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Abstract
Background This study aimed to explore the association of the second birth delivery mode and interval with 
maternal pelvic floor changes.

Methods This prospective cohort study included women who had a first delivery and were in weeks 36–41 of a 
subsequent pregnancy at Panzhihua Central Hospital between July 2017 and June 2018. The primary outcomes of the 
study were the hiatus area at 6 months postpartum and bladder neck (mm) at rest and during a maximum Valsalva 
maneuver.

Results There were 112 women with vaginal delivery and 182 with Cesarean section. The hiatus area and hiatus 
circumference decreased at all time points (all P < 0.001). The women with Cesarean section had a smaller hiatus area 
and circumference (P < 0.001 and P < 0.001). The hiatus diameters decreased with time in both groups (all P < 0.001) 
and were smaller after Cesarean section (both P < 0.001). The bladder neck at maximum Valsalva increased with time 
(all P < 0.001) without significant differences between the two groups. Finally, the proportion of patients with POP-Q 
stage 0/I increased with time in both groups (all P < 0.001), with the proportions being higher in the Cesarean group 
(P = 0.002). The birth interval was negatively correlated with the hiatus area (B=-0.17, 95%CI: -0.25, -0.08, P < 0.001) 
and positively correlated with the bladder neck at rest (B = 0.22, 95%CI: 0.08, 0.35, P = 0.001) and at maximum Valsalva 
(B = 0.85, 95%CI: 0.65, 1.05, P < 0.001).

Conclusions In conclusion, the mode of delivery at the second birth could influence the hiatus area and 
circumference and bladder neck size. The birth interval was negatively correlated with the hiatus area and positively 
correlated with the bladder neck at rest and at maximum Valsalva.
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Background
Pelvic floor dysfunction (PFD) affects about 50% of child-
bearing women [1]. Sexual dysfunction can affect 40% of 
reproductive-age women [2]. By age 80, 19% of women 
will have at least one surgical intervention for PFD or 
pelvic organ prolapse (POP) [3–5]. The exact pathophysi-
ology of PFD is not completely understood. The mechan-
ical aspects of PFD involve the widening of the levator 
hiatus and laxity of the pelvic floor [6]. POP is associ-
ated with increased abdominal pressure due to obesity or 
straining to defecate [7]. Perineal ultrasound can reveal 
the changes in pelvic floor structures after delivery [8, 
9]. Ultrasound is inexpensive, widely available, portable, 
and easy to operate and could provide useful indexes for 
determining the risk of PFD or POP [10, 11].

The musculoskeletal changes associated with preg-
nancy and the direct injuries inherited from vaginal 
childbirth can also lead to PFD [12–14]. Indeed, women 
with obstetric and sphincter injuries have a high risk of 
PFD 1 year after delivery [15]. On the other hand, Cesar-
ean section is associated with a lower risk of PFD com-
pared with vaginal delivery [16–19].

The impact of a second delivery on the pelvic floor is 
poorly understood. Mathematical models suggest that 
the greatest part of the trauma causing PFD is due to the 
first delivery [14]. Still, epidemiological data suggest that 
the second and subsequent deliveries increase the risk 
of POP [20, 21] and PFD [22]. On the other hand, Jundt 
et al. [23] reported that significant changes in the pelvic 
floor occur 27 months on average after delivery but that 
subsequent deliveries do not compromise the pelvic floor 
further. Horak et al. [24] reported that a second delivery 
does not have additional major impacts on bladder sup-
port or levator function. A better understanding of the 
impact of a second delivery on PFD is important consid-
ering the large number of Chinese women seeking a sec-
ond child after the changes in China’s birth policies [25], 
but the influences of the second birth delivery mode and 
interval on the pelvic floor are poorly understood.

Therefore, this study aimed to explore the impact of 
the second birth delivery mode and interval on maternal 
pelvic floor changes. The results could provide valuable 
information for the management of women having a sec-
ond child.

Methods
Study design and participants
This prospective cohort study included women who 
had a first delivery and were in weeks 36–41 of a sub-
sequent pregnancy and were undergoing prenatal 
checkups at Panzhihua Central Hospital (Panxi Region, 
China) between July 2017 and June 2018. The study was 
approved by the Medical Ethics Committee of Panzhihua 

Central Hospital. All participants signed the written 
informed consent form.

