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ABSTRACT
JOAN C. FIRRA
EFFECTS OF TREATMENT OF URINARY INCONTINENCE IN WOMEN:
EXERCISE OR ELECTRICAL STIMULATION OR BOTH
AUGUST 2008
The effectiveness of electrical stimulation for treatment of urge incontinence versus stress
incontinence is still uncertain because of research design flaws. The purposes of this study were
to determine ( a) whether exercise with electrical stimulation was an effective treatment for
women with incontinence, and (b) whether treatment effectiveness varied between women with
urge incontinence, versus women with stress incontinence. Sixty three women were assigned to
either stress incontinence (n = 41) or urge incontinence (n = 22) for the study, 34 completing in
the stress group and 13 in the urge group, (n = 47). Participants were randomized into 3
treatment groups, exercise with electrical stimulation, exercise alone, and no treatment. Forty
women were Caucasian, 1 was African-American, aged 23 and 78, with Body Mass Index (BMI)
between 17.7 and 50 and had at least 3 leaks in a 3 day period. Variables included manual
muscle testing, pelvic floor strength in centimeters water pressure, contraction time, participants'
self-reported incontinence leaks over 3 days, frequency of urination over 3 days, and quality of
life as measured by the York Incontinence Perception Scale (YIPS). Participants completed an
IRB permission form, the Medical, Epidemiological, and Social Aspects of Aging (MESA)
questionnaire to determine type of incontinence, stress or urge, and the YIPS on the I st visit and
received an educational session and were randomized on the 2 11d visit. Those randomized into the
treatment groups received treatment consisting of 15 sessions of treatment on a 2x a week basis.
V

Participants who were randomized as "controls" and returned in 8 weeks for re-measurement of
the same variables as on the first two visits and were then offered treatment. The 2 treatment
groups were also remeasured at the end of 16 sessions. The 2 treatment groups performed 3 trunk
muscle exercises and 3 pelvic floor muscle exercises, and performed them independently on a
daily basis. Those in the exercise with electrical stimulation group additionally received 30
minutes of electrical stimulation with the Liberty stimulator at 12.5 Hz on each visit. Two
dependent variables were eliminated as the manual muscle test correlated with perineometer
scores and the endurance factor for seconds held for pelvic floor contraction was capped at 10.
Leaks were eliminated at pre-treatment for lack of homogeneity. Therefore, further analysis for
the remaining 3 variables was within and between treatment groups for only the stress
incontinence group (n = 34). Significance for pelvic floor strength (P = .002) and the YIPS
scores (P = .001) was demonstrated for stress incontinence in both exercise with electrical
stimulation and exercise alone groups. No changes were noted in the control group in either the
pelvic floor strength (P = .505) or YIPS (P = 1.00). The decrease in visits to the bathroom
(frequency) was not significant for the whole group, but 14 of 17 with frequency, experienced
improvement. Analysis of the urge incontinence either within or between groups would have
been meaningless because of the low numbers in that diagnostic group. This study demonstrated
effective treatment with 6 simple exercises, increasing pelvic floor muscle strength and self
perception in control of incontinence in 34 stress incontinent women. Application of electrical
stimulation in addition to exercise gave no additional benefit to women with stress incontinence.
The study continues until a sufficient number of participants will allow statistical analysis to
determine if electrical added to the exercise program makes a significant difference for urge
incontinence.
Vl
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CHAPTER I
INTRODUCTION
Urinary incontinence is an involuntary loss of urine that affects 17 million American
women. 1•2 Occurrence of incontinence is increasing. For instance, the Medicare Health Outcome
Survey in 2004 revealed that self reported involuntary leaks resulted in an overall incidence of
3 7.3 % in the previous 6 months. 3 Incontinence affects women over 60 more than twice as often
as men of the same age. 4 Among the elderly, urinary incontinence affects 35% of community
dwelling women. 1 However, over 50% of nursing home residents have incontinence and, of
these, 70% are women. 1 Holtedahl and Hunskaar5 reported that 4 7% of the women in their study
(n

= 489, aged 50 to 74) reported leakage, 31 % on a regular basis and 19% sufficient to be a

hygienic or social problem. Clearly, urinary incontinence is a women's health problem. In fact,
this problem will affect half of all women at some time in their lives and one third of all women
will have ongoing urinary incontinence from one of several causes. 1•6
A survey of the literature suggests that there are multiple causes for female urinary
incontinence. The number of children delivered vaginally appears to be the leading risk factor.
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Holroyd-Leduc and Straus8 listed several other risk factors including age, white race, and higher
educational attainment. The authors also noted risk factors such as gynecological factors (type of
childbirth), urological factors (prolapsed bladder), gastrointestinal factors (prolapsed intestines or
rectum) and comorbid diseases. Modifiable risk factors include high body mass index (over 40),
medications (neurontin), smoking, caffeine, and functional impairment. 8

1

Incontinence is not limited to the elderly. In the Study of Women's Health Across the

Nation (SWAN) report, 3202 women aged 30 to 50 reported incontinence at least monthly. 9
Incontinence in midlife affects work place productivity. In a large survey, 10 37% of employees
reported that they had incontinence and coped with their problem with frequent bathroom breaks.
Those who reported the most severe incontinence stated that it had negative effects on their
concentration, performance of physical activities, self-confidence and the ability to complete
tasks without interruption. Hence, incontinence also has social and emotional consequences.
Estimates of prevalence vary widely for several reasons, including diverse definitions of
incontinence, underreporting, 11 and varying research designs and population samples. For
instance, most investigators consider leaking urine as incontinence, but others consider diurnal
frequency, urgency and nocturia as forms of incontinence. The following studies illustrate the
problems associated with incontinence reporting.
Gathering information on the number of people at any one time with urinary incontinence
is difficult because people do not discuss it. 12 To address the difficulty in obtaining information
on incontinence, Legace, et al. 13 studied 5 family medical practices in Michigan to determine the
prevalence and severity of urinary incontinence among patients between the ages of 20 and 64
who came to the offices for treatment of any kind over an I I-week test period. They found that
33% of over 2,800 patients reported urinary incontinence. Of these patients incontinence was
more prevalent in women (43%) compared to men (11%).
14

Ushiroyama and colleagues reported the least prevalence as 12% in a sample of3026
postmenopausal women consulting an outpatient clinic. In contrast, a British research team found
the prevalence among persons aged 18 and older to be 69% with 30% reporting that the
symptoms were troublesome.

15

Furthermore Perry et al. 's 16 survey of households in the UK

demonstrated a prevalence of 34%, similar to the Legace study 13 mentioned above. Yet only 2%
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of the community dwelling people aged 40 and over that participated in Perry's study reported
symptoms that were not only clinically significant, but also bothersome and socially disabling.
Perry and associates 16 recommended that it is this 2% for whom services should first be targeted.
However, many clinicians believe that while this group needs intervention, early intervention for
the larger group with less severe symptoms may be more effective long-term.
Clearly, prevalence depends in part on the ages included in the researcher's sample and
how incontinence is defined. Even so, prevalence figures may be inaccurate because people may
be reluctant to admit in a survey or in person that they have incontinence. Legace, et al. 13 found
that 72% of those with incontinence had never mentioned this to their health care provider. When
researchers asked participants why they did not report incontinence to their physicians, the
participants replied that they did not know that treatment was available. Their reasoning was that
if incontinence cannot be fixed, why complain or seek treatment.
Why people do not seek treatment for incontinence when treatment is available and
reasonably priced for Medicare recipients has spurred research on care seeking among persons
with incontinence. Investigators in 3 notable studies examined care-seeking and possible barriers
for persons with urinary incontinence. In one study, Mardon and associates 3 surveyed people in a
Medicare HMO for whom treatment was available and reasonably priced. The rate of patientreported urinary incontinence was 56.5%. Despite the fact that the incontinence was bothersome
as evidenced by lower perception of health status on the Short Form Health Survey, only half of
these persons with incontinence sought care. Mardon et al. 3 concluded that incontinence is
common, under-diagnosed, and associated with substantial functional impairment even without
the barriers of availability and cost.
In another study regarding care-seeking and possible barriers, Ashworth and Hagan 17
attempted to discover the meaning of incontinence for 28 young and middle aged women. Their
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findings led them to conclude that incontinence is poorly treated because sufferers consider it
taboo to discuss. This perception inhibits individuals from seeking available treatment and
support.
In a third study, researchers at Tufts University's Human Nutrition Research Center on
Aging, found that most people with incontinence do not seek care. 18 Researchers reported that
only 45% of women and 22% of men who reported leakage at least once a week sought medical
intervention. Furthermore, of those who sought care, only 60% received treatment of any kind
and to a large extent, the treatment was not effective. Nearly 50% of those who sought and
received care still had problematic leakage. Barriers to seeking treatment go beyond the patient.
The researchers at Tufts University found both patient and physician reluctance to discuss the
problem. To compound the problem, even when discussed, health care providers often do not
know what treatment to suggest. The researchers concluded that the public needs to be educated
to seek care for urinary incontinence and health care providers should ensure that patients receive
appropriate care.
Continued incontinence after seeking and receiving care may be associated with the
different types of incontinence. Several types of incontinence have been identified; these include
stress, urge, mixed, functional and overflow. Stress incontinence is characterized by symptoms
of leaking urine with coughing, sneezing, laughing, or lifting. 19 Stress incontinence is often due
to laxity of supporting connective tissue from nerve injury, bearing down in childbirth, chronic
constipation, or tissue stress from obesity. Urge incontinence is characterized by a need to void,
with an inability to voluntarily suppress the urge for more than a very short time. 19 Women with
urge incontinence typically locate the toilet facilities wherever they go, in order to get to the toilet
as quickly as possible. Urge incontinence may be due to loss of neural control either centrally or
at the trigone area in the bladder. Additionally, high urinary levels of nerve growth factor and
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prostaglandins have important roles in the overactive bladder in females. 20 Mixed incontinence
exists whenever symptoms of both stress and urge incontinence were present. Diokno et al. 21
reported an incidence of 56% mixed and 27% stress urinary incontinence in women who are over
60 years of age. Functional incontinence is a mobility problem. Women with functional
incontinence are unable to walk fast enough to get to the toilet or manage their clothing adeptly
enough to avoid urine loss. Overflow incontinence is a neurological problem. Only women with
stress or urge incontinence were considered in the present dissertation.
Clearly, the study of urinary incontinence is complex and the true prevalence is unknown
despite numerous studies. What is known is that the prevalence and incidence of urinary
incontinence is expected to increase dramatically with the increasing age of the general
population.

22

The highest occurrence of urinary incontinence is at menopause 23 and in persons

over age 70. 5 As baby boomers age there will be increasing numbers of older people and
potentially increasing numbers of individuals with incontinence. Despite the fact that the exact
prevalence is difficult to determine, Swithinbank et al. 15 considered prevalence data to be
academic and not as important as determining those who will need intervention, especially in a
socialized health care system.
How do women deal with incontinence? As mentioned earlier, many women just accept
urinary incontinence not knowing treatment is available. Common responses to urinary
incontinence are reluctant acceptance, denial, and social isolation. 12 Yet among those who had
unreported urinary incontinence, half would have sought treatment if they had known that
treatment was available. 13
Three treatment approaches are available for women willing to deal actively with their
incontinence: pharmacological, surgical, and conservative treatments. Medication is a frequently
chosen approach because it is viewed by the physician as less time consuming than education and
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instruction in exercises. Patients may also consider medications as more expedient and easier
than performing exercises. 24 However, some persons cannot tolerate the pharmacological side
effects of these drugs.
Surgical treatment attempts to restore anatomical relationships. It is important to note that
anatomical correction may not cure the incontinence. Although treatment by therapeutic exercise
is a well-accepted conservative approach, 25 surgeons report that surgery is the more effective
treatment. 26 However, Weinberger et al. 27 in their yearlong study reported that non-surgical
treatment of incontinence in older women was more effective than surgery. In a one-year followup, women listed pelvic floor exercises as the most effective treatment followed by bladder
training to delay urination, and caffeine restriction.
There are several approaches to conservative treatment of urinary incontinence. These
could be exercise, exercise with electrical stimulation, exercise with biofeedback, or behavioral
counseling. Exercises typically include pelvic floor muscle contractions for short and prolonged
periods, as well as strengthening of the muscles that co-contract with the levator ani. Electrical
stimulation is used to inhibit the overactive detrusor muscle or to assist with improving pelvic
floor function. Biofeedback devices provide patients' knowledge of their performance.
Behavioral intervention is used to teach patients how to deal with incontinence by limiting
irritating food and drink in their diet, using appropriate strategies in dealing with urgency, and
bladder retraining.
Pelvic floor electrical stimulation has been used for treatment of genuine stress
incontinence for over 40 years. 28 Studies in the medical literature suggest that pelvic floor
electrical stimulation is an effective and safe therapy for women with genuine stress incontinence,
but results vary widely from study to study even with the same device. 29 •34 Improvement ranges
from 35% to 70% and cure rates range from 100%29 to 27%. 31 However, many of these studies
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were nonrandomized, uncontrolled, un-blinded trials and the investigators failed to consider the
potentially large effect of behavioral interventions, falsely considered a placebo. 35 Also, many
investigators relied only on subjective reports of incontinence with no objective outcome
measures of leakage. 36 Clinicians use pelvic floor stimulation less frequently in the United States
than in Europe partially because of the lack of controlled clinical trials and poor reimbursement.

37

Because different types of incontinence may respond differently to different treatments,
the investigators who reported lower cure rates following electrical stimulation may have
inadvertently excluded those for whom electrical stimulation may have been effective. Electrical
stimulation to the pelvic floor and surrounding structures may be indicated for one type of
incontinence and ineffective for another. Conflicting evidence of the effectiveness of various
treatments reported by some investigators may reflect a diagnostic mix among participants.
Investigators who studied people with documented urge incontinence demonstrated that electrical
stimulation was an effective treatment. Furthermore, newer studies suggest that electrical
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Statement of the Problem
The effectiveness of electrical stimulation for treatment of urge versus stress incontinence
is still uncertain because of design flaws in previous studies.
Purposes of the Study
The purposes of the study were to determine (a) whether exercise with electrical
stimulation was an effective treatment for women with incontinence, and (b) whether treatment
effectiveness varied between women with urge incontinence, versus women with stress
incontinence.
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Hypotheses
The research hypotheses for this study were as follows: First, women with urge
incontinence who received exercise with electrical stimulation, versus exercise alone, or no
treatment, would demonstrate decreased leaks, increased pelvic floor muscle strength, increased
contraction (endurance) time, and improved perceptual _outcomes compared to women with stress
incontinence. Second, women with stress incontinence who received exercise with electrical
stimulation would receive little if any increased benefit from electrical stimulation, but would
have fewer incontinence episodes and stronger pelvic floor than those who received no treatment.
Furthermore, women with stress incontinence who received exercise alone would not be worse
than those who received exercise with electrical stimulation. Lastly, women with urge
incontinence who receive exercise with electrical stimulation will have better outcome measures
compared to exercise alone and control groups.
The null hypotheses for this study were as follows: First, women with urge incontinence
who received exercise with electrical stimulation, versus exercise alone or no treatment, would
demonstrate no difference in leaks, pelvic floor strength, contraction endurance, or perceptual
outcomes compared to women with stress incontinence. Second, in women with stress
incontinence, there will be no difference in the outcome measures regardless of the treatment
applied. Lastly, in women with urge incontinence, there will be no difference in the outcome
measures regardless of the treatment applied.
Operational Definitions
The following definitions were used in this study:
Urinary incontinence is the complaint of any involuntary leakage of urine. 19
Urgency is a feeling that one must urinate with too little time to get to the toilet, often
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accompanied with frequency (urination greater than 8 times per day). It can occur with or
without incontinence. 19
Urge urinary incontinence is the complaint of involuntary leakage of urine
accompanied by, or immediately preceded by, an urgent need to urinate. 19
Stress urinary incontinence is the complaint of involuntary leakage accompanying effort,
exertion, or with sneezing or coughing. 19 Type I stress urinary incontinence indicates
hypermobility of the urethra. Type II stress urinary incontinence is a more severe form of
urethral hypermobility. Type III stress urinary incontinence is due to intrinsic sphincter
deficiency.
Mixed urinary incontinence is the complaint of involuntary leakage associated with
urgency and also with exertion, effort, sneezing or coughing. 19 For the purpose of this study,
participants with mixed urinary incontinence were classified as urge for those women who had
urodynamic testing. Subsequently, participants were classified urge or stress incontinence
according to their predominant diagnosis on the Medical, Epidemiological, and Social Aspects of
Aging (MESA) questionnaire.
Diagnosis of incontinence type is the determination of incontinence type (urge or stress)
determined by urodynamic testing or by the score on the MESA questionnaire.
Pelvic organ prolapse is descent of one or more of the following structures: anterior
vaginal wall, posterior vaginal wall, apex of the vagina (cervix/uterus), or vault ( cuff) after
hysterectomy. Absence of prolapse is defined as Stage 0. 19 Prolapse can be graded from Stage I
to Stage III as follows: (a) Stage I prolapse - protrusion in the more proximal vaginal canal, 40 (b)
Stage II prolapse - moderate organ bulge that is visible at the introitus as soon as the labia are
separated, 40 (c) Stage III prolapse - organ bulge outside the introitus, (d) Stage IV - complete
eversion of the vaginal whole length. 40
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Transvaginal electrical stimulation is the application of electrical current 19 to stimulate
the pelvic musculature and its nerve supply through a vaginally placed electrode.

41

Therapeutic exercises are exercises performed to restore and improve a patient's
musculoskeletal performance. 42 In this study, the therapeutic exercises included a regimen of
exercises that consisted of activation of the urogenital triangle muscles, anal sphincter and the
Ievator ani muscles. 43 Therapeutic exercise for this study included pelvic floor exercises for reeducation and strengthening as described by Stephenson and O'Connor44 and Knight and
Laycock. 6 Trunk exercises included pelvic stabilization as described by several authors.

45 47
-

Strengthening exercises for the muscles of the trunk, including the transversus abdominis,
multifidus, obturator internus, and hip adductors.
Behavioral counseling is the provision of advice and educational materials to patients as
an aid to coping with urinary incontinence. In this study, counseling also consisted of talking with
participants regarding the bladder diary and explaining the normal functioning of urination using
anatomical drawings.
The bladder diary is a form used to record the times of micturition, frequency of
incontinence episodes, pad usage, and other information such as fluid intake, the degree of
urgency, and the degree of incontinence. 19
Frequency of incontinent episodes is the total number of incontinent episodes in 3
consecutive days as reported on the bladder diary.
A leak is the uncontrolled loss of urine. 48
Perception of the psychosocial effects of incontinence is how well a person copes,
controls, and accepts incontinence as measured by the total score on the York Incontinence
Perceptions Scale (YIPS).

49

The scores range from 8 to 56, with the higher scores related to more

knowledge and control of the effects of incontinence.
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Pelvic floor muscle performance is pelvic floor "strength" as measured by the pressure
developed by pelvic floor muscle contraction using a perineometer and recorded in centimeters of
water column pressure. Pelvic floor muscle performance in this study is also defined as
performance during a digital manual muscle assessment in which the investigator grades the
strength of the pelvic floor muscles manually and assigns a grade from 0/5 to 5/5 according to the
Oxford scale. 40 Muscle strength is graded from O for no contraction felt to 5 for ''Normal." 19
Vaginal examination is the description of observed and palpable anatomical
abnormalities and the assessment of pelvic floor muscle function by digital examination through
the vaginal wall. 19
Body mass index (BMI) is the relationship between weight and height that is associated
with body fat and health risk. It is derived from the formula: weight in kilograms divided by
height in meters squared. "Normal" BMI lies between 20 and 25. A BMI between 25 and 30 is
considered overweight. A BMI above 30 is obese and above 40 is morbidly obese. For this study
BMI was calculated and if greater than 50, the volunteer was excluded because this extent of
obesity may be a cause of incontinence.
Assumptions
This study was conducted with the following assumptions:
1.

The participants kept their level of estrogen replacement the same for the time under
observation and treatment. If they were participating in hormone replacement, they
did not stop. If they were not participating in hormone replacement, they did not
start. The reason for keeping hormone replacement constant is that urogenital tissues
are sensitive to estrogen stimulation and therefore need to be controlled within
participants.
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2.

The participants answered the questionnaire regarding the social impact of urinary
incontinence and effectiveness of treatment in a manner that truly reflected their
opinions, rather than attempts to please the researcher. 50 •51

3.

The bladder diaries kept by the participants were accurate and kept for 3 consecutive
days as recommended by Nygaard and Holcomb. 52

4.

The participants were able to contract the pelvic floor correctly when not supervised
during their home program.
Limitations

The limitations of this study were as follows:
1. The sample was limited to women with incontinence and a BMI of 50 or less, who
were referred to a private physical therapy practice in a large metropolitan area. This
limitation prevents the generalization of findings beyond similar populations.
2.

Cross-contamination among the groups was possible. While the study was carried out
in private, some participants may have found out about others participating in this or
other studies. Furthermore, all participants were seeking treatment so those in the
control group may have changed some behavior based on the initial testing or a
general wish to become "well."

3. No follow-up data were available to determine compliance or sustainability of
results.
Significance of the Study
Estimates suggest that 40% of women aged 45 to 64 suffer from incontinence. The
incidence is even higher for women over 65. Incontinence when bothersome enough often leads
to nursing home admission as 50% to 70% of the residents in nursing homes are incontinent. 1•14
Because of demographic trends of the aging population, experts predict an increase in women
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aged 65 and older. This could be accompanied by an increased number of women with urinary
incontinence. In the future, with expected increases in longevity, women may deal with
incontinence for a longer period of time, and thus increase the cost of care. The cost of urinary
incontinence is not just economic, but also social and emotional. Ashworth and Hagan's 17
research into the psychosocial effects of incontinence led them to conclude that women will
curtail their careers and suffer economic loss, as well as psychosocial deprivation, secondary to
urinary incontinence.
Determining an effective means to treat different types of incontinence could not only
provide a better quality of life, but could also reduce the cost of health care and health
maintenance. There is a need for clinical research of conservative treatment of incontinence as
the first line of care.
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CHAPTER II
REVIEW OF THE LITERATURE
The purposes of the study were to determine (a) whether exercise with electrical
stimulation was an effective treatment for women with incontinence, and (b) whether treatment
effectiveness varied between women with urge incontinence, and women with stress
incontinence. To achieve these purposes in this chapter I examined relevant literature and
provided a theoretical framework for the study. In addition, there is a review of the relevant
anatomy of continence maintenance including the pelvic floor and urogenital structures. This will
present a basis for understanding the physiology of normal function of the continence
maintenance system. Next is a discussion of the pathophysiology underlying the theories of
urinary incontinence. The examination of the psychosocial effects of urinary incontinence
explains the suffering of women who experience incontinence and explores why most of them do
not seek treatment. The chapter concludes with a discussion of various treatments including
pelvic floor exercises, electrical stimulation, medications and anti-incontinent surgeries.
Anatomy of the Continence Maintenance System
This section provides an overview of the gross bony structures and the organs within the
pelvis including their orientation and location. The reader can appreciate the contribution of the
supporting muscles, fascia, perinea) body, the innervation, and blood supply to maintain
continence.
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The Female Bony Pelvis

Surrounding the pelvic organs, the bony pelvis protects the organs from injury and gives
shape to the lower trunk (see Figure I). The bones also provide attachments for fascia and
muscles which are described subsequently. The female pelvis accommodates pregnancy by being
wider and shallower than the male pelvis.
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Figure 1. Pelvic outlet of the female pelvis. Reprinted with permission from Elysian Editions,
Princeton Book Company, Hightstown, NJ 58
The bony pelvis can be described as a bowl that encloses the pelvic cavity. The pelvic
cavity contains the lower alimentary tract and the urogenital system. The bony structure that
surrounds the cavity consists of the 2 coxal bones (fused ilium), ischium and pubic bones that are
joined posteriorly by the sacrum, and anteriorly by the pubic symphysis. The sacrum consists of
5 fused vertebral segments. An additional 4 fused bones, the coccyx, completes the vertebral
column attached to the inferior aspect of the sacrum. The bony pelvis provides a framework to
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anchor the pelvic floor muscles which are so important to the support of the bladder and aiding in
the closure of the urethra.
Kidneys, Ureters, and Pelvic Organs

The kidneys are situated on the posterior wall of the abdomen at the level of T 12 to L3,
partially protected by ribs 11 and 12. The concave surfaces of the kidneys face the vertebral
column. Near the center of each concave surface is a notch, the hilum, through which the ureter
exits. The kidneys excrete urine through the ureters (see Figure 2). Blood and lymph vessels as
well as nerve fibers enter in the kidneys at the hilum.

-·· kidney

b]adder
-- urethra

Figure 2. Female urinary tract. Uterus is not part of the urinary tract. Reprinted with permission
from Prometheus, Dover, NH 53
The functional unit of the kidney is the nephron which filters the blood. As the filtrate
moves through the nephrons and collecting ducts, it is further processed by the addition of some
substances and the removal of useful ones such as water. The resulting concentrated liquid
amounts to about 1.5 liters of urine per day.54
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From anterior to posterior, the pelvic viscera include the urinary bladder, urethra, vagina,
uterus, and the rectum. The bladder is posterior and slightly superior to the symphysis pubis.
The ureters are muscular tubes that transmit the urine from the kidneys to the bladder. The ureters
enter the bladder on its posterior aspect near its base. The urethra exits the bladder inferiorly and
descends through the pelvic floor, often referred to as the pelvic diaphragm. The vagina is
posterior to the bladder with the uterus located superiorly. The vagina also descends behind the
urethra through the pelvic floor. Most posterior is the rectum, which also descends through the
pelvic diaphragm to end at the anus.
The bladder functions as a reservoir for the urine. Its component parts include the
trigone, apex, fund us, body and neck. On the inner surface of the bladder is the trigone, a
triangular area that lies at the same level as the entrance points of the 2 ureters. The bladder's
apex is near the symphysis pubis, the superior portion is posterior to the apex, and the fundus is
the dome of the bladder on the superior aspect of the bladder. The body and neck of the bladder
funnel into the urethra inferiorly directing urine into the urethra (see Figure 2).
Nerves and blood vessels reach the urinary bladder from the lateral pelvic walls by
passing through the subperitoneal connective tissue. The principal arteries supplying the bladder
branch from the internal iliac arteries. There are 3 such arteries, the superior and middle vesical
arteries from the umbilical arteries and the inferior vesical arteries from the vaginal arteries.
Venous blood drains from the bladder into a venous plexus near the bladder neck.
Innervation of the bladder is from the vesical nerve plexus, a continuation of the
hypogastric plexus. Stretch receptors in the bladder stimulate the visceral afferent fibers in the
plexus which respond to bladder filling. These afferent fibers follow the course of the
parasympathetic fibers. The cell bodies of the parasympathetic preganglionic fibers are in sacral
segments S2-S 4• The preganglionic fibers exit through the ventral roots and are conveyed to the
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bladder and urethra through the pelvic splanchnic nerves. 55 ' 56 Parasympathetic nerves stimulate
the bladder and relax the smooth muscles of the urethra allowing micturition.
Preganglionic sympathetic fibers arise from the lower thoracic and upper lumbar spinal
cord. The post ganglionic fibers arise from the inferior mesenteric ganglia. The sympathetic
fibers innervate alpha (a.) adrenergic receptors in the bladder neck and the urethra, inhibiting the
bladder contraction and stimulating sphincter contraction, thus favoring continence.

Muscles that Support Urinary Continence
The muscles that support urinary continence are the pelvic floor, urogenital diaphragm,
(see Figure 3) and sphincters. The pelvic floor (pelvic diaphragm) is a group of muscles that
extend from the anterior to the posterior aspect of the pelvis and fills the space between the pubic
symphysis and coccyx and the ischial tuberosities. The supporting muscles are the levator ani
and the coccygeus (ischiococcygeus) muscles. The levator ani includes the pubococcygeus, the
iliococcygeus and the puborectalis. The pubococcygeus is the largest of these muscles. It is
attached anteriorly to the visceral surface of the superior pubic ram us and the fascia of the
obturator internis muscle. The pubococcygeus is attached posteriorly to the coccyx and the
anococcygeal ligament. Some of the most medial fibers converge in the midline attaching to the
perinea} body. Some authors refer to these most medial fibers as the pubovaginalis.
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Figure 3. The pelvic diaphragm with urogenital diaphragm. Reprinted with permission from
Prometheus, Dover, NH 53
The iliococcygeus (see Figure 3) takes its origin from the ischial spine and the junction of
the tendinous arch of the pelvic fascia and the tendinous arch of the obturator intern us fascia (the
arc us tendineus ). It inserts into the anococcygeal ligament and coccyx along with the
pubococcygeus. The iliococcygeus and pubococcygeus are attached ventrally and dorsally to the
bony pelvis, forming a "levator plate" that supports the pelvic viscera.
The puborectalis (see Figure 3) is the most medial and inferior part of the levator ani and
it arises from the superior and inferior pubic rami. The 2 puborectalis muscles join together in the
midline posterior to the rectum forming a muscular sling that results in a sharp bend called the
anorectal flexure. Contraction of the puborectalis pulls the anorectal flexure forward, closing the
anal canal. The lateral portions of the levator ani have both fast twitch and slow twitch fibers that
provide postural muscle tone and the voluntary muscle control for urination and defecation.
Relaxation of these muscles widen the levator hiatus, the anal canal as well as the vesical neck for
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evacuation. The deeper portion of the levator ani has smooth muscle fibers which act
involuntarily to support the pelvic viscera and to respond to increasing intra-abdominal
pressure. 57 Interestingly, Shafic and associates 57 found no smooth muscle bundles in neonates.
They proposed that the skeletal muscles adapted histologically to the upright posture and to the
individual's increasing weight with maturation.
The pelvic floor muscles have a higher resting tone than other skeletal muscles enabling
them to provide support to the bladder, urethra, uterus, vagina, and rectum. 53 Most of the
muscles' fibers are slow twitch (70%) to provide postural holding. The rest are fast twitch fibers
which respond quickly to sudden changes in abdominal pressure on the pelvic structures. 53
Although the ischiococcygeus, also called the coccygeus, is not part of the levator ani, it
still plays an important part in pelvic rehabilitation as a stabilizer of the pelvis. It is a small
triangular muscle that originates from the ischial spine and inserts on the lower sacrum and upper
coccyx. The muscle is attached on its external surfaces to the sacrospinous ligament.
The next set of muscles that support urinary continence is the urogenital diaphragm. The
urogenital diaphragm consists of muscles on the inferior surfaces of the pelvis filling the space
between the pubic rami.
The urogenital triangle is a space bounded by the ischiopubic rami and a line between the
ischial tuberosities. As such it is a subdivision of the perineum. Within this space are the
bulbospongiosus, the ischiocavemosus and the transverse perinea! muscles. The most superficial
muscles of the urogenital triangle are the bulbospongiosus and the ischiocavemosus (see Figure
4). The bulbocavemosus has only soft tissue attachments, originating on the perinea} body and
inserting on the fascia of the corpus cavernosum. The ischiocavernosus originates on the ischial
tuberosities and inserts on the aponeurosis of the crus of the clitoris. 40 The bulbospongiosus and
the ischiocavernosus function in closing the vagina and maintaining erection of the clitoris and
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have no function in continence maintenance. 56 The transverse muscles are part of the urogenital
diaphragm discussed below.

urogenit_al triangle ·

i
/

sacrum

Figure 4. Urogenital diaphragm. Reprinted with permission from Elysian Editions, Princeton
Book Company, Hightstown, NJ 58
The urogenital triangle (see Figure 4) lies below the anterior part of the pelvic diaphragm.

