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ABSTRACT
Purpose: The study aimed to show differences in temporal recovery of pelvic floor function within 6 months
postpartum between women having their first delivery at an advanced age and those having their first
delivery at a younger age. Methods: Seventeen women (age: 35.5 ± 3.5, BMI: 21.1 ± 3.2) were studied at
about 6 weeks, 3 months, and 6 months after vaginal
delivery. Urinary incontinence was assessed by the
International Consultation on Incontinence Questionnaire-Short Form. Pelvic floor function was assessed
by the anteroposterior diameter of the levator hiatus
using transperineal ultrasound. Women who delivered for the first time at 35 years and/or older were
defined as being of advanced maternal age. Results:
Nine of 17 women (52.9%) were of advanced maternal age and 5 experienced postpartum stress urinary
incontinence. Four of these 5 women (80.0%) were of
advanced maternal age. The anteroposterior diameter of the levator hiatus at rest was significantly greater in the advanced maternal age women than in the
younger maternal age women at 3 and 6 months postpartum (p < 0.01). Among the continent women, the
anteroposterior diameter of the levator hiatus at rest
was significantly greater in the advanced maternal
age women than in the younger maternal age women
at 6 months postpartum (p = 0.004). However, among
the advanced maternal age women, all parameters of
the anteroposterior diameter of the levator hiatus
were not significantly different between the women
with and without stress urinary continence. Conclusion: Recovery of pelvic floor function following delivery may be delayed in women of advanced materOPEN ACCESS

nal age at first delivery because of the damage to the
pelvic floor during pregnancy and vaginal delivery,
resulting in increase in the incidence of stress urinary
incontinence.
Keywords: Advanced Maternal Age; Pelvic Floor;
Stress Urinary Incontinence; Ultrasound; Vaginal
Delivery

1. INTRODUCTION
Urinary incontinence is a common problem resulting in
impaired quality of life in women [1,2]. The prevalence
of urinary incontinence after delivery among parous women is 20% - 30%, and the most common symptom of
urinary incontinence is stress urinary incontinence [3-7].
Major factors of stress urinary incontinence are increasing number of births, vaginal delivery, and heavier babies [4,7] since the pelvic floor is damaged by the weight
of the fetus during pregnancy and passage of the fetus
during vaginal delivery through the pelvic cavity [8-11].
Some epidemiological studies have clearly demonstrated
a causal relationship between advanced maternal age and
stress urinary incontinence [4,12-14]. This relationship is
a concern in Japan because more and more women bear
children at a later age [15]. However, how childbirth at a
later age affects the urinary continence mechanism is
unclear because of a paucity of research outside of epidemiological studies.
In pathophysiology, postpartum stress urinary incontinence may be considered to result from an imbalance
between damage to the pelvic floor during pregnancy
and vaginal delivery and recovery of the damaged pelvic
floor during the postpartum period. With regard to the
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damage to the pelvic floor during vaginal delivery, DeLancey et al. [16] reported that women with stress urinary incontinence were twice as likely to have detected
damage of the pelvic floor in the postpartum period. In
the same cohort study, damage to the pelvic floor muscle
was associated with older maternal age [17]. Thus, damage to the pelvic floor during vaginal delivery may lead
to stress urinary incontinence in advanced maternal age
women. However, researchers have not yet clarified the
temporal recovery of pelvic floor function after vaginal
delivery in women with advanced maternal age.
The female pelvic floor has 2 distinct functions: 1)
contractile function reflecting the contractile strength of
the pelvic floor muscle and 2) supporting function for
protection against pelvic organ prolapse. The anteroposterior diameter of the levator hiatus, as measured by dynamic transperineal ultrasonography, can be a reliable
parameter to assess the supporting and contractile functions of the pelvic floor [18-20]. Consequently, the aim
of this study was to show a difference in temporal recovery of the anteroposterior diameter of the levator hiatus
within 6 months postpartum period between women
having their first delivery at an advanced age and those
having their first delivery at a younger age, using dynamic transperineal ultrasound.

