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ABSTRACT

Objective To determine the reliability and validity of new
ultrasound parameters, measured in the polar coordinate
system, for quantifying pelvic floor muscle action.

Methods This was a prospective study, from January
2005 to December 2007, in 209 women with urodynamic
stress incontinence, to validate new ultrasound parameters
for quantifying pelvic floor muscle contraction. The
examination of each patient included intravaginal digital
palpation of voluntary pelvic floor muscle contractility
and an ultrasound assessment of the positions of the
bladder neck and anorectal junction at rest and during
pelvic floor muscle contraction. The position of the
bladder neck was expressed by bladder neck angle and
bladder neck distance from the lower border of the pubic
symphysis, and the position of the anorectal junction was
expressed by the levator hiatal angle and sagittal hiatal
diameter. The vector lengths of the motion of the bladder
neck and anorectal junction during pelvic floor muscle
contraction were calculated from the positions at rest and
during pelvic floor muscle contraction by mathematical
formulae.

Results There was good inter- and intraobserver reliabil-
ity of measurement of ultrasound parameters on stored
volumes. During pelvic floor muscle contraction, ele-
vated bladder neck distance and shortened sagittal hiatal
diameter were valid parameters representing stronger
pelvic floor muscle contractility, with shortened sagittal
hiatal diameter having the best correlation (r = —0.348,
P < 0.001).

Conclusion The methods used in this study appear to be
reliable for quantifying pelvic floor muscle action. The

bladder neck distance with respect to the lower border
of the pubic symphysis and the sagittal biatal diameter
were both valid parameters reflecting PEM contractility.
Copyright © 2009 ISUOG. Published by Jobn Wiley &
Somns, Ltd.

INTRODUCTION

Functional assessment of the pelvic floor muscle (PFM)
plays a crucial role in the conservative management
of incontinent women, the status of PFM contractility
determining whether active or passive PFM exercises
should be the first step in treatment!. In addition,
weak PFM contractility and a wide genital hiatus are
predictive of surgical failure in those who have undergone
concomitant reconstructive pelvic surgery?>.

PFM function can be evaluated by inspection, intra-
vaginal digital palpation, electromyography, perineom-
etry and imaging studies, including ultrasound and
magnetic resonance imaging?. Digital palpation and per-
ineometry have been regarded as the gold standards for
the assessment of PFM contractility*. However, it is well
known that subjective bias with low repeatability limits
intravaginal digital palpation®, while interference from
intra-abdominal pressures limits perineometry®. Ultra-
sound has been reported as a reliable tool for quantifying
PFM contractility, with the advantages of being non-
invasive and easy to perform, and allowing application of
biofeedback”~?.

Degree of cranioventral movement or inward-upward
displacement of pelvic structures displayed on ultrasound,
whether through transperineal, translabial or transab-
dominal approaches, may be used to represent PFM
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function’ =12, Of the tested ultrasound parameters, ele-
vation of the bladder neck has been found to have
the best agreement with intravaginal digital palpation
and perineometry'?. Nevertheless, one would expect any
method relying on a change in the geometry of the prox-
imal urethra and bladder neck to be limited in those
who have a pelvic organ prolapse interfering with bladder
neck motion or who have undergone a surgical proce-
dure aimed at immobilizing the bladder neck, such as a
colposuspension or sling operations®.

The aim of this study was to determine the reliability
and validity of new ultrasound parameters for quantifying
PFM contractility in subjects with objective evidence of
stress urinary incontinence, based on the hypothesis that
shortening of the sagittal hiatal diameter (SHD) is a
superior measure of PFM contractility.

PATIENTS AND METHODS

From January 2005 to December 2007, women who
presented at one of our urogynecology clinics with
bothersome symptoms and urodynamic evidence of
stress urinary incontinence were invited prospectively
to enroll in a survey to validate the new ultrasound
parameters, measured in the polar coordinate system, to
quantify PFM contractility. Women who had a medical
history of diabetes, cerebrovascular disease or overt
neurological diseases, or who had previously undergone
pelvic floor re-education programs, were excluded. The
survey, performed by W.C.H. or ].M.Y., both experienced
urogynecologists, included a site-specific analysis of pelvic
organ prolapse, intravaginal digital palpation of voluntary
PFM contractility and an ultrasound assessment of pelvic
floor structures, both at rest and during PFM contraction.
The project had been approved by the institutional review
boards and informed consent was obtained from all
participants. Methods, definitions and units conform
to the standards recommended by the International
Continence Society (ICS)>13, except where specifically
noted.

