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Urethral Diameter at the Time of Birth and Its Implication on 
Urinary Incontinence
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Abstract

Background: Throughout life, many women develop urinary inconti-
nence (UI), and vaginal birth has been implicated as one of the causes 
of this pathology, once it may cause damages to the pelvic floor and 
to the continence mechanism. The aim was to compare urethral diam-
eter between primiparous women after vaginal birth and women after 
elective cesarean section, without previous vaginal birth, correlating 
these measurements with factors related to pregnancy and childbirth 
and with presence of UI within 6 months of childbirth.

Methods: Urethral diameter was measured in the immediate postpar-
tum period (up to 2 days) by transperineal ultrasound at the level of 
the bladder neck and mid urethra. The data were collected on preg-
nancy and birth. Six months after childbirth, the participants were 
assessed for the presence of UI.

Results: Of 151 women, 73 delivered vaginally (group 1) and 78 
had a cesarean section (group 2). Urethral diameter at the level of 
the bladder neck was significantly smaller in group 2 (P ≤ 0.0001). 
There was no significant difference between the two groups in ure-
thral diameter at the mid urethra (P = 0.505). Only urethral diameter 
at the mid urethra was inversely correlated with UI at 6 months (P 
= 0.014). There was a positive correlation between presence of UI 
during pregnancy and at 6 months after childbirth (rs = 0.214, P = 
0.016).

Conclusions: A significant difference was observed in the urethral di-
ameter at the bladder neck according to the mode of birth. A positive 
correlation was also found between presence of UI during pregnancy 
and at 6 months postpartum.
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Introduction

Urinary incontinence (UI) is a multifactorial condition that af-
fects a significant number of women. Pregnancy per se can 
lead to changes in the lower urinary tract [1]. After childbirth, 
about 33% of women have UI and up to 10% develop some 
degree of fecal incontinence [2].

Significantly increased urethral mobility has been ob-
served after vaginal birth compared with cesarean section in 
both nulliparous and multiparous women, being associated 
with a higher incidence of postpartum UI [3]. Reduced urethral 
closure pressure and functional urethral length have also been 
associated with vaginal birth, but not with cesarean section, 
indicating that mode of birth may play a role, more important 
than that of pregnancy itself, in the development of UI [4]. 
These results, however, remain controversial [5].

Transperineal (or translabial) ultrasound can objectively 
confirm the findings of the physical examination of the pelvic 
floor and, in some instances, may even improve diagnostic ac-
curacy [6]. Increased use of ultrasound has allowed the effects 
of vaginal birth on the support of the anterior vaginal wall and 
bladder neck to be assessed more accurately [3]. In addition, 
the measurement of urethral diameter has been shown to be 
useful for the diagnosis of outcomes and complications after 
middle urethral sling surgery [7].

Urethral hypermobility is one of the most significant 
UI-related changes that can be diagnosed by ultrasound [8]. 
Studies have shown high reproducibility of ultrasound meas-
urement of bladder neck descent [9, 10], which has been as-
sociated with an increased risk of developing stress UI (SUI) 
[11]. However, it is not clear whether the different modes of 
birth differently influence bladder neck mobility. A study of 
postmenopausal women has shown that urethral diameter is 
significantly increased in women with SUI due to intrinsic 
sphincter deficiency compared with women without UI or with 
UI without intrinsic sphincter deficiency [12].

The measurement of the urethral lumen may correspond 
to the anatomical integrity of the urethra and reflect the resting 
urethral tone. Therefore, altered measurements of this struc-
ture (especially increased lumen diameter) may reflect lesions 
caused by childbirth. Given the scarce literature on the meas-
urement of urethral diameter postpartum and its relationship 
with UI or with pregnancy and birth characteristics, the present 
study was designed to compare the urethral diameter of pri-
miparous women after vaginal birth with that of women after 
cesarean section, without previous vaginal birth. A secondary 
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objective was to correlate urethral diameter with factors re-
lated to pregnancy and childbirth with presence of UI within 6 
months of childbirth.

