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Introduction

Pelvic floor dysfunction (PFD) comprises a variety of 
clinical conditions which affect the pelvic floor. These 
conditions can lead to sexual dysfunction, pelvic organ 
prolapse (POP), issues with voiding and defecation, bladder 
and bowel incontinence, and pelvic pain (1). In a study 
conducted in the United States, Nygaard et al. (2) found 

that 24% of women suffered PFD. Based on a U.S. claims 
and encounters databases, the lifelong risk of surgery for 
stress urinary incontinence (SUI) or POP in women is 
estimated to be 20% (3). Among women in China, PFD 
is fairly common and has begun to attract more attention, 
with an increasing amount of resources directed to the study 
of this condition.
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Epidemiological studies have suggested that PFDs 
are associated with childbirth, since their occurrence is 
correlated with parity (4). During pregnancy, delivery, and 
the puerperium, women experience hormonal and physical 
changes, and the resulting stress on the pelvic floor can 
cause PFD (5,6). However, in a recent study, the authors 
concluded that the mode of delivery is not correlated with 
variations in the short-term development of postpartum 
PFD (7). So far, the effects of delivery mode on pelvic floor 
function have remained controversial.

Here, we set out to investigate the short-term effects of 
various modes of child delivery on postpartum pelvic floor 
function in Chinese primiparas with full-term singleton 
births. We present the following article in accordance with 
the STROBE reporting checklist (available at http://dx.doi.
org/10.21037/apm-21-485).

Methods

Research subjects

All procedures performed in this study involving human 
participants were in accordance with the Declaration of 
Helsinki (as revised in 2013). Ethical approval for this 
study was granted by the institutional review board of the 
Second Affiliated Hospital of Wenzhou Medical University 
(Zhejiang, China), (No. LCKY2019-287). Written informed 
consent was obtained from all participants. Women who 
had delivered at the Obstetrics Department of the Second 
Affiliated Hospital of Wenzhou Medical University between 
January 1, 2018 and August 15, 2019 were retrospectively 
enrolled. All participants were Chinese primiparas aged 
≥18 years old, who had experienced only singleton cephalic 
pregnancies and had undergone vaginal delivery, elective 
cesarean delivery (ECD), or intrapartum cesarean delivery 
(ICD) 6 to 8 weeks previously. All of the women had clean 
lochia. Participants with a history of lower urinary tract 
malformation or pelvic surgery were excluded, as were those 
who had received pelvic floor muscle (PFM) training in the 
previous 12 months, or who had medical complications or 
reproductive tract malformations. 

Data collection

Participants’ maternal and obstetrical features, including 
mode of delivery, weight gain during pregnancy, pre-
pregnancy body mass index (BMI), delivery weight, and 
occupation, from their medical records were reviewed. 

Assessments of pelvic floor function among the participants 
were conducted by trained specialists who were blinded 
to the group allocation. The Pelvic Organ Prolapse 
Quantification (POP-Q) approach was used to measure 
the positions of vaginal structures relative to the hymenal 
ring. Cases of SUI, which usually occurs with coughing, 
laughing, sneezing, running, or jumping, were assessed 
through discussion with each participant. The women were 
also asked about urgent urinary incontinence (UUI), which 
causes urine leakage and a strong urge to void, as well as if 
they had experienced mixed urinary incontinence (MUI), 
which manifests with symptoms of both SUI and UUI. 

An experienced team of clinicians examined the strength 
of the PFMs of each participant using digital palpation. 
Before the physical examination, each participant emptied the 
bladder and positioned themselves in the lithotomy position. 
In each case, the participant was asked to squeeze the PFMs 
while avoiding any visible contraction of the abdominal 
muscles, glutei, or hip, or any pelvic movement (8). For 
measurement of rapid PFM contraction, participants were 
instructed to contract the PFMs as forcefully as possible. 
To determine tonic PFM contraction, each participant was 
instructed to maintain the contraction for as long they could. 
For the assessment of digital palpation (9), the middle and 
index fingers were inserted 2–3 cm deep into the vaginal canal 
to locate the levator ani muscle. Next, the 2 fingers were 
separated so that they were touching the 2 sides of levator ani 
muscle. Meanwhile, the clinician placed their other hand on 
the abdomen to ensure the abdominal muscles were relaxed. 
To assess the scale of the strength of the PFM, the Modified 
Oxford scale was employed. PFM strength was classified into 
0–5 grades and 6 classes on the basis of retraction capacity 
and contraction strength. The grade 0 means Nil. The 
grade 1 means Flicker. The grade 2 means Weak. The grade 
3 means Moderate, slight lift of the examiner’s fingers, no 
resistance. The grade 4 means Good, sufficient to elevate the 
examiner’s fingers against light resistance. The grade 5 means 
Strong, sufficient to elevate the examiner’s fingers’ against 
strong resistance (10)

Participants were interviewed about any pelvic floor 
symptoms that had occurred after childbirth using the 
Pelvic Floor Distress Inventory Questionnaire-Short 
Form 20 (PFDI-20). The items of the questionnaire were 
classified based on the scores of the components evaluating 
urinary distress (UDI-6), colorectal and anal distress 
(CRADI-8) and pelvic organ prolapse distress (POPDI-6).