Site-specific analysis of pelvic organ prolapse

First, to detect any pelvic support defects, a pelvic
examination was conducted using a split speculum,
with patients in the dorsal lithotomy position and
straining maximally. The severity of pelvic organ prolapse
was assessed using the ICS Pelvic Organ Prolapse
Quantification (POP-Q) system and was graded from
Stage 0 (no prolapse) to Stage IV'3.

Intravaginal digital palpation

The women were then asked to perform a maximal PFM
contraction, with instructions to ‘please draw in and
lift the PFM, and hold the contraction while breathing
normally’. A correct voluntary PFM contraction was
confirmed by observation of a puckering and in-drawing

Copyright © 2009 ISUOG. Published by John Wiley & Sons, Ltd.
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of the vaginal introitus, anal sphincter and perineal body.
During digital vaginal palpation, the strength of voluntary
PFM contraction was assessed using a modified Oxford
grading system'* (0, no contraction detected; 1, flicker;
2, weak contraction; 3, normal (or moderate) contraction
with slight finger lift effect (i.e. examining fingers inserted
inside the vagina lifted slightly by the PFM contraction)
and no resistance; 4, strong contraction with a finger lift
effect and slight resistance; 5, very strong contraction with
a finger lift effect and strong resistance).

Ultrasound examination

With the patient lying supine, we performed real-time
ultrasound examination, via an introital approach!S-16,
of the pelvic floor structures using a Voluson 730 (GE
Medical Systems, Zipf, Austria) or, when the Voluson
was unavailable (# = 22) a Toshiba SSA-260A (Toshiba
Medical Systems, Tokyo, Japan) ultrasound machine,
equipped with a 5.0-9.0-MHz endovaginal probe. The
resting images were obtained first, then the patient was
asked to contract maximally, and once this was visualized
on the ultrasound screen, the images were frozen and
the subject could relax again (Figure 1). Mean values
were measured for three resting—contraction paired tests.
The position of the bladder neck was expressed as two
parameters in polar coordinates: the bladder neck angle
(BNA, the angle between the bladder neck—symphyseal
line and the midline of the pubic symphysis), and the
bladder neck distance (BND, the distance between the
bladder neck and the lower border of the pubic symphysis)
(Figure 2a). The position of the anorectal junction was
also expressed as two parameters in polar coordinates:
the levator hiatal angle (LHA) was defined as the angle
between the anorectal junction—symphyseal line and the
midline of the pubic symphysis and the SHD (sagittal
hiatal diameter) was defined as the distance between
the anorectal junction and the lower border of the
pubic symphysis (Figure 2b)'®. The vector lengths of the
motion of bladder neck and anorectal junction during
PFM contraction were calculated from the positions at
rest (r) and during PFM contraction (sq) by mathematic
formulae:

vector length of bladder neck motion during
PFM contraction = ,/(rBND? + sqBND? — (2 x rBND
x sqBND x cos(rBNA — sqBNA)));

vector length of motion of anorectal junction during
PFM contraction = / (rSHD? + sqSHD2 — (2 x rSHD
x sqSHD x cos(rLHA — sqLHA))).

Volume datasets of the pelvic floor images at rest
and during PFM contraction were acquired by three-
dimensional ultrasound with the Voluson 730 ultrasound
machine in those who could contract the PFM with
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Figure 1 Ultrasound images of the pelvic floor at rest (a) and
during pelvic floor muscle contraction (b). 3, anorectal junction; a,
anal canal; bl, bladder; bn, bladder neck; r, rectum; sp, pubic
symphysis; u, urethra.

a duration of at least 3 s, for analysis of intra- and
interobserver reliability.

