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Abstract

This literature review evaluates whether the treatment of female urinary inconti-
nence (UI) with conventional pelvic floor muscle training (PFMT) is enhanced by
the addition of transversus abdominis (TrA) recruitment. The main databases were
searched for randomized controlled trials and controlled trials published between
2008 and 2018 (inclusive). Additionally, the National Institute for Health and
Care Excellence guidelines, the ResearchGate website and the Journal of Pelvic,
Obstetric and Gynaecological Physiotherapy were reviewed, and hand-searches of
references and grey literature were also performed. Six articles were identified and
selected for full critical review. Heterogeneity in dosage, exercise selection, super-
vision, setting and outcome measures was highlighted. Articles were critically re-
viewed with a view to understanding the effect of the addition of TrA recruitment
to PFMT, and the possibility of identifying the most effective approach when treat-
ing women with Ul Five out of six trials reported positive outcomes after adding
TrA recruitment to PFMT; however, the superiority of this method over PFMT
alone is weakened by the heterogeneity and limitations of the studies evaluated in
this literature review.

Keywords: abdominal canister, coactivation approach, pelvic floor muscle training, trans-

versus abdominis, urinary incontinence.

Introduction

Defined as the unintentional release of urine,
urinary incontinence (UI) is a condition that af-
fects 25-45% of women worldwide (Hay-Smith
etal. 2011; Abrams efal. 2017). In many cas-
es, it has a significant impact on quality of life
(QoL) (Abrams et al. 2015). Affecting 35-49%
of young and perimenopausal women (Bg et al.
2015), stress urinary incontinence (SUI) is the
most common form of this condition. It is de-
fined as involuntary leaking during physical
stress scenarios such as sneezing or coughing, or
while undertaking sporting or impact activities
(Haylen et al. 2010). Urge urinary incontinence
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(UUI) is defined as the unintended loss of urine
associated with urgency, while mixed Ul (MUI)
is a combination of the other two conditions
(Haylen et al. 2010). The higher prevalence of
SUI means that this is the condition that pa-
tients most commonly present with at the pelvic
physiotherapy clinics.

The pathophysiology of SUI is still not fully
understood. It is accepted that SUI is the result
of urethral sphincter muscle weakness and ana-
tomical shortcomings in urethral support. These
issues result in insufficient urethral closure dur-
ing a rise in intra-abdominal pressure (IAP).
The causes of SUI are multifactorial, the most
common being pregnancy, vaginal delivery, pel-
vic surgery, lifestyle features including high-
impact activities, obesity, ageing and neurological
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disorders (Chaitow et al. 2012), all of which af-
fect the function of the pelvic floor muscle (PFM)
complex.

The PFMs constitute a neuromyofascial unit
that forms a sling around the urethra, vagina and
anus, and also extends to the ischial tuberos-
ity, linking the pelvis with the lower limbs and
spine. Thus, the function of the PFMs can be di-
rectly and indirectly affected by surrounding and
connective structures. Made up of mixed muscle
types (i.e. fast- and slow-twitch fibres) that are
difficult to differentiate, the PFMs work as a sin-
gle unit in all anatomical and functional planes.
The complexity of the pelvic floor also arises
from its ability to contract voluntarily and invol-
untarily. Its effective voluntary contraction in-
creases urethral pressure and elevates the bladder
neck (DeLancey et al. 2008), and such activity
is used in physiotherapy rehabilitation that aims
to restore its automatic activity. The involuntary
(automatic) activity of the PFMs occurs during
breathing, coughing, laughing and postural per-
turbations. As such, this requires fast, reflexive
PFM contractions (Deffieux et al. 2008) that ef-
fectively regulate urethral and bladder pressure
in order to maintain continence. Precontraction
of the PFMs as a preventative mechanism to
counteract a sudden increase in IAP (e.g. as a
result of coughing) is known as “the Knack”, a
technique that was introduced and described by
Miller et al. (1998). This protective, preparatory
activation of the PFMs is widely used in the
management of UL

The function of the perineal muscles is multi-
factorial, and these play a role in:
® the mechanism of continence (DeLancey et al.