It is interrupted by the urethra and the vagina. Inferior to the urogenital triangle is the anal
triangle, a space through which the rectum passes, terminating in the anus, which is the sphincter
for the rectum. The 2 triangles are separated by the perinea} body. The anal triangle (see Figure
4) is concerned with the defecation process and is not considered part of urinary continence
maintenance.
The urogenital diaphragm (see Figure 4) contains the most superficial layer of continence
control muscles and has been erroneously described as a 2-dimensional diaphragm with inferior
and superior layers with muscular sheet between them. Actually, it is a 3-dimensional
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diaphragm, consisting of a deep transverse perinea! muscle extending between the ischiopubic
rami, which separates the superficial and deep perinea} pouches. The deep perinea} pouch can
offer dynamic support for the pelvic visceral when it is well developed. 56 The deep transverse
perinea! muscle (formerly known as the deep perinea} membrane) and the superficial perineal
membrane consist of 2 small muscles which act as sphincters. These muscles provide support for
the urethra, and as sphincters they loop around the urethra. The small sphincters of the deep layer
are the urethrovaginal sphincter, and the compressor urethrae, which join the sphincter urethrae to
form the striated urethral spincter. 59 The sphincter urethrae is located in the superior 80% of the
urethra, which is above the perinea} membrane, arising on the pubic arch and inserting on the
trigonal ring. The sphincter urethrae is unique in that it has 2 portions, the fibers that are in direct
contact with the urethra are slow twitch, maintaining tonic activity and the portion on the
perimeter containing fast twitch fibers, which can respond quickly to sudden increases in
abdominal pressure, as in coughing. 60 The other 2 sphincters are below the perinea) membrane.
All are under voluntary control and constrict the urethral lumen. The urethrovaginal sphincter
arises from the vaginal wall and inserts into the ventral surface of the urethra. The urethrovaginal
sphincter compresses the ventral wall assisting the continence mechanism. The compressor
urethrae arises bilaterally from the ischiopubic ramus and inserts into the vaginal wall and also
compresses the urethral ventral wall and assists in the continence mechanism. 40 The pudenda)
nerves innervate the skeletal muscle fibers of the external sphincters.
All the muscles that support urinary continence can work effectively only when they are
securely attached by fascial ligaments. If the ligaments are stretched, the muscles alone cannot
shorten sufficiently to compress the urethra. 61 The ligaments are discussed in the next section.
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F ascial Ligaments

There are 2 layers of membranous connective tissue in the space between the peritoneum
and the muscles of the pelvic floor and walls. The parietal pelvic fascia covers the deep surfaces
of the pelvic wall and the floor muscles. The visceral pelvic fascia forms an investing layer
around the pelvic viscera. The inferior fascia! layer of the urogenital diaphragm (perinea}
membrane) is continuous with the superior fascial layer forming a single sheet anteriorly to the
urethra and posteriorly to the vagina giving tensile strength to the pelvic floor that helps support
the bladder and urethra. 40 The pubovesical and pubourethral ligaments secure the vagina to the
pubis. These ligaments are part of the parietal and visceral layers of the fascia that invest around
the pelvic organs as well as attaching the base of the bladder to the pubis.
In addition, the supportive ligaments play an important role in stabilizing the vesical
neck. The fibrous bands of the arcus tendineus and the endopelvic fascia join the levator ani on
either side of the pelvis attaching to the pubis,just lateral to the symphysis. This strong
attachment into the arc us tendineus and the levator vaginal is, a segment of the levator ani, gives
both fascia] and muscular support to the bladder and uterus. The relationship of muscle and
fascia protects the urethra from elevated, intra-abdominal pressure, such as during laughing or
coughing. The support of the fascia and the levator ani prevent the urethra from descending and
opening the hiatus when an increase in abdominal pressure presses on the bladder. Instead the
urethra is compressed against the vagina. This fascial and dynamic support prevents involuntary
loss of urine during increases in intra-abdominal pressure as in jumping or running. The urethral
fascia and muscles need this support to contract sufficiently to prevent leakage of urine.
The parietal and visceral fascial layers are continuous where the pelvic organs pass
through the pelvic diaphragm forming the tendinous arch of the pelvic fascia. This continuous
band of connective tissue attaches the base of the bladder to the pubis anteriorly (pubovesical
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ligament) and the vagina and rectum to the sacrum posteriorly (sacrogenital ligament). Between
the 2 layers of the pelvic fascia is the subperitoneal endopelvic fascia. This fascia consists of
areas of fatty connective tissue that serves as padding for the pelvic organs and areas of a more
fibrous nature that offer a degree of support for the viscera.
The ligaments are actually thickening or fibrous condensations within the fascial layers.
The pubovesical ligament extends backward from the lower part of the symphysis pubis between
the origins of the pubococcygeal muscle and inserts into the vesical neck. Lining the hiatus
through which the urethra, vagina and rectum pass is the hiatal ligament which lines the openings
in the pelvic urogenital diaphragm. The hiatal ligament arises circumferentially around the hiatal
margin as a continuation of the fascia on the pelvic surface of the levator plate (pubococcygeus
muscle). This ligament fills the space between the pubococcygeal attachment and the intrahiatal
structures (rectum, vagina and urethra). The hiatal ligament splits fanwise into multiple septa,
inserting into the vesical neck and anorectal junction and the upper vaginal end in females. 62 The
tunnel septum is the downward continuation of the fascia on the pelvic surface of the levator plate
portion of the pubococcygeus. This septum lines the inner aspect of the downward extension of
the pubococcygeus, and separates the voluntary from the involuntary components of the
intrahiatal organs.
DeLancey63 described the pubourethral ligament as distinct from the pubovesical
ligament. He stated that the pubovesical ligament is an extension of the detrusor muscle which
may assist in vesical neck opening rather than closing the urethra and is distinct from the
pubourethral ligament. The pubourethral ligament secures the vagina to the pubis providing
support to the urethra.
In addition to the support of the fascial ligaments the perinea} body is an important
structure of support. The perinea} body is considered next.
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Perinea/ Body

The perinea} body (see Figure 5) is a mass of fibromuscular tissue located between the
urogenital and the anal triangle. The perineal body is innervated by the pudenda} nerves.
Damage to this tissue in vaginal deliveries or trauma can permit prolapse of pelvic viscera and
incontinence. Stretching or tearing the pudendal nerves in labor can also lead to weakness of the
7

sphincters and perinea! body, which in tum could progress to incontinence. Some gynecologists
warn that midline episotomies can damage the perinea} body and cause incontinence later in
life. 64
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Figure 5. The perineal body. Reprinted with permission from Section on Women's Health
APT A, Elaine Wilder, ed. Arlington, VA40
The support provided by the fascia is further aided by the muscles and fascia inserting
into the perineal body. These structures include the bulbospongiosus, the external anal sphincter,
the superficial and deep transverse perineal muscles, and fibers from the levator ani. The anal
canal posteriorly and the vaginal wall anteriorly are "firmly attached" to the perineal body.
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65

The

perinea} body prevents the expansion of the urogenital hiatus and acts as a physical barrier
between the rectum and the vagina.
Support of the urogenital system depends in part on the innervation of the surrounding
fascia and muscle. The blood supply provides oxygen and nutrition for tissue maintenance.
These are considered in the next section.
Innervation and Blood Supply of the Urogenital and Pelvic Diaphragms
The superficial muscles of the urogenital triangle include ischiocavemosus,
bulbospongiosus, and superficial transverse perineal muscles. They receive their innervation
from the pudendal nerve by way of the deep branch of the perineal nerve. The external sphincters
of the urogenital triangle, including the sphincter urethrae, the urethrovaginal sphincter and the
compressor urethrae, receive their innervations from the perineal branch of the pudendal nerve

Recent dissection work by Barber and associates 66 indicates that the pelvic floor muscles
may be innervated not by the pudendal nerve as had been previously thought, but by branches of
sacral nerve roots (S 3-S 5) that travel on the superior surface of the pelvic floor. Although the
dissections were performed on fresh female cadavers that should be considered credible, the
authors felt the need for more definitive work with nerve transection or neurotracer studies. As
these studies cannot be performed on humans, the authors felt there could be some doubt. Further
studies with animals need to confirm and extend these findings.
Afferent and sympathetic fibers from the aortic and hypogastric plexi form the
uterovaginal plexus. Pain fibers travel with the sympathetic fibers from the upper part of the
uterus to lower thoracic levels while pain fibers from the cervix project to the sacral spinal cord.
The inferior gluteal artery provides blood supply for the pelvic diaphragm muscles. The internal
pudenda) artery supplies blood to the muscles of the urogenital and anal triangles, including the
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ischiocavernosus and the bulbospongiosus muscles and the erectile bodies. The uterine artery and
the vaginal arteries provide blood to their respective organs. Veins from the uterus and vagina
drain into plexi that in turn drain into the internal iliac veins.
The Physiology of the Urogenital System and Functional Considerations
of the Urinary System
This section will consider the normal functioning of the urinary system beginning with
normal micturition and continuing to the function of the pelvic floor muscles in maintaining
urinary continence. It will also describe the normal changes in physiology and function with
aging.

Micturition
Micturition (see Figure 6) consists of 2 phases, filling and emptying the urinary bladder.
Urine is constantly being produced by the kidneys. The ureters deliver a few drops every minute
to the bladder. The bladder is very compliant and expands with very little increase in pressure.
The folds of the bladder allow its expansion with no sensation until the volume reaches a critical
level, about 150 milliliters. During the filling stage the sphincters remain contracted. Fall 67 states
that the bladder and the urethra are a functional unit that works in an integrated fashion with
urethral closure/bladder relaxation or bladder contraction/urethral relaxation. In normal function,
the urinary system requires the watertight seal of a closed urethra and a relaxed urinary bladder,
no matter what forces are acting on the body. Both the relaxation of the bladder and the
constriction of the urethra are under the control of the sympathetic nervous system.
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Figure 6. Normal micturition cycle. Reprinted with permission from Prometheus, Dover, NH 53
The sympathetic nerves to the bladder are inactive during the filling phase as
parasympathetic activity inhibits the sympathetic efferents to the detrusor. As the volume of
urine increases, the stretch receptors in the bladder wall produce afferent signals that activate
several spinal reflexes through the pudenda) nerve (see Figure 7). Other afferent signals ascend
bilaterally in the dorsolateral white matter. The stimulation reaches the cerebral cortex in the
medial region of the somatosensory area and gives rise to the sensation of the bladder and
urgency. The descending neurons in the micturition center drive preganglionic pelvic neurons in
the sacral cord, resulting in the emptying phase of micturition. There is a self-sustaining aspect of
the micturition reflex. The reflex detrusor contraction generates an increased bladder pressure
and an enhanced activation of bladder mechanoreceptors. In turn, the increased bladder activity

28

reinforces the activation of the pontine micturition center and the pelvic motor output to the
bladder, resulting in further increase in bladder pressure and mechanoreceptor afferent activity.

Figure 7. Urine storage and micturition reflexes. Reprinted with permission from Prometheus,
Dover NH53

'

When the detrusor contracts, the bladder neck, the upper part of the vagina, and the
rectum stretch backwards and downwards. The levator plate also contracts pulling itself
backward as the anterior lip angles downward creating a funnel. With release from the voluntary
control centers of the brain, urine can then flow through the urethra. 26 •68 Normally micturition
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recurs 6 to 8 times a day. 1 The voluntary control of urination involves many neural loops as seen
below.
Table 1. The Nervous System Involvement by Micturition Phase.

Action Filling
Bladder (detrusor muscle) relaxed

Sympathetic alpha adrenergic fibers from the
hypogastric plexus at Tu-T 12

Internal sphincter is contracted ( closed)

Sympathetic beta adrenergic nerve influence

Pelvic floor muscles are contracted, external
sphincter is closed

Somatic fibers from fibers from SrS4

Action Emptying
Bladder (detrusor) contracts

Parasympathetic (cholinergic) nerves from
pelvic plexus at S2-S4 fire

Internal sphincter relaxes (opens)

Parasympathetic nerves inhibit the
sympathetic beta adrenergic nerves

Pelvic floor muscles relax, the external
sphincter opens

Nerve fibers from SrSs

Outlet (urethral) pressure becomes less than
the vesical pressure

Parasympathetic

Reprinted with permission from E. Wilder, ed. The Gynecological Manual. APTA Section on
Women's Health; 1997.40
As can be seen in Table 1, the micturition process requires smooth working of the
involuntary and voluntary nervous system and its muscles. The muscles of the pelvic floor play
an important part in the micturition process, which will be considered next.

Role of Pelvic Floor Muscles in Continence Maintenance
The intact system depends upon coordinated contraction of the striated and smooth
muscles of the urethra as well as the pelvic floor muscles. The striated muscles are part of the
wall of the urethra as well as the pelvic floor muscles. The urethral striated muscles contain only
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slow contracting fibers, which do not develop much force but can contract for long periods of
time without fatigue. The main function of these muscles is to close the urethra during bladder
filling phase. The pelvic floor muscles assist with urethral closure. This section will deal
primarily with the role of the pelvic floor muscles in micturition.
The pelvic floor muscles have 2 types of muscle fibers, slow sustained and fast twitch.
The slow sustained fibers make up 70% of the muscles and are adapted for endurance. During a
sudden increase in abdominal pressure such as a sneeze or lifting, the fast twitch fibers are vital to
provide a strong closing force upon the urethra. This contraction is governed by the central motor
mechanism during self-generated increases in intra-abdominal pressure, so that these muscles
contract in advance of the pressure rise. The fast twitch fibers are also promptly engaged by
pressure increases from the outside caused by a sudden push on the abdominal wall through the
vesicopuborectalis reflex. Levator ani contraction evokes the external sphincter contraction
through the levato-urethral reflex. 62 The contraction of the pelvic floor muscles in this situation
occurs after a pressure increase. A large safety margin of pressure exists as the pressure provided
by the pelvic floor muscles is much greater than the maximal detrusor or intra-abdominal
pressures in the normal system.
The pelvic floor muscles have a function only recently recognized by exercise experts.
They are part of a core of muscles that support posture of the trunk. As such, the training of the
pelvic floor muscles to participate in standing and sitting alignment is integral to postural as well
as continence programs. 69 •70 Neumann and Gi11 80 make a strong point that pelvic floor muscle
contraction must precede or be simultaneous with the transversus abdominus, and obliquus
muscles. The pelvic floor muscles act as a bulwark, preventing the increased abdominal pressure
from straining the pelvic floor fascial support.
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The performance of pelvic floor muscles changes as the person ages and this affects the
tissue's ability to function ideally. Tissue changes and particularly tissues of the urinary system
are considered next.

Age-Related Changes in Physiology and Function
Changes in the cellular structure of the fascia and muscles through the body can occur
with normal aging. These changes also affect the physiology and function of the urinary system.
Normal physiological changes in the pelvic floor also occur in response to life stages such as
childbirth and menopause. This section will address changes throughout the women's life cycle
from pregnancy to postmenopausal, and aging over 70.
During pregnancy and childbirth the cervix becomes more distensible. Sayer71
demonstrated that tissue changes following vaginal deliveries are also true of aging, i.e., variation
of fiber diameter, fibrosis, centrally located nuclei, partial denervation, re-innervation, and loss of
~ross-linked fascial tissue. These changes may reduce the feedback from the muscles to the
motor control center in the brain. 72 •73 Changes during pregnancy can cause connective tissue
fragility. The elastin breaks down by prolonged elevation of the vagina. Childbirth can also
cause strain of the collagen fibers reducing the support of the vagina to the urethra. The resulting
laxity can cause low urethral pressure and constant seepage of urine. 73
Among changes during menopause is a decrease in circulatory estrogen levels which is
often accompanied by dryness of the mucosa} tissues. This dryness reduces the mucosa} seal of
the urogenital diaphragm. Normal decrease in estrogen with aging can also result in reduced
urinary flow rate, increased urinary residual volume, higher filling pressures, reduced bladder
capacity, and lower maximal voiding pressures. 74 Drying of the vaginal tissue, noted with
itching, irritation and yeast infections are also a result of estrogen deprivation. Estrogen receptors
are in the detrusor motor area of the cortex, the limbic system septa I area, the faciliatory system
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in the thalamus, and the hypothalamus and the brainstem micturition area. Loss of estrogen in
menopause affects all these receptors, particularly the muscarinic receptors. This leads to
decreased amplitude and spontaneous rhythmic contractions of the detrusor. 74
With aging there is decreasing compliance of the cartilage, blood vessels, and skin. The
ultimate tensile strength of the urogenital collagen tissues is greatest between the ages of 10 and
29. Tissue strength decreases approximately 25% between ages 40 and 80. 75 This loss of tissue
strength with age is a biochemical change.
With reduced extensibility of tissue in older women, ligamentous tissues are more lax.
Pelvic ligament laxity is a problem for postmenopausal women with an 11.1 % risk by age 80 of
undergoing surgery for repair due to ligament laxity. Normal support of the pelvic organs
depends on the integrity of the pelvic-floor muscles, the supportive connective tissue of the
vagina and normal innervation. Lack of pelvic floor support allows a wider expansion of the
.urogenital hiatus through which the pelvic organs can bulge, that may lead to bladder, uterus, and
intestine prolapse. 76 Bladder prolapse can progress from mild (Stage I, minimal prolapse) to
complete inversion of the vagina (Stage IV, beyond the hymen). Prolapse symptoms can include
incontinence. 77 Laxity of the pubourethral ligament also leads to incontinence. When the
pubourethral ligament is not taut enough for the levator ani to pull it forward, the ligament no
longer can compress the urethra against the pubic arch to assist in urethral closing. 63
Degenerative changes in the central nervous system may affect the urinary system as can
a degenerative process in the bladder. Nevertheless, Ulmsten 78 states that causes of urinary
incontinence in the aging female are more likely to be due to defects in the function of the
urethra, the bladder base and the supportive structures of the bladder and urethra.

33

Normal physiological changes of aging can lead to dysfunction of cells and tissues in all
systems. Physiological changes as well as pathological changes, can lead to disruption in the
normal micturition process. The pathological changes will be addressed in the next section.
Pathophysiology of the Continence Maintenance System
The changes with aging as well as injury from childbirth create a background for
different types of incontinence. Laxity is a leading cause of incontinence of both stress and urge
incontinence, but for different reasons. 26 Each type of incontinence is described from the point of
view of the pathophysiology. Various theories of incontinence attempt to explain the cause in
each type.

Stress Incontinence
There are 4 basic causes of stress incontinence, inadequate connective tissue support of
the vagina, reduction of pelvic floor strength for any reason, excessive tightness or scarring in the
bladder neck, and loss of mucosa} seal of the urethra due to a decrease in estrogen. Each will be
discussed in this section.
The mechanism of stress incontinence is related to inadequate connective tissue support
of the vagina. The anterior compartment of the vagina acts as a supporting hammock to the
urethra. The attached pubococcygeal muscle contracts to stretch the hammock forward against
the pubo-urethral ligament, closing off the urethra. A striated muscle can contract only a fixed
length, so some of the muscle's contractility is expended in ironing out lax tissue. Thus, the
vaginal membrane has to be stretched a further distance in order to transmit the muscle force
acting on it. If enough stress is not reached, the vaginal hammock may not be pulled forward
enough to close the urethra. The urethra remains open and the woman will experience leakage
typical of stress incontinence.
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Damage to the collagenous insertion between vagina and pubococcygeus muscle also
prevents the pubococcygeus muscle from compressing the urethra. This damage alters the
bladder neck closure mechanism. 75 When detrusor contractions generate pressures exceeding the
urethral pressure, in combination with a closure defect of the urethra, stress incontinence results.
Laxity of suburethral or vaginal mucosa also causes incontinence with constant dampness.

81

75

Focal nerve damage can be an important cause of both urinary and fecal incontinence.
Childbirth has been listed as a possible source of nerve injury. 73 A peripheral injury to the
pudenda! nerve or stretching of the pudenda! nerve during vaginal delivery decreases the strength
of the sphincters. This type of injury occurs in .5% to 3% of all vaginal deliveries. 73 There is a
gradual return to normal continence within a few weeks, but for 16% of the women with this
problem, there is prolonged time before recovery. 73 Tearing into the perineal body with an
extension of a mid-line episiotomy disrupts the insertion of the pelvic floor muscles allowing the
pelvic floor to become lax. Another cause of incontinence is lack of sufficient pelvic floor
muscle strength. Poor muscle strength can be a result from atrophy of disuse or impaired
neuronal control. 79 It is often found with abdominal wall laxity which is related to posture. 46 '7o,so
Excessive tightness or scarring in the bladder neck zone results in the "tethered vagina
syndrome." That is, the loss of elasticity due to previous anti-incontinent surgery can cause the
pubococcygeus muscle to adhere to the levator plate. Therefore, the pubococcygeus cannot pull
the urethra into the closed position. A defective pubourethral ligament prevents the
pubococcygeus from closing the bladder. This may be the most serious cause of stress
26

incontinence because the important fulcrum function of the pubococcygeus is lost. Petros stated
that this tissue laxity could result in other symptoms including fecal soiling and a feeling of
inability to open the last part of the bowels.
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Urge Incontinence
Urge incontinence is characterized by sudden need to urinate, frequency, and urgency.
The causes of urge incontinence can be similar to stress incontinence but for different reasons.
The mechanism that allows the development of urge incontinence will be explored in this section.
Too much laxity of periurethral tissue as hormonal levels decline reduces the
effectiveness of the transmitter tissue to close the urethral and bladder neck. Laxity also reduces
structural support for the nerve endings at bladder neck. The interaction between the slow twitch
striated muscles of the pelvic floor and the brain affect the response rate. Then, the urge to void
is followed too closely by urination to allow the woman to get to the bathroom or inhibit the
micturition reflex.
Central nervous system degenerative processes can cause defective control of the lower
urinary tract as can local degenerative changes in the bladder base, urethra nerves and blood
supply. 78 Urge incontinence results when there is a reduction or loss of the inhibitory control of
the micturition reflex. During the filling phase, the full bladder stimulus is premature causing the
onset of the emptying phase before the bladder is truly full. 26 The bladder contracts almost
simultaneously with the awareness of the need to urinate so the woman cannot get to the
bathroom before leaking.
Injuries to the pelvic floor can be from childbirth. Although torn sphincters and
perineum are not a primary etiological factor in female urinary incontinence, they are a
contributing factor. Yet tearing of the pelvic floor can be serious, as Dannecker73 reported
striated muscle damage such as a torn external anal sphincter could cause paralysis of the pelvic
muscle floor and most likely result in urge incontinence. Additionally, pressure of the fetal head
could injure the motor end plate. 63 •75 A torn pubococcygeus can cause urinary incontinence, but
rarely in modern obstetrics. 75
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The mechanism of urge urinary incontinence that is similar to stress incontinence is
laxity, but incontinence occurs for a different reason. When the vaginal tissues are lax, the pelvic
muscles cannot tighten sufficiently to support the expanding volume of urine in the bladder.
Vaginal laxity may lead to premature activation of the micturition reflex. If this reflex cannot be
suppressed, then the subsequent uninhibited detrusor contraction may cause urinary urge
incontinence (bladder instability). 81 The bladder's stretch receptors fire off prematurely, at a
lower bladder volume than normal. This is expressed symptomatically as urgency, frequency,
and nocturia as well as incontinence. The urodynamics of a fall in proximal urethral pressure and
a rise in detrusor pressure occurs as it does in normal micturition, but prematurely.
Scarring from urogenital surgery can be a cause of incontinence. For instance, vaginal
scarring decreases elasticity so that forces are not transmitted, but instead are being absorbed. If
the vagina is not free to move forward, the urethra cannot close completely so incontinence
o·ccurs. 81
At one time, urge incontinence was thought to be psychosomatic. Yet, Largo-Janssen, et
82

al. found no striking differences in psychological status between urge, stress and overflow
incontinence, thereby debunking earlier opinions that urge incontinence had a psychosomatic
cause. Therefore, muscle and ligament laxity or excessive tightness of these structures as Petros
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explains with his "Integral Theory on Female Urinary Incontinence" may cause dysfunction of
the opening/closure mechanisms and for different reasons cause symptoms of stress incontinence
and urge incontinence. We can conclude, then, that both stress and urge incontinence have
physical causes but can also have psychological effects.
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Diagnostic Tests and Measures
Because stress and urge incontinence differ in their pathophysiology, it is likely that
different interventions may be required for successful treatment. Therefore, it is important to
diagnose not only whether or not incontinence exists but of which type, creating the need for
diagnostic tests. This section will review pertinent diagnostic tests and how they were developed
and used.

Urodynamic Tests
Urodynamic tests are a series of tests for bladder and urethra functions to increase
diagnostic accuracy above what can be determined by history or simple cystometric testing in the
physician's office. 83 When properly selected, urodynamic studies improve diagnostic capability
and provide the only objective functional tests of bladder and urethral function. Therefore,
urodynamic testing is considered the gold standard for urinary incontinence diagnostic purposes.
When the urologist considers surgery for his patient, he or she orders urodynamic studies to ruleout detrusor overactivity because detrusor overactivity is overlooked 25% of the time when only
history and physical examination are the basis of diagnosis. Furthermore, the presence of mixed
incontinence (stress and urge incontinence) can diminish the benefit of surgery as the woman may
continue to experience incontinence, as the surgery only addressed the stress incontinence. 84 The
urge component of mixed incontinence may be detected objectively only by urodynamic testing.
Simple urodynamic tests can be performed in the physician's office by trained personnel.

It consists only of filling the bladder through a catheter with a known amount of water or saline
and watching carefully for a quick rise of the water in the tubing indicating that the detrusor
contracted prematurely. Subtracted cystometry, on the other hand, is a highly technical
urodynamic study. It requires instrumentation and computer software to measure detrusor
pressure by simultaneously subtracting the abdominal pressure from the intravesical pressure.
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The detrusor leak point pressure is the pressure at which the patient will leak urine, so it is very
important to the diagnostic process.
Urodynamic testing is more than a single test. Other tests include the flow rate (how fast
the urine flows and for how long); urethral pressure flow profiles, the amount of pressure in the
urethra; and possibly electromyography. Therefore the tests are invasive and costly, thus putting
urodynamic testing out of range of most clinical studies and large epidemiological studies. 85

Diagnostic Questionnaires
This conflict between the high cost of urodynamic testing and the need for a diagnostic
test that can be administered affordably to large groups of people has led to the development of
diagnostic tests such as the Medical, Epidemiological and Social Aspects of Aging (MESA)
questionnaire. Developed by Herzog and Diokno, 86 the MESA questionnaire indicates which
type of incontinence is predominant for each woman. Because it is a paper and pencil test, it is
inexpensive to administer compared to urodynamic testing. In fact, the questionnaire is available
at no cost to the patient. The MESA was refined to only 6 questions for urge incontinence and 9
questions for stress incontinence so it fits into a busy clinical practice. 87 A copy of the MESA
questionnaire and its rating system can be found in the Appendix A.
Researchers are using the MESA Questionnaire because it has validity and reliability to
support its use. Diokno and others have examined the validity and reliability of the MESA
questionnaire. Early use of the MESA indicated that it had concurrent validity. There was 83%
agreement between the patient's self-reports on the questionnaire and the clinical diagnosis, using
the clinician assessment as the gold standard. 86 A prior study demonstrated that the objective
urodynamic tests could report false positive detrusor overactivity in study participants who were
continent, thereby encouraging the MESA study authors to use the clinician assessment rather
than the urodynamic testing. 87 Further, the accuracy of urodynamic testing for detrusor
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overactivity in comparison with self-reported questionnaire was 72%, and for stress incontinence
was 69%. 86
Diokno and co-researchers88 demonstrated that there was predictive validity for
differentiating stress from urge incontinence. When the study participant indicated that her
problem occurred frequently as compared to rarely, it gave the clinician an indication of the
severity of the problem. Hence the questionnaire uses the categories of never, rarely, sometimes,
and often to allow a numerical representation of the frequency (severity) of her problem. These
differences were significant statistically at P=0.005 (mild vs. moderate) to P<0.001 (mild vs.
moderate vs. severe). In another study, Diokno et al. 89 used the MESA questionnaire pre- and
post-test to assess the effectiveness of treatment rather than the number of leaks or frequency of
bathroom visits. The MESA questionnaire was also used to determine whether it could predict
the onset of urge incontinence de novo following bladder neck suspension. They reported that if
a score of 12 were accepted as the cut off point to predict clinically significant postoperative urge
incontinence, the sensitivity and specificity of prediction of urge incontinence de novo following
surgery to correct stress incontinence, would have been 88%. The Diokno team concluded the
MESA instrument had the potential of helping surgeons predict and counsel patients who may
need further treatment after surgery.
Raza-Khan et al. 90 reported that the MESA was more successful in identifying prenatal
and postpartum incontinence than any other currently known questionnaire. They found that
almost 70% of their racially diverse population of postpartum women had stress or mixed
incontinence, most of them had incontinence when tested antenatally. Thus, the MESA could
predict those who would need counseling postpartum regarding incontinence.
Mahajan and co-researchers91 subsequently tested the reliability of the MESA
questionnaire with a test-retest within 1 hour for each new patient referred to their center (n= I 00).
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The Kappa value for agreement was 0.7 (P<.0001). However, 12 patients would have been
classified differently after the second test by a change in the way they assigned a number value to
the effect the symptoms have on their lives. The authors concluded the MESA questionnaire is a
useful screening tool for urinary incontinence symptoms. The reliability of a questionnaire to
determine incontinence diagnosis will depend on development of a level or cutoff score above
which indicates a diagnosis of stress and another which indicates urge. Until 2002, such a score
had not been established. However, there is now a cut off value for urge incontinence of 12 on
the urge component of the MESA questionnaire.
Further, Howden' s92 study revealed that the question "Does coughing hard cause you to
lose urine?" on the MESA questionnaire had the highest correlation to a positive stress
incontinence. Therefore, if a busy clinician had only time for one question to screen for stress
incontinence, the most common type, this would be the question to ask. If the participant says
"yes," then the MESA questionnaire would be ideal for this purpose as urodynamic tests are not
suited for large-scale research or nonsurgical interventions.
A detailed questionnaire to establish type of urinary incontinence such as Bergman's 6493

item questionnaire provided a mean positive predictive value of 80%. Bergman and Bader

pointed out that 19 of 97 women categorized as genuine stress incontinence by history, had urge
incontinence by urodynamic testing. Fourteen of the women who were categorized as urge
incontinence by history, actually had unstable urethra or bladder. The authors concluded that
questionnaires have predictive value of 80% for genuine stress incontinence and 25% for urge
incontinence. This may also be true of the MESA, but it was not mentioned in the literature on
the MESA.
For the purposes of this study, urodynamic testing was attempted, but found too
expensive for the potential participants. Subsequent participants after the first 10 took the MESA
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Questionnaire which categorized the participants into stress or urge incontinence by their
predominant symptoms. Had women been classified with urge incontinence by the cut off point
of a score of 12, more women would have been classified as urge in this study. This literature
was not available at the time the study was designed, therefore the original criteria were used i.e.,
predominant symptoms. It is likely that women with stress incontinence will be correctly
diagnosed as such but women with urge incontinence may be underrepresented.
The Consequences of Incontinence
An estimated 33% of community living women over 65 have incontinence. 94 Despite the
commonness of this condition, most women do not discuss its frustrating effects with others. The
next section will review the physical and financial effects as well as the psychosocial sequelae of
incontinence.

