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Summary

Reduced habituation of the nociceptive blink reflex
(NBR) is considered a trait marker for genetic predis-
position to migraine. In this open-label randomized
controlled study, we aimed to test the efficacy of a
biofeedback training based on learning of habituation
of the NBR (NBR biofeedback) compared with phar-
macological (topiramate) treatment and NBR biofeed-
back plus topiramate treatment in a cohort of mi-
graine without aura patients eligible for prophylaxis.
Thirty-three migraine patients were randomly as-
signed to three months of treatment with: 1) NBR
biofeedback, 2) NBR biofeedback plus topiramate 50
mg (b.i.d.), or 3) topiramate 50 mg (b.i.d.). Frequency
of headache and disability changes were the main
study outcomes. Anxiety, depression, sleep, fatigue,
quality of life, allodynia and pericranial tenderness
were also evaluated.

NBR biofeedback reduced the R2 area, without im-
proving R2 habituation. However, it reduced the fre-
quency of headache and disability, similarly to the
combined treatment and topiramate alone.

Reduced habituation of the NBR is a stable neuro-
physiological pattern, scarcely modifiable by learn-
ing procedures. Training methods able to act on
stress-related responses may modulate cortical
mechanisms inducing migraine onset and trigeminal
activation under stressful trigger factors.

KEY WORDS: biofeedback, migraine, nociceptive blink
reflex, topiramate.

Introduction

Biofeedback-related approaches to headache therapy
fall into two broad categories: general biofeedback tech-
niques and methods linked more directly to the patho-
physiology underlying headache. General biofeedback-
assisted relaxation techniques for headache have been
evaluated extensively by expert panels and in meta-
analyses, and found to be potentially useful for enhanc-
ing patient outcomes, albeit with the limit of a lack of sig-
nificant relief in a sizeable number of patients (Andras-
sik, 2010). The biofeedback methods most frequently
used for migraine treatment have been peripheral skin
temperature biofeedback, blood volume pulse (BVP)
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and electromyography feedback (Nestoriuc et al., 2008).
Neurofeedback sessions combined with thermal
biofeedback were effective in reducing the frequency of
migraine (Stokes and Lappin, 2010). Biofeedback meth-
ods that more directly target headache pathophysiology
have focused chiefly on migraine, and especially on
BVP biofeedback (Friar and Beatty, 1976) and EEG
feedback with training involving habituation of contin-
gent negative variation (CNV) (Siniatchkin et al., 2000),
or pain experience through EEG rhythms control
(Jensen et al., 2008).

Habituation, “a response decrement as a result of re-
peated stimulation” (Harris, 1943), is a multifactorial
event whose underlying plastic neural mechanisms are
still not completely understood. According to the “dual-
process” theory, two separate processes, depression
(habituation) and facilitation (sensitization), compete to
determine the final behavioral outcome after a sequence
of repetitive stimuli (Groves and Thompson, 1970). Lack
of habituation is a reproducible abnormality found in mi-
graine between attacks, and attains to a model of be-
havior and a learning process that seem to predispose
to attack occurrence. There is strong evidence that lack
of habituation during stimulus repetition, despite an ini-
tial normal or low response amplitude, is a functional,
probably genetically determined, hallmark of the mi-
grainous brain between attacks. (Coppola et al., 2009).
In addition, incapacity to progressively reduce pain-re-
lated responses under repetitive stimulation (Valeriani et
al., 2003) may favor mechanisms of central sensitization
(Burstein et al., 2000).

Methods for studying the nociceptive system are based
on the employment of stimuli which activate preferen-
tially the A-delta and C afferents. The nociceptive blink
reflex (NBR) is elicited by a special stimulation electrode
with high current density that rather selectively activates
A-delta fibers, eliciting the R2 component (Kaube et al.,
2000; Katsarava et al., 2002). Although this stimulation
modality lacks the selectivity to evoke reliable pain-re-
lated cortical responses (de Tommaso et al., 2011), it
may be efficaciously employed for the elicitation of a
muscle response under trigeminal nociceptive activation
(Kaube et al., 2000; Katsarava et al., 2002). A pivotal
study on migraine pathophysiology described amplitude
and habituation abnormalities of the NBR in asympto-
matic subjects with first-degree inheritance for migraine;
these were similar to the abnormalities found interictally
in subjects with active disease, indicating NBR dis-ha-
bituation as a genetic predisposing trait (Di Clemente et
al., 2007). The ability to reduce and control a reflex re-
sponse to nociceptive trigeminal stimulation may pre-
vent migraine occurrence. In fact, even though reduced
habituation to multimodal stimuli seems to be a genetic
trait of migraine, habituation may be restored by pre-
ventive pharmacological treatments (Ferraro et al.,
2012). Consequently, a training setting able to restore
this behavior may result in an improvement of migraine
outcome.