Materials and Methods

This was a matched cross-sectional study. The sample consisted 
of women with only one eutocic vaginal birth (group 1: “vaginal 
birth”) or only cesarean section(s) (group 2: “cesarean section”), 
aged 18 years or older, who had delivered at our institution and 
were in the immediate postpartum period (up to 2 days).

In our institution, the indication of elective cesarean sec-
tion in primiparous patients is mainly due to non-cephalic 
presentation or failure to induce labor. Exclusion criteria were 
cesarean section after the active phase of labor (more than 6 
cm of cervical dilatation), morbid obesity (body mass index 
(BMI) above 45), neurological disease or cognitive deficits, 
current symptoms of urinary tract infection, history of pelvic 
surgery, or history of major voiding dysfunction.

Sample size was calculated using WinPepi, version 11.32. 
To detect the presence of UI within 6 months of childbirth as 
the primary outcome, according to data available in the litera-
ture [13], with 80% power and 5% significance level, a sample 
size of 78 women per group was necessary. The study was ap-
proved by the institutional and national review board (Research 
Ethics Comittee, Hospital de Clinicas de Porto Alegre Porto 
Alegre/RS, Brazil (affiliate to the National Research Ethics 
Committee - CONEP) number 14-0321; registration number 
CAAE 34001014.1.0000.5327, approval date: June 8, 2018). 
This study was conducted in compliance with all the applicable 
institutional ethical guidelines for the care and welfare.

After selection, participants completed an unstructured 
questionnaire for information on previous medical history and 

pregnancy. Data on pregnancy and birth were also collected 
from medical records. Urethral diameter was measured by 
bedside transperineal (translabial) ultrasound at resting posi-
tion, due to the immediate postpartum or cesarean section con-
dition, which could compromise the proper execution of the 
Valsalva maneuver. All transperineal ultrasound examinations 
were performed by the same examiner using a 7.5-MHz linear-
array transducer oriented along the sagittal plane, in the midline 
of the perineum, and covered with a vinyl sheath containing 
acoustic gel, with the patient in the lithotomy position, with the 
legs slightly flexed and abducted, and with a bladder volume 
of less than 100 mL. The standard sagittal image included an 
anterior view of the pubic symphysis, with the urethra and blad-
der neck immediately behind, a medial view of the vagina and 
cervix, and a posterior view of the rectum and anal canal [14]. 
The urethral diameter was measured at two sites (at the level of 
the bladder neck and at the mid urethra) and defined as the di-
ameter of the lumen at these two sites, i.e., the distance between 
the two internal mucous membranes of the urethra (Fig. 1).

Secondary to ultrasound measurements, some gestational 
and intrapartum variables were analyzed (e.g., maternal age, 
height and parity; chronic or gestational comorbidities; pres-
ence of urinary tract infection during pregnancy; initial weight, 
final weight, and weight gain during pregnancy; BMI at the 
end of pregnancy; UI during pregnancy and time of symptom 
onset; mode of birth; duration of the active phase and newborn 
weight). Six months after childbirth, the participants were con-
tacted by phone and asked about UI symptoms.

Regarding data processing, double data entry was per-
formed and reviewed using SPSS, version 18.0 (SPSS Inc., 
released 2009; PASW Statistics for Windows, Chicago, IL, 
USA). Symmetric data were expressed as mean and standard 
error of the mean (SEM) or as median and 95% confidence 
interval (95% CI). Categorical variables were expressed as 

Figure 1. Pelvic floor ultrasound, midsagittal plane at rest. Arrow indicates the position of the symphysis pubis, i.e., point of refer-
ence for urethral measures. 1: urethral diameter at the mid urethra; 2: urethral diameter at the bladder neck.
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absolute (n) and relative (n%) frequencies. The Shapiro-Wilk 
test was used to determine data distribution. According to this, 
differences were analyzed for independent samples (Mann-
Whitney or Student’s t-test, bivariate analysis) or with the Chi-
square test (with adjusted residuals). Spearman ρ coefficients 
were estimated to determine correlations between the vari-
ables. All data were analyzed using SPSS, version 18.0. The 
level of significance was set at 5% for all analyses.