The inclusion criteria were 1) > 18 years of age, 2) sin-
gleton pregnancy, 3) full-term gestation (36–41 weeks), 
4) having given birth once, and 5) signing the informed 
consent form. The exclusion criteria were (1) history of 
pelvic surgery or pelvic floor injury, (2) any serious dis-
ease that can have a significant impact on pelvic floor 
recovery (e.g., respiratory diseases and chronic cough can 
increase the intra-abdominal pressure), serious malnutri-
tion, any disease leading to muscular weakness, or devel-
opmental malformation that can affect the pelvic floor 
muscles, or (3) any other reasons deemed unsuitable for 
participation by the investigators.

The participants were grouped according to the mode 
of delivery (vaginal vs. cesarean section). The indications 
for cesarean section surgery included (1) any pathologi-
cal or physiological conditions where vaginal delivery 
is not possible or appropriate, (2) fetal distress, and (3) 
full-term single pregnancies and cesarean section was 
requested by the pregnant woman.

Ultrasonography and POP-Q assessment
All patients underwent routine pregnancy and prena-
tal ultrasound examinations at the study hospital. They 
were enrolled in the study at weeks 36–41. Their clinical 
data were obtained from their medical charts or through 
inquiries. The ultrasounds were performed before birth 
and 1, 3, and 12 months postpartum. All perineal ultra-
sonography examinations were performed by two expe-
rienced sonographers. Before the examination, the 
participant was asked to empty her bladder 30–40  min 
before the test to moderately fill the bladder to ensure 
that the urine volume in the bladder was 10–50 ml. Imag-
ing was performed with the patients in dorsal lithot-
omy, with the hips flexed and slightly abducted. In the 
mid-sagittal plane of the pelvic floor, with the posterior 
inferior border of the pubic symphysis as the origin, the 
central axis of the pubic symphysis and the X-axis line 
passing through the posterior inferior border of the pubic 
symphysis form a 45°, and a rectangular coordinate sys-
tem was established to estimate the location and activ-
ity of the bladder neck and urethra [26]. The posterior 
angle of the bladder, the distance from the bladder neck 
to the reference line, and the distance from the cervix to 
the reference line were measured along with calculation 
of the urethral rotation angle, bladder neck mobility, etc. 
(Fig. 1) to observe whether there was infundibulum, cys-
tocele, and uterine prolapse and the degree of the internal 
urethral orifice. Then, four-dimensional ultrasound imag-
ing was performed to freeze the images in the patient’s 
resting state, anal retraction state, and maximum Val-
salva state, respectively, and adjust the region of interest 
to include the minimum gap plane between the posterior 
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side of the pubic symphysis and the anterior side of the 
anorectal angle, respectively. The area, anterior-posterior 
diameter, and left-right diameter of the pelvic diaphrag-
matic hiatus were measured (Fig. 2). Finally, the TUI-VCI 
imaging mode was used to observe the levator hiatus and 
the continuity of the levator ani. The ultrasound pictures 
after the examination were all consulted by the same 
group of ultrasound specialists who had been engaged 
in the specialty for more than 3 years, and the opinions 
were unified by consulting or asking other professional 
doctors.

All patients were scored by the same gynecologist at the 
pelvic floor rehabilitation center for POP-Q scores [27–
31]. The hymen was selected as a reference (0 points), 
and the 6 points on the anterior wall, posterior wall, and 
top of the vagina were taken as the indicator points (two 
points Aa, Ba on the anterior wall, two points Ap, Bp on 
the posterior wall, and two points C, D on the top). The 
change in the position of the 6 o’clock position relative 
to the hymen was defined as a scale (indicating points 
located medial to the hymen margin were scored as 
negative numbers and those located lateral to the hymen 
margin were scored as positive numbers) to quantify 

Fig. 2 Four-dimensional hiatus sonography (1 A: basin septal hole area; 1 C: basin septal hole circumference; 2: basin septal hole diameter; 3: anterior and 
posterior diameters of basin septa). (A) Resting state. (B) Retracted anus state. (C) Maximum Valsalva state

 

Fig. 1 Two-dimensional ultrasound image. (Left) At rest; (Right) At maximum Valsalva. 1 : reference line; 2 : posterior angle of the bladder and urethra; 3 
: distance between the cervix and the reference line; 4 : distance between the external cervix and the reference line; 5 : distance between the ampulla of 
the rectum and the reference line; 6 : reference line; 7 : posterior angle of the bladder and urethra
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prolapse. The total vaginal length (tvl), the height of the 
genital hiatus (gh), and the length of the perineal body 
(pb) were recorded. POP-Q stage 0: No prolapse, with 
Aa, Ap, Ba, and Bp all located at or above − 3  cm, and 
point C or D positioned between -TVL and -(TVL-2) cm. 
POP-Q stage 1: Prolapse is present, extending beyond 
stage 0. The furthest point of prolapse is within the vagi-
nal hymen, with a distance from the hymen > 1 cm.

