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Abstract
Study objective: To evaluate the anatomical changes of the pelvic floor and urinary system following delivery, and to analyse the relationship to mode of delivery 
and obstetrical procedures. Furthermore, this study aims to discuss and analyse the performance of transperineal sonography of the urethrovesical junction for the 
diagnosis of female stress urinary incontinence. 

Methods: Pubovesical angle (PVA) and retrovesical angle (RVA) were evaluated ultrasonographically in controls and pregnant women 24 hours and then 12 weeks 
after delivery. All patients completed the ICIQ-SF questionnaire. At 24 hours after the delivery, RVA mean values in pregnant women were higher than controls’ and 
still higher when compared with RVA values after 12 weeks. 

Results: A linear relationship between PVA modifications and infant weight at birth was demonstrated, as well as between PVA and neonatal biparietal diameter. 
Besides, the study confirms the occurrence of changes at the urethrovesical junction following disengagement manoeuvres and shoulder dystocia. The role of BMI in 
affecting the recovery of perineal anatomy after delivery has also been investigated.

Conclusion: PVA has shown to be higher in symptomatic women with a cut-off value for the onset of incontinence of 74°, with a sensitivity of 100% and a specificity 
of 72.5%.
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Introduction
Stress urinary incontinence (SUI) is a pathological condition 

defined as complaint of involuntary loss of urine on effort or physical 
exertion including sporting activities, sneezing, or coughing [1]. It 
often follows a sudden increase of the intra-abdominal pressure as by 
coughing, sneezing, running or heavy lifting.

A large community- based epidemiological study (EPINCONT: 
Epidemiology of Incontinence in the County of Nord-Trøndelag), 
performed in collaboration with the National Health Screening Service 
of Norway, showed that twenty-five percent of the adult women have 
involuntary loss of urine and the mean age of the affected women was 
53.2 years versus 47.7 years for the continent women [2]. The prevalence 
of incontinence increased with increasing age.

Parity is also an important risk factor for female urinary 
incontinence (UI) in fertile and peri- and early post-menopausal ages. 
A strong association has been demonstrated between parity and UI, 
especially stress and mixed incontinence. In age groups affected by 
parity, the first delivery had a higher impact than each of the next, even 
if parity was not related to severity [3].

The risk of urinary incontinence is particularly higher both among 
women who have had vaginal deliveries and those who have had 
cesarean sections than among nulliparous ones. The EPINCONT study 

showed that the individual risk of moderate or severe incontinence 
would be decreased by 5-10% if all deliveries had occurred by cesarean 
section when compared to the average risk of UI after vaginal deliveries. 
But this decrease would apply only until 50 years of age, since there was 
found no association between urinary incontinence (UI) and mode of 
delivery in older age groups. The mechanical strain during labour may 
add to the risk associated with pregnancy itself [4].

The aim of the present study is to investigate the relationship 
between vaginal delivery and stress incontinence and evaluate the use 
of pubovesical angle (PVA) as a predictive tool for the onset of SUI in 
patients with singleton pregnancy and age < 40.

Previous reported data showed that the pubovesical angle (PVA) 
measurement represent a valid tool for the early evaluation of 
modifications in urethrovesical junction (UJV) mobility in patients 
with singleton pregnancy and age ≤40 years [5].
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Materials and methods
This longitudinal observational study was carried out in our 

university hospital centre in Salerno from January 2014 to April 2016. 
We recruited 160 near-term pregnant women, satisfying the inclusion 
and exclusion criteria to participate in the study. 

Inclusion criteria were normal proceeding pregnancy, nulliparity, 
gestational age between 38th and 41st week, woman age ≤ 41 years, 
vaginal delivery, family history of SUI. Exclusion criteria were caesarean 
delivery, SUI predating current pregnancy, chronic bladder infections, 
structural abnormalities of the urinary tract, previous pelvic surgeries 
involving the urinary system and pelvic floor, previous stillbirths, 
diabetes, hypertension, connective tissue diseases, neurodegenerative 
diseases. A group of 80 women was enrolled as control group: patients 
in the group were between 20 and 28 years with a BMI between 20 
and 30, had never been pregnant before and no history of pelvic floor 
surgery.

Approval of the Institutional Review Board was obtained prior to 
the beginning of the study in our university hospital centre in Salerno 
and all patients signed informed consent before entering the study.

All patients underwent perineal ultrasonography, performed by 
three different experienced gynaecologists using an Aloka Prosound 
Alfa-10 ultrasound machine, with a 3.5-MHz convex probe. A 
translabial-perineal approach was used, with one scan in controls and 
two scans in pregnant women at 24 hours and 12 weeks after delivery 
(Figure 1). All patients also completed the ICIQ-SF questionnaire [6] 
at each visit. 