Results

A total of 205 women were assessed for eligibility, of whom 54 
were excluded because they had one or more previous vaginal 
births. Therefore, the initial sample consisted of 151 women 
divided into two groups: those who had only one vaginal birth, 
cephalic presentation (group 1, n = 73) and those who had 
only cesarean section(s) (group 2, n = 78). After 6 months, 26 
women were lost to follow-up, resulting in 65 women in group 
1 and 55 in group 2 for analysis.

In Table 1, we can see differences between the two groups 
in age (P = 0.0001), maternal weight at the beginning of preg-
nancy (P = 0.008), BMI at the end of pregnancy (P = 0.010) 
and number of previous pregnancies (P ≤ 0.0001). Regarding 
maternal chronic or gestational comorbidities, there was a dif-
ference between the two groups only in the presence of chronic 
or pregnancy-induced hypertension (P = 0.013) (Table 2).

Table 3 shows the results of the analysis of the two groups 
in the immediate postpartum period. Urethral diameter at the 
level of the bladder neck was significantly smaller in group 2 
than in group 1 (P ≤ 0.0001). There was no significant difference 
between the two groups in urethral diameter at the mid urethra 

(P = 0.505). Presence of both SUI and urge UI during pregnancy 
(P = 0.324 and P = 0.817, respectively), and newborn weight (P 
= 0.626) were similar in both groups. Presence of UI at 6 months 
after childbirth did not differ between groups (P = 0.825).

Table 4 shows the correlations between urethral diameter 
measurements and presence of UI during pregnancy and at 
6-month follow-up, as well as the correlations of these findings 
with maternal, newborn and gestational characteristics. There 
was a direct correlation between urethral diameter measured at 
the bladder neck and at the mid urethra (rs = 0.279, P = 0.001). 
Urethral diameter at the mid urethra was inversely correlat-
ed with presence of UI at 6-month follow-up (rs = 0.219, P = 
0.014) but was not correlated with presence of UI during preg-
nancy (rs = 0.148, P = 0.07). Urethral diameter at the bladder 
neck did not correlate with urinary leakage at any assessment 
time point (rs = -0.073, P = 0.409 for UI during pregnancy and 
rs = -0.077, P = 0.425 for UI at 6-month follow-up).

There was a direct correlation between presence of UI dur-
ing pregnancy and at 6 months after childbirth in both groups 
(rs = 0.214, P = 0.016). Maternal age (rs = -0.3440, P ≤ 0.0001), 
maternal weight at the beginning of pregnancy (rs = -0.207, P 
= 0.017) and at the end of pregnancy (rs = -0.190, P = 0.029), 
and presence of previous pregnancies (rs = -0.223, P = 0.011) 
were inversely correlated with urethral diameter at the bladder 
neck but not with urinary leakage at any assessment time point 
(P > 0.05 for all factors). Weight gain during pregnancy, BMI 
at the end of pregnancy and presence of urinary tract infection 
did not influence any of the urethral diameter measurements, 
nor did they correlate with UI during pregnancy or at 6 months 
after childbirth (P > 0.05 for all). Presence of diabetes mel-
litus during pregnancy was positively correlated with urethral 
diameter at the mid urethra (rs = -0.165; P = 0.042) but was not 

