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Medication overuse could interfere with the activity of critical brain regions
involved in the supraspinal control of pain signals at the trigeminal and spinal
level, leading to a sensitisation phenomenon responsible for chronic pain. We
hypothesised that medication-overuse headache (MOH) patients might display
abnormal processing of pain stimuli at the spinal level and defective functioning
of the diffuse noxious inhibitory controls. We tested 31 MOH patients before
(bWT) and after (aWT) standard inpatient withdrawal treatment, 28 episodic
migraine (EM) patients and 23 healthy control subjects. We measured the
threshold, the area and the temporal summation threshold (TST) of the nocice-
ptive withdrawal reflex before, during and after activation of the diffuse noxious
inhibitory controls by means of the cold pressor test. A significantly lower TST
was found in both the MOH (bWT and aWT) and the EM patients compared
with the controls, and in the MOH patients bWT compared with both the MOH
patients aWT and the EM patients. In the MOH bWT patients the cold pressor
test induced a TST increase significantly lower than that found in the MOH aWT,
EM and control groups. Abnormal spinal cord pain processing and a decrease of
the antinociceptive activity of the supraspinal structures in MOH patients can be
hypothesised. These abnormalities could, in part, be related to the medication
overuse, given that the withdrawal treatment was related to an improvement in
the neurophysiological findings. �Spinal sensitisation, medication-overuse headache,
descending control of pain, nociceptive withdrawal reflex, temporal summation
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Introduction

The 2nd Edition of the International Headache Soci-
ety’s International Classification of Headache Dis-
orders (ICHD-II, IHS 2004) (1) introduced the term
medication-overuse headache (MOH: code 8.2) to
indicate a condition in which an excessive intake of
symptomatic drugs has played a role in the trans-

formation of an episodic headache into a chronic
form. Characteristically this condition shows a low
response to prophylactic treatments and a marked
improvement after drug withdrawal (1). Despite the
wide prevalence of MOH, its pathophysiology is
still unclear.

In humans, electrophysiological studies, based
on psychophysical methods and cortical evoked
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potentials, showed abnormal responses to electrical
(2, 3) and laser (4) nociceptive stimulation at cepha-
lic as well as at extracephalic sites in patients with
chronic forms of primary headaches, including
MOH. In addition, neuroimaging studies demon-
strated, in chronic headaches, morphological
abnormalities in brain areas contributing to pain
processing (5, 6) and, more recently, in MOH
patients, functional metabolic abnormalities in cor-
tical areas of the pain network such as the anterior
cingulated and orbitofrontal cortex (7). These data
suggest the existence of generalised abnormal pro-
cessing of painful stimuli in patients with chronic
forms of primary headache, including MOH. More-
over, in MOH patients the generalised facilitation of
the pain responses, as well as the metabolic changes
in cortical pain processing areas, normalised after
withdrawal treatment (3, 7), support a role for
medication overuse in headache chronification.

It can be hypothesised that the generalised
(cephalic and extracephalic) facilitation of the
pain responses observed in MOH patients might be
attributed to a dysfunction of antinociceptive sup-
raspinal structures (3) (i.e. periaqueductal grey, sub-
nucleus reticularis dorsalis, and rostral ventromedial
medulla), which are involved in the descending pain
modulatory network and diffusely project through-
out the central nervous system to regulate nocicep-
tive processing (8–10) and are known to play a role
in the pathophysiology of primary headaches (5,
11–14). Because, in both humans and animals, these
antinociceptive supraspinal structures exert a strong
inhibitory effect on the nociceptive spinal cord
neurons (8–10, 15, 16), it would be interesting to
evaluate whether MOH patients display abnormal
processing of pain stimuli at the spinal level as well
as defective functioning of the supraspinal descend-
ing control of pain.

To the best of our knowledge, in MOH patients
neither abnormal pain processing at the spinal
level nor defective functioning of the supraspinal
descending control systems of pain has been dem-
onstrated.

A useful tool to evaluate spinal pain processing
and the influence of the supraspinal antinociceptive
descending pathways on the spinal cord is the
study of the wind-up phenomenon. This is a form
of activity-dependent plasticity of trigeminal and
spinal wide dynamic range neurons, consisting of a
progressive, frequency-dependent facilitation of the
neuronal response following the repeated stimula-
tion of primary afferent nociceptive C-fibres, which
results in prolonged increases in the neuronal excit-
ability (17, 18). Despite the controversial role of

wind-up in the induction and maintenance of
central sensitisation (18–21), it may be regarded as
a neural mechanism physiologically devoted to
encoding and detecting nociceptive inputs at the
spinal as well as at the trigeminal level (22) and, in
this sense, its enhancement could reflect the pres-
ence of abnormal pain processing at trigeminal as
well as at spinal levels.

Temporal summation of painful stimuli in
humans has been considered a clinical manifes-
tation of the ‘wind-up’ phenomenon observed in
animals (20, 22, 23) and it has been widely used to
detect abnormalities in pain processing in chronic
pain conditions, including fibromyalgia and head-
aches (24–26). The temporal summation of pain
develops in parallel with the temporal summation
of the nociceptive withdrawal reflex (NWR), which
has been demonstrated to be a very sensitive tool
for exploring physiological and pathophysiological
mechanisms in spinal cord pain processing (15, 16,
21, 27, 28).

Interestingly, it has been demonstrated that the
wind-up activity can be modulated by supraspinal
structures such as the periaqueductal grey, sub-
nucleus reticularis dorsalis, and rostral ventrome-
dial medulla (8–10). In humans, the modulatory
influences of the descending supraspinal control
pathways on pain mechanisms can be usefully
studied, evaluating the effect of heterotopic nocice-
ptive stimuli, which activate the diffuse noxious
inhibitory controls (DNICs), on the NWR, the tem-
poral summation threshold (TST) of the NWR, and
the related pain sensation (15, 16, 29).

Here we sought to determine whether MOH
patients display abnormal processing of pain
stimuli at the spinal level and whether this condi-
tion (MOH) is mediated, at least in part, by defec-
tive function of pain modulatory pathways. We
measured the TST of the lower limb NWR and
DNIC activity in a sample of MOH patients before
and after drug withdrawal treatment. Moreover, we
compared the MOH patients’responses with those
of an additional group of subjects affected by an
episodic form of migraine without aura.

Methods

The study had local ethics committee approval and
all the participants gave their written consent.

Study population

Thirty-one patients suffering from chronic daily
headache or almost daily headache, with a history
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of migraine without aura (coded as 1.1 in the
ICHD-II) (1) and symptomatic medication overuse
(coded as 8.2) (1), were enrolled as the MOH group;
28 patients with an episodic form of migraine
without aura were enrolled as the episodic
migraine (EM) group and 23 age-matched healthy
individuals, without neurological disorders or a
clinical (including family) history of neurological
disorders, were the control group.

All the patients enrolled in the study filled in
headache diaries (these were mailed to those on the
waiting list for a consultation) every day for at least
3 months before undergoing their first neurophysi-
ological examination and for 2 months after with-
drawal treatment.

