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This study was a randomized controlled trial to investigate the effect of treating women with stress or mixed
urinary incontinence (SUI or MUI) by diaphragmatic, deep abdominal and pelvic floor muscle (PFM)
retraining. Seventy women were randomly allocated to the training (n = 35) or control group (n = 35).
Women in the training group received 8 individual clinical visits and followed a specific exercise program.
Women in the control group performed self-monitored PFM exercises at home. The primary outcome
measure was self-reported improvement. Secondary outcome measures were 20-min pad test, 3-day
voiding diary, maximal vaginal squeeze pressure, holding time and quality of life. After a 4-month inter-
vention period, more participants in the training group reported that they were cured or improved
(p < 0.01). The cure/improved rate was above 90%. Both amount of leakage and number of leaks were
significantly lower in the training group (p < 0.05) but not in the control group. More aspects of quality of life
improved significantly in the training group than in the control group. Maximal vaginal squeeze pressure,
however, decreased slightly in both groups. Coordinated retraining diaphragmatic, deep abdominal and
PFM function could improve symptoms and quality of life. It may be an alternative management for women

with SUI or MUL

© 2010 Elsevier Ltd. All rights reserved.

1. Introduction

Stress urinary incontinence (SUI) has been defined by the
International Continence Society as “the complaint of involuntary
leakage on effort or exertion, or on sneezing or coughing” (Abrams
et al,, 2002). Pelvic floor muscle training (PFMT) has been widely
used to treat SUI since Kegel (1948) introduced this kind of exercise,
and its effectiveness has been proven in numerous randomized
controlled trials (Hay-Smith and Dumoulin, 2006).

Recent studies have focused on the relationship of pelvic floor
muscles (PFM) and abdominal muscles (Sapsford and Hodges, 2001;
Sapsford et al., 2001; Neumann and Gill, 2002; Madill and McLean,
2006). Sapsford and Hodges (2001), Sapsford et al. (2001) found that
the co-contraction of PFM and deep abdominal muscles occurred
during both PFM voluntary contraction and abdominal maneuvers.
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Indeed, one cannot contract the PFM even moderately without also
contracting the deep abdominal muscles (Neumann and Gill, 2002).
Madill and McLean (2006) found that deep abdominal muscle
contraction increased intra-vaginal pressure. Moreover, Thompson
et al. (2006) found abdominal muscles were more active than PFM
in symptomatic women, and suggested careful monitoring of this
phenomenon when teaching PFM contractions. Together, these
results suggest that a coordinated approach of both PFM and deep
abdominal muscles may be beneficial for women with SUI.
Sapsford (2004) proposed a treatment approach by motor re-
learning of diaphragmatic, deep abdominal and PFM. This new
approach emphasizes the coordination of diaphragm, deep
abdominal muscles and PFM rather than muscle strengthening
independently. This exercise program could be taught by observa-
tion and chest and abdominal palpation, obviating the need for
vaginal palpation which may deter women in Taiwan from PFMT.
So far, only one randomized control trial has addressed the effect
of abdominal muscle training on SUI The results showed that
additional training of the Transversus abdominis (TrA) after PFMT
and neuromuscular stimulation did not provide incremental
improvement of SUI (Dumoulin et al.,, 2004). However, the co-
activation and coordination of the TrA and PFM was not the target
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in Dumoulin’s work. Hence, the purpose of the present study was to
investigate the effect of treating SUI symptoms in women by
retraining diaphragmatic, deep abdominal and PFM coordinated
function.

2. Methods
2.1. Design

This was a single-blind, randomized controlled trial. All partic-
ipants received a 4-month intervention period according to group
allocation after the first evaluation, and received a second evalua-
tion after the intervention period.

