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Abstract The aim of this study was to explore the
relationship between biomechanical properties and the
occurrence of pelvic organ prolapse (POP) through analysis
on biomechanical properties of vaginal tissue. The biopsy
specimens were obtained from 43 patients undergoing
transvaginal hysterectomy, who were assigned into pre-
menopausal POP, postmenopausal POP, premenopausal
control and postmenopausal control groups. Tissue speci-
mens were biomechanically assessed by a purpose-built
tissue puller system, and stress–strain curves were digitally
recorded. The Young’s modulus, Poisson’s ratio, maximum
elongation, maximum fracture of vaginal tissue were 9.45±
0.70, 0.43±0.01, 1.50±0.02, 0.60±0.02 in premenopausal
POP group; 12.10±1.10, 0.39±0.01, 1.14±0.05, 0.27±0.03
in postmenopausal POP group; 6.65±1.48, 0.46±0.01,
1.68±0.11, 0.79±0.05 in premenopausal control group
and 10.26±1.10, 0.42±0.01, 1.37±0.04, 0.42±0.03 in
postmenopausal control group. There was significant dif-
ference in biomechanical properties between premenopausal
POP group and premenopausal control group (p<0.01).
There was significant difference in biomechanical proper-
ties between postmenopausal POP group and postmeno-
pausal control group (p<0.01). Biomechanical properties in
POP group were significantly lower than that in control

group, suggesting that degeneration of biomechanical
properties in pelvic support construction might lead to the
occurrence of POP.
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Introduction

Pelvic organ prolapse (POP) constitutes a very common
medical problem especially among the elderly, which is
commonly associated with financial, social and psycholog-
ical problem [1–5]. The proportion of the Chinese popula-
tion over age 65 was almost a hundred million in the year
2001 and is expected to grow substantially during the
coming decades. POP affects older women disproportion-
ately. Among women more than 60 years old, the
prevalence of POP was approximately 25% [6]. Prevalence
of POP appears to gradually increase in the elderly. The
causes of POP are multifactorial. There is still debate
regarding the exact underlying pathophysiology of genital
tract prolapse.

The aim of this study was to measure elastic properties
of non-linear, visco-elastic and plastic connective tissue that
are sensitive to small stiffness changes of the tissue over a
wide range of mechanical loading. This method is based on
the application of the tissue [7, 8]. In mechanical testing, a
material is elastic when it returns completely to its original
shape after the force or load is removed without the
application of any compressive force. Various investigators
have already demonstrated decreased collagen content and
altered morphologic features in the POP [9–13]. Although
abnormalities in connective tissue have been implicated in
vaginal prolapse, few studies have been performed to
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examine its biomechanical properties. Biomechanical as-
sessment of supports of the pelvic organs may provide the
clinician with further insight into the etiology of this
complex condition.

Methods

In 1998, a new method for testing skin (or vaginal tissue)
under more physiological stress and strain was developed
[14]. The method for testing was able to examine the elastic
properties of non-linear, visco-elastic and plastic connective
tissue that was sensitive to small stiffness changes in tissue
over a wide range of mechanical loading.

Forty-three women participated in the study, and they
were divided in four groups as follows: 9 premenopausal
patients who had POP without accompanying urinary
incontinence served as group 1; 12 postmenopausal patients
who had POP without accompanying urinary incontinence
served as group 2. Women with previous prolapse surgical

procedures were excluded. Women with POP were staged
by the pelvic organ prolapse quantitative (POP-Q) system
[15]. This was the standard classification used by the
clinicians at the gynecology outpatient clinic. Fourteen
premenopausal patients who had enlarged uteri with benign
diseases served as group 3; eight postmenopausal patients
who had enlarged uteri with benign disease served as group
4. Groups 3 and 4 were observed without POP or stress
urinary incontinence by history and medical examination;
therefore, they served as control groups. None of the study
subjects was receiving hormone replacement therapy, and
none of them smoked. All patients gave their informed
consent to the study, which was also approved by the Ethics
Committee of the hospital.

Tissue from the vaginal wall was collected at the time of
transvaginal hysterectomy. An incision was made in the
horizontal axis of anterior vaginal fornix of the anterior
lower uterine segment. The resultant horizontal strips of
vaginal tissue were tested. The vaginal strip was wrapped in
a saline-soaked gauze, placed in a clean labeled container

Table 1 Characteristics of premenopausal women from whom
vaginal samples were obtained

Characteristic Control subjects
(n=14)

Women with
prolapse (n=9)

P value

Age (y)
(mean±SEM)

45.50±1.56 46.33±1.80 0.252

Body mass
index (kg/m2;
mean±SEM)

23.36±1.28 23.89±1.45 0.366

Parity
(mean±SEM)

2.29±1.07 2.89±0.93 0.180

Vaginal parity
(mean±SEM)

1.86±1.35 2.56±1.24 0.225

Table 2 Characteristics of postmenopausal women from whom
vaginal samples were obtained

Characteristic Control
subjects
(n=8)

Women
with prolapse
(n=12)

