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Abstract
Purpose of Review The role of pelvic neurophysiology testing in the evaluation of patients with lower urinary tract (LUT)
symptoms is explored in this review.
Recent Findings Different neurophysiology tests such as sphincter EMG and pudendal somatosensory evoked potentials are
useful in evaluating the sacral somatic afferent and efferent innervation. S2 and S3 dermatomal evoked potentials assess
individual sacral roots and are feasible to perform using standard neurophysiology machines.
Summary The innervation of the LUT has a substantial contribution from splanchnic and somatic nerves arising from the sacral
segments. Pelvic neurophysiology tests, which assess somatic nerve functions, are therefore a useful tool in assessing sacral nerve
functions in patients presenting with unexplained voiding dysfunction. In this review, the commonly performed neurophysiology
studies that assess the S2, S3 and S4 sacral afferent and efferent pathways are outlined, and their clinical applications reviewed.

Keywords Pelvic neurophysiology . Dermatomal evoked potentials . Sacral reflex . Pudendal . Sphincter EMG . Lower urinary
tract (LUT)

Introduction

The LUT is innervated by the somatic, sympathetic and para-
sympathetic nervous systems. Sacral S2-S4 somatic fibres
travel through the pudendal nerve derived from the Onuf’s
nucleus and sensory fibres convey sensations from the perine-
um and external genitalia, and motor fibres innervate the ex-
ternal urethral and anal sphincters, bulbospongiosus and
ischiocavernosus muscles.

Sympathetic innervation of LUT follows complex pathways.
Sympathetic preganglionic fibres destined to the LUT originate
from T10 to L2 emerges through the ventral roots and descend
through three different pathways. One set of preganglionic fibres
synapse with postganglionic sympathetic neurons in the superior
hypogastric plexus and descend through the inferior hypogastric
nerve and enters the inferior hypogastric plexus. Another set of
preganglionic fibres descend through the lumbar splanchnic
nerves and synapse with postganglionic neurons at the inferior
hypogastric plexus. The third set of preganglionic neurons de-
scend through the sympathetic chain and synapse with postgan-
glionic neurons located in the upper sacral ganglia [1]. The post-
ganglionic sympathetic fibres form a delicate network of pelvic
nerves and supplies the pelvic viscera. Postganglionic sympa-
thetic fibres leave the lower sacral ganglia and join the sacral
and coccygeal nerve roots at the foramina. Sympathetic ganglia
become progressively smaller and converge with the parallel
sympathetic chain at the ganglion impar (often at the level of
the first coccyx) conveying sympathetic efferents to and noci-
ceptive afferents from the perineum and terminal urogenital re-
gions [2]. Sympathetic fibres destined for blood vessels in the leg
and foot travel with the tibial nerve, and the sympathetic fibres
destined for the pudendal and gluteal arteries and their branches
travel with the pudendal and gluteal nerves [1].
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Parasympathetic fibres originate from the spinal cord S2-
S4 segments. These preganglionic fibres travel through the
cauda equina, exit at S2-S4 sacral foramina and form pelvic
splanchnic nerves. These preganglionic parasympathetic fi-
bres pass through inferior hypogastric plexus and synapses
with postganglionic neurons located at the vesical plexus,
the bladder wall, the region of the bladder neck, the trigone,
the prostate, and the proximal urethra [1].

Clinical neurophysiological investigations such as nerve
conduction studies, electromyography and evoked potential
studies are helpful to assess somatic afferent and efferent
nerve pathways. Sympathetic skin response test is helpful to
assess sympathetic pathways. To date, there are no electro-
physiology tests available to assess parasympathetic
pathways.

Electrophysiology tests are well established and widely
used in other regions of the body for the assessment of neuro-
genic damage in nerves and muscles. These tests can be ex-
tended to pelvic neurology to assess patients reporting LUT
dysfunction. Table 1 summarizes the different tests that are
useful to evaluate the damage to the supraconal and conal
spinal cord, cauda equina and peripheral nerves resulting in
pelvic floor/organ dysfunction. Neurophysiology tests pro-
vide objective evidence for nerve damage; however, record-
ings are influenced by physiological and technical factors and
hence results should be interpreted in conjunction with the
clinical context and other investigation findings.