Exclusion criteria included: other primary or
secondary headaches; chronic headache that did
not improve (i.e. revert to the episodic pattern) 2
months after withdrawal treatment (MOH group);
any serious systemic or neurological diseases or
psychiatric disorders, including depression (Beck’s
depression inventory score > 17); fibromyalgia,
complex regional pain syndrome or neuropathic
pain (30–32); use of prophylactic medication for
headaches; analgesic and/or antimigraine medica-
tion abuse (EM and controls); and use of opiates,
antidepressants, benzodiazepines or hormones.

Nociceptive withdrawal reflex measurements

Nociceptive withdrawal reflex
The NWR from the right lower limb was investi-
gated according to a validated method (15, 16, 27).
In particular, female patients and controls were
matched for cycle phases (follicular phase) in order
to minimise the pain modulation across the men-
strual cycle (16), and all the subjects were tested
between 09.00 and 11.00 to minimise the effect of
diurnal variation (16). Before formal measurements
were started, the subjects underwent training to
familiarise them with the pain threshold assessment
procedure.

The subjects were seated comfortably in a quiet
room at constant temperature (23 � 2°C). Their
lower limbs were positioned to ensure complete
muscle relaxation (knee flexed at 130° and ankle at
90°).

The sural nerve was stimulated percutaneously
via a pair of standard surface electrodes (Ag/AgCl)
applied to degreased skin behind the right lateral
malleolus. The transcutaneous electrical stimulus
consisted of a constant current pulse train of five
individual 1-ms pulses delivered at 200 Hz (equal
to an inter-stimulus interval of 4 ms), randomly

applied every 25–40 s. Electromyographic reflex
responses were recorded from the capitis brevis of
the biceps femoris via surface electrodes (Ag/
AgCl). The filter bandpass setting was between
3 Hz and 3 kHz. The analysis time was 300 ms, with
the sensitivity set at 100 mV. Each response
was full-wave rectified and integrated in the
80–130 ms post-stimulus interval (16) (Medelec,
Synergy, UK).

The staircase method was used to evaluate the
NWR threshold (Th), defined as the stimulation
intensity generating stable reflex responses with
an amplitude exceeding 20 mV for more than
10 ms in the time interval 80–130 ms over five
stimuli.

The stimulation intensity was fixed at 1.2xTh; five
reflex responses were recorded and the mean NWR
area under the curve (Area) was computed using a
computerised method.

The subjects rated the psychophysical pain sen-
sation for each stimulus on an 11-point numerical
rating scale (NRS), graded from 0 = no pain to
10 = unbearable pain.

The first recording of each session was discarded
in an attempt to reduce the influence of the startle
reaction.

Temporal summation of the NWR
The sural nerve was stimulated using a constant
current pulse train of five individual 1-ms pulses
delivered at 200 Hz repeated five times at a fre-
quency of 2 Hz, as previously described (16, 27).
The current intensity was increased (in 1 mA
steps) from 2 mA until detection of temporal sum-
mation. A TST of the NWR was considered when
a clear facilitation of the reflex response size
(greater than 20 uV for 10 ms or more) in the 4th

and 5th trace, compared to the 1st one, was detect-
able during the course of the five individual
pulses train in the time interval 80–130 ms, and
accepted when three consecutive recordings gave
the same threshold.

The subjects rated the psychophysical pain sen-
sation for the first and fifth stimulus on an 11-point
NRS, graded from 0 = no pain to 10 = unbearable
pain.

Heterotopic noxious conditioning stimulation

In order to study the pain modulating system
subserving DNICs, we investigated the effects
of experimental heterotopic noxious conditioning
stimulation, in the form of the cold pressor test
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(CPT), on the NWR. The CPT was chosen because
previous studies in healthy human subjects showed
that it induces a marked inhibition of both the Th
and the TST of the NWR as well as of the related
painful sensation (15, 29). The patients immersed
their whole hand up to the wrist in a circulating
cold water bath (3–4°C) for not less than 4 min and
not more than 5 min and rated the psychophysical
pain sensation on an 11-point NRS (0 = no pain to
10 = unbearable pain). The water was constantly
re-circulated to prevent laminar warming around
the immersed hand. During testing, the neurophysi-
ological measurements were taken, starting from
the second minute after the start of the CPT.

Experimental procedure

All the MOH patients underwent a neurophysi-
ological examination on admission, before the
in-patient withdrawal treatment (bWT), and again
8–10 days after the start of the withdrawal treat-
ment (aWT).

Neurophysiological measurements were recorded
in all participants: (i) at baseline; (ii) during a
non-painful (control) session (immersing the hand
in water at 25°C); (iii) during a painful session
(immersing the hand in water at 2–4°C); and (iv)
at an after-effect session (4–8 min after taking the
hand out of the water). The subjects were randomly
assigned to the control or painful session and then
crossed over to the other session. To avoid sensiti-
sation of the skin receptors, the hand was dried
after removal from the water and, except when
evaluating the after-effects, a rest period of more
than 20 min was allowed after each session.

The operator was blinded to the patient’s diag-
nosis (control, EM or MOH) and withdrawal treat-
ment status (bWT or aWT).

The intensity of the headache was evaluated on a
four-point scale (0 = no headache; 1 = mild head-
ache; 2 = moderate headache; 3 = severe headache).

In the MOH patients, the recordings were per-
formed outside acute migraine attacks (headache
intensity score 1 out of 3), and thus in between
periods of exacerbation of migraine pain. All the
subjects were tested at least 12 h after any drug
intake. Prophylactic antimigraine treatment with
valproic acid was started only after the second
neurophysiological examination.

All the EM patients were examined in a
headache-free interval, at least 3 days after and 3
days before a migraine attack (confirmed by tele-
phone interview).

Statistical analysis

The groups were compared for gender, age, weight
and blood pressure (measured at admission), in
order to minimise physiological or pathological
conditions liable to influence the various param-
eters of the NWR or the TST of the NWR (16).

We performed the Mann-Whitney rank sum test
or Wilcoxon signed rank test for continuous vari-
ables. The discrete variables were evaluated using
the c2 test.

One-way ANOVA was used to compare the mean
values of the neurophysiological data (Th, Area and
TST) and NRS scores in response to single and
repeated stimulation between patients (MOH and
EM) and controls. Separate ANOVAs were conducted
with group (MOH bWT, EM, control or MOH aWT,
EM, control) taken as the factor.

We used the Wilcoxon signed rank test for paired
data to compare the bWT and aWT neurophysi-
ological data (Th, Area and TST) and the NRS
scores among the MOH patients, and to compare
the number of headache days per month 1 month
bWT and 1 and 2 months aWT.

In order to detect a temporal summation of pain,
the Wilcoxon signed rank test for paired data was
used to compare NRS scores for the fifth stimulus
with the first stimulus recorded at the TST, both in
patients and controls. In a further evaluation, sepa-
rate one-way ANOVAs were used to compare the
degree of the temporal summation of pain (differ-
ences between the NRS scores for the fifth stimulus
and the first stimulus at the TST in each group)
between patients and controls (factor: group [MOH
bWT, EM, control or MOH aWT, EM, control]), in
order to determine whether temporal summation of
pain was enhanced in patient groups compared
with the control group.

