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Micturition physiology
and urinary
continence
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Micturition is the daily process by which urine
is voided from the bladder. The ability to delay
and execute this act in appropriate social and
hygienic conditions defines urinary continence.
This condition matures during the first 3-5 years
of life and is facilitated by complex interrelationships between muscular and neuronal anatomical
structures, each of which plays a fundamental role.
Anatomical or functional alterations involving the
structures that comprise the complex lower urinary tract can compromise micturition dynamics
and urinary continence. This dysfunction leads to
a set of symptoms which affect the quality of life.
The lower urinary tract consists of the bladder and
urethra. The bladder has a fundamental role in the
storage and elimination of the urine produced by
the excretory apparatus. These two distinguished
moments, are called the storage phase and voiding
phase, respectively. This dual role allows a constant urine production by the kidneys which can
be collected in the bladder and then eliminated
outside – at appropriate times and places – under
voluntary control.

Functional anatomy
The anatomical structures involved in micturition
and urinary continence are the bladder and urethra
(the lower urinary tract), the muscles of the pelvic
floor and the nerves reaching these components.

The bladder wall is composed by three layers: an
external adventitious layer made of connective
tissue; an intermediate layer represented by the
detrusor muscle; an inner mucous layer that comprises a lamina propria and urothelium.
The detrusor muscle is subdivided into three
distinct layers of smooth muscle cells. In reality, these muscular structures do not have separate identities; they interpenetrate each other.
Schematically, the muscle fibers (in the most
superficial layer) are located more distinctly longitudinally. In the intermediate layer, they take on a
more circular pattern and thicken at the base of the
bladder around the internal urethral orifice to configure the smooth muscular sphincter. The fibers
of the intermediate layer are also involved in the
anti-reflux mechanism of urine because they surround the ureteral outlets in the bladder. Finally,
the deepest muscular layer, along with the most
superficial layer, is composed of fibers that are
frankly longitudinal.
The body of the bladder is innervated by orthosympathetic fibers that originate in the medullary
nuclei from vertebrae T11 to L2 and parasympathetic fibers that originate at the level of S2 to S4.
Due to its muscular structure and innervation,
the bladder neck is considered a distinct entity
from the above mentioned components of the
bladder muscle wall. Indeed, it is composed of
smooth muscle fibers that are aligned in a circular
position.
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Cholinergic innervation is poorly represented,
while the presence of alpha-adrenergic receptors
is abundant. The bladder neck plays a crucial role
during micturition, but it is also involved in the
ejaculation phase. In fact, the closure of this structure during erection prevents retromigration of
seminal fluid into the bladder and allows anterograde ejaculation. Thus, it can be considered a
micturition and sexual anatomo-functional entity.
The urethra, which continues from the bladder neck to the outer urethral meatus, constitutes
the end of the urinary tract (Figures 1.1 and 1.2).
This structure is different between the two sexes.

Figure 1.1. Urethral wall: schematic representation.

Figure 1.2. Portions of the male urethra
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The male urethra has a total average length of
approximately 18-20 cm. It consists of a prostatic,
membranous, and spongious (bulbar and pendula
urethra) portions.
The prostatic portion crosses the prostate; it
can be compressed in the presence of prostatic
hypertrophy. It is approximately 4 cm long and
continues distally with the membranous portion
that corresponds to the urethral sphincter. In that
structure, there is a thin inner layer of smooth
muscle fibers surrounded by the striated sphincter
(rhabdosphincter), which consists of slow contraction fibers (able to maintain the tone for long periods) that are mainly innervated by branches of the
pelvic plexus. The rhabdosphincter is surrounded
by fibers mainly strewn with rapid contraction of
the muscles of the pelvic floor (pubococcygeus
muscle); it is innervated by the pudendal plexus.
The 15-cm-long urethral portion that extends
from the membranous tract to the outer urethral
meatus, which comprises the bulbar and pendulous
tract, is covered by a spongious tissue. Until its prostatic portion, the urethra is covered by transient
epithelium. Distally, it is instead covered by batiprismatic epithelium up to the navicular urethra,
which is covered by non-cornified epithelium.
In women, the urethra has a total length of 3-4
cm; it starts from the bladder neck to the outer
meatus, which opens at the level of the vaginal
fornix. The middle third of the urethra, which is
internally coated by a thin layer of longitudinally
aligned smooth musculature and externally by
striated muscle fibers that surround the urethra
(rhabdosphincter), represents the functional tract.
This portion is implicated in urinary continence.
The mucous layer that lines the urethra consists of
a pavement epithelium that often extends to the
bladder trigone in adult women. The circular muscle fibers of the bladder neck are also referred to as
internal sphincter, while the striated fibers (rhabdosphincter) are referred to as external urethral
sphincter. Suspension and support are important
elements associated with the urethra, particularly in women. They are essential to maintain the
urethra itself and ensure that the bladder neck is
closed and correctly positioned (Figure 1.3).
Anteriorly, there is a thickening of the pelvic
fascia that links the urethra to the posterior side
of the pubis – this structure is referred to as the
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Figure 1.4. Muscular support of the pelvic floor.
Figure 1.3. Support elements of female urethra