2.2. Setting and participants

The study was conducted at a Women'’s Health Laboratory. The
local ethics committee approved the study. Female volunteers were
recruited through a newspaper advertisement. Women were
eligible for this trial if they were aged 18-65 years and had at least
one episode of SUI symptom during the previous month. Two
standardized questions about urinary incontinence (UI) used to
determine the eligibility. The first question was for SUI and the
second was for urge UL The sensitivity/specificity was 0.85/0.91
and 0.90/0.90 for the first and second question respectively (Rohr
et al.,, 2004). Women who answered “yes” to the first question
only and who answered “yes” to both questions were categorized

as SUI and mixed UI (MUI), respectively and recruited. Women who
answered “yes” to the second question only were categorized as
urge Ul and excluded (Rohr et al., 2004).

Exclusion criteria included being pregnant or less than three
months postpartum, having systemic neuromuscular disease,
having had previous surgery or intensive PFMT for Ul, having
severe low back pain or pelvic pain, undergoing concurrent treat-
ment for Ul or low back pain, having had a radical hysterectomy or
having ongoing urinary tract infections.

2.3. Randomization

A total of 239 potential participants were screened via tele-
phone interview and 80 provided written informed consent before
the first evaluation (Fig. 1). Participants were not charged for the
examination or intervention. They were randomly allocated to
training group or control group. Block randomization with
a maximum of 6 was used. Each participant chose and opened one
opaque, sealed envelope by herself. All were asked not to reveal
their group allocation to the evaluators. Only the participant herself
and the physical therapist involved in training (H-CH) knew the
group allocation.

2.4. Intervention

Participants in both groups were individually taught anatomy of
the pelvic floor, lower urinary tract and continence mechanism

Assessed for eligibility (n=239)

Excluded (n=169)
- Not meeting inclusion criteria

Randomized

Allocated to intervention
(n=35)

4

Lost to follow-up (n=4)
- Illness of family member: 2
- Emigration to Korea: 1
- Too busy: 1

A

Analyzed (n=31)

(n=134)
- Refused to participate
(n=35)

Allocated to control
(n=35)

A

Lost to follow-up (n=2)
- Lost contact: 2

A
Analyzed (n=33)
- Vaginal palpation & diary: 29
- Questionnaire: 31
- Pad test: 26

Fig. 1. Trial profiles of participants in each stage.
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during the first evaluation by an experienced physical therapist
(S-YC) with three years’ clinical experience in treating female UL
Vaginal palpation was applied for the valid evaluation of vaginal
squeeze pressure and the evaluator instructed women how to
contract the PFM correctly.

The exercise regimen for the training group followed Sapsford’s
(2004) design. The five stages included 1) diaphragmatic breathing;
2) tonic activation of TrA and PFM; 3) muscle strengthening of TrA,
PFM, and internal obliques; 4) functional expiratory patterns like
coughing and sneezing; and 5) impact activities such as running and
jumping. Participants in the training group met the training physical
therapist twice a month for 4 months for monitoring of exercise
progression, moving to the next stage when appropriate. To avoid
contamination of exercise effect, participants were asked not to
perform the “isolated” PFM voluntary contraction exercise during the
intervention period. The Appendix provides a detailed exercise
regimen and progression, including the prerequisites, exercise posi-
tion, instruction, feedback, and home exercise prescribed for each
stage. The pre-requisite determined the progression to the next stage.

Participants in the control group received oral instructions and
usual information, consisting of introduction for urinary inconti-
nence, PFM exercise, and bladder hygiene. For ethical consider-
ations, they were given the option of receiving the same program as
the training group after the trial.

2.5. Outcomes

The primary outcome measure was self-reported improvement.
At the second evaluation (after four months), self-reported
improvement on a 4-point Likert scale (worse, unchanged,
improved, cured) was recorded (O’Brien et al., 1991; Lagro-Janssen
et al.,, 1992; Arvonen et al., 2001). Other assessments performed at
both first and second evaluations consisted of a 20-min pad test
with standardized bladder volume (Sand, 1992; Wu et al., 2006),
a3-dayvoiding diary (Groutz et al.,2000), PFM function and quality
of life. All measures, except the 20-min pad test, were administered
by the same blinded evaluator (S-YC).

