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Abstract
Introduction and hypothesis The aim of this study was to
assess pelvic floor muscle (PFM) function using
transabdominal ultrasound (TAUS) in women attending group
exercise classes. Specific aims were to: (1) identify the ability
to perform a correct elevating PFM contraction and (2) assess
bladder-base movement during an abdominal curl exercise.
Methods Ninety women participating in group exercise were
recruited to complete a survey and TAUS assessment per-
formed by two qualified Continence and Women’s Health
physiotherapists with clinical experience in ultrasound scan-
ning. The assessment comprised three attempts of a PFM con-
traction and an abdominal curl exercise in crook lying.
Bladder-base displacement was measured to determine correct
or incorrect activation patterns.
Results Twenty-five percent (n=23) of women were unable to
demonstrate an elevating PFM contraction, and all women
displayed bladder-base depression on abdominal curl (range
0.33–31.2 mm). Parous women displayed, on average, signif-
icantly more bladder-base depression than did nulliparous
women [15.5 (7.3) mm vs 11.4 (5.8) mm, p<0.009). Sixty
percent (n=54) reported stress urinary incontinence (SUI).
There was no association between SUI and the inability to
perform an elevating PFM contraction (p=0.278) or the
amount of bladder-base depression with abdominal curl
[14.1 (7.6) mm SUI vs 14.2 (6.7) mm non-SUI].

Conclusions TAUS identified that 25 % of women who par-
ticipated in group exercise were unable to perform a correctly
elevating PFM contraction, and all depressed the bladder-base
on abdominal curl. Therefore, exercising women may be at
risk of PFM dysfunction when performing abdominal curl
activities.

Keywords Abdominal curl exercise . Group exercise . Pelvic
floor muscle . Stress urinary incontinence . Transabdominal
ultrasound .Women

Introduction

The International Continence Society (ICS) defines urinary
incontinence (UI) as the unwanted and involuntary leakage
of urine [1]. It is a common problem that can affect women
of all ages and may have a negative impact on quality of life
(QoL) including, physical, psychological, sexual, emotional
and social well-being [2]. UI is categorised into three types
(stress, urge and mixed), with stress urinary incontinence
(SUI) found to be the most frequent[1]. SUI is defined as the
involuntary leakage of urine during an increase in intra-
abdominal pressure (IAP), such as coughing, sneezing, effort
or exertion (exercise). There are many well-researched risk
factors for developing SUI, which include pregnancy, vaginal
delivery, older age and menopause, obesity, lower back pain,
chronic constipation, chronic coughing and heavy lifting [3].
Participation in physical activity and exercise has also fre-
quently been suggested as a risk factor for SUI; however, it
remains unclear if exercise is a risk factor or just unmasks the
symptoms of SUI [4].

Studies investigating elite athletes have found a high preva-
lence of SUI, particularly in those engaging in high-impact ex-
ercises involving jumping [5]. However, in long-term follow-up
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studies, elite athletes were not found to have a higher prev-
alence of SUI compared with controls [6, 7]. Two studies
investigated the prevalence of SUI within the general
exercising population (14–51 years, 75 % nulliparous)
and found a higher prevalence of SUI in women
performing high-impact exercise compared with controls
[8, 9]. In these studies, the most provocative activities for
SUI included jumping, abdominal curl exercise and jog-
ging. A recent study investigating women aged 18–
83 years attending group exercise classes found that near-
ly half reported incidences of SUI [10]. Further research is
needed to investigate exercise as a possible risk or con-
tributing factor to SUI.

Abdominal curl exercises are often performed in group
exercise classes and have been found to provoke SUI in up
to 16% of women [8, 9]. During abdominal exercises, there is
potential for increases in IAP, as a study by Deeble et al. [11]
found that women with UI and/or pelvic organ prolapse
displayed wide variability in changes in IAP whilst
performing an abdominal curl (range 4.00–81.67 cmH2O).
This suggests that abdominal curl exercises may need to be
restricted or modified in some women that generate high IAP,
especially if performed repetitively whilst exercising.