The TST and Area of the NWR and the NRS
scores, during the control session as well as during
and after the CPT, were presented as percentages of
baseline values.

Baseline values of all measurements were com-
pared with the control session values in both
patients and controls using the Mann-Whitney rank
sum test or the Wilcoxon signed rank test for paired
data, in order to verify that the experimental con-
dition did not modify the baseline parameters.

In order to verify the effect of the CPT (painful
session) on the neurophysiological and psycho-
physical parameters, a series of ANOVAs for
repeated measurements were performed to
compare TST and Area of the NWR as well as
the NRS scores across the CPT sessions (the
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non-painful, painful and after-effect sessions);
within-subject factor was CPT session.

Multivariate analysis of variance (MANOVA) was
performed to compare NWR Area and TST and
NRS scores elicited during the non-painful, painful
and after-effect sessions of the CPT, between
patients and controls. Separate MANOVAs were
conducted, with group (MOH bWT, EM, control
or MOH aWT, EM, control) as the factor and CPT
sessions (control, painful, after-effect) as dependent
variables. For post-hoc analysis of group mean dif-
ferences we used Student’s t-test with Bonferroni’s
correction.

Spearman’s correlation test was used to look for
statistically significant correlations between MOH
patient variables such as age, primary headache
duration, duration of drug overuse, type and
number of overused medications, number of head-
ache days per months 1 month bWT and 1 and 2
months aWT, and neurophysiological values (Th,
Area and TST). The same test was employed in the
EM patients to detect a possible correlation between
neurophysiological data (Th, Area and TST) and
clinical variables, including age, age at onset,
disease duration, and migraine attack frequency per
month.

The results were expressed as mean values � S.D.
P-values < 0.01 were considered statistically signifi-
cant. Cohen’s ‘d’, ‘r’ and ‘h2

p’ were calculated as the
effect size (ES).

All statistics were calculated using the SPSS (13.0)
program for Windows (SPSS, Chicago, IL)

Results

Study population

No significant differences between the patients and
controls were found in the physiological variables
examined (gender, age, weight and blood pressure)
(all P > 0.05).

The demography and clinical characteristics of
the study population are summarised in Table 1.

In the MOH group, 19 (61.2%) patients presented
triptan-overuse (coded as 8.2.2 in the ICHD-II) (1),
11 (35.4%) analgesic-overuse (8.2.3) and one (3.4 %)
combination medication-overuse (8.2.5).

At follow-up 30 and 60 days aWT, we found a
significant reduction (P = 0.001) in the number of
headache days per month (7.0 � 3.4 and 3.4 � 2.0,
respectively) compared with the bWT period.

In the EM group, migraine pain was unilateral or
mainly unilateral in 11 patients, constantly bilateral
in eight, and side-switching in nine. Ta
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No significant correlations emerged between
neurophysiological (Th, Area and TST) and psycho-
physical (NRS scores) parameters and any of the
clinical variables (see Table 1) in the study popula-
tion (all P > 0.05).

Nociceptive withdrawal reflex findings

Nociceptive withdrawal reflex
One-way ANOVA revealed significant between-
groups differences in mean Th (F(2,81) = 26.879,
P = 0.0001 in MOH bWT, EM, controls and
F(2,81) = 6.497, P = 0.002 in MOH aWT, EM, con-
trols) as well as in mean Area (F(2,81) = 9.038,
P = 0.0001 in MOH bWT, EM, controls and F
and F(2,81) = 6.233, P = 0.003 in MOH aWT, EM,
controls).

The mean Th was significantly reduced in the
MOH patients (both bWT and aWT) compared with
the controls (ES, d = 1.58, r = 0.62 and d = 0.78,
r = 0.36, respectively), and in the MOH patients
bWT compared with both the MOH patients aWT
(Wilcoxon Z = -3.543, P = 0.0001) and the EM
patients (ES, d = 1.05, r = 0.46) (Table 2). No differ-
ences in Th values were detected between the EM
patients and either the controls (ES, d = 0.48,
r = 0.23) or the MOH patients aWT (ES, d = 0.30,
r = 0.14) (Table 2).

The mean Area was significantly greater in the
MOH (both bWT and aWT) and EM patients com-
pared with the controls (ES, d = -0.93, r = 0.42;
d = -0.67, r = 0.32; d = -0.67, r = 0.31, respectively)
and in the MOH patients bWT compared with aWT
(Wilcoxon Z = -2.931, P = 0.003) (Table 2). No sig-
nificant differences were found in the MOH
patients (both bWT and aWT) compared with the
EM patients (ES, d = -0.25, r = 0.12 and d = 0.06,
r = 0.03, respectively) (Table 2).

No significant correlations emerged between
neurophysiological parameters (Th, Area) and any
of the clinical variables (see Table 1) (all P > 0.05).

Temporal summation of the nociceptive withdrawal
reflex
One-way ANOVA revealed significant between-
groups differences in mean TST of the NWR
(F(2,81) = 22.199, P = 0.0001 in MOH bWT, EM, con-
trols and F(2,81) = 9.379, P = 0.0001 in MOH aWT,
EM, controls).

The TST mean values were significantly reduced
in both the MOH (bWT and aWT) and the EM
patients compared with the controls (ES, d = 1.47,
r = 0.59; d = 1.01, r = 0.45; d = 0.68, r = 0.32, respec-
tively) (Table 2). A significant TST mean values
difference was found between the MOH patients
bWT vs aWT (Wilcoxon Z = -3.239, P = 0.001)
(Fig. 1), as well as between the MOH patients bWT
and the EM patients (ES, d = 0.75, r = 0.35) (Table 2).

No significant differences were found between
the MOH patients aWT and the EM patients (ES,
d = 0.38, r = 0.18) (Table 2).

No significant correlation was found between the
TST and any of the clinical variables (see Table 1)
(all P > 0.05).

Psychophysical measurements

One-way ANOVA revealed significant differences
between the MOH bWT, EM and control groups
in mean NRS scores corresponding to the 1.2xTh
(F(2,81) = 6.398, P = 0.003) as well as in mean NRS
scores corresponding to the fifth stimulus at the
TST (F(2,81) = 5.708, P = 0.005). No differences
between groups were detected for mean NRS scores
corresponding to the first stimulus at the TST
(F(2,81) = 2.928, P = 0.059).

One-way ANOVA revealed no differences between
the MOH aWT, EM and control groups in mean
NRS scores corresponding to the 1.2xTh (F(2,81) =
4.107, P = 0.020), as well as to the first (F(2,81) =
2.765, P = 0.069) and to the fifth stimuli at the TST
(F(2,81) = 4.052, P = 0.021).

