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Comparison of the Urethral Function and Pelvic Floor Muscle Strength in
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ABSTRACT Objective: To compare the differences of urinary dynamics and pelvic floor muscle strength between different SUI
models and find the best animal model for simulating SUIL. Methods: 64 rats were randomly divided into VD (vaginal distension) group,
PNC(pudendal nerve crush) group, VD+PNC group and PNT (pudendal nerve transection) group averagely, and another 4 rats served as
the control group. After animal models were established, all rats were subjected to sneezing test on the second day after modeling, and
then 4 rats were selected from each group at fourth, tenth, 3 and 6 weeks after modeling to measure urine flow dynamics and pelvic floor
muscle strength. Results: Sneezing test showed no positive rat in control group (0/4), the positive rate of sneezing test in model groups
were all significantly higher than that of the control group, but there was no statistical difference between the model groups(P>0.05).
According to urodynamic examination, when comparing with normal group (LPP =40.3 + 3.4 cm H,0), the LPP values at 4d after
modeling of VD group was statistically different (P < 0.05), while no significant difference (P > 0.05) was found at 10d, 3 weeks and 6
weeks after modeling. There was significant differencesin the PNC group at 4d, 10d, 3 weeks after modeling(P<0.05), with no significant
difference was found at 6 weeks after modeling (P > 0.05). The LPP values in PNC+VD group at 4d, 10d and 3 weeks were statistically
different (P < 0.05), with no significant difference in 6 weeks after modeling (P > 0.05). The LPP values in PNT group at 4d, 10d, 3

weeks and 6 weeks after modeling were statistically different (P < 0.05). The maximum bladder capacity (MBC) determination showed
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that, when comparing with the normal group (2.42+ 0.12 mL, MBC values in VD group at 10d after modeling were statistically different
(P < 0.05), with no significant difference at 4d, 3 weeks and 6 weeks after modeling (P > 0.05). There were significant differences in
PNC group at 10d and 3 weeks (P < 0.05), with no significant difference at 4d and 6 weeks after modeling (P > 0.05). There were
significant differences in PNC+VD group at 10d and 3 and 6 weeks (P < 0.05), with no significant difference at 4d after modeling (P >
0.05). There were significant differences in PNT group at 10d and 3 and 6 weeks (P < 0.05), with no significant difference at 4d after
modeling (P > 0.05). The pelvic floor muscle strength measurement showed that pelvic muscle strength of the pubococcygeus in normal
group was 2.71 +0.12 g/g. There was significant difference in VD group at 10d after modeling (P < 0.05), with no significant difference
at 4d, 3 and 6 weeks after modeling (P > 0.05). There were significant differences in PNC group at 10d and 3 weeks after modeling (P <
0.05), with no significant difference at 4d and 6 weeks after modeling (P > 0.05). In PNC+VD group, there were significant differences at
10d and 3 and 6 weeks (P < 0.05), but there was no difference at 4d after modeling (P > 0.05). In PNT group, there were significant
differences at 10d, 3 and 6 weeks after modeling (P < 0.05), with no significant difference at 4d after modeling (P > 0.05). Conclusion:
VD, PNC, VD+PNC and PNT models can effectively simulate the injury of pelvic floor nerves and muscles of SUIL. The VD model
mainly directly caused the injury of pelvic floor muscle, and can recover very soon. Both PNC and PNT models can damage the pudendal
nerve and indirectly cause the denervated atrophy of pelvic floor muscle, but the damage caused by PNT is difficult to recover which may
not effectively simulate the natural repair process of SUL. However, VD+PNC model has the characteristics of both VD and PNC which

may simulate the onset of SUI from multiple levels. Therefore, corresponding animal models can be selected according to the

experimental design.