Table 1.  Patients Characteristics

Variables Total (n = 151) Vaginal birth (n = 73) Cesarean section (n = 78) P value*
Age, median (95% CI), years 26.41 (24.51 - 26.57) 22.36 (21.17 - 23.56) 29.50 (27.14 - 29.88) ≤ 0.0001
Height, median (95% CI), m 1.60 (1.60 - 1.62) 1.61 (1.59 - 1.62) 1.60 (1.59 - 1.62) 0.343
Initial gestational weight, median (95% CI), kg 67.00 (65.80 - 70.76) 62.00 (61.56 - 68.43) 69.50 (67.85 - 74.85) 0.008
Final gestational weight, mean ± SEM, kg 79.91 ± 1.26 77.38 ± 1.82 82.27 ± 1.71 0.052
Final gestational BMI, mean ± SEM, kg/m2 30.95 ± 0.44 29.77 ± 0.59 32.05 ± 0.64 0.010
Gestational weight gain, mean ± SEM, kg 11.63 ± 0.48 12.39 ± 0.62 10.92 ± 0.71 0.122
Previous pregnancies, median (95% CI) 1.00 (1.43 - 1.70) 1.00 (1.09 - 1.34) 2.00 (1.67 - 2.10) ≤ 0.0001
Previous vaginal births, median (95% CI) 0.00 (0.00 - 0.00) 0.00 (0.00 - 0.00) 0.00 (0.00 - 0.00) 1.000

*Student’s t- or Mann-Whitney test for independent samples. Significance set as P ≤ 0.05 for all analysis. BMI: body mass index; SEM: standard error 
of the mean; CI: confidence interval; P: statistical significance.

Table 2.  Maternal Clinical Characteristics

Variables Total (n = 151) Vaginal birth (n = 73) Cesarean section (n = 78) P value*
Urinary tract infection during pregnancy, n (n%) 40 (26.5) 21 (28.8) 19 (24.4) 0.668
Diabetes mellitus, n (n%) 9 (6.0) 2 (2.7) 7 (9.0) 0.203
Hypertension, n (n%) 20 (13.2) 4 (5.5) 16 (20.5) 0.013

*Chi-square test with adjusted residuals. Significance set as P ≤ 0.05 for all analysis. n: absolute frequency; n%: relative frequency; P: statistical 
significance.
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correlated with urinary leakage at any assessment time point (P 
> 0.05). Presence of chronic hypertension/pregnancy-induced 
hypertension, however, was positively correlated with a larger 
urethral diameter at the bladder neck (rs = 0.269; P = 0.002). 
Newborn weight did not correlate with urethral diameter meas-
urements, nor with UI during pregnancy or at 6-month follow-
up (P > 0.05 for both). Urethral diameter at the mid urethra was 

positively correlated with the gestational trimester of onset of 
UI symptoms (rs = 0.166, P = 0.041) (Table 4).

Discussion

This study found that urethral diameter at the level of the blad-

Table 4.  Correlations Among Studied Factors

Variables
Urethral diameter (lev-
el of the bladder neck)

Urethral diameter (level 
of the median urethra)

No UI during 
pregnancy

No UI 6 months 
after birth

rs P value* rs P value* rs P value* rs P value*
Urethral diameter (level of the bladder neck) 1.000 1.000 0.279 0.001 -0.073 0.409 -0.077 0.425
Urethral diameter (level of the median urethra) 0.279 0.001 1.000 1.000 0.148 0.070 0.219 0.014
No UI during pregnancy -0.073 0.409 0.148 0.070 1.000 1.000 0.214 0.016
No UI 6 months after birth -0.077 0.425 0.219 0.014 0.214 0.016 1.000 1.000
Age -0.344 ≤ 0.0001 0.054 0.507 0.005 0.947 0.042 0.641
Height -0.045 0.609 -0.034 0.676 -0.164 0.044 0.018 0.845
Initial gestational weight -0.207 0.017 0.070 0.391 0.001 0.993 0.004 0.966
Final gestational weight -0.190 0.029 0.055 0.502 -0.058 0.481 0.002 0.985
Final gestational BMI -0.178 0.042 0.082 0.317 0.013 0.875 -0.010 0.913
Gestational weight gain 0.001 0.989 -0.016 0.849 -0.111 0.177 0.011 0.902
Previous pregnancies -0.223 0.011 0.045 0.584 -0.015 0.852 -0.078 0.390
No urinary tract infection during pregnancy 0.166 0.058 0.021 0.796 0.080 0.331 0.129 0.150
No diabetes mellitus 0.025 0.773 -0.165 0.042 -0.066 0.422 -0.078 0.390
No systemic arterial hypertension 0.269 0.002 0.028 0.730 0.029 0.728 0.160 0.074
Trimester of onset of UI symptoms -0.092 0.297 0.166 0.041 0.967 ≤ 0.0001 0.273 0.002
Birth weight -0.064 0.465 0.139 0.088 -0.097 0.235 -0.024 0.787

