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ABSTRACT

Objectives: To investigate the relationships among pelvic floor myoelectric level, ultrasound and stress urinary incon-
tinence in women.

Material and methods: 218 women with SUland 300 normal women were studied. The main outcomes were to determine
the relationship between SUl and high-risk factors, PFM intensity, pelvic floor EMG value, and pelvic floor ultrasound data.

Results: In the pelvic floor EMG data, the abnormal rate of type | muscle fibre strength, type | muscle fibre fatigue, type
Il muscle fibre strength and type Il muscle fibre endurance in the SUI group reached more than 50%. The abnormal rates
of type | muscle fibre strength and type Il muscle fibre strength in the severe SUI group were more significant than those
in the mild and moderate SUI. The funnelization of the black neck urethra, bladder neck mobility, posterior angle of the
black neck urethra, urinary increment angle and urinary rotation angle of the SUI group were significantly increased.
The levator ani muscle in the SUI group was thinner, and the difference was statistically significant. The analysis of the
variance results of the overall significance of the regression model were tested, and the final multiple linear regression
model was statistically significant.

Conclusions: With the help of a convenient and economic means of the early detection of SUI, the diagnosis rate can be
improved so that SUI tendency can achieve a diagnosis and treatment through nonsurgical treatment with fewer com-

plications and a low risk and improve the quality of life of middle-aged and elderly women.
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INTRODUCTION

According to the definition of the International Associa-
tion for Urine Control, pressure incontinence is caused by
a sudden increase in abdominal pressure, such as cough,
sneezing, walking and jumping, which results in the out-
flow of urine [1]. It is characterized by nonurination in the
normal state, and involuntary urine leakage only occurs
when the abdominal pressure suddenly increases [2].
The occurrence of this condition may be related to changes
in the anatomical structure of the pelvic floor and sphincter
after prolapsing of the uterus due to weak connective tis-
sue and excessive delivery times [3]. Stress incontinence is
acommon disorder associated with pelvic floor dysfunction
in obstetrics and gynaecology. The main pathological basis
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is the fracture or relaxation of the pelvic floor supporting
tissue. Around 23-45% of women have variable degrees
of incontinence, 7% of whom have obvious symptoms,
and half of whom have stress urinary incontinence (SUI).
The International Urinary Inconsistency Advisory Committee
has analysed worldwide epidemiological data. The incidence
rate of SUl is as high as 30-55%. Most of the patients with
urinary incontinence are middle- and older-aged women.
Their median age is 50-60 years old. The incidence of SUI
in China is basically the same. The normal life and social
activities of patients with direct incontinence seriously af-
fects their health and quality of life [4-7].

According to Delancey’s theory of the “hammock”
andPetrosand Ulmsten’stheory of the“whole pelvicfloor”[8,9],
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the normal mechanism of urinary control depends on the
normal function of the urinary sphincter, and in addition,
the bladder neck, urethra and its surrounding supporting
structure also play a role in controlling the release of urine.
The function of the levator ani muscle in controlling
urine has not been confirmed, but some scholars have sug-
gested that the levator ani muscle can help control urina-
tion [10]. The mobility of the organs should be kept within
a certain range under normal conditions. Excessive or too
limited mobility and an abnormal direction of movement
indicate that the structure of the pelvic floor is abnormal
[11].When the muscle board of the levator ani or pubic blad-
der fascia is damaged, the compression effect of the vagina
on the urethra will be weakened, and the closed pressure
of the normal urethra cannot be maintained, which leads to
the occurrence of SUIs [12, 13].

Surface electromyography (EMG) is a set of voltage time
series signals obtained by surface electrode guidance, am-
plification, display and recording. Under the condition of
time invariance, the average EMG value increased linearly
with the load duration [14]. Compared with traditional nee-
dle pole EMG technology, the evaluation scheme of SEMG
on the Glazer pelvic floor is a standardized, non-invasive
and painless detection technology. The design of the internal
electrode in the vagina can detect a set of functional muscle
groups (the sphincter of the vagina) at the same time, which
makes sSEMG more convenient to master and carry out.
The space of signal detection is larger, and the repeatabil-
ity is better. Because of its strong real-time, radiation-free,
painless, non-invasive, economic and easy operation char-
acteristics, it is easy to use in clinical practice [15]. Pelvic
floor ultrasound can accurately evaluate the movement
and damage to the pelvic organs dynamically and intuitively.
The location of the organs and the function of the pelvic
organs and muscles can be accurately evaluated to provide
details about the anatomical structure and movement of
the pelvic organs for clinical diagnosis and treatment [16].

Therefore, itis expected that the establishment of diag-
nostic evaluation methods and the assessment of the pelvic
floor muscle function status of patients with SUI, study of
the diagnostic criteria of women with SUl and the establish-
ment of relevant models for clinical diagnosis will help to
improve the diagnosis rate, which is of great significance
for early detection of SUL.

MATERIAL AND METHODS
Women aged 30-65 years old were selected from Janu-
ary 2019 to June 2020 in Ningbo Huamei Hospital, University
of Sciences of China. The reported prevalence of incon-
tinence in adult women is quite variable in the literature
(5-72%), with approximately 30% being the median preva-
lence [17-21], and combined with this frequency, bilateral

tests are required. The probability of class | errors, a = 0.05,
and class Il errors, B = 0.2, are required for bilateral tests.
The estimated minimum sample size was 218 SUI women.
The SUI subjective index was applied: mild, incontinence
occurs only during coughing and sneezing, at least twice
a week; moderate, incontinence occurs during daily ac-
tivities such as fast walking; severe, when standing still,
incontinence occurs.

