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Somatosensory evoked potentials in clinical 
practice: a review
Potenciais evocados somatossensitivos na prática clínica: uma revisão

Otto Jesus Hernández FUSTES1, Cláudia Suemi Kamoi KAY1, Paulo José LORENZONI1, Renata Dal-Prá 
DUCCI1, Lineu Cesar WERNECK1, Rosana Herminia SCOLA1

aBSTRaCT
The authors present a review of the current use of somatosensory evoked potentials (SSEPs) in neurological practice as a non-invasive 
neurophysiological technique. For this purpose we have reviewed articles published in English or Portuguese in the PubMed and LILACS 
databases. In this review, we address the role of SSEPs in neurological diseases that affect the central nervous system and the peripheral 
nervous system, especially in demyelinating diseases, for monitoring coma, trauma and the functioning of sensory pathways during surgical 
procedures. The latter, along with new areas of research, has become one of the most important applications of SSEPs.

Keywords: Evoked Potentials, Somatosensory; Neurology; Multiple Sclerosis; Coma; Intraoperative Neurophysiological Monitoring.

ReSUMO
Os autores apresentam uma revisão do uso atual do potencial evocado somatossensitivo (PESS) na prática neurológica como uma técnica 
neurofisiológica não invasiva. Revisamos artigos publicados em Inglês ou Português nas bases de dados PubMed e LILACS. Nesta revisão 
abordamos o papel do PESS nas doenças neurológicas que atingem o sistema nervoso central e o sistema nervoso periférico, especialmente, 
nas doenças desmielinizantes, no monitoramento do coma, do trauma e da função das vias sensitivas durante os procedimentos cirúrgicos, 
que se tornou uma de suas aplicações mais importantes, assim como novas áreas de pesquisa.

Palavras-chave: Potenciais Somatossensoriais Evocados; Neurologia; Esclerose Múltipla; Coma; Monitorização Neurofisiológica 
Intraoperatória. 

inTROdUCTiOn

In the last fifty years, with the development of informatics 
and computing, use of evoked potentials (EPs) has evolved 
from research laboratories to application in clinical neurol-
ogy. EPs are the electrical signals generated by the nervous 
system in response to sensory stimuli, whether auditory, visual 
or somatosensory. These stimuli are commonly used for clini-
cal studies on EPs1.

EPs provide noninvasive methods of assessing the neural 
activity of the nervous system. Given the anatomical character-
istics of the sensory and motor pathways and their proximity to 
areas linked to vegetative, conscious and cognitive processes, 

EPs can represent an important resource for detecting and 
locating neurological disorders. They can reveal nervous system 
disorders that are not detected through conventional methods2.

The somatosensory system consists of two major parts: 
the dorsal column–lemniscal system and the spinothalamic 
system. The dorsal column–lemniscal system is the anatom-
ical-functional substrate evaluated through somatosensory 
evoked potentials (SSEPs). This subserves mechanoreception 
(tactile object recognition, localization of skin contact, detec-
tion of vibration and texture) and proprioception (joint posi-
tion, movement and force)3.

The dorsal column–lemniscal system can be divided into 
four neuronal populations. The somata of the first-order neuron 
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are situated in the dorsal root ganglia, trigeminal ganglion, 
midbrain trigeminal nucleus and vagal ganglion nodosum. 
The second-order neuron lies in the dorsal column nuclei, and 
axons of the second neuron cross the midline. Both systems 
project to the ventroposterior nuclei of the thalamus (third-
order neuron) and from there into the network of somatosen-
sory cortex areas ( fourth-order neurons)3.

Clinical applications of EPs take into account the interin-
dividual variability between normal people. It is important to 
carry out standardization studies to obtain reference intervals 
in each laboratory, or to use normative values   that take into 
account the characteristics of the population to be evaluated. 
The latencies have Gaussian distribution, and normality in these 
studies is defined as the mean value plus two or three standard 
deviations. As with any other examination, the interpretation 
must take into account the clinical context2.

