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Abstract The aim of the study was to measure pelvic
floor muscle function in continent and incontinent nul-
liparous pregnant women. The study group consisted of
103 nulliparous pregnant women at 20 weeks of preg-
nancy. Women reporting urinary incontinence once per
week or more during the previous month were classified
as incontinent. Function was measured by vaginal
squeeze pressure (muscle strength) and increment in
thickness of the superficial pelvic floor muscles (uro-
genital diaphragm) assessed by perineal ultrasound.
Seventy-one women were classified as continent and 32
women as incontinent. Continent women had statisti-
cally significantly higher maximal vaginal squeeze pres-
sure and increment in muscle thickness when compared
with incontinent women. There was a strong correlation
between measurements of vaginal squeeze pressure and
perineal ultrasound measurements of increment in
muscle thickness. This study demonstrates statistically
significant differences in pelvic floor muscle function
measured by strength and thickness in continent com-
pared with incontinent nulliparous pregnant women.
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Introduction

Urinary incontinence is a common symptom during
pregnancy, with prevalence rates varying between 20—
67% [1, 2]. In some women urinary incontinence
diminishes after delivery; in others the problem persists
[3, 4]. Strategies to prevent urinary incontinence during
pregnancy may be important in preventing urinary
incontinence later in life. Aims of prevention would be
to remove the cause of incontinence or to treat dys-
function early to stop progression. To be able to do so,
one needs knowledge about risk factors and anatomical
differences between continent and incontinent pregnant
women.

The pelvic floor muscles play an important role in the
maintenance of urinary continence [5, 6, 7, 8]. The pelvic
floor muscles consist of two muscular layers, the pelvic
diaphragm and the urogenital diaphragm (the perineal
membrane with its striated muscles and the external
genital muscles) [6]. The muscular layers form a struc-
tural support; the pelvic floor muscle volume influences
the anatomical location of the pelvic organs, and a fast
and strong contraction of the pelvic floor muscles en-
sures continence during abrupt increase in abdominal
pressure [5, 6]. While it is assumed that reduced pelvic
floor muscle volume and strength are critical factors in
the pathogenesis of urinary incontinence, there is still a
lack of studies describing pelvic floor muscle volume and
strength in continent and incontinent women.

Several techniques have been used to evaluate pelvic
floor muscle strength [9]. Hahn et al. [10] compared
pelvic floor muscle strength of continent and incontinent
women as measured by vaginal squeeze pressure, digital
palpation and vaginal cones. They found statistically
significantly stronger pelvic floor muscles in the conti-
nent group. However, they also concluded that all three
measuring techniques had limitations.

Ultrasound can visualize anatomical alterations re-
lated to the urethrovesical junction associated with stress
urinary incontinence [11]. Pelvic floor muscle function,



often referred to as levator ani function, has been mea-
sured indirectly by ultrasound assessment of, e.g., blad-
der neck elevation during contraction of the pelvic floor
muscles [12, 13, 14, 15, 16]. However, this is one of many,
indirect measures of the function of one part of the pelvic
floor muscles. Three-dimensional ultrasound has recently
been introduced as a method to study the complex
anatomy of the pelvic floor [17, 18] and may be a method
that can give new information concerning the role of the
pelvic floor muscles. We have found only one study
where pelvic floor muscle volume (thickness) has been
measured directly and related to continence status [19].
Bernstein [19] used perineal ultrasound and found that
pelvic floor muscle thickness was lower in a group of
incontinent women than in a group of continent women.

It has been recognized that vaginal delivery may
cause damage to the pelvic floor muscles, fascias and
nerves [8]; thus, the inclusion of parous women may
have influenced the results in the studies by Bernstein
[19] and Hahn et al. [10].

At present there is a lack of evidence to support a
hypothesis that pelvic floor muscle strength and thick-
ness are related to continence status. A possible corre-
lation between pelvic floor muscle strength and muscle
thickness has not been studied.

The aim of this study was to measure pelvic floor
muscle function by using methods to assess muscle
strength and thickness in continent and incontinent
nulliparous pregnant women. In addition, we wanted to
study a possible correlation between measurements of
pelvic floor muscle strength and thickness.