pubo-urethral ligament. In men, the pubo-urethral
ligament corresponds to the pubo-prostatic ligament. This ligament functions to suspend the bladder neck and urethra in woman and support the
prostate in men. Smooth muscle fibers of detrusor origin are found in both pubo-prostatic and
pubo-urethral ligaments.
Laterally, the female urethra is maintained
by the uretero-pelvic ligaments, which are also
dependent on the endopelvic fascia. The entire
female urethra is enveloped by the periurethral
fascia, from which the ligaments described above
originate. In women, these ligaments fundamentally contribute to continence, namely by allowing the transmission of abdominal pressure to the
urethra. Each increase in abdominal pressure is
reflected equally on both the bladder and the urethra. Alteration of one or more of these suspension
elements may result in abnormal transmission of
abdominal pressure to the bladder and/or urethra.
This dysfunction can result in leakage of urine in
the event of increased endo-abdominal pressure.
The muscular support of the pelvic floor is primarily represented by the levator ani (Figure 1.4).
This structure consists of the pubococcygeus,
puborectalis, and iliococcygeus muscles. The
pubococcygeus muscle represents the most
medial component. It originates from the inferior
pubic branch and the anterior portion of the tendineous arch, runs horizontally behind the rectum,
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and ends on the median rafe of the levator ani,
the rafe coccygeus, and wraps the membranous
urethra with its branches. The puborectalis muscle originates from the inferior pubic branch and
merges posteriorly with the contralateral to form
a ring around the anus-rectal junction, which
overlaps with the pubococcygeus muscle. The
iliococcygeus muscle has a lateromedial course;
its fibers are directed medially by the tendon arch
of the levator ani to the midline, where they join
at the level of the anal coccygeus rafe. Together,
these muscles form the so-called elevator plate.
This structure comprises a lamina that reaches the
ischial spine from the posterior side of the pubis. It
is inserted laterally into the thickening of the fascia
of the internal obturator muscle, called the tendinous arch. The ischiococcygeus muscle represents
the posterior part of the pelvic diaphragm. It originates from the ischial spine and sacrospinous ligament and is inserted on the lower portion of the
sacrum and the coccyx.
These muscular structures play a fundamental
role in keeping the pelvic static and pelvic viscera in
place as well as strengthening the action of the rhabdosphincter. The levator ani comprises slow contraction fibers, like the rhabdosphincter, and fast
contraction fibers. Slow-twitch fibers help maintain the tone of the pelvic floor (support function),
while fast-twitch fibers, which are more prevalent
in the perianal and periurethral areas, participate
during sudden increases in abdominal pressure (e.g.
cough) to mediate the closure of the sphincters.
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Figure 1.5. Innervation of lower urinary tract.

