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Effects on the Mechanical Properties of Uterine Ligaments in
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Abstract; Objective To study the effects of vaginal delivery on the biomechanical properties of uterosacral
ligaments (USLs) and cardinal ligaments (CLs) and to further explore the effects of vaginal delivery on pelvic
organ prolapse (POP). Methods Adult sows ( five parous and five nulliparous) were selected as animal
models. The passive mechanical behavior of USLs and CLs in vitro was determined using uniaxial tensile
experiments, and the effects of delivery on the biomechanical properties of USLs and CLs were analyzed. Results

The passive mechanical behavior of the sow uterine ligaments was nonlinear. Regardless of delivery, the
maximum stress of the right USLs was greater than that of the left USLs ( P<0.05). After delivery, there were
significant differences in the mechanical properties of the right and left USLs. The maximum stress of the left CLs
in nulliparous sows was slightly greater than that of the right CLs ( P<0.05), and the difference between the left
and right CLs was reduced after delivery ( P>0.05). The maximum stress of USLs was greater than that of CLs,
indicating that USLs could be subjected to more tension than CLs and that USLs played a key role in POP.
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Conclusions This study provides a reference for understanding the mechanical properties of USLs and CLs,

guidance for the development of better treatments such as reconstructive POP surgery, and a theoretical basis for

preventing POP.

Key words: uterosacral ligaments; cardinal ligaments; uniaxial tensile test; nonlinear; vaginal delivery
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Fig.2 Schematic diagram of uniaxial tensile test (a) Fresh
tissue samples were measured, (b) Uniaxial tensile tests
were performed, ( ¢ ) Humidifiers humidified the

samples, (d) Samples were broken
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Fig. 3 Stress-strain curves of uterosacral

ligaments ( USLs ) and cardinal

ligaments ( CLs)
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Fig.4 Maximum stress of uterosacral ligaments
(USLs) and cardinal ligaments ( CLs)

3 g

AR FRABAAAE—E R BRYE, BAEEN TS A4
Yy 03" AR A A A AT, HG v 2 U i A
FEIRBA R f i B &R AR, H T PEAl 420 21
TR A AR B IR AR A M W TR
PRI R BRI 7E 00 5 F2 P SR F T 43 B USLs
G RGN , R LI PR TR S H R
WFREXT G RIS Ry 2 4F 83, BT IR B By 8 o A2
HLFET AN EM BT TE ER 23 5 e H ) 2 e 5
TR B IO A5 10 TN ) 2 e M 25 R AR 22 80K
Baah-Dwomoh %5 X AR FSAE N USLs #E4THY
Ao BT W, B NN USLs £ B i 2 1 R F-
WL EARL, A W35 1 S AR . A B IR AS
Hoy T8 DL SR AL 23 B 75 I S R ) g
SEFRW GETVE A FE POP & m ML 6 s 4 A
WA AR WL RY], S AT AE AT 5E USLs 7EM]E
T00 35 SR AAYT POP w224 I B R AL S A A |
{B5% 2 00 2 sh iy, R e S m A 3 5 N6 2%
o A NJRBRER S YA LR D HA SRR AL

PEHE TR B HLE T AN E 0 A ]
AT HEAT A BT IS, 30 0 FEAS g 2R 22 A K
AT REAR AN GS 40 20 25K 40 B B 4 38 i, 7 v i ik
T TP AR P R SZ BRI R AT, DA 32 A [] 47
B FERABKRES, USLs PEE 2 T POP
BE B E T REA B RIEAS USLs ol dE 9

Z ¥ USLs Hl CLs W9 1525050 M 45 £ 2R
IngE Ty AT Y B R s . SR, USLs #1 CLs
TEARN T 2T g, ik, A& SR a5
HE AT R AR 56, 76 A FRAH SC 48 25 10 F &
fIE USLs Fl CLs B J7 224 . oAb, 200 S #E Py
F I 2T 4 S st B T LA I A 2 g
A BT 20 R RN 104 S5 A 52 2 e 2k i — 20
HBUE A B 5T HT D138 3 06 5 X e ) i 5 A AR 4k
o 7R A1 UV Z5 40 VA= 1) 07 22 e 1 Z R B R
Baah-Dwomoh 25 BF 55 A A | Aff 5 sk 1) 45 ¥4 A GO0
SER UL KBS PR USLs 1Y J1 22 R 24K 5T POP YK
S LTI T 6 75 1), LA A58 B 47 b 5k 15 Sl B 2 94
WFGEEs b A Jy N2 USLs, S SCAIFSE 45 5ok B A
USLs Bl 53860 7 2 R 0 e AR 1 % 28 d i R it 5
% oG 1 R U R A R B POP 1Y G A
AR