Key words: Stress urinary incontinence; Rat model; Pelvic floor muscle strength; Urodynamics
Chinese Library Classification (CLC): R-33; R694.54 Document code: A

Article ID: 1673-6273(2018)06-1008-06

YN

]

o}

H& 7 P R 9% 2% (Stress Urinary incontinence, SUT) A& $5 IE &
HRARASTT IRWORN A F G 28 LAY IR R AR ISR RIS f
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2.1 BHRR—BIKEHLLER

EREZREMALANER LR

Fig. 1 The left figure shows sciatic nerve, pudendal nerve and its branches

of the rats in the prone position. The right figure shows the determination

of pubococcygeus muscle strength

VD+PNC 4145 1 HRRAER RS — KT, W et
PR KITEG PNC 4 1 KRR S 3 K45 ek e
R, KL 2 ORISR, I 4 F A9 R REF T4
o HERREBERE UK X R/IMEL R, 551
PIRA TR S, KU B LR EZRAH T,

22 HEWIERIGERMEEER

IR S 6 1o i e AR B8] PR 1A 36 220 R BH P o 1E
6 FREA R BRI FHPE KB VD 41 16 RREAP A 8 REM A
FAE, PNC 41 16 HRE A 11 HEH M, VD+PNC 41 16
HAREAA 12 AEBUONEM:, PNT 4 16 HKRPA 13 -
PR BAE o b A4 2H e X 0 2 SR PR R 4 8 3 v L X B
H, 22 FA G FE L(P<0.05), B4 2 ) 22 R gt 17
= Y.(P>0.05),

*® | REKXRBEESKEAERM LR

Table 1 Comparison of the positive rate of sneezing test between different groups

Groups VD Group PNC Group VD+ PNC Group PNT Group
sneezing test 50%(8/16) 69%(11/16) 75%(12/16) 85%(13/16)
P value 0.117 0.026 0.014 0.007

Note: the left side of symbols/in the brackets was the number of positive rats, the right side the total number of rats.

2.3 EARRENERNERHLLE

PREN I 2K 7R - 5 1E H 41(40.3% 3.4 cm HLO)AH Lt , VD
HAEYERL)S 4d 19 LPP {8 (20.3% 1.2 cm H,O) i E R (% (P<0.
05), TMMZERE 10d.3 JEF 6 JERF Y LPP {H 2 R Tos
T2 (P>0.05); PNC LH7ERE S 4d(19.4% 3.2 cm H,0),10d
(23.3% 3.4 cm H,0).3 J&(32.3% 2.7 cm H,0)R 1% LPP {fi ) g &
FEAR(P<0.05), 1M P ZH AE RS 5 6 JAI B 25 R IC 414 72 L (P>0.
05);PNC+VD 41 [7] B 1 i5 # 5 4d (17.6+ 2.1 cm H,0),10d
(21.6% 2.8 cm H,O)J% 3 J&(31.5% 1.4 cm H,O)3 i 2 f4#AIX (P<0.
05), TiPILHIERALS 6 T L 22 R e 248 L (P>0.05),
PNT ZH7Ei&E#i )5 4d (16.5% 2.6 cm H,0).10d (19.7% 3.1 cm

H,0) .3 J& (23.8+ 1.9cm H,0) F16 J& LPP{ (29.3% 3.0 cm
H,0) 2 i ZF# Ik (P<0.05).,
24 BHEEXERBTEMLR

RIS 5 o - SRR 41(2.42£ 0.12 mL)AH LE,
VD HAEEAE 10d i RS2 i {E (1,342 0.32 mL) & 25 [
K, 25 AR G478 L (P<0.05), M PTG RS 4d.3 A FI 6
JAmF LA TE G 127 22 5% (P>0.05); PNC 415 10d (1.26+
0.18 mL).3 J&(1.59% 0.30 mL)fR K Db 7t (L 1 & FRAIR, 22 5
BAT it 38 L(P<0.05) , 4TS 4d F1 6 J I HL A TIES:
P2E25 5 (P>0.05); PNC+VD A5 )5 10d(1.19+ 0.26 mL) % 3
JEI(1.48+ 0.28 mL)FI 6 J&(2.04% 0.31 mL)A} R A e 25 it (B 5
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VD 41 PNC 41 PNC+VD 41 PNT 41 ‘ WA ‘

2 FAXFIERERET 4d.10d. 3w 0 6w RFETISH) LPP dhZk &
Fig. 2 The LPP curves measured at 4d, 10d, 3w and 6w after modeling in each group

R 2 BAKRRERFERET 4d.10d.3 B0 6 FRIAriMI{GH LPP &
Table 2 LPP values measured at 4d, 10d, 3w and 6w after modeling in each group

