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Summary

Objective: To evaluate the value and prognosis of four-dimensional pelvic floor ultrasonography in female pelvic floor dysfunction
(PFD). Materials and Methods: Ninety postpartum women diagnosed with PFD in this hospital from December, 2016 to February, 2018
were selected for inclusion in this study. These women were divided into vaginal delivery and selective cesarean section groups. In
addition, 45 women without PFD were selected as the control group. Four-dimensional pelvic floor ultrasound was used to diagnose
the difference between the pelvic floor and pelvic diaphragm before and after resting state, tension, and anal contraction. Results: BSD,
bladder neck movement length, and urethral posterior horn in the vaginal delivery group were significantly higher than those measured
in the cesarean section (p < 0.05). The transverse diameter, anterior and posterior diameter of the diaphragm, and the thickness of the
anal muscle were significantly higher in the vaginal delivery group than measurements made in the control group. Within the selective
cesarean section group, the transverse diameter, anterior and posterior diameter of the diaphragm, and the thickness of the anal muscle
were significantly higher (p < 0.05) in patients conducting a Valsalva maneuver than in the control group. Conclusion: The use of pelvic
floor ultrasonography for patients with pelvic functional disorders has a high diagnostic coincidence rate. It can clearly display the pelvic

cavity of the parturient and provide critical insight into the patient’s condition, thus providing a reliable basis for patient treatment.
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Introduction

The main cause of female pelvic floor dysfunction (PFD)
is abnormal pelvic floor function or structure. Postpartum
women are at high-risk for the development of PFD [1-5].
The main clinical symptoms of the disease are pelvic floor
tissue rupture or relaxation, pelvic organ prolapse, and uri-
nary incontinence, all of which may have a serious impact
on women'’s lives [6-11]. Therefore, it is necessary to di-
agnose the patient’s condition in a timely manner, and take
appropriate actions conducive to the alleviation of the pa-
tient’s disease.

Four-dimensional pelvic floor ultrasound is character-
ized by repeatability, is non-invasive, does not require ra-
diation, and can clearly image the maternal pelvic cavity
[12-16]. In this study, 90 postpartum women with PFD
admitted to this hospital from December, 2016 to Febru-
ary, 2018 were selected as the study group and evaluated
by four-dimensional ultrasound.

Materials and Methods

Ninety (90) postpartum women with PFD admitted to
this hospital from December, 2016 to February, 2018 were
selected as study group, and 45 healthy people were se-
lected as control group (Table 1). All patients were pro-
vided informed consent to the study and the study was ap-
proved by the Hospital Ethics Committee (approval num-
ber: prylz2016-003). Patients with multiple vaginal or
medical abortions, abnormal liver or kidney function, his-
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tory of other systemic diseases, severe cardiovascular or
cerebrovascular diseases, patients with severe urogenital
diseases, recent use of overactive drugs, or patients with
mental disorders were excluded from the study. In the vagi-
nal delivery group, 45 patients aged from 20 to 38 years
were chosen, with an average age of 27.5 + 3.9 years.
Within this group gestation ranged from 37 to 40 weeks,
with an average gestational period of 38.2 + 2.3 weeks. The
45 patients in the selective cesarean section group aged 21
to 37 years, with an average age of 28.8 + years; 38 to 41
weeks of gestation, with an average gestational period of
39.6 + 3.4 weeks. In the 45 cases within the control group
the age ranged from 21 to 39 years and the average age was
27.8 £ 3.1 years.

The V ultrasound diagnostic instrument (General Elec-
tric) was equipped with a three-dimensional volume probe
with a frequency of 4-8 Hz. Patients were required to empty
their bladder prior to ultrasound (i.e., residual urine volume
below 50 mL), the legs separated to fully expose the pu-
denda, and patients were instructed to practice the Valsalva
maneuver. The patient first selected the appropriate supine
position, knee flexion, and as far as possible valgus posi-
tion, selected the lithotomy position, and the position of the
probe was then placed on one side of the labia or perineal
surface. With two-dimensional imaging, the urethra was
the most common coronal section displayed, while show-
ing both sides of the bladder base. The urethra was placed
at the midline of the image. The three-dimensional mode
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Table 1. — Comparison of general data of three groups of patients (T =+ s).