4 #ie

BRIE 73 W6 2> S o LA, 52 0 23 2R
Yie ek, 51k POP T ) M IR 2R 25 4 — 2R 51
PFD R ELR N B AR e, BE I m , e
JE AR gt e A 2 B R SRR IR S 3 A — s AR
o IR IIRESZ 4 Y 73 8 K o3 16 7 X 2
7R AR IIRERE S 0 W UL, W RDIRZSTS  HR
A — el B A H Y o 0 S UK S PR IR R A
DIRERRAT LA AL SR AE IR K A I, 5 A8 K i SR BB e
T, SRR H R A, BA IR IR PR
BA, 7= IE A I PR A B AR e AN AR LA & 32 M LA
7 B RN PN 23 U R 4 R T TR 4R i
AN EE LB T RUE R P S K
WY1 207 1 3Bt o B PR 22 R 0 4085 | Y USLs il
CLs AW )1 2= AR 5E POP (1 & L], LA o 2
pSeYas

ARSCII SR TR RE 38 24 O A B B8 i i o R 7
BRRERIE B 00 75 0 AT SR A S0 4R



EREMAE $£39% F4H 2024458 A
740 Journal of Medical Biomechanics, Vol.39 No.4, Aug. 2024

AT URNT USLs M CLs (5200, 25 SR 0, it 2
5536, USLs #k b CLs 7R3Z /95K 1K, H USLs i3z
R SR, 6B USLs 7870 i Se #E k4l 2 &
FETERMEM ., A SCEE R0 s R FAR bl
5 #f A B R IR YT POP #4398 L i
Chen %" Fl Umek %50 & ¥, AMA N RUSLs [
LUSLs & {HXF T4 8 9 194 BE 1 R A A O
WFFE I E iR . X RUSLs J1 2t fE B oA 8
EIN A NS i aUNTTR= I e P L e
T A 4 A= 35 IR T LA B A 3% = 18 i RMA R
L Jp RN, vT e 23 ] AR I S M2 s L 80 —
SE R RZIR | DT B 5 1) AN R 8 1 ) 2 Pk g
5.

USLs 34T 41 ZU4E Je e DA TSR £ far 19 F B,
WA IR IE TN T USLs 5 K0 77, S 30 AR R 1 vl
B JR PR 1 14 T vT B8 5 43 166 I S R R P R I BRI
A, FEIE AN WA R P R T 1L SRS
o B SR R ey O L BV AR AR TR R 1) R K A7
XL ] AR AL, 5 4 L BUK AR R, g R i T
TR A= 4 1 2 AR A AT R B A R A 1 5 |
TR, 26 I 20 5 S R A 4 ) 2 1) i 2 ] i
F BT POP WyitkRE, ABFEEEHE R POP HLHKIWF5E
BAtS% hHAL PFD & AENLHIF s LM % B
Kt VEre I MHE R FEAIK POP A 4R (L HE Sem

FEmMRAER. L,

YEBTTER AR 27 m R 7 BUAE fe B AR E T 52
B E CBHEAERASLEBE, WAL TSR
B E RRHIBEO LI R ILE

S Xk

[1] MAOM, LIY, ZHANG Y, et al. Tissue composition and
biomechanical property changes in the vaginal wall of
ovariectomized young rats [ J/OL]. Biomed Res Int,
2019, doi: 10. 1155/2019/8921284.

[2] JELOVSEK JE, MAHER C, BARBER MD. Pelvic organ
prolapse [J]. Lancet, 2007, 369(9566) ; 1027-1038.

[ 3] SAMUELSSON EC, VICTOR FT, Tibblin G, et al. Signs
of genital prolapse in a Swedish population of women 20 to

59 years of age and possible related factors[J]. Am J
Obstet Gynecol, 1999, 180(2) : 299-305.
[4] OLSEN AL, SMITH VJ, BERGSTROM JO, et al.

Epidemiology of surgically managed pelvic organ prolapse

and urinary incontinence [ J]. Obstet Gynecol, 1997, 89

[10]

[11]

[12]

[13]

[14]

[15]

[16]

(4): 501-506.

A, BRFHI, XUARTE, 5. B AR Lot PR AR AR SR IR AL
WTATHREDITE[J]. heIarRH ek, 2009, 44(10) ; 776-
779.

PR, Bl KT, . T2 FEIVIBRARE FER
Far X B P A R T i B J]. AR
%, 2023, 38(4): 824-830.

CHEN JL, DENG Z, MI HP, et al. Influences of uterine
load on uterine radical
J Med

ligament and vagina after
trachelectomy:; A finite element simulation [ J].
Biomech, 2023, 38(4) . 824-830.

JAS , BEE, HULR. B TR BRI F AL L
B ERIEERINEELI]. BEHIAY J1%4, 2020, 35(6):
732-738.

ZHOU LX, GU XL, DONG HL.

muscles and occurrence of pelvic floor diseases during

Injury of levator ani

vaginal delivery based on finite element method [ J].
J Med Biomech, 2020, 35(6) : 732-738.

CLARK NA, BRINCAT CA, YOUSUF AA, et al. Levator
defects affect perineal position independently of prolapse
status [J]. Am J Obstet Gynecol, 2010, 203 (6): 595.
el7-22.

