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Abstract

In this clinical and neurophysiological study usagovel cold stimulator we aim at investigating
whether cold evoked potentials may prove to bdialde diagnostic tool to assess trigeminal small-

fibre function.



Using a novel device consisting of micro-Peltieameénts, we recorded cold evoked potentials after
stimulating the supraorbital and perioral regiond the hand dorsum in 15 healthy participants and
in two patients with exemplary facial neuropatharpconditions. We measured peripheral
conduction velocity at the upper arm and studiedafain generators using source analysis. In
healthy participants and patients, we also compenttievoked potentials with laser evoked

potentials.

In the healthy participants, cold stimulation evtbkeproducible scalp potentials, similar to those
elicited by laser pulses, though with a latencglodut 30 ms longer. The mean peripheral
conduction velocity, estimated at the upper arng 827 m/s. The main waves of the scalp
potentials originated from the anterior cingulayeug and were preceded by activity in the bilateral
opercular regions and bilateral dorso-lateral fabreggions. Unlike laser stimulation, cold
stimulation evoked scalp potential of similar aryade across perioral, supraorbital and hand
dorsum stimulation. In patients with facial neurtbpapain, cold evoked potential recording
showed the selective damage of cold pathways prayicbomplementary information to laser

evoked potential recording.

Our clinical and neurophysiological study shows theés new device provides reliable information
on trigeminal small-fibres mediating cold sensati@md might be useful for investigating patients

with facial neuropathic pain associated with aidggtdamage of cold-mediating fibres.
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I ntroduction

The current neurophysiological assessment of trgainsmall-fibre function relies on recording of
heat-mediated evoked potentials, i.e. laser evpkéehtials and contact heat-evoked potentials
[7,32,38, 2]. Although these two techniques areelyidised to assess trigeminal small-fibre
function, for clinical and experimental purposégyt do not provide any information on small-
nerve fibres that mediate cold sensations. Neviesheseveral studies have shown that
abnormalities in cold-mediating fibres are distipatvolved in different neuropathic pain

conditions, such as idiopathic trigeminal neuropathd central post-stroke pain [28; 4,19].

A new tool based on micro-Peltier elements, ablertamluce steep cooling ramps of up to -300°C/s,
has recently been devised. This tool, providingdand painless skin cooling, elicits cold evoked
potentials (CEPSs) at latencies compatible withfilbre conduction velocity [6]. Therefore,

recording CEPs may complement laser evoked potemiassessing small-fibre function in
patients with neuropathic pain. Having more infotisaon trigeminal cold-mediating fibre

function might be useful to improve our knowledgetbe different trigeminal neuropathic pain

conditions.

The aim of this clinical and neurophysiologicaldstwas to test the clinical usefulness of this new
tool for assessing trigeminal cold-mediating fibrés do so, we compared CEPs and laser evoked
potentials, investigated the cerebral dipole saiodeCEPs in 15 healthy participants and verified
how precise CEPs are in revealing selective coldiatiag fibre damage in two patients with

exemplary trigeminal neuropathic pain conditions.



Methods

Sudy cohort

We consecutively enrolled 15 healthy participandsnfamong the hospital personnel (8F; 7M; age
25.6 £ 3) and two patients with facial neuropatten. Patient 1, a man aged 78 years, was
suffering from idiopathic trigeminal neuropathy [Zhis patient complained of ongoing pain,
tingling sensations and touch and cold hypoesthBsiient 2, a man aged 65 years, suffered from
central post-stroke pain resulting from a previbasmorrhagic stroke in the right thalamic region.
This patient complained of left-side thermal-paypdesthesia, ongoing pain and cold allodynia

involving the face and the hand.

Each healthy participant underwent laser and datausation during the same experimental
session. We stimulated the right side above thereye the perioral region and the hand dorsum.
The order of the laser and cold stimulation andstimaulated areas were randomly alternated across
the different participants. In the patient withadathic trigeminal neuropathy, we stimulated the
perioral region of the right side (given that tbandition affects the trigeminal nerve bilaterally
and, in this patient, the sensory disturbances syranetrically distributed on both sides). In the
patient with central post-stroke pain, we stimudatee perioral region of the affected and normal
side. The two patients underwent quantitative sgnssting and laser evoked potentials related to
Ad-fibres. The patient with idiopathic trigeminal mepathy also underwent skin biopsy and laser
evoked potentials related to C-fibres. In this gratti we used these two techniques to identify the
sparing of C-fibres, a distinctive feature of tngeal neuropathy [4]. The study was approved by

the local Institutional Review Board.