Materials and methods

The study group consisted of 103 out of 301 nulliparous
women at 18-20 weeks of pregnancy, recruited to a
randomized controlled trial evaluating pelvic floor
muscle training [20]. The women came from a non-se-
lected population from a geographically well-defined
area consisting of four municipalities surrounding and
including the city of Trondheim, and were included from
October 1998 to May 2000. Women were eligible for the
trial if they were nulliparous, 18 years or more and had a
singleton live fetus at a routine ultrasound scan at
18 weeks of pregnancy. Exclusion criteria were preg-
nancy complications, high risk for pre-term labor, pain
during pelvic floor muscle contractions, ongoing urinary
tract infection, or diseases that could interfere with
participation.

The 103 participants in the present study consisted of
all the women in the trial that were included on Mon-
days, which for practical reasons was the only day when
the pelvic floor ultrasound measurement could be done.
Thus, all women who could meet for assessments in the
trial on a Monday were also included in the present
study. The women were examined with perineal ultra-
sound and pelvic floor muscle strength assessments be-
fore they were randomized into two groups in the trial.
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All women gave a written informed consent and ap-
proval was obtained from the local medical research
ethics committee.

Classification of continent/incontinent:
structured interview

One investigator (SM) performed all the interviews.
Information concerning continence status was collected
after the assessments of pelvic floor muscle thickness and
strength. All subjects were asked about symptoms of
urinary incontinence and background information.
Questions to classify continence status were: “Do you
leak urine more than once per day, once per day, more
than once per week, once per week, less than once per
week?” Women reporting urinary incontinence once per
week or more during the last month were classified as
incontinent. The type of urinary incontinence was ad-
dressed with additional questions. Body mass index,
information about participation in physical activities
and pelvic floor muscle exercises were registered.

Pelvic floor muscle function

Before the assessments of pelvic floor muscle strength
and thickness were performed, all women were in-
structed in pelvic floor anatomy and how to contract the
pelvic floor muscles correctly. The principal investigator
(SM) used vaginal palpation and observation to examine
the ability to perform pelvic floor muscle contraction
[21, 22]. The women were in a supine position with
straight legs. One finger was used for palpation. No
observable synergistic contractions of hip adductors and
gluteal muscles, or pelvic tilt, were accepted as correct
contractions.

Measurement of pelvic floor muscle strength

Muscle strength was measured by one investigator (SM)
by using a vaginal balloon catheter (balloon size
6.7x1.7 cm) connected to a pressure transducer (Cam-
tech Ltd. 1300 Sandvika, Norway). Vaginal squeeze
pressure (cm H,O) during pelvic floor muscle contrac-
tions was measured. The middle of the balloon catheter
was positioned approximately 3.5 cm inside the introitus
vagina [22]. Only contractions with observed inward
movement of the balloon catheter were accepted. The
method was found to be reliable and valid in a previous
study [22].

Measurement of thickness of the superficial
pelvic floor muscle

Perineal ultrasound was used to measure the thickness of
the urogenital diaphragm, the muscular layer of the
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pelvic floor situated caudal to the pelvic diaphragm and
anterior to the anorectum [6]. A Vingmed CFM 800
ultrasound device with a 7.5-MHz vaginal probe was
used, and one investigator (SM) performed all examin-
ations. Women were examined in a supine position with
45° hip flexion and slight abduction. The long axis of the
transducer was held approximately parallel to the
examination bench and placed in a parasagittal section
on the perineum (Fig. 1a), just to the right of the vaginal
introitus, approximately midway between the urethra
and the posterior commisur of the introitus (Fig. 1b).
With the transducer in this position the plane was moved
parallel to the left until the vaginal wall was visualized
and then about 1 cm to the right. The scanning plane
was further secured by visualizing the pubic bone as a
landmark to the right on the ultrasound screen; a ver-
tical reference line then could be drawn in the middle of
the screen (Fig. 2). The pelvic floor muscles (urogenital
diaphragm) then could be identified as a hypoechoic

Urogenital diaphragm

Levator ani m.

b Ultrasound
Ischiocavernosus m.
Inferior fascia of Bulbocavernosus m.
urogenital diaphragm Deep transverse perineal m.
Superficial

transverse perineal m.