HANDA VL, BLOMQUIST JL, KNOEPP LR, et al. Pelvic
floor disorders 5-10 years after vaginal or cesarean
childbirth [ J]. Obstet Gynecol, 2011, 118(4) . 777-84.
AT, RIT. ZHERIRAEY =M. W%, AR
WP LA R, 2022,

JENKINS VR. Uterosacral ligament fixation for vaginal
vault suspension in uterine and vaginal vault prolapse [ J].
Am J Obstet Gynecol, 1997, 177(6) ; 1343-1344.

KIM JH. Book review: The female pelvic floor. Function,
dysfunction and management according to the integral
theory, 3rd ed[ J]. Int Urogynecol J, 2011, 15(2) ; 106.
TAN T, CHOLEWA NM, CASE SW, et al. Micro-structural
and biaxial creep properties of the swine uterosacral-
cardinal ligament complex [ J]. Ann Biomed Eng, 2016,
44(11) ; 3225-3237.

NORTON PA. Pelvic floor disorders: The role of fascia
and ligaments [ J]. Clin Obstet Gynecol, 1993, 36(4):
926-938.

PANG H, ZHANG L, HAN S, et al
population-based survey on the prevalence and risk factors

A nationwide

of symptomatic pelvic organ prolapse in adult women in
China—A pelvic organ prolapse quantification system-
based study [ J]. Brit J Obstet Gynecol, 2021, 128(38):
1313-1323.

SR, miREE, RN, . BHES R <3 Wt
U5 M0 T e A 23 E A R PR R [ ] AR IR A B 2k A
2022, 27(6) : 464-469.



Fwmm,%. BHESEXNEFEHNTNF RN
WANG Lili, et al. Effects on the Mechanical Properties of Uterine Ligaments in Porcines During Vaginal Delivery 741

[17]

[18]

[19]

[20]

[21]

[22]

[23]

WEBER AM, BUCHSBAUM GM, CHEN B, et al. Basic
science and translational research in female pelvic floor
disorders; Proceedings of an NIH-sponsored meeting[ J].
Neurourol Urodyn, 2004, 23(4) . 288-301.

RUBOD C, BOUKERROU M, BRIEU M, et al
Biomechanical properties of vaginal tissue. Part 1. New
experimental protocol [J]. J Urol, 2007, 178(1) ; 320-325.
VARDY MD, GARDNER TR, COSMAN F, et al. The
effects of hormone replacement on the biomechanical
properties of the uterosacral and round ligaments in the
monkey model[ J]. Am J Obstet Gynecol, 2005, 192(5) .
1741-1751.

MARTINS P, SILVA-FILHO AL, FONSECA AM, et al.
Strength  of ligaments: A
biomechanical study [ J]. Arch Gynecol Obstet, 2013, 287
(2): 313-318.

RIVAUX G, RUBOD C, DEDET B, et al. Comparative
analysis of pelvic ligaments. A biomechanics study [ J].
Int Urogynecol J, 2013, 24(1) . 135-139.

BEFT,  BAEME,  SCHRBE, 4. RS E bR AT PhE
BELH AN B BB AN A 2 e RE O [ J]. BRI )
2, 2021, 36(S1): 163.

EPSTEIN LB, GRAHAM CA, HEIT MH. Correlation
between vaginal stiffness index and pelvic floor disorder

round and uterosacral

[24]

[25]

[26]

[27]

[28]

[29]

quality-of-life scales [ J]. Int Urogynecol J Pelvic Floor
Dysfunct, 2008, 19(7) : 1013-1018.

TAY BK, KIM J, SRINIVASAN MA. In vivo mechanical
behavior of intra-abdominal organs [ J ]. IEEE Trans
Biomed Eng, 2006, 53(11): 2129-2138.
BAAH-DWOMOH A, ALPERIN M, COOK M,
Mechanical analysis of the uterosacral ligament. Swine vs.
human[ J]. Ann Biomed Eng, 2018, 46(12) ; 2036-2047.
GETEU. RSB A A R0 AR L VA 2 AN TR 430 5 X
MR RE M mg [J]. P oh L Pl JE AT 5T, 2017
(12): 24-27.

SLADE E, DALY C, MAVRANEZOULI |, et al. Primary
surgical management of anterior pelvic organ prolapse: A

et al.

systematic review, network meta-analysis and cost-
effectiveness analysis [ J]. Brit J Obstet Gynecol, 2020,
127(1) : 18-26.

CHEN LY, RAMANAH R, HSU Y, et al. Cardinal and
deep uterosacral ligament lines of action. MRI based 3D
technique development and preliminary findings in normal
Int Urogynecol J, 2013, 24(1) . 37-45.
UMEK WH, MORGAN DM, ASHTON-MILLER JA, et al.

Quantitative analysis of uterosacral ligament origin and

women [J].

insertion points by magnetic resonance imaging [ J J.
Obstet Gynecol, 2004, 103(3) ; 447-451.



