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Abstract

BACKGROUND: Vaginal birth is a risk factor for pubovisceral muscle tear, decreased urethral 

closure pressure, and urinary incontinence. The relationship between these three factors is 

complicated. Urinary continence relies on maintaining urethral closure pressure; particularly when 

low urethral closure pressure can usefully be augmented by a volitional pelvic muscle (Kegel) 

contraction just before and during stress events like a cough. However, it is unknown whether a 

torn pubovisceral muscle decreases the ability to increase urethral closure during an attempted 

pelvic muscle contraction.

OBJECTIVE: We tested the null hypothesis that a pubovisceral muscle tear does not affect the 

ability to increase urethral closure pressure during a volitional pelvic muscle contraction in the 

Evaluating Maternal Recovery from Labor and Delivery (EMRLD) study.

STUDY DESIGN: We studied 56 women 8 months after their first vaginal birth. All had at least 

one risk factor for pubovisceral muscle tear (e.g., forceps and long 2nd stage). A tear was assessed 

bilaterally by magnetic resonance imaging. Urethral closure pressure was measured both at rest 

and during an attempted volitional pelvic muscle contraction. Student’s t test was used to compare 
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urethral closure pressures. Multiple linear regression was used to estimate the effect of a magnetic 

resonance imaging-confirmed pubovisceral muscle tear on volitionally contracted urethral closure 

pressure after adjusting for resting urethral closure pressure.

RESULTS: The mean age was just over 30 years with the majority being Caucasian. By magnetic 

resonance imaging measure, unadjusted for other factors, the 21 women with tear had significantly 

lower urethral closure pressure during an attempted contraction compared to the 35 women 

without tear (65.9 vs 86.8 cm H2O respectively, P=.004), leading us to reject the null hypothesis. 

No significant group difference was found in resting urethral closure pressure. After adjusting for 

resting urethral closure pressure, pubovisceral muscle tear was associated with lower urethral 

closure pressure (beta = − 21.1, P=.001).

CONCLUSIONS: In the first postpartum year the presence of a pubovisceral muscle tear did not 

influence resting urethral closure. However, women with a pubovisceral muscle tear achieved a 

25% lower urethral closure pressure during an attempted pelvic muscle contraction than those 

without a pubovisceral muscle tear. These women with pubovisceral muscle tear may not respond 

to classic behavioral interventions, such as “squeeze when you sneeze” or strengthen through 

repetitive pelvic muscle exercises. When a rapid rise to maximum urethral pressure is used as a 

conscious volitional maneuver, it appears to be reliant on ability to recruit the intact pubovisceral 

muscle in order to simultaneously contract the urethral striated muscle.
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Introduction

Estimates of the prevalence of urinary incontinence range from approximately 5% to 70% of 

women.1 The most common type of incontinence is stress urinary incontinence (SUI)2 

caused by inadequate urethral closure pressure (UCP), as defined by the arithmetic 

difference between urethral pressure and bladder pressure.3 An increase in bladder pressure 

due to an increase in intraabdominal pressure can then cause involuntary urine loss during 

physical activities, such as lifting, coughing, or sneezing.4–5

To prevent leakage, it has been shown that an intentional increase in UCP can be achieved 

by volitionally contracting the pelvic muscles just before and during the rise in 

intraabdominal pressure. The timing of this skilled maneuver (termed the ‘Knack’ in the 

studies that tested its ability to reduce leakage when a Kegel contraction was timed with a 

cough), can be learned to be a consciously activated preventive behavior implemented as an 

adaptive response6 to expected urine leakage.7–8 However, these Knack studies also 

observed a substantial number of women demonstrating leakage with cough who were 

unable to reduce that leakage, and sometimes trying to do so with the Knack made it worse.
7–8 This observation raises the possibility that a birth-related muscle tear might adversely 

affect the efficacy of this maneuver.
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The pubovisceral muscle (PVM), the ventral-most portion of the pelvic floor muscles, acts 

on either side of the urethra, helping to stabilize it during increases in intraabdominal 

pressure by preventing its movement caudally. Because of the PVM body’s proximity to the 

urethra, its lines-of-action and ability to elevate the mid urethra9 during a volitional 

contraction, we hypothesized that a PVM tear adversely affects a woman’s potential to raise 

her UCP during volitional pelvic muscle contraction. The PVM is the portion of the levator 

ani most vulnerable to being torn from the pubic bone during vaginal birth.10–12

Birth-related PVM tears are well-documented.13–14 In women with specific risk factors 

associated with vaginal birth experience up to 66% have been known to experience PVM 

tears.14 Although the association between the presence of a PVM tear (partial or complete) 

and SUI is presently unknown, an inverse relationship between SUI and UCP is known. A 

low resting UCP is well accepted to be a primary cause of the leakage15–16 because it is 

generally accepted that a resting UCP greater than 60 cm H2O is necessary for continence.