INNERVATION OF THE LOWER
URINARY TRACT
The lower urinary tract and pelvic floor muscles
have a three-fold efferent innervation, namely
from the parasympathetic, orthosympathetic and
somatic fiber systems (Figure 1.5). Parasympathetic
innervation of the bladder originates at the level of
the S2 to S4 metameres; it gives rise to the pelvic
nerves and ends at the level of the detrusor muscle. The neurotransmitter is acetylcholine (Ach),
which acts through the muscarinic receptors present in the detrusor. Their stimulation determines
the contraction of the bladder musculature.
The orthosympathetic fibers originate from the
T10 to L2 metameres; they run in the hypogastric
nerve that originates from the inferior mesenteric
plexus and terminate at the level of the bladder and
urethra. The neurotransmitter is norepinephrine
(NA), which acts through the α and β receptors.
The orthosympathetic innervation determines the
tonic contraction of the bladder neck and sphincter
(α-adrenergic action) and inhibits the parasympathetic tone that favors the release of the detrusor
(β-adrenergic action). The latter is the prevailing
tone during the storage phase. Orthosympathetic
stimulation, in short, promotes urinary continence.
The somatic nerves innervate the rhabdosphincter and pelvic floor muscles. The motorial somatic
fibers originate from the anterior horns from the S2
to S4 metameres (Onuf ’s nucleus) and merge into
the pudendal nerve. Stimulation of somatic fibers
causes muscle contraction and thus increases the
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sphincter tone. Similar to the parasympathetic
nerves, the neurotransmitter is Ach. However, this
neurotransmitter acts on nicotinic receptors.
Afferent nerve fibers collect stimuli from mechanoreceptors and sensory terminations of pain and
temperature that are present in the bladder, urethra,
prostate, and pelvic floor. They are represented by
myelin fibers that run parallel to the orthogenic
and parasympathetic efferent fibers, bringing the
stimuli to the T10 to L2 and S2 to S4 levels. The
described efferent and afferent fibers represents
a complex of reflex arches that allow for autonomous control of lower urinary tract dynamics. The
activity of this reflex arch system is centrally coordinated by the locus coeruleus, a pontine nucleus.
Moreover, at the level of the frontal cortex, there
are areas involved in the inhibition or facilitation
of urination. A suprapontine lesion will determine
coordinated reflex minions, while a lesion below the
pontine micturition center (medullary or brainstem
lesions) would alter the pontine coordination of the
complex system of arcs reflected above and lead to
bladder-sphincter dyssynergia. Alterations of the
bladder-sphincter dynamics sustained by pathologies of the nervous system (central or peripheral)
represent a “neurological bladder” condition.

Physiology of urination
Micturition is a complex mechanism that involves all
the elements mentioned above. In short, urine that
is continuously produced by excretion determines
a physiological distension of the renal calices that
promotes the intrinsic “pacemaker” activity. This
action commences a peristaltic contraction that
begins from the calices, spreads to the pelvis, propagates along the ureters, and advances a urine bolus
that reaches the bladder (which acts as a reservoir).
However, the bladder should not be imagined as an
inert tank that exclusively collects the urine. Rather,
it has a contractile capacity that can contribute significantly to voiding. Micturition therefore comprises storage and voiding phases. Simplistically, the
storage phase is due to the absence of detrusor contraction and muscular tone of the pelvic floor and
sphincter. In other words, these conditions allow
the bladder to stretch without urine leakage. On
the contrary, the voiding phase is characterized by

9/10/2020 2:37:24 PM

Micturition physiology and urinary continence

5

VOIDING PHASE

Figure 1.6. Micturitional cicle.

detrusor contraction and reduction in the sphincter
tone; the intravesical pressure exceeds that of the
closure, a change that allows urination (Figure 1.6).
The following are details of the events that characterize micturition.

STORAGE PHASE
The regulation of urination is subject to modulation by the upper portion of the brainstem, hypothalamus, and cerebral cortex (frontal lobe). The
control exercised by the upper frontal centers

can be inhibitory and excitatory for micturition.
During the storage phase, the orthosympathetic
tone determines an inhibition of the parasympathetic (inhibition of detrusor contraction) and an
increase in the sphincter and bladder neck tone. At
this stage, the elasticity characteristics of the bladder wall accommodate increasing urine volumes
without significant increase in the intravesical
pressure (vesical compliance).
The first micturition stimuli appear at about
150-250 mL of filling, followed by stretching of the
tensoceptors present in the bladder wall. At this
stage, the micturition stimulus is easily inhibited
by voluntary control. At approximately 350-400
mL, the micturition stimulus becomes imperious
and can be associated with involuntary contractions of the detrusor. The micturition reflex can
still be voluntarily inhibited by stimuli sent by
the pudendal nerve on the rhabdosphincter. At
approximately 700-800 mL, the urination reflex
becomes incoercible and painful, without the possibility of voluntary control.
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In adults, the initiation of urination occurs by voluntary relaxation of the pelvic floor and the rhabdosphincter. At the beginning of the void phase,
the orthosympathetic tone is reduced, a phenomenon that decreases urethral closure and detrusor
contraction stimulated by the parasympathetic
innervation. In the presence of a cervico-urethral
obstruction, additional recruitment of the abdominal muscles may be necessary (use of the abdominal press) to completely empty the bladder. Once
the bladder has been voided, the rhabdosphincter
closes, followed by the bladder neck (in a retrograde manner). In women, due to the lower urethral resistances to the flow, voiding occurs with
minimal detrusor pressures: Suitable sphincter
relaxation is sufficient. In men, however, due to
the major resistances located almost exclusively at
the level of the prostatic urethra, adequate detrusor contraction is required; pressures generally do
not exceed 40 cmH2O.