Physical Effects of Urinary Incontinence
The physical effects of urinary incontinence extend beyond the obvious urine leakage.
Ashworth 17 mentioned that women with incontinence hate their lower body and cover it with
overly full clothing to avoid offending others with the urinary odor. Because they hated their
lower body, these women also inhibited sexual desire. Women with incontinence may use pads
and diapers to avoid soiled clothing. This practice may leave skin irritated and raw. They
despise the damp feeling and go to the bathroom often to dry the perineum.

Financial Effects
Further consequences of urinary incontinence involve cost. The latest figures available
(2000) indicate that the total cost of incontinence in the United States is estimated at $19.3
billion. 95 Wilson 96 in 2001 reported $26.3 billion overall with $12.4 billion as direct costs for
women and $3 .8 billion for men. Hu and associates95 reported some overlapping expenses of
overactive bladder with urinary incontinence which was unavoidable. The decrease in costs
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between 1995 and 2000 could be that Hu used estimates that are more conservative; the length of
stay in hospitals had declined and nursing home stays were over reported in the first study. Both
studies attempted to take into consideration lost productivity, which Hu et al. estimated as 1 to 3. 7
hours/week. Wilson et al. reported that 69% of the expenses for women were for those living in
the community. Expenses for those women in institutions were higher per individual ($15 /day)
but represented only 31 % of total costs because there are fewer women in institutional care.
Costs for older women are twice that of younger women. 96
The cost to the individual includes the direct costs of incontinent pads, costs of physician
visits, medications, surgeries, hospitalization and convalescence. In 1996, the Agency for Health
Care Policy and Research (since 1999, the Agency for Health Care, Research and Quality)
estimated that the annual costs for caring for people with urinary incontinence were $11.2 billion
for those living in the community and $5.2 billion in institution. Sadly, most of this expenditure
was in managing the symptoms with pads and diapers rather than treatment. 97 Medicare's costs
for managing incontinence has increased due to the increasing number of women needing
services. 98 There is no estimation of the cost of pre-mature retirement due to embarrassing
incontinence. The next section will further describe the psychosocial inventories.

Psychosocial Effects of Urinary Incontinence
One cannot put a price on the emotional cost of incontinence. The psychosocial effects
of incontinence can be the most costly. These effects carry with them considerable social,
psychological, and financial implications. Ashworth and Hagen 17 sought to describe how women
with incontinence felt about themselves using grounded theory. Grounded theory is used in
qualitative research in which empirically collected data are categorized to build a general theory
that fits the data. 99 Ashworth and Hagan initially sought 40 women from newspaper
advertisements because discussion of incontinence was embarrassing. Subsequently, 28 women,
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aged 25 to 55, participated in the interviews that were recorded and analyzed to establish the
central meaning of what was said, for instance "they hated their body," "they felt it was their own
fault," "they assumed it could be expected from having babies," and "they worried that the odor
offended other people."
Consequences of having to contend with incontinence are more than inconvenience.
Ashworth and Hagan 17 reported that their interviews of women with urinary incontinence
revealed that the women were depressed. The women limited their social involvement and
reduced the overall quality of their life. Their urgency ran their lives. Sexual function became
less desirable, as the incontinent women despise their genitals. 17 Loss of sexual desire and ability
to achieve orgasm is particularly true for those women with overactive bladder. The participants
related that they gave up or restricted certain household chores, church attendance, shopping,
traveling, vacations, physical recreation, entertainment events outside the home, and hobbies.
Women with incontinence located the ladies room in every facility they frequented to be sure
they could get to it in a hurry. They coped through social isolation. 12 Those women, interviewed
by Ashworth and Hagan, had the impression that their incontinence was not a legitimate
condition, which inhibited their discussing it with a support group or physician. Incontinence
meant loss of self-control causing loss of self-esteem. Incontinence has a negative effect on selfconcept and promotes self-hatred. Relationships with others may also be negatively affected.
Coyne, et al. 100 examined this effect of incontinence by a qualitative study of focus groups of
continent and incontinent women. The author recounted that one third of the women with
overactive bladder would not discuss the sexual issue with the doctor, but all complained about
the depressing effect that urgency and urge incontinence had on their sexual life. Huang et al. 101
concur. Their participants, who were ethnically diverse women, reported higher emphasis on
quality of life issues if they had nighttime incontinence, coital incontinence or co-morbid fecal
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incontinence. Even if the women had health care available to them, the treatment seeking activity
was low across all groups.
Several other authors 12 •17 •102 have examined the psychosocial consequences of
incontinence. They found that most incontinent women reacted to their incontinence with apathy,
making only half-hearted attempts to deal with the problem or tottered back and forth about doing
something constructive about their incontinence, but never quite doing anything. They described
themselves as feeling horribly unique and worrying that the incontinence was their own fault.
Their apathy prevented them from conceiving a rational plan for dealing with the problem or
seeking treatment and following a regimen, which would enhance control. They felt restrained
from talking about incontinence with someone as close as their sex partner. As in Ashworth and
Hagan's study, the women hated their bodies, particularly the lower half. Sufferers felt that they
might be reprimanded for their incontinence and as such avoiding telling their physician or
physical therapist. The participants told the researchers that their life no longer had spontaneity,
as they had to plan all activities to be sure that a toilet was near. 17 The authors concluded that
incontinence is poorly addressed because sufferers consider it taboo to discuss. This perception
inhibits individuals from seeking treatment and support.
Urinary incontinence affects use of women's time as well. Women who had incontinence
reported less time walking, gardening, and cleaning the house than women who were continent
but more time watching television, doing arts and crafts and sewing. In summary, 103 incontinent
women were more likely to be inactive. Additionally, urinary incontinence can deny independent
living for older women. Although the women could manage in their own homes, when
incontinence became a problem, they were more likely to have to choose institutional living.
More recently, Lieberman et al. 104 reported on the psychosocial effects of an overactive
bladder. They concluded that individuals with an overactive bladder experienced a decrease in
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quality of life relative to the controls that lived in the same community. Those with urge
incontinence differed from those who had stress incontinence by their scores on the perception of
their health and role functioning rather than their psychological symptoms. Because those
individuals who had urgency but no incontinence had a lower mental health score, the authors
concluded that individuals with overactive bladder who were not incontinent also had a poorer
quality of life than the controls.
Several researchers have noted a relationship between presence of incontinence and
psychosocial well-being. Diokno et al. 105 noted in their study of elderly women surveyed in
Michigan that the continent had significantly higher well-being scores than the incontinent. The
relationship of psychological distress among the survey's respondents showed a statistically
significant and systematic effect of urinary incontinence varying with its severity. Psychological
well-~eing declined with increasing incontinence severity. Less severely incontinent or continent
women had greater life satisfaction, less depression and more positive affect. Conversely,
Kujansuu 106 reported the urodynamic test results and the scores on the Incontinence Impact
Questionnaire, developed by Wyman and colleagues 107 did not correlate, indicating that
participants with incontinence tolerated their symptoms well. Lee and associates 108 examined the
physical and the psychosocial aspects of urinary incontinence from the perspective of the patients
as well as the physicians. Their results showed that the participants placed more satisfaction in
improvement in psychological and social aspects than the medical staff did. A summary of an
earlier study by Firra et al. presented by poster at the Annual Meeting of the Texas Physical
Therapy Association (October, 2002) also found that the participants had greater understanding of
their condition and had a greater sense of improvement than the scores of pelvic floor strength
and decrease in urinary leaks would have warranted.
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Herzog and associates 109 reported that, in over 1900 community-dwelling women with
urinary incontinence, incontinence did not contribute to a 6-year death rate, yet it did cause
embarrassment, and was a socially debilitating condition. Hence, incontinence may not increase
women's mortality, it did cause social, emotional, and financial distress.
But the medical community had little to alleviate women's physical and social
dysfunction. Treatment seeking activity of women is repressed by their embarrassment and not
encouraged by their doctors. Diokno et al. 105 conducted a survey to determine the extent to which
women with incontinence have been identified by physicians. They determined that almost half
of the women found incontinence bothersome but only half of them talked to a physician about
their incontinence. Those who talked to their physicians about their incontinence brought up the
problem themselves. Nearly half of the women in a primary care doctor's office have
experienced urinary incontinence in the past month, yet only a minority has sought help
according to data gathered by researchers in Cardiff, United Kingdom. 110 The author, Shaw 110
commented that the unexpressed need in this group deserves a more proactive approach to
continence management by the medical community. A study of treatment seeking activities of
ethnically diverse older women concluded that such action was low across all ethnic groups, even
though treatment was available. 101 In a similar study of European women from 15 countries,
ethnicity made a difference in the coping mechanism that an incontinent woman will use.
Southern European women were more passive but over a third of women from Denmark, Norway
and Sweden played an active role in coping with incontinence. 111
A survey of individuals with overactive bladder found that they were less treatmentseeking than those who had incontinence of another kind and more likely to use non-medical
management strategies. 112 Robinson et al. 113 conducted a descriptive study of the impact of
incontinence on the quality of life using the Incontinence Impact Questionnaire (IIU) and the
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Urogenital Distress Inventory (UDI). The authors described the IIU and the UDI as standard
questionnaires for determining the impact of incontinence on a person's life. The question which
was the best predictor of the participant's responses to their quality of life measures was "Do you
consider this accidental loss of urine a problem that interferes with your day-to-day activities or
bothers you in other ways?" The authors advised physicians that they can identify easily which
patients will benefit from intervention by using these inventories, but if time is limited, this one
question will determine the ones who most need treatment and direction. As Lee et al. 49
mentioned, unless the psychological impact of incontinence is detected and treated, the treatment
is only half done.
Measuring Aspects of Urinary Incontinence
With potentially debilitating consequences of urinary incontinence, it is important to
know the severity. By knowing the participant's baseline severity in the various aspects of
urinary incontinence, we can determine whether our attempt to alleviate the problems has
succeeded and to what extent. Thus, there is a need for valid and reliable tests to measure
different aspects of urinary incontinence. This section will review pertinent tests and how they
were developed and used. We will start with qualitative and quantitative tests for pelvic floor
muscle strength followed by functional measures.

Pelvic Floor Muscle Strength
Evaluation of the strength of the pelvic floor cannot be evaluated directly by any of the 4
available methods: manually, with a perineometer, electromyogram (EMG), or
ultrasonography. 114 Yet these methods are widely used to estimate the strength of the pelvic floor
muscles. These methods to measure pelvic floor strength are briefly described in this section as
each contributes a unique understanding of pelvic floor's ability to contract.
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Digital examination. Digital examination of the pelvic floor is palpation of the pelvic
floor muscles with one or 2 fingers intravaginally to assess the amount of pressure an active
contraction of the muscles can exert on the fingers. Kershan-Schindl et al. 115 considered digital
examination as an essential part of pelvic floor muscle evaluation. They rated digital examination
highest in reliability, with the Peritron as second, but ability to hold vaginal cones during a brisk
walk was rated poorly. The digital examination was reproducible in all of the 3 7 participants.
Isherwood and Rane 116 compared vaginal palpation measures of those obtained using a
"perineometer" with an arbitrary scale of I to 12. They found a high kappa value of. 73. Bo and
Sherburn agreed, 212 concluding that the pelvic floor lift was most reliably tested with palpation
and that all other measures of muscle function were better tested with EMG.
The results from studies evaluating intra-tester and inter-tester reliability of vaginal
palpation strength measurements are conflicting. 118 Isherwood and Ranell 6 found high inter-tester
reliability, whereas Jeyaseelan et al. 117 concluded that inter-tester reliability should not be
assumed and needs to be established when 2 or more clinicians are involved in pretreatment and
post-treatment assessment. ll 8 Similarly, Laycock and Jerwood 119 found agreement between
testers in only 45% and 47% of the tested cases, respectively, using Laycock's modified Oxford
scale. Investigators have compared vaginal palpation and vaginal squeeze pressure using a
pressure manometer.
Laycock and Jerwood 119 described the "PERFECT" approach to evaluating the pelvic
floor muscles as a system that organizes the gathering of pelvic floor data. They substantiated the
approach with measures of reliability and validity as well. PERFECT stands for P=Power or
pressure; E=endurance; R=repetitions; F=fast contractions and ECT=every contraction timed.
The researchers described the position for testing for standardization purposes: the woman lies
supine with head elevated, hips flexed and abducted and knees bent. The clinician monitors the
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pelvic floor muscles by placing the index finger and the long finger in the vagina at a depth of 4
to 6 cm and positioned at 4:00 and 8:00 simultaneously.
Vaginal examination can detect common mistakes women make in attempting to contract
the pelvic floor muscles, such as, contracting the abdominals with expiration, or combining
abdominal contraction with gluteus maximus. The physical therapist can correct the performance
of the patient who bears down instead of drawing upward. Excessive bearing down can give a
falsely high perineometer reading.
The digital evaluation of PFM pressure is easy to do and is a valuable aid in training the
participant. Pioneering in the area of pelvic floor dysfunction, Kegel 120 developed a technique to
assess pelvic floor muscles activity. He devised a dynamometer, with a sensor which could be
placed in the vagina which his patients used while doing a squeezing contraction of the pelvic
floor muscles. Though Kegel's development of this technique was only to determine if the
woman could contract the pelvic floor correctly, vaginal palpation can be adapted to perform
manual muscle testing of the pelvic floor.
Manual Muscle Testing
Because pelvic floor strength cannot be tested directly, we must consider that the manual
muscle test is a less objective test of muscle strength. Nevertheless, manual muscle testing is
considered the most sensitive test. 119•121 This is particularly true for physical therapists that are
trained in palpation skills. My background of over 50 years in physical therapy, much of it in
spine and pelvic dysfunction, has been an excellent preparation for me to work in women's health
and in particular the pelvic floor over the past 10 years. Laycock and Jerwood's guide to manual
muscle testing gives physical therapists a criteria for numerical grades as seen in Table 2.
Validity of digital muscle testing includes the relationship of the perceived strength and
the amount of urine loss. Brink et al. 122 found that the greater the loss of urine measured from
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dampness of the panty to puddles on the floor, the lower the digital muscle strength score (n =
314, P = < .02) for lateral pressure on the palpating finger and <.001 for anterior-posterior
pressure on the palpating finger. Those women who could not stop a midstream urine flow had a
significantly lower muscle test score (n = 293, P = < .001). The authors found that age was
inversely related to pelvic floor strength, that the older the participant, the lower the manual
muscle test score (n

= 317, r = .18, P < .01), which is not a surprising finding as general strength

decreases occur after 45 and particularly after 60.
Laycock and Jerwood 119 recognized that there is a subjective element to evaluating the
strength of a pelvic floor muscle and that there is a learning curve to become proficient.
Nevertheless, they demonstrated inter-examiner reliability with 2 examiners independently
assessing 10 incontinent women with the order of examination randomized (r=.94 7 and
P=<0.001). Test-retest reliability was demonstrated by re-testing 20 women 2 to 5 weeks apart

(r=.929 and P=<0.001). The authors performed 2 validity studies. The first study measured
perinea! lift in centimeters during a maximal voluntary contraction with a thin plastic rod inserted
into the distal 5 cm of the vagina with a ruler lain next to it to measure perinea} lift. The second
study compared the digitally assessed power and endurance in seconds with a sophisticated
perineometer measurement 2 minutes later (r=.786 for muscle power and r=.549 for endurance
measured in seconds the contraction was held). The researchers claimed that the agreement
between digital examination and perineometer values gives evidence of validity.
Laycock and Jerwood's II9 guide to manual muscle testing gives criteria for numerical
grades as seen in the following table.
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Table 2. Modified Oxford Scale for Pelvic Muscle Assessment

0

Nil

No discernible pelvic floor muscle (PFM).

Flicker

Feels like a flicker or a pulsation and represents
a ve weak contraction.
Weak contraction is detected as an increase in
muscle tension without any discernible lift or
tightening.

2

Weak

3

Moderate

A moderate contraction characterized by a lifting
of the posterior vaginal wall, tightening around
the examiner's finger (pubovisceralis) and
drawing in of the perineum. A grade 3, as well
as a grade 4 and 5 contraction is generally
discernible on visual erineal u liftin .
4
Good
Produces elevation of the posterior vaginal wall
against resistance (applied as pressure to the
posterior vaginal wall) and drawing in of the
perineum. If 2 fingers (index and middle) are
placed laterally in the vagina and separated, a
grade 4 contraction can squeeze them together
a ainst resistance.
5
Strong
Strong resistance can be applied to the elevation
of the posterior vaginal wall; the examining
finger is squeezed and drawn into the vagina
(like a hun
bah suckin a fin er).
Reprinted with permission from Prometheus, Dover, NH

Perineometer
A perineometer is an instrument to grade the amount of pressure generated in the vaginal
or anal canal, it is an indirect measure of pelvic floor muscle strength . It consists of a manometer
connected by a flexible tube to a vaginal sensor. Kegel 123 invented one of the first
perineometers, an air pressure type, as a motivating pressure biofeedback. His intent was to
restore a connection between contractions of a weak and atrophied pubococcygeus and the
woman's ability to see the numbers change on the unit. It was a simple device which he
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constructed himself to make it inexpensive enough that any woman who needed it could afford it.
It had a drawback in that it was uncomfortable, but it worked. Perineometers used today are

comfortable, reliable and safe, as each participant has her own sensor. The results of a study by
Peschers et al. 114 questioned the perineometer's ability to demonstrate pelvic muscle activity, but
Kershan-Schindl and coworkers 115 rated the perineometer second only to digital examination in
reliability.
In the United States several brands of perineometers are available. One such instrument
is the Peritron 9200, which was developed in Australia and distributed in the United States by
Rehab Solutions of Irvine, CA (see Appendix B). Similar to other perineometers, the Peritron
operates as a non-latex tube inserted into the vagina that responds to pressure of the pelvic floor
muscles with measurements reported in centimeters of water pressure (cm H 20). Three measures
are displayed by the unit, peak pressure, average pressure and the number of seconds a
contraction held pressures over 5 cm of water pressure. The 5 cm H20 pressure criteria is
appropriate as the Peritron probe requires the equivalent of 3 to 6 cm of water pressure to deform
the sheath.
The manufacturer of the Peritron 115 •124 describes the instrument as 95% accurate to± I cm
of water. Probe to probe deformation pressure varies from the mean by .4 to .6 cm of water. The
reading on the Peritron is less than the actual pressure generated by the participant, but because
this is a systematic error, this error has no relevance for use with test and retest data.
The pressure sensor in the display unit is responsive to pressure applied to the vaginal
sensor. When the woman contracts the pelvic floor muscles, air is pushed out of the vaginal
sensor along the tube connecting to the display unit. The microprocessor in the unit interprets the
signal from the sensor and displays the peak and average pressure as well as the number of
seconds the woman holds the contraction. For research purposes a collar on the external portion
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of the probe controls the depth of the insertion of the sensor. Silicone rubber covers the probe for
comfort to the woman and also prevents any allergic response. 125
The Peritron allows the use of ratio numbers, with

azero point and whole numbers

displayed on the monitor, related to the amount of pressure squeezed around it by the pelvic floor
muscles, which is an indirect measure of muscle strength. The vaginal sensor is comfortable to
the participant and is latex-free. It is appropriate for all adult women who are not concerned for
maintaining an intact hymen, but contra-indicated for women who have vaginal stenosis, or
painful perineum. It is widely used for research in Australia, United States and Europe. 115•116' 126
Researchers have demonstrated the validity and reliably of the Peritron in several studies.
Clinical studies on 350 postpartum women, aged 16 to 42 years, conducted by Chiarelli 127 found
that Peritron scores correlated well to manual muscle test scores, but because there was no clear
cut-off point of the Peritron measurements for each strength measurement on the Oxford scale (0
to 5), the researcher did not publish her findings.
Bo and Frinkenhagan 118 found that the comparison of the intensity of the vaginal squeeze
as measured by the Oxford scale and a vaginal balloon that measured in centimeters of H 20
column pressure similar to the Peritron could not differentiate among weak, moderate, good or
strong contractions. The participants were 20 female physical therapy students ( age range 21 to
37) some of whom had symptoms of incontinence. Morin 128 also demonstrated that digital
palpation did not correspond with measurement with a vaginally inserted dynamometer, a devise
for measuring mechanical power that works similarly to a perineometer.
In a reliability study performed at the University of Vienna, the investigators examined 4
simple ways to measure pelvic floor muscle strength. 115 The digital test was the most
reproducible, but because the digital test does not yield ratio data, the next most effective
instrument was the Peritron. Measures of pelvic floor muscle performance using the Peritron
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demonstrated test-retest reliability with a high ICC ( .97) for comparing the 3 repeated measures
of each of the 4 methods in a sample of37 women, aged 54 to 70 in this study. 115
The Peritron had high intra-rater reliability with the Brink Muscle Strength Scale as well.
The Brink Scale highly correlated with the maximum pressure and the scale's total score ·
indicating that these 2 measurement instruments have similar levels of reproducibility. The Brink
scale differs from the Oxford scale as it measures in 3 areas: maximum pressure, the extent that
the woman can pull the examining finger upward in the vagina, and duration of contraction in 4
levels. 129
Firra and colleagues conducted a pilot study to determine the intra-, inter-, and test-retest
reliability in a convenience sample of 30 healthy women (mean age= 35.1, sd = 16.5). The
participants were retested 1 to 2 weeks later. The results appear below.
Table 3. Peritron Intra-rater, Inter-rater, and Test-Retest Reliability (n = 30)

Inter 1 (ICC2,1)

.92

.94

Inter 2 (I CC2, 1)

.98

.98

Intra-(ICC3,1)

.97

.94

T-R (ICC3,t)

.77

.72

Note. Inter 1 = correlations between the principal investigator and # 1 co-researcher. Inter 2 =
correlations between principal investigator and with #2 co-researcher. Intra = correlations with
self. T-R = test-retest correlations.

Furthermore, Firra et al. calculated the minimal detectable change (MDC) of the Peritron
method for measuring pelvic floor muscle performance (MDC)= 19.6 for the quick flicks and
21.9 for the sustained contraction which was summarized in a poster presentation at the Annual
Meeting of the Texas Physical Therapy Association (October, 2004). The results show that the
Peritron procedures demonstrated exceJlent intra- and inter-rater reliability with healthy women.
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The minimal detectable change values were fairly large, however. The test-retest had moderate
intra- and inter-rater reliability.
Isherwood and Rane 116 examined the validity of the PFX perineometer, (Cardio Design
Pty Ltd, Baulkham Hills, NSW, Australia) which is the patient model of the Peritron used in this
study, as their gold standard. They categorized their 278 participants into parous and nulliparous
groups in their randomized, blinded study. When parity was taken into account, there was high
agreement between digital assessment of pelvic floor strength and the PFX perineometer. This
demonstrated that the Peritron had face validity with a Kappa value of. 73 and a 95% confidence
interval of .67 to .79 indicating substantial agreement between the digital examination and the
perineometer. Until this publication, there was no documentation recognized by the International
Continence Society that addressed a comparison of 2 methods of measuring pelvic floor
contraction strength. 130

Ultrasonography
Although physical therapists widely use Laycock's PERFECT grading system for
pelvic floor muscle strength, a recent study encouraged using ultrasound as a more accurate
means of grading hiatal narrowing. Dietz, et al. 131 and Sherburn, et al. 132 compared the Oxford
grading scale with a 3-dimension ultrasound observation of hiatal narrowing and found that the 2
methods were only weakly associated. They concluded that palpation of the pubococcygeus
muscle correlates poorly with 3 dimension pelvic floor ultrasound imaging for the assessment of
muscular defects.
Because ultrasound imaging is too expensive for most physical therapy clinics, using
sonography is not a practical evaluation tool at this time. Comparing the ultrasound diagnostic
test with the Oxford grading system may not be valid either as the ultrasound images movement
of the pelvic floor but the palpation of the pelvic floor force is a qualitative measure. However,
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as clinical sonography units become more affordable, physical therapists could use them
effectively for neuromuscular re-education of the pelvic floor, transverses abdominus and oblique
internis muscles which the participant can view simultaneously during contraction.
Motor learning principles may be more important than muscle strength alone. Sapsford, 46
70

Kotarinos, Mattiasson, 179 Theofrastous, 186 and Bo236 theorized that more than pelvic floor
strengthening is occurring with pelvic floor treatment. Essentially, neural control may be the
reason for better urinary control. Physical therapists then need to use motor ]earning principles as
well as strengthening in their treatment plans. Physiologists recommend training to increase fast
twitch fibers to quicken the response of the medial fibers of the puborectalis (pubovaginalis) to
prevent urine leaks.

237

But this is difficult to measure directly and would have to be assumed by

improvement in functional measures.

Functional Measures
Bladder diary. A 3-Day Bladder Control Diary (see Appendix C) a11ows the participant
to share with the researcher her 3-day symptoms of incontinence. This is an objective recording
of the woman's current experience related to incontinence and urination, which usually includes
number of leaks and frequency of urination (the number of trips to the toilet) over a period of
time. In addition, other data may include number of pad changes and incidence of urge.
Additionally, the participant records what was happening at the time of leak that may have caused
it. The amount of fluid consumed is also important. This information can be used for patient
education, giving the woman the information she needs to regain continence. In this study only
number of leaks and frequency of urination were used for data analysis.
Nygaard and Holcomb 52 demonstrated that the bladder diary is a reproducible outcome
measure in women with stress incontinence. They found that the first 3 days of a 7-day voiding
diary correlated well with the last 4 days, suggesting that a 3-day diary is an appropriate outcome .
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measure for clinical trials evaluating treatment for stress incontinence. The International
Continence Society recommends a bladder diary of at least 3 days. The 3-day bladder diary
reduces the participant's paper work from 7 days to 3 days but yields the same information. The
Prometheus Company developed and published the 3-Day Bladder Control Diary form used in
this study.

Quality of life measures. Lee et al. 108 admonished that treatment of incontinence is far
from complete when it is focused on treatment of the physical problem and not its psychosocial
implications. Because the psychosocial effects of incontinence are as important as the physical
effects, several tests have been developed to reveal the intensity of the person's psychological
handicap, and also as a measure of improvement as a result of treatment. Psychological
questionnaires augment objective measurements of the effect of treatment for urinary
incontinence such as the pad test and the urodynamic investigation.
Authors of incontinence studies frequently use condition-specific health related quality of
life instruments to measure the impact of incontinence on the individual. These inventories cover
such areas as sleep, sexual activity, effects on family, and restriction of social activities. The
surveys rate the women's concern for leakage or restriction of their participation in social
activities. Several paper and pencil questionnaires are available for clinical and research use
including: the Incontinence Impact Questionnaire (IIQ), the Urogenital Distress Inventory (UDI),
the Social Activity Index (SAi), the Leakage Index (LI), and the York Incontinence Perception
Scale (YIPS). The quality of life measures attempt to determine the degree to which incontinence
is bothersome to the individual.
The IIQ and the UDI are well adapted to research but too long for busy practitioners.
Robinson et al. 113 used the short form of these 2 instruments with community living women to
determine if a much shorter survey would be as sensitive. The short form was considered
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sensitive to identify urinary incontinence and therefore useful in clinical practice to assess the
presence and the impact of urinary incontinence on the participant. These short form tests were
not subjected to reliability and validity statistical testing, however. For these reasons, these
instruments were not appropriate for this study.
Bo 102 developed 2 tests: the Social Activity Index (SAi), containing 9 items, and the
Leakage Index (LI) that contains 13 items. Participants indicated on a visual analogue scale
(Leakage Index) their ability to perform 13 activities known to provoke urinary leakage on a 5point scale, 1=never to S=always. A social activity instrument listed activities frequently
mentioned as problems for women with urinary incontinence to participate. These activities were
also rated on the 5-point scale on the visual analogue scale.
Bo conducted reproducibility testing on these 2 instruments, finding that the results
obtained were reproducible and the instruments gave detailed information about how women
perceived their stress urinary incontinence. Fourteen women with urodynamically proven stress
urinary incontinence with an age range of 18 to 56 participated in the study. They were also
participants in a weekly class for incontinence and performed a daily home exercise program. Bo
mentioned that the test/retest had to be done an hour apart to prevent the beneficial effects of the
exercise from affecting the scores being measured. Bo recognized that the time interval may have
been too short and the individual could have memorized the answers. There was no indication of
this however.
Lee and associates49 developed the York Incontinence Perception Scale (YIPS) to
measure the psychosocial aspects of urinary incontinence and its management based on the theory
of control and understanding (see Appendix D). The theory of control and understanding deals
with giving information based on facts about a condition enabling the sufferer to use the facts to
better accept or tolerate their condition, in this case, incontinence. Their sample of 10 I
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incontinent women with a mean age of 67.4 (SD =15.0) with a range from 29 to 98. Thirty-seven
percent had stress incontinence and 3 7% had urge incontinence, the remainder had mixed
incontinence. The women were asked to keep a 24-hour bladder diary pre- and post-treatment to
monitor the daily number of incontinence episodes. The development of this scale was based on
open-ended questioning of the impact of incontinence on the physical and psychosocial
functioning of persons with urinary incontinence. 108 Lee and associates tested the YIPS for
internal consistency and validity.
The 26-item IIQ was administered prior to intervention, because the YIPS questionnaire
was not yet available. The Cronbach alpha indicated that the 8-item YIPS described the same
psychological aspect as the 26-item IIQ. The Aides to Living Scale, a measure of functional
abilities and the IIQ were inter-correlated at the beginning of the study. The 8-item YIPS was
administered at the end of intervention time as was the IIQ. Lee et al.'s49 conclusion that reduced
number of leaks reported on the bladder diary was negatively correlated with the YIPS score.
This indicated that a decrease in incontinence episodes was associated with a more positive
psychosocial status on the YIPS. Positive adjustment on the YIPS was correlated with lower
frequency of incontinence (r =.44) and self-ratings of improvement in amount of leakage (r =.60),
and improved continence status (r =.38). At the end of the 25-week intervention plan, the IIQ
and YIPS were again administered. A high score on the IIQ and low score on the YIPS indicated
a more negative impact of urinary incontinence. The pattern of correlations between the YIPS
and the other indexes of urinary incontinence was similar for both treatment and control group.
Those who participated in the treatment group had a higher YIPS score with more positive
adjustment to their incontinence which was concordant with their decrease in leakage (F [1, 91]
=6.95, P >.0 l ), indicating a significant interaction. The YIPS had a high internal consistency (a.
=.78).49
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The YIPS questionnaire sought to measure how a woman felt about herself when she had
no control over incontinence as compared to how she felt after treatment. This quality of life
questionnaire has the advantage of being standardized for women who are aged 29 to 98 (mean
age, 67.4 years); having education from elementary school to college; being brief with only 8
items; and can be quickly completed and scored. The scores have a negative correlation with
reduction in the number of leaks, that is, the lower the number of leaks, the higher the scores.