EPs, as a complement to neurological examinations, have 
clinical utility based on their ability to demonstrate abnormal 
conduction of the sensory system. This is seen particularly in 
situations of ambiguity of the history and/or physical exami-
nation, thereby revealing subclinical involvement of a sensory 
system, and especially when demyelination is suggested by 
symptoms and/or signs in another area of   the central nervous 
system. This helps to define the anatomical distribution and 
provides an insight into the pathophysiology of a pathological 
process. It also enables monitoring of changes to the patient’s 
neurological status4.

In 1982, Guerreiro and Ehrenberg presented a review with 
three cases on SSEPs. This was the first Brazilian paper on the 
subject. They presented the new neurophysiological method 
and its role in neurology5 and described the technique of SSEP 
stimulating the nerve of the upper limb. They mentioned that a 
technique for stimulating the peroneal nerve would be prom-
ising: SSEP for stimulating the tibial nerve has now become a 
reality. They pointed out that SSEP following nerve stimula-
tion is a unique noninvasive, clinical test for evaluating the 
somatosensory pathways. It has been shown to be a reliable 
and useful clinical test, particularly among multiple sclerosis 
and comatose patients5. 

Forty years on, we present a historical review of the role 
of SSEP. 

MeTHOdS

For this review, a web-based search of the literature in the 
English or Portuguese languages was conducted in two data-
bases: PubMed (https://www.ncbi.nlm.nih.gov/pubmed/) and 
LILACS (https://lilacs.bvsalud.org/). The search terms used 
included “somatosensory evoked potentials”; “somatosensory 
evoked potentials in neurology”; and “somatosensory evoked 
potentials AND Brazil”. Where available, reviews or brief state-
ments from national or international neurological societies 

were taken into account. We incorporated studies that were 
made available online up to July 1, 2020. 

Somatosensory evoked potential - review
Unlike conventional sensory nerve conduction techniques, 

which are used mainly to assess the distal segment of the periph-
eral nerve, SSEP studies assess the entire length of the afferent 
pathways. Electrical, mechanical, thermal or air-jet stimuli can 
generate detectable responses. In the clinical setting, electri-
cal stimuli are used, as they generate synchronous and easily 
controlled action potentials2, and post-synaptic potentials.

The stimulus is usually constituted by transcutaneous appli-
cation of a brief electric shock, with a beginning and an abrupt 
end. The electrical stimuli used to generate these responses 
are square-wave pulses, which are delivered to the peripheral 
nerve with the cathode proximal to the anode. Regarding the 
intensity of the pulses, the central evoked responses reach 
their maximum amplitude when the intensity of the stimulus 
is between three and four times the sensory threshold, which 
is equivalent to a value slightly above the motor threshold2,6.

This type of stimulus causes stimulation of the thick fibers 
that make up the peripheral nerves. There are no retrograde 
motor volley effects in the motor nerves, on central projections 
of the sensory fibers. When the activity triggered in these fibers 
enters the central nervous system, it goes to local interneu-
rons in the medullary gray substance, at the level of the fiber 
entrance. Thereafter, through the main extent of these fibers, 
it goes up through the posterior cords following the medial 
lemniscal pathway: posterior cord nuclei and lemniscomedial, 
ventroposterolateral or medial nuclei and, thence, via thalamo-
cortical radiation to the primary areas of the cerebral cortex2,3.

These responses are made up of several components, each 
related to some point of the path described. In clinical neurology, 
the nerves that are stimulated are usually the median (Figure 1) 
and tibial nerves in the upper and lower limbs, respectively, 
although other nerves may possibly be studied6,7.

The sites used for placement of recording electrodes for 
studying nerves in the upper extremities generally include 
Erb’s point in the supraclavicular fossa (a negative peak with 

Figure 1. Somatosensory evoked potential (SSEP) in normal 
young men.
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a latency of about 9 msec, designated N9), the cervical spine 
(a negative peak at about 13 msec, designated N13) and the 
contralateral scalp overlying the area of the primary sensory 
cortex, corresponding to C3 or C4 of the International 10-20 
System (a negative peak at about 20 msec, designated N20). 
Also, a reference electrode is placed on the forehead (Fz) and 
a ground electrode is placed proximally to the stimulation site. 

The sources of these responses remain a matter of debate, 
although N9 may be generated by fibers in the brachial plexus. 
N13 is thought to be generated by the dorsal column nuclei 
and N20 by thalamocortical radiations and possibly the pri-
mary sensory cortex and motor cortex. Occasionally, a negative 
peak of latency of approximately 11 msec (N11) precedes the 
N13 response: this is believed to reflect activity in the poste-
rior columns and the dorsal root entry zone of the spinal cord.