Basic elements of urinary
continence
Given the complexity of micturition equilibrium,
the main factors for maintaining continence are
summarized below. The ‘bladder tank’ must be
elastic and stable so that allow it can accommodate a suitable amount of urine without significant
increases in intravesical pressure that could impair
the function of the high excretory pathways and to
determine leaks of urine.

Bladder factors
One of the peculiar characteristics of the bladder is
the compliance (distensibility), expression of the
physiological phenomenon, predominantly myogenic and partly neurogenic, of bladder accommodation. This capacity facilitates increasing urine
volumes while maintaining a constantly low intravesical pressure (detrusor pressure between 0 and
20 cmH2O). In bladders with reduced compliance
or low elasticity (e.g. tubercular or post-actinic
bladder), there will be a progressive increase in the
intravesical pressure during the storage associated
with reduced bladder capacity, a phenomenon
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that leads to increased micturition frequency and
incontinence. During the storage phase, it is also
important that the detrusor remains stable, i.e.,
that it does not have sudden contractions that can
cause leakage of urine. Detrusor stability is mediated by its innervation; it is the result of a constant
inhibition of detrusor reflexivity, which normally
ceases only at the moment of urination.

Urethral factors
Urinary continence depends on correct bladder
function as well as proper urethral closure. During
the storage phase, there is a constant closing
tone of the smooth sphincter and internal striate
(orthosympathetic innervation) that is associated
with contraction of the external striated sphincter
(somatic innervation) and contributes to the maintenance of the urethral closure in case of sudden
increases of the intravesical pressure and in case
of need to postpone micturition. Urethral function therefore requires the integrity of the muscular structures, nerve pathways (sympathetic and
somatic), and the supporting elements described
above. If there is damage at the sphincter secondary to injury of one of the above mentioned structures, classically defined stress incontinence will
occur.

Neurological factors
Micturition dynamics and urinary continence,
as already mentioned, require intact nerve pathways. Any neurological pathology (multiple sclerosis, stroke, etc.) or medullary or pelvic trauma
that involves these nerve fibers can alter the micturition cycle and cause a sudden loss of urine
(urgency type incontinence). In cases of lesions
above the pontine center of urination, there will
be a coordinated reflex. If the involvement is
below the pontine center, there will be a reflex
with vesico-sphincter dyssynergia, i.e., incoordination between detrusor contraction and sphincter relaxation.
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Maturation of continence
The child at birth is incontinent because the storage-voiding cycle is not under voluntary control
but it is an entirely reflex act. During growth,
there is a gradual increase in bladder capacity,
with a reduction in spontaneous micturitions
which decrease from about 20 per day in the first
year to about 10 per day during the second year.
Continence requires the development of a normal
bladder capacity, maturation of the sphincter and
voluntary control over vesico-sphincter function
(control of the striated sphincter). By 3–5 years of
age, an adult-type bladder storage-voiding cycle
is usually established, with detrusor stability and
voluntary control of the micturition reflex.
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Lower urinary tract
obstruction: benign
prostatic hyperplasia
and other causes
Cosimo De Nunzio, Francesco Esperto,
Antonio Franco, Andrea Tubaro

The onset of lower urinary tract symptoms (LUTS)
is the clinical condition most frequently reported by
adult men to their physician. LUTS can be divided
into symptoms of the filling bladder phase -so called
“storage symptoms”- (day and/or night pollakiuria, urinary urgency, and urinary incontinence),
emptying bladder phase -so called “voiding symptoms”- (hesitancy, hypovalid or interrupted flow,
and increased time of the stream), and post-voiding
symptoms (post-void dribbling, increased residual
urine volume, and overflow incontinence/paradoxical ischuria). LUTS can be determined by different
pathological conditions:
❏❏ benign prostatic hyperplasia (BPH), the most

common condition;

❏❏ detrusor hyperactivity (idiopathic, obstruc-

tive, or neurogenic);

❏❏ detrusor hypoactivity/atony;
❏❏ neurogenic dysfunction of the bladder (e.g.,

multiple sclerosis and Parkinson’s disease)
urinary tract infections;
intravesical foreign bodies (e.g., stones);
acute or chronic prostatitis;
bladder carcinomas (e.g., urgency-frequency
syndrome);
❏❏ distal ureteral lithiasis;
❏❏ urethral stenosis.
❏❏
❏❏
❏❏
❏❏

