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Abstract

Objectives: Few studies have addressed central sensitization symptoms and pain processing in childhood migraine. Our

aims were to examine pain sensitivity and responses, including habituation, evoked by CO2 laser stimuli (laser-evoked

potentials (LEPs)) in a cohort of children with migraine compared to non-migraine controls and to determine the

correlation between LEP features and signs of central sensitization.

Methods: Thirty-five patients 8–15 years of age with migraines without aura were evaluated during the inter-critical

phase and were compared to 17 controls. LEPs were analyzed, and their main features were correlated with clinical

symptoms including allodynia and pericranial tenderness.

Results: The laser-evoked pain threshold was lower and the N2P2 vertex complex amplitude was higher in children with

migraines. Furthermore, habituation of vertex waves of LEPs clearly showed a tendency toward progressive amplitude

enhancement in the migraine group. Acute allodynia and inter-critical pericranial tenderness correlated with trigeminal

LEP features, particularly with the abnormal habituation pattern.

Discussion: Abnormalities of pain processing and symptoms of central sensitization appear to be characteristics of

children with migraine. Reduced habituation and progressive amplification of cortical responses to laser stimuli indicate

an overactive nociceptive system at the onset of migraine, and this hyperactivity may subtend allodynia and pericranial

tenderness. Future prospective trials may aid in the early identification of clinical phenotypes that display a tendency to

develop into the chronic form of migraine, warranting a timely therapeutic approach.
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Introduction

Migraine is a disabling disorder of neurovascular
origin. Abnormal neuronal excitability, largely based
on genetic factors, is a predisposing factor for the
onset of migraine attacks (1). Although juvenile
migraine may represent a model to test the early
phase of the disease, few studies have addressed noci-
ceptive system function in childhood in general or
specifically in children with migraine. Reduced habitu-
ation to multimodal repetitive non-nociceptive stimuli
was observed in childhood migraine (2,3). This pattern
of reduced habituation to nociceptive stimuli may favor
the increase in pain and the phenomenon of central
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sensitization. Allodynia, a frequent and incapacitating
symptom of migraine attack (4), has never been evalu-
ated in children, although the enhanced expression of
symptoms of central sensitization may indicate a pos-
sible unfavorable outcome (5,6). The few studies
reported on pericranial tenderness in children with
migraine confirmed a low pressure pain threshold at
pericranial sites (7), which is also a sign of persistent
trigeminal and cervical nociceptive neuronal activation,
supporting evolution into the chronic form (8). The
early detection of symptoms of central sensitization at
the onset of migraine, as well as the study of nociceptive
pathway function at juvenile age, may improve the
understanding of the mechanisms of migraine and the
prevention of its evolution into the chronic form.
Previous studies performed on the trigeminal reflexes
showed abnormal function of the trigeminal system
immediately at the onset of migraine attacks and even
in pre-symptomatic migraines (9,10). Reduced habitu-
ation of the nociceptive trigeminal reflex response was
found to be an endophenotypic marker of migraine that
is also detectable in asymptomatic first-degree relatives
of patients with migraine (10). Blink reflex abnormal-
ities as an early appearance of the ultra-late R3 com-
ponent suggested a dysfunction of the inhibitory
control system in the trigeminal networks of juvenile
patients with migraine (9). In a P300 odd ball paradigm
where normal and migraine children had to respond to
rare targets (tones) and ignore frequent painful or non-
painful mechanical standard stimuli, migraine patients
exhibited larger P300 amplitudes at significantly shorter
latencies in response to both low- and high-intensity
mechanical stimuli, suggesting an attentional bias
toward real or potential pain (11). Important data
about pain processing in adult patients with migraine
were obtained from the application of evoked responses
to the selective stimulation of nociceptive afferents.

