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Abstract: Objective To investigate the influence of internal and external sphincter loss synergy on stress
distributions and urine flow rates of lower urinary tract organs and tissues. Methods Based on collodion slice, the
geometric model of the lower urinary tract was reconstructed, and finite element model of the lower urinary tract
with muscle active force was established. Through fluid structure coupling simulation, the changes of tissue stress
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and urine flow rate were simulated under four conditions: normal contraction of internal and external sphincter,
total loss of muscle active force and single loss of muscle active force for internal and external sphincters at the
end of urination. Results The urethral stress changes in normal contraction of internal and external sphincter
muscles were the same as the clinically measured urethral pressure changes. Compared with normal contraction,
when the internal sphincter lost its muscle active force alone, stress of the internal sphincter and the urethra of the
prostate was reduced by 33. 6% and 13. 8% , and flow rate of urine in this position was also reduced. When the
external sphincter lost its muscle active force alone, the urethral stress of the external sphincter and external
urethra was reduced by 59.5% and 24.03% , respectively. When the internal and external sphincter lost muscle
active force, stress of the internal sphincter, the prostate, the external sphincter and the external urethra were
reduced by 38. 77% , 18.6% , 63.58% , 29.74% , respectively, and flow velocity in the corresponding position was
also reduced. Conclusions Internal and external sphincter loss synergy resulted in the difference of tissue stress

and urine flow rate. The results can provide the theoretical basis for surgical treatment of urinary incontinence

caused by sphincter.
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SEIBOULEE A5 B PRI A, e B4 N AR 2 L se 2k
JILPA 30 71, PR 5 7 A 475 24 JILASL B 370 o A A1
TESME L ILAL B R I, 2 AME 2 HL 25 L
P EBITT  BEA N DR I DR AE S & 29 L2 R E
HHY T P38 3R I A AR, A 57 8 ) 30 i A P A T A
HNSME LN 3, NFR AL Z RGE T O
18 PRVBH A8 ) | N M 24 JILER i 2 2k 32 3 )
5L ) PRI FE AR AR (L 6) o

TN T S N T N TN N T SN TN SN T M N |

WG RIF) AME SRERE L BRIE
AW iR A0 A

RIEAE
Bl6 RiBEESTE

Fig.6 Curves of urine velocity distribution

3 itig

AR SCEET KR YT P S 55 N DR LA A
Y JFAE LA S H G & WL 3 ) i A PR T
B A BRITOT EAALAT LRy AR A= A A I 4 it B
fR 7515 30 T LAAS B 20 285 B 1) A N AR ), ST
IR 0 A W g s AT 2 02 R TSR L I R
( computed tomography , CT) F1#E 4R 1% ( magnetic
resonance imaging, MRI) ¥ K G, 5 h =
SEUUIET CT BB ST B BE L PRIE B AR
B = GBI TR M TE 25X R DR #1452
Bhattarai %' 36 F 20 ¥ MRI B AL £ 2K 45 5 1Y
AW 3 R F 5 B A 0 X B D ) 52
IEH CT A MRI 2524 3 mm 7|7 SR D)
FIRHE 400 pm,, A1 CT MR EURAALL , KAR YD
RE A% s WL 51 240 /)N 1) 20 2L 25 4, A ST A A B OKG JiE
Cilee

PRIE N HE 2L EG -3 WUZE R, A7 T % b T i A0
BRAE T S, 308 3 WAL 4 PN PR T I A 45 ol PR O 31



F F, % BEREFRANEHENBRTS
WANG Fang, et al. Finite Element Analysis of Male Urethral Sphincter Loss Synergy 135

ANEL LA SO AR, 457 T RS8R 38 P A0 i 571)
JU P S 388 s A5 5t PR A N 3 PA PR AE 1k 21 Bl L HE PR
(B ARSCE S QLY 5 Hill 25 A F
T IRBEALA 3230 I AP HE PR AR W N A6 24
WU i B2 38 5 3 8 SR A LA B HE R R
WINAME 2R NILIR 3230 77, B 2] A9 N A& 2y
LT R T Y B K 7 5500 IR IR 8 g 2% I 45 45 F A