We therefore tested the hypothesis that a PVM tear adversely affects a woman’s potential to 

raise her UCP during volitional pelvic muscle contraction.

Materials and Methods

Study population

This was a planned secondary analysis of women from the parent study, Evaluating Maternal 

Recovery from Labor and Delivery (EMRLD). Institutional Review Board approval was 

obtained (HUM #00051193) which included informed consent. This longitudinal 

observational cohort study of women within the first year after childbirth was designed to 

determine whether a birth-related PVM “defect” on MRI was indicative of a torn muscle, as 

opposed to nerve- or crush-related childbirth injury. The hypothesis of tear was supported.13

Parent study inclusion criteria included primiparous postpartum women who delivered 

vaginally, with at least one potential risk factor for PVM tear: maternal age greater than 33 

years, second stage of labor greater than 150 minutes or less than 30 minutes, infant weight 

greater than 4,000 gm, instrumented delivery, or anal sphincter laceration, as reported 

elsewhere.13,17 In the parent study, clinical assessments occurred early postpartum (7 weeks) 

and later postpartum (8 months). For this paper, fifty-six women form the sample (Figure 1). 

All had MRI-documented PVM status and UCP measures made at the 8-months postpartum 

timepoint.

Instruments

Urethral Pressure Measures: Urethral pressure profiles were conducted using the 

classic techniques described by Hilton and Stanton,18 as discussed in previous research. 
19–20 Women lay in a semi-recumbent lithotomy position while a 6 F Millar catheter, with 

dual pressure transducers separated by 5 cm, was inserted into the bladder, which was noted 

when both transducers read the same relatively low resting pressures. Women were then 

asked to stay in relaxed condition while the catheter was hand-pulled by the examiner 

through the urethra until the second transducer reached a highest pressure point in the 

urethra, with the first transducer remaining in the bladder. Resting UCP was then calculated 
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as the arithmetic difference between highest urethral resting pressure and within-bladder 

resting pressure. Similarly, to obtain contracting urethral pressure, women were coached to 

attempt pelvic muscle contraction without any visible straining down. Once lack of straining 

was confirmed, the second transducer was again returned to that point of highest resting 

urethral pressure, and held at that point while the woman was asked to attempt a volitional 

pelvic muscle contraction without straining (if straining was observed, the coaching to not 

strain was repeated and the measurement was repeated). Contracting UCP was then 

calculated as the arithmetic difference between the peak urethral pressure during volitional 

contraction and the bladder pressure during contraction state. For both resting and 

contracting UCP, measures were obtained twice.

Pubovisceral Muscle Measures: The parent study used MRI as the diagnostic 

assessment for PVM tear, with details reported elsewhere.13,21 In brief, the measures used a 

3T Philips Achieva (Philips Medical System, Eindhoven, The Netherlands) with an eight 

channel cardiac coil. Two millimeter slices thickness for images were obtained in the 

coronal, axial, and sagittal planes with proton density-weighted sequences and additional 

tailored imaging additionally to obtain better definition of the anterior pelvic floor anatomy. 

The MRIs were evaluated for discontinuity of PVM fibers or loss of visible muscle by a 

board-certified, fellowship-trained MSK radiologist blinded as to UCP status.

Data reduction and management

With two values for both resting UCP and contracting UCP, as defined above, we used the 

higher of the two as ‘best effort’ measure rather than averaging. For the MRI readings, 

gradings for each side of the PVM were combined into a dummy variable. Gradings of No 

PVM tear were coded as “0” (no tear or subtle on both sides). Any PVM tear was coded as 

“1” (any grading greater than “subtle” on at least one side).

Data analysis

Mean (standard deviation) and ranges were calculated for continuous data and frequencies 

(percentages) for categorical data for our sample characteristics, including age, body mass 

index (BMI), race, education, and positive standing stress test. For the UCP variables, an 

independent two-sided t test was performed to test the significance of the difference between 

groups by PVM status. Levene’s test was used to test the equality of variances between the 

two independent groups. Pairwise comparison was performed using a two-sided, paired t-test 

to compare the difference of the mean resting UCP and mean contracting UCP within each 

PVM tear group.