Laser-evoked potentials (LEPs) are a useful tool to
examine the function of nociceptive pathways due to
their high selectivity for a-delta and C fibers (12).
In adult migraine, responses obtained stimulating a-
delta fibers were found to increase in amplitude
during the attack, with a tendency toward reduced
habituation during both the acute and inter-critical
phases (13–16). The few studies about LEPs in infancy
suggested increased amplitudes of N2P2 vertex complex
in normal children compared to healthy adults; this
result was interpreted as a sign of incomplete matur-
ation of thermoalgesic system sensory processing (17).
The first aim of our study was to examine pain sensi-
tivity and responses including habituation at somatic
and trigeminal sites evoked by CO2 laser stimuli in a
cohort of children with migraine compared to age- and
sex-matched non-migraine controls. The second aim
was to determine the correlation between LEP features

and the clinical profile of migraine, including signs of
central sensitization such as allodynia and pericranial
tenderness.

Methods

Cases

Thirty-five 8- to 15-year-old migraineurs (Table 1) were
selected among 1200 consecutive headache outpatients
examined at the Neurophysiopathology of Pain Unit of
Bari University between January 2013 and June 2014.
This is a tertiary center for headache and chronic pain
that is open both to adults and children on distinct
days. We selected children aged between 8 and
15 years and diagnosed with migraine without auras
in accordance with the International Classification of
Headache Disorders (ICHD) criteria, including notes
(18). Individuals with a history and/or evidence of
other neurological, psychiatric or general disease or
receiving central nervous system-acting drugs or any
migraine-preventive therapy in the last three months
or analgesics in the preceding 48 hours were not
included. Three patients reported one episode of a
migraine with aura, which prevented a definitive diag-
nosis of migraine with plus migraine without aura, in
accordance with the International Headache Society
(IHS) classification (18). Seventeen age- and sex-
matched non-migraine children (Table 1) were selected
as controls among 600 outpatients visiting our Clinical
Neurophysiology Laboratory who underwent standard
instrumental examination as requested by orthopedists,
neurologists, pediatricians or general practitioners.
The non-migraine controls underwent a neurological
interview and examination to assess the presence of
exclusion criteria, including a history and/or evidence
of any neurological, psychiatric or general medical dis-
ease, report of any type of headache episode, and intake
of central nervous system-acting drugs in the last three
months or analgesics in the last 48 hours. Those with
first-degree relatives with migraine were also excluded
from the control group. Informed written consent was
obtained from at least one parent, and the young
patients were directly informed about the aims of the
study and the technical procedure, which were
approved by the ethics committee of Bari University.

Procedure

Clinical assessment. All migraine patients and their
parents were carefully interviewed by neurological
and psychological staff at their first visit to our
center. A second appointment was then scheduled for
the neurophysiological assessment at least one month
after the first visit, during which the mothers were

464 Cephalalgia 36(5)



requested to complete the allodynia questionnaire for
each migraine attack (19). The allodynia questionnaire
is not presently adapted for children, so we suggested
the parents sign ‘‘not applicable’’ on questions specific
to adults. Then, the average score for different attacks
was considered. The frequency of headache was com-
puted at the moment of the neurophysiologic procedure
as the average number of days with headache in the last
three months. At the same time, in all young patients,
the Migraine Disability Assessment (MIDAS) score on
the childhood version of the test was applied (20), and
pericranial tenderness was evaluated (21,22).
Recordings were performed during the interictal
phase, at least 72 hours after the most recent attack
and 48 hours before the next one, as ascertained by a
telephonic interview.

LEP stimulation procedure. The pain stimulus consisted of
laser pulses (wavelength 10.6 lm) that were generated by
a CO2 laser (Neurolas Electronic Engineering,
Florence, Italy). The stimulation site was visualized
using an He–Ne laser beam. After each stimulation,
the laser beam was slightly shifted to a nearby site to
avoid nociceptor sensitization and skin damage.

The diameter of the laser beam was 2.5mm, and the
duration of the stimulus pulse was 30ms. To define the
pain threshold, single stimulus pulses were presented in
a random order at four to five different intensities at
1.5W intervals. The participants were requested to
report the quality of the sensation and the pain thresh-
old, which was expressed as the laser intensity
(expressed in Watts) that produced a pinprick sensation
followed by a burning sensation. Thirty consecutive
laser stimuli were then delivered to any stimulation
site at an intensity level set one step (1.5W) above the
pain threshold at an inter-stimulus interval of 10
seconds. We evaluated LEP habituation within single
trials (13) in accordance with previous studies to min-
imize exam duration and distress. The dorsum of the

right hand and the right supraorbital zone were stimu-
lated in all patients and controls. The order of site
stimulation was randomized across participants. The
patients were requested to rate the laser pain intensity
at the end of the stimulation series according to a 0–100
visual analog scale (VAS) in which 100 represented
maximal pain, shown in an intense red color.

