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Summary

Neurophysiological testing of the pelvic floor is rec-
ognized as an essential tool to identify pathophysio-
logical mechanisms of pelvic floor disorders, sup-
port clinical diagnosis, and aid in therapeutic deci-
sions. Nevertheless, the diagnostic value of these
tests in specific neurological diseases of the pelvic
floor is not completely clarified. Seeking to fill this
gap, the members of the Neurophysiology of the
Pelvic Floor Study Group of the Iltalian Clinical Neu-
rophysiology Society performed a systematic review
of the literature to gather available evidence for and
against the utility of neurophysiological tests. Our
findings confirm the utility of some tests in specific
clinical conditions [e.g. concentric needle elec-
tromyography, evaluation of sacral reflexes and of
pudendal somatosensory evoked potentials (PSEPs)
in cauda equina and conus medullaris lesions, and
evaluation of pSEPs and perineal sympathetic skin
response in spinal cord lesions], and support their
use in clinical practice. Other tests, particularly
those not currently supported by high-level evi-
dence, when employed in individual patients, should
be evaluated in the overall clinical context, or other-
wise used for research purposes.

KEY WORDS: electromyography, evoked potentials,
neurophysiology, pelvic floor, sacral reflex.

Introduction

Pelvic floor and uro-genital-anal functions rely on a com-
plex neural control system, the integrity of which can be
evaluated by clinical examination and diagnostic tools.
Electrodiagnostic tests represent a valid method for
studying the functional integrity of neural pathways, lo-
calizing a pathological process, and possibly revealing
its mechanism and severity (Olsen and Rao, 2001; Pod-
nar and Vodusek, 2001a). However, a neurophysiologi-
cal battery should be tested for its sensitivity and speci-
ficity in different diseases and tailored to the clinical and
anatomical context (Podnar and Vodusek, 2001b).
Moreover, a test’s sensitivity and specificity may depend
on variables such as diagnostic criteria and normal val-
ues (Podnar, 2004a).

A variety of neurophysiological techniques can be ap-
plied to study perineal disorders of neurogenic origin,
but their clinical value is still questioned. In particular,
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abnormal test results may reveal altered function of the
structure examined and yield information about the un-
derlying pathogenetic mechanism of neurological dis-
eases or lesions. Conversely, in other clinical scenarios,
for example in the presence of syndromes or symptoms
having a different etiology or pathogenetic mechanism
(e.g., ‘generic’ urgency or urinary retention, fecal incon-
tinence or constipation, and pelvic pain), or when no
clearly defined independent a priori criteria for the ‘neu-
rogenic’ origin of the symptoms are met, the patho-
genetic relevance of an altered test result can often on-
ly be assumed. Most of the literature reviews on pelvic
floor neurophysiology published to date suggest recom-
mendations on the clinical use of diagnostic tests that
are based on expert opinion (Olsen and Rao, 2001;
Lefaucheur, 2006; Podnar, 2007). However, a systemat-
ic literature analysis involving a selection of the most rel-
evant studies and evaluation of their methodological
quality is lacking. We performed a systematic literature
review on the usefulness of neurophysiological tests in
pelvic floor diseases with the aim of providing clinicians
with evidence-based recommendations on their use in
clinical practice.

Methods

The key research question was the diagnostic utility of
neurophysiological tests in pelvic floor disorders occur-
ring in well-defined neurological diseases. The literature
search was conducted on PubMed/Medline, Scopus
and Cochrane databases. The databases were
searched for eligible articles from their inception date
through June 2016 using Medical Subject Headings
(MeSH) terms or free terms. Whenever free search
terms were used, they were adapted from a pre-existing
search strategy and combined with synonyms and ab-
breviations using the boolean operator “OR”. Further-
more, references from relevant articles and pertinent re-
views were considered. Only articles published in Eng-
lish were reviewed. Initially, two independent searches
were carried out using terms to describe each neuro-
physiological test and pelvic disorders, respectively.
These two preliminary searches were then combined
using the boolean operator “AND”, and the final search
strategy was run. The detailed search strategy for each
test is available in the Supplementary Material published
with this article. Only articles assessing the diagnostic
value of neurophysiological tests in pelvic floor disorders
occurring in well-defined neurological diseases were an-
alyzed. Conversely, no consideration was given to stud-
ies in which the neurogenic origin of the disease was
‘tautologically’ assumed on the basis of the results of the
neurophysiological test. Furthermore, studies on the ef-
ficacy of therapeutic interventions were excluded. The
review was performed by members of the Neurophysiol-
ogy of the Pelvic Floor Study Group of the Italian Clini-
cal Neurophysiology Society. Group members were or-
ganized into several subgroups, each of which focused
on a single neurophysiological test. To minimize possi-
ble bias, the review process was carried out by at least
two independent reviewers from each subgroup. Select-
ed studies were assessed for their methodological thor-
oughness against the six AAEM (American Association
of Electrodiagnostic Medicine, Campbell, 1999) criteria
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for the classification of electrodiagnostic studies, with
the exception of the fourth criterion (relating to body
temperature monitoring), which was always considered
fulfilled since it refers to deep body temperature (Table
Is in the Supplementary Material). Articles were graded
by the number of criteria met (Table lIs in the Supple-
mentary Material). Regarding the first criterion (prospec-
tive study), all papers with an unclear or unspecified
prospective design were considered retrospective. The
strength of recommendations was defined by adapting
the paradigm of the American Academy of Neurology
and scored from grade A (best available evidence) to
grade D (conflicting or inadequate evidence) (Table llls
in the Supplementary Material) (Gronseth and French,
2008). Assessments by each reviewer were discussed
within each subgroup until agreement was achieved.
Results were shared with all the members of the other
subgroups and comments or suggestions were invited.

Results

In the following section, the literature search results are
presented in separate paragraphs for each neurophysi-
ological test and evidence-based recommendations for
the employment of individual tests in pelvic floor disor-
ders are provided. All the included papers with relative
evidence scores are listed in the Supplementary Materi-
al in separate Tables for each test (Tables 1Vs-XXIlIs).

Pelvic Floor Electromyography (EMG)

Studies using concentric needle EMG (CNEMG) for
qualitative or quantitative evaluation of motor unit po-
tentials (MUPs) from pelvic floor muscles were included,
whereas reports on kinesiological EMG (e.g., EMG si-
multaneously recorded during urodynamic testing) were
not. The search returned 3186 citations; in total, 37 pa-
pers were included.

1.1 Cauda equina and conus medullaris lesions (Table
IVs). In patients with suspected sacral neurogenic le-
sions, CNEMG is the method of choice to demonstrate
denervation and reinnervation signs; bilateral examina-
tion of the subcutaneous part of the external anal
sphincter (EAS) is suggested (Grade C). Quantitative
EMG (QEMG) of the EAS with automated analysis of
MUPs (e.g., multi-MUP analysis) is the most widely
used method in clinical practice. The values of each
MUP parameter are generally compared to the normal
values, using both mean values (+ standard deviation)
and outlier limits criteria; moreover, a set of three MUP
parameters with the highest predictive power for neuro-
pathic signs is proposed (i.e., area, duration and num-
ber of turns) (Grade B). No optimal set of diagnostic cri-
teria with satisfactory sensitivity and specificity for de-
tecting neuropathic disorders of the EAS has been iden-
tified because a higher number of diagnostic criteria for
muscle abnormality and more stringent normative limits
may increase test specificity but reduce its sensitivity
(Podnar, 2004a). Sensitivity ranges from 21 to 70%,
specificity from 74 to 99%, positive predictive value from
58 to 99%, and negative predictive value from 47 to
90%, depending on the normative limits chosen and the
number of MUP parameters considered (Podnar,
2009a). Compared with the automated multi-MUP tech-
nique, the interference pattern (IP) analysis with the
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turns/amplitude (T/A) method has lower sensitivity, par-
ticularly for detecting neuropathic changes (i.e., sensi-
tivity 29%), and its use is less supported by the evidence
(Podnar et al., 2002b). The sensitivity of QEMG analysis
is markedly increased, to 94-96%, when the technique
is combined with evaluation of sacral reflexes (Podnar,
2008a) (Grade B).

1.2 Pudendal neuropathy. No articles were included.
1.3 Muscular diseases. No articles were included.

1.4 Spinal cord lesions (Table Vs). Data regarding the
relevance of EMG to detect axonal damage due to an-
terograde trans-synaptic degeneration in patients with
suprasacral spinal cord injury (SCI) are insufficient to
draw any conclusions (Grade D).