Cold stimulation

Subjects were asked to lie down comfortably on dioa cot. We stimulated the skin over the right
supraorbital, perioral regions and hand dorsum wittew cold stimulator (QST.Lab, Strasbourg,
France). This stimulation probe has a flat surfa®a of 160 mfconsisting of 16 embedded
micro-Peltier elements. Micro-Peltier elements haweirface area of 7.7 Mrand the central
micro-Peltier element has a surface area of Z.mnthermocouple located at the centre of the
stimulation surface drives the micro-Peltier eletaext a frequency of 1000 Hz. Since the
thermocouple is embedded in the solder of the akbmticro-Peltier, the influence of skin
temperature is negligible, i.e. 0.1°C for a stintiolatemperature of 20°C below skin temperature.
The stimulation cools the skin with ramps of up360°C/s. The neutral skin temperature for each
subject was identified directly by the stimulatimobe. We set the stimulation probe to elicit cold
stimulation with 10°C as a target temperature e stimulus duration was 500 ms. Care was
taken throughout the session to maintain good cob&tween the probe and the subject’s skin. We
delivered 30 stimuli to the supraorbital, periagion and hand dorsum. During the experiment,
the stimulation probe was shifted slightly aftecleatimulus and the interstimulus interval (10-15
s) was varied randomly. Each subject was askealtédatihe cold sensation using a 0—10 numeric
rating scale (NRS), where 0 corresponded to ncasemsand 10 to the coldest imaginable

sensation.

In five subjects we stimulated the hand, the fareand the shoulder (with a fixed distance of 20

cm) to estimate the conduction velocity of cold-maédg fibres.



Laser stimulation

Subjects were asked to lie down on a medical cotweore protective eye goggles. We stimulated
the skin of the right supraorbital and perioralioeg and hand dorsum with a Neodymium-YAP
stimulator (EIEN, Florence, Italy). Laser pulsegevset at relatively high intensity (stimuli 89-115
mJ/mm?), short duration (5 ms) and a small diam@&@nm), eliciting a clear painful pinprick
sensation, mediated bybAfferents, and producing a subjective rating déast 4 on a 0-10

numeric rating scale (NRS) (0 = no sensation, Wbrst possible pain). We delivered 15 stimuli to
each stimulation site. To avoid skin burns, nodicefatigue and central habituation, the laser beam
was shifted slightly after each stimulus and therstimulus interval (10-15 s) was varied

randomly. Each subject rated the pinprick sensatging a 0—10 numeric rating scale (NRS).

EEG recordings

The EEG was recorded using 32 actively shieldedd8@G1 electrodes mounted in an elastic
electrode cap and arranged according to the Irtiena 10-20 system. The EEG recordings were
analysed offline using LetsWave 6 (http://www.nosmrg/letswave). First, we applied a 0.3-30
Hz bandpass filter to the continuous EEG data (pbiase Butterworth filter). The EEG was then
segmented into epochs extending from -500 to +1099@fter the stimulus onset. Artefacts due to
blinking or eye movements were then removed usinglidated method based on independent
component analysis (FastICA algorithm) [15]. Epowlith amplitude values exceeding 100 uV
were rejected. After baseline correction (referenterval: -500 to 0 ms), the data were re-
referenced to Fz (in different datasets). Separateage waveforms were computed for each

