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Abstract

Introduction Investigations of the dynamic function of female
pelvic floor muscles (PFM) help us to understand the patho-
physiology of stress urinary incontinence (SUI). Displace-
ment measurements of PFM give insight into muscle activa-
tion and thus help to improve rehabilitation strategies. This
systematic review (PROSPERO 2013: CRD42013006409)
was performed to summarise the current evidence for PFM
displacement during voluntary and involuntary activation in
continent and incontinent women.

Methods MEDLINE, EMBASE, Cochrane and SPORTDiscus
databases were searched using selected terminology reflecting
the PICO approach. Screening of Google Scholar and congress
abstracts added to further information. Original articles inves-
tigating PFM displacement were included if they reported on at
least one of the aims of the review, e.g., method, test position,
test activity, direction and quantification of displacement, as
well as the comparison between continent and incontinent
women. Titles and abstracts were screened by two reviewers.
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The papers included were reviewed by two individuals to as-
certain whether they fulfilled the inclusion criteria and data
were extracted on outcome parameters.

Results Forty-two predominantly observational studies ful-
filled the inclusion criteria. A variety of measurement methods
and calculations of displacement was presented. The sample
was heterogeneous concerning age, parity and continence sta-
tus. Test positions and test activities varied among the studies.
Conclusions The findings summarise the present knowledge
of PFM displacement, but still lack deeper comprehension of
the SUI pathomechanism of involuntary, reflexive activation
during functional activities. We therefore propose that future
investigations focus on PFM dynamics during fast and stress-
ful impact tasks.

Keywords Activities of daily living - Diagnostics - Stress
urinary incontinence

Introduction

Pelvic floor muscle (PFM) displacement is associated with the
pathophysiology of stress urinary incontinence (SUI). SUI
lowers the quality of life and well-being [1-3] of affected wom-
en and reduces their participation in sports and fitness activities
[4, 5]. To guarantee continence the PFM needs to contract
strongly [6—8], rapidly and reflexively [9-11]. The dynamic
properties of the PFM, contractility and strength, can be evalu-
ated with various diagnostic approaches such as palpation, elec-
tromyography, dynamometry, imaging procedures [12] and
thereby increase the understanding of the SUI pathomechanism.

Up to now research into PFM function using ultrasound
and MRI has been focused on voluntary contractions and on
involuntary reflexive activation during coughing or straining
manoeuvres. While the first studies demonstrated an anterior-
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cranial movement, the latter resulted in a downward displace-
ment. However, it is unclear whether PFM displacement has
been investigated during daily life activities provoking SUI
that also include involuntary reflex activation (e.g. running,
jumping, stair climbing). Also, the muscle action during func-
tional activities has not yet been fully understood and thus the
specific form of contraction and mechanism of change in pel-
vic floor rehabilitation remains unknown.

Muscle actions can be classified as isometric (no change in
muscle length), concentric (shortening action) and eccentric
(lengthening action) [13]. The pure form of these types of
muscle actions is seldom found. Komi therefore suggests that
the natural variation of muscle function is more often a stretch
and shortening cycle (SSC) [14]. However, knowledge about
this combination of eccentric and concentric actions in the
PFM during impact load is still inadequate. The concentric
and isometric muscle actions lead to a lift (elevation) and
squeeze (constriction) of the pelvic floor [15—17]. Not much
is known about the eccentric muscle action of the PFM and the
displacement during functional impact load activities of daily
life (e.g. stair-climbing, running).

Enhanced comprehension of the PFM kinematics and mus-
cle action related to SUI is of utmost clinical relevance for the
development of new and specific approaches in PFM training
and SUI rehabilitation. The current literature shows that the
dynamic function of PFM can be assessed directly as the dis-
placement measurement of the muscles themselves or indi-
rectly via the displacement of the bladder neck (BN) or other
urogenital structures that reflect PFM contraction/movement.
To our knowledge no review has been undertaken to system-
atically compile an overview concerning this matter.

The PICO acronym was used to develop the review ques-
tion (Table 1). The PICO framework is highly structured and
known to be very good at identifying medical literature [18].
The five PICO components are:

The patient population or problem being addressed (P)
The interventions or exposure of interest (I)

The comparators (C)

The main outcome or endpoint of interest (O)

L=

The aim of this systematic review was to present an overview
of the current available evidence for PFM displacement during
voluntary and reflex activation in women (P), to evaluate as-
sessment methods, test positions and test activities (I), to com-
pare displacement in continent and incontinent women (C), and
to display the direction and quantification of displacement (O).