1.5 Parkinsonisms (Table VIs). In multiple system atro-
phy (MSA) studies, single-MUP analysis is the most
commonly used technique, and MUP duration together
with percentage of polyphasic MUPs are the two main
electromyographic parameters considered. QEMG of
the EAS muscle, especially use of the single MUP tech-
nigue with inclusion of late components for measuring
MUP duration, shows neurogenic MUP changes in MSA
patients compared with controls, with an abnormality
rate of more than 70% (Grade B). Qualitative EMG of
the EAS muscle in MSA does not improve the diagnos-
tic accuracy of clinical diagnosis (Aerts et al., 2015)
(Grade C). The value of sphincter EMG in differentiating
MSA from idiopathic Parkinson’s disease (IPD) is still
debated (Grade D) because of differences in patient se-
lection and disease duration, as well as technical rea-
sons (e.g., different methods for assessing MUP dura-
tion, whether or not to include late MUP components)
(Podnar and Fowler, 2004). Neurogenic abnormalities in
sphincter EMG may also be found in the early phase of
progressive supranuclear palsy (PSP), however, these
finding are not useful for differentiating PSP from MSA
(Grade B). Owing to the small number of studies and pa-
tients investigated, it is difficult to reach specific conclu-
sions about the usefulness of sphincter EMG in other
forms of parkinsonism.

Pudendal Nerve Terminal Motor Latency (PNTML)
The search returned 285 citations; three papers were in-
cluded.

2.1 Cauda equina lesions (Table Vlls). Data regarding the
usefulness of PNTML in patients with suspected cauda
equina lesions are scarce and conflicting (Grade D).

2.2 Sacral plexopathy (Table VllIs). Data are inadequate
(Grade D).

2.3 Pudendal neuropathy. No articles were included.
2.4 Pudendal neuralgia and pelvic pain. No articles were
included.

Sacral Reflexes

The search returned 2798 citations; 32 papers were in-
cluded.

3.1 Cauda equina and conus medullaris lesions (Table
IXs). Bilateral neurophysiological evaluation of the bul-
bocavernosus reflex (BCR) is useful in patients with
chronic cauda equina or conus medullaris lesions; in-
creased latency or non-elicitable responses are the
most frequent abnormal findings (Grade B). There are
no significant differences in the sensitivity of the BCR
between mechanical and electrical stimulation in men
(Grade B), whereas electrical stimulation has been

Functional Neurology 2017; 32(4): 173-193

demonstrated to be more sensitive than mechanical
stimulation in women (Podnar, 2014) (Grade C). The
combined use of CNEMG and BCR increases the sen-
sitivity of single neurophysiological tests in men (from
81-83% with single/double electrical stimulation of the
BCR to 94-96% with CNEMG+BCR testing) (Podnar,
2008a) and in women (from 92-96% to 96-100%) (Pod-
nar, 2014) (Grade B). The pudendal-urethral reflex
(PUR) elicited by single electrical or mechanical stimu-
lation may be altered in conus and cauda equina lesions
(Grade C).

3.2 Pudendal neuropathy. No articles were included.
3.3 Peripheral neuropathies (Table Xs). The BCR has
been tested in patients with acquired or genetic neu-
ropathy of different etiologies and sexual dysfunction,
mostly to investigate the utility of the test in the diagno-
sis of neurogenic impotence. Since the test showed a
low rate of alterations in patients with neuropathy, the
BCR is not useful to detect the neurogenic origin of sex-
ual dysfunction in patients with peripheral neuropathy
(Grade B). Only one study investigating patients with fa-
milial amyloidotic polyneuropathy (Portuguese type) and
sexual dysfunctions found a higher rate of BCR abnor-
mality (Alves et al., 1997) (Grade C).

3.4 Sacral plexopathy (Table Xls). Data are inadequate
(Grade D).

3.5 Spinal cord lesions (Table Xlls). Given that alter-
ations of the sacral reflexes are present in only a small
number of patients and that the alterations described
are conflicting, sacral reflexes are not useful for diag-
nosing spinal cord lesions (Grade B).

3.6 Parkinsonisms (Table XllIs). Sacral reflexes have
been tested in patients with MSA, to explore the hy-
pothesis of anatomical localization of nervous system le-
sions in Onuf's nucleus, but the results were conflicting
(Grade D).

Pudendal Somatosensory Evoked Potentials (pSEPs)
The search returned 2799 citations; 17 papers were in-
cluded.

4.1 Cauda equina and conus medullaris lesions (Table
XIVs). pSEPs can be altered (absent or delayed cortical
response) in patients with cauda equina or conus
medullaris lesions, with a high abnormality rate (Grade B).
4.2 Peripheral neuropathies (Table XVs). Data are in-
sufficient to draw conclusions (Grade D).

4.3 Lumbosacral plexopathy (Table XVIs). Available da-
ta are scarce and inadequate to draw conclusions
(Grade D).

4.4 Spinal cord lesions (Table XVlIs). Results of studies
on patients with heterogeneous suprasacral spinal cord
lesions or multiple sclerosis (MS) show that pSEPs are
altered in spinal cord lesions, being found to be abnor-
mal (absent response or delayed-latency cortical re-
sponse) in most patients (44-92%) (Grade B).

4.5 Parkinsonisms (Table XVIlls). Data regarding the
utility of pSEPs in demonstrating involvement of the
sacral ascending somatosensory pathway in patients
with MSA are scarce and conflicting (Grade D). Due to
inadequate data, no conclusions can be drawn about
the usefulness of pSEPs in the differential diagnosis of
parkinsonisms (Grade D).

Perineal Sympathetic Skin Response (pSSR)
The search returned 134 citations; eight papers were included.
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5.1 Spinal cord and cauda equina lesions (Table XIXs).
In patients with spinal cord injuries, the pSSR correlates
with the anatomical level and severity (i.e., complete or
incomplete) of lesions. In particular, the pSSR is usually
absent in patients with a lesion level above the thora-
columbar (TL) segments (T10-L2), especially in the
presence of complete lesions (Grade B), due to the loss
of integrity of the sympathetic outflow between brain
centers and the TL intermediolateral column. By con-
trast, the pSSR is usually preserved in patients with le-
sions below the TL segments or cauda equina lesions
(Grade B). For lesions in segments T10-L2, pSSRs are
more variable, with consequent low reliability (Grade B).
Available data on the use of pSSR testing in MS patients
with sexual dysfunction are insufficient to draw conclu-
sions (Grade D).

5.2 Peripheral neuropathies (Table XXs). Data regarding
the usefulness of pSSR evaluation in patients with ac-
quired peripheral neuropathy and sexual dysfunctions
are conflicting (Grade D). A sympathetic skin response
(SSR) evoked by electrical stimulation of the pudendal
nerve at the penis and recorded from the sole of the foot
may be precociously altered in patients with familial
amyloidotic polyneuropathy (Portuguese type) (Alves et
al., 1997) (Grade C).

Perineal Motor Evoked Potentials (pMEPs)

The search returned 30 citations; six papers were in-
cluded.

6.1 Cauda equina lesions (Table XXIs). The latency of
pMEPs after lumbosacral magnetic stimulation is in-
creased in patients with cauda equina lesions, indicating
a slowing of peripheral motor fiber conduction (Grade B).
6.2 Spinal cord lesions (Table XXllIs). Despite method-
ological differences, all studies investigating pMEPs in
patients with spinal cord lesions and pelvic floor dys-
functions showed a high rate of abnormalities. However,
there is general consensus on the marked variability of
responses and methodological issues, also in normal
subjects (Brostrom, 2003). These factors limit the clini-
cal value of this method (Grade D).

6.3 Parkinsonisms (Table XXllls). Data regarding the
utility of pMEPSs in the diagnosis of MSA are insufficient
(Grade D).