2. METHODS
An observational prospective study design was used to
compare pelvic floor function in the postpartum period
between women of advanced maternal age at first delivery and those of younger maternal age. Women who delivered for the first time at 35 years and/or older were
defined as being at advanced maternal age. For example,
a woman who delivered her first baby at 33 years of age
and delivered the second at 37 years was defined as being of younger maternal age.
Seventeen women delivering a single baby at the University of Tokyo hospital were randomly recruited in the
early puerperal period. We investigated pelvic floor function and urinary incontinence at about 6 weeks, 3 months,
and 6 months postpartum from July 2008 through April
2009. Inclusion criteria were Japanese women living
near the hospital and capable of visiting the hospital in
the puerperal period, more than 20 years of age, vaginal
delivery, no pregnancy complications, no mental disease,
no ongoing urinary tract infection, and no neurological
disorder.
Dynamic transperineal ultrasonography used to measure pelvic floor function was performed by a trained
midwife using EUB-8500 (Hitachi Medical Co., Tokyo,
Japan) with a 5-MHz 2D curved array ultrasound transducer placed on the perineum in the dorsosacral position
[19,20]. The anteroposterior diameter of the levator hiatus is defined as the minimal distance between the posteCopyright © 2013 SciRes.
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rior aspect of the pubic symphysis and the anterior border of the pubovisceral muscle in the mid-sagittal plane
(Figure 1) [20-24]. All measurements were repeated 3
times while women were asked to voluntary contract the
pelvic floor muscle as much as possible for 10 s. The
strength of the pelvic floor muscle contraction was not
standardized. The women were not allowed to observe
the screen in order to avoid any biofeedback effect. The
mean of the 3 measurements at rest and during contraction were used for analysis. With regard to the accuracy
of the measurements, intraclass correlation coefficients
(ICC1,1) at each investigation time point was 0.918 0.949 at rest and 0.894 - 0.942 during contraction.
Demographic data (age, prepregnancy body mass index (BMI), history of pregnancy, and mode of past delivery) and pregnancy and delivery outcomes (gestational
age, birth weight, total length of labor, perineal trauma,
etc.) were obtained from the medical chart. All the
women were asked to complete the International Consultation on Incontinence Questionnaire-Short Form
(ICIQ-SF) [25] before commencing each investigation (6
weeks, 3 months, and 6 months postpartum). ICIQ-SF
consists of 4 questions regarding type, frequency, and
amount of urinary incontinence and quality of life. The
women who manifested symptoms more than once per
week by 6 months after delivery were diagnosed with
urinary incontinence. The study protocol was approved
by the Research Ethics Committee of the Graduate

Figure 1. Antero-posterior diameter of the
levator hiatus in the midsagittal plane by
transperineal ultrasound: the minimal distance between the posterior aspect of the pubic symphysis and the anterior border of the
pubovisceral muscle in the midsagittal plane
at rest (a) and contraction (b). From [24]
with permission.
OPEN ACCESS
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School of Medicine, the University of Tokyo. Each participant read and gave written informed consent.
Statistical analysis was performed using SPSS version
15 (SPSS Inc., Chicago, IL, USA). All p-values were
2-sided. p < 0.05 was considered statistically significant.
The mean and standard deviation (SD) were used for the
descriptive data. The physical data and pregnancy and
delivery outcomes were compared between the advanced
maternal age and younger maternal age women using
Student’s t test, the Mann-Whitney U test, and Fisher’s
exact test. A linear mixed model was used to examine
temporal changes in the pelvic floor between the 2
groups of women at first delivery. Multiple comparisons
were performed using the Bonferroni method. Student’s
t-test was used to compare the pelvic floor function between the 2 groups at each time point.

