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Abstract The aims of the study were: (1) to assess women
performing voluntary pelvic floor muscle (PFM) contrac-
tions, on initial instruction without biofeedback teaching,
using transperineal ultrasound, manual muscle testing, and
perineometry and (2) to assess for associations between the
different measurements of PFM function. Sixty continent
(30 nulliparous and 30 parous) and 60 incontinent (30
stress urinary incontinence (SUI) and 30 urge urinary
incontinence (UUI)) women were assessed. Bladder neck
depression during attempts to perform an elevating pelvic
floor muscle (PFM) contraction occurred in 17% of
continent and 30% of incontinent women. The UUI
group had the highest proportion of women who depressed
the bladder neck (40%), although this was not statistically
significant (p=0.060). The continent women were stronger
on manual muscle testing (p=0.001) and perineometry
(p=0.019) and had greater PFM endurance (p<0.001) than
the incontinent women. There was a strong tendency for
the continent women to have a greater degree of bladder
neck elevation than the incontinent women (p=0.051).
There was a moderate correlation between bladder neck
movement during PFM contraction measured by ultra-
sound and PFM strength assessed by manual muscle
testing (r=0.58, p=0.01) and perineometry (r=0.43,
p=0.01). The observation that many women were perform-
ing PFM exercises incorrectly reinforces the need for
individual PFM assessment with a skilled practitioner. The
significant correlation between the measurements of blad-
der neck elevation during PFM contraction and PFM

strength measured using MMT and perineometry supports
the use of ultrasound in the assessment of PFM function;
however, the correlation was only moderate and, therefore,
indicates that the different measurement tools assess
different aspects of PFM function. It is recommended
that physiotherapists use a combination of assessment tools
to evaluate the different aspects of PFM function that are
important for continence. Ultrasound is useful to determine
the direction of pelvic floor movement in the clinical
assessment of pelvic floor muscle function in a mixed
subject population.
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Introduction

The pelvic floor muscles (PFM) play an important role in
the maintenance of continence and support of the pelvic
organs. Evaluation of a voluntary PFM contraction
involves assessment of the ability to elevate the pelvic
floor as well as assessment of muscle strength, endurance,
and co-ordination [1]. Various clinical methods have been
used for the assessment of PFM function, with each method
having advantages and disadvantages [1]. Manual muscle
testing (MMT) and perineometry are the most common
clinical methods used by physiotherapists in Australia, and,
more recently, ultrasound has been introduced as an
objective method to assess the ability to perform an
elevating PFM contraction [2–4]. Dietz et al. [5] reported a
positive correlation between the measurements of bladder
neck elevation made using ultrasound and MMT and
perineometry [5]. In this previous study [5], the subjects
were coached to perform an elevating PFM contraction
using ultrasound biofeedback prior to testing, potentially
biasing the findings. It is, therefore, important to evaluate
the association of the different measures of PFM function
in untrained subjects.
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A correct pelvic floor muscle contraction results in a
cranio-ventral shift of the pelvic organs. This can be
visualized as a displacement of the bladder neck on
transperineal (TP) ultrasound [3] and as displacement of
the bladder base using transabdominal (TA) ultrasound [2].
A previous clinical study using TA ultrasound demonstrat-
ed that elevation of the pelvic floor is not an automatic
response to the verbal instruction to contract the PFM, and
43% of women depressed the bladder base while attempt-
ing to perform an elevating PFM contraction [6]. Both
continent and incontinent subjects have been reported to
have difficulty performing a correct elevating PFM con-
traction that results in the elevation of the bladder neck
[3, 7, 8], and it is not known if the ability to perform an
elevating PFM contraction on verbal instruction is related
to continence status.

Transperineal ultrasound has been used to compare the
degree of bladder neck elevation during PFM contraction
between continent and stress incontinent women [8], and
nulliparous and parous women [9, 10]. No differences were
observed between the continent and incontinent groups [8]
but reduced bladder neck elevation was demonstrated in
parous women [9, 10]. To date, the amount of bladder neck
movement occurring during PFM contraction between
women presenting with different symptoms of inconti-
nence (stress and urge) have not been compared.

