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Introduction
To better understand the pathophysiologic
mechanisms occurring in incontinence, we
begin with a brief review of the normal
mechanisms of continence. We subse-
quently review how incontinence can occur
when these systems do not function nor-
mally. Both anatomic and neurologic hy-
potheses for the causes of stress urinary in-
continence (SUI) are discussed. Pathophysi-
ology of overactive detrusor is discussed in
terms of its neurogenic and non-neurogenic
causes. The chapter finishes with a review of
the relationship between urinary symptoms
and pelvic organ prolapse.

Normal Mechanisms
of Continence
In the normal adult, urinary control can be
subdivided into a bladder filling and urine
storage phase, and a bladder emptying and
voiding phase. Therefore, normal lower uri-
nary tract function requires the ability to
store urine at low pressure while the detrusor
muscle is quiescent, as well as the ability to
completely empty the bladder voluntarily
with low resistance urine passage. The blad-
der and urethra are the most important struc-
tures for proper storage and emptying. Other
important components include pelvic floor
musculature, ligaments, and neural control.
Anatomy has been discussed in previous
sections and bladder filling, emptying, and
neural control has been discussed in previ-
ous sections and therefore these topics will
not be reviewed here.

Correspondence: Margot S. Damaser, PhD, Research
Biomedical Engineer and Associate Professor, Research
Service (151), Hines VA Hospital, 5th Avenue and Roose-
velt Road, Hines, IL, 60141. E-mail: margot.Damaser@
med.va.gov

CLINICAL OBSTETRICS AND GYNECOLOGY
Volume 47, Number 1, 28–35
© 2004, Lippincott Williams & Wilkins, Inc.

CLINICAL OBSTETRICS AND GYNECOLOGY / VOLUME 47 / NUMBER 1 / MARCH 2004

28



During transient increases in abdominal
pressure (eg, during coughing, sneezing, or
lifting), there is not only an increase in pres-
sure delivered to the bladder but also to the
proximal urethra.1 Normal position of the
organs ensures that abdominal pressure is
transmitted equally to both the bladder and
urethra, decreasing the chances of urine
leakage. However, the increase in urethral
closure pressure seen with transient in-
creases in abdominal pressure normally ex-
ceeds the intra-abdominal pressure. This
suggests active muscle contraction from a
reflex increase in striated sphincter activity
via somatic innervation, which further helps
to prevent urine leakage.2,3

In addition to contraction of the external
urethral sphincter, levator ani contraction
may contribute to this active muscular re-
sponse to increased abdominal pressure.
The following passive anatomic support
mechanisms also contribute to maintaining
continence. The endopelvic fascia support-
ing the urethra in a hammock provides a pas-
sive mechanism of continence. When ab-
dominal pressure increases, the urethra is
forced inferiorly and compressed against the
anterior vagina, providing physical closure
of the urethral lumen.3a

Pathophysiology of Stress
Urinary Incontinence

ETIOLOGY OF STRESS
URINARY INCONTINENCE

Vaginal Delivery and Aging
Vaginal delivery is implicated as an etio-
logical factor in the development of SUI.4

However, the exact mechanisms are un-
known. In addition to crush and traction in-
jury to the pudendal nerve, mechanical
trauma can cause disruption of the intrapel-
vic attachments of the vagina, stretching and
tearing of the cardinal and uterosacral liga-
ments, and stretching, tearing, and avulsion
of the levator muscles, resulting in a wider

and longer levator hiatus and poor support of
the pelvic organs.5–7 These injuries can
cause a rotational descent of the proximal
urethra from a retropubic position. Multiple
vaginal deliveries can result in multiple in-
juries,4 although the greatest damage ap-
pears to come from the first delivery.8 Other
obstetrical factors associated with inconti-
nence development include large baby birth-
weight and long active second stage of labor,
both of which may increase trauma and isch-
emia to the structures of the pelvic floor.5

Non-obstetric factors associated with in-
continence development include obesity,9,10

increased age,10,11 and menopause.12 De-
creased estrogen levels may cause decreased
urethra mucosal coaptation after menopause
since estrogen replacement therapy in-
creases coaptation and can reduce symp-
toms of mild SUI.13,14 Estrogen increases
the amount of collagen in the skin15 and pos-
sibly the urethra as well. Despite these non-
trivial effects of estrogen, there is little con-
sensus among clinicians about the value of
estrogen for postmenopausal SUI.16 It is
likely that estrogen replacement therapy
does not reliably lead to recovery from SUI
in postmenopausal women since, by that
time, nerves, muscles, and other tissues are
long past injury and have atrophied beyond
their ability to recover well.