Discussion

Neurophysiological testing is recognized as an essential
tool for identifying pathophysiological mechanisms, re-
fining clinical diagnosis, making rational treatment
choices, and practicing “knowledge-based medicine” in
neurological diseases (Vodusek, 2005). Although clini-
cal neurophysiology is practiced in almost all neurology
departments, pelvic floor neurophysiology requires spe-
cific knowledge about neurophysiological techniques
and a sound anatomo-clinical background (Fowler et al.,
2002). A number of relevant critical reviews discuss the
methodological aspects and diagnostic value of neuro-
physiological tests in pelvic floor disease (Fowler et al.,
2002; Vodusek, 2005; Lefaucheur, 2006), but the actual
clinical usefulness of these tests is not yet completely
clarified. We performed a systematic literature review to
provide clinicians with evidence-based recommenda-
tions on the use of neurophysiological tests in clinical
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practice. Only studies designed to assess the diagnos-
tic value of individual neurophysiological tests in specif-
ic neurological diseases involving the pelvic floor were
considered. Our results confirm the usefulness of some
tests in specific clinical conditions and the absence of
evidence to support the diagnostic value of other tests
often routinely employed in clinical practice. The results
concerning each test are discussed in detail below. Ta-
bles IVs to XXllIs in the Supplementary Material report
all the included papers with relative evidence scores,
listed for each neurophysiological test in the different
pelvic floor diseases. Table | in the text summarizes the
main evidence-based recommendations related to the
single tests grouped for individual pelvic floor diseases.
EMG: CNEMG is able to reveal muscle denervation and
reinnervation signs after motor neuron or axonal dam-
age. As expected, EMG of sphincter muscles plays a
key role in the detection, pathophysiology characteriza-
tion and prognostic evaluation of sacral peripheral mo-
tor lesions. The EAS is the most extensively studied
muscle in clinical practice owing to its accessibility and
reliability; qualitative EMG is not supported by evidence,
while use of QEMG is suggested for the technique’s
easier interpretation (Podnar and Vodusek, 2001b). Be-
cause of the close inter-correlations between overall
MUP parameters, the multi-MUP technique evaluating
three parameters (area, duration and number of turns)
has the highest predictive power (sensitivity and speci-
ficity) and is recommended (Grade B). There exists no
standardized set of diagnostic criteria for the diagnosis
of neuropathic signs of the EAS muscle which have both
satisfactory sensitivity and satisfactory specificity; in-
stead, criteria have been proposed for 'possible’, 'prob-
able' and 'definite’ pathological results of QEMG in the
EAS muscle (Podnar, 2004a). Conversely, quantitative
IP analysis with the T/A technique is not supported by
the evidence due to its low sensitivity to detect neuro-
pathic changes (Podnar et al., 2002b). Over the last
decades, sphincter EMG has been widely employed in
suspected MSA in which there is selective degeneration
of Onuf’s nucleus neurons resulting in denervation-rein-
nervation of sphincter muscles. Quantitative sphincter
EMG is able to detect neurogenic changes in patients
with clinically diagnosed MSA, with an abnormality rate
of more than 70%: the available evidence supports a
Grade B recommendation. Qualitative EMG of the EAS
muscle in MSA does not improve clinically based diag-
nostic accuracy (Aerts et al., 2015) (Grade C). However,
some disagreement persists regarding the diagnostic
value of sphincter EMG in parkinsonisms because of the
high variability of abnormality criteria. Furthermore, clin-
ical diagnosis of the disease lacks histopathological
confirmation in most cases. Available evidence regard-
ing the value of sphincter EMG in distinguishing MSA
from IPD is conflicting, even in the early stages of the
disease (Grade D). Neurogenic abnormalities in sphinc-
ter EMG may also be found in the initial phase of PSP;
nevertheless, these findings are not useful for separat-
ing PSP from MSA (Grade B). Due to the small number
of studies and patients included, it is difficult to reach
specific conclusions about the utility of sphincter EMG in
other forms of parkinsonisms.

PNMTL: PNTML examination tests conduction of the
fastest distal sacral motor nerve fibers within the puden-
dal nerve. In recent decades, this examination has
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gained popularity, with studies reporting prolonged la-
tencies in various diseases (Podnar, 2003a). More re-
cently, however, its diagnostic value and sensitivity have
been questioned because of doubts over its feasibility
and reliability.

Two consensus statements, one neurourological (Fowler
et al., 2002) and the other gastroenterological (Barnett et
al., 1999), did not recommend this test for routine evalu-
ation in patients with sacral dysfunctions. Our literature
analysis to verify the diagnostic value of PNTML exami-
nation, performed according to the St. Mark’s technique
(Kiff and Swash, 1984) in patients with peripheral nervous
system diseases, returned only three studies, two of
which were carried out on patients with cauda equina le-
sions and one in sacral plexopathy.

The results were conflicting or insufficient to draw conclu-
sions (grade D).

We found no studies investigating the sensitivity and
specificity of PNMTL testing in patients with well-defined
pudendal neuropathy or neuralgia. Most studies assumed
a 'neurogenic’ origin of the symptoms on the basis of neu-
rophysiological results, without any established a priori
and independent criteria supporting the diagnosis of neu-
ropathy.

Sacral reflexes: The sacral reflexes are mediated
through the sacral spinal cord segments and their affer-
ent/efferent connections with the pelvic floor through the
pudendal nerve. BCR examination is the most common-
ly used electrophysiological test in clinical practice.
While evaluation of the BCR is less useful in peripheral
neuropathies, it demonstrated high sensitivity in reveal-
ing abnormalities of the sacral reflex arc due to periph-
eral fiber or sacral spinal cord damage in patients with
chronic cauda equina or conus medullaris lesions
(Grade B).

The sensitivity of BCR in men and women is increased
when the test is performed in combination with QEMG of
the EAS muscle. An electrodiagnostic protocol combin-
ing EAS QEMG and BCR should be performed in all pa-
tients with suspected cauda equina or conus medullaris
lesions (Grade B).

Though supported by fewer data, the PUR may be al-
tered (absent or with an increased latency) in conus or
cauda damage (Grade C). Sacral reflexes are altered in
few patients with suprasacral lesions and they are not
useful for evaluating spinal cord damage (Grade B).
Some studies investigated the association between the
BCR and sexual dysfunctions in spinal cord lesions.
Since BCR evaluation provides information about the
conus and cauda equina by testing the integrity of the
sacral reflex arc, and since reflex erections (REs) imply
an intact sacral arc, a significant association between
presence/absence of the BCR and sparing/absence of
REs has been reported. Sacral reflexes in MSA and
parkinsonisms are not conclusive (Grade D).

PSEPs: evaluation of pSEPs provides information about
the integrity of the somatosensory afferent pathways
from the pudendal nerve to the parietal cortex. This
technique has demonstrated utility in detecting alter-
ations throughout the afferent somatosensory pathway
in patients with spinal cord or cauda equina lesions and
pelvic symptoms (Grade B).

Few studies have compared the diagnostic yield of
pSEPs and posterior tibial SEPs (tSEPs) in patients with
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spinal cord lesions and pelvic symptoms. Although some
suggest that pSEPs provide no more information about
spinal cord function than tSEPs (Betts et al., 1994; Zi-
vadinov et al., 2003), others demonstrated a higher sen-
sitivity of tSEPs (Rodi et al., 1996b; Ashraf et al., 2005) or
pSEPs (Sau et al., 1997). Further studies are needed to
confirm these data.

PSSRs: The SSR is used to examine sympathetic sudo-
motor activity by measuring skin conductance changes in
response to peripheral nerve electrical stimulation. The
SSR is mediated through myelinated somatosensory af-
ferent fibers, a central autonomic network, and sympa-
thetic cholinergic efferent fibers modulated by complex
supraspinal control.

The sympathetic fibers controlling perineal sudomotor ac-
tivity are thought to originate from the TL segments (T10-
L2) of the spinal cord. Therefore, integrity of the pathway
between brain centers and the TL sympathetic intermedi-
olateral column may be tested through evaluation of
pSSRs (Tas et al., 2007).

These reflexes are usually absent in patients with lesions
above the TL segments (T10-L2), generally preserved in
patients with lesions below the TL segments or with cau-
da equina lesions, and more variable in the presence of
lesions within segments T10-L2 (Grade B). pSSR evalu-
ation in patients with peripheral neuropathies yielded con-
flicting results (Grade D). The pSSR has also been stud-
ied in patients with spinal cord lesions and erectile dys-
functions, and a positive correlation between presence/ab-
sence of psychogenic erection and presence/absence of
pSSR has been demonstrated.

PMEPs: Transcranial magnetic stimulation can be used
to test the motor efferents to the pelvic floor muscles.
Studies investigating the diagnostic role of pMEPs in pa-
tients with neurological disorders are sparse and het-
erogeneous.

