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Clinical Neurophysiology in :

ωDiagnosis

ωPrediction

ωDetection of pain states



Diagnosis



Chronic pain

nociceptive
neuropathic

Diagnosis of definite neuropathic painneeds:

1. neuroanatomically plausible distribution of pain, 
2. history suggestive of a somatosensory lesion / disease, and 
3. ŀǘ ƭŜŀǎǘ ƻƴŜ ƻōƧŜŎǘƛǾŜ ŎƻƴŦƛǊƳŀǘƻǊȅ ǘŜǎǘ ƻŦ ǘƘŜ ŜȄƛǎǘŜƴŎŜ ƻŦ άǊŜƭŜǾŀƴǘ 
ǎƻƳŀǘƻǎŜƴǎƻǊȅ ƭŜǎƛƻƴ ƻǊ ŘƛǎŜŀǎŜέ

Neuropathic pain (IASP SIG 2008) :
« Pain resulting as a direct consequence of a lesion or a diseaseof 
somatosensory systems »

dysfunctional

Treede, Jensen et al, Neurology 2008 



Treede, Jensen et al, Neurology 2008 



We need markers



Pain No pain

Images are not enough



Pain? Sensory deficit? 

Images are not enough

https://www.theguardian.com/media/2017/jun/15/

abc-journalist-adam-harvey-hit-in-neck-by-stray-bullet-while-reporting-in-philippines

It literally just looks like Iôve been hit with a cricket ballò. 

ñIôve got to go, but Iôm OK.ò



a) Definite diagnosis of Neuropathic pain needs
objective demonstration of lesion or disease
of somatosensorypathways

b) Neurophysiology provides such objective
indicators



Peripheral side                         Central side

ωA -̡mediated
ωelectrical stimulus (SEPs)
ωtactile stimulus (t-SEPs)
ωair puff (a-SEPs)

ωAŭ-mediated
ωlaser stimulus (LEPs)
ωcontact heat/cold stimulus (CHEPs)
ωintraepidermal electric currents (iEPs)

ωC-fibre mediated
ωlaser stimulus (C-LEPs)

Dorsal columns ï
medial lemniscus

Spino-thalamic
system (STS) 

Χ ŀƴŘ ƳǳƭǘƛǇƭŜ ǎǘƛƳǳƭǳǎ ƳƻŘŜǎ ǘƻ ŀŎǘƛǾŀǘŜ 
nociceptive and non-nociceptives pathways



Modified from Treede, Lorenz & Baumgartner, Neurophysiol Clin 2003, 6: 303-14 

Neuropathic pain is most often the 

result of lesions in thin peripheral 

fibres, and/or spino-thalamo-

cortical pathways.



Truini, Garcia-Larrea, Cruccu; Nat Neurol Reviews 2013

Nociceptive (RIII) reflexes

Sympathetic skin 

responses 

0                                                           10 sec

Voluntary motor reactions

Multiple techniques at our disposal

Laser, contact heat/cold, intraepidermal



How can we stimulate systems for pain & 
temperature in the clinics?

Electrical Thermal Mechanical   Chemical
Standard    intraepidermal     thermode    light bulb   laser

Specificity         --- ++? ++ +++ +++ --- +++

Noninvasiveness +++ +++ +++ +++ +++ +++ ---

Reproducibility   +++ ++ ± ± ++ ± ±

Time locking       +++ +++ -- --- ++ ± ---

Adapted from an original idea of Léon Plaghki
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early response 
(N1:150 - 180 ms)

«Vertex response» 
(N2 - P2:200 - 350ms)

3. Sympathetic skin
response(nociceptive 
stim)

VAS = 0-10/10
2. Subjective ratings 

4. Motor reaction 
time (250-300ms)

Four pillars leading to interpretation

1. Evoked responses



Laser-evoked potentials detect abnormal 
transmisison in thermo-algesic pathways 

(thin fibres, spinothalamic tracts) 