Outcomes
The primary outcomes of the study were the hiatus area 
at 6 months postpartum and bladder neck (mm) at rest 
and during a maximum Valsalva maneuver. The second-
ary outcomes of the study were the hiatus area, antero-
posterior, left-right, and girth at 1, 3, and 12 months 
postpartum, bladder neck (mm) at rest and maximum 
Valsalva maneuver, and the POP-Q scores at 1, 3, 6, and 
12 months postpartum.

Follow-up
All pregnant women underwent outpatient follow-ups 
at 1, 3, 6, and 12 months postpartum (these time points 
were used to obtain a dynamic evaluation of pelvic floor 
evolution over time), and 2- and 4-dimensional ultraso-
nography was performed at each visit to assess their pel-
vic function.

Data collection
The baseline characteristics of the pregnant women 
were collected, including data such as age, the number 
of births, first-birth weight, body mass index (BMI), and 
abnormal symptoms. At the same time, the related data 
of ultrasound measurement and POP-Q score of preg-
nant women were collected at 1, 3, 6, and 12 months 
postpartum.

Statistical analysis
Data were analyzed using Stata 17.0 (Stata Corpora-
tion, College Station, TX, USA). The continuous data 
were tested for normal distribution using the Kol-
mogorov-Smirnov method. Non-normally distributed 

measurement data were expressed as median (25th 
percentile, 75th percentile) and were tested using the 
Mann-Whitney U-test. Normally distributed continu-
ous data were expressed as means ± standard deviation 
and were analyzed using the t-test. Categorical data were 
expressed as n (%) and were tested using the chi-square 
test or Fisher’s exact probability method. Repeated mea-
sures were analyzed using the generalized estimating 
equation (GEE). Linear regression was used to explore 
the effect of the second birth interval on the primary out-
comes, adjusting for maternal age, pre-pregnancy BMI, 
and second birth weight. Two-sided P-values < 0.05 were 
considered statistically significant.

Results
The women were grouped according to the mode of 
delivery: 112 with vaginal delivery and 182 with Cesar-
ean section. Compared with the vaginal delivery group, 
the women in the cesarean section group were older 
(32.25 ± 5.37 vs. 30.42 ± 5.86 years old, P = 0.007) (Table 1). 
Most pregnant women had a history of miscarriage since 
they had a mean of 3.16 ± 1.19 pregnancies and were 
enrolled during their second full-term pregnancy. The 
participants had no pelvic muscle training after delivery.

In all women, the hiatus area and hiatus circumference 
decreased at all time points (all P < 0.001). The women 
with Cesarean section had a smaller hiatus area and cir-
cumference (P < 0.001 and P < 0.001). The hiatus diame-
ters decreased with time in both groups (all P < 0.001) and 
were smaller after Cesarean section (both P < 0.001). The 
bladder neck at rest was smaller at 6 and 12 months com-
pared with 1 month (both P = 0.05), without significant 
differences between the two groups. The bladder neck 
at maximum Valsalva increased with time (all P < 0.001) 
without significant differences between the two groups. 
Finally, the proportion of patients with POP-Q stage 0/I 
increased with time in both groups (all P < 0.001), with 
the proportions being higher in the Cesarean group 
(P = 0.002) (Table 2).

The multivariable analyses showed that the birth 
interval was negatively correlated with the hiatus area 
(B=-0.17, 95%CI: -0.25, -0.08, P < 0.001) and positively 
correlated with bladder neck at rest (B = 0.22, 95%CI: 
0.08, 0.35, P = 0.001) and at maximum Valsalva (B = 0.85, 
95%CI: 0.65, 1.05, P < 0.001) (Table 3). After vaginal deliv-
ery, the birth interval was negatively correlated with the 
hiatus area (B=-0.24, 95%CI: -0.39, -0.09, P = 0.002) and 
positively correlated with bladder neck at rest (B = 0.28, 
95%CI: 0.05, 0.51, P = 0.018) and at maximum Valsalva 
(B = 1.04, 95%CI: 0.67, 1.40, P < 0.001) (Table  3). After 
Cesarean section, the birth interval was positively cor-
related with bladder neck at maximum Valsalva (B = 0.74, 
95%CI: 0.50, 0.97, P < 0.001) (Table 3).