Levator ani m.

Coccygeus m.

External anal sphincter

Fig. 1a, b Placement of the ultrasound transducer (T) on the
perineum. a Parasagittal position on the perineum. b Pelvic floor
muscles—perineal view

structure beneath the subcutaneous fascia 3—-6 mm be-
low the skin surface (Figs. 2 and 3). Slight movements of
the transducer were often necessary to improve the
delineation of the muscle towards the surrounding tis-
sue. Further assurance of the examination plane was
done by asking the woman to relax the pelvic floor
muscles and then perform maximum contraction. Mus-
cle movement during contraction was visualized
dynamically and muscle thickness was measured in
millimeters both during relaxation and contraction
(Fig. 3). All measurements were performed as triple
measurements, and values were given as mean and 95%
confidence interval of their triple measurements. Pelvic
floor muscle increment is given as the difference between
measurements of pelvic floor muscle thickness during
relaxation and contraction.

The ultrasound measurement method was tested for
intra-observer reliability (Intraclass Correlation Coeffi-
cient [ICC] one-way random effect model, average
measure intraclass correlation = 0.9841) ( n =50). To
test direct applicability in clinical practice, we also tested
inter-observer reliability between two investigators with
different experience with the method, in 23 women (ICC
two-way random effect model, average measure intra-
class correlation = 0.7123).

Statistical methods

Except for frequencies, background variables are given
as mean and 95% confidence interval (95% CI). Pelvic
floor muscle thickness and strength are reported as
Mean values and 95% CI. Correlation was tested by the
Pearson correlation coefficient (r), and the two-sample t-
test for equality of means was used to test the differences
between independent groups of different sample sizes. P
values <0.05 were considered significant. Intra- and
inter-observer reliability were tested by using the In-
traclass Correlation Coefficient (SPSS; ICC one-way and
two-way random effect model).

Fig. 2 Parasagittal section through the perineum to the right of the
vaginal introitus. Crosses indicate thickness of the pelvic floor
muscle (PFM) layer. PB pubic bone, V' vertical reference line



Fig. 3 Pelvic floor muscle
thickness during relaxation
and contraction in the same
individual

Relaxation

Table 1 Background variables among continent (n=71) and
incontinent (n=32) pregnant nulliparous women. Mean and 95%
Confidence Interval (95% CI)
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Contraction

Table 2 Pelvic floor muscle (PFM) thickness measured by perineal
ultrasound among continent (n=71) and incontinent (n=32) nul-
liparous women. Mean and 95% Confidence Interval

Continent Incontinent P PFM thickness Continent Incontinent p-value*
n=71 n=32 mm n=71 n=32
Age (years) 27.9 (27.0-28.8)  27.7 (26.4-29.0) 0.83  Relaxation 7.15 mm 6.34 mm 0.018
Body mass index 243 (23.6-25.0) 253 (23.8-269) 0.1 (6.82-7.48)  (5.76-6.93)
No (%) undertaking 34 (48) 16 (50) 1.00  Contraction 9.41 mm 8.20 mm 0.006
regular exercise (9.00-9.82) (7.46-8.95)
No (%) undertaking 16 (23) 6 (19) 0.80  Difference between 2.26 mm 1.86 mm 0.021
pelvic floor muscle contraction (2.07-2.45) (1.58-2.14)
exercise and relaxation
*The two sample r-test
Results
100
Seventy-one women were classified as continent and 32 !
women as incontinent. After instruction, 102 of 103 o0 .
women were able to perform pelvic floor muscle con- g
tractions correctly. Background variables were similar in . o B}
the groups of continent and incontinent women 60 1 o ® o
(Table 1). . c;
The mean pelvic floor muscle strength measured as £ 0 8 e E&pﬂmﬁ "
. . 1 o o o
vaginal squeeze pressure among continent women was & o0 a8 =
39.5 cm H,O (95% CI; 35.7-43.4), whereas incontinent @ oo % gﬂgm” L
women had a mean vaginal squeeze pressure of 32.0 cm g 207 Sage”
H,0 (95% CI; 27.7-36.3). This difference in maximal g " ° %0
pelvic floor muscle strength was statistically significant Y 5
(P =0.010). S
In the group of continent women the superficial pel- 2
vic floor muscles was statistically significantly thicker & '20_ ; " . v A . 4

both during relaxation ( P =0.018) and contraction
(P=0.006) than in the group of incontinent women
(Table 2). Continent women also had statistically sig-
nificantly ( P =0.021) higher mean increments in muscle
thickness (Table 2).