2008);
® supporting the viscera (Ashton-Miller &

DeLancey 2007);
® sexual function;
® the stability of the lumbopelvic region (Hodges

& Gandevia 2000; Hodges et al. 2007);
® supporting the mechanism of respiration

(Hodges & Gandevia 2000; Hodges et al.

2007; Talasz etal 2011; Bordoni & Zanier

2013; Park & Han 2015);
® preparatory activity and stability during pos-

tural perturbations (Hodges et al. 2002, 2007;

Lee & Hodges 2016);
® the impact of postural alignment (Sapsford

et al. 2008; Capson et al. 2011; Lee & Hodges

2016); and
® acting as a pressure mediator during activi-

ties that increase IAP (Hodges efal. 2007;

Junginger et al. 2010).
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The function of the PFMs depends on the co-
ordinated interaction of these tissues with other
muscles. In asymptomatic subjects, PFM activ-
ity is synchronized with the core muscles of
the trunk, transversus abdominis (TrA), mul-
tifidus and diaphragm (Sapsford 2004; Hodges
etal. 2007; Lee etal. 2008; Vleeming 2012).
The latter form the abdominal cylinder, and the
coordinated and balanced activity of these four
muscles counteracts elevated IAP, maintaining
continence.

In a study employing electromyography,
Junginger et al. (2010) concluded that the most
effective form of bladder neck elevation occurs
when a submaximal contraction of the PFMs
and TrA is performed. In turn, this provides suf-
ficient counteractive force against an increase
in IAP, and contributes to successful closure of
the urethra (Sapsford ez al. 2013). The latter two
findings suggest that urethral realignment and
closure may be achieved more effectively when
TrA (TrA) recruitment is added to PFM train-
ing (PFMT), and coactivation is integrated into
function.

The synergistic activity of the TrA and PFMs
has been well researched and documented
in healthy subjects. However, Sapsford et al.
(2013) reported that this interaction enhanced
urethral closure in asymptomatic women, and
thus, contributed to the mechanism of urinary
continence. In addition, two observational stud-
ies by Junginger et al. (2014, 2018) also dem-
onstrated positive outcomes of TrA recruitment
and PFMT as part of a coordinated rehabilitation
approach that was individually prescribed for
women with different types of Ul over 6 weeks.
However, without any controls or randomization
being employed, it is difficult to know whether
these findings demonstrate the superiority of a
synchronized TrA recruitment and PFMT strat-
egy over PFMT alone.

With the recent integration of modified Pilates
(Key 2013; Byrnes et al. 2018) into physiother-
apy, many clinicians apply the principles of co-
activation to their rehabilitation programmes and
use the modified Pilates method in neuromuscu-
lar training (Contreras 2018). The use of “the
Knack” manoeuvre has also been integrated into
rehabilitation programmes in which TrA recruit-
ment is added to PFMT (Junginger ef al. 2010,
2014, 2018).

Rationale for the literature review
The International Consultation on Incontinence
(Abrams et al. 2017) and National Institute for
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Health and Care Excellence (NICE 2019) guide-
lines recommend PFMT as the primary treat-
ment in the management of UI. Other treat-
ment options that are currently employed by
patients and clinicians include an integrative
approach involving PFMT in combination with
TrA recruitment. The rehabilitation of one mus-
cle in isolation may be less effective than ad-
dressing several as a single, synchronized unit.
Nevertheless, the effectiveness of PFMT in iso-
lation has been well researched and validated
(Abrams et al. 2017; Dumoulin et al. 2018), and
it is questionable if its success would be aug-
mented by the inclusion of TrA recruitment (Bo
et al. 2009).

According to Kari Be etal (2009), unlike
PFMT, there is a lack of empirical evidence for
the addition of TrA recruitment. However, in a
systematic review that included five studies pub-
lished between 1990 and 2007 (Be et al. 2009),
the authors’ investigation was focused on validat-
ing the effect of TrA alone and in co-contraction
with PFMT in the treatment of women with SUI
and mixed Ul Transversus abdominis exercise
alone is not the recommended first-line treatment
for Ul (NICE 2019; Abrams et al. 2017), and
therefore, the results of this study do not reflect
current evidence-based practice (Bo et al. 2009).