Anglo-Saxon urological terminology recognizes three conditions: prostatic hypertrophy
(benign prostatic enlargement, BPE), i.e., the volumetric increase of the gland, appreciated by rectal

examination or ultrasound measurement; prostatic
obstruction (benign prostatic obstruction, BPO),
which is a urodynamic diagnosis of cervical-urethral obstruction related to prostatic hypertrophy;
and prostatic hyperplasia (benign prostatic hyperplasia, BPH), which is a histological diagnosis that
usually results from a biopsy or surgical procedure.
BPH is due to a hyperplasia of the epithelial and
stromal component of the gland itself. It originates
in the transition and pre-prostatic zone – at the level
of the periurethral region – where the glandular
component is located. BPH is the result of a change
in endocrine metabolism that usually occurs after
the age of 50 years; it causes an imbalance between
stimulating and inhibiting prostate growth factors.
During the early stages, microscopic nodules that
mainly comprise stromal and parenchymal elements develop in the periurethral region. Over the
years, these nodules increase in number and size;
they compress and strain the prostatic urethra and
obstruct urine flow.

BPH etiopathogenesis
Both intrinsic (interaction between the epithelium
and stroma) and extrinsic (hormonal, neurological,
immune, dietary, and genetics) factors are involved
in BPH. In particular, the major cause of BPH is
an alteration in the local balance between estrogen
and androgens (typical of old age), in favor of the
estrogen. This imbalance results in a paradoxical
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increase in androgen receptor expression. This
phenomenon increases the influence of testosterone that, consequently, stimulates and determines
cell growth and thus prostate hyperplasia.
Estrogen receptors prevail in the stroma, but
they are also present in epithelial cells. Aside
from increasing the number of androgen receptors, estrogen induce growth factor production
by basal epithelial cells (stroma hyperplasia).
Indeed, in addition to androgens, growth factors are necessary to stimulate cell proliferation;
they act through a paracrine and autocrine system. Notably, neuroendocrine cells, which are
included in the glandular epithelium of the prostate, regulate secretory and proliferative activity
of the gland itself through many substances they
regularly produce (serotonin, bombesin, somatostatin, and transforming growth factor α [TGFα]). These cells, however, have no androgen
receptors.
As previously described, the interaction
between stromal and epithelial components represents the predominant and fundamental mechanism of organic growth of the prostate gland. The
progressive increase in size of the adenoma compresses the peripheral gland portion and the prostatic urethra and obstructs urine outflow.

Other causes of lower urinary
tract obstruction
Other causes of obstruction of the lower urinary
tract can be schematically divided as follows:
❏❏ causes related to increased prostate volume,

such as inflammatory processes, which involve
significant edema of the gland (e.g., acute prostatitis or endoscopic instrumentation) and
advanced prostate cancer infiltrating the urethra (see Chapter 13);
❏❏ causes related to the presence of stricture in
the urethra, including congenital, iatrogenic,
or post-traumatic stenosis of the urethra, or
obstructions at the level of the bladder neck,
such as Marion’s disease (congenital sclerosis
of the bladder neck). Patients affected by this
pathology have disorders from a very young
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age and are usually under a urologist’s observation by 20 years old.

Signs and symptoms
Prostate hyperplasia may be histologically
observed in many patients, even young ones, but
its signs and/or symptoms are not detectable in all
of them. In fact, even if there is an evident hyperplasia, it is not certain that glandular growth will
obstruct urine flow. Rather, the condition might
occur in the event that the adenoma develops
towards the urethra, causing a narrowing and a
distortion. Hence, urinary symptoms can be completely independent from the dimensions of the
prostate and the adenoma inside it.
Deterioration of urinary flow is one of the first
signs of BPH. In the early 1990s, the “International
Consultation on BPH” introduced the definition
of urinary symptoms as LUTS – they identified
irritative symptoms as those of the filling phase
(storage symptoms) and obstructive symptoms as
those of the emptying phase (voiding symptoms).
Storage symptoms are represented by pollakiuria (day and/or night pollakiuria that result, for
example, from the early perception of a urinary
stimulus, or rather in the presence of lower urinary volumes), urinary urgency, and urgency
incontinence (for poor inhibitory control).
However, it is important to remember that the
storage symptoms in addition to being secondary to BPH – may also indicate the presence of
an inflammatory bladder process or an occupying
space mass (bladder or prostate cancer).
Voiding symptoms include urinary hesitation,
hypovalid flow (decreased pressure/speed of
flow), and interrupted flow (because the pressure in the initial part of the flow becomes insufficient, and thus the bladder emptying stops and
resumes after the generation of a higher pressure).
An extended voiding time, post-voiding dribbling, urinary retention, and paradoxical ischuria
(urine leakage when the bladder is full) are called
post-micturition symptoms.
Symptoms related to BPH obstruction do not
always appear early. In initial stages, bladder compensation mechanisms deal with the obstruction; in particular, detrusor hypertrophy develops
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