A multiple linear regression model was conducted to examine the effect of PVM tear on the 

contracting UCP after adjusting for resting UCP. A Wald chi-squared test was used to check 

the significance of the effect. A preliminary analysis was conducted to check whether 

assumptions for linear regression were met. A linear relationship between contracting UCP 

and PVM tear was checked by a plot of the standardized residuals versus the predicted Y 

values. Normality (for error, not outcome) was tested by normal Q-Q plot and was also 

checked with a goodness of fit test, Kolmogorov-Smirnov test, and Shapiro-Wilk test. 

Potential multicollinearity of independent variables was tested by the variance inflation 
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factor statistic less than 10, indicating the variables were independent. Autocorrelation in 

residuals from regression analysis was tested with the Durbin-Watson test (1.5 < d < 2.5 

show no auto-correlation). All statistical analyses were carried out using SPSS statistical 

software (Version 25; IBM SPSS Inc, Chicago IL). The results were considered to achieve 

the significance when p value was less than 0.05.

Results

Mean age of participants was 30.1 years with a range of 20–42 years for the group without 

PVM tear (n = 35) and 31.8 years with range of 19–46 years for the group with PVM tear (n 

= 21) (Table 1). Most participants had at least some college education and were white. Only 

4 women demonstrated SUI on a standing stress test at the 8-month postpartum timepoint 

for this report. There were no differences in age, education, race, BMI or leakage between 

the groups with and without PVM tear. Among the 56 women, 35 (62%) had none or only a 

subtle PVM tear, and 21 (38%) had some degree of PVM tear.

Table 2 shows results of urethral pressure profiles by status of MRI-documented PVM tear 

and test condition (at rest and during an attempted pelvic muscle contraction). The average 

resting UCPs were similar between groups (68.2 cm H2O in women with tear vs 67.9 cm 

H2O in women without PVM tear; P=.958). The average contracting UCP differed between 

those with and without PVM tear (65.9 cm H2O vs 86.8 cm H2O, respectively; P=.004). 

Women with a PVM tear had about 25% ((86.8–65.9)/86.8) lower UCP during an attempted 

pelvic muscle contraction compared with those without the tear. Resting UCP and 

contracting UCP differed in women without PVM tear (P<.001), but they were similar in 

women with PVM tear (P=.602).

The regression model showed that PVM tear was associated with lower contracting UCP 

after adjusting for resting UCP (P=.001, Table 3). Mean contracting UCP was lower in 

women with PVM tear by an average of 21.1 cm H2O pressure compared to women without 

tear after adjusting for resting UCP. Given PVM tear status, mean contracting UCP 

increased by 6.7 cm H2O pressure for every 10 cm H2O pressure increase in resting UCP. 

Forty-two percent of the total variation in contracting UCP was explained by PVM tear and 

resting UCP. When standardized coefficients (β) for independent variables were used to 

compare the effects on the dependent variable, the higher the absolute value of the β, the 

stronger the effect of the independent variable on the dependent variable, controlling for 

other independent variables. The standardized βs for PVM tear and resting UCP were 0.4 

and 0.5 respectively, and both were statistically significant (P<.05). This indicates that PVM 

tear and resting UCP have approximately equally important effects on UCP during an 

attempted contraction.

Comment

Principal findings

The new finding in this study of women in their first postpartum year who had a risk factor 

for birth-related PVM tear is that those with tear had a lower UCP during an attempted 

pelvic muscle contraction than those without. It is noteworthy that the women with a PVM 
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tear exhibited no increase in UCP from the resting value when they attempted a volitional 

contraction.

Clinical implications/interpretation of the findings

Our findings suggest that the presence of the tear was associated with a reduced ability to 

volitionally increase their UCP. These findings corroborate and extend the results from a 

study that reported a negative relationship between PVM tear and the degree of increased 

UCP during a pelvic muscle contraction.22 The results are also supported by a second study 

showing that women with PVM loss had a 50% decreased ability to increase UCP by a 

contraction.20 A systematic review found that the degree of increased UCP during a 

contraction varied widely.23 We speculate that those results could be explained by the 

combination of PVM tear and resting UCP differences, though the underlying mechanism 

was not revealed in that sample of 21 women, some with and others without urinary 

incontinence.