108

Self ratings of improvement in control of incontinence were positively correlated with the
scores. 108
Lee and associates49 based the YIPS on the cognitive social learning theory of control and
well-being recognizing the impact that incontinence has for a woman. The effect that
incontinence has on a woman and her family is critical information for the clinician in order to
treat the patient successfully. Given sufficient information, the incontinent woman is able to
accept/tolerate her condition.
A theoretical distinction contributing to the development of the YIPS was that each
disease is best understood not only for its underlying physical components but also for its
personal burden on the individual. 49 This assumption is supported when it can be demonstrated
that there is an association between the physical and the psychosocial aspects of the disease. The
YIPS scores support the supposition that YIPS is assessing a psychosocial component of urinary
incontinence. The YIPS has concurrent validity because the frequency of the urinary
incontinence episodes is negatively correlated to the YIPS score. 49 The discriminate validity is
demonstrated by the differences between YIPS scores for treatment and control groups after
treatment. 49 The treatment group reported fewer episodes of incontinence relative to the control
group. The YIPS had convergent validity because of its complementary relationship with the
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IIQ. 49 The YIPS measured knowledge, adjustment and personal control over incontinence,
whereas the IIQ measured the effect of incontinence on one's ability to engage in activities such
as cooking, cleaning the house, doing the laundry, visiting friends and traveling. 49 The face
validity of the YIPS was determined in an earlier study asking participants attending a continence
clinic to identify the psychosocial consequences of their incontinence. 108
The range of scores on YIPS is large, giving evidence that it is sensitive to differences in
continence status between those receiving an effective treatment from those not receiving such
treatment. In Lee et al.' s study, the YIPS was not ready to be given as a pre-test, therefore there
was no evidence about either the test-retest reliability or the sensitivity of the YIPS to change.
This was considered a weakness of this instrument that needs to be addressed in future studies.

49

Because the brevity of the YIPS (8 items), it is participant friendly and has both reliability and
validity, therefore ideal for my study.
Lee, Reid, and associates49 deduced from their research that the psychosocial impact of
incontinence is even more important to the person with incontinence than the physical effects.
The physical therapists who treat women with incontinence can measure the patients'
improvement in self esteem by using a short form questionnaire such as the YIPS for women
prior to starting intervention and again at discharge. Therefore, the reliability of the YIPS is
important. 49
Summary
As illustrated in this section, there are many ways to measure different aspects of urinary
incontinence and there is a consistent outcome measure to determine effectiveness of the various
treatments. In general, outcome measures focus on pelvic floor strength and functional outcome
measures, such as the 3-day Bladder Diary, alone or in combination. In more recent years,
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researchers added quality of life measures. Once the problem was defined, the next step was to
plan a treatment approach.
Treatment of Urinary Incontinence
This segment of the literature review is divided into 2 parts; medical management and
conservative management. Medical management includes medication, surgery, and surgical
alternatives. Conservative management is typically used by physical therapists and includes
behavioral training, exercise and electrical stimulation.

Medical Management of Urinary Incontinence
Pharmacological management of urinary incontinence. The urethra is a high pressure
conduit, and the bladder is a low pressure reservoir. Medications attempt to maintain this
relationship. Any change in the bladder's ability to store urine and/or the urethra's ability to
remain closed can cause genuine stress incontinence, detrusor overactivity, or overflow
incontinence.
Medications for incontinence attempt to mimic the physiologic effects of anti-cholinergic
stimulation. Anti-cholinergic medication counters the cholinergic effect of urethral relaxation
thereby maintaining the sympathetic effect of urethral contraction to prevent leakage. As
continence depends upon a pressure relationship between the relaxation of the wall of the bladder
and contraction of the urethra, the sympathetic effect is desired. Therefore, stimulation of alpha
(a) receptors within the urethral smooth muscle causes constriction of the bladder neck, whereas

stimulation of the beta (13) receptors in the bladder allows relaxation of the detrusor. Because the
urethra has predominant a receptors, the adrenergic activity is urethral constriction. Detrusor
relaxation, which is necessary for storage during normal filling, is stimulated by adrenergic
neurotransmitters, whereas bladder contraction is under the influence of the parasympathetic
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muscarinic receptors, which allows for micturition. Maintenance of intravesical pressure at a
steady state requires adrenergic stimulation to predominate over cholinergic. However, medical
therapy for intrinsic sphincter deficiency with the use of a adrenergic stimulation has not been
supported by studies. An adrenergic stimulation has been found helpful in mild incontinence but
not in moderate to severe incontinence. Use of adrenergic medications has potentially serious
side effects including blood pressure elevation, insomnia, anxiety, headache, tremor, weakness,
palpitation, cardiac arrhythmias, and respiratory difficulties. 24 Enough adrenergic medication to
reduce detrusor activity would be toxic to the ciliary muscles; therefore, adrenergic medication is
not tolerable for detrusor relaxation.
The alternate, therefore is to use anticholinergic medication, which increases the capacity
o'f the bladder by relaxing the bladder smooth muscle. Though not approved by the Food and
Drug Administration (FDA) for this purpose, Oxybutynin, an anti-cholinergic drug, is widely
used for urge incontinence. It is prescribed for patients with neurogenic bladder patients and for
those patients with urge incontinence. There are several studies that support the effectiveness of
this drug. 133 Also prescribed for urge incontinence is Hyoscyamine sulfate (Levibid, Cytospaz)
but this is contraindicated for those patients who have obstructive bladder disease. Physicians
prescribe tricyclic antidepressants such as imipramine pamoate (Tofranil-PM) for nighttime
incontinence and urge incontinence. Other useful tricyclic antidepressants that potentially may be
useful are Doxepin, Sinequan, Norpramin and Pamelor.
Alpha adrenergic agonists (e.g., phenylpropanolamine hydrochloride and
pseudoephedrine hydrochloride) stimulate sites in the nervous system that respond to the
chemical norepinephrine. The women, who suffer from forms of stress incontinence, which
requires increased muscle tone and urethral resistance, benefit from these frequently prescribed
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drugs. Other a adrenergic agonists that include ephedrine and epinephrine have systemic effects
such as hypertension, tachycardia and arrhythmia and are not usually used for incontinence.
Anti-muscarinic drugs are the first-line treatment for overactive bladder, but they are
non-specific for the bladder and have drying side effects, such as dry eyes, dry mouth, and
constipation.

134

A frequently prescribed drug of this type is Tolterodine Tartrate (Detro I) that

blocks nerve receptors that respond to the chemical muscarine. Both bladder contraction and
salivation are controlled by muscarinic receptors. Detro I can reduce symptoms of urinary
frequency or urgency, and is also useful to treat bladder overactivity and urge incontinence.
Kripke 135 noted in her review of the literature that although anitcholinergics were effective in
reducing leaks, 33% of the women could not tolerate the dry mouth oftolterodine (Detro I) and
oxybutynin (Ditropan). They were advised to suck on sugar-free lozenges and sip small amounts
of water so that they would not be hyper-hydrated which made them more likely to have
increased incontinence. 136 Nevertheless, side effects of dryness of the mouth and constipation
kept compliance rate low. Kafri and coworkers 133 research demonstrated that women in the
medical management treatment group had significantly more side effects than those women in the
rehabilitation with exercise group. Further, those women in the medical management treatment
group continued to deteriorate to baseline after the trial was over, but the women in the
rehabilitation groups continued to improve.
Estrogen therapy was thought to enhance continence in postmenopausal women, as it
increases the maximal urethral pressure and urethral mucosa! seal effect. A Cochrane review
suggests that estrogen could be useful as treatment for urge incontinence, but dosage,
administration, and duration of use have not been verified. 137 However, the Women's Health
Initiative found no support for the use of oral estrogen for urge incontinence.

138

Because of the

dangers of oral estrogen replacement, topical application has been investigated particularly for
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vaginal atrophy as a result of estrogen depletion. Such atrophy can go unnoticed until the
symptoms include incontinence. Vaginal cream has a lower estrogen dose than oral estrogen and,
because it acts locally, it does not have the effect of uterine wall proliferation and does not require
a counter of progestin or progesterone. 74 Clinical practice guidelines of the Canadian Joint
Commission of Clinical Practice Gynaecology and Urogynaecology, Society of Obstetricians and
Gynaecologists recommends local hormone replacement, an estrogen cream, the estradiolcontaining vaginal ring, or estradiol-containing tablets for vaginal atrophy, but not directly for the
treatment of incontinence. Grady 139 in a 4-year study, involving 2,763 women, found that
symptoms of incontinence worsened in 39% of women who received hormone replacement
therapy as compared with 27% who did not receive the hormone replacement therapy. For some
elderly women, the addition of oral estradiol medication caused an increase in urinary tract
infections, but neither vaginal creams nor the estradiol ring caused urinary incontinence. 140
Side effects of medication can limit its use, 141 i.e., anti-cholinergic medications can cause
hallucinations and memory loss in the elderly. Conversely, medication can cause incontinence by
interfering with the physiologic control. A list of drugs and some of their side effects follows.
Table 4. Drugs that Affect Urinary Incontinence and Selected Side Effects

• Diuretics
•
•
•
•
•
•

• Increased intravesical pressure
excess urine production
• Incomplete bladder emptying
• Detrusor overactivity
• Detrusor overactivity
• Decreased urethral pressure
• Decreased urethral pressure
• Indirect effects, i.e., cough, which
may cause urine leaks
• Constipation, which may increase
urine leaks
• Sedation, su

Anticholinergics, i.e., Oxybutynin
Antiparkinsonism agents
Beta Blockers
Valium, Antihypertensives
Thoridazine
ACE inhibitors

• Iron, narcotics
• Alcohol, sedatives
Note. ACE = Angiotensin converting enzyme
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Pharmacological management has been compared to electrical stimulation, behavioral
techniques and exercise for effective control of urinary incontinence. Comparing electrical
stimulation to medication, Kulseng-Henssen and associates 68 found that Oxybutynin had a more
impressive effect on maximum cystometric capacity than electrical stimulation. But the
downside of the drug was that it had a high rate of side effects. The authors found apparent
improvement in urinary control with the maximal electrical stimulation (MES), though not as
high a rating on the maximum cystometric capacity. Despite the absent side effects of MES, the
authors decided to adopt medical management.
Pharmacologic treatment of incontinence has the advantage over a behavioral approach in
that it requires very little effort on the part of the patient and physicians believe that prescribing
medications requires less of their time. Contrary to this belief, Burgio, and colleagues 142 found
that more time with the clinician was necessary when prescribing drugs. Burgio et al. compared
biofeedback-assisted pelvic floor exercise to drug treatment, with experimental groups and
control groups. The control group received the same clinician time but consumed placebo
capsules. The biofeedback assisted treatment improved continence by 80. 7%. The Oxybutynin
group also improved but fewer participants responded as well, only 68.5%. The study
documented that these patients had many follow-up visits with the clinician to adjust the drug
dosage. The control group also saw improvement in continence, but by only 39.4%. These
patients also required visits to the clinician to adjust their "medication."
Further, physicians are advised against prescribing anti-cholenergic medication for older
patients because such medication can exacerbate blurred vision, urinary retention, somnolence
and confusion. 143 As older people tend to suffer more from constipation, glaucoma,
gastrointestinal disease, and urinary retention, anti-cholinergic medication can intensify their
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discomfort. The pharmacological approach for control of incontinence has its downside, so that
other approaches should be considered. There are surgical strategies to treat stress incontinence.
However, surgery for urge incontinence is not a first line treatment as urge incontinence tends to
return following surgery. The surgical approaches are considered next.

Surgery management of urinary incontinence. Surgery attempts to restore anatomical
relationships, such as lifting the uterus off the bladder and supporting it in different ways. This
section will briefly review these strategies and comment on their benefits and disadvantages. To
date, there is no consensus on the treatment of intrinsic sphincteric deficiency and various
surgical procedures are being used. 60 The pathophysiology of urinary incontinence in female
patients is still controversial, but intrinsic sphincteric deficiency is a prime suspect. History and
clinical examination will usually detect the presence of intrinsic sphincteric deficiency. Haab et
al. 60 stated that the pubovaginal sling procedure still represents the most widely accepted
treatment to correct intrinsic sphincteric deficiency. DeLancey61 '63 demonstrated that the
endopelvic fascia and anterior vaginal wall gains structural stability through a lateral attachment
to the arcus tendineus fascia and levator ani muscle. Usually the urethra responds to increased
abdominal pressure by compressing against the supportive suburethral arcus tendineus fascia and
levator ani muscle. When this suburethral layer is altered, the urethra and bladder base are no
longer well supported. A defect in the suburethral layer interferes with the transmission of intraabdominal pressure to the urethra. This condition can lead to descent of the bladder base and
urethra in response to increase in abdominal pressure (Type II stress incontinence), with
hypermobility of the urethra. 60 ' 84 Not all women who demonstrate this physiological condition
are incontinent, however. Haab et al. 60 warned that correction of urethral deficiency increases the
risk of outlet obstruction. To correct the bladder outlet deficit, Haab et al. 60 listed several surgical
solutions. The treatment of choice is correcting sphincteric deficiency without creating outlet
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obstruction. Outlet obstruction would result in permanent urinary retention or refractory detrusor
overactivity. A voiding outlet obstruction is best using a sling harvested from the body, such as
the rectus fascia, the fascia lata, or the vaginal wall. Other sources of tissue for the sling include
animal and synthetic sources. Sling material can be harvested from bovine fascia and porcine
dermis. However, synthetic sources are no longer FDA approved. The disadvantage of the sling
procedure is obstruction if the sling is attached too high or too tight, making spontaneous
urination impossible. Falconer 144 reported that follow-up studies on the mersilene sling
demonstrated that there were inflammatory reactions in the paraurethral tissue 2 years after the
surgery. Kaum's 145 experiment demonstrated that tension-free vaginal tape (TVT) placed at
midurethra mimics the pubourethral ligaments. By using metal clips and strings, the surgeons
attached the tape at the midurethra so that they could observe by radiographs that the tape slipped
to the proximal third of the urethra where it could kink the urethra, contributing to urinary
retention.
Another surgical technique was developed to prevent this retention, by using 6 points of
lateral attachment of the sling, which cured 94% of the patients. Kohli and associates
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described the tension-free vaginal tape surgical approach for stress incontinence as a minimally
invasive technique, which has a low level of postoperative complications of bladder injury (less
than 1% ), and infection (due to use of anti-biotics and a plastic sheath to protect the tape from
contamination). Debate over the approaches for correction of stress incontinence continues
however. The suburethral sling can be used for either intrinsic sphincteric deficiency or for
urethral hypermobility, which is supported by outcome data, but critics state that the suburethral
sling procedure has a high rate of postoperative voiding dysfunction.

24

A prospective, randomized trial of tension-free and colposuspension surgery for stress
incontinence concluded that each had its drawbacks and advantages. Both groups showed
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significant differences in urinary symptoms at 6 months, but there was no significant difference
between the 2 groups. The vaginal tape group had more operative complications than the
colposuspension tape group, largely due to injury to the bladder and vagina. However, the
colposuspension group had longer operation times, greater blood loss, higher analgesic
requirements, greater postoperative complications and more catheterization problems. 147 Azam
and associates 148 conducted a prospective study of effects of the tension-free vaginal for women
who failed previous surgeries. Despite bladder puncture in 15 of 67 women, they claimed a cure
rate of 81 % at 12 months post surgery, cure meaning no leakage with provocation, better than
75% improvement in symptoms, improvement in quality of life scores, and the participant's
declaration of satisfaction in the procedure. The authors quote Black et al., 149 however, that the
cure rate may be far less than reported long-term.
The artificial sphincter is a more invasive surgical procedure that fits a cuff around the
urethra. This has been more helpful for men than women. It is indicated for women who have a
stable bladder, weak or absent detrusor contraction during voiding and a supported but
incompetent urethra. For women the cuff must be attached around the proximal urethra. A
complication that develops with women is urethral erosion. Women who have this procedure are
warned that they may not achieve continence and must be able to perform intermittent clean
catheterization. If they are not willing to do catheterization, they should not have this surgery.
In order to maintain continence, Haab and coworkers60 listed 3 requirements: urethral
closure with a mucosal seal, a competent bladder neck, and a functional urethral sphincter. Each
mechanism contributes about a third of the closure pressure at rest. McGuire and Woodside
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stated that closure of the bladder neck and proximal urethra is essential to maintain continence,
and the bladder neck and the urethra are more important to continence than the external
sphincteric mechanism. Other studies have shown that women, who are nulliparous and have no
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symptoms, may have open bladder necks, making McGuire and Woodside's statement
controversial. While surgery can restore anatomical relations, there are still concerns with
surgery as a first line treatment. For instance, the mesh material used in the repair can erode and
irritate tissues. Rezaporm 151 charged that newer surgeries are performed before being adequately
tested and therefore disadvantages to the procedures do not surface for several years. Further, the
FDA allows companies to bypass clinical testing of new surgical products by claiming
"substantial equivalency" to existing products. These products may not perform long-term as
intended, requiring removal. Rezaporm 151 further asserts that physicians are pressured to learn
the new surgeries and apply them to their patients when they may not be appropriate to an
individual. That is, studies have shown that the popular TVT is not appropriate for women over
70, or for those women who have an immobile urethra and urethral resting pressure below 10 cm

There are other negative findings including bladder perforation, 152 in 6% of surgeries;
post surgical voiding difficulties 152 in 4% of surgeries; entrapment of the ilioinguinal nerve after a
TVT procedure; potential of hemorrhage of the venous plexus 153 or laceration of the external iliac
vessels 154 in the retropubic area. Surgical correction of the stress component of mixed
incontinence could still allow the urge component to become apparent with incontinence de
novo. 155 Wilson et al. 156 found that the women who were most likely to fail at exercise regimen
were those who had had previous failed anti-incontinence surgery because of scarring.
Although the cure rate for surgical patients is listed as 73% to 100%, the results of longterm follow- up studies are less encouraging with cure rates from 43% to 60%. Yalcin et al.
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found that both the subjective and the objective cure rates of surgical treatments were
significantly higher than results of Kegel exercises in patients with Type II anatomic stress
incontinence. As a result, they recommended pelvic floor exercise for Type I stress incontinence
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(mild hypermobility), but sling suspension surgery for Type II anatomic stress incontinence
(moderate urethral hypermobility). Type III incontinence (intrinsic urethral dysfunction) was
characterized by more severe urine loss than Type I and II. Yalcin et al. 36 recommended partial
obstruction of the bladder neck as did Haab et al.

60

In a review of the literature by Black and Downs 149 the success rate claimed by surgery is
viewed in a more critical manner. Of the 943 studies, only 11 were randomized, controlled
studies. The evidence for cure was weak. Additionally, surgery may later affect pelvic floor
muscle re-education, as Wilson et al.
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demonstrated. Until more randomized, controlled studies

support the clear benefit of surgery, Black and Downs 149 recommend that a conservative approach
be tried first.

Less invasive surgical alternates. Less invasive medical techniques include paraurethral
injections to restore bulk to the surrounding tissues. Takahashi 157 injected 3 groups of SpragueDawley rats with fibroblast growth factor in the urethral sphincter, 1 group received 0% mcg, the
other two 50 and 200 mcg. Vascular density increased significantly in the latter 2 groups and
restored the denervated sphincter. In humans, injections of collagen had been tried to support the
hyper-flexible tissue, but with varying degrees of success with a median return of incontinence in
23 months.
Synthetic materials, used for increasing bulk in the urethral tissues, have a 14%
complication rate with fistulas developing. In 2006, Lose 158 investigated on the safety of using a
transurethral injection of a homogenous, highly biocompatible substance for control of stress
incontinence. There was a high degree of treatment related adverse events in 16 of 17 women,
including urinary infection and urinary retention. Nevertheless, 8 of the women were
subjectively dry and 9 improved, giving some hope that with refinement, this could be a useful
procedure for incontinence.
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Durasphere® EXP is another injectable bulking agent composed of pyrolytic carbon
coated beads suspended in a water-based carrier gel and is intended for treatment of stress
incontinence. Use in the Continence Center at Virginia Mason Medical Center, Seattle, WA, was
successful according to its co-director Dr. Kathleen Kobashi. Its manufacturer made it available
in June, 2007. As yet, no research statistics have been reported. 159
Another medical approach that involves less invasive surgery is the use of intra-urethral
devices. The adjustable continence therapy (ACT) device requires minimal surgery in which 2
adjustable balloons are implanted on each side of a patient's urethra. The surgery takes about 20
minutes and is reversible. In clinical testing, 160 women with stress incontinence reported
significant continence improvement one year from the implantation. 159

Physical Therapy Management of Urinary Incontinence
Behavioral techniques. Behavioral techniques have the advantage of being non-invasive.
A well known behavioral technique is the pudenda} lock (the "knack") technique to inhibit
bladder overactivity. Other life-style adjustments such as limiting fluid intake to½ the
participant's weight in pounds expressed in ounces, that is, a woman weighing 120 pounds needs
only 60 ounces of fluids a day. Avoiding caffeine and other diuretics are effective ways to
diminish leakage. Adjusting ACE-Inhibitor medication and smoking cessation reduces coughing,
a frequent cause of leaking. Managing constipation can also reduce urethral pressure.
Giving individuals with urinary incontinence an effective program of control would
return spontaneity, and allow them the confidence to pursue activities related to work or leisure.
Ashworth and Hagan 17 recommended that an effective way for the health professional to deal with
incontinence is with the acceptance of consensus information ("information that treats a problem
as well understood and common complaint"). 17
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Wyman 107 commented that the enthusiasm given by physical therapists in treating women
with incontinence effectively gave them hope. She stated that a large part of the treatment
success might have been as much from the effects of the assurance and support as the treatment
itself.
Hope is important to buffer distress and support coping. Research by Bunston and
colleagues 160 sought to develop a connection between hope and social and psychological
functioning. They found that patients who felt in control of their environment were more likely
to be hopeful and able to deal with difficulties that need resolution. Another strong factor in
sustaining hopefulness was that of social support. Normally, as the need grows greater, the social
support grows, but as shown in Ashworth's study of patients with incontinence, the patients
thought it was taboo to discuss urine leaks, thereby effectively cutting them off from social
support. 17 Ashworth and Hagan stated that the interviewees used denial as a coping mechanism.

17

Recognizing the psychosocial contribution to the isolation and helpless feeling about
incontinence is the first step to treatment. However, the flagship of conservative care is exercise.
This approach to treatment is in the field of physical therapy. Evidence for its success abounds in
the literature. It is considered next.

Exercise. Pelvic floor exercises were first described by Kegel in 1948. He designed the
exercise of pelvic floor contraction to strengthen the muscles that support the uterus, bladder and ,
urethra and reported on the effectiveness of exercises in decreasing urinary incontinence with his
patients. 161 The literature reports that pelvic floor exercise is an inexpensive method of treating
urinary incontinence, and there are no side effects except for temporary muscle soreness;
therefore, it is safe. 6•36 •51 •162 •163 The theoretical basis of the physical modalities such as
biofeedback and exercise is that facilitation and strengthening of the pelvic floor muscles may
improve efficiency of the sphincteric action around the urethra and support the pelvic organs. A
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strong contraction of the pelvic floor muscles will control the pressure rise in the urethra by
clamping the urethra as it is pressed against the pubic symphysis. Additionally, the pelvic floor
muscle contraction in response to a rise in intra-abdominal pressure may prevent urethral descent.
Pelvic floor muscle training should result in hypertrophy of the muscles, increasing the external
mechanical pressure on the urethra and improving the structural support for the pelvic organs. 35
The success rate of exercise varies by the report of the researcher. Kegel estimated that
he had an 80% to 90% success rate. Yalcin et al. 36 discounted Kegel's estimate. The high
success rate is tempered by lack of report on the types and severity of incontinence, ages, parities
and the menopausal status of the patients, which would affect the results of the treatments. Many
of the studies only included patient report of success and no objective data. Further, Yale in et al.
reported that the surgery cure rate of over 90% is far greater than the cure rate for reported pelvic
floor exercise by Kegel. Yalcin et al. compared the response of 121 patients who had
urodynamically diagnosed Type II anatomic stress incontinence to either surgery or conservative
approach with pelvic floor exercises. After eliminating a) those with urinary fistula; b)
diverticula in the genitourinary tract; c) involuntary detrusor contraction detected by cystometry;
d) urine loss more than 1 gram during one-hour pad test; and e) urine leakage simultaneously with
stress during stress test, there were 98 participants remaining. Twenty-seven had a modified
Pereyra operation (a modified urethral suspension procedure); 24 had a Burch operation (a
colposuspension); the remaining 47 individuals did pelvic floor muscle (PFM) exercises. The
results of the comparison of the surgical group and the PFM exercise group were dramatic. The
surgery group had a 90.2% objective cure rate and 94.1 subjective cure rate, compared to 8.5
objective cure rates and 14.9% subjective cure rate for the exercise group.
Although surgery claims a higher cure rate than pelvic floor exercise, the exercise group
had no adverse effects. The surgery group had a 21.6% complication rate including 3 urinary
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infections, 4 with bladder overactivity, 2 wound infections and 2 cases of urinary retention due to
excessive elevation of bladder neck, 1 of whom had to have the suspension sutures removed.

36

Other researchers6' 51 •162 •164 have shown even better improvement rates using the Kegel
pelvic floor exercises than the Yalcin study. Bo 162 demonstrated a 60% improvement rate in an
exercise group that did intense exercise once a week under supervision as compared to another
exercise group that worked only at home.
Long-term follow-up studies had encouraging data for the benefits of exercise in
incontinence. Cammu and coworkers 51 reported on 52 women who had received pelvic floor
training 10 years previously. Of the 45 who replied to a postal questionnaire, 53% were still
r~porting successful control of urinary incontinence. He reports that among those who had
success 10 years previously and continued to do the pelvic floor exercises, there was a 76%
improvement rate. Even those who practiced only occasionally had a 55% improvement rate that
indicated that even intermittent exercise is more effective than no exercise. Moruitsen et al.
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followed their study participants for one year after the 3-month treatment period reporting a 4 7%
improvement rate overall. Those with mild incontinence symptoms had a 72% improvement.
Those who had more severe incontinence and who did not benefit from exercise with immediate
relief, did not improve with continued exercise. Those who received hormone replacement and
were of normal weight had better improvement rates than those who did not receive hormone
replacement or were obese.
6

Knight and colleagues reported an 80% improvement rate in an exercise and
biofeedback group after 6 months of treatment. The improvement rate increased slightly to 85%
at the end of 12 months. This improvement rate was higher than another group that received only
low-level electrical stimulation.
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Several authors have concluded that the most successful exercise programs were
51 163 165 166
• • •

conducted in the clinic with the skillful guidance of an experienced therapist-coach. 6 •

The importance of the instruction and guidance of the therapist is also apparent in the dropout
rate, which is greater in home exercise groups. 6•166•167
Because exercise regimens were not standardized, the International Continence Society 19
could not express a recommendation regarding pelvic floor exercises. Mouritsen's 163 study
however, concluded that at least 50% of the individuals with genuine stress incontinence who
were referred to surgery could have avoided surgery with an exercise program, and therefore
pelvic floor exercise should be a first line treatment.
The pelvic floor exercise programs described in recent literature had some similarities.
The initial instruction is usually in pelvic anatomy. The ability to perform pelvic floor contraction
is confirmed by intravaginal palpation for muscle tension. A perineometer or a biofeedback
device assesses muscle pressure or electrical activity. Examples of different exercise regimens
follow:
Mouritsen 163 conducted a study with a 3 month exercise program. An experienced
physical therapist led the exercises consisting of weekly group sessions in the hospital, each 45
minutes. It included individual instruction in pelvic floor exercises, vaginal self-palpation to
reinforce the correct muscle contraction, and functional activities such as lifting techniques. Each
participant had a home program, but it was not described.
In Bo's 162 clinic, women also met for 45 minutes of group exercises, but these exercises
were not described. Participants also performed 8 to 12 pelvic floor muscle contractions daily. In
addition, the participants had a home program that they were expected to do daily.
Wyman et al. 166 had the participants do a graded exercise regimen designed to strengthen
types I and II muscle fibers found in the pelvic floor. The participants were instructed to do 5 fast
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(3 seconds) contractions and 10 sustained (10 seconds) contractions twice a day. Sustained
contractions were increased each week by 10 contractions so that by the third week a total of 10
fast and 40 sustained contractions were performed daily. This continued for 6 weeks under
supervision and 6 further weeks at home with weekly telephone calls to encourage continuing the
effort.
Dougherty et al. 165 used a novel approach to assure a quick contraction. Her participants
trained to contract the pelvic floor with a burst of energy at the sound of a bell, and release the
contraction at the sound of a second tone. Participants had training in relaxation techniques and
were instructed to relax completely for 15 seconds before the next contraction. Dougherty's
e~ercise regimen used 5 principles of exercise physiology in its design: (a) training and testing
was for the same activity, (b) training was on a regular basis, (c) the assessment interval of 4
weeks was long enough for training to have an effect, (d) endurance was developed through
repeated, sustained ( 10 second) contractions for slow twitch fibers, and (e) initiating a contraction
with intense effort elicits fast twitch fibers. 165
The pelvic muscle exercise began with sessions requiring 15 repetitions of a 10-second
contraction of the pelvic muscles. Ten repetitions were added every week, resulting in 45
repetitions during week 4. An audio-cassette tape recording provided the tone to begin and
release the contraction on a standardized timed basis. 165
Other researchers have used exercise regimens that included the use of weighted
. .
d .ma stu dy reported by De 11 as an d D rewe, 168 8 were precones. I68 ' 169 T wenty women part1c1pate
menopausal and 12 women were post-menopausal. The postmenopausal women received
estrogen cream to avoid vaginal dryness and irritation. Both groups completed 6 weeks of
vaginal cone training. By cystometric measurement, 10 patients were cured. The cone therapy
allowed a graded resistance, with the cone replaced by the next heavier cone as the pelvic floor
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muscles grew stronger. The cone therapy was more successful with pre-menopausal women and
with women who had pre-treatment measurement with a high maximal urethral closure pressure.
Cones of light (20g) to moderate weight (100g) were proposed by Plevnick 170 to give the
woman sensory feedback and improve pelvic floor contraction by contracting the pelvic floor
muscles to hold the weights in place. A subsequent investigation found that the decrease in wet
pad weight or the decrease in urinary incontinence was not substantially better than for those who
performed the exercises alone. Cones can be a helpful adjunct to pelvic floor exercises. 171 A
comparison of pelvic floor function using vaginal cones, vaginal digital palpation and
perineometer pressure sensors found that the palpation scores and the pressure scores during
active contraction were statistically better in continent than incontinent women. There was poor
correlation between the measurement of vaginal cones and digital pressure and vaginal cones and
urethral pressure among incontinent women. The author found that some women with weak
pelvic floors could still retain the cone, because the cone was held transversely in the vagina. For
that reason, he did not recommend using the vaginal retention of a cone as a measure because it
can be misleading.
Knight6 emphasized the need for individualized instruction in a pelvic floor exercise
regimen for each participant. The pelvic floor muscle strength was scored by palpation of a
voluntary contraction on the examiner's middle and index fingers. The participant was asked to
hold the contraction for up to 10-seconds with a 4-second rest between each contraction. The
number of repetitions was recorded. The participant was then asked to perform repeated fast
contractions, up to a maximum of I 0. A person with a weak pelvic floor was given a program
with fewer contractions and a longer rest time.
Several researchers considered combined exercise with biofeedback very effective but
this was controversial. Wyman 166 claimed that biofeedback did not add much to the program.
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Her findings were that immediately after the conclusion of the 3-month training period, the
biofeedback with exercise group made the most improvement. However, over the next several
months the difference between the exercise alone group and the biofeedback with exercise group
blurred. The author concluded that biofeedback made the woman more aware of the pelvic floor
muscles, but without further practice over the next several months, there was little to no
advantage of adding biofeedback to exercise. A later meta-analysis of the literature demonstrated
there was a trend to indicate that biofeedback might be an important adjunct to pelvic floor
muscle training but because none of the studies reported an objective measurement that indicated
that the biofeedback with exercise was superior to exercise alone, no statistical significance could
·
161
b e given.

