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Abstract

Introduction and hypothesis Stress urinary incontinence
(SUI) is managed with pelvic floor muscle training (PFMT),
but the mechanism of treatment action is unclear. Resting
maximal urethral closure pressure (MUCP) is lower in women
with SUI, but it is unknown whether PFMT can alter resting
MUCEP. This systematic review evaluated whether voluntary
pelvic floor muscle (PFM) contraction increases MUCP above
its resting value (augmented MUCP) and the effect of PFMT
on resting and augmented MUCP.

Methods Experimental and effect studies were identified
using PubMed and PEDro. The PEDro scale was used to
assess internal validity of interventional studies.

Results We identified 21 studies investigating the influence of
voluntary PFM contraction in women. Comparison was hin-
dered by varying demographics, antecedent history, reporting
of confirmed correct PFM contraction, and urethral pressure
profilometry (UPP) techniques. Mean incremental increase in
MUCP during PFM contraction in healthy women was 8—
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47.3 cm H,0; in women with urinary incontinence (UI), it
was 6—24 cm H,O. Nine trials reporting MUCP as an outcome
of PFMT were found. Wide variation in PFMT regimes affect-
ed the findings. Two studies found significant improvement in
MUCP of 5-18 cm H,0. Seven studies assessed augmentation
of MUCP with PFM contraction; mean increase was —0.1 to
25 cm H,0.

Conclusions There is no definitive evidence that PFMT in-
creases resting MUCP as its mechanism of action in managing
SUIL The degree to which a voluntary PFM contraction aug-
ments MUCP varies widely. There was evidence to suggest
PFMT increases augmented MUCP. Drawing firm conclu-
sions was hampered by study methodologies.

Keywords Contraction - Exercise - Pelvic floor muscle
training - Urethral pressure - MUCP - Urodynamic assessment

Introduction

Level 1 evidence indicates that pelvic floor muscle training
(PFMT) is effective in the treatment of female stress urinary
incontinence (SUI). Accordingly, PFMT has grade A recom-
mendation from expert consensus bodies, such as the Interna-
tional Consultations on Incontinence (ICI) and the European
Association of Urology (EAU), as the first-line treatment for
SUI and mixed urinary incontinence (MUI) [1-3]. Despite
consensus regarding the efficacy of PFMT in both systematic
reviews and meta-analyses, it is less clear how this treatment
actually works [4]. A number of theories endeavor to explain
its efficacy. First, altered PFM morphology causes a signifi-
cant lift of both the bladder and rectal ampulla, reduction in
the levator hiatus area, increased muscle thickness, and re-
duced muscle length. This was demonstrated in an assessor-
blinded randomized controlled trial (RCT) following 6
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months of PFMT [5]. Second, PFMT prevents descent of the
bladder and the urethra during activities that cause increased
intra-abdominal pressure (IAP), such as running, jumping,
and coughing [4]. Third, it is proposed that PFMT increases
the strength of a voluntary precontraction of the pelvic floor
muscles (PFM) before increases in IAP (known as the Knack
maneuver). A single-blinded randomized controlled trial
(RCT) showed that teaching women the Knack, even without
strength training, reduced urinary leakage by an average of
98.2 % during a medium cough test and by 73.3 % during a
deep cough test [6]. Investigating PFM by electromyography
(EMGQG) and perineal ultrasound revealed that the Knack sig-
nificantly reduced downward movement of the bladder neck,
implying increased structural support during a single PFM
contraction [7]. Finally, PFMT facilitates an automatic, uncon-
scious contraction of the PFM, increasing the maximal ure-
thral closure pressure (MUCP) both at rest and during in-
creases in AP [4]. Recently, a case—control study found that
resting MUCP was the one factor that differed most signifi-
cantly between women with and without SUI, being 43 %
lower in women with SUI (40.8 cm H,O +17.1 versus
70.2 cm H,O £ 22.4 in SUI and continent women, respective-
ly) [8]. Furthermore, analysis of data from >9000 women
found that resting MUCP was significantly lower in those
with SUI compared with continent women (48.2 cm H,O
[95 % confidence intereval (CI) 47-49] versus 67 cm H,O
(95 % C165-85, p<0.001) [9]. Thus, insight into the influence
of both a voluntary contraction and PFMT on MUCP is
required.