Therefore, the aim of the present literature re-
view is to compare the effectiveness of PFMT
with and without the addition of TrA recruitment
in women with different types of UI through
the analysis of the best available trials in the
academic literature. The present authors sought
to establish whether adding TrA recruitment to
PFMT increases the latter’s effectiveness, and
provide insights and implications for wider clini-
cal practice.

Materials and methods

An exhaustive search of the main databases [i.e.
MEDLINE, CINAHL, AMED, the Cochrane
Library and the Physiotherapy Evidence
Database (PEDro)] and additional resources
(i.e. NICE guidelines, the ResearchGate web-
site and the Journal of Pelvic, Obstetric and
Gynaecological Physiotherapy) for articles in
English up to 10 years old was conducted. Hand-
searches of references and grey literature were
also performed. Specifically designed search cri-
teria defined the population, intervention, con-
trol, outcome, study type and time (PICOST;
Guyatt et al. 2008), and these are presented in
“Appendix 17 (see Tables 3 & 4).
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The inclusion criteria were women of age
18 years and above with all types of Ul (i.e.
SUI, UUI and MUI). The studies were re-
quired to include at least one symptom-related
outcome measure employing validated QoL
questionnaire(s), and as a secondary outcome, to
assess PFM function. Since the aim of the pre-
sent literature review was to compare two dif-
ferent approaches (i.e. PFMT versus PFMT with
TrA recruitment), randomized controlled tri-
als (RCTs) and controlled trials of moderate to
high methodological quality, as determined by a
minimum PEDro score of 4 (PEDro 1999; Be &
Hilde 2013), were selected.

The exclusion criteria were studies including
pregnancy, men, paediatrics, previous pelvic sur-
gery, previous spinal surgery, ongoing low back
pain, respiratory disorders, neurological disor-
ders, and cognitive or psychological disorders.

Figure 1 is a Preferred Reporting Items for
Systematic Reviews and Meta-Analyses (PRISMA)
flowchart (Moher ez al. 2009; PRISMA 2009) il-
lustrating the search strategy, and the process
of selecting and eliminating studies. The PEDro
scale and Critical Appraisal Skills Programme
(CASP 2018) tools were used in combination to
critically appraise the selected studies.

Results

Six articles were identified: three RCTs (Hung
et al. 2010; Sriboonreung et al. 2011; de Souza
Abreu et al. 2017); one pilot RCT (Lausen et al.
2018); one controlled trial (Ptak efal. 2017);
and one long-term follow-up study (Dumoulin
etal. 2013). All women received oestrogen
throughout the trial by Ptak etal. (2017), and
those in Dumoulin et al.’s (2013) research un-
derwent PFM electrostimulation (ES). Since the
participants received the additional treatments
for the duration of the research by Dumoulin
et al. (2013) and Ptak et al. (2017), it is believed
that this would not have skewed the outcomes,
and therefore, both studies were included in the
present analysis. Table 1 provides a summary of
the characteristics of the studies selected.

Four studies out of six analysed (Hung et al.
2010; de Souza Abreu etal 2017; Ptak et al
2017; Lausen ef al. 2018) used a two-armed in-
tervention to compare PFMT alone with PFMT
and TrA recruitment in combination, but took
different approaches in incorporating the latter
with PFMT. Despite differences in the types of
exercise and dosage, these four studies reported
greater improvement in the intervention group
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Records identified through
database searches

Additional records identified
through other sources

(n=234)

(n=7)

A 4

(n = 39)

Records left after duplicates removed

A

(n=22)

Records screened

Records excluded
(n=10)

\ 4

A

for eligibility
(n=12)

Full-text articles assessed

Full-text articles excluded,
with reasons
(n=6)

A 4

A 4

analysis
(n=6)

Studies included in critical

Figure 1. Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) flowchart demonstrating
the literature search strategy (Moher ef al. 2009; PRISMA 2009).