Materials and methods

This systematic review was performed according to the Pre-
ferred Reporting Items for Systematic Reviews and Meta-
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Analyses (PRISMA) guidelines [19]. Methods of the analysis
and inclusion criteria were specified in advance and docu-
mented in a protocol that was reviewed and published by
PROSPERO (www.crd.york.ac.uk/prospero).

Eligibility criteria and search strategy

Studies from January 1990 to December 2013 of female par-
ticipants aged 19 to 64 years, without restriction in study de-
sign or language, were sought in the electronic databases
MEDLINE, EMBASE, Cochrane and SPORTDiscus. The
search strategy included displacement terms (e.g. displace-
ment, descent, movement, muscle action, dynamics) in com-
bination with measurement methods (e.g. ultrasound, MRI),
test positions (e.g. supine, standing) and activities that have
been performed (e.g. voluntary contraction, coughing). The
full electronic search strategy is available online in the appen-
dix (Electronic Supplementary Material 3—Table 5: search
strategy). It has been peer-reviewed as part of the systematic
review process by an experienced librarian as recommended
in the guideline by Sampson et al. [20].

The last systematic search was run on 12 December 2013.
Additional studies were sought in SPORTDiscus, a compre-
hensive, full-text database covering sports and sports medi-
cine journals, and in Google Scholar. Furthermore, some pa-
pers were added by scanning reference lists of articles, con-
sultation of experts in the field and screening abstracts pre-
sented at conferences from the International Continence Soci-
ety 2005 to 2012 and from the World Confederation for Phys-
ical Therapy 2011. A limited updated literature search was
performed from 12 December 2013 to 6 August 2014.

To assess eligibility, inclusion and exclusion criteria were
determined in advance (Table 1). Two review authors (LM
and MH) independently screened the titles and abstracts of
the detected studies for eligibility and, in case of disagree-
ment, sought consensus through discussion. The same re-
searchers independently screened full-text articles for inclu-
sion or exclusion based on criteria that were determined in
advance. Disagreements regarding the eligibility of particular
studies were resolved through discussion and with a third
reviewer (RL).

Studies have been included in spite of the existence of
exclusion criteria such as prolapse [21-23], being male [24],
anal incontinence [22] and urge incontinence [25, 26] if the
data had been reported separately between the subject groups.
In that case the data of only continent and SUI patients were
extracted according to the a priori established criteria.

Quality assessment and data extraction
The methodological quality of the articles included was

assessed using the Critical Appraisal Skills Programme (CASP;
www.casp-uk.net) checklist for cohort studies. The criteria list
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Table 1

Inclusion and exclusion criteria for title, abstract and full-text evaluation

Item of PICO approach Inclusion

Exclusion

Population, problem Stress urinary incontinence, continence
Female, women

Pelvic floor, levator ani

Faecal (anal) incontinence, cadaver, animals, diabetes,
neurological disease, prolapse, surgery (prolapse/incontinence),
urge urinary incontinence, male, pregnancy, adolescents,
bladder disease, drug therapy

Intervention Ultrasound, MRI, motion tracking, visualisation
Comparison Asymptomatic continent and incontinent women
Outcome Displacement, descent, pelvic floor muscle action,

bladder displacement, bladder neck descent,
urethrovesical positioning, angle of urethral

inclination, ano-rectal angle
Muscle function, contraction, kinematics

(version 14.10.2010) comprised 12 items. Each item was
scored with “+” if the criterion was fulfilled, with “—* if the
criterion was not fulfilled, and with “?” if the information was
not provided or was unclear. All papers included were scored
independently by two reviewers (LM and MH). Discrepancies
were resolved by discussion or consensus. The results of the
CASP checklist are summarised in Table 4 (available as elec-
tronic supplementary material 1).

Data extraction was performed independently by the two
reviewers, using a customised data extraction sheet. The fol-
lowing data were extracted from the studies included: study
design; characteristics of the subjects; evaluated method, test
position and bladder filling; tested activity; direction and
quantity of displacement; specifics of measurement; compar-
ison of continent versus incontinent women; secondary out-
come(s); conclusion. In the case of missing data, the corre-
sponding author was contacted for clarification and any dis-
agreement was solved in a consensus meeting with the other
reviewers (RL and TJ).