A female technician blinded to participants’ allocation admin-
istered the 20-min pad test (Sand, 1992; Wu et al., 2006). After
infusion of 250 mL distilled water into the bladder and a pre-
weighted perineal pad inserted inside the underwear, each
participant was asked to do each of the following 10 times: cough,
valsalva, deep knee bends, jump up and down in place and walk up
and down five stairs. Sensitivity for this test was shown to be better
than the 1-h pad test for SUI in a previous study in the same setting
in Taiwan (Wu et al., 2006).

Participants used a 3-day voiding diary at home. They were
asked to record every event of voiding, urgency and urinary leak,
and describe the amount of leakage. The mean number of voiding
and leaks per day were calculated for analysis. The test-retest
reliability of this method has been established for voiding and
leakage episodes (concordance correlation coefficient 0.83 and
0.86, respectively) (Groutz et al., 2000). The diary was used as an
outcome measure only; recording during the intervention period
was not encouraged in either group.

Maximal vaginal squeeze pressure and holding time were
measured simultaneously by a manometer! with the participant
lying in a bent-knee position to represent PFM strength and
endurance. The test-retest reliability of squeeze pressure recording
in this position was good (ICC = 0.95) (Frawley et al., 2006)
Participants were asked to contract PFM maximally and hold until
being instructed to relax for three repetitions. Evaluator’s hand

1 Peritron 9300 perineometer, Cardio-Design, Perth, Australia.

palpation and visual observation was used to restrict activity of the
abdominal and hip muscles. The last two contractions were recor-
ded and averaged for analysis.

The impact of incontinence on health-related quality of life was
assessed by the Symptom Impact Index (Black et al., 1996), Chinese
version (Chen et al., 2003). A previous pilot study in Taiwan showed
good test-retest reliability (r = 0.87-0.91) (Chen et al., 2003).

Adverse events during the intervention period were recorded.
Training group adherence to the protocol was recorded as atten-
dance at the training session.

2.6. Sample size estimation

Since no publication using the same approach was available, the
estimated sample size was based on a previous randomized
controlled trial of the effect of PFMT (Wilson et al., 1987). Using the
same outcome variable (number of leaks in a 3-day diary), sample
size was set at 30 subjects per group to provide a power of 80% and
an o of 5% to detect the difference between groups, assuming
a median to large effect size.

2.7. Statistical analysis

To compare basic characteristics and outcome variables at
baseline, differences in age, BMI, maximal vagina squeeze pressure
and holding time between groups was tested by Independent t-test.
Mann-Whitney U-test was used to determine the difference of
parity, duration of symptoms, leakage amount, voiding frequency,
leakage frequency, and quality of life items between groups
because the variables were not normally distributed. The propor-
tion of participants with related symptoms was compared by Chi-
Square Statistic.

To assess the treatment effect between groups, the proportion of
participants reported cured/improved in each group was compared
using Chi-Square statistics. Two-way mixed ANOVA (group x time)
was used to detect the different treatment effect between groups
for vaginal squeeze pressure and holding time because they were
normally distributed. The Mann-Whitney U-test was used to
compare groups for ordinal variables and other continuous vari-
ables not normally distributed. If there was no difference between
groups, the Wilcoxon Signed-Ranks Test was used to detect
possible change within each group. Two-tailed p value <0.05 was
considered significant. Statistical analysis was completed using
SPSS for Windows, version 11.0 (SPSS Inc., Chicago, IL).

3. Results

Four participants in the training group and two in the control
group dropped out (Fig. 1) for a dropout rate of 8.6%. For the initial
70 participants with the 64 who participated in the second evalu-
ation, the demographic data and all outcome variables at first
evaluation were similar. Both the data from participants completing
the second evaluation (n = 64) and the data from all participants
based on the intention to treat basis were analyzed to assess
treatment effect. In the latter condition, all missing values were
carried forward by their baseline values, and self-reported
improvement was given as unchanged. The results did not differ
whether we used the data from all 70 participants or the completed
data that excluded missing data for analysis. Therefore, we reported
data of the 64 participants who completed the study.