Needle Electromyography

Needle electromyography (EMG) is one of the most useful
and widely available tests in clinical neurophysiology.
Needle EMG studies are performed using specialized concen-
tric or monopolar needles to record the bioelectrical activity of
muscles.

Motor Unit Action Potential (MUAP) analysis helps to
differentiate normal muscle pattern from chronically denervat-
ed muscle (Fig. 1). MUAP is the sum of all extracellularly
recorded potentials of all muscle fibre action potentials within
the motor unit [6]. Normative values for external anal sphinc-
ter MUAPs are available for interpretation [7, 8]. Longer du-
ration of MUAPs indicates the reinnervation process in the
muscle and changes are seen after several weeks or months
following an acute nerve injury [9]. The onset of chronic de-
nervation changes depends upon the site and type of nerve
injury. Distal and partial nerve lesions show early reinnerva-
tion changes within a few weeks whereas lesion at a spinal
level can take up to several months to appear.

In acutely denervated muscles, EMG can show abnormal
spontaneous activity such as fibrillation and positive sharp
wave potentials, which are action potentials of a single dener-
vated muscle fibre. First changes of abnormal spontaneous

activity are seen after 3 to 6 weeks of the onset of the nerve
injury. To recognize active denervation changes, the muscle
should ideally be at rest; the sphincters are always tonically
active, and therefore it is challenging to assess for active de-
nervation changes in these muscles due to background muscle
noise.

Other spontaneous discharges include Complex Repetitive
Discharges (CRD) and Decelerating Bursts (DB), which are
fast-firing spontaneous discharges. CRDs are highly symmet-
ric bursts with frequencies ranging between 5 and 100 Hz.
Even though CRDs are non-specific findings, their presence
usually suggests ongoing chronic denervation and reinnerva-
tion in the muscle. CRDs are rarely seen in normal muscles.
DBs are bizarre burst discharges superimposed on the normal
tonic background motor activity [10]. Frequency and rate of
deceleration of these bursts have not been studied and they are
recognizable by their characteristic sound. It has been postu-
lated that these discharges occur due to impairment in relaxa-
tion of the striated component of sphincter muscles. These
non-specific discharges have also been noted in the urethral
sphincter of apparently asymptomatic women, however [11].
The innervations of the pelvic floor muscles are derived from
multiple myotomes, S2-S4, and if the EMG is abnormal it is
not possible to further evaluate which root is specifically dam-
aged (Table 1). EMG testing can be uncomfortable when per-
formed in the perineum and a local anaesthetic may need to be
used for some tests.

Despite these limitations, several studies have shown that
the EMG test is useful in the evaluation of idiopathic urinary
retention [12••], assessment of suspected pudendal nerve le-
sions, to aid in the diagnosis of parkinsonian syndromes par-
ticularly MSA [13] and evaluation of faecal incontinence [14,
15].