The exclusion criteria were short-term hormone re-
placement therapy; chronic obstructive pulmonary disease;
chronic asthma or smoking every day > 20 cigarettes; pa-
tients with pacemakers; acute stage urinary and reproduc-
tive tract infections; patients with malignant tumours in
the pelvis and abdomen; megacolon; incontinence of stool;
hysterectomy, vaginal operation or correction of urinary
incontinence; pelvic floor reconstruction history; prolapse
of pelvic organs; patients with intellectual disorders, men-
tal disease or unstable epilepsy; musculoskeletal disease
(multiple sclerosis, severe) myasthenia, polio, spina bifida
and cerebrovascular accidents; smoking, alcohol or drug
use; illiteracy; and pregnancy within three months after
aprevious delivery.The inclusion and exclusion criteria were
applied and 218 women with SUI were included. In addi-
tion, 300 women without SUIl were included. All volunteers
signed the informed consent form, which was approved
by the institutional review committee of Ningbo Huamei
Hospital, University of Sciences of China.

The following clinical data were collected: age, men-
arche age, birth and delivery type (vaginal or caesarean sec-
tion), weight, height, body mass index (BMI, BMI = body
weight/height?) and waist circumference (WC; measured
between the lowest rib and the anterior superior spine),
defecation habits (constipation: less than 3 times a week,
and defecation is laborious, faecal sclerotic and the quan-
tity is low), physical exercise (active: 5 times a week with
moderate intensity aerobic exercise at least 30 minutes
or 150 minutes/week, or 3 resistance workouts per week).

The strength of the pelvic floor muscles was assessed
during a gynaecological examination. The patient was in
the bladder stone cutting position. The examiner inserted
alubricated gloved index finger and middle finger into the
vagina to approximately 4 cm.The PFM strength was evalu-
ated by double finger palpation. The patients were asked to
contract the maximum PFM but not activate other muscle
groups, i.e., abdominal, gluteus and adductor muscles.
The test for muscle strength was repeated three times, and
the best result was recorded. Based on the results of this
process, muscle strength was graded from 0 to 5:0 = no
contraction; level 1 = slight muscle flicker; level 2 = weak
muscle contraction; level 3 = moderate muscle contraction;
level 4 = good muscle contraction; level 5 = strong muscle
contraction. All assessments were conducted by the same
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researcher (HMY), and blinded methods were used to deter-
mine the results of the other clinical data mentioned above.

Pelvic floor surface electromyography was performed
with Weisi Medical Technology Co., Ltd. used as the detec-
tion platform. Methods: 120 degrees of a supine position
was taken, the whole body was relaxed, the legs were natu-
rally straight or slightly external rotated (with emphasis on
a natural state of relaxation), surface electromyography
values of the pelvic floor were collected by the Glazer pel-
vic floor assessment scheme: (1) baseline: rest for 1 min,
wave amplitude and coefficient of variation (coefficient
of variation = standard deviation/mean, the same as be-
low); (2) rapid contraction: 5 minutes for the maximum
contraction amplitude, contraction reaction time (rise time)
and decline time were detected with a 10 s rest between
each contraction; (3) continuous contraction: 10 s relaxation,
10 s continuous contraction, a total of 5 times, to detect
the contraction amplitude and coefficient of variation;
(4) after baseline: another 1 min of rest, to detect the am-
plitude and coefficient of variation. All evaluations were
performed by the same investigator (JL) blinded to the
results of the other clinical data.

A 3.5-7 MHz convex array probe and female probe were
used, and the model of the 3D ultrasonic probe was 8838. All
patients maintained a bladder capacity of 100 mL (the first
time they have the intention to urinate), since too much urine
will lead to inaccurate evaluation results, and patients will
worry about leakage of urine when they perform the Valsalva
manoeuvre (close the glottis, contract the diaphragm and
abdominal muscles, and then exhale forcefully). All subjects
were instructed to hold their breath in the maximum down-
ward direction, and the position of the bladder lithotomy
was taken during the ultrasound examination. To reduce
the error of the measurement data, all ultrasonic image ac-

quisition and measurements were discussed and confirmed
by two specially trained doctors (JLZ, ZYY). Dynamic changes
in the bladder neck, posterior angle of the bladder urethra
and proximal urethra in the resting and Valsalva states were
detected, including the distance between the bladder neck
and the horizontal line of the anterior lower edge of the pubic
symphysis, urethral inclination angle and posterior angle
of the bladder. The anteroposterior diameter, transverse
diameter and area of the levator ani hiatus and the thickness
of the levator ani muscle were measured by transvaginal
three-dimensional ultrasound.

SPSS 20.0 was used to establish the database, and all
variables were analysed by the Shapiro Wilk test and Lev-
ene test. Measurement data that met the normality test
are expressed as the mean + standard deviation (x £ s);
measurement data that did not meet the normality test
are expressed as m (Q1, Q3). The chi square test was used
for the comparison of count data rates, and the t test and
Wilcoxon rank sum test were also used. A regression predic-
tion model was established for the correlation between each
parameter and SUI, multiple linear regression analysis was
carried out, and the stepwise method was used to screen
the variables. The results are given with 95% confidence
intervals (95% Cls) and related p values. A 5% significance
level or corresponding p value was used in all tests.

RESULTS

The clinical data of the groups are shown in Table 1,
including 218 women with SUI and 300 women without
SUL. Their clinical characteristics were statistically com-
pared. Table 1 shows that age, menarche age, waist cir-
cumference, pregnancy, caesarean section, constipation,
and physical status were not significantly associated with
exercise (p > 0.05), and BMI, the delivery times of vaginal

Table 1. The clinical characteristics of stress urinary incontinence (SUI) and non-SUl women

Characteristics lISeat) Non-SUI (n =300) p value
Mild (n=89) Moderate (n=77) Severe (n=52)
Age (mean, SD) 472,93 49.9,8.8 53.1,10.3 435,126 0.23
Menarche age (mean, SD) 11.8,2.9 123,36 12.7,2.5 12.7,3.0 0.48
BMI [kg/m?] (mean, SD) 227,19 24.0,1.5% 24.9,1.3* 20.5,2.2 <0.01*
WC [cm] (mean, SD) 77,75 76,6.9 77,5.2 75,5.1 0.15
Gravidity, n (mean, SD) 43,16 34,19 3.9,0.2 42,14 0.46
Child birth, n (mean, SD) 24,19 25,09 2513 1.2,09 <0.01*
Vaginal delivery/parity (%) 19,08 24,09 23,12 1.1,0.8 <0.01*
Cesarean delivery/parity (%) 04,03 0.6,0.4 0.3,0.2 0.3,0.2 0.41
Intestinal constipation, n (%) 26 (9.4) 25(8.8) 25(10.1) 23 (8.4) 0.54
Physical excise, n (%) 35(11.7) 29(10.7) 32(8.7) 30(9.8) 0.58