Cammu, 51 10 years post-investigation, found that his participants still performed the
"knack" technique. Participants felt it was the most effective technique learned, consisting of
contracting the pelvic floor before a sudden increase in abdominal pressure occurred such as
bending over, lifting or standing from lying down.
The longest recorded length of time that the pelvic floor exercise maintains improvement
is 10 years according to Cammu who found that of those undergoing pelvic floor muscle reeducation, 66% would have a favorable result for at least 10 years. 51 By contrast, Dougherty

165

found that the pelvic floor exercises were performed by a greater number of participants shortly
after the intervention period. There was a declining number of participants from 8 to 20 weeks
and it continued to decline for 14 to 26 months. Subsequent surveys indicated a deceasing control
of incontinence by a larger segment of the participants. Some went to medication, others chose
behavioral methods, and some submitted to surgery. Among those who elected surgery, very few
(17%) had performed the exercises per protocol. The author concluded that the efficacy for
pelvic floor muscle exercise is the greatest during the time of active intervention. 165
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By the 2000s, researchers could point to randomized clinical trials that supported the use
of supervised pelvic floor exercises. Randomized studies increased the value of the research by
decreasing the subjectivity. As an example, Moore 172 questioned the use of biofeedback, vaginal
cone weights and electrical stimulation as variables in an exercise program. Biofeedback with
pelvic floor exercise can result in decreased urinary leaks reported on the bladder diary, so it may
be a valuable adjunct to pelvic floor exercises. Other investigators indicate that there was no
difference in outcome between those who learned the pelvic floor exercises with and without
biofeedback.

173

For those women who cannot contract the pelvic floor with digital examination,

biofeedback is the alternative to failure. For those women who have very weak pelvic floors,
biofeedback may hasten their neuromuscular re-education, thus can be valuable in shortening the
time to gain pelvic floor strength.
A randomized study on the effects of Oxybutynin on incontinence as compared with
biofeedback-assisted pelvic floor exercises, demonstrated that the biofeedback group had
significantly greater reduction in incontinence, 80.7% versus 68%. The patient's perception of
improvement was significantly better for the exercise, 74.1 % versus 50.9%.

142

Studies have helped to define risk factors for incontinence and potential poor response to
pelvic floor exercise. A small study by Bump and co11eagues
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in 1991 demonstrated that

obesity is a risk factor for urinary incontinence. Obese women who were treated with stomach
stapling had weight loss and experienced decreased urine loss as measured by pad testing. Brown
and coworkers, 175 in a large study of 7,050 women in 1996, found evidence that increased BMI
increased the odds for daily incontinence by 1.6% for every 5 units. Chronic coughing due to
smoking or taking ACE inhibitors increased the potential for detrusor overactivity. Moore
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commented that it made no sense to treat for urinary incontinence while the participant had a
chronic cough. She advised smoking cessation treatment and adjusting the ACE inhibitors.
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Another sub group for whom pelvic floor muscle training-was not too effective was for those who
already had a failed anti-incontinent surgery, as the scarring from the surgery may render the
tissues unable to respond.
To increase the potential that the participant will benefit from an exercise program,
Moore 172 recommended that the therapist show the participant a side view of the pelvic floor and
explain that the muscle that contracts to avoid expelling flatus is the same one that contracts to
avoid leaking urine. She advocated teaching the participant that these muscles are postural
muscles as well. She encouraged therapists to teach the use of the transversus abdominus and
obliquus internus to those women who had absent or delayed pelvic floor contraction to reeducate those fibers. Moore also stated that teaching the participant how to contract the pelvic
floor required the use of the digital examination as demonstrated in Bump's study in 1991.
Moore's study showed that 51 % of the women in the study could not do a correct pelvic floor
contraction with verbal instructions only.
The optimal number of pelvic floor muscle contractions per day is still controversial, but
the greatest efficacy is thought to be 40 to 80/day. These contractions are usually done in sets of
10 or less if the muscle fatigues, 4 to 8 times a day. The principle of training is that the muscles
must work harder, longer and more frequently to get a training effect. The principle of specificity
in training muscles demands that the correct muscle be trained. Because contraction of the pelvic
floor elevates the bladder neck to compress and close the urethra, it is important to train the
weakened pelvic floor muscles to assume this function again. 176
Addressing the muscle physiology of strengthening, B0 177 stated that neural adaptation
takes 6 to 8 weeks in which the motor units are recruited more rapidly, but it takes 15 to 20 weeks
for muscular fitness to take place. Furthermore, she stated that the longer the contraction can be
held, the greater the number of motor units that will be recruited.
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A summary of pelvic floor exercise studies by Moore 172 from 1987 to 1996, demonstrated
that the women who attended physiotherapy for exercise instruction improved an average of 51 %,
as compared with women who had home based exercising, who improved only an average of
30%. Participants with mild to moderate pad test weight (difference in weight of the perinea! pad
before and after the observation period) benefited more than those who had severe leakage.
Participant compliance was addressed in several studies, indicating the better the compliance, the
better the outcome. However, there was scant attention to the reasons for non-compliance, which
could be a subject of further study. 172
What diagnostic testing would predict the benefit of pelvic floor exercising? Giovanni 178
subjected patients to urodynamic testing before an exercise program and 3 months following the
program of Kegel exercises. Of the 36 women, 20 met the criteria of cured or substantially
improved. The urethral closing pressure increase was significantly related in the participants who
improved. The pressure transmission deficits between the bladder and urethra, as measured with
a cough on the urodynamic test indicated that those who had a poor response were not as likely to
benefit from the exercises.
Several investigators72 •141 •179•180 theorized that therapeutic exercise can benefit women
who have urge incontinence or overactive bladder as successfully as for stress incontinence.
There is evidence that participants with stress incontinence who succeed with pelvic floor training
do so because they can take command over the pelvic floor voluntarily, and compensate for lost
automatic function of the pelvic floor. The "knack" method (a quick contraction of the pelvic
floor muscles when sensing a cough or sneeze) and vaginal surface EMG findings during cortical
magnetic stimulation demonstrated that voluntary control through supraspinal centers that might
be even more critical than strengthening alone. Therefore, it can be assumed factors other than
muscle strength are operating in sphincter and pelvic floor control.
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Even though urge incontinence is not considered a disorder of the pelvic floor muscles,
the real nature of the overactive bladder is unknown, as there is not enough known of the
bladder's structure and function. Mattiasson 179 along with Petros and Ulmsten, 81 stated that
dysfunction of the myofascia of the pelvic floor is the cause of urinary incontinence, having
different reasons for stress incontinence and urge incontinence. The defective neural transmission
to the supraspinal centers in urge incontinence could respond to the voluntary efforts of consistent
therapeutic exercise.
The use of electromyogram has been adapted for study of the pelvic floor. Neumann and
Gill
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used the electromyogram and surface electrodes to investigate the relationship of the pelvic

floor muscles to the individual muscles of the abdominal wall. Their conclusion was that the
transversus abdominis and the obliquus internus were recruited during all pelvic floor muscle
activity, which affected how pelvic muscle re-education is taught now. Tension in the transversus
abdominis is normal synergistic activity and should be appreciated by physical therapists when
doing pelvic floor re-education. Muscle training depends on overload, so if the abdominals are
kept lax, the pelvic floor muscles may never get to the overload state. Comparing the amount of
pelvic floor contraction against the norm developed by their study, they found that an abdominal
contraction produced more electromyogram activity than a cough. Isolated contraction of the
pelvic floor muscles produced only 26% of that obtained with the abdominal test. Forced
expiration increased electromyogram activity in the transversus abdominis to 141 % and in the
pelvic floor muscles to 57%. Raising intra-abdominal pressure when doing a forced expiration
can negatively affect parous women with increased risk for prolapse and incontinence. It would
be advantageous for women with stress incontinence to learn specific coactivation of the deep
abdominal muscles concurrent with pelvic floor muscles. The authors warned, however, that it
should not be assumed that the pelvic floor muscles will contract with the transversus abdominis
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and the obliquus intemis, as the reflex recruitment of motor units in the pelvic floor may be
absent or delayed.
Reinforcing Neuman and Gill's 80 research, B0 181 visualized displacement of the
pubococcygeus by ultrasound. While monitoring with ultrasound, she compared several
combinations of abdominal muscle contraction with the pubococcygeus. She observed that
instruction to contract the pelvic floor elicited a greater contraction and elevation of the
pubococcygeus than instruction to contract the transversus abdominis or the obliquus internus.
The measured displacement was considered a function of the ability to recruit motor units and
reach a near maximal contraction. Bo also warned that women with weak pelvic floor muscles
should not train abdominals without simultaneous voluntary pelvic floor contractions, because
increased intra-abdominal pressure depresses the levator plate and further weakens the pelvic
floor and supporting structures. Depression of the levator plate may have long-term negative
implications for prolapse and incontinence. 181
Kotarinos 70 theorized that the 10% to 50% failure rate of conservative care may be due to
unrepaired diastasis recti and contracture of the pelvic floor. The importance of the abdominal
wall has been documented well in the pelvic floor literature since 2000. She points out that a tear
in the linea alba reduces the force that can be used to support the pelvic floor. Her
recommendations include pelvic floor and abdominal exercises as promoted by Sapsford for
coordination and support as well as endurance and strength. Sapsford46 emphasized on the timing
of the contraction of the transversus abdominis with the participant learning to hold the pelvic
floor muscles in the mid-zone, before strengthening is attempted. The purpose of this approach is
to return the spontaneous muscle activity, as opposed to voluntary activity.
In asking if there is a place for physical therapy in the treatment of urinary incontinence
and pelvic floor, 8069 reported that evidence-based studies of short and long-term effects confirm
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that pelvic floor muscle strengthening is effective in treating female urodynamically diagnosed
stress incontinence with pelvic floor exercise. She notes that physical therapy instructor-based
treatments were more successful than home-based programs. Where difference in outcome was
found, insufficient training is the single greatest contributor. Emphasizing the benefit of the
pelvic floor exercise over electrical stimulation, Bo noted that there were no ill side effects of the
exercises, and electrical stimulation is safe but less tolerable to a few women. In addition, Bo
stated that strength training builds a structural support. The effect of strength training is to stiffen
the pelvic floor with increased collagenous cross fibers. This may prevent descent of the bladder
neck and urethra and close the urethra during an abrupt increase in intra-abdominal pressure by
an automatic quick and strong pelvic floor muscle contraction. At this point, it is not known how
much strength is necessary to close the urethra. The goal of treatment is to raise the strength of
the pelvic floor muscles to reach the automatic response level.
Kotarinos 70 critiqued Bo's review of the literature. Kotarinos found no consensus on
what Bo considered "cured." There was no standard reduction in the number of leaks as reported
by bladder diary that experts agreed indicated cure. There was no agreed reduction in the
weighed pad test, of I-hour, 24-hour, or 48-hour that indicated that the woman no longer had
incontinence. Certainly, women's subjective testimony alone cannot be scientific evidence that
they no longer have incontinence. Neither the International Continence Committee nor the
Clinical Practice Guidelines of the AHCPR, US, or the International Consultation on
Incontinence have agreed on any such standard. A consensus of minimum improvement
standards for claiming a cure would make it possible to compare results across studies.
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Similarly, exercise as a treatment for incontinence, while widely accepted, has so many different
pelvic floor exercise regimens, that it is difficult for the International Continence Society to
accept any one.
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Morkved et al.

182

demonstrated that continence could be maintained in trained

participants during strenuous tests, indicating that automatic tone can be restored. That is, the
pelvic floor can be trained to contract upon increased abdominal pressure rather than rely on
voluntary effort.
Hay-Smith et al. 183 in their Cochrane review of studies of exercise for strengthening the
pelvic floor reported that participants must feel that they are getting benefit from the training as
they found that compliance with the exercise programs was high and drop out rate was low.
However, non compliance exists and Paddison 184 listed 5 reasons given by women as to why they
do not continue with training. The first reason is that the practice of pelvic floor contraction may
be long before a difference is recognized. Physiologically, it takes as long as 8 to 9 months for
real muscle hypertrophy. Second, the requirement of changing lifestyles practices may
discourage some women. An example of a difficult lifestyle change is smoking cessation if the
reason for leaks is coughing due to smoking. Third, cultural and health beliefs may discourage
some women. For example, the belief that urinary incontinence is a natural outcome of
childbearing and aging may be a barrier to help-seeking and may interfere with adherence. The
fourth reason given by women as to why they do not continue with training is that motivation to
deal with the problem is small if incontinence is considered only a mild problem. Lastly, busy
women often cite lack ohime to practice and to travel to the physical therapy clinic as a reason to
stop pelvic floor training.
On the other hand, there are indications for compliance to exercise as reported by
Alewijnse 185 and Wilson. 156 For instance, women who have positive self-efficacy expectations
tend to complete training and practice the strategies to control incontinence; women who have
frequent weekly episodes of leakage are more highly motivated than those with very mild
incontinence who are less interested in expending efforts to control occasional leaking; women
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who receive thorough teaching of correct contraction tend to continue practicing the antiincontinent strategies and exercises; women who participate in an intense program are more
likely to continue training and achieve control; women who adhere with intervention are more
likely to achieve success with incontinence control; and women who are highly motivated will be
more likely to continue to gain bladder control.
Strengthening the pelvic floor is the goal of therapeutic exercise, but does that translate to
improvement in continence status? Theofrastous et al. 186 found no correlation between pelvic
floor strength and improvement in continence status in their study of 134 participants with urinary
incontinence. However, it was found that those women who could not perform an adequate
pelvic floor contraction at the beginning of the study, but could after the 12-week treatment
period, did reduce their incontinent episodes/week. Those women who had an adequate pelvic
floor at base line saw no difference in their incontinence status. An adequate pelvic floor
contraction was defined as an increase in urethral maximum closing pressure by 20%. Therefore,
it was concluded that pelvic floor exercises were effective in reducing leaks, if weakness of the
pelvic floor contributed to the cause of the incontinence.
Exercise and electrical stimulation may work together in treating incontinence, but in
some cases, one can be more effective than the other. The next segment will address electrical
stimulation as a treatment for urinary incontinence. I will discuss the techniques, the mechanism
of effect, and the results of several research studies.

Electrical stimulation. Attempts to explain the mechanism of effect of electrical
stimulation has been investigated with animal studies. Theoretically, there is change in peripheral
receptor activity. The effect of stimulation on the urethra activates the somatic nerves in the
striated muscles. Adequate urethral closure can be obtained with 20 to 50 Hz, the lower
frequency being a good compromise for those with both stress and urge incontinence. It is

88

possible that long-term stimulation could change fast-twitch fibers to slow twitch fibers. This
would be a deleterious change for those women who have stress incontinence because of the need
for fast-twitch fibers to respond to sudden increases in detrusor or abdominal pressure to prevent
leaking urine. It has been held in the past that electrical stimulation may improve the
reinnervation of partly denervated muscle fibers by enhancing the sprouting of surviving motor
axons.
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But this explanation is now considered controversial. 79
Electrical stimulation has intrigued the medical community with multiple descriptions

reviewed in the literature dating from the 1960s to the 1990s. In earlier studies, Hald and
others 187 described stimulation of the bladder and the motor nerves, using dogs. Trontelj and
colleagues 188 studied single fiber electromyography for urinary incontinence due to upper motor
neuron lesion. In 1986 Vodusek and coworkers 189 attempted to gain detrusor inhibition for
patients with spinal cord lesion with electrical stimulation. In the 1990s, studies were directed to
urge and stress incontinence. Knight,6 Jonasson, 33 Bo, 169 and Bratt 190 and cited the use of
maximum electrical stimulation. All were delivered for different lengths oftime, number of
treatments and under different circumstances. Bo and Maanum 191 and Bo 192 compared the use of
2 electrical stimulators (the Conmax and the Med icon MS 105) with randomly assigned order and
frequencies of 10, 20, and 50 Hz to determine effectiveness and tolerance. They found that the
lower frequencies were too uncomfortable to allow amplitude sufficient to cause a pelvic floor
contraction. Two trained observers, who were physical therapists, could certify that the pelvic
floor contracted in only 1 participant and that 1 incidence was not as strong as a voluntary effort.
The 9 participants in this study noted discomfort at the lower frequencies. Fifty Hz was better
tolerated but did not result in a contraction of the pelvic floor muscles. The researchers
concluded that the pelvic floor stimulators could not elicit a pelvic floor muscle contraction and
more research was needed.
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The therapeutic effects of functional electrical stimulation, in urge as well as stress
incontinence, depend on the artificial activation of the nerves. The stimulation must be of high
enough intensity to induce impulses in the sacral plexus nerves that innervate the pelvic floor
muscles and the pudenda! nerve that innervates the urethra and anal sphincters. The threshold
intensity varies inversely with the fiber's density and the distance between the nerves and the
stimulating electrodes. The distance between the electrode and the tissues is important because if
a stimulus is too far from the nerve, the stimulation would have to be intolerably high to obtain a
sufficient pelvic floor contraction. 67 ' 192 Therefore, vaginal sensors must be placed optimally for
the best activation of these nerves for effective treatment. To minimize electrochemical reactions
at the electrode-mucosa interface, it is preferable to use biphasic or polarity alternating pulses.
Frequency is also an important consideration as the contractile properties of the fast and slow
motor units differ. High frequency of 50 to 100 Hz is required for the maximal urethral closure.
However, the inhibitory reflex systems operate at a lower frequency, 4 to 20 Hz, 10 being
recommended by Fa11 37 because lower frequencies, although effective, are not tolerated by many
women. The Liberty unit used in this study has a pre-set frequency at 12.5 Hz which is used for
urge incontinence and 50 Hz, which is used for stress incontinence.
Elgamasy and researchers 34 used a combination of clinical training with home use of the
electrical stimulation unit. His study included 15 women with overactive bladder who received 6
to 10 clinic sessions to familiarize them with the correct use of the electrical stimulation before
allowing them to continue the study for 6 weeks at home. None dropped out of the study. All
wanted to continue the electrical stimulation at the conclusion of the treatment program. Urinary
frequency, urgency, and nocturia were significantly decreased and none reported side effects.
In another study involving electrical stimulation, Bratt and coworkers

190

sought to

determine whether there are any long-term therapeutic effects of maximal electrical stimulation.
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They chose a stimulation frequency of 5 to 10 Hz, as this range induces a reflex inhibition of
spontaneous detrusor contractions by activation of afferent nerve fibers. A postal questionnaire
was sent to 30 women treated 9 to 13 years earlier, asking 6 questions regarding their control of
urinary incontinence. Twenty-seven women responded (90% response rate). There were 21
reports of symptoms of urge incontinence and 19 reports of symptoms of stress incontinence,
with some women having both symptoms. Those women with urge incontinence seemed less
serious as 22% reported no symptoms and another 30% reported only mild symptoms. However,
the electrical stimulation did not prevent stress incontinence from returning. Yet, those with urge
incontinence responded better to the muscle electrical stimulation than those with stress
incontinence.
Jonasson et al. 33 used the electrical stimulation of 20 Hz based on the earlier work of
37

Fal1 with impressive reduction of incontinence. Thirteen of 20 women with urge incontinence
improved by reduction of pad weight and 8 of 17 stress incontinence sufferers had subjective
improvement. Jonasson 33 recommended 3 months for a clinical study as adequate, but since they
did not check the parameters prior to 3 months, less time might have been adequate. Jonasson 33
used each participant as her own control. A possible reason for his success was his discerning
criteria for inclusion. He required that the participants be able to follow instructions and be able
to operate the stimulator, that they have no vaginal infections and no morphological genitourinary
changes (fistulas, ectopic ureter, diverticuli, calculi, tumors, or inflammation). Post-testing was
done at the termination of the treatment phase and 3 months afterwards. The findings at both
times were the same, 9 of 17 women with stress incontinence improved and 13 of20 with urge
incontinence improved as measured by the weighed pad test. At the 3-month follow-up, those
who had made improvement continued to show improvement in the weighed pad test. Ultrasound
studies confirmed that the effect of electrical stimulation was to raise the bladder neck. The
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author suggested that electrical stimulation with appropriate participants achieves the same goal
as surgery, that is, to raise the bladder neck.
By contrast, Fall 193 had a disappointing result in his study of 84 women with urge
incontinence. Only 4.8% were cured, but 58% were improved. The author commented that part
of the reason for such a poor cure rate was that he did not screen for the participant's ability to
follow instructions or handle the stimulator as in Jonasson's study. 33 Fall allowed only 4
treatments to be given over 2 weeks, whereas Jonasson's study was for 12 weeks of treatment,
once daily for 20 minutes. Fall commented that it could be argued that his study did not allow
enough time and incidents of treatment to be effective.
Fall 193 expanded on the benefits of electrical stimulation noting that it is no more
expensive than prescribed medication and has much less risk than surgery. Surgery literature has
stronger evidence of efficacy, but when surgery fails, results of the lack of correction and
disruption of connective tissue and scarring can be devastating with increased incontinence.
Knight and others6 sought to compare treatment approaches of low-level electrical
stimulation with maximal electric stimulation. A 6-month study compared 3 groups, one group
performed pelvic floor exercises in the clinic, and a second group performed pelvic floor
exercises at home and did nightly low-level electric stimulation and a third group added maximal
electric stimulation to their exercises in the clinic. The researchers found that the home group did
not do as well as the control. Two women who had low-level electrical stimulation reported that
stress symptoms worsened. Electrical stimulation is known to cause reversal of fast twitch fibers
to slow twitch fibers, 79 therefore long-term low-level electrical stimulation could exacerbate
symptoms for the woman who has stress incontinence, which requires a quick contraction to
counter a sudden increase in intra-abdominal pressure to prevent urine loss. The researchers
concluded that low-level electrical stimulation appeared to give no additional benefit to a
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conscientiously performed exercise program and may in fact have a detrimental influence on the
recovery of participants with stress incontinence. Pelvic floor exercises and biofeedback are
sufficient for effective treatment of stress incontinence. Maximal electric stimulation may give
additional benefit for urge incontinence. 6
Maximal electric stimulation may be helpful in those cases where there may be
neurophysiological dysfunction. A study comparing electromyogram findings in women with
and without incontinence demonstrated that the amplitude of motor units was similar in each
group in recordings of urethral pressure at rest, at maximal voluntary contraction and during
coughing. The authors concluded that the difference between the women with and without
incontinence could be in central activation. 194 For these women, effective treatment with exercise
alone may be futile, but may respond to electrical stimulation at 5 to 10 Hz for inhibition of the
detrusor.
Another research study devised a method to deliver sham electrical stimulation for the
control group which enabled both the researcher and the participant to be blinded. (The
manufacturer disabled the wire for patient stimulation for the units used for the control group but
otherwise used identical units for both groups). Therefore, neither the participant nor the
researcher knew to which unit the participant was assigned. Participants were told that they
should advance the amplitude to their maximum tolerance, though they may not be able to feel
the stimulus. Of the 148 women who participated, 128 completed the study. The dropout rate
from the sham group was not significantly greater than in the active group. Although there was
no change in the stress incontinence improvement in either group, the detrusor overactivity
dropped by 50% in the active unit group, but not in the sham unit group. The authors determined
that electrical stimulation was better than sham treatment. Maximal electric stimulation may be
effective for treatment of detrusor overactivity, with or without genuine stress incontinence.
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Sand designed a similar study but limited the participants to 26 women who had mixed
incontinence complicated by low-pressure urethra. They received maximal electric stimulation
intra-vaginally for 8 weeks. Visual analogue symptom scales and weekly incontinence episodes
were compared before and after 8 weeks of twice-daily stimulator use. Although patients with
this diagnosis respond poorly to surgery and were assumed to respond no better to conservative
approach, the study showed otherwise. Symptoms of stress incontinence were completely
alleviated in 6 of the 26 participants and symptoms of urge incontinence were alleviated in 10
women. Ten of the 26 had greater than 50% reduction. Symptoms of frequency, urgency, and
stress improved significantly.
Laycock and Green 195 used a different form of electrical stimulation, interferential
current, to treat urinary incontinence. Based on the work of Fall 37 •196 they used low frequency (2
to 4 Hz) for urge incontinence inhibiting the detrusor muscle and higher frequency (30 to 60 HZ)
strengthening the pelvic floor muscles through re-education. Although effective, the larger
clinical interferential units have been replaced by newer and smaller units.
Another form of electrical stimulation delivery is the transcutaneous stimulator which
Moore 38 covered in her review of the literature on the neurophysiological dysfunction of
incontinence. There was evidence to support using transcutaneous electrical simulators for central
inhibition of the parasympathetic output via the pelvic nerve and reflex hypo gastric nerve
activation (sympathetic stimulation) in men. The sympathetic nervous system is thought to be
secondary in this case, inhibiting the parasympathetic is primary. Moore's recommended
parameters were based on work by Fall using a square wave at a frequency between 20 Hz and 50
Hz with a period of no stimulation between periods of stimulation for stress incontinence. Five to
6 Hz was recommended for urge incontinence. Moore 172 did not mention the application to
women, but the neurophysiology of the autonomic nervous system and the central nervous system
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are similar, so it is possible for both men and women, that electrical stimulation is both safe and
effective, particularly when the cause is detrusor overactivity (urgency).
Fall

37

described another frequency for the treatment of urge incontinence because the

effect is not to strengthen the pelvic floor, but to inhibit the detrusor muscle of the bladder. The
study demonstrated an abolition of phasic detrusor activity and an increase in bladder volume
during stimulation upholding Fall's contention that urge incontinence required inhibition.
Another benefit of the electrical stimulation is that it increases the sphincter control and the
ability to postpone voiding. This gives the woman a greater sense of control and she can resume
normal activities. Compliance was low however, as Fall recommended long-term stimulation of
2 hours a day.
Fall used home stimulators for his study. Norwegian investigators also used home
stimulators with better results. lndrevam and co-workers 197 were able to obtain government
support to treat urinary incontinence with home electric stimulators for a 2-year study of 3,198
women. Since that time, home treatment with stimulators has become a common treatment for
incontinence with units supplied by the Norwegian National Health System. Low frequency units
were used for women who had urge or mixed incontinence. The high frequency units were used
by women with stress incontinence, as recommended by Fall. Therefore, in Norway, electrical
stimulation for urinary incontinence is accepted by consensus opinion. Indrevam et al.
recognized that treatment of stress incontinence and urge incontinence could be different, but did
not inquire about the effectiveness of the electrical stimulation for stress versus urge/mixed
incontinence. This was unfortunate, because they had a large database using electrical
stimulation for women with stress and urge incontinence.
The reports of cure rates have varied in the many research studies. Perhaps the reported
cure rate varied because the mix of participants was different. It may not have been recognized
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that some types of urinary incontinence do not respond to electrical stimulation while others do.
Except for Fall, 196 other investigators between 1990 and 2000, did not ask the question as to
which approach was better for each type of urinary incontinence, but rather reported on the cure
rates of the group.30,so,198,199
Evidence suggests that electrical stimulation is not as effective with stress incontinence
and may even be deleterious. 6·36·195 Indeed, Bo's 102 review of the literature gave some evidence
supporting the use of electrical stimulation for urge incontinence, but as ineffective with stress
incontinence. Surgeons, Klovning and associates,2° 0 suggested that patients with urge
i~continence may benefit from conservative treatment and an operation should not be the first line
of care. Indeed, surgery has a higher potential for failure in the presence of detrusor overactivity
(urgency). 201
The research during the 199Os regarding the effectiveness of electrical stimulation as a
treatment for incontinence was suspect because it lacked sufficient number of participants and
had no randomization or control. Hay-Smith 183 critiqued the research of the 199Os and stated that
only 15 of 43 randomized, controlled studies documented that the participant could contract the
pelvic floor at the beginning of the study. But in the 2OOOs, research included more awareness of
design, making statements as to the number of participants to have sufficient statistical power.
They were not without errors; however, as Jayaseelan 202 stated he needed only 12 participants in
each of 2 groups to achieve sufficient power. His study used a multi-frequency stimulator with a
background of low frequency and spikes of high frequency. The results showed no statistical
difference from the group that had sham electrical stimulation. He realized that he had too small
a group. Subsequent calculations recommended 98 participants to each group. Unfortunately, his
research design using participants with urodynamically diagnosed stress incontinence did not
include exercise even though the literature recommended pelvic floor exercises for those with
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stress incontinence. The author thought that he would subsequently include exercise for these
participants. Moreover, he did not mention trying electrical stimulation for those women who
had urge incontinence.
Despite the research design flaws of their research, Jaysaleen's research team

202

had an

innovative approach that deserves more study. They developed a pattern of electrical stimulation
using low frequency to improve strength and endurance without over stimulating the muscle
fibers and pre-maturely fatiguing them. The women who received the sham electrical stimulation
did not increase their scores on the quality of life condition specific tests; those who received
eJectrical stimulation did show improvement. Neither group had improvement in pelvic floor
strength by perineometer testing, but there was a significant difference by manual muscle test.
Because the effects of the electrical stimulation for their stress incontinent women did not result
in improved perineometer scores, the authors questioned whether electrical stimulation was
effective for stress incontinence. The authors developed a condition-specific instrument to
compare its score with the number of leaks. The comparison created an index representing
strength of the pelvic floor, allowing the authors to group the participants by severity; light,
moderate, severe, and very severe. The study provided evidence of a prevalence peak of urinary
incontinence in middle life followed by a decline and a subsequent rise in old age.
Yamanishi et al. 203 used low frequency electrical stimulation only for those with
urodynamically diagnosed urge incontinence in their study. The results demonstrated that the
bladder capacity before the first desire to void occurred was significantly increased among those
who had the actual stimulation and not among those who had the sham treatment. Seven of 28 in
the active group met the criteria for being cured, only one in the sham group. None in the sham
group demonstrated the increased bladder capacity with cystometrogram testing. Yamanishi and
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co-workers

203

concluded that electrical stimulation was useful in treating urinary incontinence due

to detrusor overactivity.
204

Brubaker

reviewed 15 clinical trials of electrical stimulation for incontinence. She

commented that from Caldwell's 28 early work in 1963 when an implanted electrode was used
instead of the present day anal and vaginal electrodes, about 50% of the individuals improved.
Only 5 of these studies were controlled.
The exact mechanism of the effect of electrical stimulation is not yet known, but animal
studies suggest that there is an inhibitory effect on the detrusor by stimulating the sympathetic
nerve efferents. Potential causes for reduced, or no benefit of electrical stimulation, are abnormal
cell to cell connections, or large increases in connective tissue between the smooth muscle
bundles, which may make neural inhibition less effective. Brubaker observed that it is
unfortunate that more objective testing was not done on the sacral reflex arc, as the mechanism of
detrusor inhibition is through this arc. Testing of this reflex arc was performed in this study by
stroking the clitoris and the anal sphincter with a Q tip which should cause a flick of a contraction
indicating continuity of the nerve pathway. Although the pelvic floor is not innervated by the
pudendal nerve, as was previously believed, the continence preserving sphincters are
innervated. 66
Amaro 205 used electrical stimulation for treatment of 30 participants, all with urge
incontinence. He treated the participants 3x/week, with 3 sessions of intravaginal electrical
stimulation, then home electrical stimulation for 14 weeks. There was a significant reduction in
frequency and urgency. The 60-minute pad test showed reduction in urinary leakage from 13.9 tc,
5.9 grams. All participants improved in pelvic floor muscle strength with positive correlation
with maximum flow rate and urethral pressure profile at rest, on straining and abdominal leak
point pressure. Abdominal leak point pressure is measured with an urodynamic test. It is the
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abdominal pressure at which leakage occurs. It is a crude measure of the ability of the bladder
neck and urethral sphincter mechanism to resist intra-abdominal pressure. There was also
significant and positive correlation between the abdominal leak point and the stop test. The
results of the effect of electrical stimulation on urge incontinence gives some credibility that
electrical stimulation is a beneficial treatment for incontinence when it is used for urge rather than
stress. 205 Poorer results were found where electrical stimulation was used for stress incontinence
or a mixed group of participants. 205
Use of electrical stimulation has the advantage of not having the toxic side effects of
drugs. The contra-indication to the use of vaginal electrical stimulation is an implanted cardiac
pacemaker according to the guidelines of the American National Standard for Transcutaneous
Electric Stimulators ANSI/AAMI NS4-1985. 79 Research studies differ as to the cure and
effective rate of pelvic floor muscle exercise, but all authors agree that it is effective, for at least
50% of those who have genuine stress incontinence who would have otherwise gone to surgery.
Pelvic floor exercise has the advantage of having no complications. It is less expensive than
surgery and has the benefit of addressing the problem physiologically.
Conclusion
Based on the literature and the differing theories of incontinence, specific treatments may
be appropriate for different causes or types of incontinence. Therefore, the present study focused
on the 2 most common types of incontinence, urge and stress, and 2 interventions, therapeutic
exercise and pelvic floor electrical stimulation, that can be performed by a physical therapist. To
measure the effectiveness of these interventions for women with urge or stress incontinence,
several outcome measures were considered. Based on sound measurement properties, the
following outcome tools were chosen: the Oxford Scale, the York Incontinence Perception

99

Survey (YIPS), the MESA questionnaire, the Peritron 9200 (a perineometer), and a 3-Day
Bladder Control Diary.
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CHAPTER III
METHODS
The effectiveness of electrical stimulation as an adjunct to therapeutic exercise for the
treatment of urge incontinence is controversial. The purposes of the study were to determine (a)
whether exercise with electrical stimulation was an effective treatment for women with
incontinence, and (b) whether treatment effectiveness varied between women with urge
incontinence, versus women with stress incontinence. This chapter describes the study methods
and is organized in the following subsections: study design, participants, instruments, procedures,
and data analysis.
Study Design
This study was a randomized block design with pre- and post-treatment testing on the
dependent variables: pelvic floor strength measured in centimeters water pressure and by manual
muscle test grade, pelvic floor contraction in seconds up to 10 seconds; the participants' selfreported number of incontinent leaks over 3 days, self-reported frequency of visits to the
bathroom over 3 days, and quality of life as measured by the York Incontinence Perception
Survey (YIPS). The attribute (blocking) variable was the diagnostic group (urge or stress
incontinence). The independent variables were the treatment group with 3 levels (exercise with
electrical stimulation, exercise alone, and no treatment) and time (pre- to post-treatment).
Participants
A goal of 66 women (33 with urge incontinence and 33 with stress incontinence) were to
be recruited consecutively from patients referred to an out-patient physical therapy clinic, Dallas,
TX, by area physicians, colleagues, and through newspaper and Internet advertisement. The
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sample size was determined from an estimated conventional large effect size (f= .40) to achieve a
power of .80. This calculation required 11 participants per treatment by diagnostic group for a
total of 66 participants. The inclusion criteria were as fo1lows:
I.