At present, there is scant understanding of the mini-
mum PFM strength required effectively to prevent leak-
age during the Knack. There has been little focus on
investigating whether there is an association between
PFM strength and MUCP. Furthermore, it is not known
whether PFMT influences MUCP either at rest or during
increases in TAP [10, 11]. Investigating these factors
using urethral pressure profilometry (UPP) requires prop-
er patient training and methodological standardization
[12], since studies have shown high variation in normal
values between different centers [13]. The Fifth Interna-
tional Consultation on Incontinence Committee on
Urodynamic testing [10] noted variation of+10-15 % on
test-—retest data for a number of different parameters
(including volume, pressure, and flow) and recommended
that investigators and clinicians take into account the in-
herent physiological variation of UPP [10]. Evaluating
the effect of a PFM contraction during MUCP is difficult,
in part because many women perform a PFM contraction
incorrectly [14]. This systematic literature review had two
aims: (1) to determine the incremental increase in MUCP
elicited by a single PFM contraction (augmented MUCP);
(2) to evaluate the effect of PFMT on both resting and
augmented MUCP.

@ Springer

Materials and methods

A search using PubMed was undertaken using the following
search terms: pelvic floor muscles AND female AND urethra.
This search was limited to the English language. Inclusion
criteria were experimental studies, women, and MUCP incre-
ment during a single PFM contraction.

In addition, an advanced search on PEDro was done using
the terms incontinence AND clinical trial. Clinical trials in-
cluding pre- and posttest, randomized, and quasi-controlled
trials designed to investigate the effect of PEMT on UPP var-
iables were included. PFMT was defined as sets of PFM ex-
ercises over time, including use of biofeedback or weighted
vaginal cones. Exclusion criteria were studies in animals,
men, children, neurological diseases, pregnancy, and being
postpartum. Clinical trials using electrical stimulation, mag-
netic chair, tibial nerve stimulation, and treatments other than
PFMT were also excluded. In addition, we hand searched
reference lists of retrieved papers and the reference list in the
chapter “Urodynamic testing” of the ICI [10].

Internal validity of clinical trials was rated according to the
PEDro scale [15], a 10-point scale giving one point for each of
the following criteria for internal validity of intervention stud-
ies: random allocation, concealed allocation, baseline compa-
rability, blinding of subjects, blinding of therapist, blinding of
assessor, adequate follow-up (=85 %), intention to treat (ITT),
between-groups comparison, point estimates, and variability.
The scale contains one additional criterion for external valid-
ity: eligibility. Eligibility is not used in scoring methodologi-
cal quality and risk of bias. Hence, the top score is 10 for
internal validity. PEDro is a reliable, valid, and comprehensive
method for assessing methodological quality [15].

Two researchers independently assessed and classified
the studies. Each study was classified according to preset
criteria and are reported in two separate tables: one for
experimental studies and one for clinical trials (Tables 1
and 2, respectively). Experimental studies were classified
and tabled according to author/year, participants, UPP as-
sessment methods, PFM contraction assessment, subject
position, and MUCP findings. Clinical trials were classi-
fied and tabled according to author/year, participants,
design/PEDro score, intervention, dropout/adherence,
urodynamic assessment methods, urodynamic outcome,
other outcomes, and comments. The Preferred Reporting
Items for Systematic Reviews and Meta-Analyses
(PRISMA) statement for reporting systematic reviews
was followed [16].

Results

Selection of articles for inclusion in this systematic review is
given in Fig. 1.
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Urodynamic outcome

Urodynamic assessment

Intervention

Design
(PEDro score)

Mean age (years),
urinary status (1)

Table 2 (continued)

Author/year

@ Springer

FUL (mm) 28 —28 (NS)
MUCP at rest (NR)
FUL (NR)

Bladder volume full; position gynecologic

12 weeks
Twice\-weekly group session 45 min; PFMT

Pre- posttest

48; USI (27)

Moreno et al.

2004 [41]

protocol not stated; vaginal palpation

12 months
PFMT 2 sets 5 quick/10 sustained, moving to

MUCRP at rest (cm H,0) 33—36 (NS)
MUCP with PFMC 39— (NR/NS)

FUL (mm) 22—21 (NS)

Equipment type NR; perfusion rate NR:

Pre — posttest

42; USI (50)

Zahariou et al.

