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Purpose: This study aims to investigate the differences in pelvic floor dysfunction (PFD) and diastasis recti abdominis (DRA)
between primiparous and second-parous females with known risk factors controlled.

Patients and Methods: 49 primiparous and 49 age-matched second-parous postpartum after spontaneous vaginal delivery were
included between October and December 2023. Independent variables include weight, height, body mass index (BMI), fetal weight,
gestational weight gain (GWG). Main outcome measurements include vaginal resting pressure (VRP) and maximum voluntary
contraction pressure (MVCP) indicating pelvic floor muscle strength, the stage of anterior (APOP) and posterior pelvic organ prolapse
(PPOP) and inter-recti distance (IRD) indicating DRA. Independent #-test and Chi-square test of independence were used to analyze
differences between two groups for continuous and categorical variables, respectively.

Results: No significant differences were found in terms of vaginal pressure measurements between two groups (VRP: t (96) = 0.07,
p = 0.942; MVCP: t (96) = 0.40, p = 0.689). Second-parous group showed significantly more severe DRA with larger IRD than
primiparous group (t (96) = —2.405, p = 0.018). No significant association was found between parity and APOP stage (3*(1) = 2.67, p =
0.102) in this current study; however, second-parous females demonstrated greater PPOP stage than primiparous females (x*(1) =
5.24, p = 0.022).

Conclusion: Second-parous females at similar age are more likely to experience PPOP than primiparous group after spontaneous
vaginal delivery. Greater public attention with plausible actions should be taken for second-parous female group to prevent more
severe postpartum pelvic floor dysfunction.

Keywords: pelvic floor dysfunction, postpartum, second-parous females, pelvic floor muscle strength, pelvic organ prolapse, diastasis

recti abdominis

Introduction

Pelvic floor dysfunction (PFD) includes, but is not limited to, bladder and bowel dysfunction, pelvic organ prolapse,
sexual dysfunction, and pelvic pain.' During the past three decades, PFD has remained a major health concern,
particularly in low- and middle-income areas.'” The prevalence of PFD worldwide ranges from 25% to 46.5%,>’
reaching its peak in the 70-74 age group for females.® PFD has a substantial negative impact on females’ quality of life,

including physical, psychological, social, and emotional aspects.” Based on available research, treatment costs for
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persons with PFD account for approximately 50% of their weekly income in some low-income areas.” According to
another study, PFD either increases the burden of caretaking on families or contributes to social isolation and mental

health issues.” Therefore, detecting PFD at an early stage is highly recommended.
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9

Currently, clinical assessments of pelvic organ prolapse (POP), pelvic floor muscle (PFM) strengt and
diastasis recti abdominis (DRA)">"'¢ have been used to provide a comprehensive understanding of female postpartum
pelvic floor dysfunction. The most frequently used clinical assessments of POP and DRA are the Pelvic Organ Prolapse
Quantification System (POP-Q)'” and digital measurements of the inter-recti distance (IRD),'® respectively. As reliable
assessments, both tools have been validated by researchers and are widely used in clinical settings due to their
convenience.'®'® As for PFM, it is important to note that there is no gold standard for measuring the muscle strength
and endurance as of yet.”’ Multiple assessment tools are used in conjunction with each other to gain a full picture of

pelvic floor muscle strength and endurance in clinical practice, including manual muscle testing,”' 22,23

22,23

manometry,
electromyography, and imaging techniques.”**> Due to its simplicity and non-invasive nature, manometry is one of
several methods that has been used widely to assess PFM strength objectively. Additionally, the reliability and validity of
manometry have been demonstrated in previous clinical studies.”®® To effectively control the co-contraction of lower
transverse abdominals as one of the observed compensation strategies during pelvic floor contractions, the authors of the
study by Bo er al.?? highlighted the significance of the observation of the balloon catheter during the test since the inward
movement of the balloon catheter is only apparent during correct contraction with an elevated PFM.