As exercise is so important for general health and maintain-
ing a healthy weight range, it is imperative to encourage wom-
en with UI to continue to participate in regular exercise. This
is of particular importance, as increased body mass index
(BMI) and obesity have been identified as significant risk
factors for developing UI [3]. One study found that due to
SUI, 10 % of women cease participation in their favourite
sport and a further 20 % alter their participation to reduce
leakage episodes [9]. Common preventative strategies that
women use to reduce leakage during exercise are known to
include limiting fluid intake; voiding prior to exercise; use of
pads and modification of activity, often with the selection of
lower-impact options [8–10, 12].

Based on randomised controlled trials, pelvic floor muscle
(PFM) training and use of Bthe knack^ has been shown to be
effective in managing SUI and is recommended by the Interna-
tional Continence Society (ICS) as first-line treatment [13–15].
The theoretical basis for this is that elevation of the PFM during
activities that increase IAP assists urethral closure and ensures
urethral and bladder-neck stabilisation by counteracting down-
wards movement [16]. However, if strength or timing of the
PFM activation is inadequate or performed incorrectly, resultant
SUI may occur with increases in IAP. Incorrect PFM activation
in some people may result in depression of the levator plate and
reduced ability for urethral closure and stabilisation. Previous
studies on women with and without UI have used
transabdominal (TAUS) and transperineal (TPUS) ultrasound
to demonstrate that PFM exercises are often performed incor-
rectly [17–19]. Specifically, Thompson et al. [18] found that on
PFM activation in crook lying, 17 % of women with SUI

demonstrated bladder-base depression. Similar observations
have been noted in other studies, in which 25–38 % of women
with known SUI displayed Valsalva effort on verbal PFM in-
struction [20, 21]. Measuring PFM function in women who
participate in group exercise is of interest to determine if they
are able to demonstrate correct pelvic floor contraction. A pre-
vious study of women attending group exercise classes showed
that despite 97 % having heard of PFM exercises, almost half
still reported SUI [10]. Therefore, a proportion of these women
may not have been performing PFM exercises correctly.

Real-time ultrasound (RTUS) has been used as an assess-
ment and teaching tool to directly visualise PFM function by
observing movement at the bladder-base [19, 22] and bladder-
neck [23, 24]. TPUS has a higher reliability during functional
manoeuvres but is more invasive than TAUS [18]. The advan-
tages of using TAUS in the general exercising population are
that the measures are quick to perform and the technique is
totally non-invasive [17]. In determining PFM function during
an abdominal curl, one study observed a strong trend for
women with UI to have a greater amount of bladder-base
depression compared wtih continent women [18]. Junginger
et al. [25] observed the effect of abdominal curl on bladder-
neck position and changes in IAP in an asymptomatic popu-
lation. They found that bladder-neck depression was associat-
ed with an increase in IAP and that there was insufficient PFM
activity to overcome the downward pressure exerted. The as-
sociation between bladder-base mobility and SUI has not been
extensively examined in the general exercising population.

The primary aims of this study were to assess the ability of
women attending group exercise classes to perform a correctly
elevating PFM contraction and to assess bladder-base move-
ment during an abdominal curl exercise.

Materials and methods

In this cross-sectional exploratory study, a convenience sam-
ple of women participating in group exercise was recruited to
complete a survey and non-invasive RTUS assessment. These
women were engaging in a variety of low- and high-impact
group exercise classes, which included Pilates, yoga, weight
training, running, ball sports and aerobics classes. Recruit-
ment took place between August and October 2014 from a
total of 33 organised group exercise providers and advertise-
ments on five community notice boards within the regions of
Perth and Cairns, Australia. Recruited participants gave writ-
ten, informed consent. Inclusion criteria were women aged
≥18 years and participation in at least one group exercise class
per week. Those who were unable to read or understand En-
glish and reported current pregnancy were excluded. The
study received ethical approval from the Human Research
Ethics Committee, Curtin University.
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Survey

All women completed an anonymous online survey that was
modified from one used in a previous study approved by Cur-
tin University, as per recommendations from the authors [10].
The survey contained questions related to four distinct topics:

1. Participant characteristics
2. Prevalence of known risk factors for SUI
3. Characteristics of SUI including frequency, severity and

concealment factors
4. Knowledge of PFM exercises

Transabdominal real-time ultrasound

Prior to US assessment, the women were instructed to follow a
standardised bladder-filling protocol, as per previous studies
[22]. This required voiding 1 h prior to the assessment, then
drinking 500 ml of water in preparation for the US. All assess-
ments were conducted using a standardised technique by two
qualified Continence and Women’s Health physiotherapists
with clinical experience in US scanning. The participants were
positioned in the crook-lying position with a pillow under-
neath their head. Hips and knees were flexed to 60°, with
the lumbar spine positioned in neutral. An RTUS unit with a
3.5-MHz curved-array transducer (Chison 8300,Mindray DP-
20, DP-6600 and DP-6900) was applied suprapubically in a
transverse plane to measure bladder-base movement as an
indicator of PFM function, as per standard clinical practice
[18]. Participants were first instructed to draw in and lift their
pelvic floor, as per previous studies investigating PFM func-
tion [18, 26]. They were then asked to perform a standardised
abdominal curl procedure with instructions to place the arms
across the chest and lift the head and shoulders until the edge
of the shoulder blades just come off the bed [18]. The se-
quence of PFM contraction and abdominal curl was not
randomised. Participants performed each task three times,
with 10-s rest between. A marker placed at rest and at the
end of both PFM contraction and abdominal curl was used
to measure bladder-base displacement (in millimetres) to de-
termine correct or incorrect activation patterns. The mean
measure from all three attempts was recorded. Participants
were not able to view the US screen, avoiding a
biofeedback-training effect. Assessors were blinded to survey
results and participant continence status.

Statistical analysis

Statistical analysis of the data was performed using SPSS
(version 22). Participant characteristics and descriptive data
analysing PFM performance and bladder-base displacement
on abdominal curl exercise are presented as frequencies,

percentages and means with standard deviations (SD).
Pearson’s chi-square test was used to assess associations be-
tween the presence of SUI and: (1) the ability to correctly
elevate the PFM, (2) the presence of known risk factors for
SUI and (3) known behavioural modification strategies for
SUI. Statistical significance was inferred where p<0.05.

Results

Demographics and participant characteristics

Ninety women with a mean (SD) age of 40 (10.6) years (range
22–69 years) were included in the trial. The mean BMI was
24.3 (3.7) kg/m2. Sixty-seven percent (n=60) was parous. On
average, participants completed three group exercise classes/
week (range 1–6), with varied levels of exercise intensity.
Sixty percent (n=54) reported current SUI. Of them, 44 %
(n=40) experienced SUI on sneezing, 37 % (n=33) on
jumping, 19 % (n=17) on running and 4 % (n=4) on abdom-
inal curl. Parity was found to be the only known risk factor
associated with the presence of SUI (p=0.022), with 76 % of
women with SUI being parous (n=41).

PFM performance

Twenty-five percent (n=23) of the women were unable to
demonstrate a correctly elevating PFM contraction. On ab-
dominal curl, all women (n=90) displayed bladder-base de-
pression, with a mean descent of 14.2 (7.1) mm, (range 0.33–
31.2 mm). There was no significant difference in the degree of
descent between continent and incontinent women [14.2 (6.7)
mm vs 14.1 (7.6) mm]. Parous women displayed, on average,
significantly more bladder-base depression than did nullipa-
rous women [15.5 (7.3) mm vs 11.4 (5.8) mm, p<0.009], as
displayed in Fig. 1.

SUI and PFM function

The inability to correctly elevate the pelvic floor was not as-
sociated with SUI (p=0.278) (Table 1). Seventy percent of
women with SUI (n=38) were able to demonstrate bladder-
base elevation on PFM contraction. However, this was not
associated with a reduced risk of SUI [odds ratio (OR) 0.57,
95 % confidence interval (CI) 0.197–1.66].

Behavioural modifications

Of the 54 women with SUI, 65 % (n=35) urinated before
exercise, 41 % (n=22) altered or reduced their exercise par-
ticipation and 31% (n=17) wore a pad to avoid or manage UI.
Only 18% ofwomen from both groups (12 with and 4 without
SUI) reduced their fluid intake prior to or during exercise.
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Women with SUI were significantly more likely to use strat-
egies to help minimise or prevent leakage during exercise than
those without SUI (chi-square 19.4, p value <0.001). Twenty-
five percent of womenwithout SUI used the behavioural mod-
ification strategies mentioned above, which may have
prevented UI from occurring in this group.