3. RESULT
Seventeen postpartum women were examined by transperineal ultrasonography within 6 weeks to 6 months
after vaginal delivery at a gynecological outpatient clinic.
The mean (±SD) age was 35.5 ± 3.5 years, and the mean
BMI was 21.1 ± 3.2 kg/m2 at 6 weeks postpartum (Table
1). Of the 17 women tested, 14 (82.4%) were primiparous and 3 women had once experienced vaginal delivery.
Nine women (52.9%) experienced their first delivery at
35 years and/or older. Five women (29.4%) manifested
stress urinary incontinence within 6 months after vaginal
delivery, and all women with stress urinary incontinence
experienced urinary incontinence during pregnancy. Four
of the 5 women (80%) with postpartum urinary incontinence were of advanced maternal age. The advanced
maternal age women had heavier prepregnancy weight
than the younger maternal age women (p = 0.028) while
there was no significant difference in other demographic
data and delivery outcomes between the 2 groups (Tables 2 and 3).
The anteroposterior diameter of the levator hiatus at
rest was significantly greater with advanced maternal age

at 3 and 6 months postpartum (61.8 ± 4.9 mm vs. 55.2 ±
3.8 p = 0.008, 57.4 ± 3.7 vs. 50.1 ± 4.7 p = 0.003, respectively; Figure 2), and a trend was observed at 6
weeks postpartum (p = 0.06). The anteroposterior diameter of the levator hiatus during maximum contraction
was significantly greater with advanced maternal age at
each of the 3 investigation time points (p < 0.05; Figure
3). Among the continent women, the anteroposterior diameter of the levator hiatus at rest was significantly
greater among the advanced maternal age women at 6
months postpartum (57.3 ± 4.6 mm vs. 48.8 ± 3.6, p =
0.004; Figure 4). In addition, the anteroposterior diameter of the levator hiatus during maximum contraction was
significantly greater in the advanced maternal age
women at all investigation time points (p < 0.05; Figure
5). However, among the advanced maternal age women,
all parameters of the anteroposterior diameter of the levator hiatus were not significantly different among the
women with and without stress urinary incontinence at
all investigation time points (Figures 6 and 7).

Figure 2. Anteroposterior diameter of the levator hiatus at rest
among all women. General linear mixed model. Fixed effect:
advanced maternal age (p = 0.006) and time (p < 0.001), random effect: participants.

Table 1. Physical description of postpartum women.
n = 17
6 weeks

3 months

6 months

Age (years)

35.5 ± 3.5

-

-

Height (cm)

157.7 ± 5.0

-

-

Weight (kg)

54.1 ± 7.6

53.5 ± 7.3

53.2 ± 7.6

Body mass index
(kg/m2)

21.1 ± 3.2

20.9 ± 3.1

20.7 ± 3.2

Abdominal
circumference (cm)

76.6 ± 7.0

75.1 ± 6.7

74.6 ± 7.6

Data are mean ± SD.

Copyright © 2013 SciRes.

Figure 3. Anteroposterior diameter of the levator hiatus at contraction among all women. General linear mixed model. Fixed
effect: advanced maternal age (p = 0.001) and time (p = 0.001),
random effect: participants.
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Figure 4. Anteroposterior diameter of the levator hiatus at rest
among continent women. General linear mixed model. Fixed
effect: advanced maternal age (p = 0.011) and time (p < 0.001),
random effect: participants.

Figure 5. Anteroposterior diameter of the levator hiatus at contraction among continent women. General linear mixed model.
Fixed effect: advanced maternal age (p = 0.004) and time (p =
0.023), random effect: participants.

Figure 6. Anteroposterior diameter of the levator hiatus at rest
among women of advanced maternal age. General linear mixed
model. Fixed effect: stress urinary incontinence (p = 0.993) and
time (p = 0.040), random effect: participants.