Evoked Potentials

Sensory nerve conduction studies are helpful to assess axonal
and myelin function of peripheral sensory nerves. This study
can be performed by electrically stimulating the sensory nerve
proximally and recording a response from the distal segment
of the nerve. However, conventional sensory nerve conduc-
tion studies are not usually feasible in the pelvic region as
most of the sensory nerve is inaccessible for electrical stimu-
lation. To overcome this, the nerve is stimulated peripherally,
and the response is recorded from the somatosensory cortex of
the brain using scalp electrodes. The pudendal somatosensory
evoked potential study is a well-established test and the most
commonly performed evoked potential study in the pelvic
region [16] (Fig. 2). Studies have demonstrated the utility of
this test in identifying nerve damage in patients presenting
with voiding and/or sexual dysfunction [17], predicting the
recovery of bladder function in patients with acute spinal cord
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injury [18] and establishing nerve injury in cases presenting
with a cauda equina syndrome [19]. However, there are a few
technical and anatomical factors that can limit the role of pu-
dendal SEP testing in the diagnosis of pelvic floor disorders.
Pudendal SEP cortical amplitudes are low compared to SEPs
recorded from mixed nerves such as the tibial nerve (tibial
SEP, Fig. 3). This could be due to the absence of Ia large
diameter sensory fibres in the dorsal nerve of the penile/clito-
ris. Due to low cortical potentials, ascertaining amplitude
asymmetry can be challenging at times. The pudendal nerve
SEP records the response from different sacral dorsal roots,
namely S2-S4. Therefore, partial lesions affecting only some
of the roots may be missed as the faster conducting non-
injured dorsal roots convey the signals to the cortex thus
resulting in a SEP with normal latency. Lastly, the stimulating
site in males is at the base of the penis and supramaximal
stimulation on one side often results in co-stimulation of the
nerve on the other side. Due to these limitations, it may not be
possible to provide a precise localization when lateralized sa-
cral root injury is suspected which limits the clinical utility of
recording pudendal SEPs [20, 21].

Measuring Dermatomal Somatosensory Evoked Potentials
(DSEP) may help to overcome some of these limitations
(Fig. 4). Recording technique for DSEPs is similar to puden-
dal SEPs, however individual dermatomes are stimulated rath-
er a nerve branch of a sensory nerve. S2 and S3 dermatomal
branches arise from the posterior femoral cutaneous nerve, a
pure sensory nerve originating in the sacral plexus which

supplies the posterior thigh and lower gluteal region [22]. S2
and S3 dermatomes can be stimulated by placing surface elec-
trodes in the centre of the respective dermatomes. S4 derma-
tomes can be stimulated with subcutaneous monopolar needle
electrodes placed lateral to the mid-anal orifice. DSEPs pro-
vide additional information to help localize injury of the sacral
roots. Both pudendal and dermatomal SEPs are abnormal fol-
lowing lesions of the sacral roots, whereas the pudendal SEP
alone is abnormal following lesions of the pudendal nerve
(Table 1). Recording pudendal SEP and DSEPs is helpful in
the assessment of sacral root pathology in patients presenting
with unexplained urogenital dysfunction, genital numbness or
pain and numbness over the gluteal fold [23].

Bulbocavernosus Reflex Study

Eliciting the bulbocavernosus reflex is one of the most com-
monly performed bedside clinical tests to assess the integrity
of the conus medullaris and cauda equina. The afferent limb of
this reflex arc consists of the pudendal nerve and conus
medullaris, and the efferent limb consists of the pudendal
nerve and its branches—the perineal branch innervating the
bulbocavernosus muscle and inferior rectal nerve to the exter-
nal anal sphincter muscle. Studies have shown that motoneu-
rons in the S2-S4 segments receive input not only from the
dorsal nerve of the penis but also from the perineal nerve and
sensory nerve endings of the anterior urethra [24]. The

Table 1 Currently performed pelvic neurophysiology tests in clinical practice

Tests Testing segments

Pudendal nerve
sensory
branches

Sacral
sensory
roots

Conus (S2-4
sacral
segments)

Dorsal column
spinal cord–
lemniscal
system

Pudendal
nerve
motor
branches

Sacral
motor
roots

Sympathetic
nerves

Anal sphincter EMG X x X

Urethral sphincter EMG X x X

BCR x X X x X

Pudendal SEP X X X X

S2 and S3 DSEP X X X

Tibial SEP X

SSR x

Pudendal Terminal motor
Latency

x

Dorsal penile/clitoral
sensory conductions

X

Pudendal motor evoked
potential [3]