The aims of the study were to assess and compare four
groups of women: nulliparous continent, parous continent,
stress urinary incontinent (SUI), and urge urinary incon-
tinent (UUI) during voluntary PFM contraction to
determine: (1) the ability to perform a correct PFM
contraction that resulted in pelvic floor elevation on initial
instruction using TP ultrasound, (2) the amount of bladder
neck movement occurring during voluntary PFM contrac-
tion using TP ultrasound, (3) the strength and endurance of
the PFM contraction using MMTand perineometry, and (4)
the associations between the different measurements.

Materials and methods

A cross-sectional study design was used to compare four
groups of women based on parity and urinary symptoms:
nulliparous continent, parous continent, SUI, and UUI.
One hundred and twenty women were recruited from the
local Perth metropolitan community. Inclusion criteria
were ages 20–55years and premenopausal or on hormone
replacement therapy (HRT). General exclusion criteria
were pregnancy, breast-feeding, urinary tract infection,
vaginal infection, known neurological disorders, and an
inability to understand English. To obtain a naive sample
for the continent group, women were excluded if they were
physiotherapists or had previously had any individual PFM
training. In an effort to obtain two distinct incontinent
groups, women with incontinence were excluded if they
had symptoms of mixed urinary incontinence as defined by
the urinary symptoms questionnaire [11]. In recruiting
women with symptoms of incontinence, some women had

previously received some PFM training. To exclude the
effects of recent training, women were excluded if they had
undergone any individual PFM training within the last
two years. All women were interviewed by telephone and
questioned regarding any urinary leakage using the Incon-
tinence Severity Index (ISI) questionnaire [12]. Sixty
women (30 nulliparous and 30 parous) had no symptoms of
incontinence (ISI score=0) and 60 women reported symp-
toms of incontinence (ISI score>0). The type of urinary
incontinence was distinguished using a urinary symptoms
questionnaire [11]. Based on the questionnaire, 30 women
had symptoms classified as SUI and 30 women had UUI.
The study received ethical approval from the Human
Research Ethics Committee, Curtin University of Tech-
nology and all women gave informed consent.

All women filled in a questionnaire regarding general
and PFM exercise habits and a history of disorders that
might result in the subjects generating high levels of IAP
on an ongoing basis such as chronic cough, sinusitis, and
constipation. All of the women in the study had previously
heard of PFM exercises.

Procedure

A standardized bladder filling protocol was used. The
women were asked to void 1 h before testing and then to
drink 500 ml of water and not to void again until after the
ultrasound test. All subjects were tested in supine lying
with one pillow under the head, hips and knees flexed to
60°, and a small towel roll placed under the lumbar spine to
place the spine in neutral.

Transperineal ultrasound

All women were assessed by the same qualified sonog-
rapher who was blinded to the subject group. The women
were not able to observe the ultrasound screen to avoid a
training biofeedback effect. Ultrasound imaging was
performed via a transperineal approach using high-defini-
tion imaging (Philips HDI Sono 5000CT), with a curvi-
linear array probe (5–2 MHz). The reliability of the TP
ultrasound measurements for this study, (intraclass correla-
tions 0.91, standard error of measurements 0.11), and a
detailed description of the methodology has previously
been reported [13]. The ultrasound transducer was placed
in the mid-sagittal plane at the perineum. A measure of the
position of the bladder neck was taken at rest and the
change from the resting position was measured during
PFM contraction. The subjects were asked to perform a
maximal PFM contraction; the instructions were “draw in
and lift the PFM” and to hold the contraction while
breathing normally. Once the contraction was visualized on
the ultrasound screen, the image was frozen (2–3 s) and the
subject could relax (5 s). A mean value was taken for the
three tests. Once the ultrasound test was completed,
the subjects were allowed to void.
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Manual muscle testing

On the same day, after the ultrasound tests, the same
continence physiotherapist assessed all the subjects. The
subjects remained in supine lying with knees bent as
described above. A digital vaginal examination was
performed using two fingers. The instructions for perform-
ing the PFM contraction were the same as those used
during ultrasound testing. The PFM strength was assessed
by MMT using the modified Oxford scale as described by
Sapsford et al. [14]. No biofeedback was given during the
measurements. The PFM test was repeated three times and
a median value was taken for the three tests. The subjects
were then given a 5-min rest.