*Spearman’s correlation test. Significance set as P ≤ 0.05 for all analysis. n: absolute frequency; n%: relative frequency; UI: urinary incontinence; 
BMI: body mass index; SEM: standard error of mean; rs: Spearman’s rho correlation coefficient; P: statistical significance.

Table 3.  Perinatal and Maternal Characteristics

Variables Total (n = 151) Vaginal birth  
(n = 73)

Cesarean section  
(n = 78) P value*

UI during pregnancy, n (n%)
  Stress UI 56 (37.1) 30 (41.1) 26 (33.3) 0.324
  Urge UI 37 (24.5) 19 (26.0) 18 (23.1) 0.817
Trimester of onset of UI symptoms, n (n%) 0.650
  First 8 (5.3) 5 (6.8) 3 (3.8)
  Second 7 (4.6) 3 (4.1) 4 (5.1)
  Third 55 (36.4) 29 (39.7) 26 (33.3)
Birth weight, mean ± SEM, g 3,164.4 ± 226.4 3,081.2 ± 51.0 3,034.6 ± 80.7 0.626
Urethral diameter (level of the bladder neck)b, mean ± SEM, mm 5.3 ± 0.6 5.6 ± 0.2 4.3 ± 0.2 ≤ 0.0001
Urethral diameter (level of the median urethra), mean ± SEM, mm 5.6 ± 0.5 6.4 ± 0.2 6.6 ± 0.2 0.505
UI 6 months after birth, n (n%)a 9 (7.2) 5 (7.7) 4 (6.7) 0.825

aVaginal birth (n = 5) and cesarean section (n = 4). bVaginal birth (n = 64) and cesarean section (n = 67). *Chi-square test with adjusted residuals, 
Student’s t- or Mann-Whitney test for independent samples. Significance set as P ≤ 0.05 for all analysis. UI: urinary incontinence; n: absolute fre-
quency; n%: relative frequency; SEM: standard error of mean; P: statistical significance.
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der neck was larger in women who delivered vaginally than in 
women who had elective cesarean section. It has been shown 
that women with bladder neck descent have an increased risk 
of developing SUI [11], and the correlation between vaginal 
birth and urethral hypermobility is also evident in older wom-
en with pelvic floor dysfunction [15].

Peschers et al [3] found significantly increased urethral 
mobility in women after vaginal birth versus cesarean section, 
and this finding was associated with a higher incidence of post-
partum UI. Cosimato et al [16] using transperineal ultrasound, 
found that the pubovesical angle was significantly increased 
in women after vaginal birth compared with women who had 
a cesarean section, and this alteration was directly related to 
UI symptoms. Measurements of the genital hiatus have also 
been compared between women after vaginal birth and after 
cesarean section, being higher in women who delivered vagi-
nally [17]. A recent study investigating the relationship of ul-
trasound urethral descent measurements with postpartum SUI 
and mode of birth found that urethral descent during pregnan-
cy was a risk factor for UI at 2 months after birth; however, 
no association was found between mode of birth and urethral 
descent [18].