Table 2 Mean values � S.D. of the NWR parameters (Th, Area, TST) following single and repeated stimulation in MOH
patients, EM patients and controls

NRS values MOH bWT MOH aWT EM Controls

Th (mA) 9.6 � 2.8*†‡ 12.1 � 4.2* 13.5 � 2.2 15.8 � 4.2
Area (ms/mV) 1733.3 � 841.2*‡ 1449.0 � 715.1* 1505.0 � 688.0* 892.7 � 601.3
TST (mA) 8.3 � 1.8*†‡ 9.7 � 2.5* 10.7 � 2.5* 13.0 � 3.3

*P < 0.01 vs controls; †P < 0.01 vs EM; ‡P < 0.01 vs MOH aWT.
Th, nociceptive withdrawal reflex threshold; Area, nociceptive withdrawal reflex area at 1.2xTh; TST, nociceptive withdrawal

reflex temporal summation threshold; MOH, medication-overuse headache; bWT, before withdrawal treatment; aWT, after
withdrawal treatment; EM, episodic migraine.
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The mean NRS scores corresponding to the
1.2xTh were significantly higher in the MOH
patients bWT compared with both the MOH
patients aWT (Wilcoxon Z = -4.437, P = 0.0001) and
the controls (ES, d = -0.79, r = 0.36). No significant
differences were detected between MOH bWT and
EM patients (ES, d = -0.27, r = 0.13). No significant
differences were detected between MOH patients
aWT and both EM (ES, d = 0.54, r = 0.26) and con-
trols (ES, d = -0.55, r = 0.26) or between EM patients
and controls (ES, d = -0.04, r = 0.02) (Table 3).

Significantly higher NRS scores for the fifth
stimulus at the TST were found between the MOH

patients bWT and the controls (ES, d = 0.27,
r = 0.13). No significant differences were detected
between MOH bWT and EM patients (ES, d = -0.11,
r = 0.05). No significant differences were detected
between MOH patients aWT and both EM (ES,
d = -0.22, r = 0.11) and controls (ES, d = -0.40,
r = 0.19) or between EM patients and controls (ES,
d = -0.60, r = 0.29) (Table 3).

No differences were found between the MOH
patients bWT and the MOH patients aWT in the
NRS scores for either the first (Wilcoxon Z = -0.346,
P = 0.730) or the fifth (Wilcoxon Z = -1.147,
P = 0.251) stimulus at the TST.

300ms 100μV 7mA1

300ms 100μV 7mA1

300ms 100μV 7mA1

300ms 100μV 7mA1

300ms 100μV 7mA1

300ms 100μV 6mA1

300ms 100μV 6mA1

300ms 100μV 6mA1

300ms 100μV 6mA1

300ms 100μV 6mA1

300ms 100μV 11mA1

300ms 100μV 11mA1

300ms 100μV 11mA1

300ms 100μV 11mA1

300ms 100μV 11mA1

300ms 100μV 10mA1

300ms 100μV 10mA1

300ms 100μV 10mA1

300ms 100μV 10mA1

300ms 100μV 10mA1

Figure 1 Nociceptive withdrawal reflex temporal summation threshold (full arrows) in a representative MOH patient
before (above) and after (below) withdrawal treatment.
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For patients and controls, significant temporal
summation of pain was observed in the NRS scores
at the fifth compared with the first stimulus
(Table 3).

In a further evaluation, we compared the dif-
ferences between the NRS scores at the fifth
stimulus and the NRS scores at the first stimulus
in the patients and the controls. These differences
were greater in the MOH patients than in the EM
patients and controls, and we noted the emer-
gence of a strong trend towards increased tempo-
ral summation of pain in the MOH patients.
However, these values just failed to reach
statistical significance (F(3,81) = 3.684, P = 0.030)
(Table 3).

Effect of DNICs on the nociceptive withdrawal
reflex and the psychophysical measurements

Multivariate analysis revealed significant differ-
ences between the MOH bWT, EM and control
groups in mean TST values during the painful
session (F(2,81) = 8.308, P = 0.001, h2

P = 0.209), while
no differences were found in either the non-painful
(control) (F(2,81) = 0.262, P = 0.770, h2

P = 0.003) or
the after-effect sessions (F(2,81) = 1.266, P = 0.290,
h2

P = 0.041). No differences were found in Area
values across all three CPT sessions, non-painful
(control) (F(2,81) = 0.436, P = 0.649, h2

P = 0.015),
painful (F(2,81) = 4.014, P = 0.023, h2

P = 0.116) and
after-effect (F(2,81) = 4.435, P = 0.016, h2

P = 0.133),
respectively.

Multivariate analysis revealed no differences
between the MOH aWT, EM and control groups in
either the TST or the Area values in the non-painful
(control) (F(2,81) = 0.737, P = 0.483, h2

P = 0.015 and
F(2,81) = 0.217, P = 0.806, h2

P = 0.013, respectively),

painful (F(2,81) = 2.359, P = 0.104, h2
P = 0.067 and

F(2,81) = 3.472, P = 0.038, h2
P = 0.094, respectively)

and after-effect sessions (F(2,81) = 0.342, P = 0.712,
h2

P = 0.013 and F(2,81) = 6.379, P = 0.03, h2
P = 0.173,

respectively).
Multivariate analysis revealed significant differ-

ences between the MOH bWT, EM and control
groups in mean NRS scores corresponding to the
1.2xTh (F(2,81) = 8.441, P = 0.001, h2

P = 0.129) and to
the fifth stimulus at the TST during the painful
session (F(2,81) = 7.901, P = 0.001, h2

P = 0.046), while
no differences were found for these two measure-
ments in either the non-painful (control) (F(2,81)
= 0.129, P = 0.879, h2

P = 0.003 and F(2,81) = 0.234,
P = 0.792, h2

P = 0.024, respectively) or the after-
effect session (F(2,81) = 1.251, P = 0.294, h2

P =
0.015 and F(2,81) = 0.586, P = 0.560, h2

P = 0.004,
respectively).

No significant differences were found in mean
NRS scores corresponding to the first stimulus at
the TST across all the CPT sessions (non-painful,
F(2,81) = 0.470, P = 0.627, h2

P = 0.015; painful,
F(2,81) = 2.032, P = 0.141, h2

P = 0.013; and after-
effect, F(2,81) = 1.567, P = 0.218, h2

P = 0.053).
Multivariate analysis revealed no differences

between the MOH aWT, EM and control groups in
mean NRS scores corresponding to the 1.2xTh and
to the first and fifth stimuli at the TST across all the
CPT sessions (non-painful (control) (F(2,81) = 0.032,
P = 0.969, h2

P = 0.003, F(2,81) = 0.437, P = 0.648,
h2

P = 0.015 and F(2,81) = 0.527, P = 0.593, h2
P = 0.024,

respectively); painful (F(2,81) = 5.361, P = 0.007,
h2

P = 0.053, F(2,81) = 0.335, P = 0.717, h2
P = 0.013 and

F(2,81) = 1.844, P = 0.168, h2
P = 0.046, respectively);

and after-effect (F(2,81) = 1.420, P = 0.250, h2
P =

0.013, F(2,81) = 1.738, P = 0.185, h2
P = 0.053 and

F(2,81) = 0.214, P = 0.808, h2
P = 0.004, respectively)]).