Recording procedure. Each individual was seated in a
comfortable position in a quiet room with an ambient
temperature of 21–23�C in an awake and relaxed state
with eyes open. All participants and observers wore
protective goggles during data acquisition. The children
were always recorded in the presence of the mother.

In addition to the 19 standard positions of the inter-
national 10–20 system, 37 electrodes were placed on the
x, y, and z coordinates instructed by Advanced Source
Analysis (ASA) software (ASA version 4.7; ANT
Software, Enschede, The Netherlands; http://www.
antneuro.com). The reference electrode was placed on
the nose, the ground electrode was in Fpz, and one
electrode was placed above the right eyebrow for
electro-oculographic (EOG) recording. Impedance
was maintained at 10 k� or less. The electroencephalo-
gram (EEG) and EOG signals were amplified using a
bandpass filter of 0.5–80Hz, digitized at 250Hz, and
stored on a biopotential analyzer (Micromed System
Plus; Micromed, Mogliano, Veneto, Italy; www.
micromed-it.com).

In the present study, we examined waves obtained
from the Cz position of the 10–20 International System
(impedance below 5000 V), referred to the nasion, and
those obtained from T3 derivation, referred to the Fz
position, with the ground electrode at Fpz (12).

LEP analysis. An investigator who was blinded to the
clinical condition analyzed the LEP recordings of one
second, including 100ms of pre-stimulus time, at a sam-
pling rate of 256Hz. All LEP recordings containing

Table 1. Demographic and clinical features in migraine children and controls. No significant difference was detectable between

patients and controls in regard to age and sex. The two sides Student’s t test for equal variance and the Chi square were employed.

Age Sex

Frequency of

headache (days

with headache/

month) MIDAS Allodynia TTS

Migraine

onset

(months)

Time from

the last attack

(hours)

Migraine

children

11.58� 2.32

(8–15)

21 F, 14 M 8.12� 5.27

(1–14)

23.78� 27.22

(10–90)

2.5� 1.55

(1–6)

7.6� 6.23

(1–18)

14.4� 5.2

(4–22)

100.1� 20.1

(73–180)

Controls 11.32� 2.54

(8–15)

10 F, 7 M

T test 0.98 n.s. Chi square

1.21 n.s.

TTS: Total Tenderness Score; F: female; M: male; MIDAS: Migraine Disability Assessment.
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transient signals that exceeded 65mV in any recording
channel were excluded from the average by an auto-
matic artifact rejection algorithm. Other artifacts were
visually inspected. For each stimulation site, we evalu-
ated the averages of at least 21 valid (artifact-free)
responses. The LEPs were identified on the basis of
their latency and distribution; three responses (N1,
N2 and P2) were labeled according to the procedure
of Valeriani et al. (23). The N1 component was ana-
lyzed at T3 Fz, and the N2 and P2 components were
analyzed at the vertex (Cz-nasion) (12,23). The absolute
latencies of the scalp potentials were measured at the
highest peak of each response component. The ampli-
tude of each wave was measured from the baseline,
which was measured automatically by calculating the
average signal on the entire sweep and subtracting this
average signal from the trace (ASA v.4.6 by ANT soft-
ware; Advanced Neuro Technology, Enschede, The
Netherlands). The peak-to-peak amplitude was taken
into consideration for the vertex biphasic LEP compo-
nent (N2–P2). To assess N2P2 habituation, we decided
to consider only the initial and final block of single
responses, considering that in adult migraine the
trend of LEPs amplitude changes is quite irregular in
the course of the stimulation, while reduced habituation
is expressed by the lack of significant amplitude modi-
fication between the first and the last responses (14). We
simplified the habituation pattern computing the per-
centage difference between the LEP amplitudes
obtained in the first and third blocks of the averaged
responses relative to the first block (first response-third
response� 100/first response). This value was defined
as the habituation index (HI).