Values are expressed as mean (SD) or number (%); BMI — body mass index; WC — waist circumference; MHT — menopausal hormone therapy; SD — standard deviation;
*The difference was significant, if p < 0.05
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Table 2. Comparison of pelvic floor muscle and pelvic floor surface electromyography of stress urinary incontinence (SUI) and non-SUl women

Characteristics

Mild (n =89)
PFM (mean, SD) 21,07
Pre-resting average value (> 4 pV) (n, %) 11,124
Pre-resting variability (> 0.2) (n ,%) 12,134
Rapid contraction average value (< 35 pV) (n, %) 45,50.6
Rapid contraction relaxation time (> 0.5 S) (n, %) 51,57.3
Tonic contraction average value (< 30 pV) (n, %) 53,59.6
Tonic contraction variability (> 0.2) (n, %) 44,494
Endurance contraction average value (< 25 pV) (n, %) 65,73.0
Post-resting average value (> 4 pV) (%) 18,20.2
Post-resting variability (> 0.2) (%) 14,15.7

SUI (n=218)

Moderate (n=77) Severe (n=52) e
17,08 14,0.9*% 3.8,0.6 <0.01*
11,143 7,135 36,12.0 0.34
11,143 7,135 38,127 0.28

49, 63.6* 42, 80.8* 106, 35.3 <0.01*
45, 58.4* 31, 59.6* 111,37.0 <0.01*
57,74.0 46, 88.5* 109, 36.3 <0.01*
40,519 25,48.1 131,43.7 0.13
61,79.2 50, 96.2 117,39.0 <0.01*
15,19.5 11,21.2 40,133 0.09
16,20.8 10,19.2 41,13.7 0.15

Values are expressed as mean (SD). Values in bold are statistically different; PFM — pelvic floor muscle; *The difference was significant, if p < 0.05 (Student’s t-test)

delivery and the number of live births were all significantly
higher in the SUI group than in the non-SUl group (p < 0.05).
Among them, BMI in the medium and severe subgroups
was statistically significantly different than that in the mild
subgroup (Tab. 1).

Pelvic floor muscle strength was divided into functional
PFM (score 2-5) and nonfunctional PFM (score 0-1) [22].
As Table 2 shown, compared with the muscle strength of
the pelvic floor muscle group, the PFM in the SUI group was
significantly stronger than that in the SUI group (p < 0.05),
andthe PFMinthe SUlgroup was more nonfunctional,among
which the severe SUI group was less functional (p < 0.05).
In the pelvic floor electromyography statistics, the abnormal
rate of rapid contraction average value, rapid contraction
relationship time, tonic contraction average value, and end
contraction average value were more significant in the SUI
group than in the non-SUI group. In the analysis of the
subgroups of SUI, the middle SUI group had more statistical
significance than the non-SUI group. In the analysis of the
subgroups of SUI, the middle SUI group had more statistical
significance than the non-SUI group. The time was more
abnormal in the mild SUI group, and the severe SUI group
was more abnormal in rapid contraction average value, rapid
contraction correlation time and tonic contraction average
value, with statistical significance (p < 0.05). The morphol-
ogy and metabolism characteristics of the muscle fibres of
the pelvic floor can be divided into two types: class | (slow
contraction) fibres, accounting for 70%, and these deep
pelvic floor muscles are mainly responsible for the strong
contractions, which last for along time and do not easily fa-
tigue.This is related to the support energy under the state of
resting, and mainly plays a supporting function; class Il (fast
contraction) fibres account for approximately 30% of the
superficial pelvic floor muscles that are mainly comprised
of these fibres, which produce fast, short-lived contrac-

tions and easily fatigue. They play a role in controlling urine
and stool, and in sex, and mainly participate in maintaining
a support function under dynamic conditions.The abnormal
rate of type | muscle fibre strength, fatigue degree of class
I muscle fibre, type Il muscle fibre strength and type Il muscle
fibre endurance of the SUI group reached more than 50%,
and the abnormal rate in severe SUl was more significant for
the abnormal rate of type | muscle fibre strength and class
Il muscle fibre strength than that of moderate and light SUI.

In the comparison of two-dimensional ultrasound
images between the SUI group and the control group,
the tissue structure of the pelvic floor of the SUI and the
control group was clearly displayed in the resting state and
during Valsalva action. The two groups could complete the
Valsalva action under multiple guidance and clearly showed
the changes of the pelvic floor structure of the patients be-
fore and after the Valsalva action. The bladder neck, proximal
urethra and peripheral supporting tissues of the two groups
were moved backward and downward under Valsalva ac-
tion. Compared with the control group, funnelization of the
black neck urethra, blade neck mobility, posterior angle of
the blank urethra, urethral increased angle, and urethral
rotation angle were significantly increased (Tab. 3). P values
were all < 0.05. In the analysis of the subgroups of the SUI
group, the increase in the urethral angle was especially
obvious in the severe subgroup (p < 0.05), while Valsalva
was used to analyse the funnelization of the black neck
urethra, bladder neck mobility, urethral increased angle
and urban rotation in severe SUI patients. The difference
was statistically significant (p < 0.05), and the funnelization
of the black neck urethra, blade neck mobility and urethral
increase were significantly increased in the patients with
mild SUI and moderate SUI (p < 0.05). Compared with the
control group, there was no statistical significance in
the area of the anal lift muscle fissure, anteroposterior diam-
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Table 3. Comparison of ultrasonographic characteristics of stress urinary incontinence (SUI) and non-SUI women between the state of resting

and Valsalva
Data

Mild (n=89)
In resting state
Funnelization of bladder neck urethra (n, %) 3,22
Posterior angle of bladder urethra (> 140°) (n, %) 3,22
Urethral inclination angle [°] (mean, SD) 225,105
Urethral rotation angle [°] (mean, SD) 23.1,7.3
In Valsalva state
Funnelization of bladder neck urethra (n, %) 19,213
Bladder neck mobility [mm] (mean, SD) 29.65,7.62
Posterior angle of bladder urethra (> 140°) 24,26.7
Urethral inclination angle [°] (mean, SD) 49.0,6.4
Urethral rotation angle [°] (mean, SD) 39.1,8.2
Urogenital hiatus area [cm?] (mean, SD) 14.7,4.5
Anteroposterior diameter [cm] (mean, SD) 5.1,0.5
Transverse diameter [cm] (mean, SD) 4.0,0.9
Levator ani muscle (cm) (mean, SD) 0.45,0.2