Some reported good reliability of pMEPSs in discriminat-
ing patients with central nervous system disorders from
healthy subjects, and their usefulness in cauda equina
lesions. However, there is agreement on methodological
limitations (lack of responses to cortical stimulation in
some healthy subjects due to the difficulty of stimulating
deep cortical structures and recording small target mus-
cles, and a marked variability of responses). These fac-
tors limit the clinical value of this method (Grade D).

Concluding Remarks

Based on our review of these selected studies, we can
conclude that the utility of pelvic floor neurophysiological
tests is widely recognized and supported by the evi-
dence. Reasonably, tests showing the highest levels of
evidence should be included in specific protocols de-
signed to investigate specific diagnostic aspects.

Other tests, not currently supported by high-level evi-
dence, could be used in research settings to demon-
strate or corroborate their diagnostic value. Pelvic floor
neurophysiological tests should be performed by trained
neurophysiologists, in officially recognized laboratories,
with formal control of the quality of the results.
Moreover, test usefulness in individual patients should
be evaluated in the overall clinical setting to explain the
correlation between neurophysiological findings and
pelvic floor dysfunction.
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Supplementary material

SEARCH STRATEGIES
The literature search strategy for each neurophysiological
technique is reported below.

1. Pelvic floor electromyography (EMG)

The MeSH or free terms “EMG?”, “electromyography” and
“surface EMG” were combined, through the boolean oper-
ator “AND”, with the foIIowing MeSH or free terms: “conus

medullaris syndrome”, “conus medullaris lesions”, “cauda
equina syndrome”, “cauda equina lesions”, “cauda syn-
drome”, “cauda lesions”, “pudendal neuropathy”, “pelvic

floor” OR “anal sphincter” OR “urethral sphincter” AND
“muscular diseases” OR “myopathy”, “Parkinson’s dis-
ease" “parkinsonian disorders”, “multiple system atrophy”,
“urinary retention”, “stress urinary incontinence”, “fecal in-
continence”, “constlpatlon" “rectal prolapse”, “erectile dys-

function”, “pelvic pain”.

2. Pudendal nerve terminal motor latency (PNTNML)
The free terms “pudendal nerve terminal motor latency”,
“pudendal latency” and “PNTML” were combined, through
the boolean operator “AND”, with the following MeSH or
free terms: “conus medullaris syndrome”, “conus
medullaris lesions”, “cauda equina syndrome”, “cauda
equina lesions”, “cauda syndrome”, “cauda lesions”,
“polyradiculopathy”, “pudendal neuropathy”, “urinary re-
tention”, “stress urinary incontinence”, “urge urinary incon-
tinence”, “neurogenic bladder”, “lower urinary tract symp-
toms”, “fecal incontinence”, “constipation”, “rectal pro-
Iapse “pelvic organ prolapse”, “erectile dysfunction”,
“sexual dysfunction”, “pelvic pain”.

3. Sacral reflexes

The MeSH or free terms “bulbocavernosus reflex”, “bulbo-
cavernosus reflex decreased”, “pudendal reflex”, “anal re-
flex”, “bladder reflex”, “urethral reflex” and “perineal reflex”
were combined, through the boolean operator “AND”, with
the following MeSH or free terms: “conus medullaris syn-

drome”, “conus medullaris lesions”, “cauda equina syn-
drome”, “cauda equina lesions”, “cauda syndrome”, “cau-
da lesions”, “radiculopathy”, “pudendal neuropathy”, “dia-

betic neuropathy”, “diabetes”, “disc protrusion”, “discopa-
thy" “disc herniation”, “lower motor neuron disease”,
splnal cord disease”, “splnal cord injury”, “spinal cord le-
sions”, “myelitis”, “multiple sclerosis”, “Parkinson’s dis-
ease”, “parkinsonian disorders”, “multisystem atrophy”,
spastlc paraparesis”, “central nervous system disease”,

upper motor neuron disease”, “urinary retention”, “stress
urlnary incontinence”, “urge urinary incontinence”, “neuro-
genic bladder”, “fecal incontinence”, “constipation”, “erec-

» o«

tile dysfunction”,
“pelvic surgery”,

sexual dysfunctlon” “pelvic traumas”,
pain”, “pelvic pain”.

SUPPLEMENTARY TABLES

Table Is - Literature classification criteria.

4. Pudendal somatosensory evoked potentials (pSEPs)
A first search was run combining the MeSH term “evoked
potentials” and the free term “pudendal”. Then the results
of the first search were combined, through the boolean op-
erator “AND”, with the following MeSH or free terms:
“conus medullaris syndrome”, “conus medullaris lesions”,
“cauda equma syndrome”, “cauda equina lesions”, “cauda
syndrome”, “cauda lesions”, “radiculopathy”, “pudendal
neuropathy”, “diabetic neuropathy”, “diabetes”, “disc pro-
trusion”, “discopathy”, “disc herniation”, “lower motor neu-
ron disease”, “spinal cord disease”, “spinal cord injury”,
“spinal cord lesions”, “myelitis”, “multiple sclerosis”,
“Parkinson’s disease”, “parklnsonlan disorders”, “multisys-
tem atrophy”, “spastic paraparesis”, “central nervous sys-
tem disease”, “upper motor neuron disease”, “urinary re-
tention”, “stress urinary incontinence”, “urge urinary incon-
tinence”, “neurogenlc bladder”, “fecal incontinence”, “con-
stlpatlon “erectile dysfunction”, “sexual dysfunction”,
“pelvic traumas” “pelvic surgery”, “pain”, “pelvic pain”.

5. Perineal sympathetic skin reflex (pSSR)

The MeSH or free terms “galvanic skin response”, “skin re-
flex”, “sympathetlc skin response”, “sympathetic skin re-
flex” and “sympathetic skin potentials” were combined,
through the boolean operator “AND”, with the following
MeSH or free terms: “conus medullaris syndrome”, “conus
medullaris lesions”, “cauda equina syndrome “cauda
equina lesions”, cauda syndrome”, “cauda lesions”,
“radiculopathy”, “pudendal neuropathy”, “sacral plexopa-
thy”, “spinal cord disease”, “spinal cord injury”, “spinal cord
Iesrons” “urinary retention”, “stress urinary incontinence”,
“urge urlnary incontinence”, “neurogenic bladder”, “fecal
incontinence”, “constipation”, “rectal prolapse”, “erectile
dysfunction”, “sexual dysfunctlon” “pelvic pain”.

” ok

6. Perineal motor evoked potentials (pPMEPSs)

A first search was run combining the MeSH term “motor
evoked potentials” and the MeSH or free terms “pelvic
floor”, “sphincter”, “anal sphincter”, “urethral sphincter” and
“pulbocavernosus”. Then, the results of the first search
were combined, through the boolean operator “AND”, with
the following MeSH or free terms: “conus medullaris syn-
drome”, “conus medullaris lesions”, “cauda equina syn-
drome”, “cauda equina lesions”, “cauda syndrome”, “cau-
da Ie5|ons “radiculopathy”, “pudendal neuropathy”,
“spinal cord dlsease” “spinal cord injury”, “spinal cord le-
sions”, “multiple sclerosis”, “Parkinson’s disease”, “parkin-
sonian disorders”, “multiple system atrophy”, “spastic
paraparesis”, “urlnary retention”, “stress urinary inconti-
nence”, “urge urinary incontinence”, “neurogenic bladder”,
“fecal incontinence”, “constlpatlon” “erectile dysfunction”,
“sexual dysfunction”, “pelvic pain”.

» o«

Prospective study.

Body temperature monitored and reported.

ISR A

studies of a reference population in the same laboratory.

Diagnosis of disease in the patient population based on clinical criteria independent of the electrodiagnostic procedure under evaluation.
Electrodiagnostic procedure described in sufficient detail, or reference provided to a published technique, to permit duplication of the procedure.

Reference values for the electrodiagnostic procedure obtained with either (a) concomitant studies of a reference population or (b) previous

6. Criteria for abnormal findings clearly stated, and defined in statistical terms, e.g., range, mean + 2 standard deviations (SD), from data de-

rived from the reference population.
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Table lIs - Definitions for classification of evidence.