X x

Spinal root surface electrical
stimulation [4]

x

Dartos reflex [5] x

BCR bulbocavernosus reflex, DSEP dermatomal somatosensory evoked potential, SSR sympathetic skin response
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bulbocavernosus reflex (BCR) can be elicited clinically in the
external anal sphincter and bulbocavernosus muscle by
compressing the glans penis or clitoris sharply in 70–85%
normal subjects [25]. BCR may not be elicitable in unrelaxed
individuals and the assessment may need to be repeated if the
examiner is not convinced about a response. BCR (Fig. 5) can
be recordable following mechanical or electrical stimulations
over the penis while recording directly from the
bulbocavernosusmuscle using a concentric or monopolar nee-
dle. Sacral reflex studies such as the BCR test have a greater
sensitivity than the clinical elicitation of the reflex [26].
Electrical stimulation over the penis/clitoris will elicit a

monosynaptic reflex response (R1) at around 30 ms and a
polysynaptic late response (R2) at around 60 ms. The R1 is
a direct response and exhibits no habituation to repeated elec-
trical stimulations. BCR amplitude is dependent on stimulus
strength and needle position for the motor endplate. Hence,
only a prolonged BCR latency or absent response are consid-
ered as abnormal. BCR is an important tool to evaluate the
integrity of sensory and motor components of the pudendal
nerve (Table 1) and hence needle EMG examination together
with BCR study will increase the yield of detecting cauda
equina and conus medullaris lesions to over 95% [27•].

Fig. 1 Anal sphincter EMG
study. Normally appearing
MUAPs are seen with amplitudes
less than 1000 μv and duration
less than 10 ms

Fig. 2 Pudendal SEP study.
Normal “w” shaped waveform:
latency is measured in reference
to the first downward deflection
(P1 response) and amplitude is
measured as the difference in
amplitudes between the P1 and
N1 responses (N1-P1)
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Sympathetic Skin Response

Sympathetic Skin Response (SSR) assesses the functional in-
tegrity of the cutaneous efferent sympathetic pathways.
Eccrine sweat glands in the hands, feet and perineum are in-
nervated by unmyelinated C-fibres of the sympathetic auto-
nomic nervous system. The potential difference across the
skin will provide an objective assessment for a sympathetic
nervous system function (Table 1).

The afferent limb of the SSR includes myelinated somato-
sensory pathways to the brainstem and the efferent limb of the
reflex consists mainly of unmyelinated C-fibres through the
intermediolateral column, hypogastric plexus, ultimately in-
nervating the LUT, genitalia and skin. The reflex is therefore
widely distributed across a complex polysynaptic pathway
and it is therefore often difficult to localize the lesion when
the SSR is absent. However, simultaneous recording of the
SSR from hands, perineum and the feet after stimulating two
different nerves helps to localize the lesion. Absence of SSR
in the perineum, whereas recordable in the upper and lower

limbs, suggests a possible lesion at the T10-L2 level [28],
whereas the absence of both the perineal and lower limb
SSR could suggest a lesion between T4-T9 segments [29],
or possibly a neuropathy involving small nerve fibres.
Absence of the lower limb SSR alone could suggest an early
stage of neuropathy involving small nerve fibres [30]. Studies
have shown a correlation between the absence of SSR and
bladder neck dysfunction in spinal cord lesions levels above
the T6 level [31]. Sympathetic fibres play a major role in the
neural control of erection and ejaculation besides innervating
the perineal sweat glands. Hence, recording the SSR in the
perineal area provides useful information when evaluating a
neurological cause for erectile and ejaculatory dysfunction
[32].

The distribution of eccrine glands is not uniform over the
body and their density is greatest over the palms and soles [33]
and more thinly distributed over the thighs and back. SSR
response recorded from the perineal skin is therefore of much
smaller amplitude compared to palms and soles. In addition,
SSR responses are influenced by a variety of reasons such as

Fig. 4 S3 dermatomal SEP study.
Normal “w” shaped waveform:
latency is measured in reference
to the first downward deflection
(P1 response) and amplitude is
measured as the difference in
amplitudes between the P1 and
N1 responses (N1-P1)

Fig. 3 Tibial SEP study. Normal
“w” shaped waveform: latency is
measured in reference to the first
downward deflection (P1
response) and amplitude is
measured as the difference in
amplitudes between the P1 and
N1 responses (N1-P1)
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temperature, stimulus strength, habituation and patient relax-
ation. Hence, physiological and environmental factors should
be taken into consideration when interpreting the SSR. Due to
a high degree of variability in SSR amplitude, the presence of
a clear SSR response is enough to be considered a normal
study.