It has been well established by existing literature that pelvic floor and abdominal muscles are highly correlated to
explain female postpartum pelvic floor function. Together with diaphragm, pelvic floor and abdominal muscles play
essential roles in the maintenance of intra-abdominal pressure and core stability.”® PFM relaxes and contracts during
inhalation and exhalation as the abdomen expands or rests in pace with the diaphragm.>' DRA, a direct clinical indicator
of abdominal weakness, can result in improper trunk posture, such as anterior pelvic tilt. Consequently, this may alter the
length of PFM and diminish its capacity to regulate intra-abdominal pressure.’*>*> PFM tends to manage increased intra-
abdominal pressure with excessive tightness, known as elevated muscle tone, limiting its ability to contract and relax and
ultimately contributing to pelvic floor dysfunction. A study by Zhang et al** has explored the correlation between IRD
and PFM function and discovered that females with DRA demonstrated weakened PFM endurance, particularly in the
urethral sphincter and external anal sphincter muscles. Both two muscles are important superficial components of PFM
while the abnormal function of them may affect the urogenital hiatus and weaken the support of pelvic floor organs,
leading to POP eventually.

POP, DRA combined with decreased PFM strength are all known potential postnatal consequences.’>>*® There are
several risk factors associated with PFD after childbirth, including maternal age,’” delivery mode,”® and parity.'®®
Previous research work has shown that females over the age of 35 years old are more likely to experience adverse
maternal outcomes®” and postnatal PFD.*’ As a result of considering multiple factors, including hormone changes during
pregnancy and overstretching of connective tissue during delivery,*' researchers found that neither vaginal nor cesarean
delivery can protect females from postnatal PFD.*'** Therefore, it is reasonable to control these influential factors to
make groups more comparable in the study. In terms of parity, Elenskaia et al*® found there is a significant increase in the
prevalence of different types of PFD after the first pregnancy and increases further with subsequent pregnancies. To
investigate how childbirth relates to PFD, current studies often categorized females into nulliparous, primiparous, and
multiparous groups. Blomquist et al*> reported that multiparous females who have had at least one vaginal delivery are
more likely to demonstrate weaker PFM strength, which is associated with a greater risk of PFD but females who have
delivered all children by cesarean delivery showed no such association. However, there is lacking evidence suggesting
how pelvic floor function changes specifically after each childbirth with maternal age and delivery mode controlled.
Therefore, the purpose of this study is (1) to investigate how PFM strength differs after second childbirth compared to the
first childbirth between age-matched and delivery mode-controlled group, and (2) to explore the incidence of postpartum
POP and DRA among primiparous and second-parous females after controlling maternal age and delivery mode. We
hypothesized that PFM strength would decrease with more severe stage of prolapse and an increased incidence of IRD in

the second-parous group.
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Materials and Methods

Study Design and Population

A retrospective single-center cohort study was conducted at Peking Union Medical College Hospital from October 2023
to December 2023 on 77 second-parous and 227 primiparous women who attended postpartum pelvic floor evaluation in
the Department of Obstetrics and Gynecology. The inclusion criteria include primiparous or second-parous females who
were 6 to 12 weeks postpartum with spontaneous vaginal delivery and seen by the same pelvic floor physical therapist.
Participants were excluded if they underwent caesarean section or instrumental vaginal delivery, suffered from severe
pregnancy complications, had missing data in their medical records, or had enrolled in any kind of PFM rehabilitation
following this current childbirth. Finally, 49 second-parous females and 49 age-matched primiparous females remain in
this study. All data were collected from a computerized medical record system including data concerning basic individual
information, obstetric history, and pregnancy outcomes. Independent variables include weight, height, body mass index
(BMI), fetal weight, gestational weight gain (GWG) (Table 1). In terms of GWG, the data collected in our study was the
participant’s weight at the last prenatal visit minus that at the first one. Primary outcomes included vaginal resting
pressure (VRP), maximum voluntary contraction pressure (MVCP), anterior (APOP) or posterior pelvic organ prolapse
(PPOP) stages, and DRA postpartum. Vaginal pressure was measured using manometry as the catheter balloon was
placed with the middle of the balloon 3.5 cm inside the introitus vagina, and a simultaneous inward movement of the
vaginal catheter should be observed to ensure the correct PFM contraction.”’ VRP represents the original pressure value
before contractions, and MVCP represents the difference between the peak vaginal pressure and the resting vaginal
pressure during maximum voluntary contraction,'® which is proportional to the force of PEM and is widely used as an
indicator of the strength of the PFM.***’ Participants were placed in dorsal lithotomy positions, and the degree of
prolapse was assessed during the Valsalva maneuver. Stages of POP-Q system measurements were utilized with the
hymen as the reference point. Stage 0 is defined as no prolapse is demonstrated. Stage 1 is defined as the most distal
portion of the prolapse is more than 1 cm above the level of the hymen. Stage 2 is defined as the most distal portion of
the prolapse is 1 cm or less proximal or distal to the hymenal plane.'” DRA refers to the separation of the rectus
abdominis muscle, which is quantified by the IRD.*® IRD was measured with palpation at the level of the umbilicus by
measuring the number of fingers that fit between the medial borders of the rectus abdominis muscles. DRA is defined as
an IRD that is larger than two finger widths.'® There have been previous studies that have shown the validity of both
methods of assessing prolapse and DRA.'®!?