Discussion

Urinary leakage during exercise is a common experience, with
60 % of women who participated in this study affected. The
high prevalence of SUI reported in this study is not dissimilar
to a recent study with comparable sample characteristics (age,
parity and BMI), which reported SUI incidence of 49 % [10].
It is possible that potential sample bias was introduced in this
study, as women experiencing symptoms of SUI may have
been more likely to participate in order to increase their
knowledge of PFM exercises. Previous studies with more rig-
orous inclusion criteria have reported a lower incidence of
SUI (15–25%) in predominantly nulliparous exercising wom-
en [8, 9]. In comparison, our study had greater variability in
age, parity and menopausal status, which may account for the
higher prevalence of UI. Even higher incidences of SUI (up to

80 %) have been reported; however, this was in samples of
elite female athletes who engage in high-impact activity [5].
Unlike previous studies, the only risk factor that we found to
be significantly correlated with SUI was parity [10]. There
was no association with other well-known risk factors, likely
due to the small sample size.

Previous research has shown that PFM training (to improve
PFM function) is an effective strategy for treating SUI [13,
15]. The ability to perform a correct elevating PFM contrac-
tion on RTUS is used by physiotherapists to assess PFM func-
tion. It was hypothesised that within our study, a proportion of
women with SUI would be unable to perform an elevating
PFM contraction based on a similar trend observed in women
with incontinence and prolapse, who were assessed lying su-
pine [17]. Our study found that 25 % of participants demon-
strated bladder-base depression on attempted PFM contrac-
tion. This percentage was smaller than the 43 % found in the
study by Thompson and O’Sullivan [17], potentially due to
the fact that women tested lying supine have been identified as
having more difficulty elevating their bladder-base in compar-
ison with lying in the crook position [27]. Our findings were
similar to Thompson et al. [18] in that 17 % of women with
SUI and 33 % with urinary urge incontinence depressed the
bladder-base on attempted PFM contraction when lying in the

Table 1 Stress urinary incontinence (SUI) and pelvic floor muscle (PFM) elevation

Women with SUI (%) (n=54) Women without SUI (%) (n=36) Total sample (%) (n=90) P value

PFM elevation Yes 38 (70.4) 29 (80.6) 67 (74.4) 0.278
No 16 (29.6) 7 (19.4) 23 (25.6)

Pearson’s chi-square analysis; significance <0.05

Fig. 1 Average bladder-base
displacement of nulliparous and
parous women during an
abdominal curl

1792 Int Urogynecol J (2015) 26:1789–1795



crook position. Our study shows no association between the
inability to perform an elevating PFM contraction and SUI.
However, incorrect pelvic floor muscle activation with resul-
tant bladder-base depression is not an optimal pattern for these
women, who engage in three exercises classes/week on aver-
age. This repetitive strain could potentially be putting these
women at risk of developing SUI.

Our study confirms previous research that high-impact ex-
ercise, particularly jumping and running, continues to be most
provocative situation for SUI in women [8, 9]. Despite finding
a lower incidence of SUI on abdominal curl in comparison
with other studies [8, 9], it is still an activity that may be
potentially harmful to women who exercise. This is due to
the fact that all women in our study were known to be placing
strain on their PFM by demonstrating bladder-base depression
on abdominal curl. This is similar to findings by Junginger
et al. [25], in which women who performed abdominal tasks
were unable to demonstrate bladder-neck elevation. In symp-
tomatic women or those at risk of pelvic floor dysfunction
(parous women or women postgynaecological surgery), it
would seem appropriate to recommend that they not partici-
pate in abdominal curl activities in order to minimise the risk
of further PFM strain and incontinence. The repeated PFM
strain with abdominal curl exercises could potentially be put-
ting asymptomatic women at risk of developing incontinence,
prolapse or other PFM dysfunction. The effect of repeated
exercise on the pelvic floor has been studied by Ree et al.
[28], where a small sample of women with mild SUI were
found to have a lower maximal voluntary PFM contraction
compared wtih controls after 90 min of intense exercise. A
PFM-fatigue component may also contribute to SUI during
exercise classes.