To record SSEPs from nerves situated in the lower extremi-
ties, recording electrodes are generally placed on the lumbar 
spine over the L3 spinous process, on the lower thoracic spine 
at T12 and on the scalp over the primary sensory cortex (Cz). 

Like the median nerve in the upper extremities, the tibial 
nerve provides a characteristic SSEP of the lower extremities. 
When the tibial nerve is stimulated at the ankle, the responses 
expected include the following: a negative peak with a latency 
of approximately 19 msec recorded at L3 (designated L3S); a 
negative peak at about 21 msec at T11 (designated T11S); and 
a positive peak at approximately 37 to 40 msec at the scalp 
(designated P37 or P40), followed by a negative peak with a 
latency of about 45 msec (designated N40 or N45).

The L3S response reflects the activity in the nerve roots 
of the cauda equina, whereas the T11S response is believed 
to be generated by the dorsal fibers of the spinal cord and the 
scalp potentials are considered to be reflexes of the thalamus-
cortical activity. Peak latencies between N13-N20 or N21-P37/
N40 waves function as a measure of the conduction time along 
the central and spinal somatosensory pathways. Conduction 
through the central nervous system is referred to as central 
conduction time and is measured from N13 to N20 in the upper 
extremities and from L3S to P40 in the lower extremities6,7,8.

SSEPs are interpreted clinically from the anatomofunc-
tional point of view of the generators of the different waves 
or components. Absence of an expected component suggests 
that the path is compromised in the anterior segment or at 
the level of its generator. On the other hand, presence of an 
expected component, but with prolonged latency, suggests the 
existence of myelin impairment of the pathway2. The criteria 
for abnormality include absence of any obligate waves and 
prolongation of interpeak intervals. For example, absence of 
N13, N20 or a prolonged N13-N20 interval suggests that there 
is a lesion between the medulla and sensory cortex.

The criteria that need to be met to establish a causal rela-
tionship between activity on a neural structure and potential 
recorded on the scalp are based on the origins of the SSEP. 
Potentials measured externally to a source structure can be 
classified into near and far-field types. Near-field potentials 

are voltages recorded in the vicinity of the generator. The near-
field signal is maximum at the points closest to the generator.

Peripheral nerve stimulation originates a time-limited 
sequence of action potentials and stationary postsynaptic 
potentials along the dorsal somatosensory pathway. Spatial sum-
ming and volume conduction enable SSEP surface recording.

The displacement latencies of the SSEP increase with 
increasing distance at which the stimulus is recorded, and sta-
tionary SSEP latencies increase with the generation of stimulus 
distance from the structure.

In this regard, according to Emerson & Pedley, there must 
be some synchronism between the neural event and the surface 
potential. There is evidence that the neural event generates a 
signal that can be registered beyond the original structure and 
that no other simultaneous neural activity could explain the 
signal recorded on the scalp8. 

Clinical applications
SSEPs are used to evaluate both the central and the periph-

eral nervous systems (Table 1). The findings may be helpful in 
showing that a lesion is present in the somatosensory pathways, 
thus helping to localize it and providing a prognostic guide3. 
Electrical stimulation, as currently used, allows assessment of 
pathways related to thick peripheral fibers, while electrophysi-
ological assessment of peripheral nerves, plexuses and roots is 
performed in a more appropriate and informative way through 
electroneuromyographic studies3,4.

To establish a valid neurological diagnosis of lesions of 
the somatosensory system, confirmatory laboratory tests are 
often necessary, in addition to the clinical features9. In caring 
for a patient with a clinical history and clinical sensory tests 
suggestive of involvement of large-fiber neuropathy and the 
dorsal column, clinical neurophysiological tests like recordings 
of nerve action potentials and SSEPs are standard procedures 
that add objective evidence to a diagnosis. 

According to Baumgärtner et al., assessment of the func-
tioning of small fibers and the spinothalamic tract should be of 
equal clinical relevance. This would contribute to investigating 
the functioning of the nociceptive system in painful situations. 
Small-fiber function can be assessed using a variety of meth-
ods, including analysis on nociceptive reflexes and functional 
testing of the sympathetic system, which typically conveys its 
efferent signals through thinly or unmyelinated nerve fibers9.