Statistical Analysis

Continuous and categorical variables are expressed as the mean + standard deviation and percentages, respectively.
Continuous variables were compared using the independent ¢-test, and categorical variables were compared using the chi-
square test. For the primary outcomes, chi-square tests were used to compare categorical variables such as APOP stages,

Table | Basic Characteristics Between Primiparous and second-
Parous Females

Variables | Primiparous (n=49) | Second-Parous (n=49) | p
Mean SD Mean SD

Age 34.57 1.76 3531 3.00 0.143
Height 164.90 4.98 164.33 5.22 0.581
Weight 60.75 10.19 62.67 8.78 0.322
BMI 22.32 3.52 23.19 2.95 0.191
FW 3188.57 407.16 3395.00 387.80 0.012%*
GWG 11.47 4.09 12.28 3.77 0.310

Notes: Continuous variables were compared using independent t-tests. A p-value < 0.05
was considered statistically significant. BMI, FW, GWG represent for body mass index,
fetal weight, and gestational weight gain, respectively. SD represents for standard devia-
tion, and the asterisk sign indicates statistical significance.
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Table 2 The Analysis of Continuous Outcome Variables Between
Primiparous and second-Parous Groups

Variables | Primiparous (n=49) | Second-Parous (n=49) | p
Mean SD Mean SD

VRP 76.33 13.27 76.12 14.30 0.942

MVCP 16.08 11.94 15.08 12.74 0.689

IRD 1.31 1.22 1.89 .17 0.018*

Notes: Continuous variables were compared using independent t-tests. A p-value < 0.05
was considered statistically significant. VRP and MVCP represent for vaginal resting
pressure, and maximal vaginal contraction pressure. IRD represents for inter-rectus
distance. SD represents for standard deviation, and the asterisk sign indicates statistical
significance.

PPOP stages, and DRA between groups, and independent t-tests were used to determine whether there was a difference
between groups for VRP, MVCP, and IRD. To make the Chi-square test results valid with no observed cell numbers less
than 5, APOP and PPOP stages were both eventually combined into 2 groups. Group 1 of APOP stages include APOP
stage 0 and stage 1 while group 2 include only stage 2. Group 1 of PPOP stages include only PPOP stage 0 and group 2
of PPOP stages include stage 1 and 2. A statistical analysis was conducted using SPSS 22.0 (IBM, Armonk, NY, USA).
A p-value < 0.05 was considered statistically significant. To evaluate the achieved power of this study, a post-hoc power
analysis using G*Power (Version 3.1) has been conducted. Cohen’s d (for the independent #-test) and Cramér’s V (for the
Chi-square test) were set at 0.5 and 0.3, respectively, to reflect a moderate effect size. These values were based on
previous research studies demonstrating a moderate effect of parity on pelvic floor dysfunction and diastasis recti
abdominis.*”>' With an alpha level of 0.05, and a total sample size of 98 (49 primiparous and 49 second-parous
participants), the calculated power was 0.98 for the Chi-square test and 0.99 for the independent #-test, which demon-
strated that the sample size was sufficient to detect statistically significant differences between two groups. The study was
approved by Peking Union Medical College Hospital Ethics Committee (IRB Number: 1-24PJ0428).