withdrawal speed 1 mm/s; bladder

2008 [34]

volume empty; position half sitting

2 sets 5 quick/20 sustained
Monthly 30-min biofeedback with nurses

Vaginal palpation and perineal US

CPT 85412 %—108+14 %

BT bladder training, CPT cough-pressure transmission, FUL functional urethral length, MUI mixed urinary incontinence, MUP maximal urethral pressure, MUCP maximal urethral closure pressure, NA not

assessed, NR not reported, NS not statistically significant, PFM pelvic floor muscle, PFMC pelvic floor muscle contraction, PEMT pelvic floor muscle training, PT physiotherapist, RCT randomized

controlled trial, Sig statistically significant, SUI stress urinary incontinence, Ulurinary incontinence, UPP urethral pressure profile, US ultrasound, US7 urodynamic stress incontinence, U7/ urinary tract

infection, UUI urgency urinary incontinence

Experimental studies

Twenty-one studies investigating augmented MUCP were
found (Table 1) [14, 17-36]. One study was excluded because
the results combined values for men and women [37]. Studies
were published between 1982 and 2012. The number of par-
ticipants ranged from 11 [18] to 300 [14], and participants’
ages ranged from 18 to 90 years. In several studies it was not
clear as to whether the investigators assessed the ability of
patients to perform a PFM contraction correctly, either before
or during urodynamic studies [14, 17, 18, 20-22, 25, 26, 30,
33].

Urodynamic methodology differed between studies. Prior
to 2002, there was a lack of consensus regarding both a def-
inition of the concept of urethral pressure and standardization
of the measurement methodology [12, 38]. Two studies
assessed UPP with the patient in the standing position
[17,23], but the majority was performed supine. In six studies,
the bladder was empty [18, 21, 22, 31, 34, 36]. In contrast,
Amaro et al. [28] obtained their findings with the bladder full.
Three studies failed to state bladder volume [24, 27, 33].

Augmentation of MUCP by pelvic floor contraction

Mean incremental increase in MUCP during PFM contraction
in healthy women ranged between 8 [18] and 47.3 cm H,O
[27]. Incremental range in women with Ul varied from 6 to
23.5 cm H,0 [27, 34, 36]. Elser et al. [26] found increase in
MUCP during a PFM contraction. Three studies compared
women with SUI with continent women [21, 29, 33]. Across
the studies, continent women had a higher augmented MUCP
by 7-8cm H,0; however, only two studies found a statistically
significant difference (p<0.01, p value not reported) [21, 33].
Lose [21] investigated women with SUI only; the other study
compared women with a range of etiologies with age-matched
controls.

One study defined whether their patients achieved an effec-
tive PFM contraction, judged as an arbitrarily defined increase
to at least 120 % of resting MUCP [14]. When this criterion
was applied to women with either SUI or prolapse, between
39 % and 60 % achieved an effective contraction. Further-
more, a number of studies reported a reduction in MUCP
during PFM contraction compared with the resting measure-
ment [14, 26, 32, 36]. All of these studies included women
with possible injuries to the pelvic floor. Miller et al. [30]
found a significantly lower increase in MUCP in those with
complete absence of pubococcygeal muscle [assessed by
magnetic resonance imaging (MRI)]; Brincat et al. [35] found
no significant differences between women with and without
major defects. Implicitly, inability to contract the pelvic floor
voluntarily would preclude changes in MUCP with attempted
pelvic floor contraction. However, alterations in MUCP may
be detectable in some women unable to contract their pelvic
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floor. This observation may reflect an effect on MUCP of
associated dynamics, such as downward pressure on the pel-
vic floor caused by abdominal straining. Two studies excluded
women who were judged as being unable to perform an effec-
tive PFM contraction during vaginal palpation [23, 24]. In
these studies, mean incremental increase in MUCP during a
PFM contraction ranged from 9 to 23 cm H,0, which is com-
parable with the overall range across all studies of 8 cm H,O
[18] to 47.3 cm H,O [27]. Mayer et al. [23], in their study of
>200 women, found that age negatively correlated with both
MUCP and augmented MUCP. Several studies investigated
the increase in closure pressure at different points along the
urethra and were unable to ascertain where along the urethra
the greatest increment in closure pressure occurs during a
PFM contraction [17, 18, 21, 22].

PFMT clinical trials

Nine clinical trials reporting UPP as an outcome of PFMT
were published between 1987 and 2008 (Table 2) [19, 20,
26, 29, 34, 39-42]. Three were RCTs [26, 39, 40], one was
a nonrandomized controlled trial [20], and five were pre-and
posttest designs [19, 29, 34, 41, 42]. The number of partici-
pants ranged from 26 to 204 [19, 26] and participant age
ranged from 19 to 79 years [20]. The majority of trials inves-
tigated patients with urodynamic SUI [19, 20, 34, 39, 40, 42].
The remaining studies assessed patients with a range of diag-
noses [26, 29, 41]. Six studies stated that PFM contraction was
confirmed by vaginal palpation [19, 29, 34, 39, 40, 42]; the
remaining studies did not report whether this was performed
[20, 26, 41]. PEDro scores for controlled trials ranged between
2 and 8, with the three RCTs scoring >5. Only one trial

4

Full-text articles assessed
for eligibility (n =474)

Full-text articles excluded;
——*| men, children, neurological
diseases (n =449)

v

Studies included
(n = 25)

published after 2002, by Teleman et al. [29], stated they ad-
hered to International recommendations [12, 38].