The basic characteristics and related symptoms of the two
groups were comparable at baseline except for the number of
women with urgency (Table 1). In addition, there was no difference
between groups in any outcome variable at first evaluation
(Tables 2-4).
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Table 1
Basic characteristics and self-reported symptoms at baseline.
Training group Control group p Value
(n=31) (n=33)
Mean SD Mean SD
Age (y)* 486 64 48.9 6.4 0.874
Body mass index (kg/m?)? 224 23 22.0 24 0.676
Parity® 3 13 3.1 1.6 0.726
Duration of symptoms (mo)® 104.5 89.7 98.9 71.2 0.840
n (%) n (%)
Low back pain® 11 (35.5) 12 (36.4) 0.942
Postmenopausal® 15 (48.4) 13 (394) 0235
Unawareness incontinence® 7 (22.6) 6 (18.2) 0.662
Urge incontinence® 21 (67.7) 15 (45.5) 0.072
Urgency® 15 (48.4) 7 (21.2)  0.022*
Frequency® 14 (45.2) 18 (54.5) 0453
Nocturia® 7 (226) 12 (3644) 0228

*Statistically significant (p < 0.05).
2 Independent t-Test.
> Mann-Whitney U-Test.
¢ Chi-Square Statistic.

Significantly more participants in the training group reported
cured or improved symptoms than in the control group (96.7% vs.
66.6%, p = 0.002) (Table 5).

As shown in Table 2, there was no significant difference between
groups after intervention in either amount (p = 0.346) or number of
leaks (p = 0.473). However, the training group showed significant
improvement in amount of leakage during the pad test (p = 0.006),
while the control group did not (p = 0.233). While participants in
both groups significantly reduced total voiding frequency per day,
only those in the training group significantly reduced number of
leaks per day (p = 0.042).

Changes in maximal pressure and holding time are shown in
Table 3. There was no statistically significant interaction effect
(group x time) either on maximal vaginal pressure (F = 0.347,
p = 0.558) or holding time (F = 0.404, p = 0.527). Both maximal
vaginal pressure and holding time, however, showed a significant
main effect for time. Maximal vaginal squeeze pressure significantly
decreased (34.3 + 2.5 t0 31.3 + 2.3 cm H0, F = 7.58, p = 0.008) and
holding time significantly increased (8.1 & 0.6 to 11.2 + 0.8 s,
F = 25.54, p < 0.001) after 4-month intervention period.

The Symptom Impact Index indicated only two significant
differences between groups after intervention (Tables 4). Within
group analysis showed a significant reduced number of worries in
both groups (training p < 0.001; control p = 0.002), but number of
activities affected was significantly reduced only in the training
group (training p < 0.001; control p = 0.104). Similarly, avoiding
activities due to worrying about leaking was significantly improved
in both groups (training p < 0.001; control p = 0.002), but avoiding
activity due to needing a toilet was significantly improved only in
the training group (training p < 0.001; control p = 0.085).

Table 2

No side effect or adverse event was reported by any participant.
According to the intervention notes, some participants in the
training group reported good response of tonic activation of TrA to
inhibit urgency and urge incontinence.

Twenty-six patients (84%) in the training group participated in 8
individual visits; the other patients (16%) participated in only 7
visits due to business or travel schedule.

4. Discussion

The present study demonstrated that a 4-month period inter-
vention utilizing trunk muscle synergies could improve the
symptoms and quality of life for women with SUI or mixed Ul
(MUI). The cured/improved rate was 96.7% in the training group
and 66.6% in the control group. The number of leaks per day
recorded in a 3-day voiding diary was significantly reduced in the
training group but not in the control group, and more improvement
in quality of life was reported in the training group than in the
control group.

The treatment effect of this new approach seemed to be similar
to that of PFMT when compared with previous studies. The cured/
improved rate of the training group in the present study (above
90%) was higher than those of some previous studies (58-74%)
(Wilson et al., 1987; O’Brien et al., 1991; Lagro-Janssen et al., 1992;
Arvonen et al., 2001) and similar to others (92-96%) (Bo et al., 1990,
1999). The cured/improved rate of the present study was also better
than PFM exercise combined with electrical stimulation (61%) in
a clinical trial in Taiwan (Chen et al., 1999). Heterogeneity of factors
(e.g., incontinence type, exercise intensity, duration of intervention,
participant’s adherence, and measurement tool) makes comparison
of studies problematic.