Clinical Evidence for Pudendal
Nerve Injury
The perineal branch of the pudendal nerve
courses in Alcock’s canal, lateral and ante-
rior to the vagina,17 making it vulnerable to
damage during childbirth. Pudendal nerve
damage has been observed during vaginal
delivery18 and correlates both with recent
vaginal delivery19,20 and with SUI.21

Women with postpartum urinary inconti-
nence have significantly more pudendal
nerve damage than continent postpartum
women, as measured by slowed pudendal
nerve conduction.21 Both pudendal nerve
damage and damage to pelvic floor muscles
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are correlated with multiparity,19,20 birth-
weight greater than 4 kilograms and active
second stage of labor greater than 30 min-
utes.22 Electromyography (EMG) data indi-
cate that nerve damage and subsequent re-
innervation of pelvic floor muscles occurs in
80% of women who deliver vaginally. The
damage is greater in women with heavier ba-
bies or longer active second stage of labor.5

In one study, 60% of women with in-
creased nerve damage immediately after
vaginal delivery had normal conduction
rates 2 months later.20 This result was re-
cently confirmed in a study on a different
group of subjects.19 However, nerve con-
duction slowed 5 years after vaginal deliv-
ery in the same women of the original study,
compared with nulliparous controls.21 This
suggests that the pudendal nerve is damaged
during delivery and recovers initially but
that nerve function may deteriorate with age.
Recent studies using vaginal distension in
the rat to mimic childbirth injury support the
hypothesis that nerve damage occurs during
vaginal delivery.23–25

ANATOMIC HYPOTHESES FOR THE
DEVELOPMENT OF STRESS
URINARY INCONTIENENCE

Urethral Hypermobility and Loss of
Structural Support
When pelvic floor weakness results from
childbirth injury or aging, the urethra is
shifted to a lower, more dependent position.
Increased abdominal pressure is then trans-
mitted unequally to the bladder and urethra,
with more transmitted to the bladder. When
bladder pressure exceeds urethral pressure,
urine leakage occurs, resulting in SUI.26

However, many women are continent de-
spite urethral hypermobility. Thus, new con-
cepts have been developed in addition to
urethral hypermobility to explain the pos-
sible anatomic basis of SUI.

The Hammock Hypothesis
In the hammock hypothesis, the strength
with which the urethra is compressed

against the anterior vaginal wall decreases,
leading to SUI. The position of the urethra
may remain the same but the strength of pel-
vic muscles and fascia supporting and com-
pressing the urethra have decreased.4 If this
layer is intact but in a lower position, conti-
nence may still be maintained.28 Normal
support relies on proper function of muscle,
nerves, and connective tissue. Injury to or
deterioration of any of these components
can result in incontinence.

Contributions of Imaging
Magnetic resonance imaging (MRI) and
real-time ultrasonography demonstrate the
relationship of the proximal urethra to vagi-
nal wall movement. Based on MRI and ul-
trasound studies of the pelvic floor, the an-
terior and posterior walls of the bladder neck
and the proximal urethra move unequally
with sudden increases in abdominal pres-
sure, pulling open the urethral lumen and,
resulting in SUI.29,30

NEURAL HYPOTHESIS FOR THE
DEVELOPMENT OF STRESS URINARY
INCONTINENCE: PUDENDAL
NERVE INJURY

Effects of Pudendal Nerve Injury
Since the pudendal nerve innervates the ex-
ternal urethral sphincter, pudendal nerve in-
jury presumably causes denervation and
dysfunction of the urethra, resulting in de-
creased urethral resistance and symptoms of
SUI. However, a direct causative relation-
ship has been difficult to obtain from clinical
data because pudendal nerve injury occurs
in women in association with vaginal deliv-
ery, when other pelvic tissues are also in-
jured. Therefore, animal studies have been
used to establish a direct causative relation-
ship between pudendal nerve injury and
symptoms consistent with SUI.24,31,32

A variety of behavioral and functional
outcomes have been used to demonstrate
urethral dysfunction after vaginal distension
or pudendal nerve injury, since animals can-
not sneeze or cough on command. Voiding
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behavior studies,31,32 sneeze tests,25 leak
point pressure (LPP) tests,23 modified LPP
tests,33 maximum urethral closure pressure
(MUCP),34 and vertical tilt table test20 have
been used to demonstrate urinary function or
behavior in animal studies. Overall, the re-
sults are consistent with decreased urethral
resistance and symptoms of SUI after pu-
dendal nerve injury or vaginal distension.