SUI (n=218) Non-SUl
Moderate (n=77)  Severe (n=52) (n=300) pvalua
3,39 3,57 7,23 0.14
564 4,77 6,2.0 0.03*
239,70 29.6,10.1* 199,75 0.06
22.8,4.9 25.2,6.2 19.1,5.7 0.22
33,42.9% 35,67.3* 22,73 <0.01*
32.86, 6.82* 39.90, 8.33* 17.02, 6.80 <0.01*
25,325 19,55.8 15,5.0 <0.01*
52.9,8.1*% 56.7,5.8*% 271,85 <0.01*
41.1,7.0 494, 6.8* 24.1,6.2 <0.01*
15.1,5.1 15.3,2.6 144,39 0.24
5.1,0.7 5.3,0.6 52,05 0.32
4.2,0.7 42,08 4.0,0.6 0.48
0.43,0.1 0.41,0.2 0.51,0.1 <0.01*

Values are expressed as mean (SD). Values in bold are statistically different; *The difference was significant, if p < 0.05 (Student’s t-test)

eter or reverse diameter in the SUI group, while the levator
ani muscle and the SUI group were thinner than in the
SUI group, and the difference was statistically significant
(p < 0.05), but the differences among the subgroups of SUI
were not statistically significant.

In this study, the influence of BMI, childbirth, marginal
delivery, PFM, EMG data of the pelvic floor, resting state
and two-dimensional and three-dimensional ultrasound
images of the pelvic floor on the incidence of SUl was inves-
tigated by using multiple linear regression. The better the
regression model, the closer the determinant coefficient r
square (R?), and the better the fitting degree of the model
to the data. The corrected R? (adjusted R square) is similar to
R? and itis also one of the important indexes to measure the
model. The larger the value, the better the fitting effect of
the model. The R? in this study was 0.934, and the adjusted
R?was 0.869. This indicated that 86.9% of the occurrence of
SUl can be attributed to the rapid contraction average value,
rapid contraction correlation time, BMI, childbirth, marginal
delivery, PFM, post or angle and urban increased angle in
the resting state, blade neck mobility, posterior angle of the
change of the urethra, urethral inclusion angle, and urethral
rotation angle in the valve state, and the levator ani muscle
thickness. The results of the variance analysis of the overall
significance of the regression model were tested. The final
built multiple linear regression model has statistical signifi-
cance, among which the F statistic was 287.928, p < 0.001,
and under the test level of a = 0.05, the fitted multiple linear
regression equation can be considered statistically signifi-

cant.The partial regression coefficient f and 95% Cl of each
independent variable are shown in the table below (Tab. 4).
The partial regression coefficient (B) and its standard error of
the regression model are listed in the table (Std. Error), stan-
dardized partial regression coefficient (beta), t-statistics and
P value of the regression coefficient test, and the 95% confi-
dence interval (95% Cl) of the partial regression coefficient B.
The regression prediction model: Y, = BMIx 0.013 + Child
birth x 0.052 - PFM x 0.113 - Rapid contraction average val-
ue X 0.195 + Rapid contraction relaxation time x 0.130 - Pos-
terior angle of bladder urethra in resting state x 0.118 - Ure-
thral inclination angle in resting state x 0.003 + Bladder
neck mobility in Valsalva state x 0.008 + Posterior angle of
bladder urethra in Valsalva state x 0.159 + Urethral incli-
nation angle in Valsalva state x 0.013 + Urethral rotation
angle in Valsalva state x 0.004 - Levator ani muscle x 0.250.
If the rapid contraction average value < 35V, the rapid
contraction average value = 1; If the rapid contraction relax-
ation time > 0.5S, the rapid contraction relaxation time = 1;
if the rapid contraction average value < 35 pV, the rapid
contraction resting bladder angle > 140.

The absolute value of the partial regression coefficient of
levator ani muscle is 0.250, which is higher than that of the
urethral addition angle in the Valsalva state (0.012), but the ab-
solute value of the standardized partial regression coefficient
of the urethral addition angle in the Valsalva state is 0.375,
which is higher than that of the levator ani muscle (0.080),
which indicates that the urethral addition angle in the Valsalva
state has more influence on SUI than the levator ani muscle.
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Table 4. Regression coefficient of all variables liner regression

Variables B

BMI 0.013
Child birth 0.052
PFM -0.113
Rapid contraction average value (<35 pV) -0.195
Rapid contraction relaxation time (> 0.5 S) 0.130

In resting state
Posterior angle of bladder urethra (> 140°) -0.118
Urethral inclination angle -0.003

In Valsalva state

Bladder neck mobility 0.008
Posterior angle of bladder urethra (> 140°) 0.159
Urethral inclination angle 0.013
Urethral rotation angle 0.004
Levator ani muscle -0.250

BMI — body mass index; PFM — pelvic floor muscle; CI — confidence interval

DISCUSSION

According to the surveys, the prevalence of incontinence
in 15- to 64-year-old women in the United States is 2-46%.
A survey of a large sample (15904) in the UK > 40 years
old showed that the prevalence was 34%, the prevalence
and severity increased with age, with a prevalence rate of 69%
over 60 years old, and the prevalence in the 27936 study in
Norway was 25% [23-27]. Our research found that age, men-
arche age, waist circumference, pregnancy, caesarean sec-
tion, constipation, and physical exercise were not considered
high-risk factors for SUI. BMI, vaginal delivery, and live births
were considered high-risk factors for SUI,among which BMI
was more important in medium and severe SUI. At present,
most people think that age, BMI, delivery time, vaginal deliv-
ery times, vaginal dystocia, perineum incision and infection,
foetal weight, hypertension, diabetes, long-term cough
and pelvic organ surgery, menopause and oestrogen, etc.
are involved in SUI. The incidence of SUI is related to the
above factors, which are all risk factors for urinary incon-
tinence, and in addition, being white and having a high
waist to hip ratio increases the risk of incontinence [28-31].