The correlation ( r =0.703) between measurements of
maximal pelvic floor muscle strength and perineal
ultrasound measurements of increment in muscle thick-
ness is shown in Fig. 4.

Discussion

The statistically significant difference in pelvic floor
muscle strength and thickness of the urogenital

Increment in pelvic floor muscle thickness

Fig. 4 Correlation between pelvic floor muscle strength (cm H,0)
during maximal pelvic floor muscle contraction, and increment in
pelvic floor muscle thickness (cm), from relaxation to maximal
contraction

diaphragm between continent and incontinent nullipa-
rous women demonstrated in this study supports the
hypothesis that pelvic floor muscle strength and thick-
ness are related to continence status. No previous study
has reported on both thickness and strength of the pelvic
floor muscles and correlation between the two assess-
ment methods. One other research group has measured
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pelvic floor muscle thickness with ultrasound [19].
Bernstein [19] found higher pelvic floor muscle thickness
at rest and during contraction, but did not find signifi-
cant differences in muscle increment between groups of
continent and incontinent women.

We found a mean resting muscle thickness of 6.3 mm
in incontinent women and 8.2 mm in continent women.
Bernstein [19] reported higher values. The discrepancy in
muscle thickness between the two studies may be due to
differences in the study populations, but the differences
may also be due to different measurement techniques.
Identification and measurement of the muscles in the
pelvic floor is not easy to perform. We decided to mea-
sure the pelvic floor muscles situated around the distal
part of the urethra because activity of these muscles is
supposed to compress the urethra distally, causing the
urethral pressure rise that precedes and exceeds the rise
in abdominal pressure during a cough [6]. Thus, we
measured the thickness of the muscular layer lateral to
the vagina, 3-6 mm below the skin surface. According to
anatomical studies and magnetic resonance images, this
corresponds to the urogenital diaphragm, situated cau-
dal to the pelvic diaphragm and anterior to the ano-
rectum [6, 23, 24, 25, 26] (Figs. 1, 2 and 3). According to
DeLancey [6], contraction of the muscles in the uro-
genital diaphragm would press upon the anterior aspect
of the urethral lumen and thereby compress it. The
pelvic diaphragm including m. levator ani is more deeply
situated, and has a different muscle fiber direction and
function than the muscular layer measured in our study.
M. levator ani appears to be iso- or hyperechoic on the
ultrasound screen. We found it difficult to do precise
assessments of the thickness of the m. levator ani by
using the same perineal ultrasound application as we
used to measure the urogenital diaphragm. Thus, our
measurements of the thickness of the pelvic floor mus-
cles in the present study were not meant to include the
thickness of both the muscular layers.

The anatomy of the pelvic floor is described differ-
ently in various papers and textbooks, and ultrasound of
the muscular layers is difficult to perform. We hoped to
find a method to visualize the dynamic activity and the
thickness of the superficial pelvic floor muscles that
could be implemented in clinical practice. The intra-
tester reliability in our study was high (ICC 0.98), but
the inter-tester reliability was not as good (ICC 0.71).
Obviously, there is a learning curve in the assessment of
muscle thickness with perineal ultrasound. Thus, there is
a need for detailed anatomical knowledge and a fair
amount of practical training before the method can be
used in a clinical setting.

