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Abstract: Objective: To compare pelvic floor disorders between vaginal delivery (VD) and cesarean
delivery (CD). Methods: For this study, a PUBMED database search was used, utilizing a combination
of relevant medical subjects’ headings (MeSH) terms, with the following keywords: “Pelvic floor
disorders” or “Pelvic floor morbidity” and “Delivery”. Search limits were articles in English or
Spanish, about women, published from December 2009 to December 2019. The STATA 16 package
was used for meta-analysis and data heterogeneity assessment. Results: Thirteen studies meeting
eligibility criteria were identified comprising 1,597,303 participants. Abstract: Pelvic floor morbidity
prevalence was Urinary Incontinence (UI) 27.9% (5411 patients in 7 studies with reported cases),
Pelvic Organ Prolapse (POP) 14.2% (6019 patients in 8 studies with reported cases), and Anal
Incontinence (AI) 0.4% (1,589,740 patients in 5 studies with reported cases). Our meta-analyses
revealed significantly higher rates of all three morbidities and overall morbidity in the VD versus CD
group: UI OR = 2.17, 95% CI 1.64–2.87, p for heterogeneity ≤ 0.0001, I2 = 84%; POP OR = 3.28, 95% CI
1.91–5.63, p for heterogenicity ≤ 0.043, I2 = 63%; AI OR = 1.53, 95% CI 1.32–1.77; p for heterogeneity
≤ 0.291, I2 = 20%; and overall morbidity (OR = 2.17, 95% CI 1.64–2.87; p for heterogeneity ≤
0.0001, I2 = 84%). Conclusion: Vaginal delivery is directly related to the appearance of pelvic floor
disorders, mainly UI, POP, and AI. The risk of POP should be taken into higher consideration after
vaginal delivery and postpartum follow-up should be performed, to identify and/or treat it at the
earliest stages.

Keywords: pelvic floor morbidity; pelvic floor disorder; delivery

1. Introduction

Pelvic floor disorders (PFD) affect millions of women worldwide after pregnancy
and childbirth [1–6]. The main risk factors associated with PFD described in the literature
are: age, overweight, primiparity/multiparity, chronic constipation, as well as method of
delivery [5].
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Introduction: In low-middle income countries, pregnancy and delivery are an impor-
tant cause of maternal mortality [1], while in more developed countries they still account
for a significant proportion of maternal morbidities postpartum. In the United States, 10%
of women will need surgery for a PFD. Annual rates for urinary incontinence (UI) and
pelvic organ prolapse (POP) surgery have been estimated to be 135,000 and 200,000 women,
respectively. The prevalence of female UI was reported as 20–50%, and anal incontinence
(AI) as 11–15% [2]. During pregnancy and childbirth, stress UI is the most common type,
with an estimated prevalence during pregnancy of 31% [3].

Obstetric trauma, to which not only the pelvic floor musculature is subjected, but also
all the structures of the urogenital sphere, can injure different anatomical areas, such as the
vagina, perineum, deep pelvic floor musculature, sphincter, and even innervations at this
level [4].

Ashton Miller and Delancey found approximately 10% of women will experience
some type of pelvic floor disorder which may require surgery, especially related to vaginal
delivery [7]. Furthermore, several studies have highlighted the importance and incidence
of PFD in the female population, with an incidence of 33–40% of perineal injuries after child-
birth. In fact, pelvic floor trauma caused by vaginal delivery is possibly underestimated
when it reaches 33–40% of women without any perineal trauma prior to childbirth [8].

This systematic review was designed to examine the relationship between vaginal
versus caesarean delivery and the subsequent development of PFD in women. In a recent
study, vaginal vs. caesarean delivery, increases the risk 3 times of having UI. [9].

For this systematic review, we studied the most common pelvic floor disorders, as de-
fined by scientific evidence, such as UI, AI, POP, and sexual disorders after childbirth. [10].