AN
H o

ARICAERE ST N PR AT FROGABE RS ds i LA
EB I, 73 BN SME L9 L3 550 A ] A2 2% LD
EBTTHELL, 73BT SR 2L BRI X DR % IR
AE R 7 AN PR IBOE AR AT, 38 a7 E AR AR HE IR R
N AN 29 JULIE 5 WS04 1 B0 T B9 PR T8 R T a3 A
LERFW], ABE D 1 3 JRAE HY 1, 07 ) A8 4k 2
HAESMELIUAE R F3 e K, HEM= S5 29 WL 3
WediiE i, RN, PR DR S04 24 JILAR PROE Bl %%, i A
PRUGAE T 33 A1 45 29 J LS PRIBGHE AR TR

PRAG 2 LB e 0 WL DA 30 g i A 7 B4 2R
SR RS A LA B DR T AR TR BE 1R 7 B A
IR TR RS RS 23 ) R AR, (HR iy T AR
LWL 30 F A7 AE, BRAIE T SME 2L 53 A 5
PREER 73 I8 F A AN W R, S T AR 2L
FEE RS R S FZAE . Shafik' " 3 32 i R 1K
KA PRIESME 24 US4 T LA il % e 7 281 5 1
e PR IVLHS 28 , RPN 5 24 JJUAH L, S0 & 2 LR 332 B
PRIGEEATH S E B AR, AR SO B 2 2R 5 1%
I PRI AW &, AR 29 LA 3 2 LA 3230 )
(05 BAER R SN 2 WUR SR R GE 57 B (14 5 7 1
WRER, IRBN AT R W], e KPR I8 s T 37 B A
SMELILAL , MG 2 HILHE 5% 30% B FRIE 7,
S RIRRAE | RS RARW] SMELA IR+
B 13 BUARE N )T 59. 5% , BB L & R AE IR R
B, WHMEZINRE R T3 I p 0 a5 R 2R, T
VR % R A DR T 149 10 3 R B 3 R AT, JE R AE A
SMELINAMSNRIE AL . WANE LK 8 1 1
PG 2 LR 3 2% T2 30 ) X 1 IR A 82 0 K
EHT N ANE 29 )L 32 8 g X IE R B A, 7R
4 APTE A ALVIE ORI HBUESNRIE , T
FORAME LU 23 i AN (v B AR T W] i

AR IR 3l 7 2 0 3 22 w1 A6 HE DR 393 1] PR 98
55 PRIE G B 2H S R) AR ELAE T, AN RE V6 Sz e Py A

FEL LR s 55 202 s ELOR BE RS i 21 21258 i)
RN A2 Ak, e = X 2H 28] g 5 A 1 A
1, A3 I B AL R A AH AR T BF 58 N A AG 2
JUUILPA 3= 3l T 80 5 X6 DR IE B9 520, 38 3o X HE AN T
TH BT PRI A7 M PR B0HE R 04 22 S PR A2 Ak, mT LU
Bl PR Bl g 200 £k bR 1) P 5 DRE , IR 4 249 JULES UL
PG TE, 2B BORIKF B BRI, o 1 2 AL
AR AR SORS 21 28] A4 3 b R AT BT AL Ak BE 538K IA
G L FIE 2, X 07 B R385 8 — R 1R
TE T — LB B & 3 2 8 IR B 4181
BRR DR BSNS54 SO0 S A fih 1) 29 O
3 TN IME L NS A R R BE LA £ 3h 1%t
RIS

4 Hit

ARSCEET LA 32 8 7 4 7R FIA FROC I [ 48 5
HHEERITNANE LI LI B RL X B 1 1 27 52
AT AR BN WAME AU P R 251
PR EH VRN g PR ) 22 S A, BFST S
FAT LA FARIGYT IR L5 1 A bR O A% 42 1
WARYE . A BT gL LG T DL 3 22 B P T IR
TR, TR 25 T B2 IR (8 AN A, D LS 9 1 PR
T L BRI AL

S

[1] BRR. R M]. de . ARZERE A, 2012, 237-
277.

[2] SINGA A, CORDON B, SINGLA N. Atrtificial urinary
sphincters for male stress urinary incontinence; current
perspectives [ J]. Med Devices, 2016, 9. 175-183.