Table 3 Mean values � S.D. of the NRS measurements following single and repeated stimulation and the degree of the
temporal summation of pain in MOH patients, EM patients and controls

NRS values MOH bWT MOH aWT EM Controls

1.2xTh 5.8 � 1.6†‡ 4.2 � 1.3 5.2 � 1.5 4.1 � 1.9
1st s TST 3.9 � 2.3 4.2 � 2.4 4.7 � 2.2 3.2 � 2.1
5th s TST 6.6 � 2.3*† 5.8 � 2.2* 6.4 � 1.6* 4.7 � 2.2*
5th minus 1st s TST§ 2.7 � 2.4 1.8 � 1.7 1.6 � 1.5 1.5 � 0.9

*P < 0.01 vs 1st s TST (Wilcoxon signed rank test for paired data).
†P < 0.01 vs controls (ANOVA—post-hoc Bonferroni).
‡P < 0.01 vs MOH aWT (Wilcoxon signed rank test for paired data).
§Differences between the 5th s and the 1st s were calculated for each subject before averaging.
NRS, numerical rating scale; Th, nociceptive withdrawal reflex threshold; TST, nociceptive withdrawal reflex temporal

summation threshold; MOH, medication-overuse headache; bWT, before withdrawal treatment; aWT, after withdrawal
treatment; 1st s, first stimulus of the TST; 5th s, fifth stimulus of the TST.
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Non-painful (control) session

No significant differences in neurophysiological
values (Th, Area and TST) and psychophysical mea-
surements (NRS scores) were found between the
baseline and control sessions either in the patient
groups or in the controls, or within the whole
patient sample (MOH patients bWT and aWT and
EM patients) (all P > 0.05) (Tables 4 and 5, Fig. 2).

Painful (CPT) session

ANOVAs for repeated measurements analysis
revealed, in both the controls and the EM patients,
that the CPT induced a significant increase in
the TST (F(2,44) = 21.724, P = 0.001, h2

P = 0.497 and
F(2,54) = 7.131, P = 0.009, h2

P = 0.262, respectively)
as well as a significant decrease in the Area
(F(2,44) = 66.905, P = 0.009, h2

P = 0.509 and F(2,54) =
22.777, P = 0.001, h2

P = 0.958, respectively) compared
with the non-painful (control) session (all P < 0.01)
(Table 4; Fig. 2).

In the MOH patients bWT the CPT induced a
non-significant change in the TST (F(2,60) = 2.916,
P = 0.062, h2

P = 0.100) and Area (F(2,60) = 4.133,
P = 0.021, h2

P = 0.133) compared with the control
sessions (all P > 0.01). Conversely, the CPT in the
MOH patients aWT induced a significant change in
both the TST (F(2,60) = 9.444, P = 0.001, h2

P = 0.268)
and the Area (F(2,60) = 11.169, P = 0.001, h2

P = 0.339)
when compared with the control session (all
P < 0.01), the values obtained resembling those of
the EM patients and the controls (Table 4; Fig. 2).

During the CPT, a lower TST increase was found
between the MOH patients bWT and both the EM
patients and the controls (Fig. 2); this difference was
highly significant.

The MOH patients aWT showed a significantly
higher TST increase during the CPT compared
with the MOH patients bWT (Wilcoxon, Z-2.875;
P = 0.004), while no significant differences emerged
between the MOH patients aWT and either the EM
patients or the controls (Fig. 2).

The Area values showed a lower reduction
during the CPT in the MOH patients bWT and aWT
compared with the controls; however, these differ-
ences did not reach statistical significance; similarly,
no significant difference was found between the EM
patients and the controls (Table 4).

No significant changes in the NRS scores corre-
sponding to the 1.2xTh and TST (at the fifth stimu-
lus) were found in the MOH patients bWT
(F(2,60) = 2.258, P = 0.114, h2

P = 0.080; F(2,60) = 2.058,
P = 0.137, h2

P = 0.073, respectively) and aWT

Table 4 Mean values � S.D. of the NWR Area during
non-painful, painful (cold pressor test) and after-effect
sessions in patients and controls, expressed as percentage
variations in relation to baseline condition

Non-painful
session (25°C)

Painful
session
(3–4°C)

After-effect
session
(5–8 min later)

Area (msec/mV) % values % values

MOH bWT 98.0 � 19.2 79.5 � 32.6 84.5 � 22.6
MOH aWT 100.3 � 18.6 74.7 � 23.2§ 86.6 � 18.2
EM 98.7 � 16.1 60.0 � 19.2§ 77.0 � 15.8
Controls 102.1 � 22.3 55.8 � 32.9§ 64.2 � 29.5

P < 0.01 vs non-painful session.
Area, nociceptive withdrawal reflex area at 1.2x the

nociceptive withdrawal reflex threshold; MOH, medication
overuse headache; bWT, before withdrawal treatment; aWT,
after withdrawal treatment; EM, episodic migraine.

Table 5 Means values � S.D. of the NRS ratings during
non-painful, painful (cold pressor test) and after-effect
sessions, expressed as percentage variations in relation to
the baseline values

NRS values

Non-painful
session (25°C)

Painful
session
(3–4°C)

After-effect
session
(5–8 min later)

% values % values % values

MOH bWT
1.2xTh 99.4 � 15.1 92.4 � 17.8* 97.7 � 15.6
1st s TST 102.1 � 13.3 96.1 � 16.6 97.1 � 16.1
5th s TST 100.6 � 15.7 92.8 � 10.8* 96.2 � 19.0
MOH aWT
1.2xTh 100.3 � 16.0 86.7 � 16.4 96.9 � 10.9
1st s TST 102.9 � 12.2 88.5 � 19.6 98.2 � 18.0
5th s TST 99.4 � 14.5 86.5 � 24.5 94.3 � 23.1
EM
1.2xTh 101.5 � 13.7 83.2 � 10.9† 86.4 � 17.8
1st s TST 102.2 � 14.4 85.6 � 23.7 95.6 � 22.9
5th s TST 104.0 � 17.5 77.3 � 20.1† 89.7 � 16.3
Controls
1.2xTh 100.3 � 12.9 80.2 � 19.6† 96.3 � 18.9
1st s TST 105.8 � 11.2 82.5 � 26.3 84.1 � 37.3
5th s TST 103.2 � 15.3 74.2 � 22.8† 90.8 � 22.3

*P < 0.01 vs controls; †P < 0.01 vs baseline.
NRS, numerical rating scale; Tr, nociceptive withdrawal

reflex threshold to single stimulus; TST, nociceptive with-
drawal reflex temporal summation threshold; MOH,
medication-overuse headache; bWT, before withdrawal treat-
ment; aWT, after withdrawal treatment; EM, episodic
migraine.
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(F(2,60) = 2.746, P = 0.083, h2
P = 0.198; F(2,60) = 2.924,

P = 0.062, h2
P = 0.122, respectively) during the

painful compared with the non-painful (control)
session (all P > 0.01) (Table 5). Conversely, the EM
patients and controls showed a significant reduc-
tion in the NRS scores corresponding to the
1.2xTh (F(2,54) = 24.259, P = 0.0001, h2

P = 0.714 and
F(2,44) = 12.190, P = 0.0001, h2

P = 0.372, respectively)
and TST (at the fifth stimulus) (F(2,54) = 9.291,
P = 0.007, h2

P = 0.653 and F(2,44) = 13.958, P =
0.0001, h2

P = 0.407, respectively) during the CPT
compared with the control session (all P < 0.01)
(Table 5).