Statistical analysis

The two-tailed Student’s t test assuming unequal vari-
ances was performed to compare the LEP features
between the patient and control groups. The p values
used for statistical significance in this analysis was a
two-sided alpha of 0.05, without adjustment for multi-
plicity. The Pearson test was used to evaluate the cor-
relations between the main clinical data and the LEP
features in the migraine group.

Results

Clinical features

The clinical features of the children with migraine are
reported in Table 1. For all included participants, the
allodynia questionnaire was efficaciously completed for
at least two attacks. All children with migraine reported
at least one allodynia symptom during their migraine
attacks, whereas pericranial tenderness varied from
total absence (in four cases) to clear presence (score
of 18 in one case). The frequency of headache was
also quite variable, ranging from 1.5 to 15 days with
headache/month (Table 1).

Laser pain threshold and evoked responses

The laser pain threshold was significantly reduced in
the children with migraine compared to the controls
at the hand level, but this difference was not significant
at the trigeminal site (Table 2). A general reduction in
the LEP wave latencies was also present in the children

Table 2. Laser-evoked potentials features in migraine patients and controls (mean and standard deviations): Results of Student’s t test

for independent data are reported.

PT (Watt) VAS N1 (msec) N1 (uV) N2 (msec) P2 (msec) N2P2 (uV) N2P2 (Hab)

Right hand

Controls 11.2 44.4 221.12 8.91 239.73 358.73 35.43 –30.36

N� 17 1.7 23 57.8 6.93 16.9 37.1 25.06 20.05

Migraine 9.6 48.39 201.23 9.9 217.47 339.29 53.64 7.1

N� 35 1.34 22.15 48.8 6.54 26.59 32.51 23.44 10.2

T test 3.11 1.04 0.67 1,67 3.12 1.66 2.34 2.93

p 0.0034 0.3 n.s. 0.5 n.s. 0.1 n.s. 0.003 0.1 n.s. 0.024 0.005

Right supraorbital

Controls 10.2 55.11 168 22.11 186.5 319.63 52.75 –18.58

N� 17 1.39 17.8 4.1 14.12 19.69 19.69 26.82 12.4

Migraine 9.4 50.56 164.1 24.11 180.21 293.25 58.96 27.78

N� 35 1.28 26.82 14.2 12.12 23.83 33.41 25.39 10.2

T test 1.73 0.48 0.54 0.28 0.68 1.87 0.6 2.93

p 0.09 n.s 0.63 n.s. 0.59 n.s. 0.82 n.s. 0.5 n.s. 0.067 n.s. 0.55 n.s. 0.005

PT: pain threshold; VAS: visual analog scale; Hab: habituation index (first response-third response� 100 /first response).
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with migraine, and this result was significant for the N2
wave elicited at the hand level (Table 2, Figure 1). The
N2P2 complex amplitude was also generally increased
in migraine patients compared to controls, and this
result reached statistical significance for the waves
obtained via hand stimulation (Table 2, Figure 1).
Regarding habituation, in controls, the N2P2 complex
amplitude was reduced on average by 30% at the hand
level and by 18% at the face level in the third block
compared to the first block; alternatively, in migraine

patients, an opposite trend toward progressive vertex
complex amplification emerged (Table 2; Figure 2).
However, the habituation pattern was wide-ranging
among children with migraine from slight habituation
to clear evidence of progressive N2P2 amplification
(Figure 3). Considering LEPs induced by hand stimu-
lation, the mean amplitude of the N2P2 complex both
in the first and third blocks was significantly higher in
children with migraine compared to controls (Figure 4).
At the trigeminal level, a slight increase in the

Right hand0.098

n1

n2

T3-Fz

Cz-G2

0.098

p2

n1
Right supraorbital zone

T3-Fz

Cz-G2

p2

n2

-25 mV

250 ms

Figure 1. Grand average of laser-evoked potentials (LEPs) across 17 non-migraine (black track) and 35 children with migraine

without aura (blue track) obtained via stimulation of the right hand and the right supraorbital zone.
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amplitude was observed for the third block of averaged
responses in the children with migraine, but this result
did not reach statistical significance (Figure 4).