The treatment effect in the training group may be the result of
functional training. Participants learned to coordinate their dia-
phragm, PFM, TrA, and even obliquus internus abdominis, to
enhance an efficient forced expiratory pattern, which was the
primary situation in which SUI occurred. The correct diaphragm
breathing pattern is an essential part of successful forced expi-
ration without leakage, as described by Sapsford (2004). This
approach emphasizes the coordination of these muscles to
maintain the stress continence mechanism, unlike previous
approaches which focused on strengthening a specific muscle.
Previous studies have linked normal PFM function not only to
strength, but also to endurance, speed of contraction, and muscle
stiffness (Howard et al., 2000; Morin et al., 2004; Morkved et al.,
2004). However, we made no direct measure of any of these
variables. We surmise an improvement in muscle function, but
have yet to test whether motor learning was the mechanism
involved.

The high improvement rate in the control group in this study
(66.6%) may explain the lack of significant difference for some
variables (amount of leakage, number of leaks and two aspects of

Median (25th-75th percentile) of amount of leakage during pad test, number of voids and leaks during 3-day diary.

Training group (n = 31)

Control group (n = 29) p Value Between
groups® After

intervention

Baseline After p Value within Baseline After p Value
intervention group? intervention within group?
Amount of leakage (g)° 0 (0-8) 0 (0-0) 0.006 0 (0-2) 0 (0-0.5) 0.233 0.346
Number of voids (times/d) 8.7 (6.7-10.7) 7 (6.3-9.0) 0.019 9 (6.6-10.0) 7.6 (6.3-9.7) 0.021 0.855
Number of leaks (times/d) 0 (0-0.7) 0 (0-0.3) 0.042 0 (0-0.9) 0 (0-0.3) 0.106 0.473

2 Wilcoxon Sign-Ranks Test.
> Mann-Whitney U-test.
¢ Number of the control group: 26.

Manual Therapy (2010), doi:10.1016/j.math.2010.01.008

Please cite this article in press as: Hung H-C, et al., An alternative intervention for urinary incontinence: Retraining diaphragmatic, deep...,




H.-C. Hung et al. / Manual Therapy xxx (2010) 1-7 5

Table 3
Maximal vaginal squeeze pressure and holding time.

Training group (n = 31)

Control group(n = 29) Baseline between groups®

Baseline After Baseline After p Value
intervention intervention
Mean SD Mean SD Mean SD Mean SD
Maximal vaginal squeeze pressure (cmH,0) 354 20.8 315 17.7 33.1 18.1 30.6 17.5 0.643
Holding time (s) 83 5.0 11.0 5.9 7.9 4.5 114 5.7 0.753

2 Independent t-test.

quality of life) between groups after 4-months’ intervention.
Improvement was similar to the home exercise group in a previous
study (66%) (Bo et al., 1990) but higher than untreated controls in
others (3%) (Bo et al., 1999). Improvement in the control group may
derive from the behavior modification or self-monitored PFM
exercise of participants at home. For ethical reasons, participants in
the control group received oral instruction and customary infor-
mation consisted of introduction for urinary incontinence, PFM
exercise, and bladder hygiene. The no-treatment control group in
previous studies may not have received this comprehensive
information.