1. Class | evidence: studies that meet all six literature classification criteria.
2. Class Il evidence: studies that meet four or five literature classification criteria.
3. Class Il evidence: studies that meet three or fewer literature classification criteria.

Table llls - Definitions for grading of recommendations.

Grade A: this rating requires at least two consistent Class | studies, reflecting a high degree of clinical certainty.

Grade B: this rating requires at least one Class | study or two consistent Class Il studies, reflecting moderate clinical certainty.
Grade C: this rating requires at least one Class Il study or two consistent Class Il studies, indicating uncertain clinical utility.
Grade D: data inadequate or conflicting.

Table IVs - External anal sphincter EMG in cauda equina and conus medullaris lesions.

Reference Obijective No. of Technique Results
patients

Podnar and Vodusek, To determine the cumulative sensitivity 56 Multi-MUP Se: 62%

2001b of MUP parameters to detect

neuropathic changes in EAS by using
both mean values and outliers

Podnar et al., 2002b To compare the sensitivity of QEMG 56 Multi-MUP; Se: 62%;
techniques in detecting neuropathic Single MUP; Se: 63%;
changes in EAS Manual MUP; Se: 57%;
T/A IP analysis Se: 29%
Podnar and Mrkaic, To determine the predictive power of 52 Multi-MUP MUP area, duration and
2002 MUP parameters for differentiation of number of turns give
neuropathic and normal EAS identical results to overall
MUP parameters
Podnar et al., 2002a To determine the diagnostic value of 46 Multi-MUP ABR: 89%

EAS QEMG in cauda lesions and the
predictive value for sexual dysfunctions

Podnar, 2003b To compare the sensitivity of QEMG in 67 Multi-MUP Subcutaneous EAS, Se: 66%;
the subcutaneous and the deep EAS in Deep EAS, Se: 71%
detection of neuropathic changes Se: 21-70%, Sp: 74-99%

Podnar, 2004a To define diagnostic criteria for 86 Multi-MUP Unilateral study, Se: 57%;
neuropathic changes of MUPs in EAS

Podnar, 2004b To compare the sensitivity of unilateral 67 Multi-MUP Bilateral study, Se: 83%
and bilateral MUP parameters of EAS 10-90 and 5-95
in detection of neuropathic changes percentile ranges are

respectively the most

Podnar, 2005 To determine the most useful outlier 79 Multi-MUP sensitive and specific
criteria in MUP analysis for detection of parameter
neuropathic changes in EAS Se: 73%;

Podnar, 2008a To determine the sensitivity of EAS 52 Multi-MUP; Se: 94-96%
QEMG, BCR evaluation and their Multi-MUP +BCR PPV 69-89%, NPV 56-
cumulative sensitivity in neurogenic 78%
sacral lesions

Podnar, 2009a To determine the predictive values of 75 Multi-MUP Se: 63%, Sp: 92%, PPV
QEMG for detection of neuropathic 83%, NPV: 86%;
changes in the EAS

Podnar, 2014 To determine the sensitivity of EAS 24 Multi-MUP; Se: 96-100%, Sp 62-75%,
QEMG and of CCR evaluation and their Multi-MUP + CCR PPV 50-55%, NPV 97-98%

cumulative sensitivity in neurogenic
sacral lesions

Abbreviations: MUP=motor unit potential; EAS=external anal sphincter muscle; QEMG=quantitative EMG; BCR=bulbocavernosus reflex;
CCR=clitorido-cavernosus reflex; T/A=turns/amplitude analysis; IP=interference pattern; Se=sensitivity; Sp=specificity; PPV=positive pre-
dictive value; NPV=negative predictive value; ABR=abnormality rate.

Table Vs - External anal sphincter EMG in spinal cord lesions.

Reference Objective No. of patients  Technique Results Evidence

Podnar, 2011 To evaluate the diagnostic value of EAS 16 MUP count at rest; ABR: 25%; Class 2
EMG in chronic supra-sacral SCI Multi-MUP ABR: 0%

Tankisi et al., 2016 To evaluate the diagnostic value 12 MUP analysis; ABR 58%; Class 2
of EAS EMG in chronic supra-sacral SCI T/A IP analysis ABR 91%

Abbreviations: EAS=external anal sphincter muscle; SCl= spinal cord injury; MUP=motor unit potential; T/A=turn/amplitude analysis; IP=in-
terference pattern; ABR=abnormality rate.
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Table Vls - Sphincter EMG in parkinsonisms.

Reference Obijective No. Muscle  Technique Results Evidece
of patients

Kirby et al., 1986 To assess the diagnostic value of 14 EUS Single MUP ABR: 66% Class 3
sphincter EMG in MSA

Eardley et al., 1989 To assess the diagnostic value of 41 MSA; 13IPD  EUS Single MUP Se: 62%, Sp: 92% Class 2
sphincter EMG in differentiating
MSA from IPD

Wenning et al., 1994 To assess the diagnostic value of 49 EAS; EUS CNEMG ABR: 86% Class 3
sphincter EMG in MSA

Beck et al., 1994 To assess the diagnostic value of 62 EAS; EUS  Single MUP ABR: 100% Class 3
sphincter EMG in MSA

Pramstaller et al., 1995 To assess the diagnostic value of 71 EAS; EUS  Single MUP ABR: 90% Class 3
sphincter EMG in MSA

Valldeoriola et al., 1995 To assess the diagnostic value of 6 MSA; 12 PSP;  EAS Single MUP ABR: 100% in MSA, 41.6%  Class 3
sphincter EMG in the differential 6 IPD in PSP, 33.3% in IPD
diagnosis of parkinsonisms

Rodi et al., 1996 a To assess the diagnostic value of 10 MSA; 14 IPD  EAS CNEMG; Se: 80%, Sp: 93% in MSA;  Class 3
sphincter EMG in differentiating SFEMG Se: 80%, Sp: 100% in IPD
MSA from IPD

Palace et al., 1997 To assess the diagnostic value of 126 MSA; EAS Single MUP ABR: 82% in MSA, 16% in  Class 3
sphincter EMG in differentiating 12 IPD IPD
MSA from IPD

Stocchi et al., 1997 To assess the diagnostic value of 32 MSA; 30 IPD  EAS CNEMG ABR: 75% in MSA, 0% in Class 2
sphincter EMG in differentiating IPD
MSA from IPD

Schwarz et al., 1997 To assess the diagnostic value of 15 MSA; 10 IPD  EAS Single MUP; N.D. between groups; Class 3
sphincter EMG in differentiating Sp. activity ABR: 66% in MSA, 0% in IPD
MSA from IPD

Libelius and Johansson, 2000 To assess the diagnostic value of 13 MSA; EAS Single MUP ABR: 100% in MSA, Class 2
sphincter EMG in differentiating 66 IPD variable results in IPD
MSA from IPD

Tison et al., 2000 To assess the diagnostic value of 31 MSA; EAS Single MUP Se: 81%, Sp: 67%, PPV: Class 3
sphincter EMG in MSA and in 21 IPD 80%, NPV: 70% in MSA;
differentiating MSA from IPD able to differentiate MSA-IPD

Giladi et al., 2000 To assess the diagnostic value of 10 MSA; 13 IPD  EAS QEMG; N.D. between groups; Class 2
sphincter EMG in differentiating Sp. activity N.D. between groups
MSA from IPD

Colosimo et al., 2000 To assess the diagnostic value of 7 IPD EAS CNEMG ABR: 100% Class 3
sphincter EMG in IPD

Gilad et al., 2001 To assess the diagnostic value of 11 EAS Multi-MUP; N.D. from normal values; Class 2
sphincter EMG in MSA Recruitment; reduced; reduced;

Sakakibara et al., 2001 To assess the diagnostic value of 15 MSA; 21 IPD  EUS MUP count at rest; N.D. from normal values Class 3
sphincter EMG in differentiating SFEMG ABR: 93% in MSA, 5% in
MSA from IPD CNEMG IPD

Lee et al.,, 2002 To assess the diagnostic value of 23 MSA-p; 22 EAS CNEMG Se: 86-96%, Sp: 67%, PPV: Class 3
sphincter EMG in MSA and in MSA-c; 21 IPD 73-76%, NPV: 82-93% in
differentiating MSA from IPD MSA; Se: 33% in IPD

Pellegrinetti et al., 2003 To assess the diagnostic value of 13 EAS CNEMG ABR: 77% Class 3
sphincter EMG in MSA