The present study is part of a project aimed at evaluating 
several issues associated with the pelvic floor. A specific a 
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priori power calculation for questions on postpartum pelvic 
floor in primiparas does not exist.

Statistical analysis

All data were analyzed using SPSS (IBM). Continuous 
variables were expressed as interquartile ranges (IQR), 
medians, or means ± standard deviations (SDs). Categorical 
variables were analyzed with the chi-square test and displayed 
as relative frequencies and absolute numbers. The Kruskal–
Wallis H test was used to assess non-Gaussian distribution 
variables among K independent samples. The Nemenyi test 
was conducted for further evaluation of pairwise samples. 
P≤0.05 was considered to be statistically significant.

Results

A total of 329 women were evaluated for eligibility, of 

whom 45 (13.7%) cases were excluded according to the pre-
established criteria (Figure 1). Table 1 presents the women’s 
obstetric and demographic features. Finally, 284 eligible 
postpartum women were recruited into the study. Of the 
study participants, 147 had undergone vaginal delivery, 
37 had undergone ICD, and 100 had undergone ECD. 
Weight gain during pregnancy, pre-pregnancy BMI, age, 
delivery weight and occupation were comparable between 
the 3 groups (P≥0.05). Among the participants who had a 
vaginal delivery, there were 17 (11.6%) cases of episiotomy 
and 119 cases (80.9%) of perineal laceration. Among the 
17 participants who received an episiotomy, 1 underwent 
forceps-assisted surgery. Of the 119 cases of perineal 
laceration, 2nd degree and 1st degree natural lacerations 
accounted for 66 (44.9%) and 53 (36.0%) cases, respectively. 

The POP-Q analysis results for the 3 groups are shown 
in Table 2. Relative to ICD and ECD, vaginal delivery 
was markedly linked to prolapse at points Aa and Ba 

Figure 1 Detailed study selection process and the content of comparison and analysis. UI, urinary incontinenc; SUI, stress urinary 
incontinenc; UUI, urgent urinary incontinence; MUI, mixed urinary incontinence; PFM, pelvic floor muscle; PFDI-20, Pelvic Floor 
Distress Inventory Questionnaire-Short Form 20. 
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Table 1 Demographic and obstetric characteristics

Variables Vaginal delivery (n=147) ICD (n=37) ECD (n=100) P

Age, median (IQR), years 27 (26, 29) 27 (26, 29 28 (26, 30) 0.250
a

Pre-pregnancy BMI, median (IQR), kg/m
2

22 (20.3, 23) 21.8 (20.7, 24.2) 22.3 (20.5, 24.2) 0.280
a

Weight gain during pregnancy, median 
(IQR), kg

14 (10, 15) 15 (12, 18) 15 (12, 18) 0.087
a

Delivery weight, mean ± SD, g 3,305±348 3,403±280 3,439±468 0.065
b

Occupation 0.131
b

Mainly manual work 37 (25.2) 8 (21.6) 20 (20.0)

Mainly mental work 104 (70.7) 25 (67.6) 67 (67.0)

Equal emphasis on manual and mental 
work

6 (4.1) 4 (10.8) 13 (13.0)

Constipation 0.771
b

Yes 14 (9.5) 5 (13.5) 10 (10.0)

No 133 (90.5) 32 (86.5) 90 (90.0)

Episiotomy 0.000
b

Yes 17 (11.6) 0 (0.0) 0 (0.0)

No 130 (88.4) 37 (100.0) 100 (100.0)

Perineal laceration 0.000
b

Yes 119 (80.9) 0 (0.0) 0 (0.0)

No 28 (19.1) 37 (100.0) 100 (100.0)
a, Kruskal-Wallis test; b, χ2 test. ICD, intrapartum cesarean delivery; ECD, elective cesarean delivery; IQR, interquartile ranges. BMI, body 
mass index.