Our findings are not consistent with a prior study reporting no significant difference in UCP 

during a pelvic muscle contraction between women with and without PVM tear one year 

postpartum.19 This inconsistency may be attributable to the larger percentage of women with 

PVM tear in the present study, 38%, compared to only 18% in Brincat’s study, as well as the 

different study designs. The participants in Brincat’s study came from a case-control parent 

study, half of whom had SUI within one year postpartum, the other half having no symptoms 

at any time in life. Hence, it is conceivable that, compared to our sample, the resting UCP of 

the Brincat’s group was lower in the SUI group even before any of those women gave birth, 

whereas our sample was selected solely on the basis of obstetric risk factors for PVM injury.

The majority of studies15–16,24 have focused on resting UCP rather than UCP during a pelvic 

muscle contraction in incontinent women, despite the fact that resting UCP is not 

recommended as a diagnostic test for SUI.25 Our findings in regard to the effect of a PVM 

tear on UCP during a contraction may help explain why parous women seem more likely to 

develop SUI over time. The underlying mechanism is still not clear. The speculation that 

women sustaining a PVM tear during vaginal birth are also more likely to have also 

sustained an injury to their urethral sphincter muscles (via denervation or prolonged 

compression, for example26) is not supported by these data. This is because the presence or 

absence of PVM tear did not affect resting UCP, one-third of which is contributed equally by 

the urethral vascular plexus, smooth and striated muscle.27 It is possible that the loss of 

contracting urethral pressure during an attempted pelvic muscle contraction in a woman with 

a PVM tear could be due to her no longer being able to correctly sense how to contract her 

PVM, and by extension her urethral striated muscle when that contraction is needed to 

prevent leakage prior to and during a cough. However, that hypothesis remains to be tested 

and we have no data-based explanation as to why the volitional increase in UCP was 

affected by the presence of a PVM tear but resting UCP was not. Clearly a knowledge gap 

remains.

Consistent with Brincat’s results,19 our data reported no association between PVM tear and 

resting UCP. However, the results in both studies differ from other reports that women with 

major PVM tear showed significantly lower resting UCP compared to women with none or 
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mild PVM tear.28–29 The inconsistency may simply be due to age differences. For example, 

the present study and Brincat’s19 study both focused on postpartum women, whereas the 

other reports included women beyond reproductive years. Aging may be the main 

contributor to lower resting UCP in previous work since resting UCP is known to decrease 

with age for both incontinent30–31 and nulliparous continent women.25,32 While a torn 

muscle may not cause a problem with resting UCP in young women, as resting pressure 

decreases with increasing age,33 the impact of the torn muscle on the ability to optimize 

urethral pressure under situations of intraabdominal pressure rise (such as a cough or sneeze) 

may be compromised.

Lower resting UCP and higher tear rate has previously been documented in incontinent 

women when compared to continent women.15–16,24 We were unable to determine in the 

present study whether women with a torn PVM and low contracting UCP were more likely 

to develop SUI since only four women had leakage in the quantified standing paper towel 

test, three of whom had PVM tear at 8 months. Further work might focus on whether a torn 

PVM is a risk factor for developing SUI over time. Within the clinical setting, using 

palpatory assessment34 to attempt to locate the PVM body through the vaginal wall, may 

help clinician and patient understand why stress-induced leakage is not responsive to 

behavioral interventions such as Knack maneuver7–8 or pelvic muscle strengthening 

exercises. Using the quantitative standing paper towel test with and without volitional 

contraction35,36 can also help confirm lack of adequate urethral pressure rise. Taken 

together, counseling the woman regarding her lower likelihood of response to these 

otherwise evidence-based therapeutic interventions may be appropriate, especially when 

difficulty to refrain from straining down is present. A pessary trial or consideration of 

surgical approaches to provide adequacy of urethral pressure may be indicated if leakage is 

severe enough.

Strengths and limitations

A strength of the present study is that only women of reproductive age were included 

allowing us to minimize the influences of aging on UCP. The focus on only women with risk 

factors for PVM tear provided an enriched sample of those with PVM tear, hence greater 

statistical power. Our measure for assessing the PVM employed gold-standard MRI and our 

results show the effects of the compromised PVM state on UCP during a contraction.

Limitations of our study include a small sample size and the fact that the results from these 

postpartum women might not generalize to study populations recruited for reasons other 

than having risk factors for PVM tear. Other potential confounding factors not considered 

due to the nature of the data collection might have affected our results. For example, to 

measure the UCP during a contraction the pressure transducer was located in the mid urethra 

at the point of highest resting UCP. A successful PVM contraction might have elevated the 

mid urethra relative to the urethral pressure transducer on the catheter thereby causing the 

transducer to read luminal pressure more distally in the urethra where the pressure is lower. 