Other Tests

Pudendal nerve terminal motor latency (PNTML) is a well-
established test to assess terminal motor branches of the pu-
dendal nerve (Table 1). Even though normative data has been
published, the test is less widely performed nowadays because
of different reasons. Technical difficulties such as short dis-
tance between stimulation and recording sites, high variability
in the onset latency and poor patient tolerance to high-strength
electrical stimulation limits this test for wider usage.
Moreover, the test provides information only about a short
segment of the distal pudendal nerve whereas pudendal nerve
compression is usually more proximally sited such as in the
Alcock’s canal. PNTML is operator dependent and needs to
be performed skillfully. Hence, the reliability and clinical rel-
evance of PNTML is debatable [34, 35••].

Dorsal penile nerve sensory conduction study is a
useful but under-performed study to assess peripheral
pudendal (dorsal penile nerve) sensory nerve functions
(Table 1) [36]. Challenges encountered when performing
this test include high penile skin impedance and short
penile length.

Dartox Reflex(DR) is a sympathetic response record-
ed from scrotal vermicular motion (Table 1) [5]. DR
can be recorded with surface skin electrodes over the
scrotum following median nerve stimulation. DRs add
additional information when testing sympathetic auto-
nomic fibres and genitofemoral nerve.

Indications for Pelvic Neurophysiology
Testing in Clinical Practice

There are several situations in neurourology clinical practice
where pelvic neurophysiology testing is useful in the diagnos-
tic formulation:

Fig. 5 Bulbocavernosus reflex
study. The response is recorded
from the bulbospongiosus
following repeated electrical
stimulation of the dorsal penile
nerve. The latency of the response
in this case is 33.4 ms

�Fig. 6 Applications of pelvic neurophysiology testing in patients with
voiding dysfunction. a–e Pelvic neurophysiology study in a 37 year old
male (height 170cm), reporting urinary urgency and incontinence
episodes occurring 3-4 times a week, occasional bowel urgency and
impaired sensation perianally and the shaft of the penis for around 10
years. MRI shows a suspicious lesion in the conus medullaris of uncertain
significance. a Tibial SEP, stimulation frequency: 3.1 Hz, stimulation
strength: 20mA; Latency Right: 44.5 ms & Left: 43.8 ms; Amplitude
Right: 3.3 μv & Left:1.9 μv. b S2 Dermatomal SEP, stimulation
frequency: 3.1 Hz, stimulation strength: 25mA; Latency Right: 41.6 ms
& Left: Absent; Amplitude Right: 0.4 μv. c S3 Dermatomal SEP,
stimulation frequency: 3.1 Hz, stimulation strength: 25mA; Latency
Right: 45.0 ms & Left: inconsistent response; Amplitude Right:
0.37 μv. d Pudendal SEP, stimulation frequency: 3.1 Hz, stimulation
strength: 39 mA; Latency: 47.5 ms, Very low amplitude ~ 0.1 μv. e
BCR responses are present but inconsistent on the right side with
latency 35.1 ms. Absent response on the left side. Conclusion: The
neurophysiology abnormalities are consistent with a lesion affecting the
sacral somatic afferent and efferent (anal sphincter EMG was also
abnormal, not shown) innervation. The suspicious conus lesion seen in
MRI is therefore significant. f Concentric needle EMG of the external
anal sphincter in a 54-year-old gentleman presenting with voiding
difficulties and incontinence on the background of a recent onset
parkinsonism syndrome. Duration 35.9 ms, which is prolonged, and
suggests chronic reinnervation. The mean duration of MUPs in this
study was abnormally prolonged at 16 ms (normal < 10 ms). The EMG
abnormalities are consistent with a diagnosis of multiple system atrophy
(gain 50 μv/Div and sweep speed 5 ms/Div). g Concentric needle EMG
of the urethral sphincter in a young woman presenting with urinary
retention demonstrating abnormal decelerating burst (gain 200 μv/Div
and sweep speed 10 ms/Div). h Concentric needle EMG of the urethral
sphincter in a young woman presenting with urinary retention
demonstrating complex repetitive discharges (gain 50 μv/Div and
sweep speed 15 ms/Div)
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Patients Reporting LUT Symptoms
on the Background of a Suspected
Parkinsonian Syndrome