During the CPT, the MOH patients bWT showed
a lower reduction in the NRS scores corresponding
to both the 1.2xTh and the TST (at the fifth stimu-
lus) compared with the controls (Table 5). No
significant differences in NRS scores were found
between the MOH bWT and the MOH aWT
patients.

After-effect session

In the after-effect session no significant differences
were found between the MOH patients (bWT and
aWT), the EM patients and the controls in either the
TST or the Area values.

After the CPT session, the NRS measurements
at the 1.2xTh and TST of the NWR did not show
statistically significant differences between the
patients and the controls (Table 5).

Discussion

The main findings of this study were the following:
(i) the stimulation intensity needed to evoke the
TST of the NWR was markedly reduced in MOH
patients, being significantly lower than that needed
both in controls and in EM patients; (ii) the Th and
the Area of the NWR evoked by a single stimula-
tion were significantly abnormal in MOH patients;
(iii) the psychophysical measurements (NRS scores)
revealed enhanced pain perception following single
and repeated stimulation and increased temporal
summation of pain (albeit barely reaching statistical
significance) in MOH patients, showing a pattern
similar to that of the neurophysiological abnormali-
ties; (iv) these abnormalities of both neurophy-
siological (NWR and TST of the NWR) and
psychophysical (NRS scores) parameters tended to
improve in MOH patients after withdrawal treat-
ment; (v) the CPT activating the DNICs did not
produce any significant effect on the neurophysi-
ological (TST and Area) or psychophysical (NRS
scores) parameters in the MOH patients bWT,
although a significant normalisation was observed
aWT; and (vi) the TST of the NWR was also found
to be significantly lower in the EM patients com-
pared with the controls.

We suggest that these results might be
explained by the presence of widespread abnor-
mal spinal cord pain processing in MOH patients,
which may be, at least in part, underlain by
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Figure 2 Temporal summation threshold of the nociceptive withdrawal reflex in MOH patients (bWT and aWT), in EM
patients and in controls during non-painful, painful (cold pressor test) and after-effect sessions. Data are presented as
percentage variations of the baseline values.
NWR TST, nociceptive withdrawal reflex temporal summation threshold; CPT, cold pressor test; MOH, medication
overuse headache; bWT, before withdrawal treatment; aWT, after withdrawal treatment; EM, episodic migraine. *P < 0.01
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defective functioning of the supraspinal control of
pain.

Furthermore, the fact that in MOH patients both
the neurophysiological and the psychophysical
responses, as well as the activity of the DNICs,
improved after the withdrawal treatment, allows us
to hypothesise a link between medication overuse,
defective functioning of the DNICs, neuronal
hyperexcitability in pain pathways and chronifica-
tion of migraine. However, because a facilitation of
spinal cord pain processing was also detected in the
EM patients, we hypothesised that the heightened
sensitivity to incoming sensory signals (painful
stimulation) observed in our MOH patients is
already present, albeit to a lesser degree, in EM
patients during the interictal period and that this
could represent a predisposing factor making
migraineurs, or a subgroup of them, more prone to
developing chronification of headache after medi-
cation overuse.

The increased excitability of the spinal noci-
ceptive system found in the MOH patients and
reflected in the reduced TST of the NWR and the
increased psychophysical temporal summation of
pain, is in line with the results of previous studies
that found a facilitation of the temporal summation
of pain after electrical stimulation of extracephalic
regions in patients with transformed migraine with
medication overuse (2) and in patients with chronic
tension-type headache (CTTH) (26). Furthermore,
generalised pain sensitivity at the extracephalic
level seems to be a common feature in patients with
chronic pain, having also been demonstrated in
patients with fibromyalgia and whiplash syndrome,
who also showed a reduced TST of the NWR
coupled with increased temporal summation of
pain (24, 28).

In our study, the abnormal excitability of the
spinal nociceptive system in the MOH patients was
further confirmed by the reduced NWR Th, the
increased NWR Area and the increased related
psychophysical pain sensation detected following
single painful stimulation in this group compared
with EM patients and control subjects. These data
confirm previous reports of abnormal NWR param-
eters in primary chronic headaches (33–36) and are
in line with more recent studies in which extra-
cephalic facilitation of laser evoked potentials (4), of
pain-related evoked potentials (3) and of the related
pain sensation was found in patients with MOH.

Another noteworthy finding of this study was the
reduced ability of the MOH patients to activate the
DNICs following the CPT. This dysfunction was
widely evident, being detected at neurophysiologi-

cal (TST and Area of the NWR) as well as at
psycophysical levels (temporal summation of pain)
and it suggests a defective supraspinal control of
pain in MOH patients. Interestingly, abnormal func-
tioning of the DNICs has also been demonstrated in
chronic pain conditions without medication overuse,
including CTTH (36, 37) and fibromyalgia (38).

Accordingly, the sensitisation of the pain path-
ways linked to a defective supraspinal control of
pain could be seen as a common trait in patients with
chronic forms of pain or who are prone to develop-
ing chronic pain. The role of the defective supraspi-
nal control of pain and of dysfunction of the DNICs
in the pathophysiology of MOH and of generalised
sensitivity to pain can only be hypothesised.

In animal models it has been shown that several
brainstem structures, including the periaqueductal
grey, rostral ventromedial medulla, nucleus raphe
magnus and nucleus reticularis giganto cellularis
(8), can exert modulatory influences on spinal
cord activity. The periaqueductal grey and dorsal
raphe contribute strongly to endogenous analgesia
through the rostral ventromedial medulla, which
directly inhibits trigeminal and spinal dorsal horn
pain transmission (8–10, 12). On other hand, there is
growing evidence that stimulation of nociceptors
activates a spinobulbospinal loop, exerting an
opposite descending facilitatory influence (rostral
ventromedial medulla-mediated) on the nociceptive
spinal neurons (9). Similarly, in humans, the DNICs
represent a descending inhibitory system acting to
modulate pain perception via structures located
in the caudal medulla, including the subnucleus
reticularis dorsalis, which exert their inhibitory
action on wide dynamic range neurons via
descending pathways in the dorsolateral funiculi
(39), but it is known that DNIC circuits may also
exert a facilitatory influence on dorsal horn nocir-
esponsive neurons (39, 40). All these descending
inhibitory and excitatory inputs have been shown
to contribute to the development and maintenance
of the wind-up phenomenon and the central sensi-
tisation of nociceptive spinal neurons (8, 39). On
these bases, an imbalance of excitatory and inhibi-
tory mechanisms could variably contribute to the
development and maintenance of chronic pain con-
ditions and could, together with the inter-subject
variability, contribute to the prevalence of facilita-
tory or inhibitory influences following acute
noxious stimulation. This might explain our previ-
ous report, in which the CPT performed in a sample
of migraine and CTTH patients gave rise to facili-
tation of the NWR responses (36), rather than the
reduced or absent inhibition of the nociceptive
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responses observed in the present study. Further
studies are thus needed to clarify the clinical and
temporal factors that could drive these different
phonotypical manifestations of the dysfunctional
control of pain.