ΧǿƘƛŎƘ Ǉŀǎǎ ǳƴƴƻǘƛŎŜŘ ǘƻ ŎƻƴǾŜƴǘƛƻƴŀƭ /b 
ǘŜŎƘƴƛǉǳŜǎ ό9abDΣ ǎǘŀƴŘŀǊŘ {9tǎύΧ



Woman, 60y

Syringomyelia decompressed 15 years before

10 year after operation Ą burning feet 

No lemniscal signs

Tendon reflexes present symmetrical

Strandard EMG / ENG normal 

LEPs, stim L5 (foot)
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Small fibre neuropathy

L3P257



Cruccu & Garcia-Larrea, Clin Neurophysiol Suppl., 2004

Peripheral / radicular lesions



Montes et al Pain 2005
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Focal thalamic lesions



Insular ïopercular lesions

Normal short-latency somatosensory evoked 

potentials (SSEPs)
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Lesions of nerve branches

Åoften iatrogenic

Åoften non recognised

Thoracotomy

inguinal hernia repair

Knee arthroplasty

Marchettini 2003



L3P0293

LEP

RCS

LEP

RCS

LEP

RCS

Genito-femoral lesion or malingering ?



Stim laser Saph int D

DOBéL3P302

Motor reaction

Sympathetic 
skin response

Cortical 
evoked 

potentials 
(LEPs)

Stim laser Saph int G
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0
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0

Knee surgery 9 years before.  Persisting pain and hypo/dysesthesiae.

Still in conflict with surgeon



We should also explore large fibres 
using standard techniques 

(NCV, SEP)

Exploring thin fibres / spinothalamic 
system in NP is crucial

BUT



ζ όΧύ electric shock-like sensationsprobably arise 
from high-frequency bursts generated in demyelinated non-

ƴƻŎƛŎŜǇǘƛǾŜ !ʲ ŦƛōǊŜǎ. 



Paroxysmal pain following implantation 
ƻŦ ŀ ǎǇƛƴŀƭ ǎǘƛƳǳƭŀǘƻǊΧ ŦƻǊ Ǉŀƛƴ ǊŜƭƛŜŦ Η

ζ[ƘŜǊƳƛǘǘŜΩǎ ǎƛƎƴ η ǘȅǇŜ ƻŦ Ǉŀƛƴ



Neurophysiological techniques detect abnormalities in somatosensory 
transmission 

ωIn both small and large peripheral fibres
ωIn both lemniscal and spinothalamic pathways 
ωEven due to minute lesions

Message

Abnormal somatosensory responses to stimulation of a painful 
regionare a neurophysiological signature of neuropathic pain

Medico-legal value



II. Predicting pain 

Clinical neurophysiology allows characterising sensory 
abnormalities in patients who are already in pain. 

Could these techniques predict the occurrence of pain in 
patients who have not yet developed painful symptoms ?



Conditions able to induce chronic neuropathic pain
* Brain or spinal stroke

* Spinal injury

* Multiple sclerosis (MS)

* Syringomyelia / syringobulbia

* Tumours, abscesses 

* Systemic disease (Lyme, Lupus, Syphilisé)

* Peripheral neuropathy (diabetes, ischaemia, trauma, MNM)

* Plexus avulsion

* radiculopathy 

Åé

éand some ideas about prevalence

ÅCentral post-stroke pain: 

Å8% (Andersen et al 1995, n>200)

Å18% if somatosensory signs (Hansson 2004)

Å25-30% if thalamus involved (Bogousslavsky et al)

ÅMS: 28% (Boivie 1999, n=372)

ÅSyringomyelia : 67% (Attal et al 1999, n=18)

ÅWallenberg : 27-50% (MacGowan et al 97, n=63)

ÅAnterolateral cordotomy : <10% !! (Tasker 1990)



Thalamic stroke: ~25% of patients will develop 
pharmaco-resistant thalamic pain

How to detect patients at risk ?



Montes et al Pain 2005
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A clinical certitude: central pain most often concomitant 
with loss of pain-temperature sensations (Boivie et al 1988)