Ultrasonography for visualization of the pelvic floor
muscles should be further explored. It enables dynamic
functional studies, visualization of the bladder neck,
the proximal urethra, the pelvic floor muscles and their
relationship to the pubic symphysis and the changes
during muscle contraction. Methods to measure dis-
tances and angles of the urethrovesical unit have been
described [27]. Dietz et al. [16] used perineal ultrasound

to visualize bladder neck elevation following levator
activity, to provide visual biofeedback for women un-
able to perform levator contractions correctly. In
addition, perineal ultrasound has been used to investi-
gate the effects of vaginal delivery and caesarian section
on bladder neck mobility and genuine stress inconti-
nence [14, 28]. In future studies, the use of three-
dimensional ultrasound should be explored to give
additional information of the complex anatomy of the
pelvic floor.

We found statistically significantly higher pelvic
floor muscle strength in continent compared with
incontinent nulliparous women at 20 weeks of preg-
nancy. This result corresponds well to the findings of
Hahn et al. [10]. However, there are differences in the
measured values reported in the two studies, probably
because of different measurement methods and study
populations. There have been discussions related to the
validity of squeeze pressure measurements as an indi-
cator of pelvic floor muscle strength [9, 10]. Squeeze
pressure aims to measure muscle strength, including
both activated motor units and the effect of muscle
volume. Vaginal squeeze pressure measurement has
several problems, the most serious one being that both
straining and a correct contraction can give equal in-
creases in pressure [22]. Hence, only contractions with
observed simultaneous inward movement of the peri-
neum was considered to give valid measurements in the
present study [21, 22].

In the present study, self reported symptoms of uri-
nary incontinence were used to classify continent and
incontinent participants. Since we studied healthy
pregnant women, we found it important to use diag-
nostic tests and outcome measurements causing minimal
discomfort to the participants. We refrained from using
pad tests with standardized bladder volume in order to
avoid inducing urinary tract infections among the
pregnant women. Lagro-Janssen et al. [29] concluded
that urodynamics are unnecessary in most women pre-
senting with urinary incontinence in general practice,
but other studies have focused on the need for urody-
namic assessment in making a diagnosis and formulating
a treatment plan [30, 31].

We found a strong correlation between muscle
thickness and muscle strength. In general, there is a
strong correlation between the cross-sectional area of a
muscle and its absolute strength capabilities [32, 33]. The
correlation between pressure and thickness measure-
ments in this study may indicate that both methods are
valid and reliable methods of assessing pelvic floor
muscles. The same examiner collected all data, and this
fact could introduce a possible bias in the study. How-
ever, the collection of data regarding continence status
was done after the measurements of muscle strength and
thickness.

One important question is whether low pelvic floor
muscle strength and thickness should be considered to
be risk factors for the development of urinary inconti-
nence. If this were so, the clinical implication of the



present study could be to assess muscle thickness and
strength in early pregnancy, and to suggest pelvic floor
muscle strength training in women with low values.
However, the structural support that is important to
enable continence is most likely provided by an inte-
grated action of fasciae and muscles under neural con-
trol [5], and measurements of thickness or pressure may
be a too simplistic model. Nevertheless, the results of the
present study indicate that the pelvic floor muscle vol-
ume and strength plays an important role in maintaining
urinary continence.

Conclusions

This study demonstrates statistically significant differ-
ences in pelvic floor muscle function measured by muscle
strength and thickness in continent compared with
incontinent nulliparous pregnant women. There was a
strong correlation between measurements of pelvic floor
muscle strength and thickness of the superficial pelvic
floor muscles.
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Editorial comment

This study evaluated pelvic floor muscle function in 103
nulliparous continent and incontinent women at 18-
20 weeks gestation. Pelvic floor muscle strength was as-
sessed by measuring vaginal squeeze pressure, and thick-
ness of the urogenital diaphragm during both relaxation
and contraction was measured using perineal ultrasound.
The authors found a statistically significant higher vaginal
squeeze pressure and higher mean increment in muscle
thickness in the continent compared with incontinent

group as well as a strong correlation between pelvic floor
muscle strength and increment in thickness. Although
describing several benefits of ultrasonography in assessing
pelvic floor muscles, the authors did acknowledge the
difficulty in identifying and measuring these muscles, and
the learning curve involved with perineal ultrasound. An-
other limitation was the subjective classification of conti-
nence status based on self-reported symptoms. The
implication of low pelvic floor muscle strength and thick-
ness as risk factors for the development of urinary
incontinence is beyond the scope of this study.