Women age 21 years or older were recruited. By age 21 the participants no longer
needed parental permission. Also, women over 21 would be less likely to be
concerned about an intact hymen.

2.

Parous or nu11iparous women were included in the study. Although the literature
indicates that parity is a factor in the development of incontinence, other researchers
found no difference in incontinence occurrence between those who had vaginal
deliveries and those who never had children. 206 Some authors believe that the
number of births is not a factor in the development of incontinence. Rather, it is the
first delivery that causes incontinence via strain on the pelvic floor muscles or nerves
that innervate the pelvic floor organs and sphincters. 73 For these reasons, there was
no restriction in the number of vaginal deliveries for inclusion in the study.

3.

This study only included women diagnosed with stress or urge incontinence by
urodynamic studies or by the Medical, Epidemiological, and Social Aspects of Aging
(MESA) questionnaire. Although the urodynamic tests are considered the gold
83

standard, they are expensive and not well adapted to clinical studies whereas the
MESA is available for use without cost. In addition, the MESA can be completed by
the participant in less than 5 minutes, and can be scored in less than 5 minutes by
office personnel. Furthermore, the MESA has demonstrated good reliability and
validity in this population. 88 •91 While the MESA is based on predominant symptoms
and urodynamic testing is based on bladder and urethra functions, both tools reach
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similar diagnostic classifications. 89 ' 91 ' 92 Therefore, in this study, women were placed
in diagnostic groups based on either diagnostic method.
4.

Only women able to cooperate with the conditions of the study were included. To
participate, all women were required to have the manual dexterity to dial the
electrical stimulation unit, and be able to understand and follow instructions in
English. These criteria were employed because in a similar study, Fall 193 attributed
poor results to some participants having dementia and inability to follow instructions,
or inability to dial the electrical stimulation unit.

5. To be included in the study women had to agree to maintain the same estrogen intake
over the course of the study. Whether the hormone estrogen helps control or makes
incontinence worse 74 is controversial, nevertheless, there is general agreement that
estrogen affects incontinence. To control for this potentially confounding variable,
women were asked not to change their estrogen status during the study. Thus, those
who were on hormone replacement were asked to continue it for the duration of the
study. Similarly, those who were not taking hormones were asked not to change their
hormones status during the study.
The exclusion criteria were as follows:
1.

Women with the additional diagnosis of functional or overflow incontinence were
excluded because the study focused on urge and stress incontinence. The functional
inability to get to the bathroom on time is another type of incontinence that requires a
different treatment not included in this study. Overflow incontinence is often due to
neurogenic bladder, which also requires a different treatment not included in this
study.
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2.

Women with a denervation injury to the pelvic floor and sphincters for any reason
(e.g., spinal cord injury, diabetic neuropathy, stroke, multiple sclerosis, and stretch
injury) were excluded. Women with significant loss of neural control would not
respond to the intervention of the study.

3.

Women with incontinence who also had anti-incontinence surgery were excluded
because they are more likely to fail exercise therapy for the same reason they failed
to achieve continence after surgery. Various researchers found that surgery altered
the voiding physiology, with bladder obstruction and/or injury to the autonomic
nerves in the bladder, bladder neck, and urethra. 156•207 •208

4.

Women with a current bladder infection were excluded until it was successfully
treated. Infections of the bladder can cause temporary incontinence or temporarily
make the incontinence worse. Since the focus of this study was women with urge or
stress incontinence, all participants had to have no signs or symptoms of bladder
infection.

5.

Women with vaginal stenos is to the extent that the middle finger could not be
inserted into the vaginal opening were excluded. All participants had to tolerate
placement of the vaginal sensor to determine the pressure generated. Although an
anal sensor could be used clinically to treat a woman with severe vaginal stenosis,
values from the anal and vaginal sensors are not comparable for research purposes.

6.

209

Women with any prolapse more severe than Stage II were excluded from the study.
This included women with cystocele, enterocele, or rectocele below the level of the
introitus. 130 There are no studies that show that strengthening is effective for women
with Stage Ill or IV prolapse until this anatomical defect is corrected.
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Borello et
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al.'s study, however, indicated that those with Stage I and Stage II can improve in
muscle strength with appropriate exercise.
7.

Women taking any prescription drug or nutriceutical that is purported to relieve
incontinence could confound the results. Potentially confounding prescription drugs
and nutriceuticals include any anti-incontinence medication (e.g., DetroI, Ditropan),
anti-depressants, anti-histamines, and black cohosh.

8.

Women with a body mass index (BMI) over 50 were excluded. Over 40 BMI is a
high risk factor for incontinence particularly when fat is distributed around the
internal organs instead of subcutaneously. However, at times the BMI is not relevant
as applied to incontinence particularly for tall, well muscled individuals or for
someone with predominantly subcutaneous fat deposits. Therefore, the BMI
exclusion was set at 50.

9.

Pregnant individuals were also excluded. Pregnancy does not preclude pelvic floor
exercises; however, introduction of the gloved finger in the vagina to teach and
evaluate pelvic floor contraction and the introduction of electrical stimulation may be
contraindicated.

10. Initially there was no exclusion based on number of leaks over 3 days. However,
later women who had less than 3 incidences of incontinence in 3 days as recorded on
their 3-day bladder diary were excluded. Showing improvement with training would
be difficult if the person had less than I episode of incontinence per day or an
average of 3 in 3 days.
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Instruments
The instruments used in the study were the Oxford Scale; the York Incontinence
Perception Survey (YIPS); the MESA questionnaire; the Peritron 9200 (a perineometer); a
physician's scale; a 3-Day Bladder Control Diary; and a Liberty electrical stimulator. Each is
described below including validity and reliability data, if available.
The Oxford Scale was used as an outcome measure to rate muscle strength from "O" for
no perceptual muscle twitch to "5" for full strength (see Table 2). This scale has excellent testretest reliability (r = .929) 119 in a sample that consisted of 20 incontinent women. The mean age
was 47.6 years and a mean parity of 2.7 children.
The YIPS is a self-administered, paper and pencil test that measures self-perceived
limitations in social settings and ability to cope with incontinence in a constructive way (see
Appendix D). The YIPS was used as an outcome measure to determine effects of the
interventions. Scores on the scale range from 8 to 56, with the higher score indicating improved
coping skills. In a study designed to determine the internal consistency and validity of the YIPS,
10 I women, mean age 67.4 years, diagnosed with urinary incontinence were tested. The YIPS
demonstrated high internal consistency (Chronbach's a.=.78). Furthermore, high YIPS scores
correlated lower frequency of incontinence with higher quality of life scores. 49
The Medical Epidemiological and Social Aspects of Aging (MESA) questionnaire is a
self administered survey of symptoms where participants make their own assessment of presence
of the symptom and its severity from "never" to "frequently." Predominate symptoms expressed
in percentages determined the diagnosis, urge or stress. The maximum score for urge
incontinence is 18. The maximum score for stress incontinence is 27 (see Appendix A for
scoring). Developed by Herzog et al., 86 the questionnaire was used to define incontinence among
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the patients in a large medical practice and ultimately in the whole region. The predictive validity
and reliability of the MESA is described in Chapter II. In this dissertation the MESA
questionnaire was used to determine the type of urinary incontinence, stress or urge.
The Peritron 9200 is a precision perineometer developed in Australia (Cardio Design,
Baulkham Hills, NSW) and distributed in the United States by Rehab Solutions oflrvine, CA (see
Appendix B). The Peritron operates as a soft non-latex tube inserted into the vagina that responds
to pressure of the pelvic floor muscles with peak pressure and average pressure reported in
centimeters of water pressure. For research purposes, an optional collar can be purchased that
ensures uniform insertion of the sensor. The manufacturer of the Peritron 115 •124 describes the
instrument as 95% accurate to± I cm of water. Also displayed is the number of seconds a
contraction was held with pressure over 5 cm of water pressure.
Measures of pelvic floor muscle performance using the Peritron demonstrated high testretest reliability (ICC= .97) for comparing 3 repeated measures in a sample of 37 women, age 54
to 70, with incontinence. 115 Firra et al. in a previous study measured reliability of the Peritron
among healthy women and the instrument showed excellent intra-tester and test re-test reliability.
The results were summarized in a poster presented at the Annual Meeting of the Texas Physical
Therapy Association (October, 2004).
For the purposes of the current study, only the peak pressure (cm H20) was used for data
analysis. The average contraction pressure was used only for motivational purposes since it was
not a real number, but derived from the pressure variations attained by the participant. The
average contraction pressure provided feedback because the closer the average pressure was to
the peak pressure, the greater the participants' consistency of pressure generation.
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While the contraction time held over 5 cm of water pressure was not ultimately used in
analysis, it was used for training purposes. Most authors recommended the duration of
contraction at IO seconds to reach clinical goals. 6•48 The I 0-second duration was achieved by all
participants by the third week. Therefore, the use of the contraction of IO seconds could not
discriminate between groups.
A physicians' type scale manufactured by Detecto (Webb City, MO) was used to measure
height in inches and body weight in pounds. Using SPSS software, these data were converted to
centimeters (cm) and kilograms (kg) and also used to calculate the BMI using the formula: body
weight in kilograms divided by height in meters squared.
The 3-day bladder control diary is available from the Prometheus Group (Dover, NH) to
collect the total number of self-reported episodes of incontinence (leaks) and frequency of
urination in 3 days. Nygaard and Holcomb 52 demonstrated that the bladder diary is a
reproducible outcome measure in women with stress incontinence. They found that the first 3
days of a 7-day voiding diary correlated well with the last 4 days, suggesting that a 3-day diary is
an appropriate outcome measure for clinical trials evaluating treatment for stress incontinence.
The International Continence Society recommends a bladder diary of at least 3 days. 19 A copy of
the bladder diary used in this study can be found in Appendix C. For the purposes of this study,
the total number of leaks and frequency of urination for 3 days were used for data analysis.
Two Liberty electrical stimulators (Utah Medical, Midvale, UT) with single-participant
intravaginal electrodes were purchased to provide the electrical stimulation in the study. They
were calibrated and judged equivalent at the factory. At the end of the study, the stimulators were
sent back to the factory to ensure they remained calibrated. A Certificate of Compliance and
Calibration is located in Appendix E.
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Testers
Two persons carried out aspects of the study, an office assistant and I as the primary
investigator. I have over 50 years of clinical experience treating spine and pelvic dysfunction.
For the past 8 years my practice has expanded to the management of persons with urinary
incontinence. I trained the office assistant to score the MESA Questionnaire according to the
protocol developed by Diokno et al. 89 so I would be blind to the woman's type of urinary
incontinence. I carried out all other tests and measures. Considering my experience and
background, I was qualified to train the office assistant.
Procedures
Prior to inclusion to the study, I conducted a phone interview with each individual to
screen potential participants for inclusion/exclusion criteria. If the woman met criteria for
inclusion, she was offered an opportunity to participate. If the woman was to undergo
urodynamic studies to diagnose her type of incontinence, she then contacted her physician and the
first visit was scheduled after the urodynamic study. If such testing was a burden, she completed
the MESA Questionnaire during the first visit.
After the screening interview, the participant scheduled her first 2 visits with the office
assistant. On the first visit, the participant read the IRS-approved human subjects' consent form
with the investigator. I answered any questions before the participant signed the consent form. I
again asked the participant questions to assure that she was not pregnant, had a bladder infection,
or had a pacemaker. I recorded how many births she had and if they were delivered vaginally or
by Caesarean section as both of these events could play a part in having incontinence.
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First Visit Baseline Measurements
The participants underwent the following tests and measures in a private examination
room (room with a door) on the first visit. These are described below and recorded on the
Incontinence Study Checklist in Appendix F.

Height and weight. I measured the participant's height in inches and weight in pounds.
The height and weight information allowed demographic descriptions of the participants and
calculation of the BMI.

Anal wink test. The participant was supine with the trunk and head slightly elevated and
both knees bent. She was draped with a sheet with all clothes from the waist down removed. I
stroked the anal margins with a cotton-tipped swab, and observed for a reflexive contraction of
the anus. Each side of the rim was stroked to compare for symmetry.40 In a similar manner, the
clitoris was stroked to determine whether there was a visible reflex contraction. A negative anal
wink test was an exclusion criterion.

Digital manual muscle test. With the participant still positioned as described above, I
then placed my gloved 3rd finger in the vagina to the level of the proximal interphalangealjoint,
palmar side facing the 9 o'clock position. I evaluated the firmness of the contraction in the
coronal plane and then changed my finger orientation by 90° to assess the firmness of the
contraction in the anterior/posterior plane. The participant responded to my request with the
verbal cue to "squeeze around my finger and lift it up." If that verbal cue did not produce a
contraction then I added, "like a baby sucking." 40 Any asymmetry was noted left to right and I
graded the muscle contraction using the Oxford scale.

Perineometer measurements. With the participant still positioned as described above, I
connected the perineometer sensor with the collar to the Peritron with plastic tubing. The
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participant inserted the sensor into her vagina, much the same as inserting a tampon, until the
collar touched the external genitalia (1 cm of the sensor was outside of the vagina). Using the
same verbal cues as with the digital manual muscle test, I asked the participant to contract the
pelvic floor muscles for IO seconds. Within sight of the participant I then pressed the Peritron
display button to read the unit's numerical display. Three numbers were continuously displayed
as long as the button was depressed. The first number indicated the maximum pressure generated
and the second indicated the average pressure. The third number indicated the number of seconds
the woman could maintain a pressure of greater than 5 cm of water pressure. The participant then
redressed for the remaining tests.

YIPS and MESA. Next, the participant then completed 2 paper and pencil tests: the YIPS
and the MESA questionnaire. The participant filled out the questionnaires in the examination
room. I left the room during this time to clean the sensor but did return to answer any questions
regarding the paper and pencil tests.

The 3-day bladder control diary. I taught the participants how to complete the 3-Day
Bladder Diary (see Appendix C). 52 The participants were asked to fill out the diary for the next 3
days beginning at midnight and record micturition by 2-hour intervals including involuntary leaks
and urgency in the appropriate column. Participants also recorded what they drank and the
quantity in cups.

Second Visit
During the second visit, all participants attended an education program about urinary
incontinence in a private room and then were randomly assigned to 1 of 3 groups. If assigned to
one of the treatment groups, the participant received the first treatment. Women in the control
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group scheduled their follow-up visit for 8 weeks later. Details of the second visit for the
treatment groups follow.

Incontinence education. During the second session, I explained the micturition cycle in
lay language. I included basic anatomy and nerve pathways along with common dysfunctions
using an educational poster titled The Urinary System, Differentiating Bladder Control Problems
published by Pfizer. Next, participants viewed a video tape that explained the prevalence of
incontinence and then described the function of the bladder followed by instructions on how to
use the Liberty electrical stimulator to improve urinary continence.

Randomization. To achieve randomization, 2 containers were prepared representing
diagnosis groups (urge or stress incontinence). Each container held 33 slips of paper with 11
reading "e-stim" for the electrical stimulation and exercise group, 11 reading "therapeutic
exercise" for therapeutic exercise alone group, and 11 reading "control." The office assistant,
who scored the MESA questionnaire, offered the correct diagnostic container to the participant on
the second visit. I was blind to the type of incontinence until each participant completed the
study.

Procedure by Group
Control group. After assignment into the control group during the second visit, I told
participants that if they wished, they could begin treatment without charge when they returned 8
weeks later for their follow-up test and measures. At week 7, the office assistant called women in
the control group and reminded them of their appointment and the importance of completing the
second 3-day bladder diary.
At the follow-up visit I repeated all baseline measurements for data analysis. The
remaining portion of this visit was spent in incontinence education, review of the bladder diary,
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and treatment specific to the woman's type of incontinence. This visit took approximately 30
minutes.
Exercise group. After assignment into the exercise group during the second visit, I
reviewed the bladder diary with the participant. Then I taught participants 2 or 3 of a total of 6
exercises (see Appendix G), beginning with the easier exercises that targeted trunk stabilization
(e.g., marching in place), and pelvic floor ( e.g., long contractions). While each of the beginning
exercises were performed in hook lying ( supine with knees flexed and feet on the surface), I
emphasized that these could be performed in other postures. Furthermore, I asked the participants
to do the pelvic floor exercises everyday on their own 5 times per day, and the trunk stabilization
exercises twice per day. The entire second visit took approximately 60 minutes (30 minutes
education, 30 minutes exercise). At the end of the second visit the participant scheduled the
remaining visits, twice a week for a total of 16 sessions (approximately 8 weeks).
During visits 3 through 15, I worked with each participant for 60 minutes of exercise,
reviewing previous exercises and adding new ones as the woman was able to progress. At the
follow-up visit (visit 16), I repeated all baseline measurements for data analysis. I told them that
according to the scientific literature, to achieve automatic response of the pelvic tloor, 30 they must
continue the exercises 5 times per day for no less than 9 months and thereafter, once time per
day.st
The exercises consisted of 3 pelvic floor exercises and 3 trunk stabilization exercises.
The pelvic floor exercise consisted of long contractions (sustained), short contractions (quick
flicks) and controlled contractions (the "elevator"). The number of repetitions of the sustained
contractions was adjusted to the woman's pelvic floor endurance and strength. The goal of the
long contractions was to perform 10 contractions for 10 seconds each. These contractions
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targeted the Type I muscle fibers. A 20-second rest after each repetition gave the pelvic floor
muscles an opportunity to recover. For motivation and muscle re-education, the exercises were
performed with the Peritron sensor in place so that the participant could get feedback of her
efforts. Following the long contractions, the participant had I minute of rest.
The participant then performed 10 quick flicks of 3 seconds in duration, each followed b)
a 6-second rest. These contractions focused on the quick response of the Type II muscle fibers.
The participant also performed the "elevator" exercise in which she contracted lightly to the "first
floor," slightly more to the "second floor," contracted moderately to the "third floor," and
maximally to the "fourth floor." She then reversed gradually relaxing the tension in 4 steps. This
was repeated a total of 3 times. The participants rested I minute between each set of exercises.
The trunk stabilization exercises were designed to strengthen the pelvic floor muscles,
transversus abdominus, and multifidus. As recommended by Sapsford, 46 I taught the women to
contract the pelvic floor muscle first to support the pelvic contents from the increased intraabdominal pressure, then the transversus abdominus, and lastly contract the multifidus. I
instructed the participant to hold the contractions while continuing to breathe diaphragmatically
to avoid a Valsalva maneuver. I emphasized the importance of this order of contractions to
stabilize her pelvis for all 3 trunk stabilization exercises. Performance cues included, "draw up
your pelvic floor as if you had a straw in your vagina" for the pelvic floor, "bring your navel
closer to your spine by zipping up your inner zipper" for transversus abdominus, and "elongate
your spine" for multifidus.
The 3 trunk stabilization exercises that the participants performed are described next. In
hook lying, the woman performed marching in place with alternate hip tlexion with knees flexed
while maintaining a level pelvis with the pelvic floor, transversus abdominus, and multifidus
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engaged. She was instructed to perform 10 repetitions as a goal or, if unable to perform that
many, as many repetitions as possible and increase her tolerance to 10 repetitions. She next
performed bridging exercise beginning with the contraction of the pelvic floor muscles and trunk,
and curling the spine off the floor beginning with the coccyx to the shoulders while pressing
through the feet. The return to the starting position was in reverse order by curling the trunk back
to the floor. The number of repetitions was as many as tolerated by the woman and increased to
10 as possible. The third exercise was in the quadruped position. The woman performed the
isometric contractions of the pelvic floor as above, elongating and holding the back and neck to
-neutral to the count of 15 for 3 repetitions. This maneuver could be advanced to alternate arm
and opposite leg lifting as the woman was able. Because optimal number of repetitions have not
been established, 211 the woman did 3 repetitions of the quadruped exercise and 10 each of the
marching in place and bridging. Similarly, the participants performed 10 repetitions of the
sustained and quick contractions of the pelvic floor, 5 times a day.

Exercise and electrical stimulation group. The protocol for those in the combined
treatment of exercise and electrical stimulation was the same for the exercise group with the
addition of electrical stimulation to the pelvic floor muscles through a vaginal electrode. The
tampon-shaped electrode for the Liberty electrical stimulation system was well adapted to this
purpose as it was easy and comfortable for the participant to insert. The participant recognized
the electrical stimulation unit as the one that she saw in the video on her second visit, so she was
familiar with its use. She received her own electrode upon randomization into this group. The
electrode connected to the electrical stimulation unit directly. The unit was preset to 12.5 Hz, a
frequency thought best for urge incontinence for central inhibition of the pelvic outflow from the
bladder, but also could be used for stress incontinence. The other setting of 50 Hz was not used
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because while it would be appropriate for stress, it is not appropriate for urge incontinence which
does not respond to higher frequencies. 67 By using the 12.5 Hz frequency, both types of
incontinence could be treated while reducing the number of variables in the study. Note that in
clinical practice, the therapist would choose a frequency around 10 Hz for urge incontinence and
between 20 Hz and 50 HZ for stress incontinence.
Women in the exercise and electrical stimulation group performed 60 minutes of
exercises first and completed treatment with 30 minutes of electrical stimulation for visits 2
through 15. The participant turned the unit on and gradually advanced the intensity while the unit
-was maintained in the "on" position by depressing the continuous button. Once the woman
reached the highest intensity that was comfortably tolerable, she ceased depressing the continuous
button. The unit then cycled on for 5 seconds and off for 10 seconds. If the participant became
accustomed to the current she was encouraged to depress the continuous button again while she
advanced the current to the new higher level of stimulation. After treatment, the participant
washed the electrode in soap and water according to the manufacturer's instructions, placed it in a
zip lock bag identified by her name and took it home, returning with it each time. This precaution
assured the participant that no one else could use her sensor or electrode. As with the other
groups, at the follow-up visit (number 16), I repeated all baseline measurements for data analysis.
I told participants that to achieve automatic response, 212 they must continue the exercises 5 times
per day for no less than 9 months and thereafter, once per day.

51

Data Analysis
Descriptive statistics were calculated for the demographics and participants'
characteristics and for each dependent variable. These consisted of age, height, weight, BMI,
number of births, history of Caesarean sections and current HRT use. Dependent variables were
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pre- and post-YIPS, perineometer measurements (contraction strength and contraction time),
number of leaks, manual muscle test scores, and frequency of bathroom visits. These values were
calculated for both the overall diagnostic categories and for each treatment group. Mean change
in pre- and post-treatment measures of the dependent variables were determined for each of the 3
treatment groups within each of the 2 diagnostic categories and reported in a table using
percentages.
To determine whether the 2 diagnostic group categories (participants with stress
incontinence and participants with urge incontinence) were equivalent on participant and
-demographic data, a single-factor MANOV A was calculated. Frequencies were calculated for
history of Caesarean sections and use ofHRT, and separate Chi Square analyses were conducted
to test for pre-treatment differences in these dichotomous variables (history of Caesarian section
and current use of HRT) between the diagnostic groups.
A 2-factor (type of incontinence and treatment group) MANOV A was used to determine
pre-treatment differences among the 6 treatment groups on the parametric participant and
demographic characteristics. Also planned was the use of 2 separate Chi Square analyses to
determine differences in history of Caesarian section and current use ofHRT.
A 2-factor (type of incontinence and treatment group) MANOVA was planned to
determine pre-treatment differences among the 6 treatment groups on the dependent variables. A
mixed MANOVA was planned to determine the difference between (groups) and within (time)
the 6 treatment groups. Post hoc analysis were planned as deemed appropriate.
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CHAPTER IV
RESULTS
The purposes of the study were to determine (a) whether exercise with electrical
stimulation was effective for treatment for women with incontinence, and (b) whether treatment
effectiveness varied between women with urge incontinence, versus women with stress
incontinence. This study used a 2X3 randomized block design with pre- and post-treatment
testing on the dependent variables: pelvic floor strength in centimeters water pressure, contraction
time, participants' self-reported incontinence leaks over 3 days, frequency of urination over 3
days, and quality of life as measured by the York Incontinence Perception Scale (YIPS). The
blocking variable was diagnostic group, either urge or stress incontinence. The independent
variables were the treatment group with 3 levels (exercise with electrical stimulation, exercise
alone, and no treatment) and time (pre- and post-treatment). Participants were randomly assigned
to I of the 3 treatment groups based on diagnosis. Data were collected pre- and post-treatment
(1 st and 16th sessions). Treatment consisted of exercise with electrical stimulation or exercise
alone (twice a week for 14 sessions); the control group returned after 8 weeks. Details of
participant recruitment, assignment, and attrition appear in the consort diagram (see Figure 8).
The consort diagram illustrates that 101 women were contacted, 38 women were excluded and 63
agreed to participate in the program. Of the 38 women who were excluded, 17 failed to meet the
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inclusion criteria and 21 refused treatment after signing their permission to participate. The 63
participants were randomized into treatment groups, 41 with stress incontinence and 22 with urge.
Forty-seven women completed the study (34 with stress, 13 with urge). This chapter presents the
results in the following subsections: (a) Demographic and Participant Characteristics, (b)
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Descriptive Data on Dependent Variables, (c) Comparison of Treatment Effects, and (d)
Summary.
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Figure 8. Consort diagram of participant selection, randomization and completion of the study
Demographic and Participant Characteristics
Table 5 shows the demographic information and characteristics of the participants who
completed the study. The table is organized by diagnostic group.

119

Table 5. Participant Demographic Information and Characteristics by Type of Incontinence
Stress Incontinence (n

= 34)

55.9

15.3

23.0

78.0

Height (cm)

161.7

5.7

152.4

175.3

Weight (kg)

75.6

16.7

45.5

123.2

BMI*

28.5

5.3

17.7

44.0

2.2

1.3

0.0

5.0

No"(nj'< '

No{¾) .

Age (yrs)

Births (n)

Yes (11)

Yes(%)

C-Sections*

3

8.8

31

91.2

HRT*

10

29.4

24

70.6

Urge Incontinence (n

= 13)

Mean

SD

Min

61.2

12.9

45.0

83.0

Height (cm)

161.5

4.2

152.4

167.6

Weight (kg)

78.5

24.4

49.1

139.1

BMI*

30.1

8.7

21.0

50.0

1.5

I.I

0.0

4.0

Age (yrs)

Births (n)

Yes (n) .
C-Sections*

Yes(%)
0.0

0

No(n)

.· No(%)

13

100.0

77
10
23
3
HRT*
*BMI = body mass index. C-Sections = caesarian sections. HRT = hormone replacement therapy.
A single-factor MANOV A was calculated to test the differences between diagnostic
groups (stress and urge) on the pre-treatment demographics and participant characteristics of age,
height, weight, BMI and number of births. Because there are more than twice as many women
with stress incontinence than urge, Box's test must be examined. Box's test of homogeneity of
covariances across diagnostic groups was significant (P = .049) with the unequal group sizes.
Thus, the assumption of homogeneity of covariances is violated. Despite the difference in sampk
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sizes, Levene's test revealed equal variances of each variable across groups except for BMI (P
=.044). As anticipated, BMI is strongly intercorrelated with body weight (r = .95; P =.01).
However, because BMI and body weight were not dependent variables in the study, the Box test
was marginal, and the Levene's test for BMI was the only significant test, both variables were
included in the pre-treatment analysis. No significant differences (Wilks' Lambda =1.32, F(s, 41 ) =
1.32, P = .275) were found between the diagnostic groups on age, height, weight, BMI and
number of births.
Differences between groups on the dichotomous variables of history of Caesarian
sections and current use ofHRT were tested using Chi Square analysis. Fisher's Exact Test was
used to interpret the difference in history of Caesarian sections because of the low cell
2

frequencies. No significant differences (X = 1.23, df= I, n = 47, P =.55) were found between
diagnostic groups. Chi Square analysis was also used to test pre-treatment differences between
the diagnostic groups for current use ofHRT. No significant differences

(x2 = .19, df= I, n = 47,

P = 1.00) were found between the diagnostic groups for current use of HRT.