The aim of this review and meta-analysis, following the PICOS question model, is
to study patients attended at the time of delivery, differentiating between vaginal and
caesarean delivery, in order to compare these two groups, studying the differences between
the incidences of pelvic floor disorders, and to determine to what extent vaginal delivery
may have a higher incidence of different types of pelvic floor disorders.

2. Materials and Methods
2.1. Protocol, Eligibility Criteria, Information Sources, and Search Strategies

This study was registered within the PROSPERO database (registration number:
CRD42019132674). This review was performed according to a-priori-designed protocol
recommended for systematic reviews following PRISMA guidelines [11].

The following search criteria were followed in the revision, combining free text and as-
sociates terms MeSH from PUBMED database: 2009/12/01:2019/12/31[Date—Publication]
AND ((„deliveries”[All Fields] OR „delivery, obstetric”[MeSH Terms] OR („delivery”[All
Fields] AND „obstetric”[All Fields]) OR „obstetric delivery”[All Fields] OR „delivery”[All
Fields]) AND („pelvic floor disorders”[MeSH Terms] OR ((„pelvic”[All Fields] AND
„floor”[All Fields]) AND „disorders”[All Fields]) OR „pelvic floor disorders”[All Fields]
OR ((„pelvic”[All Fields] AND „floor”[All Fields]) AND „diseases”[All Fields]) OR „pelvic
floor diseases”[All Fields] OR ((„pelvic floor”[MeSH Terms] OR („pelvic”[All Fields] AND
„floor”[All Fields]) OR „pelvic floor”[All Fields]) AND („epidemiology”[MeSH Subhead-
ing] OR „epidemiology”[All Fields] OR „morbidity”[All Fields] OR „morbidity”[MeSH
Terms] OR „morbid”[All Fields] OR „morbidities”[All Fields] OR „morbids”[All Fields])))).

Search limits were research articles in English or Spanish, about women, published
from December 2009 to December 2019. Exclusion criteria were reports of less than 50 pa-
tients, articles not reporting on delivery route, duplicate articles, those with no full-text
available, or those describing studies outside an obstetrics context.

Reference lists of relevant articles were hand-searched for additional reports. A
reference database (Endnote X7 Thompson Reuters) was used to incorporate all references.
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2.2. Study Selection, Data Collection and Data Items

The primary outcomes explored in the present systematic review were: Pelvic floor
disorders (PFD) defined by the scientific literature as urinary incontinence, fecal/anal
incontinence, pelvic organ prolapse, sexual dysfunction, and chronic pelvic pain [10]. Inter-
national Continence Society (ICS) defines urinary incontinence (UI) as involuntary leakage
of urine due to exertion or exercise or secondary to sneezing or coughing, by sensation
of urgency or mixed; anal incontinence (AI) as involuntary loss of solid or liquid feces
or mucus; and pelvic organ prolapse (POP) as the descent of one or more of the anterior
vaginal wall, posterior vaginal wall, uterus (cervix), or the apex of the vagina [12–15]. The
presence of any such sign should be correlated with symptoms consistent with prolapse.

Other variables recorded were: author, publication year, period of study, country, type
of study, type of questionnaire, number of participants in the study (N), mean maternal
age (years), number, and percentage of vaginal deliveries (VD), number and percentage of
eutocic or dystocic instrumental VD, number and percentage of Cesarean delivery (CD),
number of UI episodes, number of AI episodes, and number of POP episodes.

Eutocic VD are procedures in which there is no instrumental usage. Instrumental
deliveries are procedures using any instrument such as forceps, a vacuum, or a spatula.

Two authors reviewed all titles and abstracts independently. If the title and abstract
did not offer enough information, the full text was retrieved. Potentially eligible studies
were obtained and further evaluated. Final studies included in the review were selected by
both authors after applying eligibility criteria independently. Disagreement between both
researchers was resolved by consensus. Each reviewer collected the data independently
and included them in a data extraction sheet with the studied variables. Discrepancies
were resolved by both authors checking each study against the data sheet.