Data synthesis and analysis

Because of the high degree of heterogeneity observed in the
extracted data, the analysis was restricted to a systematic re-
view and an a priori planned meta-analysis was not per-
formed. Causes of heterogeneity are depicted in Table 2.

Results
Study selection

Figure 1 shows the flow chart of the search process. The
search identified a total of 290 abstracts for inclusion in the
review. The search of MEDLINE, EMBASE and Cochrane
databases provided a total of 232 citations. Adjustment for
duplicates was not needed. Fifty-eight records were addition-
ally identified through the search in Google Scholar,

SPORTDiscus database, a hand search and conference ab-
stracts (International Continence Society 2005 to 2012 and
World Confederation for Physical Therapy 2011). Two hun-
dred and six studies were discarded because they did not meet
the inclusion criteria. Full texts of the remaining 84 articles
were examined in more detail, of which 42 studies did not
meet the inclusion criteria as described. One article was writ-
ten in the French language and reviewed by HM and JT, who
are proficient in that language. All the other studies were in
English. Finally, 42 studies were included in the systematic
review.

Risk of bias within studies

Table 4 (available as electronic supplementary material 1) dis-
plays the results of the methodological quality assessment.
The studies included addressed a clear focused issue and used
appropriate methods to answer their research questions. Re-
cruitment was not clear in some studies owing to the abstract
format that was accepted as an additional information source
of the review. Exposure and outcome had been measured ac-
curately and most of the times the item “follow-up” could not
be answered. The result items 8 and 9 of the CASP checklist
have been listed in the data extraction form.

The extracted data and major study characteristics are also
shown in Table 4 (available as electronic supplementary ma-
terial). Most studies had an observational study design.

Measurement methods

Measurement methods varied among the studies. Ultrasound
imaging was used in 31 studies, with predominantly
transperineal ultrasound (TPUS; 29), followed by
transabdominal ultrasound (TAUS; 5), transvaginal ultrasound
(TVUS; 1) and translabial ultrasound (TLUS; 1) techniques.
Magnetic resonance imaging (MRI) was performed in 15 stud-
ies. There were three studies that compared two measurement
methods in the same investigation [17, 25, 27]. Methods in
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Table 2 Causes of heterogeneity
Clinical

Methodological

Recruitment of nulliparous versus
primiparous and multiparous women

Recruitment of continent versus
incontinent women

Various age groups
Difference in ethnic groups

Measurement of different structures (bladder neck, bladder
base, bladder wall, urethra, ano-rectal angle)

Differences in specific measurement techniques (markers,
reference lines, coordinate systems)

Differences in test positions
Differences in test activities
Differences in bladder filling

Display of displacement in various units (metric [mm, cm],
angle [°], compliance [C], muscle strain [€])

Differences in analysis: offline versus online

calculating the displacement varied substantially. Some TPUS
studies that investigated the BN position referred to an x—y
coordination system originally described by Schaer et al. [28],
whereas angles of BN rotation were analysed according to
Balmforth et al. [29]. Besides metric units (mm, cm; 35 studies)
and angular deviations (degrees; 8 studies) two studies also
addressed the stiffness aspect in reporting muscle strain (¢)
[30] and compliance (mm/cmH,0; BN mobility/A rectal pres-
sure) [31]. While the displacement of organs enables indirect
observation, displacement of muscle structures allows direct
conclusions of PFM function. The displaced structure that
was assessed most was the BN (24 studies), followed by the
bladder base (6 studies), the posterior and superior bladder wall

(3 studies), urethra, rectal ampulla, ano-rectal angle (ARA) and
diaphragm. Five MRI and 2 TPUS investigations were able to
directly measure the muscle displacement.