Table 1 Characteristics of the participants
Total 
(n = 294)

Vaginal 
delivery 
(n = 112)

Cesar-
ean section 
(n = 182)

P

Age (years) 31.55 ± 5.62 30.42 ± 5.86 32.25 ± 5.37 0.007
Mean number of 
pregnancies

3.16 ± 1.19 3.00 ± 1.12 3.26 ± 1.22 0.064

First birth weight (kg) 3.22 ± 0.39 3.19 ± 0.37 3.25 ± 0.39 0.526
Second birth weight 
(kg)

3.28 ± 0.35 3.26 ± 0.31 3.29 ± 0.37 0.410

Pre pregnancy BMI 23.61 ± 2.89 23.42 ± 3.12 23.72 ± 2.75 0.388
Abnormal symptoms 131 (44.56) 57 (50.89) 74 (40.66) 0.086
BMI: body mass index
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Discussion
The study showed that the mode of delivery at the second 
birth could influence the hiatus area and circumference 
and bladder neck size. The birth interval was negatively 
correlated with the hiatus area and positively correlated 
with the bladder neck at rest and at maximum Valsalva.

Romano et al. [32] advocate that there are three post-
partum stages. The first stage is 6–12  h after delivery 
and includes acute events such as hemorrhage, uterine 
inversion, amniotic fluid embolism, and eclampsia. The 
second stage lasts 2–6 weeks and involves the recovery 
of hemodynamics, genitourinary structures, metabolism, 
and emotions. The third phase would last up to 6 months, 
in which recovery changes are gradual. In fact, the pres-
ent study suggests that the recovery process could even 
be longer and take years. Indeed, in the present study, the 
women with Cesarean section showed significantly fewer 
detrimental consequences after a second delivery, as indi-
cated by better POP-Q stages, suggesting that their pelvic 
floor was less damaged. It is supported by two meta-anal-
yses that showed that vaginal delivery was directly related 
to pelvic floor disorders [19, 33], but the present study 
suggests that it remains true even after a second delivery.

Blomquist et al. [34] reported that the women undergo-
ing Cesarean delivery were at a significantly lower risk of 
PFD and POP than those with spontaneous vaginal deliv-
ery. At 6 years after delivery, vaginal delivery is associated 
with urinary incontinence, while a Cesarean section is 
associated with sexual and urination pain [35]. Zhao et 
al. [36] showed that vaginal delivery was an independent 
risk factor for pelvic floor muscle injury. In the present 
study, differences were observed between vaginal and 
Cesarean deliveries in hiatus dimensions, bladder neck, 
and POP-Q scores, with general trends toward less dam-
age after Cesarean and more women with POP-Q stage 
0/I compared with vaginal delivery. It is supported by 
Chan et al. [37]. The exact symptoms of PFD were not 
assessed in the present study. Future studies will have to 
examine the symptoms in relation to the interval length 
between deliveries.

Although data in the literature are rare regarding the 
impact of the delivery interval on the pelvic floor, studies 
indicated that the risk of uterine rupture decreased with 
the delivery interval, with rates of 4.8% at ≤ 12 months, 
2.7% at 13–24 months, and 0.9% at ≥ 25 months [38], 
indicating healing of the structures with time beyond the 
first 6 months after delivery. The present study indicated 
a negative correlation between the interval and the hiatus 
area and positive correlations with bladder neck at rest 
and at maximum Valsalva, suggesting less detrimental 
effects of delivery with longer intervals, probably because 
of healing of the pelvic structures and functions. These 
correlations were observed with vaginal delivery, but 
only with maximum Valsalva in patients with Cesarean 

Table 2 Comparison of postpartum pelvic function and POP-Q 
indexes in the overall populations
Param-
eters

Follow-
up 
(months)

Vaginal 
delivery 
(n = 112)

Cesar-
ean section 
(n = 182)

Pgroup Ptime

Hiatus 
area (cm2)

1 22.04 ± 4.16 19.02 ± 3.76 < 0.001 < 0.001
3 19.16 ± 3.74 16.46 ± 3.33 < 0.001
6 16.74 ± 3.18 14.54 ± 3.21 < 0.001
12 14.35 ± 2.66 12.94 ± 3.37 < 0.001

Hiatus 
circum-
ference 
(mm)