Vaginal squeeze pressure measurements

The vaginal pressure probe (Cardiodesign, Australia,
Model 2005), connected to a Peritron perineometer
(Model 9300V), was inserted into the vagina with the
centre portion of the probe located 3.5 cm from the introitus
[4]. The pressure sensor was set to zero at the start of each
test. The subjects were asked to perform two tests: (1)
maximal PFM contraction held for 3 s and (2) an endurance
contraction, drawing in and lifting the PFM, holding the
contraction for as long as possible up to a maximum of
30 s. No biofeedback was given during the measurements.
The subjects were asked to breathe normally during the

PFM contraction. Respiration was closely monitored and
the subjects were not allowed to do several small or “top
up” contractions. The PFM endurance time was assessed
using an built-in endurance setting on the Peritron perine-
ometer. Both tests were repeated three times with a 10 s rest
for the short holds, and 1-min rest for endurance holds. A
mean value was taken for the three tests.

Statistical analysis of the data

Statistical analysis of the data was performed using SPSS
(V10). A primary analysis was performed on the four groups
followed by a secondary analysis to compare the differences
between the continent and incontinent groups. As all
hypotheses were developed a priori, therefore, corrections
for multiple comparisonswere not implemented. Data are for
mean (SD) for all variables except for MMT, which was
considered ordinal, and data are median (range).

Analysis of differences in direction of movement
of the bladder neck between groups

The subjects were classified into two categories: elevator
or depressor, depending on the direction of movement of
the bladder neck during PFM contraction. Differences in
the proportion of elevators in each group were assessed
using Chi-squared test.

Table 1 Demographic data and proportion of women in each group

Continent Incontinent

Nulliparous (n=30) Parous (n=30) SUI (n=30) UUI (n=30) p value

Age 39.7(9)a 41.8(5)ab 46.4(5)b,c 43.3(8)a,b 0.011
Parity 0a 2(1 to4)b,C,d 2(1 to 4)b,d 2(0 to 4)b,c <0.001
BMI 23(3) 22(3) 24(4) 24(4) 0.437
ISI score [12] 0a 0a 4(2)b 5(2)b <0.001
Stress score [11] 0a 0a 23(2)b 2(2)c <0.001
Urge score [11] 0a 0a 5(1)b 18(2)c <0.001
BN descent [n (%)] 6(20%) 4(13%) 6(20%) 12(40%) 0.060
Hx cough [n (%)] 0a 1(3%)a 5(7%)b 2(7%) 0.044
Hx sinusitis [n (%)] 4(13%) 2(7%) 8(27%) 10(33%) 0.017
Constipation [n (%)] 6(20%) 4(13%) 7(23%) 9(30%) 0.165
Taught PFX [n (%)] 0a 0a 7(23%)b 9(30%)b <0.001
Practicing PFX [n (%)] 12(40%) 11(37%) 13(43%) 16(53%) 0.072
General exercise [n (%)] 23(77%) 23(77%) 22(73%) 18(60%) 0.682
Taking HRT [n (%)] 3(10%) 5(7%) 6(20%) 4(13%) 0.250
Previous bladder surgery [n (%)] 0 0 2(7%) 3(10%) 0.133
Hysterectomy [n (%)] 0 1(3%) 1(3%) 2(7%) 0.562

The mean (SD) for age, BMI, parity, incontinence severity index score (ISI)[12], stress and urge score[11]. The number and proportion of
women in each group p values for the differences between the four groups: (1) nulliparous continent, (2) parous continent, (3) stress urinary
incontinence (SUI), and (4) urge urinary incontinence (UUI)
p values indicate significance alpha <0.05
Post hoc comparisons: values with the same superscripts (a, b, c) are not significantly different at p<0.05
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Analysis of differences in PFM function and strength
between groups

Where the variances of the dependent variable did not
differ between groups, as indicated by Levene’s test for
homogeneity of variance, between-group differences were
assessed using one-way ANOVA followed by linear
contrasts, if the main effect was significant. Where variance
differed between groups or the data were ordinal, a
Kruskal–Wallis test was used for comparisons between
four groups and the Mann–Whitney U test for two group
comparisons. Where the main effect for the four groups
was significant, Mann–Whitney U tests were used for post
hoc comparisons.