Whilst 70 % of the women with known SUI demonstrated
bladder-base elevation on PFM contraction; it was found that
performance of this correct technique does not necessarily
protect against SUI. Assessing bladder-base mobility via
TAUS does not investigate all aspects of PFM function. It
lacks the ability to examine the specificity of the contraction
in achieving urethral closure and stabilisation. TAUS is also
unable to assess PFM strength or timing. Additionally, it does
not examine anatomical features such as PFM tone, levator
avulsion or pelvic organ prolapse - all of which may influence
PFM function. In the clinical setting, TAUS is a quick, easy
and noninvasive tool to assess if one can perform a correct
PFM contraction. Despite its advantages, RTUS must be used
with caution for this purpose, as it does not represent the
complex nature of PFM function and dysfunction. A vaginal
examination or TPUS may need to be performed to supple-
ment RTUS results.

PFM endurance and repeatability are also key predictors of
PFM function [29]. Our study did not assess endurance, pre-
ferring to measure the repeatability of three single attempts.
We acknowledge that our measurements would not be

representative of the usual pelvic floor requirements during a
standard group exercise class, as fatigability was not taken
into account. Given that a study found that maximal PFM
contractions were reduced after strenuous physical activity
[28], it is possible that the proportion of women who demon-
strated a correct elevating PFM technique could have been
lower if they had they been assessed after exercise
participation.

Forty-one percent of women with SUI either modified ex-
ercise participation or avoided specific activities in order to
prevent or reduce leakage. This is similar to previous studies
that reported rates between 30 and 47 % of women modifying
exercise behaviour [9, 10]. Whilst it is not recommended to
cease participation in exercise completely, it is important for
those who experience SUI on exercise to consider selecting
lower-impact and/or lower-intensity options. This will not on-
ly reduce the amount of strain on the pelvic floor but also give
muscles a chance to overcome the amount of IAP generated
during exercise tasks. In doing so, women will still be able to
receive the benefits of exercise whilst ensuring their risk of
experiencing UI is reduced. It was noted that few women
employed fluid restriction prior to exercise, regardless of con-
tinence status. This may be indicative of the warm climate in
Perth and Cairns and the well-publicised health promotion
encouraging adequate hydration. Interestingly, 25 % of wom-
en from this study who did not experience SUI employed
behavioural modification strategies such as pre-emptive
voiding or restricting fluids to avoid urinary leakage with ex-
ercise. These habits not only indicate that the prevalence of
SUI may in fact be higher than reported in this group but also
highlights that a proportion of women may unknowingly be
participating in inappropriate exercise that is placing strain on
their vulnerable pelvic floor. Without modifying their exercise
participation (which only one of these non-SUI women report-
ed doing) the severity of UI and future cost associated with it
may be increased.

In our study there is potential for sample bias towards a
more symptomatic population given the selective recruitment
process, unknown response rate and small sample size. It is
acknowledged that there are some potential limitations to this
study pertaining to the US technique employed, similar to
those in an earlier study that included measurement error
due to probe placement and inability to have a fixed reference
point, as compared wtih TPUS [18]. The two qualified Con-
tinence and Women’s Health physiotherapists who performed
the assessments paid close attention to holding the probe se-
curely to minimise this measurement error. Despite their clin-
ical skill, with each physiotherapist having >5 years’ experi-
ence in TAUS scanning, inter-rater reliability may have been
affected.

Our study, along with previous research, found that PFM
function, when assessed via RTUS, is not sensitive in
predicting continence status. As SUI has been identified as a
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significant barrier to exercise participation, further research is
needed to investigate the relationship between PFM function
and SUI in this population of exercising women. Additional
pelvic floor assessments conducted with women in functional
positions and using TPUS or vaginal examination would fur-
ther add to the profile of PFM function and assist in gaining a
better understanding of this relationship. Research that takes
into account fatigability by assessing PFM endurance and re-
peatability is also needed, as this would be more representa-
tive of PFM requirements during exercise.

Conclusion

Through the use of TAUS, it was identified that 25 % of
women participating in group exercise were unable to perform
a correctly elevating PFM contraction. All women displayed
bladder-base depression on an abdominal curl. Parous women
displayed, on average, significantly more bladder-base de-
pression than did nulliparous women. Sixty percent of these
exercising women reported current SUI. There was no corre-
lation between continence status and the ability to perform a
correct PFM contraction or the amount of bladder-base de-
pression on an abdominal curl exercise. This study emphasises
that exercising women may be at risk of PFM dysfunction
when performing abdominal curl activities.

Conflicts of interest None.
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