Results

There were no significant differences found between two groups considering both VRP (t (96) = 0.07, p = 0.942) and
MVCEP (t (96) = 0.40, p = 0.689) after childbirth (Table 2). The IRD of women who had a second pregnancy (1.89 cm
x 1.17 cm) was significantly higher than that of primiparous women (1.31 cm x 1.22 cm) (t (96) = —2.405, p = 0.018),
with an average difference of 0.58 cm (95% CI, 0.10 £1.1) cm (Table 2 and Figure 1). The effect size was moderate,
Cohen’s d = —0.486 (95% CI, —0.887,-0.083), further underscoring the substantial impact of a second pregnancy on the
widening of the IRD. Significant difference was found between two groups when considering DRA (x*(1) = 4.10, p =
0.043) (Table 3). The current incidence of APOP was 42.9%% (group 1) and 57.1% (group 2) and that of PPOP was
26.5% (group 1) and 73.5% (group 2) respectively, regardless of parity (Table 3 and Figure 2). The association between
parity and postpartum APOP, however, does not appear to be significant (x*(1) = 2.67, p = 0.102). Second-parous females
were significantly more likely to experience PPOP than primiparous females (x*(1) = 5.24, p = 0.022). The effect size
was moderate, Cramér’s V = 0.23, suggesting that parity is a meaningful predictor of posterior pelvic organ prolapse.

Discussion
This study examined whether second-parous women are more likely to experience postpartum dysfunctions compared to
primiparous women. Importantly, the age and delivery mode were controlled between these two groups. It was found
that second-parous women have an increased risk of PPOP and a greater IRD than primiparous women. In spite of this,
there was no significant difference between the two groups in terms of vaginal pressure.

The findings of this study align with previous studies indicating a strong association between parity and postpartum
pelvic floor disorders.®**** However, a notable distinction of this study is its reliance on objective assessments of pelvic
floor dysfunction, as opposed to the subjective reports used in existing literature. Despite the focus on Chinese
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Figure | The difference of inter-recti distance (IRD) between primiparous and second-parous groups. The grey and white violin plots represent IRD in primiparous
and second-parous groups, respectively. The solid diamond represents the difference between the means of two groups, while the error bar indicates the standard deviation.

Y-axis units are centimeters.

postpartum females, the results were consistent with studies conducted in Western countries,>* suggesting broad clinical

relevance. This study also added a new dimension by isolating primiparous and second-parous groups aiming to
differentiate the progression of pelvic floor dysfunction following each subsequent childbirth, a distinction not fully
addressed by previous work. The findings have significant implications for future pelvic floor clinical practice,

particularly for second-parous females. The study underscores the need for heightened medical awareness among

healthcare providers regarding the increased risk of prolapse in the vaginal posterior compartment among this second-

parous population. It suggested that tailored evaluations and interventions should be developed for this population.

Table 3 The Analysis of Categorical Outcome Variables Between Primiparous

and second-Parous Groups

Variables | Total Primiparous | Second-Parous @) | p
(n=98) (n=49) (n=49)

APOP

| 42(42.9%) | 25(51.0%) 17(34.7%) 2.67(1) | 0.102

2 56(57.1%) | 24(49.0%) 32(65.3%)

PPOP

| 26(26.5%) | 18(36.7%) 8(16.3%) 5.24(1) | 0.022*

2 72(73.5%) | 31(63.3%) 41(83.7%)

DRA

No 52(53.1%) | 31(63.3%) 21(42.9%) 4.10(1) | 0.043*

Yes 46(46.9%) | 18(36.7%) 28(57.1%)

Notes: Categorical variables were compared using chi-square tests. A p-value < 0.05 was considered
statistically significant. APOP, PPOP, and DRA represent for anterior pelvic organ prolapse, posterior
pelvic organ prolapse, and diastasis recti abdominis, respectively. The asterisk sign indicates statistical

significance.
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Frequency Distribution of APOP and PPOP Stages
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Figure 2 Frequency distribution of anterior (APOP) and pelvic organ prolapse (PPOP) groups between primiparous and second-parous population. Bar charts show the
frequency distribution of APOP and PPOP groups. The grey and white bars represent primiparous and second-parous groups, respectively.