The biological components of this method include eval-
uating the support of the pelvic floor muscle, evaluation of
the myoelectric energy of the pelvic floor surface, including
sexual function, and the feedback therapy of biological
stimulation for dysfunction of the pelvic floor muscle, to
understand the overall contraction and relaxation func-
tion of the pelvic floor muscle, the recovery progress of the
pelvic floor function and the evaluation of the therapeutic
effect [32, 33]. In this study, the muscle strength of type |
and type Il muscle fibres in SUl were decreased significantly,
and the abnormal rate in severe SUI was more significant

Standard coefficient

95% Cl (Beta) p value
0.068 (0.005, 0.021) 0.001
0.119 (0.034,0.070) 0.000
-0.283 (-0.131,-0.094) 0.000
-0.196 (-0.260, -0.129) 0.000
0.131 (0.066, 0.193) 0.000
-0.044 (-0.214, -0.023) 0.015
-0.058 (-0.005,-0.001) 0.002
0.181 (0.006, 0.010) 0.000
0.118 (0.106,0.212) 0.000
0.375 (0.011,0.014) 0.000
0.089 (0.002, 0.006) 0.001
-0.080 (-0.353,-0.146) 0.000

than the abnormal rate of type | and class Il myofibrillar fibres
than thatin moderate and light SUI. These results show that
electrophysiological examination of the pelvic floor is of
great significance to evaluate the function of the pelvic floor
muscle. This study is consistent with previous findings [34].
However, although the detection of pelvic floor myoelectric-
ity has been widely used in the assessment of the function of
the pelvic floor muscle, the data of each pelvic floor centre
have not been collected in a unified database, and there
are no standardized data collection methods, along with
equipment diversification, data diversification and hospital
control of the data, which prevents full exploitation of large
amounts of data.

Pelvic floor ultrasound imaging is a reliable imaging
method to observe the pelvic morphology and structure.
Two-dimensional and three-dimensional pelvic floor ul-
trasound has been applied to the clinical diagnosis of SUI
[35]. There are limitations of the examination of pelvic floor
ultrasound. For example, in the severity classification of SUI,
there is no unified standard for ultrasound, and there is no
unified therapeutic standard for the evaluation of SUI after
surgery. The auxiliary diagnosis of SUI is expected to use
2D and 3D ultrasound [36-38]. In this study, funnelization
of the black neck urethra, blade neck mobility, posterior
angle of the blank urethra, ureteral involvement angle,
and ureteral rotation angle were all related to SUL. Yalcin et al.
[39] proposed three diagnostic criteria for the diagnosis of
SUl based on measurement parameters of the bladder angle
and distance between the bladder neck and pubic union,
namely, a posterior angle of the bladder urethra > 95 de-
grees in the quiet state, an angle of rotation of the bladder
neck = 20 degrees, a distance between the bladder neck
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and the lower margin of the pubic union = 2.3 cm, and the
above three standards were in accordance with 2 criteria
to diagnose SUIs. It is also suggested that the formation
of a “funnel” shape of the bladder neck (expansion of the
bladder neck) and the change in the bladder neck rotation
angle during the Valsalva operation are the main features
of ultrasound diagnosis of SUI. The occurrence of SUI is
related not only to the mobility of the bladder neck but
also to the mobility of the whole urethra [40]. The contour
curve of urethral movement described by perineum pelvic
floor ultrasound is a new method for describing the stage
mobility of the urethra by pelvic ultrasound. There are also
limitations of pelvic ultrasound, and there is no uniform stan-
dard for various quantitative indicators. The importance of
the technique in clinical applications needs to be improved,
and further research and a large amount of clinical data ac-
cumulation are needed.

In this study, high-risk factors, pelvic floor muscle
strength, electromyography and ultrasound data were
used to establish a prediction model of SUI. The model fit-
ting is good, and the actual prediction coincidence rate is
good. The results show that the multiple linear regression
method combined with pelvic floor electromyography and
ultrasound can predict the occurrence of SUl and improve
the early diagnosis rate. It provides direction and thinking for
further study of diagnosis prediction and risk factor analysis
of light, medium and severe SUl and to screen for SUl as early
as possible. As an effective auxiliary diagnostic method for
early SUI, the accuracy of diagnosis and the possibility of
disease prediction are improved.

CONCLUSIONS

In short, the diagnosis of SUlis mainly based on the clini-
cal symptoms and chief complaints of patients. Although
urodynamic examination can provide an accurate basis
for diagnosis, the examination method is cumbersome,
and it is not easy to distinguish SUI from common urinary
incontinence, such as urgent urinary incontinence and
filling urinary incontinence. With the help of convenient
and economic early SUI detection methods, the diagnosis
rate can be improved so that patients with mild to moderate
SUl or an SUl tendency can be identified. Nonsurgical treat-
ment with fewer complications and a lower risk can improve
the quality of life of middle-aged and elderly women. There-
fore, verifying the SUI prediction model in this study and
seeking a diagnostic method that is convenient and accurate
can improve the early diagnosis rate and has become a key
topic of clinical research.

Funding
Supported by Research Foundation of Medical Scientific
Research Foundation of Zhejiang Province, China (Grant

No. 2020KY832); Natural Science Foundation of Ningbo,
China (Grant No.2019A610305); Ningbo Public Service Tech-
nology Foundation, China (Grant No.202002N3154).

Authors’ contributions

Zhihong ZHUO contributed to the conception of the stu-
dy. Huimin YU performed the data on the pelvic muscle
strength. Zhiying YU and Jianli ZHANG performed two-
-dimensional and three-dimensional ultrasound. Zhihong
ZHUO and Huimin YU contributed significantly to pelvic
floor electromyography. Zhihong ZHUO and Huimin YU
performed the data analyses and wrote the manuscript.