Test positions and activities performed

Most subjects had been tested in the supine position (21 stud-
ies), with a range of crook-lying and (semi)lithotomy position
to semi-recumbent and half-sitting positions. There were two
investigations in the sitting and 9 in standing position, where-
as 2 studies did not specifically report the test position. Most
researchers tested the PFM at rest, with voluntary PFM con-
traction (ranging from voluntary, gentle, moderate to

Fig. 1 Preferred Reporting Items
for Systematic Reviews and 5 45 identified throueh sditional 45 identified
Meta—Analyses (PRISMA) flow = Records identified tl -roug Additional records identifie
! X . o database searching through other sources
chart showing trial selection & -232 -
=] (n=232) (n=58)
methodology =
z
A 4
PR Records after duplicates removed
(n=290)
(Y
=
‘S
g v
L] Records screened for Records excluded, not
titles and abstracts > meeting the criteria
) (n=290) (n=206)
—
§ Y
E Full-text articles assessed Full-text articles excluded,
= for eligibility > with reasons
(n=84) (n=42)
Y
° Studies included in
] final synthesis
E (n=42)
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submaximal and maximal), Valsalva, straining and coughing.
Also, breathing, abdominal curl-up, head lift, brace/
transversus abdominis muscle contraction and “The Knack”
could be found as test activities. Predominantly the voluntary
activation of the PFM had been assessed.

Direction of the observed displacement

There was broad consensus about the direction of PFM dur-
ing voluntary contraction. It was described as lift, elevation
in the cranial and ventral directions, posterior to anterior
movement of the levator ani muscle (compressing the rec-
tum towards the vagina and symphysis) or anterocephalic
movement. Discrepancy was found in the Valsalva manoeu-
vre, with most authors describing descent, downward or
dorso-caudal movement, whereas one study found a cranial
motion (Fig. 2) [32]. Descent, ventral-dorsal/cranial-cau-
dal, (dorso)—caudal direction were consistently found dur-
ing coughing. One study confirmed the phase-locked paral-
lel movement of the diaphragm and PFM during breathing
by cranio-caudal movement of the diaphragm and pelvic
floor in expiration and inspiration [33]. Wise et al. [34]
showed that the BN moves in an arc of a circle, thus indi-
cating the multi-directional character of BN displacement.
Similar results followed in 2007 [35] and 2010 [36] with
TPUS and motion tracking to analyse the dynamics of the
ano-rectal angle, showing trajectories of movement and
thus confirming the multi-directional displacement. Talasz
et al. [33] described the respiratory-related parallel vertical
movement of the diaphragm and pelvic floor.

Quantification of the observed displacement

In transabdominal ultrasound (TAUS) displacement measure-
ments of the bladder base the lift component of voluntary
PFM contraction ranged between 0.37 cm [37] and 0.87 cm
[38] in the supine position. Kelly et al. [24] illustrated posi-
tional differences with 0.46 cm in the supine versus 0.69 cm in
the standing position. Descent during Valsalva ranged be-
tween 1.64 and 2.27 cm [25]. The same research group com-
pared TAUS with TPUS, revealing similar values of displace-
ment in elevation of PFMC, whereas during Valsalva more
displacement was measured with TAUS.

Transperineal ultrasound (TPUS) measures the displace-
ment of the BN with the lift component during maximal vol-
untary PFMC in the supine position between 0.68 cm and
0.80 cm [21] and 0.1 cm during gentle PFMC [39]. In half-
sitting positions BN displacement during PFMC was between
0.62 cm [27] and 0.95 cm [34] in asymptomatic women,
whereas Reddy et al. [40] quantified 0.66 cm of BN motion
in a mixed population in the standing position.

During the Valsalva manoeuvre displacements typically
ranged between 1.85 cm [41] in the supine and 1.5 cm [42]

in the lithotomy position versus 1.23 [41] and 1.5 cm [40] in
the standing position. In the supine position and during
coughing the ARA displaced between 0.51 and 1.10 cm
[16], whereas the BN motion ranged from 1.84 to 2.10 cm
[41]. Typically for the standing position during coughing, a
BN range of 1.02 cm [40] and 1.84 cm [43] had been mea-
sured. Representative of the expression of BN mobility during
PFMC by the means of an angle, maximal incursion (BN
elevation) of 5.6° [30] and 15° [44] had been reported. Similar
values of excursion (BN displacement in the dorso-caudal
direction) were shown during Valsalva with —24° [44] and
—25° [30].