Neuroregenerative Response
The precise nature of the nerve injury in-
duced in vaginal childbirth is not clear, but it
probably involves partial injury, compres-
sion, stretching, and hypoxia.18 In contrast
to a more proximal injury, this type of injury
tends not to kill a neuron, but also tends not
to produce as strong a neuroregenerative re-
sponse.36 Therefore, distal pudendal nerve
fascicles may be injured during vaginal dis-
tension but little neuroregenerative response
may occur. Consistent with this theory, only
50% of pudendal motoneurons successfully
regenerated to the external urethral sphinc-
ter 3 months after a pudendal nerve injury in
female rats.31 Incomplete pudendal nerve
regeneration after vaginal delivery may ex-
plain why signs of pudendal nerve injury are
observed years after the initial injury. In ad-
dition, partial pudendal nerve regeneration
may help explain why, in some studies, mul-
tiparous women have a higher risk of SUI
than primiparous women. Each vaginal birth
may cause nerve injury that does not fully
regenerate each time.11

SUMMARY
All of the various components that contrib-
ute to continence may be injured during
vaginal delivery and can be detrimentally af-
fected by aging. Both anatomic and neuro-
logic factors contribute to incontinence.
With increased intra-abdominal pressure,
the proximal urethra can be forced open by
shearing forces that separate the anterior and
posterior urethral walls, or by the unequal
transmission of intra-abdominal force to the
bladder more than the urethra. If these forces
can be resisted by the active closure of the

striated sphincter (mediated by the pudendal
nerve), by urethral compression against the
anterior vagina bolstered by levator ani con-
traction, and by urethra mucosal coaptation,
then continence is maintained. Eventually,
via multiple injuries and the effects of aging,
a threshold level of dysfunction is reached,
resulting in symptoms of SUI.

Pathophysiology of
Detrusor Overactivity
The term “overactive detrusor” refers to a
range of clinical symptoms, including ur-
gency with or without urge incontinence, as
well as frequency and nocturia. Urodynami-
cally, an overactive detrusor can be charac-
terized by involuntary detrusor contractions
during the filling phase. This can be further
classified as neurogenic if there is a known
neurologic condition such as stroke, Parkin-
son’s disease, multiple sclerosis, or spinal
injury. Non-neurogenic causes of detrusor
overactivity include infection, interstitial
cystitis, urolithiasis, bladder outlet obstruc-
tion, aging, or neoplasia. Nonetheless, many
cases are idiopathic. Regardless of the etiol-
ogy, the overactive detrusor is characterized
by poor accommodation to bladder filling.

NON-NEUROGENIC CAUSES OF
DETRUSOR OVERACTIVITY

Age
The prevalence of urgency symptoms in-
creases with age, independent of the pres-
ence of outflow obstruction or neurologic
disease. In a study of incontinent elderly
women and men without outflow obstruc-
tion, 61% of women and 59% of men had
detrusor overactivity demonstrated urody-
namically.37 With aging, the prevalence of
neurologic disease increases, potentially
providing an etiology for overactive detru-
sor symptoms. Many cases of detrusor over-
activity in the elderly may have an unrecog-
nized neurologic etiology. In addition, the
detrusor undergoes structural changes with
age that may contribute to overactivity.38
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Outlet Obstruction
Detrusor overactivity associated with out-
flow obstruction in men has long been rec-
ognized. In women, the mechanical effect of
advanced prolapse or increased outflow re-
sistance following continence surgery can
also cause bladder outlet obstruction. The
development of detrusor overactivity fol-
lowing outlet obstruction may have a neuro-
logic basis. Outlet obstruction is associated
with pathologic patterns of neurologic activ-
ity characterized by supersensitivity of
the detrusor muscle to acetylcholine,
which electrically couples the muscle
cells. This places the detrusor in a highly ex-
citable state, resulting in involuntary detru-
sor contractions and overactive bladder
symptoms.37a

Exactly how outlet obstruction alters neu-
rologic activity of the bladder is unclear.
One possibility is that either the increased
intravesical pressure during voiding or the
increased pressure of a hypertrophied blad-
der wall during filling decreases blood flow
and causes detrusor ischemia.39 Another
possibility is reorganization of the spinal
micturition reflex (mediated by C-fibers)
with outlet obstruction.40 Hypertrophy of
bladder neurons is associated with increased
nerve growth factor expression in the blad-
der and sacral autonomic centers, facilitat-
ing the spinal micturition reflex.41 Nerve
growth factor production is also increased in
patients with detrusor overactivity.42 This
suggests that obstruction can create a hyper-
excitable state of bladder innervation and of
the detrusor muscle itself.