There was wide variation in the PFMT regimes across the
nine clinical studies. The time given to PFMT ranged from
6 weeks to 12 months [20, 34]. Five of the nine studies
assessed the effect of PFMT after 3—4 months [19, 26, 29,
41, 42]. The amount of supervision provided by a physiother-
apist or nurse varied from twice weekly [42] to one assessment
followed by home exercises only [29]. The protocol for home
exercises varied from 5-10 contractions every 30 min daily
[20], to 812 repetitions three times per day [39, 40]. Two
studies did not state whether participants were encouraged to
perform home exercises [26, 42].

Effect of PFMT on resting MUCP

Only Benvenuti et al. [19] and Bg et al. [39] found a statisti-
cally significant improvement in MUCP following PFMT.
The increase in MUCP in Bg et al.’s [39] study was 4.6 cm
H,O0 in the intensive PFMT group compared with no signifi-
cant increase in the home exercise group (p<0.02). Benvenuti
et al. [19] reported a greater increase—of 18cm H,0—but
there was no control group.

Effect of PFMT on augmented MUCP

Seven studies assessed MUCP with a PFM contraction
[19, 20, 26, 29, 34, 40, 41]. Mean increase in augmented
MUCEP following PFMT varied from —0.1 cm H,0 [26] to
25 em H,0 [19].
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Effect of PFMT on other UPP measures

Of the five pre- and posttest studies that assessed functional
urethral profile length (FUPL), only Benvenuti et al. [19]
found a significant improvement. Two RCTs measured FUPL
and neither found a significant change [26, 39]. Three studies,
including two RCTs [26, 39], measured cough-pressure trans-
mission ratio (PTR) as an outcome of PFMT. There were
contradictory findings in the two RCTs; the study that found
a significant difference only investigated women with SUI
[39], while the other included women with a range of diagno-
ses [26]. Both studies used the microtip transducer technique
for measuring UPP. One RCT investigating women with
urodynamic SUI found that significantly fewer women had
negative pressure in the intensive PFMT group (p<0.01)
[39]. In the pre- posttest study by Zahariou et al. [34], which
included women with SUI, cough PTR significantly improved
from 85 to 108 %, but this study had no control group.

Discussion

We conducted a systematic review to assess both the influence
of a voluntary PFM contraction on MUCP and the effect of
PFMT on MUCP and augmented MUCP. The wide inclusion
criteria ensured a comprehensive systematic analysis of both a
single PFM contraction and PFMT on MUCP across healthy
women and those with either SUI or MUI. This allowed us to
explore UPP findings within each of these categories of par-
ticipants. Pooled analysis of UPP data suitable for meta-
analysis was not possible due to the broad heterogeneity of
urodynamic methods and urodynamic diagnoses. In particu-
lar, methods of UPP differed substantially between centers,
which made direct comparsion invalid. Moreover, there was
wide variation in PFMT protocols throughout the clinical tri-
als, and this likewise made it invalid to pool results for meta-
analysis.

Experimental studies

Our results indicate that there was a wide variance in augment-
ed MUCP—from 8 to 33cm H,0—in healthy women. Women
with UI appear to produce a statistically significant smaller
increment in augmented MUCP (by 7-8cm H,0) than healthy
women. [t was not possible to make a meaningful prediction
regarding the minimum augmented MUCP required to main-
tain continence for two reasons: the number of studies that
compared healthy women with incontinent women were
small, and methodologies used for UPP were varied, preclud-
ing pooling of analyses. MUCP value is dependent upon the
type of catheter used, its orientation in the urethra, the quantity
of fluid in the bladder, and patient examination position [12].

@ Springer

Studies evaluated in this review varied across all these
parameters.

There is inherent variation in MUCP measurement of be-
tween 10 and 15 %. Indeed, both fluid perfusion and microtip
urodynamic techniques may have low reliability [10]. Resting
UPP measurement (including MUCP) using the fluid-
perfusion technique produces a standard deviation (SD) that
ranges from 3.3 to 8.1 cm H,O, with an approximate average
of' 5 cm H,0 (95 % confidence limits + 10 cm H,0), or+5 %.
Using the microtip transducer technique produces an even
greater range in SD 3.3-16.5 cm H,O. This means that the
95 % CI can be as large as+33 cm H,O. Furthermore, the
coefficient of variance with this technique is 17 % (95 %
confidence limits+34 %) [10]. Despite the inherent difficulties
with study reliability, women with SUT are consistently found
to have a lower MUCP [9].