Magnetic resonance imaging studies that measured muscle
displacement directly reported pubo-coccygeus muscle dis-
placement during PFMC in the supine position of 0.16 cm
[45] and 0.43 cm [46] in continent women. BN movement
during voluntary PFMC in the sitting position had been re-
corded by Bo et al. [15] with displacement of 0.83 cm in
continent versus 1.27 cm in SUI women. When they assessed
the Valsalva manoeuvre, a BN descent of 2.2 ¢cm had been
measured for SUI subjects, which was in accordance with
another study group [47]. One study compared two measure-
ment methods and reported ARA cranial (ventral) displace-
ment during PFMC in the lithotomy position of 0.7 cm
(1.1 cm) with MRI and 0.5 cm (1.1 cm) with TPUS.

Comparison of data in continent and incontinent women

Differences in both the magnitude and the direction of dis-
placement became apparent, although the results are not
conclusive. While continent women showed significantly
more BN elevation during PFMC in one study [48], others
only detect a trend [25] or a non-significant difference [15,
21] compared to incontinent subjects. During Valsalva the
comparisons revealed that incontinent women had signifi-
cantly increased BN descent compared with continent wom-
en [25, 49, 50], while non-significant differences have also
been found [15, 26, 51]. During coughing the findings were
consistent in showing significant greater displacement in
incontinent women [16, 31, 32, 36, 37, 48, 51]. “The
Knack” strategy during coughing showed significant more
initial ventral displacement of the urethra in continent wom-
en [16].

The magnitude of displacement seems to be age-depen-
dent. Comparisons in regard to age demonstrated more dis-
placement during coughs in older women compared to youn-
ger women [52] and a greater range of motion in younger
women with a voluntary PFMC [53]. Rizk et al. [54] assessed
the differences between ethnic groups, revealing greater BN
descent on straining in nulliparous healthy white women than
non-white women, which the authors attribute to anthropo-
metric differences as height and weight. Strauss et al. [23]
assessed the influence of parity on displacement,
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Fig. 2 Magnetic resonance
images in coronal, mid-sagittal
and axial planes a—c during
Valsalva manoeuvre and d—f
during straining manoeuvre.
Positions of the right
diaphragmatic cupola (RDC), left
diaphragmatic cupola (LDC), and
PRM as well as anterolateral
abdominal muscle thickness and
abdominal diameters can be seen.
The position of the pelvic floor is
indicated by the white arrow.
Because of the dynamic character
of the investigations no “neutral
position” of the lumbar spine and
the os sacrum was defined, and
changes in their positions during
the different manoeuvres have
been accepted to be adequate. disc
L4/5 basis of the intervertebral
disc L4/5, S pubic symphysis, C
coceyx, R rectum, PCL
pubo-coccygeal line, PRM
pubo-rectalis muscle, AM
anterolateral abdominal muscles
LP ano-coccygeal raphe of the
iliococcygeus muscle (levator
plate) [33]

Valsalva maneuver

demonstrating a significant greater amplitude of organ descent
on Valsalva in primiparous compared to nulliparous women
and a shift of the force-displacement-vector from ventral to
dorsal.

Table 3 displays a summary of the extracted data. For full
information (e.g. coordinate system referring to the method of
measurement or direction) please see the complete data extraction
form, available as electronic supplementary material 2, Table 5).
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Straining maneuver

Discussion
Main findings

We found a wide variety of measurement methods, including
MRI, several forms of ultrasound, and a broad spectrum of
displacement calculations (coordinate systems, motion track-
ing) for voluntary (squeezing) and reflex tasks (e.g. coughing
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Quantification of the
observed displacement”

Structure displacement Direction of displacement

Test activity

Measurements  Test position

Table 3 (continued)
methods

@ Springer

Pubo-rectalis—SUI: 1.82/CON: 2.75

* Descent of BN at straining

* Ano-rectal angle

* Diaphragm

* Coughing

Pubo-coccygeus—SUT: 2.02/CON: 1.62
Iliococcygeus—SUI: 0.41/CON: 0.30

* Respiratory-related cranio-caudal

movement of diaphragm and

pelvic floor
* PF moved cranially during Valsalva

* Mean displacement during PFMC in mm

pubo-coccygeus: 4.31/Iliococcygeus: 5.67
* Mean displacement during Valsalva in mm
Pubo-coccygeus: 2.78/iliococeygeus: -3.95

and caudally

during straining

* Maximum descent of BN during Valsalva

(mean, cm)
Supine—SUI 1.6/CON 0.24

Sitting—SUI 2.2/CON 0.8

#This is a summary of average quantifications that have been extracted. For full information (e.g. coordinate system referring to the method of measurement or direction) please see the complete data

extraction form. Sometimes the direction of displacement has not been distinctly described, or has been characterised in specific word usage. Heterogeneity also becomes apparent by the lack of

standardised terminology of PFM displacement

and straining) in different test positions of subjects. The ante-
rior cranial elevating character of voluntary PFM contraction
[55], as well as the descent of muscle and organs during im-
pact loads, has been confirmed. Continent women seem to
display greater displacement during elevation, while inconti-
nent women perform more downward displacement during
coughing and Valsalva manoeuvres.