Changes within the above-mentioned descending
pain modulatory network are known to play a role
in the pathophysiology of chronic pain (10) and in
functional pain disorders, including primary head-
aches (5, 12–14). In MOH patients, descending
influences from brain regions belonging to the pain
network that elicit inhibition or facilitation of noci-
ceptive transmission via brainstem structures are
found to be hypometabolic and rapidly revert after
withdrawal treatment (7). In addition, in rats, daily
exposure to antimigraine medications, such as trip-
tans and analgesics, caused a significant down-
regulation of the serotonin receptors, 5-HT1B/D
and 5-HT1B/2/3, respectively, in various subcorti-
cal regions, including the periaqueductal grey and
the locus coeruleus (41, 42). Thus, overuse of a
triptan or an analgesic can significantly interfere
with anatomical structures, in particular serotonin-
ergic descending inhibitory pathways, such as the
periaqueductal grey, locus coeruleus, rostral ventro-
medial medulla and subnucleus reticularis dorsalis,
which are involved in the processing of nociceptive
signals, leading to a functional change in the central
antinociceptive system.

On the basis of the above data we propose that
the abnormal nociceptive spinal cord excitability
observed in our MOH patients may reflect an
abnormal balancing of nociceptive and antinocice-
ptive mechanisms in subjects with a high frequency
of migraine attacks in which medication overuse is
an additional aggravating factor.

Indeed, we observed a significant recovery
(increase) of the TST values in MOH patients after
withdrawal treatment, including the rate of DNIC
inhibition, suggesting that the abnormal excitability
of the spinal neurons may have been reversed by
the medication withdrawal. However, the recovery
of the TST values, after the withdrawal treatment,
was only partial, these values remaining signifi-
cantly lower than those of the control subjects.

Other important findings of this study were the
abnormal neurophysiological (TST and Area) and
psychophysical (NRS scores during the temporal
summation of pain) parameters detected in the EM
patients as compared with the healthy controls,
possibly indicating abnormal spinal excitability
to repeated nociceptive inputs between attacks.
Because EM patients do not complain of allodynia
or hyperalgesia while pain-free, we propose that

their spinal cord is in a state of subclinical hyper-
sensitivity. This hypersensitivity or suballodynic
condition, as Weissmann-Foegel et al. (25) defined it,
could be related to a dysfunction in central anti-
nociceptive pathways. In this regard, it has been
reported that P/Q-type and N-type Ca2+ channels,
which are involved in spinal hyperalgesia, are
expressed in structures such as the periaqueductal
grey and the rostral ventromedial medulla (43).
Migraine patients could have a genetic substrate
that predisposes them to dysfunction of the supra-
spinal pain control system acting both on trigeminal
and on spinal neurons. Such chronic hyperexcitabil-
ity may contribute to their susceptibility to repeated
migraine attacks. This last finding is in accordance
with recent studies that have shown a generalised
hypersensitivity involving the sensory pathways in
migraine during the interictal phase at both the
cephalic and extracephalic level (25, 44–46).

We speculate that high frequency of migraine
attacks and overexposure to medication contribute
to a further impairment of antinociceptive control
structures, leading to the progression from EM to a
MOH form.

In the present study, we found that the NRS score
changes paralleled, only in part, the neurophysi-
ological ones. This indicates that pain perception,
too, is abnormal in MOH and EM patients, con-
firming the finding of hypersensitivity to painful
stimulation, but the psychophysical response, in
this case, seems to indicate a lower sensitivity in
detecting changes in spinal cord pain processing.
However, these results should be considered with
due caution, because this study was not designed
specifically to evaluate the psychophysical aspect of
the temporal summation of pain.

In conclusion, the facilitation of spinal cord pain
processing, the defective function of the DNICs and
the improvement of these parameters after the with-
drawal treatment in MOH patients, strongly suggest
a link between medication overuse and abnormal
modulation of pain perception and, at least in part,
chronification of migraine. The TST of the NWR,
which is also able to detect subclinical alterations
in EM patients during the pain-free period, seems
to be a useful tool for exploring the integration and
processing of pain at the spinal level.

References

1 Headache Classification Subcommittee of the Interna-
tional Headache Society. The International Classification
of Headache Disorders: 2nd edition. Cephalalgia 2004; 24
(Suppl. 1):9–160.

12 A Perrotta et al.

© Blackwell Publishing Ltd Cephalalgia, 2009



2 Fusco BM, Colantoni O, Giacovazzo M. Alteration of
central excitation circuits in chronic headache and anal-
gesic misuse. Headache 1997; 37:486–91.

3 Ayzenberg I, Obermann M, Nyhuis P, Gastpar M,
Limmroth V, Diener HC et al. Central sensitization of the
trigeminal and somatic nociceptive systems in medication
overuse headache mainly involves cerebral supraspinal
structures. Cephalalgia 2006; 26:1106–14.

4 de Tommaso M, Valeriani M, Guido M, Libro G, Specchio
LM, Tonali P, Puca F. Abnormal brain processing of
cutaneous pain in patients with chronic migraine. Pain
2003; 101:25–32.

5 Welch KM, Nagesh V, Aurora SK, Gelman N. Periaque-
ductal gray matter dysfunction in migraine: cause or the
burden of illness? Headache 2001; 4:629–37.

6 Schmidt-Wilcke T, Leinisch E, Straube A, Kampfe N,
Draganski B, Diener HC et al. Gray matter decrease in
patients with chronic tension type headache. Neurology
2005; 65:1483–6.

7 Fumal A, Laureys S, Di Clemente L, Boly M, Bohotin V,
Vandenheede M et al. Orbitofrontal cortex involvement in
chronic analgesic-overuse headache evolving from epi-
sodic migraine. Brain 2006; 129:543–50.

8 Urban MO, Gebhart GF. Supraspinal contributions to
hyperalgesia. Proc Natl Acad Sci USA 1999; 96:7687–92.

9 Millan MJ. Descending control of pain. Prog Neurobiol
2002; 66:355–474.

10 Tracey I. Nociceptive processing in the human brain.
Review. Curr Opin Neurobiol 2005; 15:478–87.

11 Burstein R. Deconstructing migraine headache into
peripheral and central sensitization. Review. Pain 2001;
89:107–10.

12 Knight YE, Goadsby PJ. The periaqueductal grey matter
modulates trigeminovascular input: a role in migraine?
Neuroscience 2001; 106:793–800.

13 Weiller C, May A, Limmroth V, Jüptner M, Kaube H,
Schayck RV et al. Brainstem activation in spontaneous
human migraine attacks. Nat Med 1995; 1:658–60.

14 Bahra A, Matharu MS, Buchel C, Frackowiak RS,
Goadsby PJ. Brainstem activation specific to migraine
headache. Lancet 2001; 357:1016–17.

15 Serrao M, Rossi P, Sandrini G, Parisi L, Amabile GA,
Nappi G et al. Effects of diffuse noxious inhibitory
controls on temporal summation of the NWR reflex in
humans. Pain 2004; 112:353–60.