2.3. Risk of Bias and Statistical Analysis

Risk of bias was assessed independently by both authors by determining the adequacy
of compliance with inclusion criteria. Items assessed were: consecutive recruitment, correct
description of cases included, procedures undertaken, and complete reporting of outcomes
and complications.

We tried to choose strict eligibility criteria to identify a good number of studies that
were as homogeneous as possible, and thereby extract specific and valid conclusions.
For example, to eliminate positive outcome bias, a uniform definition of PFD was used
(UI, AI and POP) as the most frequent pathology in the female population [12–15]. Any
disagreement was resolved by discussion.

The quality of the evidence of studies included was assessed according to the Grade
of Evidence Working Group Criteria [16].

Calculation of OR between the different studies were carried out using the software
STATA, version 16. Results were expressed as rates (%) for dichotomous variables and
95% confidence intervals (95% CI) calculated. For publication bias analysis Egger test and
Rosenthal model were carried out, with I2 ≤ 70 for statistical significance.

3. Results

The initial search retrieved 598 articles, of which only 13 were included in the
meta-analysis after applying the exclusion criteria. Figure 1 shows the flowchart for
article selection.

Figure 1 shows the flowchart of MeSH, with search limits and exclusion criteria, re-
flecting both the search-exclusion reasons and number of papers excluded in each criterion.
Of 598 articles identified in the search, 13 articles met our established inclusion criteria.
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Figure 1. Study Flowchart.

3.1. Characteristic of the Included Studies

Table 1 shows the distribution of each of the variables collected from the studies.
Nine of the 13 studies were published in the last 5 years (69.23%). The total number of
participants was 1,597,303. All studies were in English language. The study by Larsson
et al. was the main contributor including 1,586,154 patients [17].
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Table 1. Characteristics of the included studies.

Author Year Period of Study Country Type of Study Type of Questionnaire No. of
Patients

Mean Age (SD
or Range)

Blomquist [18] 2019 October 2008–December 2013 USA Longitudinal study Prolapse-Incontinence Questionnaire 1143 40 (36.6 43.7)
Larsson [17] 2019 1973–2015 Sweden Observational study ICD8-10 diagnosis 1586.154 26.73 (5.57)
Fairchild [19] 2019 August 2014–July 2016 USA Prospective cohort POP-Q, Ultrasound 112 30.62 (N/A)
Colla [20] 2018 August 2016–May 2017 Brazil Prospective observational ICIQ_SF, POP-Q, PFM perineometer data 227 27 (26.03–27.68)
Abdool [21] 2017 November 2015–June 2016 South Africa Observational study ICIQ-VS Questionnaire 153 25.35 (18–38)
Huser [22] 2017 January 2002–December 2007 Czech Prospective cohort Internet-based survey 865 N/A
Yohay [23] 2016 March–July 2014 Israel Prospective longitudinal cohort PFDI-20 Questionnaire 117 30.84 (5.05)
Moossdorff [24] 2015 January 2010–December 2010 Netherlands Observational study Web based survey 169 29.74 (N/A)
Lipschuetz [25] 2015 N/A Israel Cross sectional study PFBQ Questionnaire 198 28 (5.7)
Volloyhaug [26] 2015 January 1990–December 1997 Norway Cross sectional study POP-Q questionnaire, ultrasound 608 28.5 (N/A)
Friedman [27] 2012 N/A USA Prospective cohort POP Quantification system 666 32.40 (N/A)
Dietz [28] 2012 October 2005–March 2010 Australia Prospective cohort Questions interview & ultrasound 513 27.5 (17–45)
Dolan [29] 2010 January 1983–August 1986 UK Prospective cohort Sheffield pelvic floor questionnaires 1857 26.2 (4.8)
Total (N) 1597.303

N/A: not available.
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3.2. Quality Assessment

Table 2 shows the heterogeneity of the studies selected. The results of the POP studies
(I2 = 63.1%) were 6 times the ratio of heterogenicity to UI and tripled the ratio to AI. The
results of UI were the most homogeneous among the studies selected for review

Table 2. Heterogenicity test of the included studies.