Groups 4d (cm H,0) 10d (cm H,0) 3 weeks (cm H,0) 6 weeks (cm H,0)
VD group 203+ 1.2% 38.0 5.5 39.4+ 3.6 40.1% 3.2
PNC group 19.4+ 3.2* 23.3% 3.4% 323+ 2.7* 394+ 1.8
PNC+VD group 17.6% 2.1* 21.6+ 2.8% 31.5% 1.4* 385+ 1.2
PNT group 16.5+ 2.6* 19.7+ 3.1* 23.8+ 1.9* 29.3+ 3.0%

Control group

40.3+ 3.4

Note: Compared with the control group, * was significantly different(P<0.05).

FREAR, 2 57 BA G # 3 X (P<0.05), ML i A5 4d i 1)
IR = L g2 2 5 PNT e rE 5 10d(1.15+
0.34 mL).3 J&(1.34% 0.14 mL)#1 6 J&(1.75% 0.29 mL) 5% K i

DA R AR, 25 5 A GE 2 5 S(P<0.05) , 1T 14 4 S Ao
J&i 4d IR A B LT SE 1722 57 (P<0.05)..

R 3 FHAREEEG 4d.10d.3 B0 6 AR XERETE
Table 3 Maximum bladder capacity at 4d, 10d, 3 and 6 weeks after modeling in rats of each group

Groups 4d (V/mL) 10d (V/mL) 3 weeks (V/mL) 6 weeks (V/mL)
VD group 243+ 0.12 1.34+ 0.32* 238+ 0.22 2.36x 0.19
PNC group 2.36% 0.24 1.26% 0.18* 1.59+ 0.30* 221+ 0.27
PNC+VD group 2.48+ 0.30 1.19+ 0.26* 1.48+ 0.28* 2.04+ 0.31%*
PNT group 2.45% 0.15 1.15+ 0.34* 1.34+ 0.14* 1.75+ 0.29*

Control group

242+ 0.12

Note: Compared with the control group, * was significantly different(P<0.05).

2.5 BHEBRMANEL REIELE

FIRM A M E LR BN 5IEFAH Q.71+ 0.12 gttt
VD g AERYE 10d RERIUILIE (1.54% 0.22 g/g) W&
%, 22 5 HATGeit 27 72 L(P<0.05), T M 4L i L f5 4d .3 J& F1 6
JEI I T SE 147 22 57+ (P>0.05) s PNC A AR A5 J5 10d(1.46+
0.30 g/g).3 JEl(1.95+ 0.15 g/g)it Tk RN R 35 & 3 B AR, 22
FEA G L(P<0.05), i L AEE LSS 4d F 6 JE B L3
ToGi T2 2 5 (P>0.05); PNC+VD 20 7F & 45 5 10d(1.33+ 0.14
g/e) M 3 JH(1.74% 0.16 g/g)F 6 J&(2.02+ 0.21 g/g)if HiE AL
JHEF AR, 22 2 BA Gei 2 3 L(P<0.05), i P 20 7F 1 4
J5 Ad W leETE e it 22 5 (P>0.05);PNT ZH £ i A J5 10d
(1.38+ 0.18 g/g).3 J&(1.63% 0.17 g/g)F 6 J&(1.92% 0.22 g/g)Hi-
RN EY B REAL, 22 7 BA =8 X (P<0.05), Tl 4
TEIERLE 4d B LR TCHE 2225 57 (P>0.05)

3 318

eI R, SUT B2 I al K 825 (9 1 R IR A B A
i, ARSI LY, SUT B2 I8 X REIE 130 3 ) A AAE F DR
21 S RIS R AT A5 A RN LA W S w] LA
SR SUL BRI ST 1 515 75 B B SR AR — , DR DA IS
Fi6 SULRASE S, B T RS R I BUPRWAS A 3 o Lin
AU YR FH I S 90 A DU G 1472 3 ) SUT A Y g PR R A5 1
Bl S0y — RO B Al AU ST BV R RR IR AS T, K
PR 2 A M S, 5 R M I T PR T ) R VR T S AR e
T, AR BT TIEAE £ ] P EF B DR, DU Ay WAL S5 6 B 1,
SRAEFT U1 ] AL HH PRI, U A S B B P, Lin S¢09
P e B o B A ) R Ry M S B B 1 i 2386 i 4
IR BRI 30% H BUTESE I FHAE o 3k SR SCH OSSR EEA
— B IER YR BT E SU B , AL 1 Hh B — S L o
A FAPEC R, Jerp VD 7EARSCEG b 5 IE W AU LIRS i 22
S, ATRE SRR B O H R A PR IE B 1D 5 AR
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FIEEE 1L B 2k
Fig. 3 Muscle strength of pubococcygeus. A, B, C, D and E represent the normal group, VD group, PNC group, PNC+VD group and PNT group