With a bladder volume of 100-150 mL, three different ultrasound 
images were recorded: the UVJ was evaluated at rest (R), during 
coughing (C) and maximum Valsalva (V) manoeuvre, with each 
value reported as the mean value of the three different measurements 
collected by gynaecologists, in order to maximize the accuracy.

As previously reported by studies of Cosimato et al. [5] and 
Wijma et al. [7], we defined the position of the bladder neck as the 
angle between the line going from the UVJ to the intersection of two 
reference lines passing respectively along the posterior and inferior 
margins of the pubic symphysis (PVA). The posterior retrovesical angle 
(RVA), and its changes in response to increases in abdominal pressure 
were also evaluated.

The Kolmogorov-Smirnov test was used to assess data distribution. 
The Mann- Whitney test was used to assess differences between the 
two groups of pregnant women and controls. The value of the angle 

between the highest measure in asymptomatic women and the lowest in 
symptomatic women was considered to be the reference. Starting from 
this angle, the positive predictive value (PPV), negative predictive value 
(NPV), sensitivity and specificity for the prediction of SUI symptoms 
were determined. Statistical significance was set at a p value of <0.05.

Results
During the period of study, among the 160 women examined after 

24 hours from the delivery, 66 of them did not attend for the 12th week 
evaluation and therefore were excluded from analysis. A total number 
of 94 patients and 80 controls was examined.

BMI, birth weight, weight gain, family history, incontinence during 
pregnancy, occurrence of vaginal tears and type of vaginal deliveries 
were considered for the analysis. Among the 94 examined patients, 58% 
was in normal-weight (BMI=18.5-24.9), 38% in over- weight (BMI=25-
29.9), 2% obese (BMI>30) and 2% under-weight (BMI<18.5), with a 
mean BMI of 25. Forty-eight women gained more than 14 kg during 
pregnancy (52.2%). Newborns had a mean birth weight of 3207 g 
(3000-3500g) and a mean bi-parietal diameter of 9.0 cm.

It was also found that 32 patients suffered from UI during the 3rd 
trimester (35.6%), 24 women suffered from constipation during the 
pregnancy (26.1%), while 10 had physical stress for intense working 
activity (10.6%). 8 women (8.5%) had family history of UI. Mode of 
vaginal delivery (spontaneous or operative), occurrence and degree 
of vaginal lacerations, use of episiotomy and occurrence of shoulder 
dystocia were also noted. 1st degree lacerations were found in 22 
women (24.4%), 2nd degree ones in 14 women (15.6%) and 3rd degree 
in 2 women (2.2%). Episiotomy was performed in 58 women (61.7%), 
Kristeller maneuver and vacuum extraction were applied respectively in 
18 (19.1%) and 4 women (4.25%), while shoulder dystocia complicated 
4 deliveries (4.25%).  The mean duration of the second stage of labour 
was 30 minutes; only 4 patients delivered within 15 minutes after the 
beginning of pushing (4.25%). 

Ultrasonographic PVA findings in pregnant women are shown 
in the Figure 2: after 24 hours, PVA mean value was 49.8 at rest, 65.9 
during cough and 69.6 during Valsalva. After 12 weeks, values decreased 
to 44.5, 55.9 and 66.2.

RVA measurement: after 24 hours the mean value is 182.9 at rest, 
189.4 during cough and 195.8 during Valsalva. After 12 weeks, values 
respectively regress to 162.1, 181.8 and 198.3 (Figure 3).

Measurements in control group: PVA and RVA result to have lower 
levels than delivered women. PVA mean value is 28.7 at rest, 37 during 

Figure 1. Ultrasonographic measurement of PVA and RVA. a) schematic representation b) ultrasonographic image
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cough and 48.3 during Valsalva; RVA values are 130.6 at rest, 138.2 
during cough and 147.1 during Valsalva (Figure 4).

Discussion
Data reported by Cosimato et al. [5] suggest that the impact of the 

pregnancy on anatomic- functional changes of UVJ is negligible: in 
pregnant women at term, PVA values were 28.2 ± 3.5 at rest, 36.8 ± 4.6 
during cough, 48.9 ± 6.9 during Valsalva. These values are similar to 
controls’ in our study: PVA was found to be 28.7 ± 4.9 (rest), 37 ± 7.7 
(cough) and 48.3 ± 12.6 (Valsalva).