Many studies have been conducted to investigate the as-
sociation between postpartum UI and mode of birth with vari-
able follow-up periods, but the results are conflicting [19-21]. 
In the present study, no statistically significant difference in 
the presence of UI at 6 months after childbirth was found be-
tween the vaginal birth and cesarean section groups. Likewise, 
Hutton et al [19] found no difference in the presence of UI at 
3-month follow-up (5.5% in the cesarean section group versus 
6.4% in the vaginal birth group; P = 0.31). In a similar study, 
the authors also concluded that cesarean section is not a pro-
tective factor against developing UI [20]. Conversely, a sys-
tematic review showed that women who delivered vaginally 
had a two-fold higher risk of developing UI within the first 
year postpartum than women who had a cesarean section [21].

The positive correlation between urethral diameter meas-
ured at the mid urethra and at the bladder neck may be explained 
anatomically, since both measurements were performed at the 
lumen of the urethra, or, perhaps, by the physiology of preg-
nancy and birth, which affects both of them equally. Similar to 
the findings of Pizzoferrato et al [18], who reported no asso-
ciation between UI during pregnancy and urethral descent, we 
found no correlation between urethral diameter at the bladder 
neck and UI during pregnancy or at 6-month follow-up. The 
inverse correlation between urethral diameter at the mid ure-
thra and presence of UI at 6 months after childbirth could be 
clarified by increasing the sample size.

Similar parameters have been investigated in non-preg-
nant/non-postpartum women. Wlazlak et al [22] investigated 
the ability of 4D transperineal ultrasound to predict UI and 
found that urethral mobility had good positive predictive value 
for SUI in women seen for urodynamic testing due to symp-
toms of pelvic floor dysfunction. Kupec et al [23] also found 
a significant difference in the diameter of the urethral lumen 
at the mid urethra and in the incidence of urethral funneling 
between women with and without UI.

The prevalence of UI increased as pregnancy progressed 
in our sample, and urethral diameter at the mid urethra was 

positively correlated with the onset of UI symptoms. Rogers et 
al [24] also showed that UI symptoms increased as pregnancy 
progressed. This may be explained by the increasing pressure 
of the growing uterus and fetal weight on the pelvic floor and 
by hormonal changes that may reduce the strength of pelvic 
floor muscles, causing greater bladder neck and urethral mo-
bility, leading to urethral sphincter incompetence [1, 18, 25].

The small difference observed in maternal weight at the 
beginning of pregnancy and BMI at the end of pregnancy 
probably did not influence our results, since weight at the end 
of pregnancy was similar in both groups. In contrast to our 
findings, previous studies have shown that weight gain during 
pregnancy is a risk factor for postpartum UI [1, 26]. Further-
more, we did not find a correlation of fetal weight with ure-
thral diameter measurements, nor with UI during pregnancy 
or at 6 months after childbirth. This result is consistent with 
the findings of Gartland et al [25], who reported no correlation 
between fetal weight and urinary leakage.

The urethra is a key organ in the physiology of female 
UI, and it is of paramount importance to understand whether 
pregnancy and birth can affect its functioning. In the present 
study, the proposed use of transperineal ultrasound, which 
is a widely available, non-invasive technique, to investigate 
postpartum urethral changes was satisfactory. It is hoped that 
by following up our sample we may correlate the onset of 
UI symptoms in the perimenopausal period with the urethral 
diameter measurements obtained in the postpartum period, 
which would allow us to further clarify the associations be-
tween pregnancy, birth, urethral anatomy and UI, as suggested 
in a previous study in which increased urethral diameter was 
observed in postmenopausal women with UI due to intrinsic 
sphincter deficiency [12]. Further studies focusing on this line 
of research are required to clarify these and other still obscure 
issues concerning the anatomical changes caused by pregnan-
cy and birth and their influence on the onset of UI symptoms 
in women.
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