Heterogeneity
Statistic

Degrees of
Freedom p I-Squared ** Tau-Squared

UI 1.09 2 0.580 0.0% 0.000
POP 8.13 3 0.043 63.1% 0.1812
AI 3.74 3 0.291 19.8% 0.0058

Overall 60.46 10 0.000 83.5% 0.1535

z p

UI 9.10 0.000
POP 4.31 0.000
AI 5.64 0.000

Overall 5.40 0.000
Significance test(s) of OR = 1. ** I-squared: the variation in OR attributable to heterogeneity.

3.3. Results of the Systematic Review

Regarding morbidity events for each pathology, as shown in Figure 2, the prevalence
of UI was the highest of all (27.9%, 95% CI 26.7–29.2), followed by POP at half the rate
(14.2%, 95% CI 13.4–15.5), and finally AI with a very low prevalence (0.4%, CI 95% 0.4–0.4),
with a high risk of bias, due to Larsson’s study [17], which had a larger N compared with
the other studies.

In the study of events, 53.8% of the studies report UI, of which 42.8% had a UI rate
above the average defined in the studies. The mean UI rate in study group with N = 5411
patients was 27.9%.

In the case of POP, 61.5% of the studies reported this disease, while 62.5% had a
POP rate under the average of the review. Two studies with the highest N rates, those by
Blomquist et al. [18] and Dolan et al. [29], were very close to the average prevalence of
the study (14.2%), while smaller studies such as the studies of Lipscuetz et al. [25] and
Volloyhaug et al. [26] were the furthest from the calculated average. The mean POP in the
study group for an N = 6019 patients was 14.2%.

It should be noted that in the review only 38.5% of the studies reported AI, of which
Larsson et al. [17] had the highest N and, therefore, defined the mean as 0.4% with an
N = 1,589,740 patients, of whom only 0.2% were not included in the above-mentioned
study. Therefore, we established that the AI ratio had a bias that did not allow subsequent
conclusions to be drawn from the results obtained.
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Figure 2. Event case study for Urinary Incontinence (UI), Pelvic Organ Prolapse (POP), Anal Incontinence (AI). OBS = N
patients in each study, CI Confidence Interval and Forest plot.

3.4. Results of the Meta-Analysis
3.4.1. Meta-Analysis of Morbidity

There were five studies included in the meta-analysis of total PFD including UI, POP,
and AI, with the 1,588,828 patients studied shown in Figure 3. The overall results reveal a
higher prevalence of this morbidity in patients who had a VD versus a CD (OR = 2.17, 95%
CI 1.64–2.87; p for heterogeneity ≤ 0.0001, I2 = 84%).
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Figure 3. Forest plot for UI, POP, AI, overall in the Cesarean delivery and Vaginal delivery groups. OR, Odds Ratio.

3.4.2. Meta-Analysis of Urinary Incontinence

There were three studies included in the meta-analysis of UI morbidity, with the
2674 patients studied shown in Figure 3. The results reveal a higher prevalence of this
morbidity in patients who had a VD versus a CD (OR = 2.64, 95% CI 2.14–3.25; p for
heterogenicity ≤ 0.580, I2 = 0%). To evaluate the publication bias, two tests have been
carried out, the Egger test and the funnel plot in Figure 4, by pathology. In the case of UI,
the results do not offer a publication bias [annex I].

3.4.3. Meta-Analysis of Pelvic Organ Prolapse

There were four studies included in the meta-analysis of POP morbidity, with the
3282 patients studied shown in Figure 3. The results reveal a higher prevalence of this
morbidity in patients who had a VD versus a CD (OR = 3.28, 95% CI 1.91–5.63; p for
heterogeneity 0.043, I2 ≤ 63%). In Figure 4, POP results do not offer a publication bias
[annex I].