when TrA recruitment was incorporated with
PFMT. However, Dumoulin etal. (2013) de-
scribed equal improvement across all groups, and
concluded that positive outcomes were measured
in the participants who continued to adhere to
PFMT rather than the additional TrA recruit-
ment. At the beginning of their study protocol,
these authors included an additional control
group in which participants received massage as
an extra intervention. Consequently, those par-
ticipants from the PFMT and massage control
group were reallocated to one of the interven-
tion groups: PFMT only, or PFMT and TrA re-
cruitment. Sriboonreung ef al. (2011) also had
three group allocations: two performing differ-
ent frequencies of PFMT and a third prescribed
PFMT with TrA recruitment. Their conclusion
was that two approaches produced the best re-
sults: combined PFMT and TrA recruitment,
and more-intense, daily PFMT. Further appraisal
of these six studies highlights the limitations
of the research and further considerations for
practice.

Study participants and selection
When the six studies under review were com-
bined, a total of 441 participants from different

© 2020 Pelvic, Obstetric and Gynaecological Physiotherapy

regions (i.e. North and South America, Europe,
and Asia) were included in the present analysis,
which makes the pool of subjects more general-
ized and applicable.

All the studies that were critically reviewed
included women with symptoms of SUI. Hung
et al. (2010) also included participants with UUI
and MUI, and their subjects presented with mild
SUI symptoms measuring less than 2 g on a pad
test, potentially decreasing the sensitivity of the
test.

Moreover, the participants in the de Souza
Abreu et al. (2017) study had body mass indi-
ces of between 28.2 and 29.9 (i.e. in the over-
weight category), and no comparison of their
weight was made at the end of the interven-
tion. If the women’s motivation to exercise and
lose weight had increased because of their par-
ticipation in the study, then any weight variance
might have confounded the outcomes of the in-
terventions. The summary of the 5" International
Consultation on Incontinence (ICI; Dumoulin
et al. 2016) and the 6™ ICI (Abrams et al. 2017)
concluded that moderate loss of weight in com-
bination with exercise is an effective method of
decreasing UI (level 1 evidence according to
the ICI).
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Outcome measures

The six studies reviewed employed a wide
range of QoL questionnaires. The King’s Health
Questionnaire (KHQ) (Matza et al. 2004, 20006),
one of the most popular and well-validated Ul-
specific, psychometrically comprehensive ques-
tionnaires, was used by de Souza Abreu et al.
(2017). The KHQ and Incontinence Severity
Index scores that they reported demonstrated an
improvement in the combined PFMT with TrA
recruitment group at a 3-month follow-up af-
ter 5 weeks of supervised training followed by
self-directed rehabilitation. Two studies (Ptak
etal. 2017; Lausen et al. 2018) used the same
instrument, the International Consultation on
Incontinence Questionnaire — Lower Urinary
Tract Symptoms, and showed more improve-
ment in QoL in the combined PFMT with TrA
recruitment group. Similarly, in a study by Hung
etal. (2010), the Symptom Impact Index indi-
cated that the number of patient activities that
were significantly affected was reduced in the
combined PFMT with TrA recruitment group at
4 months.

Although the NICE (2019) clinical guidelines
do not recommend its routine use, two stud-
ies (Hung efral. 2010; Dumoulin efal 2013)
used a 20-min pad test with slight differences.
Hung et al. (2010) showed significant improve-
ment in leakage volume in the combined PFMT
and TrA recruitment group, and Dumoulin
etal. (2013) found no significant effect be-
tween the groups. Similarly, Sriboonreung et al.
(2011) demonstrated no statistical difference
in improvement between groups using a l-h
pad test.

Three studies (Hung et al. 2010; Sriboonreung
etal. 2011; Lausen efal 2018) validated cor-
rect PFM activation prior to the interventions,
but only Hung et al. (2010) and Sriboonreung
etal. (2011) measured PFM strength after-
wards. These authors reported conflicting results.
While a significant increase in strength was
associated with the intensity and frequency
of the PFMT in Sriboonreung etal’s (2011)
study, Hung efal. (2010) reported a decrease
in maximal vaginal squeeze pressure. The
NICE (2019) clinical guidelines recommend
digital assessment of PFM activation before
individualized PFMT is prescribed. It is also
questionable whether retraining of continence
mechanism as we understand it is effective
without confirmation of bladder neck elevation
through PFM digital examination or diagnostic
ultrasound.