Correlations

The correlation between the amount of bladder neck
movement during PFM contraction and PFM strength
assessed by manual muscle testing (Spearman’s rho) and
perineometry (Pearson’s) was calculated.

Results

One hundred and twenty women with a mean (SD) age of
43 (7) yrs, BMI of 24 (4) kg/m2, and a median parity of 2
(range 0–5) were assessed. The demographic data for the
four individual groups are displayed in Table 1. The SUI
group was significantly different from the UUI group in
terms of stress score and urge score (p<0.001) (Table 1).
The data obtained from the pre-test questionnaires is
summarized in Table 1.

Direction of movement of the bladder neck
on ultrasound

Twenty-eight women (23%) depressed the bladder neck
during PFM contraction. There was a strong trend towards
a difference in the ability to elevate the bladder neck
between the four groups, with a greater proportion of the
women with UUI depressing the bladder neck (p=0.060)
(Table 2). There was no statistically significant difference

in the proportion of women depressing the bladder neck
between the continent (17%) and incontinent women
(30%), although a trend towards a higher proportion of
depressors in the incontinent group was observed
(p=0.126), (Table 1).

Amount of movement of bladder neck on ultrasound

There was no difference in the amount of bladder neck
movement between the four groups (p=0.096) (Fig 1a), but
there was a strong trend towards greater amount of bladder
neck elevation in the continent women [0.58(0.56)],
compared to the incontinent women [0.39(0.52)]
(p=0.051) (Table 2).

Manual muscle testing

There was a significant difference in strength between the
four groups (p=0.001) (Fig 1b). Posthoc pair-wise
comparisons showed that the nulliparous continent
women were stronger than the SUI [4(1–5) vs 3(2–4)]
(p=0.007) and the UUI (4(1–5) vs 2(1–5)] (p=0.001)
groups. There was a trend towards the parous continent
women being stronger than the SUI group [3(1–5) vs 3(2–
4)] (p=0.058), and they were significantly stronger than the
UUI [3(1–5) vs 2(1–5)] (p=0.005) group. There was no
difference between the nulliparous and parous continent
groups [4(1–5) vs 3(1–5)] (p=0.412) or the SUI and UUI
groups [3(2–4) vs2(1–5)] (p=0.105).

The secondary analyses showed the continent women
were significantly stronger than the incontinent women
(p<0.001), Table 2.

Vaginal squeeze pressure measurements

There was a significant difference in the strength of the
PFM contraction between the four groups when assessed
by perineometry (p=0.003) (Fig 1c). Post hoc comparisons
showed that nulliparous continent women generated higher
pressure than the parous continent group [38(14) vs 29(12)]
(p=0.013), the SUI group [(38(14) vs 26(15)] (p=0.002)
and the UUI group [38(14) vs 26(22)] (p=0.004). There

Table 2 Comparison between the continent and incontinent groups

Continent Incontinent p value

% of group with BN descent 17 30 0.126
BN movement (cm) 0.58(0.56) 0.39(0.52) 0.051
Manual muscle testing (Oxford) 4 (1–5) 3 (1–5) 0.001
Vaginal squeeze pressure (cm H20) 33(14) 26(19) 0.017
PFM endurance (sec) 15(11) 7(7) <0.001

p values indicate significance alpha<0.05
The percentage of women in each group depressing the bladder neck (BN) during PFM contraction, and the measurements taken during
PFM contraction: the mean (SD) for measurements of bladder neck movement (cm), the median (range) for manual muscle testing (Oxford
grade), the mean (SD) for the vaginal squeeze pressure measurements (cm H20) and endurance of the PFM contraction (seconds)—
maximum 30 s
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was no difference between the parous continent group and
the SUI [29(12) vs 26(15)] (p=0.329) and the UUI [29(12)
vs 26(22)] (p=0.118) groups. There was no difference in
vaginal squeeze pressure measurements between the SUI
and UUI groups [26(15) vs 26(22)] (p=0.371).