Unlike in previous trials of the effects of PFMT (Wilson et al.,
1987; Bo et al, 1999; Morkved et al., 2003), our participants
showed weaker PFM after intervention with small effect size (0.36).
Dumoulin et al. (2004), in an intervention to improve stress
incontinence in postpartum women, also found no improvement in
PFM maximal strength in intervention groups (PFM and PRM plus
abdominal muscles). However, 70% of those in the intervention
groups had no pad leakage (vs. 0% of controls), and their scores on
the pad test, Visual Analog Scale, Urogenital Distress Inventory, and
Incontinence Impact Questionnaire significantly improved (all
P < 0.002), whereas controls showed no improvements. Although
the evaluator encouraged participants to try as hard as possible
instead of holding as long as possible in the present trial, there may
be sacrifices of strength to get longer holding time during testing
with a manometer. We could not exclude the possibility that the
improved holding time was a compensation for reduced squeeze
intensity. This finding, however, indicates the importance of spec-
ificity in muscle strengthening. It has also been argued that
increased abdominal pressure from TrA contraction may stretch

Table 4
Impacts on quality of life.

weak PFM in women with incontinence (Bo et al., 2003). Physical
therapists should monitor the co-contraction of TrA and PFM to
prevent stretching the PFM with the increased intra-abdominal
pressure during this new approach.

There were several limitations in this study. First, to enhance the
participation rate, we used self-reported symptoms to define SUI
instead of urodynamic studies. Participants were recruited from
newspaper advertisements rather than hospital referrals, resulting
in participants with a limited scope of symptom severity. Therefore,
these results may not extrapolate to a more severely affected
population. Moreover, half of the women had <2 g leakage during
the pad test (13 in the training group and 19 in the control group) at
first evaluation, usually objectively defined as a “cure” group (Bo
et al., 1999; Dumoulin et al., 2004). This might indicate that the
pad test is not a suitable measure for our subclinical participants
with mild incontinence. Second, participants were not pure SUI;
hey may also suffer from urge incontinence. We could not exclude
the effect of uneven distribution of participants with urgency in the
two groups (Table 1). The improvement in urgency may affect the
subjective report of being cured/improved. Unfortunately, the
statistical analysis for the subgroup of SUI and MUI was not suitable
due to the small sample size. Also, although many researchers have
used the self-reported improvement scale (O'Brien et al., 1991;
Lagro-Janssen et al., 1992; Arvonen et al., 2001), it has not been
tested psychometrically. The implication of this primary outcome
should be carefully assessed. The learning effect of PFM voluntary
contraction via vaginal palpation in the first evaluation may be
a confounder for this new treatment. Finally, we could not exclude
the psychological effect of the imbalance in number of visits
between groups.

Training group (n = 31)

Control group (n = 31) p value
Between groups

Post intervention °

Baseline After p value within Baseline After p Value Within
intervention group ? intervention group ?
(Values are medians and 25th-75th percentile)
Number of worries 2 (1-3) 0 (0-1) <0.001 2 (1-3) 0 (0-2) 0.002 0.163
Number of activities affected 1 (0-2) 0 (0-0) <0.001 1 (0-2) 0 (0-2) 0.104 0.024
(Values are numbers and percentile)
Avoiding activities due to worrying about leaking
Never 11 (35.5) 23 (74.2) 0.001 12 (38.7) 16 (51.6) 0.002 0.060
Sometimes 15 (48.4) 8 (25.8) 11 (35.5) 14 (45.2)
Often 5 (16.1) 0 (0.0) 8 (25.8) 1 (3.2)
Always 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Avoiding activity due to needing a toilet
Never 9 (29.0) 24 (77.4) <0.001 12 (38.7) 15 (48.4) 0.085 0.013
Sometimes 19 (61.3) 7 (22.6) 12 (38.7) 13 (41.9)
Often 2 (6.5) 0 (0.0) 6 (19.4) 3 (9.7)
Always 1 (3.2) 0 (0.0) 1 (3.2) 0 (0.0)

2 Wilcoxon Sign-ranks Test.
> Mann-Whitney U-Test.
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Table 5
Self-reported improvement in overall incontinence and stress incontinence aspect
after intervention.