Multiple System Atrophy (MSA) is a neurodegenerative dis-
order and this synucleinopathy is characterized by abnormal
accumulation of glial cytoplasmic inclusions (GCIs)
consisting of aggregates of α-synuclein protein in the oligo-
dendrocytes. MSA is characterized by autonomic failure and
neurological signs, and patients present with urogenital symp-
toms, bowel dysfunction, orthostatic hypotension, parkinson-
ism and cerebellar ataxia. The condition may, however, be

mistaken for Parkinson’s disease (PD), particularly in its early
stages, and the distinction is critical as MSA is poorly respon-
sive to antiparkinsonian treatment and has a more rapid dis-
ease progression compared to PD, being fatal within 6–
10 years of the onset of symptoms. Patients with MSA often
present early with significant LUT and sexual dysfunction,
even prior to the onset of neurological complaints, and pa-
tients may present to a Urologist initially. Urinary inconti-
nence is often severe and urinary retention presents early
and generally progresses with advancing disease [37••].
Neurons in the lower spinal cord such as the Onuf’s nucleus
are particularly susceptible to degeneration in this condition

235Curr Bladder Dysfunct Rep (2020) 15:229–239



[38••] and therefore the anal sphincter EMG [39, 40••] and
bulbocavernosus reflex [41••] are useful tests to detect dam-
age, and therefore help to differentiate MSA from PD. The
sensitivity and specificity of anal sphincter EMG in differen-
tiating MSA from PD are 35 and 90%, respectively [42]
whereas, for BCR, these are 24 and 91–94%, respectively
[43•]. The value of sphincter EMG in the differential diagnosis
of Parkinsonism has been debated over the years. A false-
negative result may occur if the neurodegenerative process is
limited and yet to affect the sacral spinal cord (Onuf’s nucle-
us). A false-negative result can also arise from errors in
MUAP analysis. Automated MUAP analysis by the machine
tends to ignore long-duration polyphasic potentials with sat-
ellite potentials and rather, analyses the individual compo-
nents as separate short-duration MUAPs. Hence, it is advis-
able for the operator to measure MUAPs manually when
MSA is suspected. Abnormal EMG findings may be seen in
other neurodegenerative conditions such as long-standing
Parkinson’s disease, Progressive supranuclear palsy,
Dementia with Lewy Bodies and Spinocerebellar ataxia
type3, following cauda equina injury, and following damage
to the sphincter muscle such as haemorrhoid surgery and pel-
vic floor tears of traumatic childbirth. Hence, the EMG result
should be interpreted in the appropriate clinical context.
Nevertheless, a highly abnormal result in a patient with mild
Parkinsonism is of value in establishing a diagnosis of proba-
ble MSA [13], particularly in the first 5 years of neurological
symptoms [39]. This differentiation between MSA and PD is
important not only for the Neurologist, but also for the
Urologist, as incontinence rates are greater in men with
MSA following prostatectomy, and should, therefore, be
avoided [44].

Young Woman Presenting with Urinary
Retention

Urinary retention is uncommon in women, and in situations
where the routine neurological and urological assessment fails
to identify a cause, a primary disorder of urethral sphincter
relaxation (Fowler’s Syndrome) should be investigated. The
urethral pressure profile is abnormally elevated, often in ex-
cess of 100 cmH2O, and abnormalities can be found in the
urethral sphincter EMG, namely decelerating bursts, a signal
somewhat like myotonia (Fig. 6g), and complex repetitive
discharges (CRDs) (Fig. 6h). EMG changes have been shown
to correlate with a pulsatile UPP trace [45••]. It has been pro-
posed that this abnormal spontaneous activity results in im-
pairment of relaxation of the urethral sphincter, which may
cause urinary retention in some women and obstructed
voiding in others [10]. CRDs have been reported in apparently
asymptomatic women [11, 46] and therefore abnormal EMG
findings should be interpreted considering the clinical context.