participant and for the different stimulation sites



Source modelling

Dipolar source modelling was performed using BEectrical Source Analysis (BESA, BESA
Research, MEGIS GmbH, Grafelfing, Germany). Thd,tasing surface-recorded EEG, estimates
the source activities generating the topographthefcalp-evoked potentials. BESA calculates the
surface potential topography from fixed dipoleshwitthe brain. Then, it compares the recorded
potential distribution with the calculated one d&he percentage of the recorded signal that cannot
be explained by the dipole model represents thduakvariance. Using an algorithm based on
repetitive iterations, BESA calculates a hypothatmodel that does not rule out other possible
solutions. The validity of the model is underpinrmadts applicability to individual data and
consistency with the anatomical and physiologiceiwledge of the identified source areas. The
latency interval between 100 ms and 400 ms, inolydil the reliable CEP components in all our
subjects, was analysed. Dipoles were fitted usisggaential strategy, as detailed in previous
studies [35-37]. When calculating the dipole moded,verified that up to 5 dipoles could be
activated together so that the independent digEeameters (six per dipole) did not exceed the
number of recording electrodes [37]. In order tddbthe dipole models, grand averages of the
CEPs from stimulating both the supraorbital andqgpal regions were obtained across all our
subjects. We initially analysed the grand averathes) applied the calculated models to all

individual subjects.

Diagnostic procedures in patients

The two patients underwent precise sensory prgfilising bedside tools and quantitative sensory
testing to assess thermal-pain perceptual threstigldS, PATHWAY, Medoc, Israel). Following
the previously described methodological procedbogk patients underwent cold and laser

stimulation of the perioral regions. In the patiesth trigeminal neuropathy, we also recorded laser
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evoked potentials related to C-fibre activationtHis patient, we used laser pulses of low intgnsit
(46 mJ/mm), relatively-long duration (10 ms) and large diaené~10 mm), eliciting purely warm
sensations related to C-fibre input [32]. The pdtwgith trigeminal neuropathy also underwent a
skin biopsy of the supraorbital region. A two-mmmph skin biopsy was taken immediately above
the eyebrow. The wound healed in a few days withotsible scar. The skin sample was
processed using immunohistochemical techniqueepiattrmal and dermal nerve fibre density

was assessed as previously described [34].

Satistical analysis

We used Graphpad, Version 8 for the statisticalyaig All the data had normal distributions, as
assessed using the D'Agostino & Pearson normasty ¥We used the One-Way ANOVA with the
Greenhouse-Geisser correction and Tukey's multimeparisons test to assess the differences in
cold and laser evoked potential variables acrosshiee stimulation sites (supraorbital, perioral
and hand). To test the differences between coldas®t evoked potential variables after
supraorbital and perioral stimulation, we usedphieed t-test and applied the Bonferroni
correction. To estimate conduction velocity, wecaldted 1/slope of the regression line for the N2
latencies obtained at the three stimulation shasd, forearm and shoulder). The p <0.05 level was

considered statistically significant.

Results
Psychometric measures

Cold stimulation at 10°C evoked a painless coldagan in all healthy participants. The mean

intensity of the cold sensation did not differ agohe three stimulation areas (4.5 + 1.2 after
6



supraorbital stimulation, 5.0 + 1.3 after perigtnulation and 4.9 + 1.1 after hand stimulation,

p=0.4, F:0.7573, GG epsilon:0.9782, DF:2).

In all healthy participants, laser stimuli (intey64-140 mJ/mr) evoked a clear painful pinprick
sensation. The mean intensity of the painful peipgensation (4.7 = 1.5 after supraorbital
stimulation, 5.7 + 1.2 after perioral stimulatiomia4.4 + 1.1 after hand stimulation) was
significantly higher after the perioral stimulatitman the supraorbital and hand stimulation

(p=0.001, F:11.19, GG epsilon:0.7838, DF:2).

Scalp potentials in healthy participants
We excluded one subject due to technical diffieslluring scalp recordings.

The CEPs consisted of a biphasic negative-positmeplex (N2-P2), with maximum amplitude at
the vertex (Cz). The mean frequency of identifidideresponses (defined as a 2.5 fold increase
from the baseline noise level) across participamts 64.5%, 63.5%, 55.0% after supraorbital,
perioral and hand stimulation. The mean frequericgtemtifiable P2 responses (defined as a 2.5
fold increase from the baseline noise level) wa8%] 73.1% and 79.2% after supraorbital,
perioral and hand stimulation. This N2-P2 vertemptex was preceded by a negative component
(N1) over the contralateral temporal areas. ANOWAlgsis using Tukey's multiple comparison
test showed that supraorbital and perioral coldttion yielded scalp potentials of similar latgnc
and amplitude. Hand dorsum stimulation elicited €8ith longer latency but similar amplitude
than supraorbital and perioral stimulation (latehldy p<0.001, F:13.59, GG epsilon:0.6608, DF: 2;
amplitude N1: p=0.4, F:0.7913, GG epsilon:0.8926; P, latency N2: p<0.001, F:22.94, GG

epsilon:0.6144, DF:2; amplitude N2-P2: p=0.3, B2B, GG epsilon:0.9108, DF: 2) (Figure 1).