Group Cases Age (year) BMI (kg/m?) Height (cm) Neonatal weight (kg)
Vaginal delivery group 45 27.5+£39 243 +£3.8 1579 £ 4.8 41+1.6
Elective cesarean section group 45 28.8 +3.2 255+£29 156.8 + 3.7 39+14
Control group 45 27.8 +3.1 224 +28 158.1 £3.1 -

t / 1.294 2.391 2.125 1.935

P / > 0.05 > 0.05 > 0.05 > 0.05

was then activated and the size of the sampling frame was
adjusted to the left and right maximum.

The depth of the bladder was included in the ultrasound
analysis. Four-dimensional image acquisition system was
begun at rest to acquire volume data, freeze the image,
and process it at a later time. After the four-dimensional
basin ultrasound examination was conducted at rest, both
the patient and the probe were kept in their original posi-
tion, and the patient was told to perform maximal Valsalva
motion and maximal anal contraction, thus obtaining four-
dimensional pelvic floor ultrasound volume data including
tension and anal contraction. The patient was scanned twice
at each location, and the probe was always stable to avoid
damage to the patient’s perineum caused by excessive com-
pression of the probe.

The distance between the bladder neck, the inferior mar-
gin of the pubic symphysis, and the rotation angle of the
bladder and urethra were measured on the median sagittal
plane in resting state, tension state, and anal contraction
state. The length of bladder neck movement was calcu-
lated according to the difference of BSD. Differences in the
diaphragm hiatuses transverse diameter, anterior and pos-
terior diameters, and levator ani muscles thickness in the
control group under resting and tension were observed and
recorded. The anterior and posterior diameters were mea-
sured in the plane, and the maximum anterior and posterior
diameters were recorded as the anterior and posterior diam-
eters of the hiatus.

Data were analyzed using SPSS ver 18.0. Counts were
compared by X (%) examination and the measurements
were analyzed by ¢ (¥ £ s) examination. p < 0.05 indicated
a statistically significant difference.

Results

There was no significant difference in age, body mass
index (BMI), height, and neonatal weight among the three
experimental groups (p > 0.05). With regards to ultrasonic
parameters of the BSD, the moving length of cervix vesicae
and the posterior urethrovesical angle of vaginal delivery
group were significantly higher than those in the cesarean
section group (p < 0.05) (Table 2).

During the resting states, the anteroposterior diameter,
transverse diameter, and thickness of levator ani muscle of
the PFD group were significantly higher than those mea-
sured in the control group. These parameters within the
vaginal delivery group were higher than those of elective

cesarean section group (p < 0.05) (Table 3).

During the Valsalva maneuver, the anteroposterior diam-
eter, the transverse diameter, and the thickness of levator
ani muscles were significantly higher in the PFD group than
those measured in the control group (p < 0.05) (Table 4).

Discussion

In recent years, the incidence of female pelvic floor func-
tional diseases has been on the rise and this has had a great
impact on the quality of life of female patients. Thus, it is
very important to make timely diagnostic measures in fe-
male patients. Correct diagnosis is effected by many fac-
tors such as the closure and concealment of pelvic tissue.
The application of four-dimensional pelvic floor ultrasound
diagnosis can improve the accuracy of the results and vi-
sualize the complex structure of the pelvic floor. Four-
dimensional pelvic floor ultrasound can show perforation
of levator ani muscle and rectal muscle function. It can
also show the visual field of pelvic structure more clearly.
The results of this study showed that the BSD, bladder neck
movement length and posterior urethral bladder angle in the
transvaginal delivery group were significantly higher than
those in the cesarean section group (p < 0.05). This diag-
nostic method has good reproducibility, is more conducive
to the prevention and control of diseases, thus providing a
reliable basis for further treatment of patients.