Table 2 Pelvic organ prolapse quantification; continuous variables (M, IQR) 

Variables Vaginal delivery (n=147) ICD (n=37) ECD (n=100) Pa

POP-Q Aa, cm −1.2 (−1.5, −0.8) −1.5 (−1.7, −1.2)* −1.5 (−1.9, −1.2)* 0.000

POP-Q Ba, cm −1.2 (−1.5, −0.8) −1.5 (−1.7, −1.2)* −1.5 (−1.9, −1.2)* 0.000

POP-Q C, cm −4.5 (−5, −4) −4.5 (−5, −4) −4.5 (−5, −4) 0.876

POP-Q gh, cm 4 (3.5, 4.5) 3 (3, 3.5)* 3 (3, 3.5)* 0.000

POP-Q pb, cm 4 (3.5, 4) 4 (3.5, 4) 4 (3.5, 4) 0.745

POP-Q TVL, cm 7.5 (7, 8) 7.3 (7, 7.7) 7.5 (7, 8) 0.917

POP-Q Ap, cm −2 (−2.5, −2) −2.4 (−2.5, −2) −2.5 (−2.7, −2)* 0.007

POP-Q Bp, cm −2 (−2.5, −2) −2.4 (−2.5, −2) −2.5 (−2.7, −2)* 0.007

POP-Q D, cm −6 (−6.5, −5.2) −6 (−6.5, −5.5) −6 (−6.5, −5.4) 0.991
a, Kruskal-Wallis test; *, P≤0.05 relative to the vaginal delivery group. ICD, intrapartum cesarean delivery; ECD, elective cesarean delivery; 
IQR, interquartile ranges. POP, pelvic organ prolapse.
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(P≤0.05). Our analyses also showed that during the short-
term postpartum period, the genital hiatus of women who 
delivered vaginally was increased in size compared to that 
of women who underwent ECD or ICD (P≤0.05). The Ap 
and Bp prolapse rates in the vaginal delivery group were 
significantly higher than those in the ECD group (P≤0.05). 
Points C, pb, TVL, and D were similar among the groups 
(P≥0.05).

Our analysis revealed the prevalence of UI among the 
primiparas to be 15% (Table 3). The composition ratios of 
SUI, UUI, and MUI were 62.8% (27/43), 23.3% (10/43), 
and 14.0% (6/43), respectively. The prevalence of UI, SUI, 
and UUI was associated with delivery type, and major 
differences existed between the groups (P≤0.05). The UI 
prevalence in the vaginal delivery, ICD, and ECD groups 
was 22.4% (33/147), 10.8% (4/37), and 6.0% (6/100), 
respectively. In the early postpartum period, UI was less 
prevalent in the ECD group than in the vaginal delivery 
group (P≤0.05). The prevalence of SUI in the ICD group 
was lower than that in the vaginal delivery group (P≤0.05). 
Also, UUI showed a lower prevalence in the ECD group 
than in the ICD group at 6 to 8 weeks postpartum (P≤0.05). 
Notably, the prevalence of MUI was similar between the  

3 groups (P≥0.05).
The tonic PFM contraction in women who underwent 

vaginal delivery was significantly weaker than that in the 
ECD and ICD groups (Table 4, P≤0.05). No significant 
difference emerged between the 3 groups with respect to 
rapid PFM contraction (P≥0.05).

Some participants in this study reported lower bowel 
and urinary symptoms. Pelvic floor distress symptoms of 
women in the 3 groups are shown in Figure 2, and Table 5 
shows the PFDI-20 scores. The median and IQR varied 
between the 3 groups. Also, the UDI-6 and PFDI-20 
scores of the ECD and vaginal delivery groups differed 
significantly (P≤0.05).

Discussion

Our analysis revealed significant differences in the incidence 
of PFD among full-term singleton primiparas based on 
obstetrical features. The delivery mode highly affected 
the cumulative incidence of PFD. ECD had a stronger 
association with a lower risk of POP and UI, lower PFDI-
20 scores, and greater PFM strength than did vaginal 
delivery. Also, the protective effect of ICD against PFD was 

Table 3 Prevalence of UI, SUI, UUI, and MUI; categorical variables (N, %) 

Groups UI SUI UUI MUI

Vaginal delivery (n=147) 33 (22.4) 21 (14.3) 7 (4.8) 5 (3.4)

ICD (n=37) 4(10.8) 1 (2.7)* 3 (8.1) 0 (0)

ECD (n=100) 6 (6.0)* 5 (5.0) 0 (0)# 1 (1)

Pa 0.001 0.016 0.037 0.276
a, χ2 test; *P, ≤0.05 relative to the vaginal delivery group; #, P≤0.05 relative to the ICD delivery group. UI, urinary incontinenc; SUI, stress 
urinary incontinenc; UUI, urgent urinary incontinence; MUI, mixed urinary incontinence; ICD, intrapartum cesarean delivery; ECD, elective 
cesarean delivery. 