© 2020 Pelvic, Obstetric and Gynaecological Physiotherapy
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Intervention groups, dosage and supervision
The PFMT interventions varied in terms of the
type of exercise involved, the parameters used,
the level of supervision and the number of con-
tacts with the clinician. Table 2 describes the
exercise protocols employed in each study, and
the dosage applied in each group.

Only Ptak ef al. (2017) instructed both groups
of participants to perform “the Knack” manoeu-
vre. Following a previous study protocol (Zanetti
et al. 2007), de Souza Abreu et al. (2017, p. 2161)
reported training the PFMs “with cough”. Both
studies used a specific dosage and frequency, and
the outcomes suggested that benefits were derived
from additional TrA recruitment. Hung et al.
(2010) and Lausen et al. (2018) did not specify
the training parameters that they employed. In
the latter study, all participants performed indi-
vidual, physiotherapist-guided PFMT. In addition,
some but not all women were treated with bio-
feedback. This multimodal, individualized PFMT
approach reflects the clinical approach adopted
by pelvic health physiotherapists, and therefore,
it was not feasible for Lausen efal. (2018) to
report the parameters of their study. However,
in Hung et al.’s (2010) study, the PFMT group
was only given verbal instructions, and had no
additional contact with a physiotherapist, unlike
the PFMT with TrA recruitment group. Unequal
contacts between the groups in the same study
might confound the findings that were in favour
of the combined PFMT and TrA group (the re-
ported “improved rate” in the training group
was >90%). Research shows that women who
are supervised regularly by a clinician have an
increased likelihood of reporting improvements
(Hay-Smith efal. 2011). However, despite in-
tense, supervised training, the PFMT group did
not show superior QoL outcomes in the study
by Ptak et al. (2017). Therefore, it is not clear
whether the successful outcomes were a result of
the frequency of supervision, the dosage or the
method applied.

Four of the six studies used a coactivation ap-
proach when combining TrA recruitment with
PFMT (Hung ef al. 2010; de Souza Abreu et al.
2017; Ptak et al. 2017; Lausen et al. 2018), and
all reported greater improvements in the com-
bined training groups. It is unclear how TrA
recruitment was incorporated in the training de-
scribed in the Sriboonreung et al. (2011) study,
and therefore, this made comparison and differen-
tiation challenging. Only Dumoulin et al. (2013)
taught participants to exercise the two muscles
(i.e. the PFM and TrA) in isolation, but they did
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not specify the exact TrA recruitment protocol
other than by providing a duration (10 min). It is
questionable whether the time set for the proto-
col was sensitive enough for all participants who
took part in the study, and as such, could reflect
the true outcome of the treatment applied.

In the studies by Hung et al. (2010), de Souza
Abreu et al. (2017) and Lausen ef al. (2018), the
duration of the sessions varied from 30 min two
times a week (de Souza Abreu et al. 2017) to 1 h
once a week (Lausen ef al. 2018). However, the
duration of the intervention in Hung et al. (2010)
was unspecified: the participants were instructed
to practise independently, and only received su-
pervision bimonthly. Despite the heterogeneity
of the exercise protocols, the latter three studies
concluded that coordinated training may be more
effective in improving symptoms and QoL in
women with Ul. On the other hand, Hung et al.
(2010) reported a decrease in maximal vaginal
squeeze pressure that may be attributable to a
significantly lower number of contacts and no
supervision.