The incidence of female pelvic floor functional diseases
is gradually increasing. Relevant data show that about
10% to 30% of women in the United States suffer from
pelvic floor fascia or muscle damage every year. In China,
because patients have less understanding of the disease,
women with pelvic floor functional disease commonly post-
pone treatment and react only when the disease is serious
and they must undergo surgery. Therefore, it is necessary
to strengthen early diagnosis of pelvic lesions.

Several distinct causes of PFD are currently recognized.
During pregnancy, owing to aggravation of the uterus and
constant changes in hormone levels, the enlarged pregnant
uterus pulls on pelvic ligaments, nerves, and fasciae. This
has a chronic impact on the pelvic cavity and pregnancy-
induced changes the position of pelvic organs. Related
studies have reported that the incidence of PFD in the first
trimester is higher than that in the second trimester, and in
the third trimester is higher than that in the first trimester.

PFD is also caused by abnormal pelvic floor structure
and impaired pelvic floor function. The most common
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Table 2. — Comparison of various parameters of pelvic floor ultrasound diagnosis of two groups of patients (T % s).

Group Cases BSD (cm) Moving length of cervix vesicae (cm)  Posterior urethrovesical angle (°)
Vaginal delivery group 45 2.1+£09 42+12 157.6 £ 17.8

Cesarean birth group 45 1.6 £0.8 3.6+ 1.1 147.3 £ 16.6

t / 11.294 12.391 15.125

P / < 0.05 < 0.05 < 0.05

Table 3. — Comparison of various parameters of pelvic diaphragm hiatuses of three groups
of parturients in resting states (T + s).

Group Cases Anteroposterior Transverse Thickness of levator
diameter (cm) diameter (cm) ani muscle (cm)

Vaginal delivery group 45 58+14 42405 152+ 1.6

Elective cesarean section group 45 49+13 3.8+0.8 14.8 £ 0.9

Control group 45 43+£1.1 32+£0.7 142+ 0.7

t / 12.294 13.191 13.125

P / < 0.05 < 0.05 < 0.05

symptoms are stress urinary incontinence (SUTI) and pelvic
organ prolapse (POP). In the past, there was no effective
examination method for pelvic functional disorders and the
principal method of diagnosis was to rely on gynecological
screening. This resulted in a high rate of misdiagnosis and
as the degree of pelvic floor structural lesions could not be
observed directly, the adoption of effective treatment mea-
sures were difficult.

With the continuing development of ultrasound tech-
nology, a series of pelvic floor structure inspection meth-
ods have gradually become applied in the clinic. Four-
dimensional pelvic floor ultrasound is a common clinical
diagnosis method for female urinary incontinence and POP.
Relevant reports have shown that pelvic floor ultrasonogra-
phy can display effective images of rectum, vagina, bladder,
bladder neck, and urethra in either the resting state or dur-
ing the Valsalva maneuver. Four-dimensional pelvic floor
ultrasound can also effectively image dynamic changes in
bladder neck activity, urethral rotation and organ prolapse.
Therefore, the use of this ultrasound modality can effec-
tively image the morphology and structure of the pelvic di-
aphragm hiatus, and can accurately measure the size of the
hiatus to provide a reliable basis for the diagnosis and treat-
ment of PFD diseases. In this study, we determined that
patients floor structure in resting state, tension, and anal
contraction movement were significantly higher in the PFD
group compared to the control group.

There are many factors leading to PFD, including a
woman’s condition during pregnancy, fetal weight, fetal po-
sition, and delivery mode - all of which may affect the pa-
tient’s pelvic floor anatomy and produce nerve injury. Ad-
ditionally, different delivery methods will produce different
levator ani muscle fissures. For example, vaginal delivery,
compared with selective cesarean section, has a greater im-
pact as during delivery the fetus travels through the levator
ani muscle resulting in fissure of pelvic floor muscles due

to stretching and dilation.