Additionally, future research could explore the progression or regression of posterior pelvic organ prolapse in multi-
parous groups following each childbirth, further informing pelvic floor rehabilitation practice.

Second-Parous Females Demonstrated Greater IRD Than Primiparous Females

As a major finding of this study, second-parous females demonstrated greater IRD, indicating higher incidence of DRA,
than primiparous females. According to an epidemiological cohort study, there is a positive correlation between the
number of pregnancies and IRD among Finnish women.>® It was worth noting that the average IRD in this previous study
for primiparous and multiparous females were 2.36 + 0.83 cm and 2.55+ 1.09 c¢m respectively, which both were greater
than the ones in our current findings. The level of statistical significance between primiparous and multiparous females
was not reached in this previous study. Several rationales could be made. The first reason was the racial difference
between the Finnish and Chinese populations. An IRD measurement conducted 3 c¢m above the umbilicus by Qu et al**
revealed that Chinese nulliparous females had an IRD of 0.62 + 0.56 cm, whereas Beer et al’> reported a value of 1.30 +
0.07 cm for nulliparous females from eastern countries at the same location. The second reason is that IRD measurement
is not standardized. Previous studies measuring IRD used different locations as a reference, resulting in incompatibility
between the results. Moreover, the focus of this previous study was on primiparous and multiparous females, but not on
primiparous and second-parous females. Liaw et al’® also included multiparous women in their study and confirmed that
parous females were capable of recovering their IRD from 7 weeks to 6 months but continued to have a significant
greater IRD than nulliparous women; however, their study did not compare IRD between primiparous and multiparous
women. Our study compared the difference in IRD between primiparous and second-parous females and confirmed
that second-parous females demonstrated significantly larger IRD with a difference of 0.58 cm than primiparous females.

PPOP is More Popular Among second-Parous Females Than Primiparous Females, but
APOP is More Popular Than PPOP Among Parous Females with More Severe Stages

According to the current study, PPOP was more commonly seen among second-parous women than primiparous women.

Possibly, increased weight of vaginally delivered fetuses can be explained by a correlation between posterior prolapse

57,58

and fetal weight, as shown by the fact that the second-parous group in the current study had a significantly greater

fetal weight. Research has shown that increased fetal weight is associated with increased fetal head circumference,

1.60

which may result in an overstretching of tissues in the posterior vaginal wall.”” Most pelvic floor muscles are only able to
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tolerate stretch to a certain extent due to the single-direction alignment of their fibers. Existing literature using finite
element method has supported the above-mentioned hypotheses, revealing that a higher risk of pelvic floor muscle injury
along with a corresponding PFD may be evident as soon as the permissible stretch reaches a certain level. For instance,

Parente et al®'

measured the stretches and deformations on pelvic floor muscles induced by the passage of the fetus
during the vaginal delivery. The stretch ratio, defined as the ratio between the current tissue length to the original tissue
length, is a key metric in assess tissue strain. Initial investigation into contraction-induced injury identified a maximal
non-injurious stretch value of 1.5.°> The maximal stretch ratio obtained in this study was 1.63 for a vertical displacement
of the fetal head of approximately 60 mm, which indicates a higher risk of pelvic floor muscle injury during the second
stage of labor with larger fetal head circumferences at this vertical level. Thus, it is hypothesized that once the fetal
weight or head circumference exceeds a certain number, the posterior vaginal wall will be traumatically overstretched,
leading to PPOP.

It is somewhat of a surprise that we did not find significant difference in APOP stages between two groups, but only
PPOP stages. However, the findings of our study are still consistent with previous research that APOP is more popular
than PPOP in parous females with more severe stages.'®' To date, no research has revealed why postpartum APOP is

more commonly seen than PPOP. Yagi et al®’

conducted magnetic resonance imaging evaluation on pelvic floor
structures with 3 reference lines (pubo-coccygeal line, pubo-rectal line, and the M line) to determine their changes are
linked to prolapse. Pubo-rectal line represents the distance from pubic symphysis to the most cranial portion of the
posterior anal canal while the M line was defined as the vertical line from dorsal edge of the pubo-rectal line to pubo-
coccygeal line, which represents the descent of the hiatus. The study results revealed that in comparison to non-POP
population, POP patients are more likely to recover their lengthened pubo-rectal line, but not completely and accumula-
tively lengthen the M line with no recovery. Further research study may focus on investigating how pubo-rectal and the
M lines differentiate between patients with APOP and PPOP to uncover the mechanism behind the different types

of POP.