A further disparity in training parameters was
identified with regard to the intensity of the
PFM contractions with or without TrA that were
taught. Cuing maximal contraction of the PFMs
and/or TrA is associated with activation of all
the abdominal muscles, which increases IAP in
turn (Sapsford et al. 2001), and prevents bladder
neck elevation (Junginger et al. 2014). Therefore,
Junginger et al. (2018) suggested that submaxi-
mal coactivation, where the bladder neck is el-
evated without increasing pressure on the bladder
and urethra, might be more appropriate in symp-
tomatic subjects. However, Bg ef al. (2015) and
Junginger et al. (2018) reported uncertainty about
whether submaximal contractions could achieve
hypertrophy and increase PFM strength. Ptak
etal. (2017) and Lausen et al. (2018) were the
only studies that used a submaximal approach.
The latter study did not verify the correct PFM
activation, as determined by Be ef al. (2015), but
the outcomes of both supported combining PFMT
with TrA recruitment. However, Sriboonreung
etal. (2011) prescribed maximal contractions,
and reported an increase in PFM strength in
all groups, particularly if performing PFMT or
PFMT with TrA recruitment three times a day,
as opposed to three times a week. The remaining
studies (Hung et al. 2010; Dumoulin et al. 2013;
de Sousa et al. 2017) did not describe the inten-
sity of the PFMT that was taught.

Lausen efal. (2018) ran their intervention
group as a group class; however, the participants
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in the PFMT group received individual treatments
from an experienced physiotherapist. While al-
most all the other studies (Hung efal. 2010;
Dumoulin efal. 2013; de Souza Abreu et al.
2017; Ptak et al. 2017) involved individual ses-
sions with different intensities and frequencies,
Sriboonreung et al. (2011) looked at unsuper-
vised, home-based training. These differences in
the frequency of contacts with a clinician and
the attention given (i.e. group versus individual
training) further challenged the present review.

Discussion

There was considerable heterogeneity across the
studies in terms of the types of intervention pre-
scribed for both groups, i.e. PFMT alone and
PFMT in conjunction with TrA recruitment.

The primary challenge in drawing a compari-
son between these two approaches comes from
the potential for the participants across all groups
to have improved equally with PFMT alone since
all subjects in the selected research received
PFMT. While all the authors except Dumoulin
etal. (2013) showed a greater improvement in
the experimental group (i.e. PFMT with TrA re-
cruitment), the statistical validity of the studies
reviewed is questionable.

Dumoulin efal. (2013) reported the high-
est dropout rate (40%), which meant that their
findings were underpowered. This was the only
long-term study included in the present analysis
that also used ES with all participants and TrA
recruitment in isolation. There is no evidence
to suggest that ES improves PFM functional-
ity, proprioception, neurological control and the
activation strategy of the pelvic floor complex,
and therefore, the extent to which it influenced
the trial results is unclear. It is questionable why
Dumoulin ef al. (2013) taught TrA recruitment
separately from training the muscles of the ab-
dominal cylinder that are known to depend on
its synchrony. Such an approach does not reflect
either current scientific knowledge, or clinical
modified Pilates, as practised in women’s health
physiotherapy clinics. The above authors’ im-
mediate post-intervention results also showed
no statistically significant difference between the
groups, which may imply that the wrong train-
ing approach was employed when TrA recruit-
ment was added to PFMT for the management
of Ul in women.

Incorrect activation of the PFMs is a signifi-
cant confounding factor in all studies of PFMT
(Bg etal. 2015). Dumoulin etal. (2013), de
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Souza Abreu et al. (2017) and Ptak et al. (2017)
failed to evaluate PFM activation prior to their
interventions, which further brings into ques-
tion the validity of their findings. On the other
hand, all the participants in Sriboonreung et al.’s
(2011) study were taught correct activation prior
to their intervention, and they all demonstrated
an improvement in PFM strength and UI follow-
ing intensive, home-based training. These posi-
tive outcomes might be explained by the initial
PFM evaluation and the appropriate muscle ac-
tivation education. This is an important factor to
include in any future studies of PFMT in order to
increase the specificity of the intervention given
and the validity of the findings.

It was not possible to identify the most suc-
cessful repetition of the parameters for PFMT
with or without TrA recruitment because of
heterogeneity across all studies. A similar con-
clusion was reported in a systematic review by
Oliveira et al. (2017). Therefore, an individual
approach to selecting the best possible PFMT
parameters is recommended. Following the pre-
sent literature review, it is reasonable to draw the
same conclusion about optimally combining TrA
recruitment with PFMT. However, the women al-
located to the more-dynamic and functional ap-
proach to exercise for Ul (i.e. PFMT with TrA
recruitment) in the studies reviewed (Hung et al.
2010; de Souza Abreu et al. 2017; Lausen et al.
2018) might have been better motivated and
more committed to their exercise programmes,
which would suggest performance bias and call
into question the improvement reported in the
QoL outcomes in the combined PFMT and TrA
recruitment groups in these three studies.

