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The integrated coordination of the components of the lower urinary 
tract is mediated by the complex neuromodulatory system of the brain, 
spinal cord, and peripheral ganglia. Therefore, the central nervous sys-
tem plays a crucial role in the storage and output of urine. The purpose 
of this review article is to present the key aspects of the structure of the 
peripheral nervous system and central nervous system related to the 
lower urinary tract, as well as the mechanisms of action and the control 

system of innervation regulating the storage and output of urine. Fur-
thermore, this article discusses the clinical significance and directions 
of neurourological research, concluding with the suggestions for with 
the neurourological research prospects.
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INTRODUCTION

The axon bundles passing through the spinal cord from the ce-
rebral cortex descend through the pyramidal tract and are divided 
into the lateral and anterior (or ventral) tracts inside the spinal 
cord, forming the corticospinal tract (Austin et al., 2014). Upper 
motor neurons (UMNs) are neurons with axons running to the 
spinal cord through the brain stem; their cell body is located in 
the motor cortex of the cerebral cortex, and they commonly do 
not come into direct contact with muscles (Han et al., 2017). 
Lower motor neurons (LMUs) are connected to UMNs in the spi-
nal cord. Although they are usually connected by interneurons, in 
some cases UMNs and LMNs synapse in the anterior or ventral 
horn of the spinal cord (Fowler et al., 2008). The axons of LMUs 
pass through the efferent anterior or ventral roots, where motor 
nerves and autonomic nerves run when they exit the spinal cord. 
At that point, LMUs extend to the neuromuscular plate or neuro-
muscular junction, where they are responsible for innervation at 
muscles that are under voluntary control (Lee et al., 2018). Onuf’s 
nucleus is a defined group of neurons that maintain continence of 
micturition and defecation and induce muscle contraction during 

orgasm. These neurons are located in the ventral part of the ante-
rior horn in the sacral spinal cord. Notably, this part that, includes 
motor neurons, forms the pudendal origin of the perineal nerves 
(de Groat et al., 2015).

INNERVATION OF THE LOWER URINARY 
TRACT

The spine is composed of 26–30 vertebrae, which are divided 
into cervical, thoracic, lumbar, and sacral vertebrae. The thoraco-
lumbar region of the spine comprises T10-L2, while the sacral re-
gion comprises S2–4. Each of these regions is composed of sympa-
thetic neurons, parasympathetic neurons, and Onuf’s nucleus, a 
special group of somatic nerves of interest for neurourology. The 
motor neurons in this nucleus predominantly innervate the exter-
nal rhabdosphincter, which is under voluntary control. Motor neu-
rons with a distinct mechanism of synaptic signal transmission 
control the ischiocavernosus and bulbocavernosus muscles, which 
are involved in penile erection and ejaculation. Even though these 
neurons participate in the process of signal transmission through a 
similar basic mechanism as other neurons—via neurotransmitters 

https://doi.org/10.12965/jer.1938744.372

Review Article

Journal of Exercise Rehabilitation 2019;15(6):747-750



https://doi.org/10.12965/jer.1938744.372

Kim KT, et al.  •  Basic neurourology

748    http://www.e-jer.org

that are secreted by the presynaptic neuron and bind with post-
synaptic receptors—their axons contain less-dense core vesicles 
and secretory granules than those found in autonomic nerves (Tai 
et al., 2009). The motor neurons of these nuclei are rich in sero-
tonin (5-HT) and norepinephrine (NE) receptors and are activated 
by L-glutamate, a neurotransmitter that is the anionic form of 
glutamic acid. If activated by 5-HT and NE, the guarding reflex, 
which suppresses urination, occurs and prevents urination when a 
sudden rise of abdominal pressure occurs. Concerning inconti-
nence, a three-layer muscle is involved in urine flow and conti-
nence that consists of an inner band of longitudinal smooth mus-
cle, a middle band of circular smooth muscle, and a striated mus-
cle known as the outer band of the rhabdosphincter. This muscle 
is dominated by sympathetic neurons, parasympathetic neurons, 
and the somatic branch of the peripheral nervous system.

First, sympathetic neurons are distributed in the longitudinal 
and circular smooth muscle layers, running along the hypogastric 
nerve and synapsing with sympathetic preganglionic neurons lo-
cated in the upper lumbar spinal cord (de Groat et al., 2015). Sec-
ond, parasympathetic neurons arise from parasympathetic pregan-
glionic neurons located in the sacral spinal cord and are also dis-
tributed in the longitudinal and circular smooth muscle layers. 
Finally, somatic nerves originate from motor neurons located in 
the ventral or anterior horn of the sacral spinal cord, which is 
known as Onuf’s nucleus. The pudendal nerve also extends from 
Onuf’s nucleus and directly controls the rhabdosphincter muscle, 
a sphincter consisting of striated muscle fibers. The sympathetic 
storage reflex, which is also called the pelvic-to-hypogastric reflex, 
starts when NE is secreted in response to bladder stretching (Viz-
zard, 2006). The previously mentioned somatic storage reflex, also 
known as the pelvic-to-pudendal or guarding reflex, can occur in 
situations such as laughing, sneezing, and coughing that induce a 
rise in vesical pressure due to increased abdominal pressure or de-
trusor pressure. L-glutamate, which is the primary excitatory 
transmitter in the reflex arc, triggers action potentials by stimu-
lating N-methyl-D-aspartate, α-amino-3-hydroxy-5-methyl- 
4-isoxazolepropionic acid, and transmembrane ionotropic recep-
tors, and these action potentials stimulate the secretion of acetyl-
choline, thereby causing contraction of rhabdosphincter muscle fi-
bers (Lee et al., 2018). The urinary incontinence occurs because of 
this stress if this guarding reflex does not function properly.