Regarding the correlation of various characteristics,
we considered statistical significance only above a
p value of 0.01 to correct for the high number of stat-
istical comparisons. Aside from the expected positive
correlation between the MIDAS score and the

frequency of headache (r 0.572, p< 0.01), migraine
invalidity correlated with pericranial tenderness
(r 0.599, p< 0.01).

The trigeminal HI correlated with the severity of
acute allodynia (r 0.800, p< 0.01). In addition, children
with larger trigeminal vertex LEPs more frequently
experienced migraines (r 0.486, p< 0.01) and exhibited
more severe pericranial tenderness (r 0.584, p< 0.01).

First block

Third block

Right hand

Right supraorbital zone

-25 mV

250 ms

Figure 2. Grand average of the first (black track) and the third (blue track) blocks of laser-evoked potentials (LEPs) obtained from

migraine patients and controls.

100.00

-100.00

50.00

-50.00

0.00

CON MIG
Right hand Right supraorital zone
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Figure 3. Box blots of the habituation index in migraine patients (MIG, n¼ 35) and controls (CON, n¼ 17).
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Discussion

This study employed for the first time laser-evoked
responses to examine the nociceptive system in children
with migraine. Our results indicated that children with
migraine exhibited a lower pain threshold, at least at
the hand level, with the same tendency at the trigeminal
level. The somatic N2P2 vertex complex was signifi-
cantly increased, with a similar trend at the trigeminal
level. In addition, LEP vertex waves showed a progres-
sive amplitude enhancement in most of the migraineurs,
in contrast to the reduction observed in the controls.
Acute allodynia and inter-critical pericranial tender-
ness, which were detected in our children with migraine,
correlated with the trigeminal LEP amplitudes and an
abnormal habituation pattern.

Clinical symptoms of central sensitization in
children with migraine

Few studies related to the symptoms of central sensi-
tization in childhood headache are available. In our
migraine cohort, pericranial tenderness was present in
the most cases, in accordance with previous reports (7).
Considering its correlation with MIDAS scores, it is a
symptom that may correlate with migraine severity,
characterizing children with an over-active trigeminal
nociceptive system, as suggested by its positive correl-
ation with the vertex N2P2 amplitude following supra-
orbital stimulation (see below). To the best of our

knowledge, allodynia was not previously evaluated in
childhood migraine. Its assessment is presently limited
to the use of a questionnaire validated in adult
migraine, although many items may be adapted to chil-
dren (24). Other limitations include the compliance of
the mothers and their influence on the interpretation
of the symptoms of migraine attacks. Considering all
of these aspects, children with migraine appeared to
experience at least one allodynia symptom during
migraine attacks, confirming that acute central sensi-
tization is an intrinsic feature of the disorder, which is
even more evident at developmental age than at adult
age. In fact, in a large cohort of adults with primary
headache, allodynia was reported in approximately
70% of episodic migraine and 90% of chronic migraine
sufferers (4,6,25). Although the present data require
further confirmation in larger samples, the clear correl-
ation between allodynia and amplification, not habitu-
ation, of trigeminal LEPs may suggest that
hyperactivity of the trigeminal nociceptive system may
support the clinical symptoms of central sensitization
(see below).