However, in some situations in which the impairment is 
severe, SSEPs may prove useful. In spinal cord dysfunctions, 
SSEPs are sensitive to involvement of the posterior cord path-
ways, thus allowing detection of subclinical involvement, with 
assessment of doubtful clinical situations and objective docu-
mentation of the involvement of the pathway. In situations of 
involvement of other spinal pathways, with preservation of the 
posterior cord pathways, the responses are normal. However, 
one exception to this is the involvement of the gray matter at 
the entrance of fibers relating to the stimulated nerve and, in 
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this case, the N13 component relating to the median nerve (or 
N22 relating to the lower limbs), which is generated by segmen-
tal interneurons, may be absent6.

In dysfunctions involving the brain stem, SSEPs are useful 
and sensitive if the lemniscal pathway is affected. In lesions 
involving the thalamus, all waves are normal, with the excep-
tion of waves of cortical origin, which are reduced or absent, or 
have prolonged latencies. This is the same pattern of responses 
found in cortical involvement concerning area 3b10,11.

In cases in which cortical myoclonus occurs, cortical poten-
tials with markedly high amplitudes are frequently recorded. 
These are known as giant potentials, which can sometimes be 
observed in EEGs, depending on the equipment sensitivity. In 
these situations, the findings are of clinical use because they 
reflect increased cortical excitability. Giant potentials have 
been reported in patients with progressive myoclonic epilepsy 
or late childhood ceroid lipofuscinosis, and in some patients 
with photosensitive epilepsy12. These potentials can still be seen 
in some forms of mitochondrial diseases and in some cases of 
benign childhood epilepsies with evoked parietal tips. Giant 
SSEPs are recognized as an expression of hyperexcitability of the 
cerebral cortex. Although the pathophysiology is still not clear, 
it may reflect abnormal cortical function with repercussions 
in a distant area. Thus, hyperexcitability of the somatosensory 

cortex could induce pyramidal tract neurons in motor cortex 
to generate myoclonic seizures13,14.

In diseases involving the myelin sheath, SSEPs can be useful. 
In multiple sclerosis with cerebral or spinal cord involvement, 
SSEP abnormalities are present in 90% of the patients with a 
definitive diagnosis and in approximately 50% of the patients 
with sensory signs or symptoms. Specifically, abnormalities 
of tibial nerve SSEPs are more frequently evident (Figure 2). 
Abnormalities of EPs appear to better correlate with disability 
in MS than do conventional measurements of MRI lesion load. 
Ramanathan et al. demonstrated that prolongation of tibial 
nerve cortical responses (P37) was also a robust neurophysi-
ological biomarker of disability in MS15. Morever, EPs can be 
used to evaluate brainstem function in order to predict dis-
ease progression in people with clinically isolated syndrome16.

The potentials obtained from the lower limbs are more 
sensitive due to the greater distances covered by the salvo of 
potentials in the central nervous system17.

SSEPs of the lower limbs are good indicators for disability 
status at times of relapses and may be a good tool for reflect-
ing the frequency of relapses n cases of neuromyelitis optica18. 

Abnormalities have also been described in adrenoleukodys-
trophy, adrenomyeloneuropathy and metachromatic leukodys-
trophy. In degenerative diseases that present impairments of 
these pathways, abnormalities can be detected, as in cases of 

Table 1. Indications for SSEPs in Neurology.

Indications Diseases References

Peripheral nervous system disorders Neuropathies: nerve entrapment, diabetic 
neuropathy, hereditary neuropathy 7,37,38,39,53

Proximal mononeuropathy 35,36

Isolated radiculopathy 7,40,41,54

Proximal involvement in Guillain-Barré syndrome 34

Chronic inflammatory
Demyelinating polyradiculoneuropathy 32,33

Central nervous system disorders Ataxia 21

Multiple sclerosis 3,7,15,16

Neuromyelitis optica 18

Epilepsies 12,13,14

Lesions in the brainstem, diencephalon or cerebral 
hemispheres 3,7,12,

Coma and brain death 11,12,24,27

Myelopathy 19,20,42,43

Spinal cord tumors 7

Chronic spinal cord injury 43

Schizophrenia 44,45,46,47

Psychoses 48

Amyotrophic lateral sclerosis 29

Hereditary spastic paraplegia 22

Neurophysiological intraoperative monitoring

Intracranial vascular surgery
Epilepsy surgery
Posterior fossa surgery
Spinal surgery

49,50,51
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Friedreich’s ataxia, hereditary cerebellar ataxias and hereditary 
spastic paraparesis3,4,7.