respectively, the blue lines show the electrical stimulation time point of pubococcygal muscle, the red line for the curve of muscle contraction force

x4 BHEUEMBKLG S / EHNLLETL

Table 4 The ratio of contractile force of pubococcygal muscle to muscle weight of different groups

Groups 4d (g/g) 10d (g/g) 3 weeks (g/g) 6 weeks (g/g)

VD Group 2.51% 0.13 1.54+ 0.22% 2.63% 0.26 2.62+ 0.31

PNC Group 243+ 0.21 1.46% 0.30* 1.95+ 0.15* 2.59+ 0.29

PNC+VD Group 2.65% 0.19 1.33% 0.14* 1.74% 0.16* 2.02+ 0.21*

PNT Group 2.37+ 0.29 1.38+ 0.18* 1.63+ 0.17* 1.92+ 0.22*
Control Group 2.71% 0.12

Note: Compared with the control group, * was significantly different(P<0.05).

Bl 45 7 v B W s SUT SRR 15 75 1048 o BRAH 14K
i, e i 40 ] AR A AT B SUT f935 4% , (H R REVE R4
ORI B A 5 TR B

Cannon ST % I B0E T —Fh REAS AT 250k I K B LPP (&
BT %7 B B A R LA IE 41 5 52 4H =2 1] LPP 2 Ja] Y
225 . Masuda H Z50CR ] T —Fpek B Y3 & 51T LPP A4
TEH MEME BT LPP K2 J2 40 cm HOM, A5 24l 48 R iE
A AR e A I LPP {0 (B i TR R A S48
A I GRAE S EBE S, PRSI 1B e T T LA e B AT
NEVER BB ARSEIR FH B e 848 /5 i &= LPP {H, IE % 41
(1% LPP {5 SCHRFRZIE (1925 52 AR K, 1 s A 4 7R AN ) s ) skt 045
B LPP {H S B RS FREITA R R AE, MEZWHEn, X
g SUL KERMAZL AFRIEE A K, Hi, VD 4K LPP
(HE PR E IE# , PNC 41 PNC+VD 4R E M08, Xl fe
5 AR B AU R IR B LR A 2L A TR

A, PNTAHEEWEABIARIKE £21E%, XfES
PNT ¢ FF5Bpf 28 AT, T I T — RN w] i PE A 40 A G
KPR EAT BAIE Y oAb BE W] S BUORIE (e L BHE TR
A Z R ARG R4, Lin 095 VD J5 24 /N
PN IVARBE b i . TR Bk i, 4 JR IS T L S IC 4R L4 A
PE IRFE, LA AT AR TN /INA T A DL T2 LER 4 /T 25 )1
YR L BIRER AR, AN, PRGBS K BRI PR IE -8 L2
FFY T8 PR 18 22 [R) P 2 2L AR L 2 0 e R O R
(high-frequency micro-ultrasound, US) 344 VD K fj SUI #5 7Y
A4 PR T8 AME 25 WL (External sphincter of urethra, EUS))jfig & ¥,
VD KA EUS DyRexs R4 i 2 TR, Chen 5§ 73T 7K
LS AL, VD KB SUT BT PR 20 2 v B e 38 ) LBk &
P I o HR A 2 N R, BB | LR iS40, VD iR 25 30
PRSI . Lin S04 13 VD K ECEHE Lo il S1 4 Briy iy
FatZE TR JLAE T c-fos FRIA I G RE R P, FRWIAH
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PRECHHURREY . BT AR 28K i Sl ORS00 2 MBI e o 22 T
IR %) EUS W) 4k SN I], A Ze4bi 25 R R R A Bl 22 21 4
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