Table 6 shows the participant characteristics for women who completed the study. The
table is organized by diagnostic and treatment groups.
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Table 6. Demographic and Participant Characteristics of the Women with Stress and Urge
Incontinence by Treatment Group

Characteristics/
Demographics
--~ g~ (yrs)

Exercise + E-Stim
(n=9)
:M.ean . (Sll)<i 1?.\Mfo..:tt•

Exercise
(n=14)

Control
(n=ll)

:>(Max ··

52.8±15.8

23-73

63.3±12.3

29-77

50.1±14.7

23-78

80.2±10.1

69.197.7

74.4±17.1

48.2113.6

72.4±20.4

45.5123.2

2.3±1.4

0-5

2.4±1.4

0-4

1.8± 1.1

- • Height(cm)
Weight (kg)

BMI*

C-Sections

HRT*

Characteristics/
Demographics
Age (yrs)

1/8
3/6

0-3 ·

11/89
1/13
7/93
1/10
9/91
33/67
4/H_f{(
-_ -291'71
:\:J/8
27 /63 ·
· prgelncontine11~.~'}
(n = 13)
Exercise
Control
Exercise + E-Stim
(n=3)
(n=5)
_.
(n=5)
.1\'lean (SJ>) f/ :}:Min- , ,- . :Mean
.·.. MinMean(SD) -•:Min.;/
. ,d.:[f\:•_c'.·_ . -Max ·<·:+,:~:-:(SD) :
Max
. Max
64.4±16.7
46-83
59.0±12.0
45-78
59.7±10.7
53-72
.c

- Height (cm)
63.270.1±16.8
110.0
23.:.43 .- .. -- · · · > 26.8±5;8 ~:tj::
. 33.7±10.l ".
2-4
1.0±.7
2.7±1.2
.iYes/No (n) ·. · Yes/No

58.2139.1
..
Weight (kg)
:·iti1~33\\
/•~.L2±1
o.9\
:i
22~so
BMI*
0-2
1.2±.8
0-2 Births (n)
Yes/No ·
(%)
(%)
0/5
0/100
0/5
0/100
0/3
0/100
C-Sections
l/2 <. · .. : .}<33/67
1/4 ._.-,\ -- . 20/80
:\,<'J/4
20/80,- HRT*
*BMI = body mass index. C-Sections = caesarian sections. HRT = hormone replacement therapy.
86.6±23.4

49.188.2

82.0±32.9

A 2-factor (type of incontinence and treatment group) MANOVA was used to determine
any pre-treatment differences among the 6 treatment groups for age, height, weight, BMI and
number of births. Box's test for homogeneity of covariances across groups was not significant
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(P

= .26) even with the unequal group sizes. Also, despite the difference in sample sizes,

Levene's test revealed equal variances among groups on all the above mentioned variables. As
previously stated, BMI strongly intercorrelated with body weight (r

= .95; P = .01). However,

because BMI and body weight were not dependent variables in the study, both variables were
included in the pre-difference analysis. No significant interaction was found among the treatment
groups for age, height, weight, BMI and number of births (Wilks' A= 0.86; F ( 10,74 )

= 0.58; P =

.83).
Differences among the groups on their history of Caesarian section and use of hormone
replacement therapy (HRT) were not statistically testable with chi square testing because of the
low number of participants in the cells. Notably, none of the participants in any of the urge
incontinence groups reported a history of Caesarian sections. The reader is referred to Table 6 for
a visual comparison of the frequencies and percentages of Caesarian sections and of HRT use
among the groups.
Descriptive Data on Dependent Variables
There were originally 6 dependent variables planned for this study: pelvic floor muscle
strength (PFM) as measured with manual muscle testing (MMT), PFM strength as measured by
the perineometer (cm of water pressure), contraction endurance (seconds), number of leaks over 3
days, frequency of urination over 3 days, and quality of life (QOL) as measured by the YIPS. All
of these variables were measured pre- and post-treatment. Table 7 reports mean performance on
each dependent variable by treatment group and type of incontinence. Pre- and post-treatment
performance is presented along with the percentage change from pre-treatment to post-treatment.

123

Table 7. Pre- and Post-Intervention Performance on Dependent Variables by Type of Incontinence and Treatment Group

Mean
Pre
(SD)

Mean
Post
(SD)

%
Change
In Mean

Exercise + E-Stim (n=9)

......
N

~

Pelvic
Pressure
(cm H20)

23.9
(17.6)
7-56

39.0
(17.2)
22-64

3-Day Leaks
(#)

8.0
(8.7)
1-30

2.0
(3.6)
0-11

27.6
(8.2)
16-43

45.2
(6.4)
36-54

QOLYIPS
(score)

Mean
Pre
(SD)

Mean
Post
(SD)

%
Change
In Mean

Exercise (n=l4)

Mean
Pre
(SD)

Mean
Post
(SD)

%
Change
In Mean

Control (n=ll)

21.1
(13.2)
7-51

33.9
(15.5)
8-63

60.7j

24.6
(18.0)
10-61

25.6
(17.2)
12-60

4.1 j

75.0j

12.0
(9.7)
1-30

3.6
(4.1)
0-14

70.0j

4.6
(3.0)
1-12

7.9
(7.3)
1-25

71.7 !

63.8j

31.9
(4.7)
24-38

45.2
(6.3)
34-56

41.7j

30.8
(4.8)
25-39

30.8
(2.9)
27-35

NC

63.2j

Table 7 continues

Variables

Mean
Pre
(SD)
MinMax

Mean
Post
(SD)
MinMax

%
Change
In Mean

H

20.0
(16.6)
8-39

28.7
(14.3)
13-41

3-Day Leaks
(#)

14.7
(18.5)
3-36

1.7
(2.9)
0-5

27.3
(2.3)
26-30

44.0
(7.2)
38-52

Mean
Post (SD)
MinMax

%
Change
In Mean

H

Mean
Pre
(SD)
MinMax

Mean
Post
(SD)
MinMax

%
Change
In Mean

H

Control (n=5)

Exercise (n=5)

Exercise+ E-Stim (n=3)

Pelvic
Pressure
(cm H20)

Mean
Pre (SD)
MinMax

18.2
(2.7)
16-22

38.0
(22.8)
17-74

108.8j

37.8
(28.4)
10-79

39.8
(24.3)
16-68

5.3j

88.4j

6.8
(1.5)
5-9

2.8
(3.1)
0-8

58.8j

8.4
(4.8)
3-16

11.2
(9.0)
3-24

33.3j

49.6
(2.2)
47-53

93.8j

28.4
(8.9)
21-43

28.2

61.2j

25.6
(I 0.1)
18-43

5.0j

......
N

Vl

YIPS (score)

(2.8)
25-32

0.71

Note. Pre= pre-intervention performance; Post= post-intervention performance; Percent mean change= [(Post - Pre)+ Pre] x 100 {l t =uparrow indicates
improvement, down arrow indicates worsening, NC= no change); E-Stimulation = electrical stimulation; MMT = manual muscle test of pelvic floor muscle
using Oxford Scale; cm H20 = pressure measured in centimeters of water pressure; 3-Day Leaks= the number ofleaks over a 3-day period; 3-Day Urinary
Frequency = the number of bathroom visits in 3 days; YIPS = York Incontinence Perception Scale.

A 2-factor (type of incontinence and treatment group) MANOVA was planned to
determine pre-treatment differences among the treatment groups on the 6 dependent variables.
However, the contraction endurance was eliminated from further analysis because the test was
conducted as a capped 10-second test, and thus had ceiling effects. In addition, in conducting the
timed contraction test, the participants occasionally initiated the contraction before the timer,
resulting in times as long as 17 seconds. Because of these reasons the test was considered invalid
and eliminated from further analysis. Pre-MANOV A screening for correlations revealed that the
pre-treatment PFM pressure as measured with the perineometer correlated strongly with the
MMT score (r

= .71, P = .001 ).

Therefore, the MMT score was eliminated as a dependent

variable from further analysis throughout the study because it was redundant with the
·perineometer values.
Results of the 2-factor MANOVA on the 4 remaining dependent variables indicated that
Box's test for homogeneity of covariance across groups was violated (P = .003). Further, the pretest PFM pressure measures and the pre-test 3-day number of leaks, violated Levene's test for
homogeneity of variance, P = .047 and P = .001, respectively.
The decision was made to adjust the data analysis plan accordingly. Therefore, the
diagnostic groups were analyzed separately to test the pre-treatment differences and the
hypotheses about between and within treatment group differences among the 3 groups within
each of the diagnostic categories, stress and urge. The results are reported by diagnostic
categories.
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Comparison of Treatment Effects
Results for the Stress Incontinence Groups

A I-way MANOVA was conducted to test pre-treatment differences among the 3
treatment groups within the stress incontinence diagnostic group to indicate homogeneity of
covariance. Box's test was violated (P = .004); however, the group sizes were considered
reasonably equal 178 and thereby reasonably robust to this violation. In addition, the pre-test
number of 3-day leaks violated Levene's test (P = .02), but as these data are preliminary, the
analysis was continued. No significant differences on any of the dependent variables (Wilks' A=
0.661, F

(8,56)

=1.61; P = .143) were found.

A mixed measures MANOV A was then conducted to test differences between and within
(time) for the 3 stress incontinence treatment groups. Again Box's test was violated (P = .009),
however, the groups were considered reasonably equal. 178 Therefore, the mixed MANOVA was
calculated. Levene's test of equality of error variance was violated for the number of leaks at pretest, therefore, number of leaks was eliminated from further analysis. Results demonstrated a
significant time by group interaction (Wilks' A= 0.40, F <6, 58 ) = 5.60, P = .001) and significant
main effects for group (Wilks' A= 0.57, F <6, 58 ) = 3.16; P = .009) and for time (Wilks' A= 0.25,

F (3,29) = 29.37, P =.001).
Sphericity was demonstrated and permitted follow-up univariate repeated ANOV As for
each dependent variable on the significance of the change from pre- to post-treatment. Table 8
displays the results of the ANOVA tests.
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Table 8. Follow-up ANOVAs for Dependent Variables for the Three Stress Incontinence
Treatment Groups (n = 34) per Time by Group Interactions

p
Dependent Variables
df
F
7.31
PFM* Stren2th (cm H 2O)
2
.003
Urinary Frequency(#)
0.03
2
.967
YIPS* (score)
18.69
2
.001
*PFM = pelvic floor muscle; YIPS = York Incontinence Perception Scale

Effect Size
.57
.04
.74

Pelvic floor muscle (PFM) strength and YIPS scores changed significantly between preand post-treatment examination. Follow-up paired !-tests demonstrated that the exercise with
electrical stimulation group (n = 14) improved with treatment in both PFM strength (t = 4.62, df =
8, P = .002) and on the YIPS (t = 5.33, df= 8, P = .001). Similarly, the exercise group (n = 15)
also improved with treatment in both PFM strength (t = 4.30, df= 13, P

= .001) and on the YIPS

(t = 7.51, df= 13, P = .001). No pre- to post-treatment changes were noted in the Control Group
(n = 12) on either PFM strength (t = 0.69, df= 10, P = .505) or on the YIPS (t = 0.00, df= 10, P

= 1.000).
Post hoc analysis with Tukey's HSD test was conducted to determine between group
differences for participants with stress incontinence. This analysis indicated that the only
between group differences observed were that the exercise with electrical stimulation group and
the exercise group differed significantly from the control group on PFM strength, P

= .025 and P

= .001, respectively.
Results for the Urge Incontinence Groups and Results for the Stress As Compared to the Urge
Incontinence Groups

Low participant numbers within the urge incontinence category overall and within each
of the 3 treatment groups, especially in the exercise with electrical stimulation group, and the
large number of dependent variables, precluded conducting meaningful multivariate or
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nonparametric statistical analysis for either between or within treatment group differences.
Furthermore, no meaningful multivariate or nonparametric statistical analysis for either between
or within diagnostic category by group differences could be carried out.
Summary
There were no differences between the diagnostic groups pre-treatment in age, height,
weight, BMI and number of births. It is interesting to note that none of the participants in the
urge incontinence groups reported a history of Caesarian sections and therefore no statistical
analysis was possible on this characteristic. Because of insufficient participants, limited
statistical analysis was possible especially for the urge incontinence group. Therefore, only the
stress group could be analyzed for between and within treatment differences and no comparison
·between the stress and urge group could be conducted. A significant group by time interaction
was found in the stress group. Follow-up analysis indicated that the exercise with electrical
stimulation and the exercise only groups improved with treatment, whereas the control group did
not. In addition, both the exercise with electrical stimulation and exercise group differed
significantly from the control group. This demonstrated that both treatments were more effective
in increasing pelvic floor muscle strength and participants' perceptions about their incontinence
(YIPS) than no treatment for women with stress incontinence.
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CHAPTERV
DISCUSSION
The study of urinary incontinence is complex due in part to the different etiologies and
women's reluctance to speak about the problem. Furthermore, many previous studies using
electrical stimulation were non-randomized, uncontrolled and unblinded. The effectiveness of
electrical stimulation for the treatment of urge versus stress incontinence is unknown. The
purposes of the study were to determine (a) whether exercise with electrical stimulation was an
effective treatment for women with incontinence, and (b) whether treatment effectiveness varied
between women with urge incontinence, versus women with stress incontinence. To achieve
these purposes, I conducted a 2x3 randomized block design with pre- and post-treatment testing
of the 6 dependent variables: pelvic floor strength as measured by the Oxford Scale and in
centimeters water pressure, contraction time, up to IO seconds, participants' self-reported leaks
over 3 days, frequency of urination over 3 days, and quality of life as measured by the York
Incontinence Perception Scale (YIPS). The blocking variable was diagnostic group, either urge
or stress incontinence. The independent variables were the treatment group with 3 levels
(exercise with electrical stimulation, exercise alone, and no treatment) and time (pre- and posttreatment). The discussion that follows consists of: (a) description and discussion of participants,
(b) summary of findings, (c) discussion of hypotheses, (d) limitations, (e) future studies, (t)
clinical significance, and (g) conclusion.
Description and Discussion of Participants
The participants came from a convenience sample and were diverse in terms of their
personal and demographic characteristics. Nevertheless, they were similar to women in the
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general population with incontinence. For example, the participants were female aged 23 to 78
years. This wide age range is not unusual. Although urinary incontinence among women is
frequently thought to be a problem of older women, stress and urge incontinence also occurs
among younger women. The Agency for Health Care Policy and Research (presently the Agency
for Health Care Research and Quality) reported that I in 4 women aged 30 to 59 have
experienced incontinence at some time. 1 Women over 60 have a 3 5% prevalence rate for urinary
incontinence. 96
Parity is a risk factor for incontinence. In this study, 41 participants were parous, 6 were
not. Nulliparous women with incontinence may respond differently to treatment and thus bias
results if they all were in the same diagnostic or treatment group. Fortunately this was not the
case. Of the 6 nulliparous women, 4 had stress and 2 had urge incontinence. As the result of
random assignment to treatment groups, the 6 nulliparous women were distributed among all the
groups except exercise and electrical stimulation with urge incontinence. Therefore, the
nulliparous women should not have had an undue bias in this sample. Any differences in the
. b.1as ex1ste
. d .213
groups were d ue to t he treatment as no systematic
The fact that 87.2% of the sample were parous confirmed the observation that parity is a
contributing factor in the occurrence of incontinence. DeLancey and colleagues

214

offered an

explanation for this association. Their recent study found that incontinence in primiparous women
was related to lower urethral closing pressure compared to continent primiparous women as well
as nulliparous women. Vesical neck stability as noted in ultrasound studies were also
significantly lower among the primiparous women as compared with the same groups. These
findings not only determine the mechanism of the incontinence it also reinforces that the damage
occurs with the first child. Dannecker and Anthuber73 first suggested that damage usually was
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with the birth of the first child as additional perinea} damage occurred in only 4% of multiparous
women.
In this convenience sample, 3 women with stress incontinence had experienced a
Caesarian section but 2 of the 3 also had vaginal deliveries. Therefore, all parous women but 1 in
the stress incontinent group had vaginal deliveries. Caesarian section is thought to be protective
of the pelvic floor, 73 but since all but 1 parous woman in this study had at least one vaginal
delivery that potential protective effect could not be demonstrated. Furthermore, with no
participants with Caesarian section in the urge incontinence diagnostic group, any comparison
across diagnostic groups was difficult since the contribution of Caesarian section to incontinence
is unclear. If any differences between diagnostic groups (stress vs. urge) were found, it would be
unclear if the difference between diagnostic groups was due to the treatment or due to the history
of vaginal delivery among women with stress incontinence. Indeed, 2 studies

215 216
•

found that a

method of childbirth had a significant correlation with postpartum stress urinary incontinence to
such an extent that one researcher, Ekstrom, 215 concluded that vaginal delivery was etiological.
Within the stress diagnostic group the 3 participants who had Caesarian sections were
evenly distributed among the treatments (1 in the exercise and electrical stimulation group, I in
the exercise alone group, and I in the control group). Of these, 2 participants who had a
Caesarian section also had vaginal births and they were in the treatment groups, not the control
group. When examining differences between treatments, any improvement of the treatment
groups over the control group cannot be due in part to the potential protective effect of the
Caesarian section as all participants in the experimental groups had at least one vaginal birth.
Having a Caesarian section and no vaginal deliveries may be an advantage in learning and
performing pelvic floor exercises but it cannot be shown in this study. Furthermore, Rortveit and
associates 217 found women who had a Caesarian section had a 1.5 adjusted odds ratio chance of
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having stress or mixed incontinence and women who had vaginal deliveries had a 1. 7 adjusted
ratio. The researchers concluded that the difference iti odds ratio between Caesarian section and
vaginal delivery did not justify elected Caesarian sections. In summary, the method of childbirth
for stress incontinence participants in this study suggests that vaginal delivery is a risk factor for
stress incontinence, but there were not enough participants in the urge category precluding
making any statement for urge incontinence. Caesarian sections may protect women from fascial,
muscle and nerve strain, but as all parous women in the treatment groups had at least 1 vaginal
delivery, there were not enough who only had Caesarian sections for comparison. But the high
percentage of women who had vaginal deliveries indicates that vaginal delivery is a risk factor for
stress incontinence.
In this convenience sample there were other differences between the urge and stress
groups. The participants in the urge group were older and heavier than in the stress group. This
was expected as urge incontinence tends to come on in the 6th decade. As the Danforth

218

study

pointed out, a high BMI was statistically significant for urge incontinence and thus a risk factor.
Increased age was no longer a factor in the onset of incontinence after an adjustment for
confounders was made, as reported by Lawrence and co-workers. 219 The confounders included
obesity, type of delivery(ies), menopause and hormones. Therefore, the increased weight that can
occur with age can be a more important factor than the aging process as a risk factor for
incontinence.
It is a common belief that estrogen may protect women from incontinence but recent
evidence suggests the opposite effect for systemic estrogen. The Nurses' Health Study
corroborates that systemic estrogen as in HRT had a negative effect on postmenopausal risk of
developing urinary incontinence. 220 Miller et al. 221 •222 also reported that the past or present use o~:
,;

hormone replacement in older women was an independent risk factor for increasing incontinence
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severity. The question arises in the current study, did the women participating in HRT have more
severe incontinence symptoms compared to the rest of the sample? Another important question is
how were women taking HRT distributed among the treatment groups? If the women taking
HRT had more severe symptoms and were not equally distributed among the treatment groups,
their HRT status may have influenced the outcome measures. In this study, 13 women
participated in HRT (28%) and 32 (72%) did not. These questions can be answered in part by
looking more closely at the women who participated in HRT, rate their severity, and then
examine their distribution among the treatment groups.
Miller and associates221 •222 developed an incontinence severity score by combining scores
for frequency and other factors such as amount of urine leakage. Frequency was scored as
follows: 0 = no incontinence, 1 = rarely, 2

= sometimes, and 3 = often. The amount of urine

leakage was scored as follows: 0 = none, I

= drops, 2 = just a little, and 3 = wet the floor. They

also factored avoidance behaviors and self-management such as going to the bathroom, "just in
case", wore protective pads, avoided athletics, avoided certain clothes, with a "never,"
"sometimes," and "frequently" description. Miller and associates found among those
interviewed, some felt that they were better now than previously, some were the same, but more
were worse than before, so that those who were worse after 3 years had a higher severity rating.
Additionally, the tendency for women to seek help or their reason for not doing so was included
in the overall rating. If their reason was because incontinence was not a problem, their
continence rating tended to be lower. A mean severity score was derived from these factors. A
woman who leaked often, enough to wet the floor, who was worse than 3 years ago, and limited
her physical activity as she might leak, and did not seek help from the health practitioners
because she was embarrassed, would have a high severity score.
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Applying Millers' scoring system of the severity of leakage to the participants in my
study is limited, as some scoring variables were not collected. The amount of leakage was not
included in a bladder diary used in this study so leakage cannot be compared to Miller's study.
The frequency was reported in this study and the women's coping skills can be derived from the
YIPS. So these 2 factors can be compared. Therefore, a comparison of severity would be
characterized by women who had a high 3-day frequency, leaked more than 3 times in 3 days,
and had a low YIPS score. Among the 13 women who had HRT, 4 women in the present study
had a high severity score, 4 women had a moderate severity score and 5 women had a low
severity score. Those on HRT were evenly distributed in all treatment groups with 4 women in
the exercise with electrical stimulation, 5 women in the exercise group and 4 women in the
control group, so the effect ofHRT in each group would be equalized. However, of those 4 who
would be considered severe by Miller's scoring, 3 were in the exercise group and 1 in the control
group. As the exercise group showed increase in the Peritron scores and improved selfperception, the greater severity in these groups did not negatively affect the overall significance
of findings. Because all women were instructed not to change HRT use during the study, the
findings were not likely to be due to participation in HRT, rather due to the treatment.
Did BMI have an effect on the development of incontinence? Twelve of the participants
in this study were in the normal range to 24 BMI. Seventeen were overweight with a BMI under
30, 15 were obese with BMI between 30 and 39, and 3 were morbidly obese with BMI over 40.
Only 26% of the sample had BMI in the normal range. This would indicate that BMI is an
important factor in developing urinary incontinence. Townsend and colleagues

223

reported highly

significant trends of increasing risk of developing urinary incontinence with BMI and waist
circumference (P=0.001 for both BMI and waist circumference). High BMI (over 35.5) was
associated with urge and mixed incontinence, not stress. Increased waist circumference was
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associated with stress incontinence. Incontinence severity tends to increase with BMI for women
of all ages and the higher the BMI the more severe the incontinence. 221 Nevertheless, there was
no difference in BMI between those with stress or urge incontinence and those with the highest
BMI were in the control groups.
Danforth, et al. 218 reported on risk factors for urinary incontinence as a part of the
Nurses' Health Study II among women aged 37-54. They found that African-Americans and
Asian-Americans had the lowest risk, while white race had the highest risk of developing urinary
incontinence. The racial mix of participants in this study reflect this as 46 were white, one
African-American, and none were Asian-American.
Summary of Findings
Originally there were 6 variables in this study: pelvic floor strength measured in
centimeters water pressure and by manual muscle testing grade, pelvic floor contraction in
seconds; the participants' self-reported number of incontinent leaks over 3 days, self-reported
frequency of visits to the bathroom over 3 days, and quality of life as measured by the York
Incontinence Perception Survey (YIPS). The number of dependent variables decreased for 3
reasons. The strong correlation of the manual muscle test and the perineometer scores made this
data duplicative, allowing elimination of the ordinal data of the manual muscle test in preference
for the ratio data of the perineometer scores. Second, the endurance factor of holding a pelvic
floor contraction up to 10 seconds could be eliminated as it was attainable by all participants after
2 to 3 weeks of training. This variable was capped at 10 seconds as part of the evidence-based
protocol, with no intent to increase this beyond the 10 seconds. In addition, measurement error
was introduced in that a few participants started to contract before the researcher began timing.
Therefore, endurance was not a suitable outcome measure of urinary control. Finally, the number
of leaks was eliminated from further analysis when Levene's test of equality of variances was
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violated at pre-test as the variances were too diverse to rely on the validity of the statistics. 213 For
instance, the pre-leak score for urge incontinence had a mean of 14. 7 leaks in the exercise with
electrical stimulation group but a mean of only 6.8 leaks for the exercise alone group, and a mean
of 8.4 leaks in the control group. In the stress incontinence group, those randomly assigned to
exercise with the electrical stimulation group had a mean of 8 leaks, but those in the exercise
alone group had a mean of 12. Those with stress incontinence in the control group had a mean of
4.6 leaks. In summary, 3 of 6 dependent variables were eliminated from further analyses.
Therefore, this left Peritron readings, frequency of bathroom visits, and the quality of life as
measured by the YIPS as the dependent variables.
The initial inclusion criteria allowed any incontinent woman to participate regardless of
the number of leaks. After enrolling 4 women with fewer than 3 leaks over 3 days, another
exclusion criteria was added so that participants had sufficient number of leaks to detect changes
over the course of the study. Nevertheless, the number of leaks over 3 days ranged from 1 to 36
for the entire sample. This wide range was not desirable, as it was difficult to demonstrate
homogeneity within treatment groups. For instance, the standard deviation for 3-day leaks were
high in the stress treatment group (see Table 7). For women with stress incontinence in the
exercise with electrical stimulation group, the standard deviation was larger than the mean. By
failing the Levene's test, 3-day leaks as an outcome measure had to be dropped from further
analyses despite the 70% to 75% improvement among the stress treatment groups compared to
the 71 % deterioration in the control group. The indication of efficacy was lost due to the lack of
homogeneity. Statistical software SPSS, can calculate the unequal variance f-test, however that
option is not available for more complex comparisons such as ANOV A or MANOV A. Random
assignment to treatment groups usually counters the negative effect of individual characteristics
from convenient samples. As sample size increases, variances may even out with the random
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assignment to treatment groups. In future studies it might be important to stratify the sample on
the basis of equal leaks to avoid unequal variances.
The loss of leaks as an outcome measure was unfortunate since this is the primary
complaint among women with incontinence. Although leaks were eliminated from analysis, there
were some interesting findings in percentages of change. The control group increased in the
number of leaks, which was expected as untreated incontinence only gets worse. The percentage
of improvement in the number of leaks for the 2 treatment groups may be attributed to
coordination rather than strength. There was a modest increase in strength as indicated by the
pelvic intra-vaginal manual muscle test and the Peritron reading in cm H 2O pressure. Yet there
was also a functional improvement in the reduction of leaks in a 3-day time period and a
perceptual improvement in the score on a quality of life questionnaire, the YIPS. These scores
may indicate that true hypertrophy had not yet occurred but were a measure of improved
coordination and timing.
A mixed MANOV A was used to determine the difference between and within groups on
the quality of life scores as measured by the YIPS, strength as measured by the perineometer, and
frequency of urination as documented on the bladder diary with the stress incontinence groups
only. Post-hoc analysis was performed as indicated. The a. level was set at .05 for all statistical
analyses. The treatment of exercise with electrical stimulation and exercise alone for women
with stress incontinence both appear effective in that significant improvements in pelvic floor
strength and quality of life occurred in comparison with the control group.
One finding that requires some explanation is that there was not a significant decrease in
frequency of urination over 3 days. The frequency of bathroom visits in 3 days should be 18 to
24 (6 to 8 a day). 1 According to this criteria, initially 17 women had overactive bladders in
addition to incontinence while 30 had no problems in this area. When considering the entire
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sample at the end of the study, the number of participants whose frequency decreased (n = 23)
was about the same as those whose frequency stayed the same or increased (n = 24 ), 20 of which
increased, thus leading to the false conclusion that the treatment had no effect on frequency.
Some women in the treatment groups had remarkable decreases. One participant with 71
bathroom visits in a 3-day period reported a decrease to 42 visits post-treatment, a 59%
improvement although still above the normal level of bathroom visit over 3 days. Others
improved to normal frequency levels. One woman dropped from 39 to 17 bathroom visits ( 44%
improvement) and another from 42 to 23 visits (55% improvement). When participants with and
without frequency symptoms are grouped together for analysis, no treatment benefit was noted.
However, whenjust the women with frequency problems are considered, 14 out of 17 improved.
Two of the 3 who did not improve were in the control group and thus would not be expected to
improve. Of those with frequency problems, 13 were distributed among the treatment groups and
4 were in the control group. Alternately, of the 20 participants not having an overactive bladder
who either stayed the same or increased in frequency, 7 were in the control group. In addition,
the increased number of bathroom visits was small, staying in the normal range, for 8 of 19
women who increased the number of bathroom visits. Among the 30 who did not have an
overactive bladder and who changed from normal range of frequency to above normal, 6 were in
the control group.
Interestingly, the 2 participants in a treatment group who deteriorated from normal to
abnormal range of frequency had stress incontinence and were in the exercise with electrical
stimulation group. Knight's6 study found that low intensity electrical stimulation for several
hours a day could be deleterious for stress incontinence because of the physiological effect of
changing fast twitch fibers to slow, thus making it more difficult for the women with stress
incontinence to contract fast enough to prevent leaking. This effect was not expected in this
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study because the women received electrical stimulation twice a week for only 3 0 minutes, not
daily as in Knight's study. These findings are clinically important because women with
frequency problems do respond to treatment of exercise with electrical stimulation or exercise
alone but there is still a small concern for using electrical stimulation for women with stress
incontinence.
Discussion of Hypotheses
Adjusting to the reduced number of dependent variables, the research hypotheses for this
study were as follows: First, women with urge incontinence who received exercise with electrical
stimulation, versus exercise alone, or no treatment, would demonstrate increased pelvic floor
muscle strength, decreased frequency over 3 days and improved perceptual outcomes compared
to women with stress incontinence. Second, women with stress incontinence who received
exercise with electrical stimulation would receive little if any increased benefit from electrical
stimulation, but would have fewer incontinence episodes and stronger pelvic floor than those who
received no treatment. Furthermore, women with stress incontinence who received exercise alone
would not be worse than those who received exercise with electrical stimulation. Lastly, women
with urge incontinence who received exercise with electrical stimulation will have better
outcomes to those in the exercise alone and control groups. Each research hypothesis and its
corresponding null hypothesis is discussed in this section. Women with urge incontinence who
received exercise with electrical stimulation, versus exercise alone or no treatment, would
demonstrate no difference in leaks, pelvic floor strength, contraction endurance, or perceptual
outcomes compared to women with stress incontinence.