Statistical analysis

Data are presented as mean =+ SD or median (interquartile
range). The 3D volume datasets of 20 subjects were
randomly retrieved for analysis of inter- and intraobserver
reliability. For interobserver reliability, the investigators
and planes of imaging were both randomized to avoid
order effects. The testers were blind to each other’s
results. For intraobserver reliability, ultrasonographic
measurements on stored volumes were repeated, by the
same observer on two occasions 1 or 2 weeks apart. The
reliability of ultrasound measurements was determined
by intraclass correlation coefficients and their 95% ClIs as
well as limits of agreement by Bland—Altman analysis'”.
The Pearson correlation test was used to determine the

Copyright © 2009 ISUOG. Published by John Wiley & Sons, Ltd.
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Figure 2 Measurement of the positions of the bladder neck (a) and
the anorectal junction (b) in the polar coordinate system. The
position of the bladder neck is expressed by the bladder neck angle
(BNA) and bladder neck distance (BND). The position of the
anorectal junction (%) is expressed by the levator hiatal angle
(LHA) and sagittal hiatal diameter (SHD). ¢, anorectal junction; a,
anal canal; bl, bladder; bn, bladder neck; cx, cervix; r, rectum; sp,
pubic symphysis; u, urethra.

associations of ultrasound parameters with explainable
variables. All analyses were carried out using SPSS 15.0
software (SPSS, Inc., Chicago, IL, USA), and a P-value
<0.05 was considered statistically significant.

RESULTS

During the 3-year study period, 644 women who had
bothersome urinary incontinence symptoms presented at
the clinics. Of these, objective evidence of stress urinary
incontinence (i.e. urodynamic stress incontinence) was
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Table 1 Demographic and clinical data in the study group

Yang et al.

Table 2 Reliability of ultrasound parameters during pelvic floor

(n=209) muscle (PFM) contraction
Variable Value ICC (95% CI)
D . Parameter Interobserver Intraobserver
emographics
Age (years) 50.8+11.9
Parity 3 (1-5) sqBNA 0.859 (0.799-0.883) 0.849 (0.775-0.879)
Menopause 101 (48.3)  sqBND 0.858 (0.797-0.883) 0.859 (0.799-0.884)
Body mass index (kg/m?) 244439  sqLHA 0.827 (0.726-0.871) 0.825 (0.721-0.870)
. o sqSHD 0.891 (0.777-0.896) 0.886 (0.769-0.895)
PelVlC examination
Pelvi | by POP- t
¢ X;c(c;rf)a i profapse by Q system 06415 ICC, intraclass correlation coefficient; sqBNA, bladder neck angle
Ba (cm) 13+ 1.8 during PFM contraction; sqBND, bladder neck distance during
Ap (cm) o1+ 1:1 PFM contraction; sqLHA, levator hiatal angle during PFM
Bp (cm) 223407 contraction; sqSHD, sagittal hiatal diameter during PFM
C (em) 42433 contraction.
PFM contractility by MOG system
Grade 0 6 (3) Reliability
Grade 1 14 (7)
graje § ;71 (g? The average intraclass correlation coefficients for
Gizdz 4 45 222; interobserver reliability ranged between 0.827 and 0.891
Grade 5 3 (1) (95% CI, 0.726-0.896), while intraobserver reliability
Ultrasound ranged between 0.825 and 0.886 (95% CI, 0.721-0.895)
Bladder neck angle at rest (°) 93 4+ 24 (Table 2). Bland—Altman plots displaying the intraob-
Bladder neck distance at rest (mm)* 2234438 server bias and limits of agreement for each ultrasound
Bladder neck angle during PFM 71£15 parameter are presented in Figure 3.
contraction (°)
Bladder neck distance during PFM 245+52
contraction (mm)* Validity
Vector length of bladder neck motion 30+15
during PEM contraction (mm) During PFM contraction, there was a weak to modest
]geviiof fll.l a:all j.ngle ?t re:t ( i (mm) 4175 g i ;8 p association between LHA and BNA and between SHD and
agitta 1ata 1ameter at rest (mm . . . .
Le%/ator hiatal angle during PFM 1374 14 BND. Yet, the BND and SHD during PFM contraction
contraction (°) were the only two parameters significantly correlated
Sagittal hiatal diameter during PFM 41.6+5.0 with PFM contraction strength (r =0.190, P = 0.013
contraction (mm) and » = —0.348, P < 0.001, respectively) (Table 3). The
Vector length of anorectal junction 15.9+9.2

motion during PFM contraction (mm)