Laser pain threshold and sensitivity

Although the LEP pain threshold must be cautiously
considered because of age-related variability (26), a
lower pain threshold emerged at the hand level in chil-
dren with migraine, although no significant difference
was observed at the trigeminal level. In a previous study
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Figure 4. Mean values and standard errors of the N2P2 amplitude obtained for the first and third blocks of averaged laser-evoked

responses among the control participants (CON, n¼ 17) and migraine patients (MIG, n¼ 35). The first and third blocks of LEP

responses were compared between the two groups, and the results of the Student’s t test were reported as follows: **p< 0.01.
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performing quantitative sensory testing (QST) on
children with migraine, the mechanical pain threshold
was reduced, whereas the heat threshold was within
normal limits (27). In the same study, the pain thresh-
old changed in relation to sex and the presence of the
mother; specifically, the pain threshold was lower among
females and was higher when the mother attended the
experimental session. The small sample did not enable us
to perform reliable comparisons between sexes, but our
impression is that the reliability of the subjective evalu-
ation of pain intensity by young people is questionable
(26,28–30). Nevertheless, the reduced pain threshold
detected at the hand level in young migraineurs, regard-
less of migraine severity and headache duration, may
confirm early changes in the nociceptive system that
are potentially intrinsic to migraine. The variability in
maturational changes in the nociceptive system, as well
as the variability in subjective judgment, may be higher
at the face level (9), explaining the lack of a significant
difference in the low trigeminal pain threshold between
children with migraine and controls. Moreover, pressure
pain, more so than heat pain, may be related to persist-
ent pericranial tenderness, a sign of central sensitization,
according to recent studies of children suffering from
migraine (7) and tension-type headache (31).

LEP features

The amplitudes and latencies of the N2 and P2 vertex
waves in the controls resembled the few available
results in normal children (17). To the best of our
knowledge, the early N1 component has not previously
been evaluated in normal children. Considering the
adult ranges observed by our laboratory (32), the pre-
sent data suggest that this component also exhibited an
age-related increase in amplitude, especially for trigem-
inal stimulation. Maturational changes in LEPs do not
appear to involve latency modification (17); thus, the
earlier appearance of N2 in response to hand stimula-
tion in children with migraine may be subtended by a
generalized facilitation of the somatosensory nocicep-
tive system, potentially representing an intrinsic feature
of migraine. The non-nociceptive somatosensory
system appeared to be hyperexcitable in childhood
migraine both at the cortical and sub-cortical levels
(33). The possible variability in the trigeminal nocicep-
tive system during normal development may also
account for the lack of a significant difference in the
trigeminal LEP latency between children with migraine
and controls. Moreover, the inclusion of controls with
possible subsequent migraine appearance cannot be
excluded, which is a real limitation in studies of juvenile
age unless prospective observation is performed.
The N2P2 complex amplitude was also increased in
migraine children to a significant extent at the hand

level, further supporting the possible early dysfunction
of nociceptive pathways in this disorder. The LEP
vertex complex represents the activation of cortical
zones devoted to the arousal response to and the sali-
ence detection of pain stimuli (34,35), and its amplitude
was found to be increased in adult migraineurs, espe-
cially during the critical phase, both for trigeminal and
hand stimulation (13,15). Interestingly, in our children
with migraine, the trigeminal N2P2 amplitude, which
was not significantly different compared to that of the
controls, positively correlated with headache frequency
and pericranial tenderness but was independent of
migraine duration. This result may be explained by
the existence of clinical phenotypes resulting from an
overactive trigeminal system and a predisposition to
central sensitization and severe migraine outcome.
The relationship between trigeminal pain-related
responses amplitude and headache frequency is also
in agreement with functional magnetic resonance ima-
ging (fMRI) studies conducted in adult migraineurs,
describing a cycling behavior of the spinal trigeminal
nuclei over the migraine interval, with higher level of
activation in proximity of attacks (36).