RVA values in pregnant women [5] and our controls’ do not show 
significant differences: 127.0 ± 3.1 at rest (our value is 130.6), 132.6 ± 
2.2 during cough (138.2), 140.4 ± 2.6 during Valsalva (147.1). Our study 
confirms that vaginal delivery and related factors have a strong impact 
on UVJ and its modifications: RVA mean values after 24 hours from the 
delivery were higher than controls’ values, they decrease after 12 weeks, 
without going back to normal values obtained in other studies [5].

The prevalence of SUI 3 months after VD appeared to be 10.6% 
compared to the prevalence of 35.6% of SUI during pregnancy. 6.3% of 
the affected patients did not suffer from SUI during pregnancy.

Most significant anatomical changes involved in the occurrence of 
SUI in puerperium occur within 24 hours after delivery (p-value 0.0045 
rest, 0.009 cough) with a highly predictive value for Valsalva manoeuvre 
(p-value 0.02); shoulder dystocia (p-value 0.010) is  significantly related 
to the steady increase of PVA values as reported in literature [8].

We found a linear relationship between neonatal weight at birth and 
PVA and biparietal diameter (BPD) and PVA (Figure 5), as previously 
shown in literature: Valsky et al. [9] demonstrated that a cranial 
circumference ≥ 35.5 cm is frequently cause of important perineal 
damages. 

Surprisingly, 3rd degree perineal tears did not cause modifications 
of the PVA at rest and during cough and Valsalva, even if RVA was 
strongly affected; this seem to be in contrast with previous studies 
reported in literature by Snooks et al. [10] and Handa et al. [11].

The present analysis showed that older age, smoking, weight gain, 
high BMI and the presence of SUI in pregnancy were not associated 
with anatomical changes both at 24 hours and at 3 months, in any 
measurement of PVA and RVA. This lack of correlation could be 
justified by the involvement of many factors in the onset of SUI other 
than increased motility of UVJ. Sangsawang showed that the increased 

Figure 2. PVA values after 24 h and 3 months

Figure 3. RVA values after 24 h and 3 months
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volume and weight of uterus (but also collagen modifications and 
reduction of relaxin) play a crucial role in the development of SUI [12]. 
Not only the anatomical changes are the possible cause of incontinence, 
but also some notable events such as the increased intra-abdominal 
pressure, muscular depletion, nervous and vascular impairment which 
further affect urinary bladder muscle contraction and tension of pelvic 
floor. 

Valsky demonstrates that a third stage lasting more than 120 
minutes is detrimental for the pelvic floor [9], while Rogers showed that 
a long second stage has a moderate impact on the urinary incontinence 
[13]. Allen et al. found that the risk of developing UI rises with the 
prolongation of the second stage, especially in case of a pushing phase 
lasting more than 3 hours in nulliparous women and more than 2 
hours in multiparous women [14]. PVA and RVA evaluations gave 
us additional information concerning the puerperal recovery of the 
perineal anatomy: a higher BMI is associated with a slower recovery 

Figure 4. PVA and RVA mean values in control group

Figure 5. Relationship between PVA and biparietal diameter

of the perineal anatomy (p-value 0.01 for RVA- R, p-value 0.029 for 
RVA-C) as well as excessive weight gain during pregnancy (p-value 
0.026 for PVA-V). 

Evaluation 24 hours after delivery allowed us to identify the factors 
which cause the greatest impairment of the normal anatomy, such as 
shoulder dystocia, high birth weight, BMI, 3rd degree lacerations, 
Kristeller manoeuvre, episiotomy.

It’s important to point out how the significant modifications of the 
PVA after 24 hours affects the future development of UI in the following 
3 months after delivery, even though PVA come back to normal value. 
In fact, it could be seen that PVA values are significantly higher in 
symptomatic women than in asymptomatic ones (Figure 6): the cut-off 
value of PVA in symptomatic women has been calculated in 74°, with a 
sensitivity of 100%, specificity of 72.5% and a negative predictive value 
of 100% (Figure 7).
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Conclusion
Pelvic floor ultrasound has been widely applied in clinical practice 

for studying the pelvic floor anatomy. It provides accurate information 
regarding the position of the uretro-vesical junction and the posterior 
wall of the bladder. In this study it was showed the modifications of the 
angles of UVJ and the posterior wall of the bladder following vaginal 
delivery (VD) and their correlation with onset of UI. We were able to 
identify the cut-off value of the defined angles at which the onset of a 
SUI can be expected after delivery. This represents a valid tool in order 
to minimize the most frequent risk factors involved in the onset of SUI 
in pregnant women. Furthermore, these evaluations could be useful in 
identifying women at risk of urinary incontinence, in order to select those 
to be scheduled for a specific pelvic floor rehabilitation program after VD.

Figure 6. PVA values in symptomatic and asymptomatic women

Figure 7. PVA cut-off value in symptomatic women
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