The collected data also review the major limitations of the
methods used. The ultrasound approach cannot visualise the
PFM directly. Movements of the bladder base, BN or ARA are
surrogate markers for PFM activity. PFMC will elevate the
ano-rectal region, and as an indirect effect, other pelvic organs
are displaced cranially. Many authors critically evaluate
TAUS as lacking a bony landmark [25, 38, 56]. Comparing
TAUS with TPUS showed 85 % agreement for assessing the
direction of movement during voluntary contraction [57].
Other authors addressed potential transducer movement with
TAUS leading to misinterpretation [58]. Reddy et al. [40] took
the probe movement into account when assessing the magni-
tude of BN movement by TPUS and thereby suggested
correcting the value of BN motion. Peng et al. [35] tried to
correct probe movement by the use of a six-degrees-of-
freedom measuring device.

Magnetic resonance imaging methods are limited by slow
acquisition speed to identify PFM responses to stress-inducing
forces [53]. Early MRI took 1.5 min [59] per image, thus only
allowing voluntary contractions to be assessed. In 2010, a
duration of 10 s for sustained PFMC was reported [46].
Constantinou et al. [53] suggest the use of a fast MRI system
to visualise the guarding reflex. Ultrasound image processing
by motion tracking has been established as a useful tool to
measure PFM during fast and stressful events (e.g. coughing)
[35, 36, 60].

The Valsalva manoeuvre, i.e. a forced expiration against a
closed glottis and contracted diaphragm and abdominal wall,
is routinely used in urogynaecological diagnostics to assess
BN mobility. While the levator muscle co-activation is prob-
ably a physiological reaction to maintain continence, it is
regarded as a confounder that prevents organ descent [55,
61]. Usually, the Valsalva manoeuvre is instructed as a “strong
push” or “bearing down” effort and many authors use
“straining” synonymously. However, it has been demonstrat-
ed that those tasks show differential effects on PFM with
elevation during Valsalva and descent during straining [32].
In a study by Thompson et al. [62] Valsalva was associated
with an increase in PFM activation. Pregazzi et al. [48]
showed that the urethral beta angle significantly lowered with
straining in incontinent women, whereas it increased in con-
tinent women. In contrast to common practice a Valsalva ma-
noeuvre seems to protect the contracted and elevated PF
against high intra-abdominal pressure and therefore is not so
appropriate for provoking pelvic organ descent. It should not
be equated to the straining manoeuvre, which physiologically
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rather leads to PFM relaxation and PF descent. As it has be-
come evident that Valsalva and straining are not the same
manoeuvres, attempts to standardise these manoeuvres should
be made. Therefore, we suggest the differentiated perspective
and specific instruction of Talasz et al. [32], as lacking differ-
entiation between the Valsalva manoeuvre and straining ma-
noeuvre may adversely affect research findings and may neg-
atively influence PFM re-education. They instructed the
Valsalva manoecuvre as “take a breath, then close the mouth,
pinch the nostrils with the thumb and the index finger, than
blow air forcefully toward the blocked mouth and nostrils and
direct the increasing pressure into the ears”, and the straining
manoeuvre as “take a breath, then contract the abdominal
muscles and strain downwards with the intention to evacuate
stool or urine”.

Also, the standardisation of testing positions should be pur-
sued and should also include the posture of the lumbar spine
as the degree of lumbar lordosis influences the co-activation
between PFM and abdominal muscles [63] and may affect
displacement too.