The anterior pelvic cavity includes the urethra and blad-
der, the middle pelvic cavity includes the cervix, uterus and
vagina, and the posterior pelvic cavity includes the anus
and rectum. The primary parameter of urethra and blad-
der neck anatomy is the activity of bladder neck and the
mobility of bladder neck is closely related to female SUI.
Mobility is also closely related to the mode of delivery in
patients with PFD. The activity of the bladder neck and the
incidence of uterine prolapse in the selective cesarean sec-
tion group were higher than that measured in the vaginal
delivery group. The causes of this phenomenon are were
mainly due to changes in the pelvic floor muscle anatomy
during vaginal delivery.

During vaginal delivery, the pelvic floor may undergo
mechanical or nerve damage and the main supporting tis-
sue of the pelvic floor would become the pelvic floor.
As pelvic floor injury continues to increase, pelvic fas-
cia rupture and extension and support structures gradu-
ally weaken ultimately effecting the anatomical position of
pelvic organs, resulting in abnormal function. In this study,
four-dimensional basin ultrasound was used to measure the
thickness of the levator ani muscle. The results showed that
muscle thickness in women with vaginal delivery was sig-
nificantly higher than normal during the Valsalva maneu-
ver. The results showed that the anterior and posterior di-
ameters of the pelvic diaphragm hiatus, and levator ani mus-
cle thicknesses were significantly higher in the PFD group
than in control group (p < 0.05). Therefore, the applica-
tion of four-dimensional ultrasound to assess the anatomi-
cal structure of patients allows clinicians to make an earlier
diagnosis and take timely and reliable preventive and treat-
ment measures.

The diagnosis of PFD has always relied on gynaecolog-
ical examination but, in the past, there is no effective and
reliable examination method. With the continuous develop-
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Table 4. — Comparison of various parameters of pelvic diaphragm hiatuses
of three groups of parturients in Valsalva maneuver (T =£ s).

Group Cases Anteroposterior Transverse Thickness of levator
diameter (cm) diameter (cm) ani muscle (cm)

Vaginal delivery group 45 6.1 £1.2 49+£038 233+49

Elective cesarean section group 45 47+£13 41+£09 20.8 £4.8

Control group 45 45+09 39+1.0 182+34

t / 11.394 12.391 13.125

p / < 0.05 < 0.05 < 0.05

ment of diagnostic technologies, ultrasound and MRI tech-
nology have been developed and more widely used. MRI
has been recognized mainly because it produces clear imag-
ing of tissues in the pelvic floor, and confirms many con-
traindications such as patients with metal contraceptives
and pacemakers which cannot be examined. However, MRI
examination is expensive and commonly patients cannot af-
ford this procedure, therefore MRI cannot be generally used
as a routine pelvic floor examination approach.

Ultrasound diagnosis is lower-cost, safe, and non-
invasive. Dynamic observation has been favored by many
patients and has been widely used in the field of gynae-
cology and obstetrics. Reports show that starting during
the 1980s, specialists used ultrasound diagnostic techniques
to examine patients through the abdomen, perineum, rec-
tum, and vagina to diagnose disease. This study found
that transperineal ultrasound does not cause distortion of
pelvic floor structural imaging, and that imaging can be
dynamically observed. The female pelvic floor is a three-
dimensional structure and it is difficult to define the com-
plete shape of the patient’s pelvic floor and the relationship
between the pelvic floor organs and the surrounding tissues
by using two-dimensional ultrasound. Four-dimensional
ultrasound is a relatively new imaging technology that can
clearly display the structure of the pelvic floor and both
transverse and sagittal planes. Further, the morphology of
the face and coronal plane can be obtained and a complete
sonogram of the diaphragmatic foramen is also achievable.