4. DISCUSSION
The main objective of this study was to clarify the temporal recovery of pelvic floor function after vaginal deCopyright © 2013 SciRes.
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Figure 7. Anteroposterior diameter of the levator hiatus at contraction among women of advanced maternal age. General
linear mixed model. Fixed effect: stress urinary incontinence (p
= 0.231) and time (p = 0.003), random effect: participants.

livery in women of advanced maternal age at first delivery by comparing the pelvic function with that of women
of younger maternal age at first delivery, using the transperineal ultrasound approach. To our knowledge, this is
the first study revealing that the anteroposterior diameter
of the levator hiatus at rest was significantly greater in
the advanced maternal age women than in the younger
maternal age women at 3 months postpartum. The anteroposterior diameter of the levator hiatus at rest was also
significantly greater in the women of advanced maternal
age at first delivery than in the younger maternal age
women at 6 months postpartum. These findings demonstrated that the advanced maternal age women at first
delivery presented with delayed recovery of pelvic floor
function after vaginal delivery, regardless of stress urinary incontinence.
The association of advanced age at first delivery with
more severe damage of the pelvic floor after vaginal delivery may be because of a higher incidence of adverse
obstetric complications caused by gradual decrease in
myometrium function with increasing age [17,26,27].
Kearney et al. [17] used magnetic resonance imaging to
investigate the pelvic floor after delivery. The study reported that damage to the pelvic floor muscle was associated with advanced maternal age because there tends to
be prolonged second stage of labor and instrumental delivery. Main et al. [26] studied 8,496 low-risk, term nulliparous women in spontaneous labor and concluded that
there was an increasing need for more operative vaginal
deliveries and caesarean deliveries with advancing maternal age because of a longer second stage of labor. On
the other hands, this study showed that the anteroposterior diameter of the levator hiatus at rest at 6 weeks
postpartum tended to be greater in women of advanced
maternal age than the younger aged women, although the
delivery outcomes were not significantly different between two groups. Therefore, it might be concluded that
OPEN ACCESS
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Table 2. Physical description of postpartum women at 6 weeks.
All women (n = 17)

Advanced maternal age (n = 9)

Younger maternal age (n = 8)

p

Age (years)

35.5 ± 3.5

37.1 ± 1.4

33.8 ± 4.3

0.07a

≥35 years

12 (70.6)

9 (100.0)

3 (37.5)

0.01b

Height (cm)

157.7 ± 5.0

159.9 ± 4.5

161.0 ± 5.5

0.80a

54.1 ± 7.6

56.8 ± 8.5

51.1 ± 5.5

0.12a

Body mass index (kg/m )

21.1 ± 3.2

22.3 ± 3.6

19.8 ± 2.2

0.11a

Abdominal circumference (cm)

76.6 ± 7.0

78.4 ± 8.1

74.6 ± 5.3

0.27a

Weight (kg)
2

Data are mean ± SD or n (%). aStudent’s t test, bFisher’s exact test.

Table 3. Pregnancy and delivery outcomes.
All women (n = 17)

Advanced maternal age (n = 9)

Younger maternal age (n = 8)

p

Primigravid women

14 (82.4)

9 (100.0)

5 (62.5)

0.08c

Prepregnancy weight (kg)

54.1 ± 8.5

58.2 ± 8.9

49.5 ± 5.3

0.028a

Prepregnancy body mass index
(kg/m2)

21.1 ± 3.6

22.8 ± 3.8

19.1 ± 2.2

0.03a

Gestational weight gain (kg)

8.2 ± 3.4

7.6 ± 3.2

8.9 ± 3.7

0.76b

476.4 ± 390.0

592.2 ± 493.2

346.3 ± 184.7

0.19a

First stage

385.8 ± 348.1

478.7 ± 440.8

266.4 ± 119.3

0.47b

Second stage

112.0 ± 113.5

108.1 ± 129.9

117.0 ± 98.3

0.84b

8 (47.1)

1 (11.1)

3 (37.5)

0.29c

17 (100.0)

9 (100.0)

8 (100.0)

1.00c

During pregnancy

13 (76.5)

7 (77.8)

6 (75.0)

1.00c

Within 6 months after delivery

5 (29.4)

4 (44.4)

1 (12.5)

0.29c

274.4 ± 10.1

275.4 ± 8.0

273.3 ± 12.6

0.67a

2926.5 ± 363.4

2982.0 ± 339.3

2864.0 ± 402.4

0.52a

33.6 ± 1.6

32.7 ± 1.5

0.26a

Mother

Total time of labor (min)

Treatment in delivery
Induction
Perineal trauma (episiotomy or
perineal tear)
Experience of SUI