Strengths and limitations

To the best of our knowledge this is the first systematic review
on the topic of PFM displacement and dynamics. The sensi-
tivity of this review, resulting in an important number of stud-
ies found, can be viewed as a strength. The multidisciplinary
authorship comprising a urogynaecologist, physiotherapists,
sports and movement scientists may be another advantage of
this study. However, the authors are aware of some limitations
in this review. First, since most of the studies included had an
observational design, sources of bias cannot be eliminated.
The second limitation was the substantial heterogeneity
among the findings, which did not allow for a meta-analysis.

Interpretation

Pelvic floor muscle displacement is influenced by multiple
factors, including the task, the diagnostic instrument, the test
position, continence status, age, muscle condition and fascial
structures.

The magnitude of displacement should be interpreted with
caution as a larger displacement does not necessarily represent
a more forceful contraction [64, 65] and the strength of PFM
contraction does not always correlate with continence state
[10]. A larger lift may result from either a forceful PFM con-
traction or increased fascial laxity. In contrast, a small lift
observed during a voluntary PFM contraction may indicate
either a weak contraction or high PFM resting activity [37,
57, 58]. Kelly et al. [24] found displacement to be position-
dependent too, with more displacement of the bladder base in
the standing than in the crook-lying position.

Lower urethral displacement in asymptomatic women dur-
ing a cough is attributed to a stiffer pelvic floor that supports
the urethra [36], whereas urethral hypermobility in SUI pa-
tients is attributed to the weakening of urethra supporting
structures [50]. This is consistent with “The Knack” strategy,
which is the PFM contraction preceding a cough [52]. PFM
laxity is more common in SUI women [47] and nulliparas
display a greater stiffness during a cough compared with pri-
miparas [51]. A lower magnitude of displacement is also at-
tributed to stronger fascial attachments [36]. An MRI study
confirmed fascial anatomical defects in SUI women [22].
Barbic et al. [31] found that greater compliance of BN support
with a delay in muscle activation and early onset of PFM
activation was interpreted as a pretension of endopelvic fascia
and vaginal wall tissues.

Some authors advocate the concept of “muscle strain” e.
Rahmanian et al. [30] calculated the quotient of AL and LO
(L=length) and thus focused on the elastic properties of tis-
sues. Thyer et al. [66] viewed muscle strain € as a surrogate for
“elasticity” of PFM. In a similar approach Howard et al. [51]
performed a stiffness calculation by dividing the pressure
exerted during a particular effort by the urethral descent
(cmH,0/mm). Conversely, Barbic et al. [31] defined the
“compliance C” of supporting structures as an inverted eval-
uation to “stiffness”, calculating C as a quotient between BN
mobility and the rectal pressure during coughing.

Conclusion

Questions on the specific muscle action of PFM remain unan-
swered. Komi declared that concentric and eccentric muscle
actions in the pure form are seldom found and suggested that
the natural muscle function might be more often a stretch and
shortening cycle (SSC) [14]. However, knowledge about this
combination of eccentric and concentric actions in the PFM
during impact load is still inadequate. Impact or any rise in
intra-abdominal pressure that provokes a caudal/posterior
movement may be interpreted as an eccentric action. Howev-
er, it is still unknown as to what extent the contraction during
high-impact exercises represents a SSC. Further investigations
that combine displacement imaging with EMG could assess
the activation patterns of the PFM during various manoeuvres
and between diverse cohorts.

The development of new diagnostic approaches is needed,
as the acquisition times of the present imaging procedures are
too slow and imaging cannot be carried out during running or
jumping activities.

Stiffness is a concept that is inevitably associated with
PFM biomechanics. The importance and role of fascial struc-
tures that are attached to the PFM are not yet fully appreciated
in investigations of PFM displacement.

@ Springer
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Owing to the heterogeneity of the studies evaluated and the
study results, this systematic review emphasises the need for a
standardised terminology of PFM function and dysfunction as
recommended by the Pelvic Floor Clinical Assessment Group
of the International Continence Society [67]. Similarly, as, for
example, the differentiation between Valsalva and straining
manoeuvres revealed, a standardised performance of tasks
should be attempted.

The body of research on PFM displacement summarised
the knowledge of SUI pathophysiology. Nevertheless, there is
a lack of comprehension of the SUI pathomechanism of in-
voluntary, reflexive activation during functional activities. We
therefore propose that future investigations should focus on
involuntary reflexive contractions during functional activities
(e.g. running, jumping) to elucidate PFM dynamics and mus-
cle action during fast and stressful impact manoeuvres.
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