Neither VRP nor MVCP Were Found Significantly Different Between Two Groups
The current study found no significant difference in VRP and MVCP between two groups. To explain our findings, we
speculated that the second-parous women had lower antepartum pressure values than primiparous women. With previous
childbirth experiences, second-parous females showed faster body recovery and returned to their antepartum values
within 3 months. Primiparous females, however, were only able to recover to the level of second-female antepartum
status during this short period of time; thus, no difference in pressure values was detected in the current study. Our
hypothesis was supported by a previous study conducted by Peschers et al,> which determined that multiparous women
already had lower antepartum pressure values than primiparous women. Moreover, multiparous females have already
recovered to their antepartum vaginal pressure values 6 to 10 weeks postpartum, but no full recovery was observed
among primiparous groups; however, no statistical analysis was conducted to determine the differences between the two
groups. Another study from B et al*’ also found that primiparous females did not fully recover to their pressure values
even 12 months postpartum; however, no second- or multiparous females were included in this study and no follow-ups
of these primiparous females to investigate their PFM strength and endurance changes during their subsequent
pregnancies were conducted.

Limitations

The current study has some limitations. First of all, given its retrospective study design, the study is subject to selection
bias. To reduce bias, we were able to control some potential confounders, including age and delivery mode. Another
limitation of the current study is the small sample size. We have conducted a post-hoc power analysis and shown that the
chi-square and independent t-tests have acceptable power with values of 0.98 and 0.99, respectively. In addition, this
study relies on medical records of women who attended postpartum pelvic floor evaluations. These females may
demonstrate greater health awareness or more severe symptoms, which could limit the generalizability of this study
results and potentially overestimate the severity of pelvic floor dysfunction in the targeted group. Furthermore, this study
only evaluates women within a short postpartum window (6—12 weeks postpartum). It is possible that their symptoms of
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PFD and DRA could continue to progress or regress over time. Therefore, future research could focus on a longer
timeframe to capture the full extent of the long-term differences between primiparous and second-parous females in
terms of PFM function. Additionally, due to the lack of medical records, this study cannot exclude second-parous females
who may have undergone postnatal pelvic floor rehabilitation following their first childbirth. This highlights the need for
future studies to account for prior rehabilitation history when examining the impact of parity on pelvic floor health.
Lastly, due to the retrospective nature of the study design, this current study lacks pre-pregnancy or pre-delivery
measurements of PFM strength and endurance, which are critical for assessing changes attributable to childbirth.
A prospective longitudinal study would be recommended to track changes in PFM strength and endurance from pre-
pregnancy through postpartum periods to allow for a clearer understanding of how childbirth and parity impact pelvic
floor function over time.

Conclusion

This current retrospective cohort study supports the notion that second-parous females may be at greater risk of
developing PPOP with increased IRD than primiparous females. There is a higher incidence of APOP among parous
females than PPOP with more severe stages. There was no significant difference found in vaginal pressure values
such as VRP and MVCP to detect pelvic floor muscle strength difference between primiparous and second-parous
females.

Abbreviations

PFD, pelvic floor dysfunction; POP, pelvic organ prolapse; APOP, anterior pelvic organ prolapse; PPOP, posterior pelvic
organ prolapse; DRA, diastasis recti abdominis; PFM, pelvic floor muscle; IRD, inter-recti distance; BMI, body mass
index; GWG, gestational weight gain; VRP, vaginal resting pressure; MVCP, maximum voluntary contraction pressure;
POP-Q, Pelvic Organ Prolapse Quantification System; PFDI, Pelvic Floor Distress Inventory; PFIQ-SF, Pelvic Floor
Impact Questionnaire Short Form.
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