The regression line, calculated from the N2-wateneies from the three stimulation sites,
indicated a significant linear relationship betwekstance and time (R square: 0.421; F: 7.248,;

p=0.02; Figure 2). The resulting conduction velpéreciprocal of the slope) was 12.7 m/s.

Laser stimulation of the supraorbital and perioegiions evoked a large vertex complex (N2-P2),
preceded by a far smaller negativity (N1) over calateral temporal areas. The latency of LEPs
was earlier and the amplitude larger after perittrah supraorbital and hand dorsum stimulation
(N1 latency: p<0.001, F:41.49, GG epsilon:0.524B;2D N1 amplitude: p=0.06, F:3.425, GG
epsilon:0.8312, DF:2; N2 latency: p<0.001, F:65GG epsilon:0.6428, DF:2; N2-P2 amplitude:

p<0.001, F:25.12, GG epsilon:0.9013, DF:2) (Figlixe

The latency of the scalp potentials evoked by stildulation was about 30 ms longer than that
evoked by laser stimuli (p<0.01, by paired t-testje amplitude of the N2-P2 complex evoked by
cold stimuli was lower than that evoked by lasenstation (p<0.01, by paired t-test). Conversely,
the N1 amplitude did not differ between the twoeymwf stimulation (Table 1) (supplementary

figure 1, available at http:/links.lww.com/PAIN/&3).

Dipolar source analysis

The dipole models calculated from the grand-aveiges after supraorbital and perioral
stimulation were virtually identical. The scalp tgpaphy between 100 ms and 160 ms was
analysed and explained by a bilateral opercularceo{Figure 3). The modelled interval was then
prolonged up to 400 ms and 3 other sources had smbed. After fitting, one source reached a
midline position, possibly corresponding to thegtilate cortex, while the remaining 2 dipoles
showed a very superficial, almost symmetrical, f@siin the dorso-lateral frontal cortex. The
residual variance for the CEPs models after suprbiand perioral stimulation were 7.6% and

8.7%, respectively. The next step was to applytled average models to individual traces. In
8



order to do so, dipole coordinates (X, y and z) amehtations were let free to change. The residual
variance of the individual models was lower thafolid 5 and 3 subjects for CEPs from

supraorbital and perioral stimulation, respectidlgble 2).

Patients

In patient 1, clinical and quantitative sensoryitesshowed a severe deficit in tactile and cold
sensation (cold detection threshold: 21.9°C), wth&epinprick sensation was only mildly affected
and the warm sensation spared (warm detectionhibicis34.6 °C) (supplementary figure 2,
available at http://links.lww.com/PAIN/A783). Acatingly, laser evoked potentials related to
nociceptive A-fibres had a reduced amplitude and delayed latandylaser evoked potentials
related to C-fibres were spared. Cold stimulataitetl to evoke scalp potentials. In this patier sk
biopsy showed normal epidermal unmyelinated nabre find reduced dermal myelinated nerve

fibre density (Figure 4).

In patient 2, clinical and quantitative sensoryitgsshowed severe cold allodynia (cold pain
threshold: 25.3°C; cold detection threshold: 26)9Tbnversely, warm sensation was only mildly
abnormal (warm detection threshold: 36.8°C) (suppletary figure 2, available at
http://links.lww.com/PAIN/A783). Laser stimulatiasf the affected side evoked dampened, though
still preserved, scalp potentials. Conversely, atichulation failed to evoke scalp potentials after

stimulating the affected side (Figure 5).



Discussion

In this clinical and neurophysiological study, wewed that in healthy participants this new tool
evokes reproducible scalp potentials related td-ocobdiating fibres. Dipolar source analysis
showed that the scalp CEP generators includedgercolar cortex, dorso-lateral frontal region and
the anterior cingulate cortex. In the two patiemiih exemplary trigeminal neuropathic pain

conditions, CEP recording provided distinct infotroa on cold-mediating fibre damage.