1 186.15 ± 21.23 173.71 ± 25.50 < 0.001 < 0.001
3 170.15 ± 19.51 156.08 ± 26.60 < 0.001
6 155.67 ± 33.78 145.43 ± 33.78 < 0.001
12 139.87 ± 18.39 130.53 ± 34.67 < 0.001

Hiatus left 
and right 
diameter 
(cm)

1 5.35 ± 0.81 5.13 ± 0.84 < 0.001 < 0.001
3 4.84 ± 0.74 4.61 ± 0.74 < 0.001
6 4.47 ± 0.65 4.25 ± 0.67 < 0.001
12 4.07 ± 0.54 3.89 ± 0.55 < 0.001

Hiatus 
front 
and rear 
diameter 
(cm)

1 6.43 ± 1.77 5.95 ± 0.69 < 0.001 < 0.001
3 5.73 ± 0.64 5.39 ± 0.64 < 0.001
6 5.30 ± 0.65 4.98 ± 0.67 < 0.001
12 4.80 ± 0.59 4.53 ± 0.59 < 0.001

Bladder 
neck 
(mm) 
(rest)

1 17.54 ± 6.95 19.18 ± 6.25 0.073 Ref.
3 16.78 ± 6.59 18.34 ± 6.60 0.081
6 16.87 ± 7.22 18.08 ± 7.40 0.043
12 17.11 ± 6.66 16.84 ± 7.03 < 0.001

Bladder 
neck 
(mm) 
(Fall’s)

1 -12.58 ± 11.60 -11.31 ± 9.11 0.129 Ref.
3 -5.61 ± 10.40 -3.41 ± 10.15 < 0.001
6 -0.40 ± 8.96 0.34 ± 7.89 < 0.001
12 2.28 ± 6.65 2.99 ± 5.98 < 0.001

POP-Q 
staging
(Phase 0/I)

1 48 (42.86) 92 (50.55) 0.002 0.012
3 73 (65.18) 144 (79.12) < 0.001
6 101 (90.18) 173 (95.05) < 0.001
12 107 (95.54) 181 (99.45) < 0.001

POP-Q: pelvic organ prolapse quantification

PTime: P-values for the comparisons of the data among time points between two 
groups

PGroup: P-values for the comparisons between groups

Table 3 Effect of interval time between second births on pelvic 
function
Pelvic function 
indicators

Model a B (95% CI) # P

Hiatus area (cm2) All -0.17 (-0.25, -0.08) < 0.001
Vaginal delivery -0.24 (-0.39, -0.09) 0.002
Cesarean section -0.07 (-0.17 0.03) 0.148

Bladder neck 
(mm) (rest)

All 0.22 (0.08, 0.35) 0.001
Vaginal delivery 0.28 (0.05, 0.51) 0.018
Cesarean section 0.17 (-0.0004, 0.34) 0.051

Bladder neck 
(mm) (Fall’s)

All 0.85 (0.65, 1.05) < 0.001
Vaginal delivery 1.04 (0.67, 1.40) < 0.001
Cesarean section 0.74 (0.50, 0.97) < 0.001

a: indicates that variables such as age, second birth weight and pre pregnancy 
BMI were adjusted
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section, probably because of the smaller damage to the 
pelvic function. Still, additional studies are necessary to 
examine this issue.

This study has some limitations. Although it was a pro-
spective cohort study, the women were from a single cen-
ter, and the sample size was relatively small. Women with 
any aggravating factor were excluded, decreasing the gen-
eralizability of the results. Although all measurements 
were performed by the same sonographers, ultrasound is 
operator-dependent, and the position of the patients can 
influence the measurements. A symptom assessment was 
not performed, and the presence of urinary incontinence 
during pregnancy, variations in weight during pregnancy, 
and the mode of delivery at the first pregnancy were not 
collected. The first follow-up was at 1 month, which was 
in the 42-day puerperal period, and it is obvious that 
the tissues had not yet returned to their original place. 
Finally, factors like episiotomy and pelvic floor muscle 
training were not evaluated. The sample size was rela-
tively small and did not allow reliable subgroup analyses. 
Additional studies are necessary to evaluate these factors.

In conclusion, the mode of delivery at the second birth 
could influence the hiatus area and circumference and 
bladder neck size. The birth interval was negatively cor-
related with the hiatus area and positively correlated with 
the bladder neck at rest and at maximum Valsalva. These 
correlations were also observed for vaginal delivery, but 
only the birth interval was only positively correlated 
with bladder neck at maximum Valsalva after Cesarean 
section.
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