Confiict of interests
All authors declare no conflict of interest.

REFERENCES

1. Nygaard |, Turvey C, BurnsTL, et al. Urinary incontinence and depression
inmiddle-aged United States women. Obstet Gynecol. 2003; 101(1): 149-
-156,doi: 10.1016/50029-7844(02)02519-x, indexed in Pubmed: 12517660.

2. Sangsawang B, Sangsawang N. Stress urinary incontinence in pregnant
women: a review of prevalence, pathophysiology, and treatment. Int
Urogynecol J. 2013; 24(6): 901-912, doi: 10.1007/500192-013-2061-7,
indexed in Pubmed: 23436035.

3. Lukacz ES, Santiago-Lastra Y, Albo ME, et al. Urinary inconti-
nence in women: A review. JAMA. 2017; 318(16): 1592-1604, doi:
10.1001/jama.2017.12137, indexed in Pubmed: 29067433.

4. Zhu L, Lang J. Strategy of prevention and treatment of female pelvic
floor dysfunction. Zhonghua Fu Chan Ke Za Zhi. 2007; 42(12): 793-794.

5. Wilson L, Brown JS, Shin GP, et al. Annual direct cost of urinary incon-
tinence. Obstet Gynecol. 2001; 98(3): 398-406, doi: 10.1016/50029-
7844(01)01464-8, indexed in Pubmed: 11530119.

6. OsmanT. Stress incontinence surgery for patients presenting with mixed
incontinence and a normal cystometrogram. BJU Int. 2003; 92(9): 964-968,
doi: 10.1111/j.1464-410x.2003.04519.%, indexed in Pubmed: 14632856.

7. Black NA, Downs SH. The effectiveness of surgery for stress inconti-
nence in women: a systematic review. Br J Urol. 1996; 78(4): 497-510,
doi: 10.1046/j.1464-410x.1996.01422.x, indexed in Pubmed: 8944504.

8. Delancey JO. Structural support of the urethra as it relates to stress uri-
nary incontinence: the hammock hypothesis. Am J Obstet Gynecol. 1994;
170(6): 1713-20; discussion 1720, doi: 10.1016/50002-9378(94)70346-9,
indexed in Pubmed: 8203431.

9.  Petros PE, Ulmsten Ul, Petros PE, et al. The tuck procedure: a simplified
vaginal repair for treatment of female urinary incontinence. Acta Obstet
Gynecol Scand Suppl. 1990; 153:41-42, doi: 10.1111/j.1600-0412.1990.
tb08030.x, indexed in Pubmed: 2093272.

10. Dietz HP, Kirby A, Shek KL, et al. Does avulsion of the puborectalis muscle
affect bladder function? Int Urogynecol J Pelvic Floor Dysfunct. 2009; 20(8):
967-972,doi: 10.1007/500192-009-0882-1,indexed in Pubmed: 19399355.

11. HoyteL, Thomas J, Foster RT, et al. Racial differences in pelvic morphology
among asymptomatic nulliparous women as seen on three-dimensional
magnetic resonance images. Am J Obstet Gynecol. 2005; 193(6): 2035—
-2040, doi: 10.1016/j.aj0g.2005.06.060, indexed in Pubmed: 16325611.

12. Kefer JC, Liu G, Daneshgari F. Pubo-urethral ligament injury causes
long-term stress urinary incontinence in female rats: an animal model
of the integral theory. J Urol. 2009; 181(1): 397-400, doi: 10.1016/j.
juro.2008.09.002, indexed in Pubmed: 19010492.

13. Petros PEP, Woodman PJ. The Integral theory of continence. Int Urogy-
necol J Pelvic Floor Dysfunct. 2008; 19(1): 35-40, doi: 10.1007/s00192-
007-0475-9, indexed in Pubmed: 17968480.

14. Farina D, Merletti R, Enoka RM, et al. The extraction of neural strategies
from the surface EMG. J Appl Physiol (1985). 2004; 96(4): 1486-1495,
doi: 10.1152/japplphysiol.01070.2003, indexed in Pubmed: 15016793.

15. Gee AS, Jones RS, Durdey P. On-line quantitative analysis of surface elec-
tromyography of the pelvic floor in patients with faecal incontinence.
BrJ Surg. 2000; 87(6): 814-818, doi: 10.1046/j.1365-2168.2000.01416.,
indexed in Pubmed: 10848864.

www. journals.viamedica.pl/ginekologia_polska 31


http://dx.doi.org/10.1016/s0029-7844(02)02519-x
https://www.ncbi.nlm.nih.gov/pubmed/12517660
http://dx.doi.org/10.1007/s00192-013-2061-7
https://www.ncbi.nlm.nih.gov/pubmed/23436035
http://dx.doi.org/10.1001/jama.2017.12137
https://www.ncbi.nlm.nih.gov/pubmed/29067433
http://dx.doi.org/10.1016/s0029-7844(01)01464-8
http://dx.doi.org/10.1016/s0029-7844(01)01464-8
https://www.ncbi.nlm.nih.gov/pubmed/11530119
http://dx.doi.org/10.1111/j.1464-410x.2003.04519.x
https://www.ncbi.nlm.nih.gov/pubmed/14632856
http://dx.doi.org/10.1046/j.1464-410x.1996.01422.x
https://www.ncbi.nlm.nih.gov/pubmed/8944504
http://dx.doi.org/10.1016/s0002-9378(94)70346-9
https://www.ncbi.nlm.nih.gov/pubmed/8203431
http://dx.doi.org/10.1111/j.1600-0412.1990.tb08030.x
http://dx.doi.org/10.1111/j.1600-0412.1990.tb08030.x
https://www.ncbi.nlm.nih.gov/pubmed/2093272
http://dx.doi.org/10.1007/s00192-009-0882-1
https://www.ncbi.nlm.nih.gov/pubmed/19399355
http://dx.doi.org/10.1016/j.ajog.2005.06.060
https://www.ncbi.nlm.nih.gov/pubmed/16325611
http://dx.doi.org/10.1016/j.juro.2008.09.002
http://dx.doi.org/10.1016/j.juro.2008.09.002
https://www.ncbi.nlm.nih.gov/pubmed/19010492
http://dx.doi.org/10.1007/s00192-007-0475-9
http://dx.doi.org/10.1007/s00192-007-0475-9
https://www.ncbi.nlm.nih.gov/pubmed/17968480
http://dx.doi.org/10.1152/japplphysiol.01070.2003
https://www.ncbi.nlm.nih.gov/pubmed/15016793
http://dx.doi.org/10.1046/j.1365-2168.2000.01416.x
https://www.ncbi.nlm.nih.gov/pubmed/10848864

Ginekologia Polska 2023, vol. 94, no. 1

20.