Values are presented as mean £ SD, median (interquartile range) or
n (%). *Bladder neck distance is distance between bladder neck and
lower border of pubic symphysis. MOG, modified Oxford grading;
PFM, pelvic floor muscle; POP-Q, pelvic organ prolapse
quantification system.

identified in 223 (35%), including 21 (9%) who had
coexisting detrusor overactivity. Of these 223 subjects
with urodynamic stress incontinence, 209 denied having
any neurological diseases or previous experience with
pelvic floor re-education programs. These 209 subjects
were enrolled in the study; Table 1 summarizes their
demographic and clinical data. Of the 209 study women,
six (3%) were unable to contract their PFM during
three attempts under detailed instruction and 12 (6%)
performed a Valsalva maneuver instead on the first
attempt but turned out to be able to contract their PFM
on subsequent attempts. 3D volume datasets of the PMF
at rest were obtained in all 187 women assessed with
the Voluson ultrasound machine, but 3D volume datasets
during PFM contraction (of at least 3 s duration) were
available in only 55 women.

Copyright © 2009 ISUOG. Published by John Wiley & Sons, Ltd.

vector lengths of the motion of the bladder neck and
anorectal junction during PFM contraction did not
correlate with intravaginal digital palpation strength.

DISCUSSION

The methods used in this study of a sample of women
with urodynamic stress incontinence, to quantify PFM
contractility by measuring the positions of the bladder
neck and anorectal junction in the polar coordinate
system during PFM contraction, demonstrated good inter-
and intraobserver reliability. Of the tested ultrasound
parameters, the shortened SHD during PFM contraction
had the best correlation with PFM contraction strength.
Normal PFM function is defined as the ability to per-
form a normal or strong voluntary contraction and to
present an involuntary contraction preceding or during
increased intra-abdominal pressure, resulting in a circular
closing of the levator hiatus and a cranioventral or inward-
upward movement of the perineum and pelvic floor
structures'®. As the gold standard for assessment of PFM
action, intravaginal digital palpation evaluates not only
squeeze pressure but also lift. Moreover, and most impor-
tantly, intravaginal digital palpation can palpate the com-
ponents of pelvic floor dysfunction, such as muscle defects,

Ultrasound Obstet Gynecol 2009; 33: 465-471.
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Figure 3 Bland-Altman plot: intraobserver bias and limits of agreement for bladder neck angle (a), bladder neck distance (b), levator hiatal
angle (c), and sagittal hiatal diameter (d) during pelvic floor muscle contraction.

Table 3 Validation of ultrasound parameters during pelvic floor
muscle (PFM) contraction along with PFM contractility

Parameter r P

sqBNA vs. PFM contractility* —0.035 0.647
sqBND vs. PFM contractility 0.190 0.013
sqLHA vs. PEM contractility —0.046 0.555
sqSHD vs. PFM contractility —0.348 <0.001
vectorBN vs. PFM contractility 0.121 0.125
vectorAR vs. PFM contractility 0.046 0.559

*Determined by modified Oxford grading system. sqBNA, bladder
neck angle during PFM contraction; sqBND, bladder neck distance
during PFM contraction; sqLHA, levator hiatal angle during PFM
contraction; sqSHD, sagittal hiatal diameter during PFM
contraction; vectorAR, the vector length of anorectal junction
motion during PFM contraction; vectorBN, the vector length of
bladder neck motion during PFM contraction.

tone or pain'®2%. However, the inherent limitations of dig-
ital palpation, such as subjective bias and the narrow mea-
suring scale, make scientific quantification a difficult task?.

Copyright © 2009 ISUOG. Published by John Wiley & Sons, Ltd.