16 Sandrini G, Serrao M, Rossi P, Romaniello A, Cruccu G,
Willer JC. The lower limb flexion reflex in humans. Prog
Neurobiol 2005; 77:353–95.

17 Mendell LM. Physiological properties of unmyelinated
fiber projection to the spinal cord. Exp Neurol 1966;
16:316–32.

18 Herrero JF, Laird JM, Lopez-Garcia JA. Wind-up of spinal
cord neurones and pain sensation: much ado about some-
thing? Prog Neurobiol 2000; 61:169–203.

19 Woolf CJ. Windup and central sensitization are not
equivalent. Pain 1996; 66:105–8.

20 Eide PK. Wind-up and the NMDA receptor complex from
a clinical perspective. Review. Eur J Pain 2000; 4:5–
15.

21 Guirimand F, Dupont X, Brasseur L, Chauvin M,
Bouhassira D. The effects of ketamine on the temporal

summation (wind-up) of the R(III) nociceptive flexion
reflex and pain in humans. Anesth Analg 2000; 90:408–14.

22 Coste J, Voisin DL, Luccarini P, Dallel R. A role for
wind-up in trigeminal sensory processing: intensity
coding of nociceptive stimuli in the rat. Cephalalgia 2008;
28:631–9.

23 You HJ, Dahl Morch C, Chen J, Arendt-Nielsen L. Simul-
taneous recordings of wind-up of paired spinal dorsal
horn nociceptive neuron and nociceptive flexion reflex in
rats. Brain Res 2003; 960:235–45.

24 Staud R, Vierck CJ, Cannon RL, Mauderli AP, Price DD.
Abnormal sensitization and temporal summation of
second pain (wind-up) in patients with fibromyalgia
syndrome. Pain 2001; 91:165–75.

25 Weissman-Fogel I, Sprecher E, Granovsky Y, Yarnitsky D.
Repeated noxious stimulation of the skin enhances cuta-
neous pain perception of migraine patients in-between
attacks: clinical evidence for continuous sub-threshold
increase in membrane excitability of central trigeminovas-
cular neurons. Pain 2003; 104:693–700.

26 Ashina S, Bendtsen L, Ashina M, Magerl W, Jensen R.
Generalized hyperalgesia in patients with chronic
tension-type headache. Cephalalgia 2006; 26:940–8.

27 Arendt-Nielsen L, Brennum J, Sindrup S, Bak P. Elec-
trophysiological and psychophysical quantification of
temporal summation in the human nociceptive system.
Eur. Appl Physiol Occup Physiol 1994; 68:266–73.

28 Banic B, Petersen-Felix S, Andersen OK, Radanov BP,
Villiger PM, Arendt-Nielsen L, Curatolo M. Evidence for
spinal cord hypersensitivity in chronic pain after whip-
lash injury and in fibromyalgia. Pain 2004; 107:7–15.

29 Willer JC, Roby A, Le Bars D. Psychophysical and elec-
trophysiological approaches to the pain-relieving effects
of heterotopic nociceptive stimuli. Brain 1984; 107:1095–
112.

30 Wolfe F, Smythe HA, Yunus MB, Bennett RM, Bombar-
dier C, Goldenberg DL et al. The American College of
Rheumatology 1990 criteria for the classification of fibro-
myalgia: report of the Multicenter Criteria Committee.
Arthritis Rheum 1990; 33:160–72.

31 Bruehl S, Harden RN, Galer BS, Saltz S, Bertram M,
Backonja M et al. External validation of IASP diagnostic
criteria for Complex Regional Pain Syndrome and pro-
posed research diagnostic criteria. International Associa-
tion for the Study of Pain. Pain 1999; 81:147–54.

32 Cruccu G, Anand P, Attal N, Garcia-Larrea L, Haanpää M,
Jørum E et al. EFNS guidelines on neuropathic pain assess-
ment. Eur J Neurol 2004; 11:153–62.

33 Langemark M, Bach FW, Jensen TS, Olesen J. Decreased
nociceptive flexion reflex threshold in chronic tension-
type headache. Arch Neurol 1993; 50:1061–4.

34 Nappi G, Sandrini G, Alfonsi E, Cecchini AP, Micieli G,
Moglia A. Impaired circadian rhythmicity of nociceptive
reflex threshold in cluster headache. Headache 2002;
42:125–31.

35 Antonaci F, Sandrini G, Danilov A, Sand T. Neurophysi-
ological studies in chronic paroxysmal hemicrania and
hemicrania continua. Headache 1994; 34:479–83.

36 Sandrini G, Rossi P, Milanov I, Serrao M, Cecchini A,
Nappi G. Abnormal modulatory influence of diffuse
noxious inhibitory controls in migraine and chronic

Sensitisation of spinal pain processing in MOH 13

© Blackwell Publishing Ltd Cephalalgia, 2009



tension-type headache patients. Cephalalgia 2006;
26:782–9.

37 Pielsticker A, Haag G, Zaudig M, Lautenbacher S. Impair-
ment of pain inhibition in chronic tension-type headache.
Pain 2005; 118:215–23.

38 Staud R, Robinson ME, Vierck CJ Jr, Price DD. Diffuse
noxious inhibitory controls (DNIC) attenuate temporal
summation of second pain in normal males but not
in normal females or fibromyalgia patients. Pain 2003;
101:167–74.

39 Vanegas H, Schaible HG. Descending control of persistent
pain: inhibitory or facilitatory? Review. Brain Res Rev
2004; 46:295–309.

40 Almeida A, Tjølsen A, Lima D, Coimbra A, Hole K.
The medullary dorsal reticular nucleus facilitates acute
nociception in the rat. Brain Res Bull 1996; 39:7–
15.

41 Reuter U, Salomone S, Ickenstein GW, Waeber C. Effects
of chronic sumatriptan and zolmitriptan treatment on
5-HT receptor expression and function in rats. Cephala-
lgia 2004; 24:398–407.

42 Dobson CF, Tohyama Y, Diksic M, Hamel E. Effects of
acute or chronic administration of anti-migraine drugs
sumatriptan and zolmitriptan on serotonin synthesis in
the rat brain. Cephalalgia 2004; 24:2–11.

43 Knight YE, Bartsch T, Kaube H, Goadsby PJ. P/Q-type
calcium-channel blockade in the periaqueductal gray
facilitates trigeminal nociception: a functional genetic link
for migraine? J Neurosci 2002; 1:22–5.

44 Katsarava Z, Giffin N, Diener HC, Kaube H. Abnormal
habituation of ‘nociceptive’ blink reflex in migraine—
evidence for increased excitability of trigeminal nocicep-
tion. Cephalalgia 2003; 23:814–19.

45 Valeriani M, Rinalduzzi S, Vigevano F. Multilevel soma-
tosensory system disinhibition in children with migraine.
Pain 2005; 118:137–44.

46 Serrao M, Perrotta A, Bartolo M, Fiermonte G, Pauri F,
Rossi P et al. Enhanced trigemino-cervical-spinal reflex
recovery cycle in pain-free migraineurs. Headache 2005;
45:1061–8.

14 A Perrotta et al.

© Blackwell Publishing Ltd Cephalalgia, 2009