Psychometric measures and scalp potentials in healthy participants

We used a new cold stimulator, capable of achieverg steep cooling ramps up to -300°C/s. As
shown in a recent study, this new device yieldedsht stimulation surfaces (40-120 mm?2) and
different target temperature [6]. We used 10°Chagarget temperature and the maximum
stimulating area (120 nfy given that the study by De Keyser et al. shothed CEP amplitude is

influenced by the stimulation area (the largerdtumulation area, the larger the CEP amplitude).

In all healthy participants, 10°C stimuli evokedistinct, painless cold sensation. No subject
reported painful sensations after cold stimulataespite the low target temperature, probably due
to the phasic and short duration of the stimuluseXpectedly, the magnitude of the cold sensation
and the amplitude of CEPs did not differ acrossvémeous stimulation sites, including the hand.
Conversely, laser stimulation of the perioral regigielded a higher rating for pinprick sensation
and larger amplitude scalp potentials than suprabdnd hand stimulation, probably due to the
higher density of mechano-heat receptors [27]. Tdak of differences in the cold sensation and
CEP amplitude across the different simulation sitesugh compatible with previous studies
investigating warm sensation [33], is not in linghaprevious studies showing that temperature

sensitivity is not evenly distributed over the sigg of the body [30].
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The conduction velocity of cold-mediating fibres measured (12.7 m/s) is compatible with small
myelinated A-fibre activation. Human and animal studies haveghthat cold-mediating &

fibres have a conduction velocity of 9-15 m/s [b7/3, Laser evoked potentials are similarly
mediated by A-fibres (though related to mechano-heat receptaith)a relatively similar

conduction velocity [31]. However, in our study tG&P latency is about 20-30 ms longer than that
of laser evoked potentials. We cannot rule out tiigtlatency difference reflects a different cahtr
nervous system processing of cold afferent inpug.9fpeculate, however, that the long latency of
CEPs probably depends on the longer duration af stinulus rather than laser stimulation (500
ms for the cold stimulation and 5 ms for laser station) and the different amount of time required

for the temperature change (conduction for the aoldiradiation for the laser stimulation).

The amplitude of the N1 component of CEPs was amtdl that of laser evoked potentials.
Conversely, the amplitude of the N2-P2 vertex caxplas smaller after cold than laser
stimulation. Whereas the lateralized N1 componeed@minantly reflects the sensory
discriminative component of the somatosensory affeinput [12, 26], the N2-P2 complex is not
merely related to the somatosensory afferent inpatso reflects neural activities involved in
stimulus-triggered mechanisms of arousal or ateaticapture [21]. Accordingly, stimulus
saliency strongly influences the magnitude of ti2eM2 complex [16]. In our study, although laser
stimulation invariably evoked a painful pinpricknsation, cold stimulation evoked a painless cold
sensation in all healthy participants. Hence, thveel amplitude of CEPs than that of laser evoked

potentials probably depends on the low salienayomi-painful cold stimulation.

We found that in our healthy participants trigenhiG&Ps have shorter latency and larger amplitude
than those reported in a recent study [14]. Thiedihce is probably due to technical reasons.
Hullemann and colleagues investigated trigemindP€By cooling the skin from 30 to 25°C in
approximately 0.5 s, i.e. using a cooling rateldf’C/s. Conversely, we used a 10° target

temperature with a cooling rate of 300°C/s. Theme cooling rate and the higher stimulus
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intensity we used in our study compared to thosel us the Hiullemann et al. study probably

explain the differences in CEP measures.

Dipolar source analysis

Dipolar modelling showed that the CEP wave genesatwluded three brain regions, namely the

opercular cortex, the dorso-lateral frontal regamal the anterior cingulate.

The role of the opercular cortex as a CEP generatarpported by several studies. EEG studies in
healthy humans and patients have shown that nortppaold stimulation evokes responses in the
perisylvian regions [10, 13]. A recent MRI studyhimmans showed that the parietal-opercular (SlI)
cortex is primarily implicated in thermosensory ggesing [23]. Therefore, the early activation of
the bilateral opercular source in our subjects satgthat the Sll area and/or the insula may be
important in cold discrimination, with a role sienilto the one played by the opercular cortex in

pain perception [11].