P
value

Age (y)
(mean±SEM)

60.25±4.53 60.42±4.10 0.933

Body mass
index (kg/m2;
mean±SEM)

23.75±2.60 24.08±1.68 0.730

Parity
(mean±SEM)

3.00±0.93 3.25±0.87 0.546

Vaginal parity
(mean±SEM)

2.50±0.53 2.83±0.72 0.278

Time since
menopause
(y; mean±SEM)

8.63±1.41 9.17±1.53 0.434

Table 4 The POP-Q values of all types POP women

Grade Number Aa
(cm)

Ba
(cm)

C
(cm)

TVL
(cm)

Mild 8 −0.38±0.74 0.25±0.85 −5.0±0.93 10.75±0.89
Moderate 6 −2.25±0.42 5.50±0.84 −2.50±0.84 11.33±0.82
Severe 7 −3.00±0.00 8.86±0.90 8.86±0.90 11.14±0.90

Table 3 Some details of the POP-Q values of the POP women

Number POP-Q
grade

Aa
(cm)

Ba
(cm)

C
(cm)

TVL
(cm)

1 IV 3 10 10 11
2 III 2 5 −3 12
3 II 0.5 1 −4 10
4 II 0.5 0.5 −5 11
5 III 2 5 −3 10
6 III 2.5 7 −1 12
7 IV 3 8 8 10
8 II −0.5 0 −5 12
9 I −1.5 −1.5 −7 12
10 II −1 0 −5 10
11 III 2 5 −3 11
12 III 2 5 −3 11
13 IV 3 9 9 11
14 IV 3 8 8 12
15 II −1 0 −5 10
16 II 0 1 −5 11
17 II 0 1 −4 10
18 III 3 6 −2 12
19 IV 3 9 9 12
20 IV 3 10 10 12
21 IV 3 8 8 10
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and frozen at −70°C. The frozen tissue was thawed for
approximately 1 h to room temperature and trimmed to a
rectangular shape about 5×25 mm in size.

The machine was calibrated before each test. The ends of
the tissue were carefully secured to two metal hooks by
sutures and tissue glue (prevention of tissue slippage was
confirmed by careful visual examination of the specimens
after testing). The tissue was then connected to a purpose-
built tissue puller system with force accuracy within 0.05 N
and length accuracy within 0.01 mm [7]. One of the metal
hooks with vaginal tissue attached was held securely and
fixed to a metal device clamped to the bench. The other was
connected to the computerized puller system. Force was
applied to the latter end of the specimen by pulling on the
second hook. During biomechanical testing, the tissues
were kept under a layer of paraffin oil to prevent
dehydration, and the ambient temperature of the tissue
was kept at a constant 37°C.

When the tissue was initially connected to the puller
system, the specimen was set at its slack length, that was,
the length at which resistance against elongation was just
measurable to the device. The tissue was stretched at a
constant rate of 0.8 mm/s to an elongation of 8 mm.
Superimposed on this linear elongation was a sinewave
with its vibration frequency at 50 Hz. The measurement
was repeated at increasing lengths every minute. The initial
elongated length was 10% of the original slack length. All
experimental tracings were recorded digitally. A detailed
description of the experimental protocol was given else-
where [13].

Statistical analyses were conducted using SPSS version
10.0 software. Results were expressed as mean±SEM.
Statistical comparisons between two groups were con-
ducted by a Student’s t test for normally distributed data.
Comparisons among multiple groups were conducted with
a one way analysis of variance, followed by post-hoc
Student Neuman–Keuls test. A p value of <0.05 was
considered significant.

Results

The samples were collected over a period of 10 months
from June 2004 to May 2005. The average time between
collecting the sample and the measurement was 24 h. The
clinical characteristics of women from whom vaginal
samples were obtained are listed in Tables 1 and 2. All
the results are reported in Tables 3 and 4. Because of the
small numbers in POP group, we took stages I and II as
mild type, stage III as moderate type and stage IV as severe
type. Some details of the POP-Q values of the prolapsed
patients are in Tables 3 and 4. The biomechanical properties
of all types POP are reported in Tables 7, 8, and 9.

From Tables 1 and 2, we can see that the pre- and
postmenopausal groups did not show any significant
differences in age, BMI, parity, vaginal parity and time
since menopause. Biomechanical analysis of vaginal tissue
in pre- and postmenopausal women in this study demon-
strated that there are marked significant differences in

Table 8 Biomechanical properties of mild type and severe type
POP women

Characteristic Mild type
(n=8)

Severe type
(n=7)

P value

Elastic modulus
(Mpa; mean±SEM)

9.36±0.69 12.30±1.16 0.00

Maximum elongation
(mean±SEM)

1.50±0.02 1.11±0.06 0.00

Maximum fracture
(Mpa; mean±SEM)

0.59±0.02 0.27±0.04 0.00

Table 7 Biomechanical properties of mild type and moderate type
POP women

Characteristic Mild type
(n=8)

Moderate type
(n=6)

P value

Elastic modulus
(Mpa; mean±SEM)