Baby
Gestational age at delivery
Birth weight (g)
Head circumference (cm)
a

33.1 ± 1.5
b

c

Data are mean ± SD or n (%); Student’s t test; Mann-Whitney U test; Fisher’s exact test; SUI: stress urinary incontinence.

women having their first vaginal delivery at an advanced
maternal age are likely to experience not only traumatic
damage to the pelvic floor during vaginal delivery but
also sustained damage by the weight of the fetus during
pregnancy.
In our study, 4 of the 5 women (80%) who manifested
postpartum stress urinary incontinence were at an advanced maternal age. This result confirmed the result of a
previous study reporting the higher prevalence of stress
urinary incontinence after spontaneous vaginal delivery
in older primiparous women [4,12,14]. DeLancey et al.
[28] reported that women with stress urinary incontinence had weak urethral closure ability caused by decreased supporting function of the pelvic floor. In addition, several studies reported the relationship between
Copyright © 2013 SciRes.

stress urinary incontinence and impaired supporting
function of the pelvic floor [16,20]. Consequently, it is
reasonable that weak urethral closure caused by impaired
supporting function is related to the incidence of postpartum stress urinary incontinence. In this study, the anteroposterior diameter of the levator hiatus during contraction was greater among the advanced maternal age
women than among the younger women at each investigation time point. This implies that advanced primiparous age is more likely associated with stress urinary
incontinence through weak urethral closure caused by
impaired supporting function and delayed pelvic floor
recovery following vaginal delivery.
It is interesting to note that among the advanced maternal age women in our study, the anteroposterior diOPEN ACCESS
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ameter of the levator hiatus at rest was not significantly
different between the women with and without stress
urinary incontinence. Identification of a woman requiring
care during the recovery of the pelvic floor is difficult in
the early postpartum period because health care providers identify women with pelvic floor dysfunction by assessing symptoms of stress urinary incontinence, which
appears only when abdominal pressure increases suddenly. In other words, postpartum women with weak
pelvic function do not experience incontinent episodes in
the postpartum period only because of reduced chance
for physical exertion (e.g., sneezing, coughing, or jumping). Therefore, stress urinary incontinence may be one
of the indicators of weak pelvic floor function. The
clinical significance of this study is that it indicates that
advanced maternal age at first delivery is a risk factor of
pelvic floor dysfunction, regardless of stress urinary incontinence. There is an increasing need for management
among women of advanced maternal age to help recover
pelvic floor function following delivery.
This study has some limitations. The first limitation is
its small sample size. The relationship between pelvic
floor function and maternal age, after controlling for
physical data, could not be investigated in this study. In
addition, this study was not controlled by parity. It included both primiparous and multiparous women because pelvic floor function in all multiparous women
younger than 35 years old at first delivery was not different from that of younger primiparous women. Considering the result of a previous study [27] reporting that
increased incidence of caesarean sections in labor was
only found among nulliparous women of advanced maternal age, the maternal age at first delivery might be an
important factor for an incidence of adverse obstetric
complications and severe damage to pelvic floor function
in the postpartum period. The second limitation is the
lack of a biological explanation for impaired pelvic floor
function with advanced maternal age at first delivery.
From the perspective of the biological relationship between muscle function and aging, the age difference between advanced maternal age and younger maternal age
in this study is small. The biological mechanism for susceptibility to damage to the pelvic floor with advanced
age has not been clarified. Further studies are necessary
to biologically investigate the effects of advanced maternal age on the damage to the pelvic floor during vaginal delivery and its recovery, in a longer longitudinal
period with a larger sample size.
In conclusion, this study found that the recovery of
pelvic floor function may be delayed in women of advanced maternal age at first delivery because of damage
to the pelvic floor during pregnancy and vaginal delivery,
resulting in increased incidence of stress urinary incontinence. Therefore, treatment of the pelvic floor in the
Copyright © 2013 SciRes.
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postpartum period is important for preventing stress urinary incontinence, especially in women of advanced maternal age at first delivery.
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