However, multifocal involvement of central white mat-
ter either clinically or electrophysiologically is not specific to 
multiple sclerosis. It may also occur in patients with human 
immunodeficiency virus infection19, vitamin B12 or vitamin E 
deficiency20, neurosyphilis, hereditary ataxic syndromes21 or 
hereditary spastic paraplegia22.

EPs of short latency are, in general, useful for evaluating 
patients in a coma, given that they do not change according 
to the metabolic and pharmacological state11,23. Absence of 
cortical responses (N20) bilaterally is a reliable sign of a poor 
prognosis. Patients who present unilateral preservation of these 
responses may show functional recovery. Meta-analyses on the 
bilateral absence of cortical N20 responses, recorded after 72 
hours, can predict death or a persistent vegetative state with a 
specificity of 99% in situations of anoxic-ischemic brain injury 
and around 95% in traumatic coma24,25.

Use of evoked cortical potentials for prognosis and moni-
toring of patients with traumatic brain and spinal cord injuries 
forms an important neurophysiological tool26. The type that is 
most applied in the neurocritical care setting is median nerve 
somatosensory evoked potentials, which assess the intact con-
nectivity of peripheral sensory nerves to cortical projections27.

SSEPs are assessed as normal, abnormal (increased latency 
or reduced amplitude) or absent on each side. When bilaterally 
absent or alternatively normal following trauma, SSEPs may 
help detect patients with poor or good prognosis. For example, 
normal SSEPs after trauma are associated with a 57% chance 
of good recovery, whereas bilaterally absent SSEPs are associ-
ated with only a 1% chance of functional recovery. In addition, 
repeated SSEP measurements may also help detect patients 
with brainstem herniation due to interruption of these func-
tional connections, or with cerebral ischemia correlating with 
jugular bulb evidence of reduced oxygen content. Changes to 
the median SSEP may precede a rise in intracranial pressure 
in 30% of the cases27,28.

These SSEP findings are even more robust when they fail to 
improve with time. In general, evoked potentials are less influ-
enced by sedation or hypothermia than are EEGs29.

Investigation of changes in sensory pathways in motor neu-
ron diseases has become a new indication for SSEPs. According 
to Iglesias et al., the peripheral conduction time was normal with 
N9 latency, but based on N20 latency, the central conduction 

time (between spinal cord and parietal cortex) was found to 
be slower (p < 0.05). Altered SSEPs were also correlated with 
the disease duration (p < 0.05). Taken together, spinal imaging 
and electrophysiology helped to identify 85% of their patients 
with subclinical sensory defect while these methods revealed 
abnormal values in ~60% when used separately30.

SSEPs can provide an objective and reproducible assess-
ment of the neuraxis from the peripheral nerve to the cortex. 
This complements the information obtained from clinical 
and neuroradiological examinations and, as such, is useful 
in pediatric neurology. SSEPs are useful in monitoring coma 
and surgical procedures, for detecting preclinical abnormali-
ties, particularly patterns of abnormalities, and for localizing 
lesions within this sensory system31.

SSEPs have also been shown to be useful in diagnosing dis-
eases that affect mainly the peripheral nervous system, such 
as chronic inflammatory demyelinating polyneuropathy32,33, 
Guillain-Barré syndrome34, mononeuropathy35,36, Charcot-Marie-
Tooth disease37, diabetic neuropathy38 and polyneuropathy39. 
SSEPs complement sensory nerve conduction tests in general, 
and assessment of proximal sensory fibers in particular, and 
they are especially helpful in demonstrating proximal neuro-
pathic involvement.