Although the functional meaning of the bilaterarftal dipole is difficult to explain, previous
studies partly support the involvement of frontaas in cold perception. The results of EEG power
analysis during painful cold stimulation in healtihymans support the involvement of the frontal
lobe in cold perception [22, 29]. Primary motortearinhibition, obtained using cathodal
transcranial direct current stimulation, increabesnon-painful cold perception threshold

[1]. Interestingly, a recent fMRI study showed thdateral frontal areas are activated during cold
allodynia, but not during warm stimulation [9]. Adtadly, BESA spatial resolution does not
identify frontal dipole topography with extreme acacy. Therefore, we cannot rule out that these

frontal dipoles correspond to perirolandic regictiveation.
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The fact that the anterior cingulate cortex is ohthe scalp CEP generators is not surprising. This
brain region processes stimuli of different modaditand is involved in many different cognitive

tasks [20,39].

Findingsin patients

Patient 1 suffered from idiopathic trigeminal nquathy manifesting with pain and consisting in
dissociated nerve-fibre damage predominantly affgdtigeminal large myelinated fibres and
sparing the unmyelinated fibres. Previous obsemaatshowed that in patients with idiopathic
trigeminal neuropathy the larger the diameter efrttyelinated fibre, the more severe the axonal
loss [4]. Accordingly, we found that cold stimutatifailed to evoke reproducibledibre

mediated CEPs. Conversely, th&-fbre mediated laser evoked potentials, althougbw
amplitude and delayed latency, were still preser¥é&e dissociation between cold and mechano-
heat fibres we found is in line with human expemtaé studies using the mechanical block of
peripheral nerves. These studies showed that,glarechanical block the sensations of cold and
touch disappear almost simultaneously, while tm@gck sensation evoked by laser stimuli
disappears over a longer period of time [24]. Theegeerimental observations indicate that the
myelinated A-fibres mediating cold sensation are larger th@ntlyelinated A-fibres mediating
mechano-heat sensations [25]. In this patient,omed that C-fibre mediated laser evoked
potentials were spared. Accordingly, skin biopstaddnowing the sparing of unmyelinated
epidermal nerve fibres and the loss of myelinatundl nerve fibres were in line with
neurophysiological findings. C-fibre sparing inglpiatient with painful neuropathy argues against
classic notions about ongoing pain, postulating tiia type of pain is associated with C-fibre
damage [4]. A possible explanation for these catitrg results on the relationship between

myelinated nerve fibre damage, unmyelinated filpagisag and the development of neuropathic
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pain may lie in the imbalanced input from myelimbéad unmyelinated nerve fibres onto the

second-order neuron [4].

Patient 2 suffered from central post-stroke pahre Tlinical examination and quantitative sensory
testing showed dissociated sensory loss, mostbgifig cold sensation. Accordingly, we found
absent CEPs and patrtially spared laser evoked fadgemhese findings are in line with many
studies reporting that neuropathic pain due tcatha lesion is commonly associated with
predominant cold system damage [18, 19]. Previtudiess have suggested that the imbalance
between cold-afferent pathways and thermal-paihvpays [3] is probably responsible for central

post-stroke pain due to thalamic lesions.

Conclusions

Our clinical and neurophysiological study has sholat in healthy participants this new cold
stimulator evokes reproducible scalp potentialsiarnghtients with exemplary trigeminal
neuropathic pain conditions provides distinct infation on cold-mediating fibre damage.
Therefore, we believe that CEPs might be a relisdiéfor investigating neuropathic pain and

dissociated small-fibre damage for clinical andexxpental purposes.

Disclosures: Dr Dufour has a pending patent for the cold stitarlarhe other Authors have no

conflict of interest to declare.
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Legendsto Figures

Figure 1. Evoked potential recording. Vertex complex (N2-P2 recorded at Cz-Al) and lditezd
component (N1, recorded at Tc-Fz) of cold evokewmitals (blue traces) and laser evoked
potentials (red traces) after supraorbital, petianal hand stimulation. Each trace represents the

grand-average for each stimulus condition. Dotiteekl indicate the stimulus onset.

