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AAS design based on intestinal simulation and
reconstruction of defecation perception

Xiao Dunxi, Yan Guozheng, Hua Fangfang, Yao Shengjian, Ding Zifan

(School of Electronic Information and Electrical Engineering, Shanghai Jiao Tong University, Shanghai 200240, China)

Abstract ; Artificial anal sphincter (AAS) is an implantable medical device used to treat fecal incontinence (F1). The existing AAS
equipment has shortcomings in biological safety and intestinal content perception, which limits its clinical application. Firstly, a
hyperelastic model of rectal tissue was established combined with the characteristics of intestinal dynamics, and ANSYS was used for
finite element analysis to simulate the process of closing the intestine with the prosthesis. Then, based on the simulation results, a new
connecting-rod artificial anal sphincter structure embedded with 10 sets of pressure sensors was proposed. Finally, in vitro experiments
and live animal experiments were carried out. The experimental results confirm that the simulation model is established accurately, and
the sphincter prosthesis can control 200 g feces and meet the normal life needs of human body within the blood supply safety pressure
threshold. The 10 sets of pressure sensors are reasonably distributed, and the measurement results have good linearity. The accuracy of
intestinal content quality prediction in vitro experiments is 89. 69% , and the accuracy of defecation warning in live animal experiments is
82% , which can preliminarily reconstruct the rectum perception of FI patients.
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Fig.1 New connecting-rod artificial anal sphincter system
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Fig. 6 Model solution results
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Table 4 Sensor pressure fitting results

&R AR FEA TR R?
b B ) S y = 0.010 5x + 1.498 4 0.9352
b ER R A y = 0.0125x +1.8915 0.957 2
LY [ RERS S y = 0.019 1x +2.759 7 0.932 1
rhER AT 47 H y = 0.019 3x +2.944 8 0.904 7
IR A AL y = 0.001 6x + 0.759 7 0.938 2
TR A y = 0.0039x + 1.785 9 0.969 2
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Fig. 17 Error between simulated and real pressure
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Table 5 Relationship between simulated and real pressure

Zfiht/g 0~100 100 ~200 200~300
. BREE/KPa 0.41~0.59  0.59~0.85  0.85~1.00
B3R ) Y
NPT 0.999 8 1. 000 0 0.996 1
IRZEVELH/kPa 0.09~0.38  0.09~0.10  0.10~0.23
rp AR o
P 0.998 7 1. 000 0 1..000 0
IRZVEHE/kPa 1.08~1.13  1.13~1.46 1.46~1.69
THAR o
NPT 0.753 5 0.991 7 0.961 8

M 17 K3 5 ATAl, B3R A4 Ias p B 5 B 5L
1R 25 AT 0. 41 ~ 1. 00 kPa, B4l ) % B s
P FLAH 5 L E A 1R 252 28 A0 R 0. 09 ~ 0. 38 kPa, T
B ERBTAEESEXLHEAMRE S/ EN
1.08~1. 69 kPa, HA[RI{; & & 845 Bl & 77 19 B 5L {8
BNFOTEAE , 25675 L NUBRAR B e Al i 2 247 4
B, 3 2l AR SR B AR A5 H T8, D e,

j J j j j J j o —
apy + ap, Foagps ot api +agps +oagph + agpy = m;

BE 5 R Ikt B W S U BE 1 R I VR S A% SRR A A
DU 7, RIASSHDLEE 0 114 < it fin T P B s JL-F- Je it 2k 1
Bl AL JRAR AN, T B AR S 58 v, [ AR 3 T A AR
BN A8 W AR L, 7K 7 AR R T it g B i
SeMAIAR SN AR R 7 A TR AR, T R B AR R AR A 3 B A
DRy, Bl F P e — e 1 R SR |

AR 17 FRE R AE 300 g AN ZRTBI, | ERA2 [
IR BT IR 5 SR A8 A7 01 5 FLI IR 22 30K, T 3R
il ) 1 TR 22 T L U B T 3K 93, 20% , IR ZE /DN,
X AR 220 B R S5 B, 5 EL
BAMEIRER T 2 R ) 3 T AR R R, s R
AR RIBAS  BRSCR B 1S A e B IE Y IR
PRI AR v B R ], Pl T K 1) H AR — )
ARk, T A R A AR B S O s 5 A [RD A 1 2
T AR AL B T AZ 1) T L ) 3 BN K R
K, RAEEE 5N AR B AR, S 56 15 21 A9 32 R
FEJME/NT U5 ELAE i Pl ) ks 52 2 i BE [ L 1)
TR EE T, B RS O B AR, WD EER
JEE AR HL A A B SR T

HH3 5 AT 7R 2508 RRUS R h LS R I
P EAH S B EHB HA BRI R, NMEE M
fHEIR 150 g BFFAR A R LR 3, 762 5, Y 28 i
IbF 100~200 g Z[E] I, 45 B 5 55 B850 7 By A G
T, WP AR RLAE B O BT 4R 7 AR I RSNl B B
B BRSO T 63 SE PR I, B AT i
3.5 EERNER

SN AT 46 249 UL 2R G5 RE 6 2 30 1 1) i 8 R
Tfe, I B R S 0 g oy 2 RO, NI 9 5
10 S SRR A P 1o A 2 1 FE 7 LT AR
BALRH 1~ 8 AL AR R g, =l (7) Bk

M=aP, +a,P, + - +aP, +- +a,P;, +a,P,

(7)

Hrpr i =1,2,--- 8, M HEEMETH; P, WA | SAEKR
AT E ST s a, A § 5 AR IR TN R ) 55 450 [ i 2 [
HHAL B

AR 15 Fin i B RSE 57 &, NS RS T iR,
BRI B K 50 g, BLE 400 g 15 11, AR IR 45 15 e
FEIME A Rtk R, i 51K(8) .

1 1 1 1 1 1 1 1
a\py t a,p, ¥ azp; +apy +asps *agpg T a;p; T agpg =m,

2 2 2 2 2 2 2 2 _
a\py T ayp; tasps +a,py tasps +agpg tap; +agpg =m,

(8)

8 8 8 8 8 8 8 8 _
apy t a,p, ¥ azp; +apy +asps tagpg T a;p; T agpg = my
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Fig. 18 Comparison curve between predicted and

true water injection volume
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Fig. 19 Implantation of AAS system
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Fig.20  Animal experiment observation
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Fig.21 Animal experiment results
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