Podnar and Fowler, 2004 To compare the sensitivity of 5 EAS Single MUP; Se: 100%; Class 2
different quantitative EMG Multi-MUP Se: 40%
techniques in the EAS for
diagnosis of MSA

Paviour et al., 2005 To assess the diagnostic value of 37 EAS; EUS CNEMG ABR: 80% Class 3
sphincter EMG in MSA

Yamamoto et al., 2005 To assess the diagnostic value of 84 EAS Single MUP ABR: 52% in the | year, 83% Class 3
sphincter EMG in the different inthe V year
stages of MSA

Winge et al., 2010 To assess the diagnostic value of 14 MSA; 8 PSP;  EAS CNEMG Mean duration of MUPs Class 2
sphincter EMG in the differential 6 IPD significantly longer in MSA-
diagnosis of parkinsonisms PSP than in IPD

Linder et al., 2012 To assess the diagnostic value of 16 MSA; 11 EAS Single MUP ABR: 62% in MSA, 82%in  Class 2
sphincter EMG in the differential PSP; 121 IPD PSP, 52-54% in IPD
diagnosis of parkinsonisms in the
early stage of the disease

Aerts et al., 2015 To assess the diagnostic value of 62 IPD; EAS CNEMG Sphincter EMG does not Class 2
sphincter EMG in the differential 94 APs improve diagnostic accuracy

diagnosis of parkinsonisms

Abbreviations: MSA=multiple system atrophy; MSA-p=multiple system atrophy of parkinsonian type; MSA-c=multiple system atrophy of
cerebellar type; IPD=idiopathic Parkinson’s disease; PSP=progressive supranuclear palsy; APs=atypical parkinsonisms; EAS=external
anal sphincter muscle; EUS=external urethral sphincter muscle; MUP=motor unit potential; CNEMG=concentric needle EMG;
SFEMG=single fiber EMG; Sp. activity=spontaneous activity; QEMG=quantitative EMG; ABR=abnormality rate; Se=sensitivity; Sp=speci-
ficity; PPV=positive predictive value; NPV=negative predictive value; N.D. =not significantly different.
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Table Vlis - Pudendal nerve terminal motor latency in cauda equina lesions.

Reference Objective No. of patients Results Evidence
Swash and Snooks, 1986  To assess the diagnostic value 10 ABR:30%  Class 2
of PNTML in cauda equina lesions
Chuang et al., 2001 To assess the diagnostic value of PNTML
in cauda equina lesions 14 ABR: 100% Class 2

Abbreviations: PNTML=pudendal nerve terminal motor latency; ABR=abnormality rate.

Table Vlils - Pudendal nerve terminal motor latency in sacral plexopathy.

Reference Objective No. of patients Results Evidence

Ismael et al., 2000 To assess the diagnostic value of 19 N: 100% Class 3
PNTML in lumbosacral plexopathy

Abbreviations: PNTML=pudendal nerve terminal motor latency; N=normal results.
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Table IXs - Sacral reflexes in cauda equina and conus medullaris lesions.

Reference Objective No.of Sex Test Technique Results Evidence
patients
Ertekin and Reel, To determine the diagnostic 13 M BCR Single electrical Ab: 46%, | Lat: 54% Class 2
1976 value of the BCR in cauda
equina lesions Ab: 47%, | Lat: 27%
BCR Single electrical
Ertekin et al., 1979 To determine the diagnostic 40 I Ab: 100% in Class 2
value of the BCR in cauda CLs, T mean
equina or conus lesions BCR Single electrical sThr, T mean Lat
Krane and Siroky,  To determine the diagnostic 20 M Ab: 100% Class 2
1980 value of the BCR in cauda
equina or conus lesions PUR Single electrical
Awad et al., 1981  To determine the diagnostic 3 M Ab: 100% in CLs, Ab: Class 2
value of the PUR in cauda 40% in ILs
equina lesions PUR Mechanical
Blaivas et al., 1981 To determine the diagnostic 73 39M Ab: 68%, | Lat: 14% Class 2
value of the BCR in conus
lesions BCR Single electrical
Moon et al., 1993  To determine the diagnostic 35 M Ab: 55% (all CLs) Class 2
value of the BCR in patients
with conus lesions and ED
Schmid et al., 2003 To assess the association 9 M BCR Single electrical Class 2
between the BCR, level of Ab: 87%
lesion and EDs in cauda or
conus lesions
Tas et al., 2007 To assess the association 8 3M  BCR Single electrical Class 2
between the BCR, level of Se: 81%;
lesion and EDs in cauda or Se: 83%;
conus lesions Se: 81%
Podnar, 2008 a To determine the diagnostic 52 M BCR Single electrical; Class 2
value of the BCR, of EAS Double Se: 94-96%
QEMG, and of their combination electrical;
in chronic cauda equina or BCR+EAS Se: 81%;
conus lesions Multi-MUP Se: 83%;
Podnar, 2008 b To determine the diagnostic 53 M Se: 81% Class 2
value of the BCR in chronic BCR
cauda equina or conus lesions
Podnar, 2008 ¢ To compare three different 52 M BCR Single electrical; Se: 70%; Class 2
techniques in chronic cauda Double Se: 73%;
equina or conus lesions electrical; Se: 73%
Combined Se: 82%
methods
Podnar, 2009 b To determine the diagnostic 53 M BCR Single electrical;  Se: 81%, Sp: 91%, Class 2
value of clinical and PPV: 95%, NPV: 67%;
neurophysiclogical evaluation
of the BCR in chronic cauda Double Se: 83%, Sp: 90%,
equina or conus lesions electrical; PPV: 96%, NPV: 68%;
Mechanical Se: 81%, Sp: 67%,
PPV: 95%, NPV: 29%
Fodnar, 2014 To determine the diagnostic 24 F BCR Single electrical; Se:92%, Sp: 67%, Class 2
value of the BCR, of EAS PPV 52%, NPV: 95%;
QEMG, and of their combination Double Se: 96%, Sp: 80%,
in chronic cauda equina lesions electrical; PPV: 59%, NPV: 96%;
Mechanical Se: 67%
BCR+EAS Se: 96-100%, Sp: 62-
Multi-MUP 75%, PPV: 50-55%,
NPV: 97-98%
Niu et al., 2010 To determine the diagnostic 9 F BCR Single electrical;  Ab/T Lat: 72% Class 2
value of the BCR in acute Double
cauda syndrome electrical;
Mechanical
Niu et al., 2015 To determine the diagnostic 53 BCR Single electrical Ab: 3%, | Lat: 82% Class 2

value of the BCR in cauda
equina syndrome

Abbreviations: BCR=bulbocavernosus reflex; PUR=pudendal-urethral reflex; EDs=erectile dysfunctions; EAS=external anal sphincter muscle;
QEMG=quantitative EMG; MUP=motor unit potential; M=male; F=female; Ab=absent response; Lat=latency; CLs=complete lesions; ILs=in-
complete lesions; sThr=sensory threshold; Se=sensitivity; Sp=specificity; PPV=positive predictive value; NPV=negative predictive value.
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Table Xs - Sacral reflexes in peripheral neuropathies.

Reference Objective No. of Sex Test Technique Results Evidence
patients
Ertekin and Reel, To assess the diagnostic 22 M BCR Single electrical T mean Lat Class 2
1976 value of the BCR in patients
with neuropathy and
perineal disorders
Sarica and To assess the diagnostic 18 M pBCR Single TLat: 20% Class 2
Karacan, 1987 value of the BCR in patients electrical peripheral
with diabetic neuropathy neuropathy;
and EDs TLat: 23%
autonomic
neuropathy
uBCR  Single Ab/TLat: 93%
electrical peripheral
neuropathy;
Ab/TLat: 85%
autonomic
neuropathy
Ertekin et al.,1990 To determine the diagnostic 9 M BCR Single TLat: 22% Class 2
value of the BCR in patients electrical
with alcoholic neuropathy
and EDs
Alves et al.,, 1997 To determine the diagnostic 15 M BCR Single TLat: 67%, Class 2
value of the BCR in patients electrical Ab: 13%

with amyloidotic neuropathy
and EDs

Abbreviations: BCR=bulbocavernosus reflex; EDs=erectile dysfunctions; M=male; pPBCR=BCR with glans stimulation;
uBCR=BCR with bladder/urethral stimulation; Lat=latency; Ab=absent response.