Pelvic Floor Disorders
The detrusor and pelvic floor musculature
maintain a reciprocal reflex relationship.
Afferent activity from the pelvic floor and
urethra contributes to detrusor inhibition
during bladder filling. Therefore, when af-
ferent activity is decreased secondary to pel-
vic floor laxity, involuntary detrusor con-
tractions may result. With this pathophysiol-
ogy in mind, it is not surprising that detrusor
overactivity is associated with SUI in

women.43 Symptoms of detrusor overactiv-
ity improve in two-thirds of patients after
surgery for SUI.44 Electrical stimulation of
the pudendal nerve can be used to treat de-
trusor overactivity.45

NEUROGENIC CAUSES OF
DETRUSOR OVERACTIVITY

Diseases Above the Brainstem
Neurologic disease can cause detrusor over-
activity by interfering with the normal tonic
inhibition of parasympathetic pathways.46

Since suprapontine areas generally exert a
tonic inhibitory influence on the pontine
micturition center, cerebral infarction can
alter the balance between facilitatory and in-
hibitory mechanisms of innervation, caus-
ing up-regulation of excitatory pathways
and down-regulation of tonic inhibitory
pathways and resulting in detrusor over-
activity.46a In addition to cerebral infarction,
other neurologic diseases that may interfere
with these pathways include: Parkinson’s
disease, brain tumors, traumatic brain inju-
ries, multiple sclerosis, Alzheimer’s demen-
tia, cerebellar ataxia, normal pressure hy-
drocephalus, and cerebral palsy.

Diseases Below the Brainstem
Neurologic lesions below the pons but
above the lumbosacral level also interfere
with the normal supraspinal control of mic-
turition, causing detrusor overactivity.
However, in this case, detrusor overactivity
is associated with uncoordinated sphincter
overactivity, resulting in detrusor sphincter
dyssynergia (DSD). Spinal cord injuries and
multiple sclerosis are two of the most com-
mon diseases in which DSD is seen. The de-
trusor overactivity demonstrated in these pa-
tients may be modulated by C-fiber affer-
ents, which are normally silent during
bladder filling.47a In addition, the functional
obstruction caused by DSD could alter the
properties of bladder afferent neurons.47

IDIOPATHIC DETRUSOR
OVERACTIVITY
The diagnosis of idiopathic detrusor overac-
tivity requires the exclusion of all known
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causes. Some research suggests that myo-
genic changes, regardless of the etiology, lie
at the root of detrusor overactivity. Muscle
denervation is consistently found in detrusor
biopsies in patients with detrusor over-
activity.49a This theory proposes that partial
denervation of the detrusor alters the smooth
muscle properties leading to increased excit-
ability and coupling between muscle cells.
When this happens, a local contraction in the
detrusor will spread throughout the entire
bladder. The trigger for this local contrac-
tion is unknown. Evidence to support this
theory comes from a partially obstructed pig
model in which bladder instability could not
be eliminated by transection of the spinal
roots.50a In addition, when nerve transmis-
sion was blocked at the ganglionic level with
hexamethonium and globally with tetrodo-
toxin in a rat model, involuntary bladder
contractions could still be observed.

Relationship Between Urinary
Symptoms and Pelvic
Organ Prolapse
Urinary symptoms commonly coexist with
pelvic organ prolapse and vice versa. Pro-
lapse may cause stress incontinence by pull-
ing open the posterior urethral wall; con-
versely, prolapse may cause mechanical ob-
struction of the urethra. Over time, urethral
obstruction due to prolapse can result in de-
trusor muscle changes, leading to overactive
detrusor and incontinence. Women with an-
terior vaginal prolapse often have bladder
neck hypermobility and SUI, along with
uterine and posterior vaginal prolapse.
However, with worsening degrees of ante-
rior vaginal prolapse (Stages III and IV),
symptoms of SUI decrease48 as urethral ob-
struction is more likely to occur. When the
prolapse is reduced (with a speculum, vagi-
nal pack, or pessary), occult SUI can be re-
vealed.49 Up to 70% of clinically continent
women with severe prolapse are incontinent
with prolapse reduction.50
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