The secondary analyses showed that the continent
women were significantly stronger than the incontinent
women (p=0.003), Table 2.

PFM endurance

There was a significant difference in the ability to sustain
PFM contraction between the four groups (p<0.001)
(Fig 1d). Post hoc comparisons showed nulliparous
continent women sustained a PFM contraction longer
than the UUI [15.5(11) vs 4.8(5)] (p=0.001), but were not
different from the parous continent [15.5(11) vs 16.3(12)]
(p=0.350) or SUI [15.5(11) vs 9.2(8)] (p=0.282) groups.
The parous continent group sustained PFM contraction

Fig. 1 Box plots showing median (bold line), interquartile range
(box) and outlyers (open circles) for the four groups: (1) nulliparous
continent, (2) parous continent, (3) stress urinary incontinence
(SUI), and (4) urge urinary incontinence (UUI). a Amount of
bladder neck (BN) movement measured on ultrasound (cm) during
pelvic floor muscle contraction. b Pelvic floor muscle (PFM)

strength, assessed by manual muscle testing (modified Oxford
grade). c Perineometer measurement of vaginal squeeze pressure
(mmH20). d Pelvic floor muscle endurance in seconds, to a
maximum of 30 s. # Significant difference to nulliparous group
p<0.05; * significant difference to parous continent group, p<0.005;
@ significant difference to SUI group, p<0.001
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longer than the SUI [16.3(12) vs 9.2(8)] (p=0.036) and
UUI [16.3(12) vs 4.8(5)] (p<0.001) groups. There was a
difference between the SUI and UUI groups [9.2(8) vs 4.8
(5)] (p=0.001).

The secondary analyses showed that the continent
women sustained PFM contraction longer than incontinent
women (p<0.001), Table 2.

Correlations

There was a moderate correlation between bladder neck
movement during PFM contraction measured by ultrasound
and PFM strength assessed by manual muscle testing
(rho=0.58, p=0.01) and perineometry (r=0.43, p=0.01).

Discussion

Twenty-three percent of the subjects across both continent
and incontinent groups depressed the bladder neck during
PFM contraction. The highest proportion of ‘depressors’
was noted in the UUI group (40%), although these results
were not statistically significant. These results are in
agreement with the findings of our previous clinical study
using TA ultrasound [6], and further research to assess why
women with symptoms of UUI are more likely to depress
the pelvic floor is warranted.

Other studies have reported that many women find it
difficult to perform a correct PFM contraction on their first
consultation, suggesting that elevation of the pelvic floor is
not an automatic response to the instruction to “draw in and
lift” the pelvic floor [6, 15, 16]. The observations that
straining or “Valsalva effort” during PFM contraction
occurs in 25–43% women with incontinence and prolapse
performing PFM exercises [6, 15, 16], and also occurred in
17% of the continent women in this study, reinforces the
need for one-on-one skilled PFM training. Altered muscle
activation patterns during PFM contraction in women who
depress the pelvic floor during PFM contraction have been
documented [17]. This highlights the importance of muscle
specificity when training the PFM.

There was no difference in the amount of bladder neck
elevation between the four groups, or between the conti-
nent and incontinent women, in agreement with a previous
smaller study [8] comparing bladder neck elevation during
voluntary PFM contraction in continent and incontinent
women. However, a strong trend was noted for the
continent women to have a greater degree of elevation
compared with the incontinent women, and this may reflect
the fact that the continent women were found to be stronger
than the incontinent women. In our study, there was no
difference in the degree of bladder neck elevation between
the nulliparous and parous continent groups. This is in
contrast to previous studies [9, 10], and may reflect
different methodologies or study populations.