The vagina is a fibromuscular duct structure, has its own
shape, is not fixed, and its cross-sectional imaging is cru-
cial. The shape of the cross-sectional performance is de-
termined by the surrounding connective tissue pulling the
vaginal wall. Within the scope of the pelvic diaphragm hia-
tus, the composition of the connective tissue around the
vagina is more complex: the rectovaginal septum is be-
tween the vagina and rectum, vaginal septum is between the
vagina and urethra, and the paravaginal connective tissue
refers to both sides of the vagina. The connective tissue of
the anterior and posterior walls of the vagina is completely
separated during the process of migration to the pelvic lat-
eral wall. The connective tissue of the posterior wall of
the vagina is eventually inserted into the pelvic fascia ten-
don arch and the levator ani tendon arch through a complex
process. The connective tissue of the anterior wall of the

vagina moves directly to the pelvic lateral wall, inserting
the pelvic fascia tendon arch and the levator ani. There-
fore, on the transverse section, the vaginal wall will be af-
fected by right anterior, right posterior, left anterior, and left
posterior pulling forces forming a “butterfly” shape of the
vaginal transverse section. If the vagina shows such a but-
terfly shape the integrity of the connective tissue around the
vagina is largely compromised. Vaginal morphology will
also change and this can assist in judging the integrity of
the connective tissue around the vagina. Ultrasound obser-
vation and analysis of vaginal cross-sectional morphology
during pregnancy indicates these abnormalities appear in
late pregnancy, and the disappearance of the vaginal poste-
rior horn on one or both sides of the vagina indicates abnor-
mal connective tissue structure and reduced support around
the vagina in late pregnancy. Patients with urinary inconti-
nence are more likely to have morphological changes in the
vaginal transverse section during the third trimester of preg-
nancy than those without urinary incontinence, suggesting
that urethral continence is closely related to the supportive
role of the paravaginal connective tissue. When the vaginal
connective tissue is damaged, the ability of urethral conti-
nence becomes evident marked by leakage of urine. There-
fore, understanding and clarifying the changes of pelvic
floor supporting structures during pregnancy can provide
a basis for imaging PFD-related factors, understanding the
pathogenesis of PFD during pregnancy, and understanding
the impact of these changes on the pelvic floor support sys-
tem. Identifying these factors in a timely manner may pre-
vent PFD.

Four-dimensional pelvic floor ultrasound cannot only
display all the organs that require examination, but also im-
age the bladder neck, urethra, vagina, and pelvic floor sup-
porting structure from any angle. These features can also be
collectively examined during a single session, hence, four-
dimensional pelvic floor ultrasound is faster and more ac-
curate.

Pregnancy is one of the primary risk factors for PFD
and the relationship between pregnancy and the pelvic floor
support system is one of the important considerations in
the study of PFD. Based on understanding the changes of
pelvic floor support structure during pregnancy, as well as
the effects of vaginal delivery, further study of these ef-
fects can provide a more precise diagnosis and more favor-
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able treatment methods. If the pelvic floor support struc-
tures are found to be damaged during pregnancy, it is nec-
essary to strengthen the levator ani muscle to prevent pelvic
floor function deterioration which can aggravate the pa-
tient’s symptoms. During the examination, pelvic floor ul-
trasound is very important for the diagnosis of PFD, and
can be used as an auxiliary means of surgical treatment for
patients. It can be used to guide the positioning of patients
during surgery and an important means to evaluate the ef-
fect of surgery. Because of the limitations in this study, we
cannot comment on the value of pelvic floor ultrasound in
patients with surgery, and further analysis of this topic is
warranted.

In conclusion, four-dimensional pelvic floor ultrasonog-
raphy has a high diagnostic coincidence rate in patients with
PFD. This imaging technique can clearly display the pelvic
cavity and determine the patient condition to provide a re-
liable basis for diagnosis and treatment.
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