9.36±0.69 11.55±1.16 0.00

Maximum elongation
(mean±SEM)

1.50±0.02 1.23±0.14 0.00

Maximum fracture
(Mpa; mean±SEM)

0.59±0.02 0.32±0.15 0.00

Table 6 Biomechanical properties of postmenopausal women

Characteristic Control subjects
(n=14)

Women with
prolapse (n=9)

P value

Elastic modulus
(MPa; mean±SEM)

10.26±1.10 12.10±1.10 0.002

Maximum elongation
(mean±SEM)

1.37±0.04 1.14±0.06 0.000

Maximum fracture
(Mpa; mean±SEM)

0.42±0.03 0.27±0.03 0.000

Table 5 Biomechanical properties of premenopausal women

Characteristic Control
subjects
(n=14)

Women with
prolapse (n=9)

P
value

Elastic modulus
(Mpa; mean±SEM)

6.65±1.48 9.45±0.70 0.000

Maximum elongation
(mean±SEM)

1.68±0.11 1.50±0.02 0.000

Maximum fracture
(Mpa) (mean±SEM)

0.79±0.05 0.60±0.02 0.000
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biomechanical properties (Tables 5 and 6). We affirmed that
connective tissue is less elastic, and stiffness increased in
POP group. There are significant differences in biomechan-
ical properties between mild type and moderate type and
between mild type and severe type. There are no significant
differences between moderate type and severe type (Table 7,
8, and 9).

Discussion

Supports for pelvic organs include the bony pelvis, pelvic
floor muscles and fascial supports. The endopelvic fascia is
composed of collagen, elastin and smooth muscle. This
pelvic supportive tissue contains blood vessels, nerves and
fibrous connective tissue and, therefore, functions as a
combined neurovascular and supportive structure. POP is
said to be due to mechanical, neurological and connective
tissue factors. The possible relationship between POP and
connective tissue factors has been indirectly implied by the
repeated association of clinically significant prolapse and
joint hypermobility in women [16]. It is believed that most
of the biomechanical properties determined from testing
connective tissue are due to collagen. Collagen, as the main
component of the pelvic supportive tissue, is responsible
for its resisting tensile force. Biomechanical study is based
on ultrastructure study. Previous biomechanical studies on
premenopausal women demonstrated lowered collagen
content in upper vaginal epithelium of women with POP
compared with those without [17, 18].

The elastic modulus is the relationship between stress
and strain when the relationship is linear. Stress is load or
force per unit cross-sectional area, and strain is the change
in original length. As a mathematical equation, the elastic
modulus is stress divided by strain. Thus, with a higher
elastic modulus, the strain–stress curve is steeper. There is a
paucity of published literature [19–22] on the “time- or
rate-dependent” biomechanical studies of the human vagi-
na. In a study comparing pre- and postmenopausal women
with prolapse, Goh demonstrated only age-related changes
in full thickness of the anterior vaginal wall tissue strips

(5×1 cm) collected at the time of vaginal prolapse surgery.
This study demonstrated that the only significant difference
in biomechanical parameters among the groups was a
higher elastic modulus in postmenopausal women, indicat-
ing that postmenopausal vaginal tissue was stiffer. At the
same time, Cosson adopted a different method to measure
the tensile and bending strength of sample of vaginal tissue
collected during corrective surgery of prolapse. The study
demonstrated that the maximum strength at rupture of the
vaginal samples and the elongation before rupture of the
samples are greatly variable. The study also demonstrated
that there was no relation between the values observed and
the patient age. Our study confirmed that the elastic
modulus of POP group is higher than of control group;
the anterior vaginal wall has reduced elasticity in patients
with uterovaginal prolapse. The maximum elongation and
maximum fracture are decreased in POP. I think that the
difference between our study and Goh’s and Cosson’s
might be due to the different race and the small numbers in
both groups. Because we are not too sure that if age is
related to the biomechanical properties, we eliminate the
influence such as age, BMI, parity and time since
menopause. So the difference of biomechanical properties
between POP group and control group is related to the POP
disease, simply. Therefore, the alteration of the biomechan-
ical properties in POP might prove that the function of
supports for pelvic organs decreases in pelvic floor
dysfunction, and POP might be a functional disease that
the biomechanical properties of supports for pelvic organs
progressively decrease.

The study also confirmed that there are significant
differences between slight type and secondary, gravis type,
but no significant differences between secondary type and
gravis type. This might be because the pelvic supportive
tissue has been destroyed conspicuously when POP comes
into secondary or gravis stage. That is, just as when a rubber
band is dragged constantly, it eventually breaks, and any
mechanical properties’ changes cannot be detected. Hence,
when POP is in stages I or II, the expectant treatment such as
pelvic floor muscle exercise might be valid.

In a word, pelvic floor support is multifactorial. This
study examined biomechanical property of connective
tissue of pelvic floor support. As there are few previous
reports on biomechanical properties on human vaginal
tissue to compare with, the clinical relevance of this study
requires further investigation.
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