This would have caused women with torn PVM to appear to have higher UCP during a 

pelvic muscle contraction (i.e., mid urethra and transducer remain in apposition at highest 

resting pressure site) rather than the lower pressures that we actually observed in the cases 
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with torn PVM. Hence, it is reasonable to conclude that the transducer did not shift distally 

in the women with torn PVM. On the other hand, for women with intact PVM, we likely 

underestimated their UCP during a contraction since they are likely to have been able to 

elevate their mid urethra relative to the urethral transducer, resulting in a lower apparent 

UCP than we should have recorded had the transducer been allowed to move with the mid 

urethra.

Conclusions

A vaginal birth-related PVM tear has a negative impact on a woman’s ability to use a pelvic 

muscle contraction to volitionally and rapidly increase her UCP. The results highlight why 

commonly prescribed self-care practices, such as pelvic floor muscle training, may not work 

for all patients and offer an explanation as to why that may be the case.
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AJOG at a Glance

What was this study conducted?

We tested the null hypothesis that a pubovisceral muscle tear does not influence urethral 

closure pressure during an attempted volitional pelvic muscle contraction.

Key Findings

At 8 months postpartum, with at least one risk factor for pubovisceral muscle tear for 

their first vaginal childbirth, women with pubovisceral muscle tear exhibited a 

significantly lower urethral closure pressure during an attempted volitional pelvic muscle 

contraction than women without the tear (86.8 vs. 65.9 cm H2O, respectively). There 

was, however, no significant difference in resting urethral closure pressure between those 

with and without a tear.

What does this add to what is known?

A pubovisceral muscle tear was associated with a 25% lower increase in urethral closure 

pressure during an attempted volitional contraction.

SHENG et al. Page 11

Am J Obstet Gynecol. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
Flow diagram for selection of study participants

MRI, magnetic resonance imaging.

SHENG et al. Page 12

Am J Obstet Gynecol. Author manuscript; available in PMC 2021 June 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

SHENG et al. Page 13

Table 1.

Characteristics of participants by status of pubovisceral muscle tear

No pubovisceral muscle tear (N= 35) Pubovisceral muscle tear (N = 21)

Characteristics Mean (SD) or count Range or % Mean (SD) or count Range or % Pvalue

Age, y 30.1 (5.2) 20 – 42 31.8 (6.1) 19 – 46 .255

Education level 34 .700

 High school graduate or less 1 3% 1 5%

 Some college 7 21% 4 19%

 College/technical school graduate 11 32% 4 19%

 Graduate school 15 44% 12 57%

Race 34 .700

 African-American 2 6% 0 0%

 White 29 85% 19 90%

 Asian 2 6% 1 5%

 Other Race 1 3% 1 5%

Body mass index, kg/m2 25.6 (5.7) 17.6 – 43.5 24.8 (5.4) 17.2 – 37.6 .591

Positive standing stress test 1 3% 3 15% .095

Chi-squared test was applied to categorical variables and independent t-test for continuous variables.
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Table 2.

Group differences in urethral closure pressures by status of MRI-documented pubovisceral muscle tear

UCP (cm H2O) No PVM tear, N = 35 Mean (SD) PVM tear, N = 21 Mean (SD) P value

Resting UCP 67.9 (22.5) 68.2 (19.0) .958

Contracting UCP 86.8 (27.4) 65.9 (21.3) .004*

P value < .001* .602

Two urethral closure pressure states (at rest and during attempted PVM contraction) are provided for the two groups of women at 8 months 
postpartum: One group with PVM tear by MRI and the other group without PVM tear by MRI.

MRI,magnetic resonance imaging; SD, standard deviation; UCP, urethral closure pressure; PVM, pubovisceral muscle.

*
indicated the significance at the level of P < .05
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Table 3.

Association of MRI-documented pubovisceral muscle tear with urethral closure pressure during an attempted 

PVM contraction among postpartum women

Contracting UCP (cm H2O) (N = 56)

Variables Unstandardized coefficients (B) Std. error of B Standardized coefficients (β) PValue

MRI-documented PVM tear (vs. no tear) −21.1 5.8 −0.4 .001*

Resting UCP (per each 10 cm H2O) 6.7 1.4 0.5 < .001*

*
indicates the significance at the level of P < .05, R2 = .42.

MRI, magnetic resonance imaging; PVM, pubovisceral muscle; UCP, urethral closure pressure.
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