The exercise routines that most closely resem-
bled a modified Pilates repertoire, as used by
physiotherapists in the clinical setting, were pre-
scribed by Hung efal. (2010), de Souza Abreu
etal (2017) and Lausen et al. (2018). All three
studies involved coactivation of the PFMs and
TrA, and the progression was divided into sev-
eral stages. However, the various techniques em-
ployed differed in dosage, exercise repertoire and
functional integration.

This may reflect disparities in the practitioner’s
background in teaching modified Pilates. Several
schools of modified Pilates are basically similar,
but involve variations in the exercise repertoire
and the levels of difficulty involved. Furthermore,
there are differences in the precision with which
these selected modified Pilates exercises are
taught. For example, the importance of posture,
alignment and respiratory synchronization plays
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an integral role in balancing the activity of dif-
ferent muscle slings, and in particular, the pri-
mary sling known as the abdominal canister.

Studies by Sapsford et al. (2008) and Hodges
etal. (2007) confirmed the variability in PFM
activity in different sitting and standing postures.
Sitting in an upright posture generates greater
PFM activity than a supported, slumped position.
These findings indicate that the starting position
and postural alignment play a crucial part in PFM
rehabilitation with or without TrA coactivation.

The importance of individual postural align-
ment and the positions in which the partici-
pants were asked to exercise were addressed by
de Souza Abreu efal. (2017) and Hung et al.
(2010), but not discussed in the other studies
under review.

In addition, harmonizing breathing (diaphrag-
matic movement) in coordinated TrA recruitment
and PFMT may further affect the normal mecha-
nisms for regulating IAP (Sapsford 2004; Talasz
etal. 2011), and may be an important considera-
tion in the rehabilitation of women with UIL. Only
three studies (Hung ef al. 2010; de Souza Abreu
etal. 2017; Ptak et al. 2017) instructed patients
to exhale on coactivation of the PFMs and TrA,
mimicking the normal mechanics of the abdom-
inal canister.

The lack of individual prescription across all
the studies included, and the vagueness about
how and why the chosen exercises were taught
are just some of the barriers that were identified
to evaluating these two different approaches.

Limitations

There are several limitations to this literature re-
view. There is a considerable risk of bias across
all the selected studies. Despite random sequence
allocation in all trials, only three concealed the
allocation (Hung et al. 2010; Sriboonreung et al.
2011; Ptak et al. 2017), meaning that there was
a degree of selection bias in the pooled subjects.
Performance bias was present in all studies be-
cause it was impossible to blind the partici-
pants and the therapists, and this bias must be
considered when interpreting the results. Hung
etal. (2010) and de Souza Abreu et al. (2017)
were the only studies in which the outcome as-
sessors were blinded, and therefore, one needs
to be aware of the detection bias in the other
four trials. While Sriboonreung et al. (2011) in-
cluded the results from all lost-to-follow-up par-
ticipants, it is unclear if the criteria were fully
met, as these were in Hung ef al.’s (2010), who

© 2020 Pelvic, Obstetric and Gynaecological Physiotherapy



carried forward all missing values by their base-
line values. The other studies did not perform
an intention-to-treat analysis, and therefore, in-
volved attrition bias. There was also a lack of
sample size calculation by Ptak ef al. (2017) and
Lausen et al. (2018), while Hung et al. (2010)
used another four-armed study calculation for
sizing that was not comparable with their two-
armed study.

Lastly, the evaluation of the studies in this lit-
erature review was solely conducted by the first
author (B.K.), and therefore, this may have in-
cluded a degree of subjective bias.

Implications for clinical practice

Following the present literature review, the first
author (B.K.) reflected on the modified Pilates
method that she taught as a women’s health
master Pilates instructor. She subsequently up-
dated the course material for physiotherapists,
and outlined the strengths and weaknesses of
group versus individual exercises for women
with Ul identified by this review.