The neurological coordination of the lower urinary tract can be 
analyzed from the perspective of motor neurons or sensory neu-
rons. Initially, sensory nerves with receptors in the bladder and 
urethra transmits stimuli to the cerebral cortex through the peri-

aqueductal gray of the midbrain. Upon the recognition of stimuli, 
the cerebrum executes decision-making in response. Motor neu-
rons are divided into UMNs and LMUs, and UMNs coordinate 
storage and urination in the brainstem for synergic voiding (Mer-
rill et al., 2013). In contrast, LMUs, which originate in the spinal 
cord, cause muscles to contract. These neurons are present in the 
sacrum, and Onuf’s nucleus is responsible for the contraction of 
the external urethral sphincter and maintains continence in states 
of rising vesical pressure through voluntary contraction of the 
sphincter. Parasympathetic neurons originating from S2–4 are re-
sponsible for the contraction of bladder muscles, while sympathetic 
neurons are responsible for contraction of the urethral smooth mus-
cle, including the bladder neck, during the guarding reflex.

CLINICAL SIGNIFICANCE

Generally, in normal conditions, UMNs maintain a neu-
ro-physiological state of LMNs suppression. Therefore, lower spi-
nal cord injuries or peripheral nerve injuries can result in LMN 
dysfunction, leading to urinary retention, stress urinary inconti-
nence, or poor compliance. On the other hand, upper spinal cord 
injuries or cerebral injuries that induce UMN dysfunction can 
lead to detrusor-sphincter dyssynergia, autonomic dysreflexia, and 
detrusor overactivity. In cerebral injuries that induce sensory neu-
ron dysfunction, problems such as urinary retention can occur be-
cause of an inability to start urination caused by an inability to re-
lax the rhabdosphincter muscle, which in turn stems from a lack 
of recognition of bladder filling and urinary flow in the urethra. 
Alternatively, disorders of decision-making, enuresis, nocturia, or 
urgency incontinence can occur due to a failure to correctly deter-
mine the appropriate time and place for urination. Fundamentally, 
the innervation of the lower urinary tract can be considered from 
multiple perspectives, and the first treatment principle in neurou-
rology is the preservation of renal function and prevention of au-
tonomic dysreflexia, followed by accomplishing improvements in 
storage and voiding symptoms.

DIRECTIONS OF NEUROUROLOGICAL 
RESEARCH

In the aging process or because of disease accompanied by neu-
rological disorders, the cerebral control of suppression is weakened 
due to unnecessary activation of the micturition center. Nocturnal 
enuresis and accompanying lower urinary tract symptoms are 
sometimes thought to be caused by spinal reflexes that are not 
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suppressed and controlled in the cerebrum. Therefore, if external 
local effects on inappropriate activation of the micturition center 
in the brain can be modified, these patterns of inappropriate acti-
vation could be controlled, and may even be possible to treat suc-
cessfully (Salazar et al., 2017). If confirmed, this could be a prom-
ising possibility for our understanding of diseases accompanied by 
dysuria, such as aging and degenerative brain diseases, and it may 
facilitate the development of novel drugs therapy. Currently, uro-
dynamic studies are used for the definitive establishment of the 
phenotypic cause of disorders when diagnosing and treating pa-
tients with lower urinary tract dysfunction, including neurogenic 
dysfunction. Urodynamic studies facilitate determination of wheth-
er the phenotype is myogenic, urotheliogenic, or neurogenic, and 
if it concludes that is neurogenic, they can shed light on the loca-
tion of the damage. Subsequently, any controllable pathophysio-
logical factors related to the patient’s condition could be identified 
and addressed as part of the treatment plan. However, this treat-
ment strategy is only applicable to peripheral treatment targets. 
Therefore, an integrated research framework exploring the factors 
that hinder central inhibition in the micturition center, as discussed 
above, may lead to the identification of various methods to control 
factors that promote dysfunction. In other words, it is necessary to 
find mechanisms for exploring the neurogenic phenotype.

NEUROUROLOGICAL RESEARCH 
PROSPECTS

The current state of the art of research in this field includes func-
tional imaging studies, research into specific brain areas (e.g., the 
micturition center), and studies of specific neurons and neuron 
groups that are related to urination. Furthermore, animal experi-
ments have explored how the activated and inactivated states of 
specific areas are associated with normal urination and dysuria. 
However, the basic mechanisms underlying these relationships 
have not been identified, meaning that specific methods to con-
trol such changes have not been developed. Observing and testing 
the roles of specific neurotransmitters and neuropeptides in con-
trolling urination in the brain by activating and suppressing syn-
aptic connections will make vital contributions to research into 
basic mechanisms in the field of neurourology (Kim, 2017).

Additionally, the goals of neurourological research should in-
clude monitoring how specific neurons are associated with urina-
tion in real time; identifying how the activation and inactivation 
of neurons in specific areas influence actual urination in specific 
physiological conditions (e.g., aging, sleeping, or studying) or 
specific pathological states (e.g., spinal cord injuries, cerebral inju-
ries, or degenerative brain diseases); and exploring whether specific 

Fig. 1. The animal model used to obtain information for the diagnosis of voiding dysfunction and subsequent therapeutic interventions through functional behavioral 
studies. The interventional device includes a pressure transducer and a remote-controllable medicine injection or nerve stimulation system.
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treatments affect the activation level of neurons and how such in-
fluences are connected to changes in urination (Fig. 1).
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