Table Xls - Sacral reflexes in sacral plexopathy.

Reference

Objective No. of

patients

Muscle Technique

Results Evidence

Ismael et al., 2000

Determine the diagnostic value 19

of BCR in lumbosacral plexopathy

BCR

TLat: 89%, Ab: 10% Class 3

Abbreviations: BCR=bulbocavernosus reflex; F=female; Lat=latency; Ab=absent response.
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Table XllIs. Sacral reflexes in spinal cord lesions

Reference Objective No. of Sex Test Technique Results Evidence
patients

Ertekin and Reel,  To determine the diagnostic value of 19 M BCR Single electrical mean Lat: N.D. Class 2
1976 the BCR in suprasacral spinal cord

lesions
Krane and Siroky, To determine the diagnostic value of 15 M BCR Single electrical | mean Lat, Class 2
1980 the BCR in suprasacral spinal cord | mean Thr

lesions
Awad et al., To determine the diagnostic value of 8 PUR Single electrical | mean Lat Class 2
1981 the PUR in suprasacral spinal cord

lesions
Blaivas et al., To determine the diagnostic value of 99 61M PUR Mechanical Ab: 7% Class 2
1981 the PUR in suprasacral spinal cord

lesions
Bilkey et al., To determine the diagnostic value of 44 PUR Single electrical | mean Lat Class 2
1983 the PUR in suprasacral spinal cord

lesions
Dykstra et al., To determine the diagnostic value of 17 PUR Single electrical; mean Lat: N.D. Class 2
1987 the PUR in suprasacral spinal cord Mechanical

lesions
Kirkeby et al., To determine the diagnostic value of 29 M PAR Train of 5 electrical | Lat: 28% Class 2
1988 the PAR in patients with MS and EDs stimuli
Eardley et al., To determine the diagnostic value of 9 M PUR
1991 the PUR in patients with MS and Single electrical mean Lat: N.D. Class 2

urinary symptoms
Moon et al., To determine the diagnostic value of 41 M BCR Single electrical | Lat: 5%
1993 the BCR in patients with suprasacral Class 2

spinal cord lesions and EDs
Koldewijn et al., To determine the diagnostic value of 73 54M PAR, UAR  Single electrical PAR: Ab 22%, Class 2
1994 the PAR and UAR in suprasacral | Lat 25%; UAR:

spinal cord lesions Ab 23%, | Lat 11%
Ghezzi et al., To determine the diagnostic value of 34 M BCR Single electrical | Lat: 9% Class 2
1995 the BCR in MS and the association

between BCR and EDs
Rodi et al., To determine the diagnostic value of 21 8M PAR Single electrical | Lat: 33% Class 2
1996 b the PAR in patients with MS and

urinary symptoms
Schmid et al., To assess the association between 23 M BCR Single electrical N: 100% Class 2
2003 the BCR, lesion level and EDs in

suprasacral spinal cord lesions
Ashraf et al., To determine the diagnostic value of 40 M BCR Single electrical Ab: 5%, | Lat: 7% Class 3
2005 the BCR in suprasacral spinal cord

lesions and the association between

the BCR and EDs
Tas et al., To assess the association between 17 14M BCR Single electrical N: 100% Class 2
2007 the BCR, lesion level and EDs in

suprasacral spinal cord lesions
Niu et al., To determine the diagnostic value of 30 F BCR Single electrical | Lat: 8% Class 2
2010 the BCR in suprasacral spinal cord

lesions
Podnar, To determine the diagnostic value of 16 M BCR Single electrical; | Thr: 25% Class 1
2011 the BCR in chronic suprasacral spinal Double electrical

cord lesions
Tankisi et al., To determine the diagnostic value of 12 11M BCR Single electrical; 1 Lat: 8% Class 2
2016 the BCR in chronic suprasacral SCI

Abbreviations: BCR=bulbocavernosus reflex; PUR=pudendal-urethral reflex; PAR=pudendal-anal reflex; UAR=urethral-anal reflex;
MS=multiple sclerosis; SCl=spinal cord injury; EDs=erectile dysfunctions; M=male; F=female; Lat=latency; N.D. =not significantly dif-
ferent from normal values; Thr=reflex threshold; Ab=absent response; N=normal results.
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Table Xllls - Sacral reflexes in parkinsonisms.

Reference Obijective No. of Sex Test Technique Results Evidence
patients

Stocchi et al., To determine the diagnostic 32 MSA; 19M; BCR N: 100% in MSA; Class 2

1997 value of the BCR in the 30 IPD 18M N: 100% in IPD

differential diagnosis
between MSA and IPD

Pellegrinetti et al.,  To determine the diagnostic 13 7M PAR Single TLat: 54% Class 2
2003 value of the PAR in MSA electrical
Wang et al., 2016  To determine the diagnostic 51 27M BCR Single 1 elicitation Class 2
value of the BCR in MSA electrical rate; T mean Lat;
1 mean Amp

Abbreviations: BCR=bulbocavernosus reflex; PAR=pudendal-anal reflex; MSA=multiple system atrophy; IPD=idiopathic
Parkinson’s disease; M=male; N=normal results; Lat=latency; Amp=amplitude.

Table XIVs - Pudendal somatosensory evoked potentials in cauda equina and conus medullaris lesions.

Reference Objective No. of Sex Results Evidence
patients
Moon et al., 1993 To determine the diagnostic 35 M Ab: 69%; TLat: 11% Class 2

value of pSEPs in patients
with conus medullaris lesions
and EDs
Niu et al., 2010 To determine the diagnostic 9 F Ab: 22%; TLat: 67% Class 2
value of pSEPs in acute
cauda equina syndrome
Niu et al., 2015 To determine the diagnostic 53 M Ab: 4%; TLat: 74% Class 2
value of pSEPs in cauda
equina lesions

Abbreviations: pSEPs=pudendal somatosensory evoked potentials; EDs=erectile dysfunctions; M=male; F= female;
Ab=absent response; Lat=latency.

Table XVs - Pudendal somatosensory evoked potentials in peripheral neuropathies.

Reference Objective No. of Sex Results Evidence
patients
Alves et al., 1997  To determine the diagnostic 15 M TLat of lumbar response: 60%  Class 2

value of pSEPs in patients
with amyloidotic polyneuropathy
and EDs

Abbreviations: pSEPs=pudendal somatosensory evoked potentials; EDs=erectile dysfunctions; M=male; Lat=latency.

Table XVIs - Pudendal somatosensory evoked potentials in sacral plexopathy.

Reference Objective No. of Sex Results Evidence
patients
Ismael et al., 2000 To determine the diagnostic 19 F ABR: 5% Class 3
value of pSEPs in lumbosacral
plexopathy

Abbreviations: pSEPs=pudendal somatosensory evoked potentials; F=female; ABR=abnormality rate.
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Table XVllIs - Pudendal somatosensory evoked potentials in spinal cord lesions.

Reference Objective No. of Sex Results Evidence
patients

Kirkeby et al., 1988 To determine the diagnostic value of 29 M | Lat: 90% Class 2
pSEPs in patients with MS and EDs

Eardley et al., 1991 To determine the diagnostic value of 24 9M Ab/ | Lat: 87% Class 2
pSEPs in patients with MS and LUTSs

Moon et al., 1993 To determine the diagnostic value of 41 M Ab: 56%, | Lat: 27% Class 2
pSEPs in patients with suprasacral spinal
cord lesions and EDs

Betts et al., 1994 To determine the diagnostic value of 44 M Ab/ | Lat: 77% for pSEPs; Class 2
pSEPs in patients with MS and EDs, and Ab/ | Lat: 79-82% for tSEPs
compare pSEPs and tSEPs

Ghezzi et al., 1995 To determine the diagnostic value of 34 M T Lat: 77% Class 2
pSEPs in patients with MS, and the
association between pSEPs and EDs

Rodi et al., 1996 b To determine the diagnostic value of 21 8M Ab/ | Lat: 48% for pSEPs; Class 2
pSEPs in patients with MS and LUTSs, Ab/ | Lat: 86% for tSEPs
and compare pSEPs and tSEPs

Sau et al., 1997 To determine the diagnostic value of 16 5M Ab/ | Lat: 87% for pSEPs; Class 2
pSEPs in patients with MS, and compare Ab/ T Lat: 31% for tSEPs
pSEPs and tSEPs Ab/ | Lat: 70% (bilateral