Sacral neuromodulation is an effective treatment for urinary
retention, and a favourable outcome has been reported in
women with an abnormal urethral sphincter EMG [47].

Patients with Cauda Equina/Conus Medullaris
Lesions Reporting Urogenital Dysfunction

Damage to the pelvic splanchnic innervation following cauda
equina and conus medullaris lesions results in LUT, bowel
and sexual dysfunction, and this is a common referral to cen-
tres with a specialist interest in Neurourology. The sacral so-
matic nerves are also damaged and denervation changes can
be seen as early as 2 to 3 weeks after onset of disease in EMG
of the pelvic floor muscles. Neurophysiology testing is useful
to assess ongoing somatic nerve damage by the presence of
spontaneous denervation activity in the EMG, whereas ongo-
ing chronic denervation or recovery of somatic nerves from
the damage can be assessed with quantitative EMG. Chronic
denervation changes in the EMG are characterized by reduced
interference pattern and polyphasic MUAPs with prolonged
duration and abnormally increased amplitudes (>1 mV).
Studies have shown a correlation between neurophysiological
changes following cauda equina injury with the severity of
sexual dysfunction [48]. Bulbocavernosus reflex responses
are also useful to evaluate acute and subacute compression
of the sacral somatic motor and sensory nerves following
cauda equina or conus injury. Absence of the BCR during
the acute stage of injury has been shown to prognosticate
poorer recovery of bladder and sexual functions, whereas the
presence of a BCR response with either normal or prolonged
latency has been associated with recovery in bowel, bladder
and sexual functions [49, 50•]. In situations where the clinical
scenario mimics a cauda equina presentation in terms of back
pain and urogenital and bowel dysfunction however the MRI
scan does not reveal significant abnormalities, pelvic neuro-
physiological tests are useful to evaluate evidence for sacral
root dysfunction that could account for symptoms.

Patients Presenting with Unexplained
Urogenital Complaints where
the Abnormality Seen in Spine MRI Is
of Uncertain Relevance

During the course of investigations of a patient presenting
with urogenital complaints of uncertain cause, an MRI lum-
bosacral spine scan is often requested and it is not unusual for
imaging to reveal findings of uncertain clinical significance,
such as degenerative disc disease, lumbar canal stenosis,
Tarlov (perineural) cyst, thickened filum terminale and
inflammatory/ischemic lesion in the conus. In such cases, pel-
vic neurophysiology tests, e.g. somatosensory evoked
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potentials, quantitative EMG and sacral reflex studies, are
useful to establish whether the finding seen in MRI is signif-
icantly affecting the sacral somatic innervation [51••] (Fig. 6).
L5-S1 cutaneous afferents contribute to tibial SEP responses
[52], and therefore a lesion of the conus (or cauda) would be
suspected when the tibial SEP is normal and pudendal, S2 or
S3 dermatomal SEP responses, BCR and/or anal sphincter
EMG tests are abnormal [53••]. Moreover, these tests can help
localize the lesion and distinguish peripheral from central le-
sions, and afferent from efferent pathway lesions [54].
Neurophysiology tests are useful from a neurological perspec-
tive to identify potential candidates for surgical management
of conus/cauda lesions [23]. In situations where sacral
neuromodulation is being considered for managing LUT dys-
function, neurophysiology tests might be helpful to assess the
integrity of the sacral roots.

Concluding Remarks

Pelvic neurophysiological tests provide objective evidence for
the involvement of the sacral roots when evaluating patients
with unexplained voiding dysfunction. These tests are partic-
ularly helpful in evaluating the sacral afferent and efferent
somatic pathways. SSR and Dartos Reflex are helpful in the
assessment of sympathetic innervation in the pelvic region.
Tests need to be performed with care, and the results should
be interpreted in the relevant clinical context in the setting of a
multidisciplinary team.
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