The influence of age on MUCP has been documented
[9, 43]. Despite this, only four studies had an age range of
<10 years [18, 30, 34, 36]; the largest range was 69 years [36].
One study investigated the relationship between augmented
MUCP and age and found a negative correlation [33], similar
to other findings on resting MUCP [44-46]. Clearly, influence
of age on augmented MUCP needs to be evaluated.

When attempting to determine the effect a PFM contraction
has on MUCEP, it is vital to confirm the presence of a correct
PFM contraction, since significant numbers of women will
not perform a PFM contraction correctly despite good verbal
teaching [14]. Indeed, a number of studies found that MUCP
reduced with a PFM contraction. Without evaluating whether
women are performing a PFM contraction correctly, it is dif-
ficult to determine whether this reduction is caused simply by
a Valsalva causing shift in the relative position of the record-
ing catheter, or whether other mechanisms are at play. Regard-
less, nearly half of the studies reviewed did not report whether
this was carried out.

It remains unclear whether significant injury to the PFM
affects MUCP. A small study showed women with complete
absence of pubococcygeus had a significantly lower increase
in pressure than those with a fully intact muscle. However,
when a defect was present, rather than complete absence, aug-
mented MUCP was not significantly affected [35].

Clinical studies

While there was evidence to suggest that PFMT increased
augmented MUCP—with the increment ranging from 4 to
25 c¢cm H,0—the various studies showed wide variation in
the extent of effect on MUCP and the reporting of compara-
tive information for the extent of change in MUCP parameters
for subgroups (most notably, whether SUI symptoms resolved
or otherwise). Thus, we are unable to state that published
evidence supports these mechanisms of action as the basis of
successful treatment of SUI by PFMT. It remains conceivable
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that increased MUCP is a factor in PFMT response, but future
research assessing this idea must have a robust experimental
design standardizing urodynamic methodology, PFM assess-
ment, compliance with PFMT, and outcome reporting.

It was not possible to conclude whether a minimum in-
crease is required to achieve continence, because subgroup
analysis comparing successful with unsuccessful outcome
was not available.

It was also difficult to draw firm conclusions, because key
aspects that ensure that PFMT was effective were not used
consistently: confirmation of a correct contraction, adherence,
training duration, and dosage [11]. Slightly fewer than half the
studies did not report whether vaginal palpation was per-
formed to confirm a correct contraction. PFMT can only be
effective when it is actually performed. Previous research has
demonstrated that adherence can vary widely [11]. Only two
studies reported adherence rates; indeed, no study investigat-
ing augmented MUCP reported this data. Adaptation to
strength training appears to proceed in a linear way during
the first 6 months of training [47], and only three studies were
carried out over this period [34, 39, 40]. Just two studies used
muscle training regimes according to recommendations by the
American College of Sports Medicine: three sets daily of 8-12
repetitions [48].

There is a lack of consensus regarding UPP as a diagnostic
test, and so it is mainly used in specialized centers as an ad-
junctive technique in clinical urodynamic assessment. How-
ever, for the purposes of this review, we assessed whether UPP
can help explain PFMT mechanism of action, regardless of the
limited clinical use of UPP. The clinical trials in this review
often included only scant data about UPP methodology, mak-
ing it impossible to ascertain whether similar urodynamic
methodology was used. There is no agreed-upon approach
to ensure high quality (reliable and valid) urodynamic testing
during PFM contraction and MUCP measurement before and
after PFMT. The ICS published standards on urethral pressure
measurement in 2002 [12, 38], but internal and external con-
sistency, retest reliability, and sensitivity to change have never
been quantified. Accordingly, centers adapt methodology ac-
cording to various influences, and extrapolation of findings
between centers is thus unreliable.

Conclusion

There is wide variation in the degree to which a PFM contrac-
tion augments MUCP. There is minimal evidence to support
the theory that PFMT produces a significant increase in
MUCP. However, both PFM strength [49] and UPP [12, 38]
are difficult variables to measure with objective reliability.
There are also problems with validity when evaluating wheth-
er women perform a PFM contraction correctly during the
procedure, as this factor was not documented. Future

investigations of the association between measured PFM
strength and different forms of urethral pressures is required,
with the use of reliable and valid methods, using standardized
UPP measurements and correct instructions to patients.
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