The most apparent abnormality observed in children
with migraine was the lack of a progressive reduction in
LEP amplitude. Habituation is a physiological phe-
nomenon that occurs during multimodal sensory pro-
cessing, which contrasts with the tendency toward a
progressive increase in neuronal activation, e.g. sensi-
tization (1,3,37). Reduced habituation of multimodal
sensory and cognitive processing is a characteristic of
childhood migraine that unfortunately predicts an
unfavorable migraine outcome (38). An abnormal pat-
tern of habituation in the trigeminal nociceptive system
is an endophenotypic marker of migraine (10), suggest-
ing that the nociceptive system is prone to sensitization
even before the clinical appearance of migraine.
In adult migraine, we found that vertex cortical
responses to laser-nociceptive stimuli did not habituate
during either the interictal or the ictal phase and that
this abnormal habituation pattern correlated with
migraine attack severity (15,16). In normal children,
we found that although the N2P2 amplitude in
response to hand stimulation progressively reduced
from the first to the last repetition by approximately
30%, at the trigeminal level, the habituation rate was
limited to an average reduction of approximately 18%;
this result may be a sign of sustained cortical activity in
response to noxious face stimuli, which is also observed
in healthy adults (16). Children with migraine exhibited
an opposite tendency toward a progressive increase,
rather than a decrease, in the N2P2 amplitude both at
the somatic and trigeminal sites, confirming that
reduced habituation is an endogenous trait of migraine
(10), and this characteristic may be more evident at the
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developmental age. In fact, children with migraine
showed a phenomenon of progressive amplification,
rather than suppression, of cortical waves, which was
less evident in adults with migraine (14,16). In accord-
ance with previous findings concerning adult migraine
(14–16), we did not detect a reduction in the N2P2
amplitude between the first and third blocks in children
with migraine. This phenomenon, which has frequently
been described for multi-modal non-nociceptive-evoked
responses, has been attributed to a state of low cortical
pre-activation (39). A peculiar mode of functioning in a
persistent state of overactivation may thus characterize
pain-related cortical zones even at the onset of migraine
disorder. Moreover, our migraine group displayed vari-
ability between cases, ranging from slight habituation
both at the somatic and trigeminal levels to clear
vertex wave amplification. Although this variability
was observed also in adult migraine (16), in children
this may be further influenced by misdiagnosis with ten-
sion-type headache (30), in which the LEP habituation
pattern appears to be normal (16). Another limitation of
studies addressing childhoodmigraine may be the clinical
evolution of aura symptoms, which, at the moment of
study inclusion, were not sufficiently frequent to support
an adjunctive diagnosis of migraine with aura. In previ-
ous studies, adults affected by migraine with aura exhib-
ited a reduced tendency toward central sensitization
symptoms (25,22). Thus, the possible existence of differ-
ent pain processing phenotypes represents the topic for
further studies in groups of children, including those
with both types of migraine.

The correlation between trigeminal LEP amplifica-
tion and allodynia confirms that the absence of
compensatory mechanisms limiting the progressive
increase in neuronal activation in response to sensory

and particularly nociceptive stimuli may produce symp-
toms of central sensitization during migraine attacks.
This result may support our impression that central
sensitization symptoms are intrinsic to migraine, as
they are evident at migraine onset, and correlate with
nociceptive trigeminal system dysfunction.

Basing on present findings, specific mechanisms
underlying central sensitization phenomena may be
supposed in childhood migraine. Enhanced N2P2
amplitude by hand stimulation may be explained by
sensitization at the thalamic level, which is involved in
the phenomenon of extracephalic allodynia (40). The
LEPs reduced habituation and even facilitation in the
course of repetitive noxious stimulation, may be
favored by a dysfunction of cortical zones regulating
the endogenous pain control, as suggested by fMRI
studies performed during long-term pain habituation
trials (19).

Conclusions

Abnormalities of pain processing appear to be charac-
teristic of children with migraine. Reduced habituation
and progressive amplification of cortical responses to
laser stimuli indicate an overactive nociceptive system
immediately at the onset of migraine; these character-
istics may subtend symptoms of central sensitization
such as allodynia and pericranial tenderness.
Variability in symptoms of central sensitization and in
LEP abnormalities within the migraine group suggests
the presence of clinical phenotypes with an early pre-
disposition to develop the chronic form of migraine.
Challenges for future studies include the early identifi-
cation of such cases in prospective trials to customize a
timely therapeutic approach.

Clinical implications

. The early detection of symptoms of central sensitization at the onset of migraine, as well as the study of
nociceptive pathway function at juvenile age, may improve the understanding of the mechanisms of migraine
and the prevention of the evolution into the chronic form.

. Reduced habituation and progressive amplification of cortical responses to laser-evoked stimuli indicate an
overactive nociceptive system at the onset of migraine, and these characteristics may subtend allodynia and
pericranial tenderness.
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