21.

22.

23.

24,

25.

26.

27.

32

Falkert A, Endress E, Weigl M, et al. Three-dimensional ultrasound of
the pelvic floor 2 days after first delivery: influence of constitutional
and obstetric factors. Ultrasound Obstet Gynecol. 2010; 35(5): 583-588,
doi: 10.1002/u0g.7563, indexed in Pubmed: 20084643.

Irwin DE, Abrams P, Milsom |, et al. EPIC Study Group. Population-based
survey of urinary incontinence, overactive bladder, and other lower uri-
nary tract symptoms in five countries: results of the EPIC study. Eur Urol.
2006; 50(6): 1306-14; discussion 1314, doi: 10.1016/j.eururo.2006.09.019,
indexed in Pubmed: 17049716.

ZhangL, ZhuL, XuT, et al. A population-based survey of the prevalence,
potential risk factors, and symptom-specific bother of lower urinary tract
symptoms in adult chinese women. Eur Urol. 2015; 68(1): 97-112, doi:
10.1016/j.eururo.2014.12.012, indexed in Pubmed: 25572826.
Minassian VA, Drutz HP, Al-Badr A. Urinary incontinence as a world-
wide problem. Int J Gynaecol Obstet. 2003; 82(3): 327-338, doi:
10.1016/50020-7292(03)00220-0, indexed in Pubmed: 14499979.
Minassian V, Stewart W, Wood G. Urinary Incontinence in women.
Obstetrics & Gynecology. 2008; 111(2): 324-331, doi: 10.1097/01.
20g.0000267220.48987.17.

Cerruto MA, D’Elia C, Aloisi A, et al. Prevalence, incidence and obstetric
factors’impact on female urinary incontinence in Europe: a systematic
review. Urol Int. 2013; 90(1): 1-9, doi: 10.1159/000339929, indexed in
Pubmed: 22868349.

Rostaminia G, Peck JD, Quiroz LH, et al. How well can levator ani muscle
morphology on 3D pelvic floor ultrasound predict the levator ani muscle
function? Int Urogynecol J. 2015; 26(2): 257-262, doi: 10.1007/500192-
014-2503-x, indexed in Pubmed: 25246297.

Grodstein F, Fretts R, Lifford K, et al. Association of age, race, and obstetric
history with urinary symptoms among women in the Nurses’ Health
Study. Am J Obstet Gynecol. 2003; 189(2): 428-434, doi: 10.1067/50002-
9378(03)00361-2, indexed in Pubmed: 14520212.

Perry S, Shaw C, Assassa P, et al. An epidemiological study to establish
the prevalence of urinary symptoms and felt need in the community:
the Leicestershire MRC Incontinence Study. Leicestershire MRC Incon-
tinence Study Team. J Public Health Med. 2000; 22(3): 427-434, doi:
10.1093/pubmed/22.3.427, indexed in Pubmed: 11077920.
Hannestad YS, Rortveit G, Sandvik H, et al. Norwegian EPINCONT study.
Epidemiology of Incontinence in the County of Nord-Trendelag. A com-
munity-based epidemiological survey of female urinary incontinence:
the Norwegian EPINCONT study. Epidemiology of Incontinence in the
County of Nord-Trendelag. J Clin Epidemiol. 2000; 53(11): 1150-1157,
doi: 10.1016/50895-4356(00)00232-8, indexed in Pubmed: 11106889.
Miles TP, Palmer RF, Espino DV, et al. New-onset incontinence and
markers of frailty: data from the Hispanic Established Populations for
Epidemiologic Studies of the Elderly. J Gerontol A Biol Sci Med Sci. 2001;
56(1): M19-M24, doi: 10.1093/gerona/56.1.m19, indexed in Pubmed:
11193227.

Fitzgerald ST, Palmer MH, Kirkland VL, et al. The impact of urinary in-
continence in working women: a study in a production facility. Women
Health. 2002; 35(1): 1-16, doi: 10.1300/J013v35n01_01, indexed in
Pubmed: 11942466.

28.

29.

30.

31.

32

33.

34.

35.

36.

37.

38.

39.

40.

Peyrat L, Haillot O, Bruyere F, et al. Prevalence and risk factors of urinary
incontinence in young and middle-aged women. BJU Int. 2002; 89(1):
61-66, doi: 10.1046/j.1464-4096.2001.01813.%, indexed in Pubmed:
11849162.

Grady D, Brown J, Vittinghoff E, et al. Postmenopausal hormones
and incontinence:the Heart and Estrogen/progestin Replacement Study.
Is hormone replacement therapy (estrogen plus progestin) effective
for the treatment of urinary incontinence in postmenopausal women?
Obstetrics & Gynecology. 2001;97(1): 116-120, doi: 10.1097/00006250-
200101000-00023.

Brown J, Grady D, Ouslander J, et al. Prevalence of Urinary Incontinence
and Associated Risk Factors in Postmenopausal Women. Obstetrics & Gy-
necology. 1999;94(1): 66-70, doi: 10.1097/00006250-199907000-00013.
Parazzini F, Colli E, Origgi G, et al. Risk factors for urinary incontinence in
women. Eur Urol. 2000; 37(6): 637-643, doi: 10.1159/000020231, indexed
in Pubmed: 10828661.