Table 4 PFM strength; categorical variables (N, %) 

Groups
Tonic PFM contraction Rapid PFM contraction

0 1 2 3 4# 0 1 2 3 4#

Vaginal delivery 
(n=147)

3 (2.0) 83 (56.5) 47 (32.0) 14 (9.5) 0 (0) 0 (0) 61 (41.5) 63 (42.9) 23 (15.6) 0 (0)

ICD (n=37) 2 (5.4) 9 (24.3) 18 (48.6) 8 (21.6) 0 (0)* 0 (0) 10 (27.0) 18 (48.6) 9 (24.3) 0 (0)

ECD (n=100) 1 (1.0) 42 (42.0) 44 (44.0) 9 (9.0) 4 (4.0)* 1 (1.0) 37 (37.0) 45 (45.0) 13 (13.0) 4 (4.0)

Pa 0.004 0.218
a, Kruskal-Wallis test; *, P≤0.05 relative to the vaginal delivery group; #, no women presented with PFM strength of grade 5. PFM, pelvic 
floor muscle; ICD, intrapartum cesarean delivery; ECD, elective cesarean delivery. 
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Figure 2 Pelvic floor distress symptoms. ICD, intrapartum cesarean delivery; ECD, elective cesarean delivery. 
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weaker than that of ECD.
Here, we evaluated POP conditions at an early point and 

found delivery mode to significantly influence POP-Q points 
Aa, Ap, gh, Ba, and Bp. We also discovered a significant 
correlation between vaginal delivery and prolapse of the 
posterior and anterior vaginal walls. A 12-year longitudinal 
study (11) found that POP was less commonly associated 
with exclusive cesarean births [odds ratio (OR), 0.11; 95% 
confidence interval (CI), 0.03–0.38]. For women who delivered 
by cesarean section, the genital hiatus size was significantly 
correlated with POP. Therefore, the size of the genital hiatus 
can predict the occurrence of POP over time (12). This finding 
contradicts previous reports that in the immediate postpartum 
period, the delivery mode only significantly influences the 
measurement of POP-Q point C (7). 

In a prospective pregnancy cohort study (13), Brown et al.  
found that women who underwent caesarean section in the 1st 
stage of labor (adjusted OR 0.2, 95% CI, 0.1–0.4) or before 
labor (adjusted OR 0.2; 95% CI, 0.1–0.5) were more likely 
to develop urinary continence 3 months after birth than 
those who had a spontaneous vaginal birth. The adjusted 
OR for incontinence following caesarean delivery during the 
2nd stage of labor was 0.5 (95% CI, 0.2–1.0). A prolonged 
2nd stage of labor was strongly correlated with an elevated 
risk of postpartum incontinence in women who had an 
operative vaginal birth (adjusted OR 1.7; 95% CI, 1.0–2.8) or 
spontaneous vaginal birth (adjusted OR 1.9; 95% CI, 1.1–3.4). 
Also, Viktrup et al. followed 305 primiparas and observed 
decreases in the prevalence of SUI as the postpartum period 
progressed, from 19% immediately after delivery to 6% after  
3 months and to 3% after 1 year (14), suggesting that UI 
caused by vaginal delivery may be reversible.

Here, we observed that ECD and ICD were correlated 
with higher tonic PFM contraction relative to vaginal 
delivery. This observation suggests that vaginal delivery 
contributes to PFM damage in the recent postpartum 

period, which is consistent with findings of previous reports 
(15,16). Notably, PFM strength was found to show a 
marked association with a shorter time to PFD in women 
who had at least 1 vaginal delivery; the same association 
was not observed in women who delivered by cesarean 
section (17). However, Afshari et al. (18) discovered no 
significant differences in the strength of the PFM with 
normal vaginal delivery compared to cesarean section. Also, 
Colla et al. showed that PFM contraction tended to recover 
spontaneously between 1 and 3 months post delivery (7).

Vaginal delivery is correlated with a higher rate of levator 
ani muscle (LAM) injury, enlargement of the hiatal area, 
increased bladder neck mobility, and puborectalis defects (19). 
During vaginal delivery, the levator ani expands by 2.5% to 
24.5% to facilitate the widening of the levator hiatus during 
crowning (20,21). Cases of POP have been reported to arise 
from injury to the levator ani muscle (22,23). Stær-Jensen 
et al. found no increase in bladder neck mobility following 
cesarean delivery (24). A 2-year cross-sectional study found 
that the incidence of UI following cesarean section and 
vaginal delivery was 18.9% and 17%, respectively (25), 
which indicated that cesarean section offered no obvious 
protection to the tissue of the pelvic floor. Thus, whether 
or not cesarean section protects against PFM damage is 
controversial.