Training group Control group

(n=31) (n=33)

n % n %
Cured 5 16.1 1 3.0
Improved 25 80.6 21 63.6
Unchanged 1 3.2 10 303
Worse 0 0.0 1 3.0

This was the first randomized controlled trial of the effect of
retraining diaphragmatic, deep abdominal and PFM coordinated
function. Results suggested that this approach may be appropriate
for women unwilling or unable to participate in specific PFM
strengthening. Further research is urgently required, but this is an
exciting first step. However, clinical implications should be care-
fully interpreted due to the limitations mentioned. Further studies
will need to differentiate the treatment effect for different pop-
ulations by incontinence type, severity, age or other important
factors. Both mechanism and long-term effect also must be delin-
eated. Cost effectiveness analysis of this new approach compared to
health education, group exercises or individual PFM training are
also needed.

5. Conclusion

A 4-month period intervention by retraining diaphragmatic,
deep abdominal and PFM coordinated function could improve
symptoms and quality of life in women with SUI or MUL This new
approach shows promise as an alternative for women with
incontinence, particularly those who cannot accept vaginal
palpation.
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Appendix

Detailed exercise regimen and estimated progression in the
present trial (Sapsford, 2004).

Stage Exercise regimen

1. Diaphragmatic breathing (wk1~4)

Position: lying, sitting, standing

Home exercise: 30 repetitions x 3 sets/day

[I-1. Tonic TrA and PFM activation (Wk2~5)
Position: standing

Prerequisite: correct diaphragmatic breathing

Instruction: Try to lift up your lower abdomen cranially with normal diaphragmatic breathing.

The spinal and pelvic motion was prohibited.

Feedback: in front of a mirror to see the lower abdominal movement; tactile input medial to ASIS by

both therapist and participant; participant’s subjective feeling of tensioning response around periurethral,
perivaginal, and perianal region.

Home exercise: 5 repetitions x 5 sets/day, holding the contraction as long as possible, and gradually increase

the holding time to 40 s up.
Prerequisite: the participant can hold the tonic TrA/PFM co-contraction with suprapubic firmness easily for 40 s
Position: upright position

II-2. Tonic activation with ADL, walking (wk4 ~7)

Instruction: incorporate the co-contraction into daily activities in standing and walking

Feedback: participant’s subjective feeling of tensioning response around periurethral,

perivaginal, and perianal region.

Home exercise: 6 tasks x 2 sets/day, target at holding the contraction with walking for more than 15 s

IIl. Muscle strengthening (Wk6 ~16)
Position: standing

Prerequisite: tonic TrA/PFM co-contraction can be maintained easily during walking for more than 15 s

Instruction: start with the gentle lower abdominal activation used in the previous stage, then keep
pulling the lower abdomen in towards the spine and pulling up the periurethral PFM as far as possible.
Spinal movement was avoided to minimize the activity of rectus abdominal muscle.

Feedback: tactile input medial to ASIS by both therapist and participant

Home exercise: hold the strong contraction for 5 s, 6 repetition x 2 sets/day

IV. Functional expiratory patterns (wk8~16)

(Nose blowing) (wk8 ~9)

Position: begin with sitting upright without support, progressed to standing and slumped supported sitting
Instruction: begin with the diaphragmatic breathing for 3-5 times, make sure the anterior-posterior diameter
of abdomen increased during inspiration. After the last full inspiration, incorporates a strong cognitive
abdominal pulling in contraction as the nose blowing takes place

Feedback: in front of a mirror to see the chest and abdomen motion; hand palpation at lower abdomen;

the abdominal wall should be pulled in and the lower rib cage should be widened laterally;

participant’s subjective feeling of tensioning response around periurethral, perivaginal, and perianal region.
Home exercise: 5 repetitions x 2 sets/day

(Coughing) (Wwk10~16)

Note: require stronger and faster abdominal muscle contraction

(Laughing) (wk10~16)

Note: require the ability to repeat and sustain the contraction of abdominal muscles and PFM

(Sneezing) (Wk12~16)

Note: require the greatest muscle power and correct timing

V. Impact activities (wk10~16)

Prerequisite: tonic TrA/PFM co-contraction can be maintained easily during walking for more than 15 s

Instruction: incorporate the tonic TrA/PFM contraction into impact activities, such as running, jumping, dancing
Home exercise: according to participant’s activity schedule
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