Hetrick DC, Glazer H, Liu YW, et al. Pelvic floor electromyography in
men with chronic pelvic pain syndrome: a case-control study. Neurou-
rol Urodyn. 2006; 25(1): 46-49, doi: 10.1002/nau.20162, indexed in
Pubmed: 16167354.

Brown CS, Glazer HI, VogtV, et al. Subjective and objective outcomes of
botulinum toxin type A treatment in vestibulodynia: pilot data. J Reprod
Med. 2006; 51(8): 635-641, indexed in Pubmed: 16967634.
Luginbuehl H, Baeyens JP, Taeymans J, et al. Pelvic floor muscle
activation and strength components influencing female urinary
continence and stress incontinence: a systematic review. Neurourol
Urodyn. 2015; 34(6): 498-506, doi: 10.1002/nau.22612, indexed in
Pubmed: 24719264.

Delancey JOL, Trowbridge ER, Miller JM, et al. Stress urinary inconti-
nence: relative importance of urethral support and urethral closure
pressure. J Urol. 2008; 179(6): 2286-90; discussion 2290, doi: 10.1016/j.
juro.2008.01.098, indexed in Pubmed: 18423707.

Sendag F, Vidinli H, Kazandi M, et al. Role of perineal sonography in the
evaluation of patients with stress urinary incontinence. Aust N Z J Obstet
Gynaecol. 2003; 43(1): 54-57, doi: 10.1046/j.0004-8666.2003.00012.%,
indexed in Pubmed: 12755349.

Umek WH, Obermair A, Stutterecker D, et al. Three-dimensional ultra-
sound of the female urethra: comparing transvaginal and transrectal
scanning. Ultrasound Obstet Gynecol. 2001; 17(5): 425-430, doi:
10.1046/j.1469-0705.2001.00416.%, indexed in Pubmed: 11380968.
Johnson JD, Lamensdorf H, Hollander IN, et al. Use of transvaginal endo-
sonography in the evaluation of women with stress urinary incontinence.
J Urol. 1992; 147(2): 421-425, doi: 10.1016/50022-5347(17)37256-7,
indexed in Pubmed: 1732608.

Yalcin OT, Hassa H, Ozalp S. Effectiveness of ultrasonographic parameters
for documenting the severity of anatomic stress incontinence. Acta Ob-
stet Gynecol Scand. 2000; 79(5): 421-426, indexed in Pubmed: 10830771.
Shek Kal, Dietz HP. The urethral motion profile: a novel method to
evaluate urethral support and mobility. Aust N Z J Obstet Gynaecol.
2008; 48(3): 337-342, doi: 10.1111/j.1479-828X.2008.00877 %, indexed
in Pubmed: 18532968.

www. journals.viamedica.pl/ginekologia_polska


http://dx.doi.org/10.1002/uog.7563
https://www.ncbi.nlm.nih.gov/pubmed/20084643
http://dx.doi.org/10.1016/j.eururo.2006.09.019
https://www.ncbi.nlm.nih.gov/pubmed/17049716
http://dx.doi.org/10.1016/j.eururo.2014.12.012
https://www.ncbi.nlm.nih.gov/pubmed/25572826
http://dx.doi.org/10.1016/s0020-7292(03)00220-0
https://www.ncbi.nlm.nih.gov/pubmed/14499979
http://dx.doi.org/10.1097/01.aog.0000267220.48987.17
http://dx.doi.org/10.1097/01.aog.0000267220.48987.17
http://dx.doi.org/10.1159/000339929
https://www.ncbi.nlm.nih.gov/pubmed/22868349
http://dx.doi.org/10.1007/s00192-014-2503-x
http://dx.doi.org/10.1007/s00192-014-2503-x
https://www.ncbi.nlm.nih.gov/pubmed/25246297
http://dx.doi.org/10.1067/s0002-9378(03)00361-2
http://dx.doi.org/10.1067/s0002-9378(03)00361-2
https://www.ncbi.nlm.nih.gov/pubmed/14520212
http://dx.doi.org/10.1093/pubmed/22.3.427
https://www.ncbi.nlm.nih.gov/pubmed/11077920
http://dx.doi.org/10.1016/s0895-4356(00)00232-8
https://www.ncbi.nlm.nih.gov/pubmed/11106889
http://dx.doi.org/10.1093/gerona/56.1.m19
https://www.ncbi.nlm.nih.gov/pubmed/11193227
http://dx.doi.org/10.1300/J013v35n01_01
https://www.ncbi.nlm.nih.gov/pubmed/11942466
http://dx.doi.org/10.1046/j.1464-4096.2001.01813.x
https://www.ncbi.nlm.nih.gov/pubmed/11849162
http://dx.doi.org/10.1097/00006250-200101000-00023
http://dx.doi.org/10.1097/00006250-200101000-00023
http://dx.doi.org/10.1097/00006250-199907000-00013
http://dx.doi.org/10.1159/000020231
https://www.ncbi.nlm.nih.gov/pubmed/10828661
http://dx.doi.org/10.1002/nau.20162
https://www.ncbi.nlm.nih.gov/pubmed/16167354
https://www.ncbi.nlm.nih.gov/pubmed/16967634
http://dx.doi.org/10.1002/nau.22612
https://www.ncbi.nlm.nih.gov/pubmed/24719264
http://dx.doi.org/10.1016/j.juro.2008.01.098
http://dx.doi.org/10.1016/j.juro.2008.01.098
https://www.ncbi.nlm.nih.gov/pubmed/18423707
http://dx.doi.org/10.1046/j.0004-8666.2003.00012.x
https://www.ncbi.nlm.nih.gov/pubmed/12755349
http://dx.doi.org/10.1046/j.1469-0705.2001.00416.x
https://www.ncbi.nlm.nih.gov/pubmed/11380968
http://dx.doi.org/10.1016/s0022-5347(17)37256-7
https://www.ncbi.nlm.nih.gov/pubmed/1732608
https://www.ncbi.nlm.nih.gov/pubmed/10830771
http://dx.doi.org/10.1111/j.1479-828X.2008.00877.x
https://www.ncbi.nlm.nih.gov/pubmed/18532968