Yang et al., 2001 To determine the diagnostic value of 13 M stimulation); Class 2
pSEPs in patients with MS and EDs Ab/ 7 Lat: 92% (unilateral

Zivadinov et al., 2003  To assess the relationship between 31 16M stimulation) Class 3
pSEPs and sexual dysfunctions in ABR: 50% (pSEPs, tSEPs)
patients with MS, and compare pSEPs in symptomatic patients;
and tSEPs ABR: 57% (pSEPs), 43%

Ashraf et al., 2005 To determine the diagnostic value of 40 M (tSEPs) in asymptomatic Class 2
pSEPs in suprasacral spinal cord lesions, patients
assess the association between pSEPs Ab: 22%, | Lat: 20% for
and EDs, and compare pSEPs and pSEPs;
tSEPs ABR 65% for tSEPs

Niu et al., 2010 To determine the diagnostic value of 30 F Ab/ | Lat: 87% Class 2
pSEPs in suprasacral spinal cord lesions

Tankisi et al., 2016 To determine the diagnostic value of 12 1M Ab: 92% Class 2

pSEPs in chronic suprasacral SCI

Abbreviations: pSEPs=pudendal somatosensory evoked potentials; tSEPs=tibial somatosensory evoked potentials; MS=multiple
sclerosis; EDs=erectile dysfunctions; LUTSs=lower urinary tract symptoms; SCl=spinal cord injury; M=male; F female; Lat=latency;
Ab=absent response; ABR=abnormality rate.

Table XVllIs - Pudendal somatosensory evoked potentials in parkinsonisms.

Reference Objective No. of Sex Results Evidence
patients

Pellegrinetti et al., To determine the diagnostic value 13 7M  Ab/T Lat: 69% Class 2

2003 of pSEPs in MSA

Wang et al., 2016  To determine the diagnostic value 51 27M  mean Lat: N.D. Class 2

of pSEPs in MSA

Abbreviations: pSEPs=pudendal somatosensory evoked potentials; MSA=multiple system atrophy; M=male; Ab=absent

response; Lat=latency; N.D. =not significantly different from normal values.
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Table XIXs - Perineal sympathetic skin response in spinal cord and cauda equina lesions.

Reference Objective No. of Sex Stimulation Recording Results Evidence
patients technique site

Courtois et al., To assess the relationship 54 M Supralesional ~ Genital skin ~ Ab/ T Lat: 73% in  Gjags 2
1998 between the pSSR, lesion electrical lesions above TL,

level and PE in chronic 50% at TL, 23%

SCI below TL level
Rodicetal.,  To assess the relationship 90 70M  Median nerve  Perineal skin ~ Ab: 100% inle-  (jass 2
2000 between the pSSR, lesion electrical sions above TL,

level/completeness and 60% at TL (CLs)

bladder function in patients level; N: 100% in

with chronic SCI or cauda cauda lesions

lesions
Schmid et al., To assess the relationship 32 M Median nerve  Perineal skin ~ Ab: 82% in lesion  (jags 2
2003 between the pSSR, lesion electrical above TL, 20% in

level and EDs in chronic lesion at or below

SCI T12 level
Tas et al, To assess the relationship 25 17M  Median nerve  Perineal skin ~ Ab: 64% in lesion  Gjass 3
2007 between the pSSR, lesion electrical levels above TL

level and sexual dysfunc- (CLs), 8% in le-

tions in chronic SCI sion at or below

T12 level

Secil et al., To assess the diagnostic 40 F Median nerve  Perineal skin ~ Ab/ T Lat/ | Class 2
2007 value of the pSSR in MS electrical Amp: 50%

and the relationship bet-
ween the pSSR and se-
xual disorders

Abbreviations: pSSR=perineal sympathetic skin response; PE=psychogenic erection; EDs=erectile dysfunctions; SCl=spi-
nal cord injury; MS=multiple sclerosis; M=male; F=female; Ab=absent response; Lat=latency; Amp=amplitude; TL=thora-

columbar; CLs=complete lesions; N=normal results.

Table XXs - Perineal sympathetic skin response in peripheral neuropathies.

Reference Objective No. of Sex Stimulation Recording Results Evidence
patients technique site

Ertekin et al.,  To determine the diagno- 32 M Penile electrical ~ Genital skin ~ Ab/T Lat/ | Class 2
1987 stic value of the pSSR in and mechanical Amp: 53%;

diabetic impotent men with No differences

or without peripheral poly- related to the

neuropathy polyneuropathy
Ertekin et al.,  To determine the diagno- 15 M Penile electrical ~ Genital skin N.D. Class 2
1990 stic value of the pSSR in and mechanical

alcoholic impotent men

with or without peripheral

polyneuropathy Ab/ T Lat: 60%
Alves et al., To determine the diagno- 15 M Penile electrical ~ Palm skin; for SSR recor- Class 2
1997 stic value of the pSSR in stimulation Plant skin ded at the palm

patients with amyloidotic and 93% at the

neuropathy and EDs sole of the foot
Abbreviations: pSSR=perineal sympathetic skin response; EDs=erectile dysfunctions; M=male; Ab=absent response;

Lat=latency; Amp=amplitude; N.D.=not significantly different from normal values; SSR=sympathetic skin response.
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Table XXIs - Perineal motor evoked potentials in cauda equina lesions.

Reference Objective No. of Stimulation Recording  Electrode  Results Evidence
patients  site site type
Schmid et al., To determine the 14 Motor cortex; EUS Surface 7 mean Lat of Class 1
2005 diagnostic value LS roots peripheral re-
of pMEPs in cauda sponses; Ab
equina lesions cortical/periphe-
ral responses:
100% CLs

Abbreviations: pMEPs=perineal motor evoked potentials; LS=lumbosacral; EUS=external urethral sphincter; Lat=latency;
Ab=absent response; CLs=complete lesions.

Table XXIIs - Perineal motor evoked potentials in spinal cord lesions.

Reference Objective No. of  Stimulation Recording Electrode Results Evidence
patients  site site type

Eardley et al., To determine the diagnostic 10 Motor cortex; EUS Needle Ab cortical Class 2
1991 value of pMEPs in patients LS roots responses: 50%,

with MS and LUTSs 1 CCT: 20%
Ghezzi et al., To determine the diagnostic 34 Motor cortex; BC Surface 1 CCT:61% Class 2
1995 value of pMEPs in MS and LS roots

the association between

pMEPs and EDs
Brostrom, To determine the diagnostic 16 Motor cortex; PR Needle 1 meanCCT, T (Class 1
2003 value of pMEPs in patients LS roots rate of Ab cortical

with MS and LUTSs responses
Schmid et al., To determine the diagnostic 19 Motor cortex; EUS Surface | mean CCT,Ab  Class 1
2005 value of pMEPs in patients LS roots cortical respon-

with suprasacral SCI or MS ses: 100% in CLs

and LUTSs
Abbreviations: pMEPs=perineal motor evoked potentials; MS=multiple sclerosis; LUTSs=lower urinary tract symptoms;

EDs=erectile dysfunctions; SCl=spinal cord injury; LS=lumbosacral; EUS=external urethral sphincter muscle; BC=bulbo-
cavernosus muscle; PR=puborectalis muscle; Ab=absent response; CCT=central conduction time; CLs=complete lesions.

Table XXIlIs - Perineal motor evoked potentials in parkinsonisms.

Reference Objective No. of Stimulation Recording Electrode  Results Evidence
patients  site site type

Pellegrinetti To determine the dia- 13 Motor cortex; BC Needle 1 CCT:15%; | Class 2
et al., 2003 gnostic value of LS roots Lat of cortical

pMEPs in MSA and peripheral

responses: 8%

Winge et al.,  To determine the dia- 14 Motor cortex; EAS N.D. between Class 2
2010 gnostic value of MSA; LS roots groups

pMEPs in the diffe- 8 PSP;

rential diagnosis of 6 IPD

parkinsonisms

Abbreviations: pMEPs=perineal motor evoked potentials; MSA=multiple system atrophy; PSP=progressive supranuclear
palsy; IPD=idiopathic Parkinson’s disease; LS=lumbosacral; BC=bulbocavernosus muscle; EAS=external anal sphincter
muscle; CCT=central conduction time; Lat=latency; N.D.=not significantly different.
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