The scores of the PFDI-20 questionnaire used to assess 
our study participants showed a relationship between the 
delivery mode and PFD symptoms. However, the majority 
of participants did not report these symptoms when filling 
out the questionnaire. We found that urinary distress 
was the most severe symptom in the women in our study. 
Item 7 (Do you feel the need to strain hard to have bowel 
movement?) had the highest CRADI-8 score, followed by 
item 8 (Do you feel you have not completely emptied your 
bowels at the end of bowel movement?). The occurrence 
of postpartum fecal incontinence has been reported 

Table 5 The 3 PFDI-20 scales; continuous variables (M, IQR)

Groups PFDI-20 POPDI-6 CRADI-8 UDI-6

Vaginal delivery (n=147) 0 (0, 14.5) 0 (0, 0) 0 (0, 0) 0 (0, 8.25)

ICD (n=37) 0 (0, 6.25) 0 (0, 0) 0 (0, 0) 0 (0, 0)

ECD (n=100) 0 (0, 0)* 0 (0, 0) 0 (0, 0) 0 (0, 0)*

Pa 0.013 0.058 0.941 0.003
a, Kruskal-Wallis test; *, P≤0.05 relative to the vaginal delivery group.  PFM, pelvic floor muscle; PFDI-20, Pelvic Floor Distress Inventory 
Questionnaire-Short Form 20; ICD, intrapartum cesarean delivery; ECD, elective cesarean delivery; UDI-6, urinary distress; CRADI-8, 
colorectal and anal distress; POPDI-6, pelvic organ prolapse distress.

https://pubmed.ncbi.nlm.nih.gov/?term=Brown+SJ&cauthor_id=21489125
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previously, and it may be related to anatomical defects, such 
as tearing of the anal sphincter during child delivery (26,27). 
The POPDI-6 scores were the lowest. It is possible that 
participants regarded the question as being too personal and 
thus gave a negative response, or denied having difficulty in 
passing stools. Clinical examination may have been able to 
obtain more accurate information.

To date, most studies have shown that vaginal delivery 
increases the risk of experiencing PFD symptoms (28,29). 
However, our findings suggest that the damage already 
existed in the short term. When women are screened for 
pelvic floor function at 6 to 8 weeks postpartum, they 
should detail the specific reasons for their cesarean section. 
According to Ferreira et al.’s study, a significant reduction 
in pelvic organ descent and the hiatal area was noted over 
a mean of 2.7 years after a first birth (30). For long-term 
protection of pelvic floor function, women, especially 
those who deliver vaginally need to be informed of the 
importance of pelvic floor rehabilitation training. As well 
as paying attention to PFM damage and PFD in the recent 
postpartum period, future studies will research more 
effective methods to guide the restoration of pelvic floor 
function, with the aim of improving the quality of life of 
women affected by PFD.

Currently, there is evidence that pregnancy is a 
contributing factor to PFD. Studies have shown that close 
follow-up and high adherence to PFM strength-training 
protocols after delivery and during pregnancy can treat or 
prevent UI (31). Thus, PFM exercises are recommended for 
pregnant women, as they can improve PFM function during 
the postpartum period (grade of recommendation: A) (32).

This study had multiple strengths. First, both subjective 
symptoms and objective data were used to assess PFD. A 
more comprehensive observation may give a more accurate 
picture and allow our results to be generalized to the entire 
population. Second, the study was carried out at a tertiary 
hospital, which allowed us to avoid selection bias and to 
recruit a multiregional population, thereby increasing the 
generalizability of our findings. Third, attention was paid 
to transitions between delivery modes, with 13.0% (37/284) 
of the participants undergoing cesarean delivery after labor 
commenced.

However, the present study is also limited, because we 
did not include data of the long-term effects of delivery on 
pelvic floor function. Also, the prospective design with the 
inclusion of data related to PFM function before and during 
pregnancy. Finally, the collection of data based on European 
and American women would improve the generalizability of 

our results.

Conclusions

In conclusion, compared to vaginal delivery, ECD was 
strongly linked to a lower risk of POP and UI, lower PFDI-
20 scores, and stronger tonic PFM strength. Furthermore, 
the protective effect of ICD against PFD is weaker than 
that of ECD.
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