[ 3] NEWMAN DK, GUzZzZO T, LEE D, etal. An evidence-
based strategy for the conservative management of the
male patient with incontinence [J]. Curr Opin Urol, 2014,
24(6) : 553-559.

[ 4] GARELY AD, NOOR N. Diagnosis and surgical treatment
of stress urinary incontinence [ J]. Obstet Gynecol, 2014,
124(5) ; 1011-1027.

[ 5] MAJOROS A, BACH D, KESZTHELYI A, et al. Urinary
incontinence and voiding dysfunction after radical
retropubic prostatectomy ( prospective urodynamic study )
[J]. Neurourol Urodyn, 2010, 25(1) ; 2-7.

[ 6] HUANG IS, FAN YH, LIN ATL, et al. Correlation between
bladder neck mobility and voiding phase urodynamic
parameters in female patients with stress urinary incontinence



EREMNE E37E F1H

20222 A

136 Journal of Medical Biomechanics, Vol. 37 No.1, Feb. 2022
[J]. Low Urin Tract Symptoms, 2016, 8(1) ; 44-43. [15] #z, R, 22035, 5. FIRE = 4R K 7 R R
[ 7] FLETCHER SG, LEMACK GE. Clarifying the role of BB RN [J]. R K22 (BE24RR) , 2017, 38
urodynamics in the preoperative evaluation of stress urinary (03) : 76-80.
incontinence [J]. Sci World J, 2008, 8: 1259-1268. [16] BHATTARAI A, FROTSCHER R, SORA C, etal. A 3D
[ 8] SPIRKA T, KENTON K, BRUBAKER L, et al. Effect of finite element model of the female pelvic floor for the
material properties on predicted vesical pressure during a reconstruction of urinary incontinence [ J], Rev Urol,
cough in a simplified computational model of the bladder 2014, 16(5) ;. S2-S10.
and urethra [J]. Ann Biomed Eng, 2013, 41(1) ; 185-194. [17] JUNG J, AHN HK, HUH Y. Clinical and functional
[9] ak/NZE, SR, ZR0EH. 2T AR SUI R anatomy of the urethral sphincter [ J]. Int Neurourol J,
W 2T J]. BEREY 1%, 2016, 31(6) @ 525-531. 2012, 16(3); 102-106.
ZHANG XJ, JIAO HH, LI XY. Study on urodynamics of [18] A&, JBE 381 X JON i A0 Ry 10 Ak W7 J2 A g ) fie ) < A
SUI patients based on fluid-structure interaction model [ J]. 3[ D] RKHEE, REERIK:, 2010.
J Med Biomech, 31(6): 525-531. [19] SHAFIK A. A study of the continence mechanism of the
[10] JE#h#s, £J5, akaE, % P MR RGN EET external urethral sphincter with identification of the
JREEEBRIT/HT[J]. AWl TR 45K, 2018, 35(04) voluntary urinary inhibition reflex [J]. J Urol, 1999, 162
592-597. (6): 1967-1971.
(1] sk, B, £I5, 5. NAMEANL S IPE M T IR IE = [20] JAR4E, EWAL, Nist, % R S) )2 AERT 5 ARG A RE 2 W
FIBIWFFELJ] . KRR 254, 2020, 35(1) ; 72-75. HRIBHE[J]. A%, 2010, 25(1) ; 74-76.
[12] ®IC, MR, EEgEsA M. dEE. B e, 2017, ZHOU ZH, WANG YW, YING L, et al. Diagnosis value of
1-308. urodynamics in patients with benign prostate hypertrophy
[13] B4k, 2. T ITENEDE AT 545 BR oo B 1 18] AR [J]. J Med Biomech, 2010, 25(1) ; 74-76.
FRIASTERAU [ J] A HEAHLN ST, 2016, 33(2) ; 620-623. [21] CHAPPLE CR. Primer: Questionnaires  versus
[14] KORKMAZ |, ROGG B. A simple fluid-mechanical model urodynamics in the evaluation of lower urinary tract

for the prediction of the stress-strain relation of the male
urinary bladder [ J]. J Biomech, 2007, 40(3) : 663-668.

dysfunction-one, both or none? [ J]. Nat Clin Pract Urol,
2005, 2(11) ; 555-564.





