep, 2022, 12(1): 819.
LUO YH, LI X, ZHANG DY, et al. Drag reducing surface
fabrication with deformed sharkskin morphology [ J]. Surf
Eng, 2016, 32(2) . 157-163.

KOCH DL, SUBRAMANIAN G. Collective hydrodynamics
of swimming microorganisms Living fluids [ J]. Annu Rev
Fluid Mech, 2011, 43(1): 637-659.

A, B, SR, 45 W EREE At R m A
VIR J]. RG], 2019, 31(4) ; 687-695.
KARNIADAKIS G, BESKOK A, ALURU N. Micro flows:
Fundamentals and simulation[ J]. Appl Mech Rev, 2002
(55): 76.

TOUZR, WHH, Wk, 5. HEUR0E 10 szl i 2 pL
5N EIG [ C)//2005 4F g A Py Be 2 TR 452
ARAES. L. [s.n. ], 2005.

DARNTON NC, TURNER L, ROJEVSKY S. Dynamics of

bacterial swarming [J]. Biophys J, 2010, 98 (10) . 2082-

2090.

YANG H, WANG S, LI C, etal Three-dimensional
numerical simulations and antifouling mechanism of
microorganisms on microstructured surfaces [ J ].
Processes, 2021, 9(2) . 319.

AIADI K, MIRON S, RODRIGUEZ G, etal. CFD-based

prediction of initial microalgal adhesion to solid surfaces using
force balances[J]. Biofouling, 2021, 37 (8): 844-861.
FAEIT, N, BFSR. PAT AR B Ik Y A B TR
ML BRI, 1996, 11(2) : 97-102.

JIANG WY, LI XX, QIN KR. Design and application of the
flow chamber [J]. J Med Biomech, 1996, 11(2): 97-102.
TRARRES, BRACE, TGHIE, S, IR B A9 0T RRAE B
X GE TE P2 R Sh e [ J] . P BEAEAR, 2009, 58(10) .
7050-7056.

HALDER P, NASABI M, JAYASURIYA N,
assessment of the dynamic stability of microorganisms on

etal. An

patterned surfaces in relation to biofouling control [ J].
Biofouling, 2014, 30(6) : 695-707.

HALDER P, NASABI M, LOPEZ FJT,
approach to determine the efficacy of patterned surfaces

etal. A novel

for biofouling control in relation to its microfluidic
environment [ J]. Biofouling, 2013, 29(6) . 697-713.

IONESCU AC, BRAMBILLA E, SIGHINOFLI MC, etal. A
new urinary catheter design reduces in-vitro biofilm
formation by influencing hydrodynamics [ J J.

Infect, 2021(114) . 153-162.

J Hosp