3.4.4. Meta-Analysis of Anal Incontinence

There were four studies included in the meta-analysis of AI morbidity, with the
1,588,828 patients studied shown in Figure 3. The results reveal a higher prevalence of
this morbidity in patients who had a VD versus a CD (OR = 1.53, 95% CI 1.32–1.77; p for
heterogeneity ≤ 0.291, I2 = 20%). In Figure 4, AI results do not offer a publication bias
[annex I].
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Figure 4. Publication risk of bias for meta-analysis results.

3.5. Sensitivity Analysis

Meta-analysis showed a heterogeneity of overall morbidity higher (I2 = 84%) than
recommended for a meta-analysis (I2 = ≈70%), due to different aspects of recruitment and
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methodology among the different studies. As overall morbidity I2 is >70% and no further
publications bias was analyzed, we cannot consider the results.

We continued to carry out these tests because in the morbidities studied independently,
the heterogeneity tests and publication bias tests are far below the acceptable limit, so we
understand that the results are useful for the analysis.

However, this meta-analysis should be followed up by further studies that can ad-
dress the deficiencies and limitations that have been identified in the heterogeneity of the
included studies.

4. Discussion

This systematic review of the literature identified thirteen studies of interest involving
over 1.5 million patients in the last ten years and representing ten countries. To our
knowledge, this is the most up to date review of PFD of obstetric origin, analyzing the
three most prevalent pelvic floor morbidities.

As shown in Table 1, in recent years, there has been a growing interest in studying
the association between type of delivery and the risk of different pelvic floor disorders.
Hage–Fransen et al. show that these risk factors are multifactorial and differ between
the different pelvic floor disorders. Further research, along with long-term follow-up, is
needed [30] to form solid conclusions. Pelvic tissue damage can generate UI, AI, and POP
in the postpartum period or during other points in a woman’s life [31,32]. Major impact
on women can occur from UI, POP, and AI which are diseases whose major etiology is the
stress of childbirth and the form of delivery type.

The results obtained in this review indicate a UI prevalence in non-nulliparous women
at 27.9%, which indicates that this problem needs to be considered to improve the quality of
women’s lives once they have had their first child. Prevalences of female UI after delivery
vary in the literature, where there is no consensus on what percentage is the most accurate,
ranging from 15%–50%, depending on the study [31–35].

The data obtained in the review indicate a POP prevalence of 14.2% in non-nulliparous
women. Reporting of POP is much more complex because a medical diagnosis is required
after a vaginal exam, and in most studies, there are large biases, mainly because patients
do not know how to tell if they have POP.

In this review, the prevalence of AI in relation to childbirth was 0.4% in non-nulliparous
women, considering the bias produced by the inclusion of the study by Larsson et al., which
included an N of more than 1,500,000 patients. AI occurs at a different prevalence rates in
relation to the type of study and its inclusion methods. Therefore, we can find prevalence
between 0.4–20% in the population [36,37]. Due to the large bias produced by the inclusion
of the Larsson’s study, we cannot draw a conclusion from the data obtained in the review.

In this study, as shown in Figure 2, VD appears to double the prevalence of pelvic
floor disorders compared with CD, namely more than twice the risk of UI, three times the
risk of POP, and slightly less than two times the risk of AI (with the available data).

There are also several studies showing that elective CD can reduce the incidence of
these pelvic floor pathologies such as incontinence. Although in the studies reviewed here,
no distinction is made between elective and non-elective CS [38,39].

However, it should be noted that the majority of studies (62%) included in this
systematic review and meta-analysis, were diagnosed PFD via questionnaires, while the
smallest number of publications (38%) had a clinical diagnosis with ultrasound, medical
diagnosis or pelvineometer as shown in Table 1.