Figure 2. Peripheral conduction velocity of the cold-mediating fibres. The dashed lines

represent the regressions of individual latencaids/e subjects. The thin line corresponds to the
mean regression. Dots represent mean and stanelaedidn of the N2 components after
stimulation of the three sites. Y-axis: N2 latentle reciprocal of the slope of the mean regression

(12.7 m/s) indicates the mean conduction velocity.

Figure 3. Dipolar modelling of cold evoked potentials. Dipole sources projected on a MRI model.
R and L correspond to right and left side, respetti The opercular dipoles (blue and red), the

cingulate source (green), and the dorso-laterat&talipoles (purple and brown) are shown.
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Figure 4. Neurophysiological and skin biopsy findingsin the patient with idiopathic

trigeminal neuropathy. A, B: Vertex complex of & and C-fibre mediated laser evoked potentials
(LEP, red traces) after stimulation of the perigegion; C: Vertex complex of cold evoked
potentials (CEP, blue traces) after stimulatiothefperioral region. Each trace represents the
average of 20 trials. Dotted lines indicate themstus onset. Whereas cold evoked potentials related
to Ad-fibres were absent, laser evoked potentials rlaté\d-fibres were partially preserved and
those related to C-fibre spared. The skin biopspefperioral region showed a predominantly
involvement of myelinated fibres along with the sp@ of unmyelinated fibres. Confocal images of
facial innervation in the patient with trigeminauropathy (D, E) compared to a healthy control (F,
G) showing a normal distribution of epidermal nefibees (D compared to F). contrasting with the
severe loss of myelinated fibres (E compared tdSGale bar 100 micron in D and F, 200 micron in

E and G.

Figure 5. Neurophysiological and MRI findingsin the patient with central post-stroke pain.

Vertex complex (N2-P2 recorded at Cz-Al) of coldkad potentials (CEP, blue traces) and laser
evoked potentials (LEP, red traces) after stimotatf the healthy and the affected side. Each trace
represents the average of 20-30 trials. Dotted lindicate the stimulus onset. Whereas the laser
stimulation of the affected side yielded dampemieoigh still present, scalp potentials, cold
stimulation failed to evoke reproducible scalp ptids. MRI images showed a right thalamic

posterior lesion.
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Table 1. Comparison between cold and laser evoked potentials variables

Supraorbital region

Perioral region

Hand dorsum

Cold Laser . Cold Laser . Cold Laser .
stimulation | stimulation P stimulation | stimulation P stimulation | stimulation P
N1 latency (ms) 142.4+8.3 114.1+13. <0.0 139.1918 107.4+15.2 <0.01 180.9+36.3 164+8.9 <0.01
N1 amplitude (1V) 5.0+2.3 5.3+4.0 0.8 6.3+3.5 9.(+6 0.2 6.3+3.9 6.5+3.3 0.3
N2 Latency (ms) 176+17.04 148.1+12. <0.0 173.6426 139.4+14.9 0.002 227.3+33.6 199+10.9 <0.01
P2 latency (ms) 302.1+46.3 247.0£15 <0.0 28D@4 243.5+18.8 <0.01 353.6+40.9 296.2+159 <0.01
N2-P2 amplitude (1V) 16.9+4.6 39.1+13.6 <0.0 18.2+ 51.2+16.8 <0.01 20.1+6.8 30.5+7.5 <0.01

* paired t-test; p after Bonferroni correction




Table 2: Talairach’s coordinates of the dipolar sou

rces

Supraorbital stimulation

Perioral stimulation

Source X y z X y z

Left -57.61£3.9 | -16.4+10.2 31.6+10.2 -54.1+7 -14+45.2 30.£7.5
opercular

Right 57.849.3 | -17.949.6) 19.7+4.2 66.6+4.4 -1645.11 19.3+44
opercular

A_nterior 10.246 2.1+5.8 47.446.1 9.2+4.3 -0.51£7.4 4614.7
cingulate

Left frontal -48.516.7| -15.1+3.8 63.2+1.7 -49.743\3-16.4+4.4 | - 63.7£3.7
Right frontal 41.6£3.5 -0.74£3.3 68+1.7 36.5+1)5 5484 71.4+5.6
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