By determining morphological changes in the geome-
try of pelvic floor structures, ultrasound appears to be
a promising tool for providing reliably quantitative and
qualitative analyses of PFM contractility’ =221, How-
ever, the correlation of ultrasound parameters with digital
palpation strength varies markedly in the reports using
different approaches. Transperineal ultrasound demon-
strated modest correlations of ultrasound parameters (e.g.
changes in urethral axis, urethral inclination and maxi-
mum displacement of the bladder neck) with intravaginal
digital palpation strength during voluntary PFM contrac-
tion, with the maximum displacement of the bladder neck
having best agreement'?. Through the transabdominal
approach, Sherburn et al.?? found no association between
the posterior bladder wall motion, either in a transverse
or sagittal plane, and digital palpation strength. Using
the introital approach, our present study also supported
this finding. Nevertheless, Thompson et al.® demonstrated
modest correlation of bladder base motion with PFM
strength on transabdominal ultrasound. Morphologically,
the displacement of the posterior bladder wall, bladder

Ultrasound Obstet Gynecol 2009; 33: 465-471.
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base or levator plate manifested on transabdominal
ultrasound®2'-23 has been found to correspond to the
movement of the anorectal junction displayed on introital
ultrasound.

In contrast to the complex processes involved in
determining the vector length of pelvic floor structures
to reflect PFM contractility® 122122 we found merely
measuring SHD or BND during PFM contraction to be
easier. Nevertheless, both shortened SHD and elevated
BND, the two parameters significantly correlated with
PFM contraction strength, had only weak to modest
correlation with intravaginal digital palpation grading.
Our findings differ from those of other studies, which
reported higher correlations of ultrasound indices with
Oxford grading®!2. Inherent limitations of our ultrasound
methodology, suboptimal coaching for PFM contraction,
or both, may account for this difference.

The PFM (or levator ani muscle) is composed of
two portions, the lateral supportive iliococcygeus and
the central sphincteric puborectalis and pubococcygeus
(or pubovisceral muscles)?*. As a dome-shaped muscle,
voluntary PFM contraction is thought to occur in three
planes: mediolateral occlusion, posteroanterior draw
and cephalad displacement??. Cranioventral movement
or inward-upward displacement of the bladder neck!?,
posterior bladder wall?2, levator plate*> or anorectal
junction have been found to reflect only the lift and
anterior draw, and not the squeeze, of PFM action®2.
The squeeze generated by PFM has been attributed to the
contraction of the puborectalis muscle, a U-shaped muscle
surrounding the levator hiatus centrally?®. The ultrasound
index of SHD during PFM contraction, representing
the shortest distance between the pubic symphysis and
anorectal junction, is morphologically equivalent to the
route traversed by the sphincteric puborectalis muscle
when it is maximally contracted**. This might explain
the best correlation of SHD during PFM contraction with
digital palpation strength when compared with the other
parameters in this study. However, the fact that this
correlation was modest suggested that the squeezing of
the PFM, which also involves complex biophysiology,
especially the action of mediolateral occlusion, was
ignored by ultrasound. To date, there is neither published
nor clinical evidence which suggests that there is a single
tool available to fully assess PFM action.

There are several limitations of this study. First,
the repeatability of our ultrasound parameters was
analyzed on static volumes, obtained with a Voluson 730
ultrasound machine. Therefore, only a fraction of the total
variability was assessed. Second, the relationships between
our ultrasound parameters and Oxford grading were
poor. Methodological limits, suboptimal coaching, and
the complex biophysiology involved in PFM action may
explain the low correlations. Despite these limitations,
our study has demonstrated that the ultrasound indices
we used are of good reliability and, most interestingly, a
reduction in the anteroposterior diameter of the levator
hiatus correlated best with Oxford grading. Thus, in
clinical situations in which the bladder neck motion is

Copyright © 2009 ISUOG. Published by John Wiley & Sons, Ltd.
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limited or restricted by external compression or pelvic
surgery, determining SHD could be a superior option for
assessing PFM contractility.

In conclusion, the methods used in this study appear
to be reliable for quantitative analysis of PFM action.
Elevated BND with respect to the lower border of the
pubic symphysis and shortened SHD were both valid
parameters reflecting stronger PEM contractility.
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