Differences in PFM strength and endurance were found
between the four groups using both MMT and vaginal

squeeze pressure measurements, but a large overlap be-
tween groups can be observed in the box plots (Fig 1b,c).
The fact that the continent women were stronger and had
greater endurance than the incontinent women is in
agreement with other studies reporting increased strength
[18] and endurance [19, 20] in continent women. When
assessing endurance previously, ‘hold’ times as long as
647 s in continent and 120 s in incontinent women have
been reported [19]. PFM endurance is often assessed over
10 s [21]. Even our 30-s cut-off point may have limited
between-group differences. We noted that 15 (25%) of the
continent group in our study could achieve the maximum
30-s contraction compared with only one (2%) of the
incontinent group.

Our results demonstrated positive correlations between
the ultrasound measurements of bladder neck elevation and
strength assessed by MMT and vaginal squeeze pressure.
These findings are in agreement with a previous study by
Dietz et al. [5] and support the use of ultrasound for the
assessment of PFM function. The stronger correlations
reported by Dietz et al. [5] between bladder neck elevation
and MMT (r=0.62) and vaginal squeeze pressure (r=0.52)
may be due to a difference in methodology. In their study,
the women were able to observe the ultrasound screen and
were coached to perform a correct PFM contraction. The
modest strength of the association between the amount of
bladder neck movement and measures of PFM strength
suggests caution in the interpretation of a larger movement
indicating a more forceful contraction.

This study has some limitations. The method of
grouping the women into symptoms of SUI and UUI was
made using a questionnaire by telephone interview, and not
by standard urodynamic diagnosis. Attempts were made to
minimize error by excluding all women with symptoms of
mixed UI. The SUI group was significantly different from
the UUI group in terms of stress score and urge score
(Table 1), but it is acknowledged that this symptom score
may be subject to error.

Previous studies using TP ultrasound have only taken a
measurement during PFM contraction if a cranio-ventral
movement of the bladder neck was achieved. In our study,
subjects could not observe the ultrasound image on screen
and were not given feedback about their PFM exercise
performance. As all the women had some degree of PFM
activity on manual muscle testing (PFM grade >0), an
ultrasound measure was taken, despite some subjects not
being able to perform a correct technique.

The physiotherapist measuring PFM strength did so after
observing the ultrasound and was, therefore, not blinded to
the direction of movement of the bladder neck. For this
reason, during MMT the scale described by Sapsford et
al. [14] was used as it does not include an assessment of
“lift” in the description. Vaginal squeeze pressure measure-
ments were recorded on all subjects despite the knowledge
that some women were performing the technique incor-
rectly. It is acknowledged that these measures may have
been affected by pressure generation from other non-pelvic
floor muscles [4].
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Clinical implications

Ultrasound is clinically useful to assess the direction of
movement of the bladder neck during voluntary PFM
contraction to establish the correct technique of performing
an elevating PFM contraction. Further research is required
to determine the clinical significance of the magnitude of
bladder neck elevation. In this study, each tool highlighted
differences in PFM function between the continent and
incontinent women and supports the recommendation that
physiotherapists use a combination of assessment tools in
the clinical evaluation of voluntary PFM function [1].
Differences in PFM endurance were highly significant
between the continent and incontinent groups and, there-
fore, should be included in the assessment of PFM function.

When comparing the continent to the incontinent
women, both the incontinent groups showed signs of
PFM dysfunction, providing a rationale for recommending
PFM training for all women with symptoms of inconti-
nence, not just for women with SUI. However, to achieve a
more effective outcome, an individualized PFM assessment
and training program, with a skilled practitioner who can
target specific areas of PFM dysfunction, may be required.

Conclusion

The observation that 23% of the women, both continent
(17%) and incontinent (30%), were performing PFM
exercises incorrectly reinforces the need for individual
PFM assessment with a skilled practitioner and supervised
PFM training programs in the conservative management of
urinary incontinence. The significant correlation between
the measurements of bladder neck elevation during PFM
contraction and PFM strength measured using MMT and
perineometry supports the use of ultrasound in the
assessment of PFM function. However, as the correlation
between measurements was only moderate, it is likely that
the different measurement tools assess different aspects of
PFM function.
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