SSEPs are also important complementary diagnostic meth-
ods for electrophysiological evaluation of radiculopathies and 
myelopathies40–43. Use of SSEPs for diagnosing radiculopathy 
has been controversial: this has limited value because abnor-
malities in a single involved root would be “overshadowed” by 
contributions from uninvolved roots that supply that nerve. 
Dermatomal SSEPs have generally been found to improve diag-
nostic yield; however, EMG testing remains the most sensitive 
electrodiagnostic evaluation for radiculopathy. It complements 
spinal imaging and often raises other diagnostic possibilities, 
in addition to confirming clinical suspicions. 

SSEPs may provide prognostic information indicative of 
recovering ambulation, hand function and bladder function 
after spinal cord injury, or may act as a supplement to clinical 
testing for predicting functional outcomes. SSEPs are frequently 
abnormal in patients with myelopathy, and they may be abnor-
mal in the presence of normal EMG evaluation results. Serial 
examinations have been found to be useful in determining the 
extent of spinal cord trauma and may help in determining the 
prognosis for recovery. 

SSEPs may provide diagnostic information beyond conven-
tional electrodiagnostic methods. Moreover, lumbar-recorded 
SSEPs may have an advantage over scalp-recorded ones and 
sensory nerve stimulated SSEPs over mixed nerve stimulated 
ones40.

One indication little used in Brazil is in psychiatric disor-
ders, such as schizophrenia and psychosis. SSEPs have been 
found to demonstrate aberrant processing of somatosensory 
activation in mental illness44–47. According to Hagenmuller et 
al., the deficits in early somatosensory processing in individu-
als at risk of developing psychosis may not represent a marker 

Figure 2. Median nerve somatosensory evoked potential 
(SSEP), with N20 cortical responses present (left) and absent 
(right).
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for a genetic risk for psychosis but, rather, may reflect state-
dependent factors such as negative symptoms. On the other 
hand, the transition to psychosis seems to represent an inter-
stage between reduced sensory registration from the at-risk 
state and gating deficits in the chronic state48.

Last, but not least, use of SSEPs for monitoring sensory 
pathway function during surgical procedures has progressively 
become one of its most important applications. While most 
frequently used in spinal procedures49,50 like scoliosis correc-
tion, SSEPs have proven to be useful for warning surgeons of 
impending brain damage consequent to aneurysm clipping and 
other neurovascular interventions, or to posterior fossa tumor 
surgery and cardiac or aortic surgery with circulatory arrest51.

Over recent years, new techniques have been added to this 
SSEP universe, such as laser heat stimulators, pain-related 
evoked potentials (Figure 3) and contact heat evoked poten-
tials (CHEPs). CHEPs have become an acknowledged research 
tool for assessing the integrity of the nociceptive system and 
have gained importance in the diagnostic work-up for patients 
with suspected small fiber-neuropathy. Not only do CHEPs 
potentially have high diagnostic yield in length-dependent 
polyneuropathies, but also they have this in patients with 
non-length dependent patterns of sensory abnormalities52. 

Laser heat stimulators have been extensively used to study 
time-locked nociception responses, given that they provide a 
near-ideal method for selectively activating cutaneous Aδ-fiber 
and C-fiber nociceptors53,54.

Our goal here was not to exhaust this topic, but to draw 
attention to this noninvasive complementary neurophysi-
ological examination, which can add evidence to the clinical 
diagnosis.

In conclusion, EPs should be seen as a complementary 
mechanism for a well-conducted neurological examination, 

since they can corroborate doubtful aspects of these exami-
nations or highlight deviations from normal physiology that 
are undetectable through conventional semiology. EPs can, 
for example, assist in making the diagnoses of patients with 
cervical myelopathy who, despite being asymptomatic from a 
clinical point of view, show evident changes in visual EPs. This 
would be an unambiguous indication of the presence of at least 
two distinct lesions in the CNS55.

SSEP studies have made steady progress since Dawson’s 
original description56–58. The introduction of information tech-
nology has enabled digital analysis and thus led to a rapid 
escalation in the use of SSEP and other EP studies in the clini-
cal domain. However, important questions still remain to be 
addressed. These include the need to clearly delineate the 
practical scope of EPs and their proper use. Such uses include 
standardization of techniques and nomenclature, precise loca-
tion of neural generators, elucidation of various factors that 
affect determinations and establishment of normative values. 
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