H1: Women with urge incontinence who received exercise with electrical stimulation
versus exercise alone, or no treatment, will demonstrate decreased incontinent episodes, increased
pelvic floor strength, and improved perceptional outcomes, as compared to women with stress

140

incontinence who received exercise with electrical stimulation, exercise alone, or no treatment.
To test this hypothesis the following null hypothesis was posed.
For H1 and its correspondi,ng null hypothesis statistical analysis comparing women with
urge to women with stress incontinence was not possible. The number of women in the urge
group who completed the 8-week program was too small compared to those in the stress
diagnostic group. The criteria for determining stress or urge incontinence for the MESA
Questionnaire was conservative. The participants who had symptoms of both stress and urge
were placed in a diagnostic category depending upon the higher score (predominately stress or
urge). A later study by Diokno and colleagues224 demonstrated that a high sensitivity as well as
high specificity for predicting urge incontinence de novo following anti-incontinent surgery was
possible by using a cut-off value of 12 (66%) on the MESA questionnaire. Ifl had used that cutoff score, rather than the predominant score, 2 additional women would have been classified urge
rather than stress. If I had included all women with mixed incontinence in the urge category as is
done with the urodynamic testing, there would have been 10 more women classified as urge.
This illustrates the importance and problems associated with incontinence type diagnosis.
Regrettably, a major purpose of this dissertation could not be addressed, "whether treatment
effectiveness varied between women with stress incontinence and women with urge
incontinence."
H 2 : Women with stress incontinence who received exercise with electrical stimulation
would receive little if any increased benefit from electrical stimulation. Additionally, women
with stress incontinence who received exercise alone would not have a different outcome from
those with stress incontinence who received electrical stimulation. To test these hypotheses the
following null hypothesis was posed. In women with stress incontinence, there will be no
difference in the outcome measures regardless of the treatment applied.
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The null hypothesis was rejected (P = .001) and H2 was accepted. Post hoc testing
indicated that both treatment groups improved in pelvic floor muscle strength and quality of life
compared to the control group, but did not differ from one another. Therefore, women with stress
incontinence who received exercise with electrical stimulation received little if any increased
benefit from electrical stimulation. Women with stress incontinence who received exercise alone
were not worse than those with stress incontinence who received electrical stimulation. There
was no significant difference between the women with stress incontinence who received exercise
with electrical stimulation and women with stress incontinence who received exercise alone.
Both had benefit from the treatment program but electrical stimulation did not contribute to a
greater effect.
H 3 : Women with urge incontinence who received exercise with electrical stimulation will
have better outcomes compared to those in the exercise alone and control groups. To test this
hypothesis the following null hypothesis was posed. In women with urge incontinence there will
be no difference in outcome measures regardless of the treatment applied. I can neither accept
nor reject the null hypothesis for lack of statistical analysis. Visual inspection of the data indicates
that women with urge incontinence in this study improved with both exercise with electrical
stimulation and exercise alone. The hypotheses regarding women with urge incontinence cannot
be analyzed due the low numbers in all 3 treatment groups.
Limitations
There are 6 broad limitations in this study: the diverse characteristics of the participants;
the limited ethnic representation of the participants, the high dropout rate; the low number of
participants in the urge incontinence group; the electrical stimulation frequency; and lastly, the
number of repetitions for the exercises. This section discusses each broad limitation.
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The diversity of the participants is reflected in the dependent variables. The number of 3day leaks in the stress incontinence group was broad (1-36) resulting in the Levene test violation.
Also, there were 4 participants who had less than 3 leaks in 3 days. To better assure that a change
would be evident after treatment, I adopted the criterion of the BE-DRI protocol 136 by excluding
subsequent participants who had less than 3 leaks in a 3-day period. The BE-DRI protocol was
developed by the New England Research Institute for a 9-site study of the effect of exercise
added to Detro I medication for control of incontinence. In addition, an upper limit could be
imposed, however, this would reduce the ability to generalize the results to the population who
seeks help for incontinence.
The wide standard deviation of weight and BMI would have been better controlled if the
upper limit were lowered to 30 rather than 40 as originally planned. The increasing evidence that
weight more than age contributes to incontinence underscores the need to control for the effects
of obesity on treatment effectiveness. 225
Type of childbirth most reported by the participants was vaginal, but 3 women had
Caesarian sections among the stress incontinent diagnostic group. None of the participants
among the urge incontinent had a Caesarian section, which prevented comparing the urge with
stress in that category. While any vaginal birth may negatively effect the pelvic floor muscles, a
Caesarian section may have a negative effect on abdominal muscles. The exercise program
utilized in this study was based on the premise that both pelvic floor muscles and trunk muscles
are necessary for continence. The current study was not designed to sort out the relative
contributions, type of childbirth and exercise on incontinence.
The one area in which there was little diversity, however was in ethnicity. Most of the
women in the study were white. Only 1 participant in this study was African-American, limiting
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the ethnic population to which this study can be compared. As white race is a risk factor for
incontinence, however, this was expected. 8
The dropout rate from interview to randomization was high (53%). Although I expected
the loss of potential participants who did not meet the inclusion criteria, I was surprised that so
many women (n = 21) who met the criteria by telephone interview, chose not to keep the initial
appointment. A clue as to the reasons may be similar to those who were randomized and then did
not complete the study. It is possible that they felt that they did not have the time to devote to the
treatment, as part of the interview emphasized the need to practice daily and come 2 times a week
for exercise under my supervision. Additionally, they could have left the area. Also possible is
that they had a change in their health status that precluded their participation.
Of those who were randomized, 7 dropped from the stress diagnostic group (20%) and 9
from the urge group (40% ). Why a higher percentage dropped from the urge diagnostic group is ,
conjectural and may not be relevant given the small sample size in the urge group. There are
some psychosocial differences between the 2 diagnostic groups noted in the literature that
indicated women with urge incontinence have a lower quality of life and tended to have
depression. 104 This might account for a decreased feeling of self-efficacy that might cause a
woman to limit her efforts to control incontinence. Among those who completed the study was a
feeling of commitment to their strengthening regimen and lifestyle changes and dedication to the
program itself, encouraging others to participate. These participants were enthusiastic about their
treatment. They also participated in recruiting others for the study.
There was an insufficient number of participants in the urge incontinence group to
analyze data to determine whether there was any significant difference between the stress and
urge incontinence groups or the urge incontinence treatment groups and the urge control group at
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the end of the 8-week period. As mentioned, the criteria for classifying a participant with mixed
incontinence in the urge group was difficult to attain.
There were 3 possible reasons for lower number of urge participants: First, overall, pure
urge incontinence comprises a smaller percentage of those who have incontinence, 22% urge
versus 49% stress
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(the rest, 29%, had mixed incontinence) so the pool was smaller. The second

reason is that classifying persons with mixed incontinence into stress or urge is problematic.
When using the urodynamic testing, all women with mixed incontinence are put in the urge
diagnosis group. The protocol for the MESA questionnaire classifies the person according to the
predominant symptom expressed in percentages as the diagnosis. Most of the women who had
mixed incontinence were then classified as stress. In my study, 10 participants with mixed
incontinence had significant urge symptoms with severity scores expressed in percentages of 49o/~i
and higher, yet their stress severity percentages were higher still, so they were classified as stress.
In future studies those with mixed incontinence could be eliminated to control for errors in
diagnosis type.
The consort diagram (see Figure 8) shows that the greatest loss of participants was from
the exercise with electrical stimulation group, in both stress and urge. However, there was no
indication in their reasons that treatment discomfort was a reason for dropping out. In fact, 1
;)

participant in the exercise with electrical stimulation group who was "lost," actually came back tc;
finish, but her data could not be used as over a year elapsed since the earlier treatment. She
continued to be classified as "lost" even though she finished. Another woman who dropped out
had anti-incontinent surgery, another had a stroke, one moved away, and one found that she had
tumors in the bladder that could have accounted for her incontinence. Although appointments
were available after 6:00 PM and on Saturdays, 4 could not juggle their work schedules with
participating in the study. Perhaps if the study required fewer clinic visits, the dropout rate would
')
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have been lower. But for those who completed the study, each session was valued and they were
reluctant to have their sessions come to an end.
A third reason that played a part in the low number of participants in this study was the
effect oflow treatment-seeking behavior of women with incontinence. Ashworth and Hagen 17
interviewed community-living, middle-aged incontinent women who revealed that they were
ashamed of their incontinence, were worried that the odor might be offensive to others, and were
unable to do anything about ameliorating the situation. Koch,2 cited 5 studies that showed less
than 38% of women with incontinence brought the condition to their doctor's attention. Lee et
al. 49 pointed out women do not tell their doctor because they think there is no treatment for
incontinence. Yet other women do not recognize that their urge incontinence is pathological and
needs treatment. 227 The lack of consensus that incontinence is a treatable condition may have
diminished women's treatment-seeking behavior. Therefore, few women consider exposing
. . to mcontmence
.
.
themse 1ves to em barrassment by admtttmg
to seek treatment. 22s

Another limitation was the choice of frequency for the electrical stimulation. Clinically,
12.5 Hz is used to treat urge incontinence and 50 Hz for stress incontinence as recommended by
Fall. 67 To reduce the number of variables in the study, and to allow for blinding, I used the same
frequency for all participants in the exercise with electrical stimulation treatment groups, that is,
12.5 Hz. I theorized that the women with stress incontinence had the capacity to respond to low
frequency as Nelson and Currier79 list pulse frequency from 1-60 Hz for muscle stimulation.
Although the low frequency may not have been the best for the stress incontinence group, the
stress incontinent women who received electrical stimulation did as well as those who had
exercise alone.
Finally, another treatment concern was my exercise dosage. The number of repetitions
per exercise per day was based on recommendations of researchers and clinicians in the literature:.

146

and on my clinical experience and knowledge of muscle physiology. Because the beneficial
effects for those in the stress incontinence groups indicated the participants improved in both
pelvic muscle strength and improved self-perception, the dosage was effective. Nevertheless,
exercise protocols vary in the literature. Cammu, 51 Kegel, 120 Morkved,1 82 Theofrastous,
Jundt,

229

186

and Laycock230 used multiples of 10 repetitions held for a maximum of 10 seconds.

Exercise protocols as developed by Laycock, 48 Dougherty et al., 165 Wyman et al.,

166

Bo et al., 177

c d ,231 an d Johnson 232 had no chmcal
. .
.
M orkve d et a1., 182 J un dt et a l ., 229 Saps1or
evidence
as to the

superiority of one over the other.
Future Studies
This dissertation raised several questions. By continuing the study the original question,
does electrical stimulation added to an exercise program yield a better outcome than exercise
alone for those women who have urge incontinence, may be answered. In addition, by increasing
the sample size, the variability may decrease.
In the current study, it appears that the protective effect of Caesarian sections did not
occur in the sample, as women who had a Caesarian section only made up 6% of the sample (3
out of 47). In addition, 2 of the 3 women with a Caesarian section also had vaginal deliveries.
Therefore, in this convenient sample, all parous women had vaginal deliveries but one. In the
literature, it is hypothesized that the first vaginal delivery damages the pelvic floor. To test this
hypothesis, a different research design will be necessary and the target population would be
women with no vaginal deliveries. Another related question might be, is there any relationship
between diagnosis type and delivery type? These questions could be answered with retrospective
chart review or prospective epidemiological study.
Other questions concern validity of the MESA questionnaire. A partial answer to that
question is found in a recent study by the co-author of the MESA questionnaire. Diokno and his
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team

224

used the questionnaire to predict whether a woman with mixed incontinence would

develop urge incontinence after anti-incontinence surgery. They found that a score of 12 (66.6%
of total score) had high sensitivity and specificity for predicting the development of urge
incontinence de novo following surgery. 224 That criterion, if it had been used, would have
yielded 2 more participants in the urge incontinent group for the present study. Using the MESA
questionnaire for future research will incorporate this slightly more liberal criterion to classify
someone with urge incontinence. While that change in the cut off score would not solve the
problem of low sample size for the urge diagnostic group, it will allow more women with mixed
incontinence to be classified with urge incontinence. Further validity studies are necessary for
the MESA questionnaire to assure that the method of diagnostic classification has sufficient
sensitivity and specificity.
The International Continence Society recognizes that exercise improves stress
incontinence but cannot recommend a specific regimen. The protocols used by various authors
such as Kegel, Bo, Laycock, Cammu and Wyman vary from 300 contractions a day to just IO and
have not been compared to one another. Therefore, a study on the exercise regimens used for
treating female stress urinary incontinence would fill that void and provide clinical evidence for
an effective exercise regimen. The research question would be, what number of repetitions of
pelvic floor contractions results in the most effective way to improve pelvic floor strength, as weH
as decrease involuntary loss of urine and improve the participants' perception of quality of life?
To answer this question a randomized pre-test, post-test design with I independent variable
(exercise) with 4 levels (3 different number of repetitions per day and none for the control group)
would be carried out with 3 dependent variables (number of leaks, pelvic floor strength, and YIPS
score). Participants would be women with stress incontinence, for whom exercise is known to be

148

beneficial. A power analysis would be conducted to estimate sample size. Participants would be
monitored for 12 weeks, once a week for first 4 weeks and alternate weeks thereafter.
A final area of further research deals with the difficulty in recruiting participants with
incontinence. Further research on help-seeking behavior in women with incontinence is indicated
2

as Koch only found 5 studies in the last 10 years dealing with this subject. If women do not seek
help they will not participate in incontinence studies. Furthermore, many health professionals do
not address incontinence and thus, do not refer patients for treatment. Intervening by tactful
questioning to discover occurrence of incontinence may help recruitment efforts.
Clinical Significance
This study indicated that women with stress incontinence benefited from treatment of
exercise with electrical stimulation and with exercise alone, with additional strength of the pelvic
floor and improved perception of themselves. While Yalcin et al. 36 claimed that surgery was
more effective than exercise, the research support for the effectiveness of exercise, makes an
argument that exercise should be the first line of treatment. In fact, the Agency for Health
Research and Quality 1 takes that position. The benefits of exercise may outweigh the potential
risks of surgery. Kostintinos and colleagues' 233 literature review reveals that the long-term
benefits of surgery are not as positive as once thought. The authors comment that pelvic floor
exercise can cure incontinence, which medication cannot. Furthermore, pelvic floor exercise has
the potential for preventing incontinence.
The adjunct treatment of electrical stimulation is used by physical therapists to treat

.
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Yaminishi, 203 and Brubaker204 observed that electrical stimulation might be more helpful to those.
women who had urge incontinence than stress incontinence, but their study was not designed to
test for group differences. Newer research by Wang, et al.
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234

demonstrated that electrical

stimulation had a greater reduction rate of overactive bladder symptoms (incontinence, frequency,
etc.) than biofeedback-assisted pelvic floor training or pelvic floor training alone. The present
study cannot support the hypothesis that electrical stimulation is beneficial for urge incontinence
due to the small number of participants in the urge treatment groups. However, the small sample
that received exercise with electrical stimulation had a greater degree of improvement than those
who received exercise alone. Both urge treatment groups had a greater percentage of
improvement than the controls. Although no statistical testing could be carried out, the
improvement of the urge treatment groups, exercise with electrical stimulation or exercise alone
as compared with the controls, the trend is in the right direction. Continuation of the study will
increase the number of participants in each of the treatment groups to be able to analyze the data.
In the meantime, the clinician may want to use electrical stimulation for urge incontinence and
track the response, especially if the patient has had a trial of exercise alone without success.
Researchers6•174•233 found that women had greater benefit from exercise programs when
performed in the clinic under the direction of enthusiastic physical therapists than home-based
treatment. These authors felt this enthusiasm bolstered the overall effect of the success of the
treatment. The element of hope and the building of self-efficacy is the psychosocial segment of
treatment that Lee and associates49 proposed was as important as the physical benefit. To reduce
costs of medical care, home-based treatment such as educational booklets and videos may be
proposed. Women could benefit from such a program only if clinical treatment precedes it so that
the patient understands how to do each exercise correctly and has had sufficient orientation from
the therapist that will motivate continuation to gain pelvic floor coordination and strength as well
as postural improvement.
Using the Peritron with each treatment session was motivating for some participants;
others closed their eyes to concentrate fully and depended upon the feed back from the therapist.
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When the participant's average score approximated the peak score, it indicated consistency of her
effort. Peak scores increased with training, indicating that the participant was focusing her
attention and giving maximum effort. Observation of sequence of the contractions was
important, as the pelvic floor had to contract before the transversus abdominis to prevent a
downward pressure of the bladder (such technique had the negative effect of straining the
supporting tissues). A symptom of incorrect technique was the sensor pushed out, not detecting
the pressure of the pelvic floor contraction. This could give the impression that the pelvic floor
was fatigued. Therefore, the Peritron, along with therapist feedback and cueing, was a helpful
adjunct to the re-education of the pelvic floor.
Physical therapists bring to the treatment of incontinence expertise in muscle reeducation. This expertise is important since Sand235 pointed out that 40% of the women in his
study did not perform a correct pelvic floor contraction. Bo 177 stated that incontinence is not a
self-improving problem therefore women with incontinence problems need the intervention of
physical therapy. This would enable women to perform pelvic floor and the postural exercises
with increased accuracy and thus more effective performance and increased likelihood of
successful control of the pelvic floor muscles and improved quality of life.
Women typically do not reveal they have incontinence out of embarrassment so that they
may appreciate the opportunity to discuss their symptoms and possible treatment. Physical
therapists may be the first medical professional with whom they may confide. Asking the patient
in the context of an initial examination can be very helpful in connecting the patient with
treatment for her incontinence.
Enthusiasm, hope and application of principles of motor learning create the formula for
successful outcomes. This study and the literature supports treatment of incontinence with
exercise as the first course of treatment, rather that surgery. The treatment is best done in the
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clinic to monitor correct use of the pelvic floor and abdominal muscles rather than at home
without professional feedback. For success, treatment must include education to improve the
woman's understanding of her condition and thereby improve her self-perception and quality of
life.
Conclusion
I conducted a study using a 2x3 randomized block design with pre- and post-treatment for
3 treatment levels ( exercise with electrical stimulation, exercise alone, and no treatment), testing
6 dependent variables: pelvic floor strength measured in centimeters water pressure and by
manual muscle testing grade, pelvic floor contraction time up to IO seconds; the participants'
self-reported number of incontinent leaks over 3 days, self-reported frequency of visits to the
bathroom over 3 days, and quality of life as measured by the York Incontinence Perception
Survey (YIPS). Only 3 of the 6 dependent variables could be analyzed statistically. Study
participants had improvement in 2 of the dependent variables, the Peritron readings and the YIPS
scores as expected. The decrease in number of bathroom visits over 3 days was analyzed and
found not significant. While frequency changed very little, for those participants who had high
urinary frequency as well as incontinence, frequency decreased dramatically. The remaining 3
variables were not analyzed within and between groups because the manual muscle test correlated
significantly with the Peritron, the contraction time of the pelvic floor reached the I 0-second
ceiling after only a few treatments, and pre-treatment leaks as documented in the 3-day bladder
diary were not homogeneous, violating Levene's test.
This study reinforced research of other authors as mentioned that exercise does improve
stress urinary incontinence. Exercise with electrical stimulation did not add any further benefit
for those women with stress incontinence, so including electrical stimulation for the women with
stress incontinence would be an unnecessary treatment. This study demonstrated improved
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muscle strength and self-efficacy among the participants with urge incontinence as compared
with those in the control group. However, specific treatment may be different for urge and stress
incontinence and requires additional studies. Applying the correct approach to control stress and
urge incontinence can relieve symptoms, decrease medical costs, and improve women's quality of
life.
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Medical, Epidemiological, and Social Aspects of Aging Questionnaire (MESA)

178

MESA
URINARY INCONTINENCE QUESTIONNAIRE
Name: _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ Date: _ _ __
Last
First
MI
Please (x) the appropriate answer.

1. Some people receive very little warning and suddenly find that they are losing or
about to lose urine beyond their control. How often does this happen to you?
_ Often (3)
_ Sometimes (2)
_ Rarely ( 1)
_ Never (0)
2. If you cannot find a toilet or find the toilet is occupied, and you have an urge to
urinate, how often do you end up losing urine and wetting yourself?
_ Often (3)
_ Sometimes (2)
_ Rarely (I)
_ Never (0)
3. Do you lose urine when you suddenly have the feeling that your bladder is very full?
_ Often (3)
_ Sometimes (2)
_ Rarely (1)
_ Never (0)
4. Does washing your hands cause you to lose urine?
_ Often (3)
_ Sometimes (2)
_

Rarely (1)

_Never (0)

5. Does cold weather cause you to lose urine?
_ Often (3)
_ Sometimes (2)

Rarely (1)

_Never (0)

6. Does drinking cold beverages cause you to lose urine?
_ Often (3)
_ Sometimes (2)
_ Rarely (1)

_Never(0)

1. Does coughing gently cause you to lose urine?
_ Often (3)
_ Sometimes (2)

_

Rarely (1)

_Never(0)

2. Does coughing hard cause you to lose urine?
_ Often (3)
_ Sometimes (2)

_

Rarely (1)

_Never (0)

3. Docs sneezing cause you to lose urine?
_ Often (3)
__ Sometimes (2)

_

Rarely ( l)

_Never(0)

4. Does lifting things cause you to lose urine?
_ Often (3)
Sometimes (2)

_

Rarely (1)

_Never(0)

5. Does bending over cause you to lose urine?
_ Often (3)
Sometimes (2)

_

Rarely (1)

_Nevcr(0)
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_

6. Does laughing cause you to lose urine?
_ Often (3)
_ Sometimes (2)

_

Rarely (1)

_Never(O)

_

Rarely (1)

_Never(O)

8. Does straining, if you are constipated, cause you to lose urine?
_ Often (3)
_ Sometimes (2)
_ Rarely ( 1)

_Never(0)

7. Does walking briskly cause you to lose urine?
_

Often (3)

_

Sometimes (2)

9. Does getting up from sitting to a standing position cause you to lose urine?
_ Often (3)
_ Sometimes (2)
_ Rarely (1)
_ Never (0)
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GRADING THE MESA
The MESA questionnaire is scored by adding the total score for each category. For urge
incontinence the maximum total score is 18, based on 6 questions with a maximum score of 3 for
each. For stress incontinence the maximum score is 27, based on 9 questions with a maximum
score of 3 for each question. To determine the predominance of either stress or urge
incontinence, the percent score is obtained (by dividing the score by the maximum total possible
e.g. 9 urge score divided by 18 x 100 = 50% urge, vs 9 stress score divided by 27 x 100 = 33%).
Urge is considered to be predominant when the percent score of urge is greater than that of stress.
For the severity of incontinence complaint the total score for urge (18) and stress (27)
was divided arbitrarily into thirds. For the urge questions, the severity was classified as mild,
moderate or severe. The mild category was assigned scores 1-6, moderate 7-12 and severe 13-18.
For the stress incontinence, the mild category was assigned scores of 1-9, moderate 10-18 and
severe 19-27.
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APPENDIXC
Three Day Bladder Diary
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Three Day Bladder Control Diary

~~.=

: '-~
~ Patient's Notes or Comments
·:·,,.

Instructions
This diary i5 for you, the patient, to keep a record ol your urinary control o~er a period of three days in a
row. Ycu should select three days which best show your ~l!!lillJQ\!lilliL~iyiJj_~
~Y.rllil!iQ!LQ!J!!i.kl- Do not keep diary during menstrual period. It is very important that you k8tp ~
complete 24 hour detailed record ol each urination, beyinning at midnight of the first day. Please record
any urir..;.tion or leakage dunng each two hour lirnll interval.

The follc;wing are instructions for filling in the daily chart by column.

Column 1: Place a check next to the time you urinate in the toilet
Column 2: Place a check next to the lime you acc1dentaily lose urine because ol
coughing, sneezing, laughing or other physical activity.
Column 3: Place a check next to the time you lose urine with an urge to empty your bladder.
Column 4: Place a check next to the lime you have a desire to go to lhe bathroom, but
don't have a bladder accident.
Column 5: Document during the appropriate time if you change any pads. Use abbreviations
to indicate pad used.
Column 6: Nole a reason for urine loss other than those in columns 2 and 3 if approp11ate.
Column 7: Document the fluid you drank during the time period noted.
~

00
Ul

Day Three

Bladder Control

;I

:datei/ ..c' ·_>:••;:_·. -_<··:·•-·.\_·· .··_
;·:-

Diary

Column
Time
12AM (Midnit~) • 2AM
2AM·4AM

4-"M - 6-"M
6AM • 8AM
8AM - IOAM
10AM • 12 Noon

12 Noon - 2PM
2PM - ~PM
41-'M •6PM
6PM • 61-'M
8PM- 10PM

I0PM-12AM

Urinate in
Tuilet

Leakage with an
activity i.e.: cough,
laugh, Sfl0E2e

Leakage with an
u.-ge to empty your
bladder

Urge to emply your
bladder, but no urine

loss

New Pad applied
Mi ; Mini M = Maxi
D = diaper

Other activity a, reason lor
urine loss

Cups ol lluid
I drank

D_ay One

a ladder

Contq>I Diary

·J

· dat• :- - - - . . - - - - ~ -cc-

3

Ctt,urnn

Leakage with an
urge lo •mp1y your
bladder

L eaka9e w ith an
activity i.e.: cough.
laugh, snCE:ze

Urinaht in
Toilet

Time

Urge lo empty your
b&adder, but no urlnc
loss

New Pad apphed
Mi = Mini M = Maxi
D = diaper

Olher activity or reason for

Cups ol lluid

urml!- los.s

I drank

12AM \Midnite) • 2AM
2AM -4AM
4AM•6AM

6AM -BAM
8AM-10AM
10AM • 12 Noon

12 Noon · 2PM
2PM· 4PM
4PM -6PM

6PM •BPM
8PM-10PM

I

I

IOPM-12AM

I

I

II

I

I

I

L

J

1---"

00

°'
Day Two
r===:t::olumn

Time
12AM (Midnilt:) • 2AM

2AM-4AM

4AM-6AM
6AM-8AM
8AM • 10AM
10AIA - 12 Noon
12 Noon • 2PM
2PM -4PM

4PM-6PM
6PM-8PM
8PM· 10PM
10PM - 12AM

I

1
Urinate in
Toilet

Bladder Contr:o.t ,Diafy :

I

2
Leakage with an
activity i.e.: cough,
laugh, smteze

I

3
Leakage with an
urge to e-mpty your

bladder

_·-~-~-~e,,.,.Lt'.

1, 1 Urge to empty your
bladder. but no urine
loss

/· , :.: -·
New Pad applied
Mt = Mfni M :. Maxi
D = dial"'•

Other activity or reason fo,
urine loss

Cups ol fluid
I drank
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York Incontinence Perception Scale (YIPS)
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YORK INCONTINENCE PERCEPTIONS SCALE

1.

How much control do you now feel you have over your incontinence?
2

3

4

5

none
2.

6

7

a great deal

How well do you now accept your incontinence?
2
not at all well

3

4

5

6
7
very well

3. How well do you now cope with your incontinence?
2
3
Not at all well

4.

4

5

How much do you now feel you know about urinary incontinence?

1

2

3

4

5

None
5.

2

3

4

5

4

5

7
6
very effective

Please rate your general quality of life now.
1
Low

8.

7
6
a great deal

Please rate how effective your efforts now are in reducing your incontinence.

3
2
not at all effective
7.

6
7
a great deal

Please rate the amount of sleep that you now are able to have with
your incontinence.

None
6.

6
7
very well

2

3

4

5

6

7
high

Please rate the effect your incontinence has on your family now.
2
Very negative

3

4

5

7
6
very positive
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Certificate of Compliance
and Calibration
Device Description: _ _.zeLc.e. .:ih. ., e~rt: . ,y_,__,-=--P-=-e.!_.!lv-'-'ic~F=lo~o~r...±.E~,x=e~rc:'...!.!is=e~r_ _ _ _ _ _ _ _ _ __
Catalog Number:

PFS-200

Serial Number:

Date of Service:

02-01-08

Next Service Due:

111039-036
02-01-09

It is hereby certified that the unit described above has been inspected and tested in
accordance with Utah Medical Products, Inc. specifications.
The accuracy and calibration of this instrument is certified with National Institute of
Standards and Technology traceable equipment.

~f

Technician._ _ _
·--+-, w~(--1.CJ..../i'°'Uiju.,'· ;-1..._hri___ _ __

I

.t,_,_;

J
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I·. 1·,l i .·,: I,: · < l I\:(·.·•.
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Certificate of Co1npliance
and Calibration

n ···

Device Description:

rirsr

·

nm

==.

Liberty® Pelvic Floor Exerciser

Catalog Number:

PFS-200

Serial Number:

Uatc of Service:

02-11-08

Next Service Due:

IJ 1 J_W~-061
02-11-09

lt is hereby certified that the unit described above has been inspected an<l tested in
accordance with Utah Medical Products, Inc. spt.!cifications.

The accuracy and calibration of this instrument is certified with National Institute of
Standards aud Technology traceable equipment.

'fcchnicia11 ____

--l*

L

J/-i~""'L]q_,.J/'-'-l-=-f,v._.-_ _ _ __

,,
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Exercises
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Name: _ _ _ _ _ _ __

Subject #: _ __

Date: ______

Exercise: Abdominal Brace with Marching
Position: On your back with your hips and knees bent, as though you were going to do
a sit up.

Exercise: Before you begin moving your legs, tighten your stomach pulling your belly
button down toward the floor without moving your spine. With your abs in this
tightened position, slowly lift one foot off of the floor about 6 inches bringing your
knee in toward your chest. Gradually lower that foot to the starting position, and
alternately lift the other foot. Return the other foot to the starting position and relax
your abdominal muscles. Remember to keep your abdominal muscles tight without
holding your breath when you are moving your legs.

Progression: Hold your foot up for 3 - 5 seconds before switching.
Repetitions a day
Repetitions per session
Sessions per day
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Name: _ _ _ _ _ _ __

Subject #: _ __

Date: _ _ _ __

Exercise: Abdominal Brace with Pillow Squeeze

Position: On your back with your hips and knees bent (as though you were going to do
a sit up), with a pillow folded between your knees. Place your feet about shoulder
width apart keeping the balls of your feet in contact with the floor.

Exercise: Before you begin moving your legs, tighten your stomach pulling your belly
button down toward the floor without moving your spine. With your abdominal
muscles in this tightened position, squeeze the pillow between your knees and slowly
lift your buttocks off the floor: Remember to keep your abdominal muscles tight
without holding your breath. Hold the contraction. Relax, and repeat.

Progression:
___ Seconds holding contraction
Repetitions a day
___ Repetitions per session
___ Sessions per day

196

Name: _ _ _ _ _ _ __

Subject #: _ __

Date: _ _ _ __

Exercise: Transverse Abdominis Tuck

Position: On hands and knees

Exercise: On your hands and knees, keep your spine as straight as possible and begin
with your abdominal muscles completely relaxed. Think of yourself as a table top and
focus on keeping your back completely straight and still. Tighten your abdomen by
pulling your belly button up toward your spine, keeping your back straight and still
like a table top. Hold the contraction, and then completely relax. Attempt to relax a
little bit more, releasing any residual tension. Repeat 2 or 3 times, relaxing and
repeating. If necessary, position yourself in front of a mirror and watch for your
stomach to move while your spine remains stationary. Remember to breathe
throughout the exercise, exhaling while tightening your abdominal muscles and
inhaling while you relax.

Progression:
___ Seconds holding contraction
Repetitions per session
Sessions per day
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Repetitions a day

Name: _ _ _ _ _ _ __

Subject #: _ __

Date: _ _ _ __

Exercise: Long Contractions

Position: Lie on back or side with legs apart and chest relaxed

Exercise: Draw pelvic floor upward. Feel the squeeze as the sphincters are tightened,
and the inside passage becomes narrow and tense. Focus on the front portion of the
pelvic floor where the master sphincter surrounds the vagina and urethra. Initially,
hold 10 seconds and then completely relax. Attempt to relax a little bit more,
releasing any residual tension. Repeat 2 or 3 times, relaxing and repeating. Always
end with a contraction.

Progression: Try other positions such as sitting, standing, and squatting. Do a total of
50 repetitions a day: 10 repetitions at a time, 5 sessions per day, holding each
repetition for 10 seconds. Relax between each contraction.
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Exercise: Quick Contractions
Position: lie on side or back with legs apart and chest relaxed.
Exercise: Draw pelvic floor upward. Feel the squeeze as the sphincters are tightened,
and the inside passage becomes narrow and tense. Focus on the front portion of the
pelvic floor where the master sphincter surrounds the vagina and urethra. Initially,
hold 2 - 3 seconds and then completely relax. Attempt to relax a little bit more,
releasing any residual tension. Repeat 2 or 3 times, relaxing and repeating. Always
end with a contraction.
Progression: Try other positions such as sitting, standing, and squatting. Do a total of
50 repetitions a day: 1O repetitions at a time, 5 sessions per day, holding each
repetition for 3 seconds. Relax between each contraction.
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Name: _ _ _ _ _ _ __

Subject #: _ __

Date: _ _ _ __

Exercise: The Elevator

Position: Assume any position, although lying down is easier at first.

Exercise: Imagine you are in an elevator on the first floor. As you ascend to each
floor, draw up the pelvic floor muscles a little bit more. When you reach your limit,
do not let go, but descend floor by floor, gradually relaxing the pelvic floor in stages.
When you have reached the first floor, think about releasing, and continue to the
basement. Do not hold your breath, blow out through pursed lips. Feel the perineal
muscles bulge. Complete this exercise by bringing the pelvic floor back up to the
ground floor.
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