As a result of the meta-analysis, we obtained acceptable ratios of heterogeneity. We can,
therefore, conclude that the type of delivery has a direct impact on pelvic floor morbidity.
Regarding the results of this study, vaginal delivery has significantly greater complication
and morbidity effects than cesarean delivery. Some limitations should be avoided in future
studies. Morbidity events by type of delivery (vaginal delivery/instrumental vaginal
delivery) should be known and related within the vaginal delivery. More articles should
be included in the analysis that meet the inclusion criteria.
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The main factor we identified that affects the heterogenicity of the study was the
lack of a homogeneous collection and presentation process of the methods and obstetric
information of the patients included in the different studies. For future research, our
recommendation would be to clearly define generic (VD/CD) and specific (vaginal de-
livery/instrumental vaginal delivery), Elective/Non-Elective, and obstetric variables to
identify conclusions more precisely on the direct risks associated with each form of delivery.

Hage-Fransen et al., in their study, found UI during pregnancy, episiotomy, instru-
mental vaginal delivery tears, and constipation as risks factors for UI at postpartum. AI
during pregnancy, maternal age > 35 years, prenatal BMI > 30 kg/m2, instrumental vaginal
delivery, spontaneous vaginal delivery, oxytocin augmentation, and newborn > 4000 g as
risk factors for AI at postpartum [30].

No clear association has been established between type of delivery and perineal
dysfunction, while the preventive effect of cesarean delivery is highly controversial. The
results of the published studies are questionable because they are retrospective and cohort
studies. Randomized trials should be conducted by type of delivery (vaginal/caesarean) to
have a clear view of comparison between types of delivery and perineal dysfunction.

The strength of this study is, this review and meta-analysis include 1,597,303 patients,
from 10 different countries. However, there are different limitations in the study, that once
identified, will be interesting to consider in future research. With the information from the
studies included in this review and meta-analysis, it is not possible to determine which
procedure led to a cesarean delivery, whether it was elective or emergency. Therefore, it
has not been possible to perform a stratified analysis that could provide data on the causes
of morbidity associated with each type of delivery. Similarly, there is no information in
the studies included in this review on the morbidity events produced in each of the types
of delivery, and they only provide information on the total events found in the global
sample of the study. This prevents us from performing a meta-analysis by subgroups of
instrumental vaginal delivery with variables such as BMI and maternal age, since we do
not have the number of events (IU, POP, IA) among exposed and unexposed patients,
so it is impossible to collect disaggregated event information to do so. Even though we
contacted all corresponding authors by email, asking for these data in order to carry out
the association study, unfortunately, only two of the teams replied, one indicating that
they did not have the information available as it was a 2010 study. The other team gave us
the required information, although the information with data from a single study was not
relevant to perform a meta-analysis by subgroups of instrumental vaginal delivery.

5. Conclusions

The results of this study show that vaginal delivery is directly related to the appearance
of pelvic floor pathologies, mainly IU, POP, and IA. Although the incidence of postpartum
IU is higher than the others (27.9%), in vaginal delivery, however, the POP presents a higher
risk OR = 3.28, compared to IU in cesarean deliveries.

Based on the results obtained in the study, it is necessary to consider the risk of POP
after vaginal births, and a greater control of the possible appearance of POP during the
postpartum period should be carried out in order to minimize and/or treat the early stages
when it becomes evident that the patient could be affected.

Further studies are necessary, preferably randomized trials, to have a better under-
stand of PFD knowledge. It would be interesting for future studies to include multi-factorial
determinants identifying the type of vaginal delivery, with and without instrumentaliza-
tion, and which cases the events of pelvic floor morbidity (UI, POP, AI) have occurred, in
order to be able to relate each type of vaginal delivery to the pathology associated with
that procedure. Knowledge of this topic helps physicians find effective strategies to reduce
the likelihood of developing POPs after childbirth and to be able to pay more attention to
this condition in postpartum pelvic floor care.

Supplementary Materials: The following are available online at https://www.mdpi.com/article/10
.3390/jcm10081652/s1, Annex I of work and search dynamics.
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VD Vaginal delivery
CD Cesarean delivery
UI Urinary incontinence
POP Pelvic organ prolapse
AI Anal incontinence
OR Odds Ratio
CI Confidence Interval
I2 I squared
PFD Pelvic floor disorders
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