The first author’s (B.K.’s) clinical practice be-
came more reflective, but remained unchanged.
When appropriate, she incorporates TrA recruit-
ment and diaphragmatic activity into PFMT.
There is enough evidence to support the inte-
gration of TrA recruitment into PFMT for the
management of women with Ul when the treat-
ment is individually prescribed. The specific
cueing of the muscle contraction (maximal or
submaximal) and dosage is difficult to incorpo-
rate in a group setting, and therefore, the first
author (B.K.) questions whether a circuit-based
group modified Pilates class with individually
prescribed exercise modification and dosage
could be more advantageous.

Following the present critical review and feed-
back from women attending a generalized PFM
strengthening class in Switzerland, the first au-
thor (B.K.) will run updated circuit classes based
on modified Pilates.

Conclusion

The aim of the present literature review was
to identify whether adding TrA recruitment to
PFMT would enhance outcomes in the man-
agement of female UI. Positive results associ-
ated with adding TrA recruitment to PFMT
were reported in five out of six trials. However,
there were certain limitations to the studies re-
viewed, and heterogeneity in the methodologies,
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interventions and outcome measures used made
direct comparison challenging. It is important
to distinguish between the effectiveness of dif-
ferent exercise protocols, settings (i.e. a group
versus an individual approach), levels of super-
vision and dosages applied when adding TrA re-
cruitment to PFMT. Individualized PFMT alone
is the first-line treatment option for women with
Ul (Abrams ef al. 2017; Dumoulin ef al. 2018;
NICE 2019), and there are indications that inte-
grating the synergistic muscles of the abdominal
canister may be of additional benefit in PFM
rehabilitation. This needs to be investigated fur-
ther in trials employing homogenous interven-
tion protocols.
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Table 3. Population, intervention, control, outcome, study type and time (PICOST) criteria and search strategy: (PEDro)
Physiotherapy Evidence Database

Variable Result
Population Women with urinary incontinence
Intervention Combined pelvic floor muscle training and transversus abdominis exercise
Comparison Pelvic floor muscle training alone
Outcome measures:
primary quality of life
secondary pelvic floor muscle function
Study type Randomized controlled trials, trials
Keywords Pelvic floor dysfunction OR pelvic floor weakness, pelvic floor disorder, voiding dysfunction,

urinary incontinence, stress urinary incontinence, urodynamic stress urinary incontinence,

urge urinary incontinence, urgency, mixed urinary incontinence, overactive bladder syndrome,
overactive bladder, detrusor overactivity, physiotherapy, rehabilitation, re-education, training,
exercise AND transversus abdominis OR abdominal training, lumbopelvic stabilization,

Pilates training, modified Pilates, deep abdominal training, abdominal drawing-in manoeuvre,
core training, core stability training, coordination training, co-activation training, dynamic
lumbopelvic stabilization training, lumbar stabilization, stabilization training, trunk stabilization
training AND pelvic floor muscle OR pelvic floor muscle exercise/training/rehabilitation/re-
education, Kegels, levator ani, bladder neck mobility, bladder neck movement, urethral pressure,
intra-abdominal pressure

Time 2007-2018

Inclusion criteria Urinary incontinence, stress urinary incontinence, urge urinary incontinence, urgency, mixed
urinary incontinence, overactive bladder syndrome

Exclusion criteria Pregnancy, men, paediatrics, previous pelvic surgery, previous spinal surgery, ongoing low back
pain, respiratory disorders, neurological disorders, cognitive or psychological disorders, PEDro
score <4/10

Table 4. Studies excluded from the literature review, and the reasons for doing so: (PEDro) Physiotherapy Evidence Database

Study Reason

Culligan et al. (2010) Inclusion criteria too wide: asymptomatic and symptomatic women involved

Kim et al. (2012) Both groups followed the same exercise protocol, but in different settings

Kamel et al. (2013) Included only obese women with stress urinary incontinence

Tajiri et al. (2014) Comparison between participants performing pelvic floor muscle and transversus abdominis training,

and an inactive control group
Lacombe ef al. (2015)  Intervention not relevant (holistic gymnastics)
Augustina ef al. (2016) Low methodological quality (PEDro score=3/10)
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