This open-label randomized controlled study was con-
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ducted with the aim of testing the efficacy of a biofeed-
back training based on learning of habituation of the
NBR (NBR biofeedback) compared with pharmacologi-
cal treatment (topiramate) and the same biofeedback
procedure associated with topiramate (NBR biofeed-
back + topiramate) in a cohort of migraine without aura
patients eligible for prophylaxis.

Materials and methods
Cases

Thirty-three migraine without aura patients (9 males) at-
tending the Neurophysiopathology of Pain Unit of the
SMBNOS Department of Bari University were consecu-
tively selected for the study after three months of ob-
servation during which they were required to scrupu-
lously keep a headache diary and fill in an allodynia
questionnaire (Jakubowski et al., 2005) (Fig. 1). The in-
clusion criteria were: a diagnosis of migraine without au-
ra (Headache Classification Committee, 2004) and eligi-
bility for migraine prophylaxis (= 4 disabling migraine at-
tacks per month or, if < 4 per month, in the case of poor
response to symptomatic treatment), according to
Sarchielli et al. (2012).

The exclusion criteria were: general medical problems
(including kidney stones) and psychiatric and other neu-
rological diseases, psychoactive drug intake in the pre-
vious three months. After the three-month observation,
serving to confirm the diagnosis and the criteria for mi-
graine prophylaxis eligibility, at study phase TO the pa-
tients were randomly assigned to the following treat-
ments: 1) biofeedback 2) biofeedback + topiramate 50
mg (b.i.d.), or 3) topiramate 50 mg (b.i.d. ). We also se-
lected 8 healthy non-migraine subjects (2 males), aged
18-40 years (mean age 39.9+4.56), who were not sub-
mitted to biofeedback treatment, but served for the eval-
uation of normal NBR parameters. The study was con-
ducted in accordance with the Declaration of Helsinki
(www.wma.net) and approved by the ethics committee
of Bari Policlinico General Hospital. All subjects gave
their informed consent before participation.

At the time of treatment assignation (T0), the patients
underwent a clinical evaluation, according to de Tom-
maso et al. (2009, 2011). Briefly, this consisted of the fol-
lowing evaluations: total tenderness score (TTS)
(Langermark and Olesen, 1987), Short-Form 36 (SF-
36) Health Survey (Ware et al., 2000), self-rating de-
pression scale (SDS) and self-rating anxiety scale
(SAS) (Zung, 1965, 1976) — these are useful to evalu-
ate anxiety and depression traits in non-psychiatric sub-
jects —, the Medical Outcomes Study — Sleep Scale
(MOS) sub-items sleep problems index (SLP9) and
sleep quantity (SLPQ) (Hays and Stewart, 1992), and
the Multidimensional Assessment of Fatigue (MAF)
(Belza et al., 1993).

The Migraine Disability Assessment Scale (MIDAS), in
the ltalian version (D’Amico et al., 2001), was used to
quantify headache-related disability. The same evalua-
tions were performed at study phase T1, i.e. after three
months of the randomly assigned treatments. The fre-
quency of migraine and MIDAS scores computed at T1
were taken as the main outcome indexes. During the
three months of treatment, the patients were contacted
weekly by telephone, in order to check the reliability of
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their compilation of the headache diary, which they con-
tinued to keep throughout the treatment period (see Fig.
1 for the details of experimental procedure).

As a result of the random assignation, 11 patients were
assigned to Group 1: NBR habituation biofeedback
treatment (3 males, age 42.13 + 5.51); 11 to Group 2:
NBR biofeedback + topiramate treatment 50 mg (b.i.d.)
(2 males, age 40.5 + 9.9), and 11 to Group 3: topiramate
alone 50 mg (b.i.d.) (4 males, age 39.38 + 11.50; ANO-
VA with age as a factor: F=0.73, n.s.). The frequency of
headache reported in the previous three months — we
considered the average number of days with headache
in a month —, was also similar across the groups.

For Group 1, itwas 11.9 + 5.15, for Group 2, 12.9 + 8.1,
and for Group 3, 13.1 + 8.2 (ANOVA with frequency as
a factor: F= 0.49, n.s.). Even though 11 of the 33 pa-
tients were not assigned to the NBR biofeedback, to en-
sure patient homogeneity from a neurophysiological
perspective, we submitted all of them to NBR habitua-
tion exploration at TO and T1.

Nociceptive blink reflex habituation procedure

The NBR evaluation was performed according to Di
Clemente et al. (2007). A MICROMED SYSTEM PLUS
apparatus (Micromed S.P.A., Mogliano Veneto, TV-Italy)
was employed.

The nociceptive electrical stimulation was delivered by a
custom-built planar concentric electrode assembly com-
prising a central metal cathode (D: 10.5 mm), an isola-
tion insert (D: 5 mm), and an external anode ring (D: 6
mm) providing a stimulation area of 19.6 mma2). It pro-
vided a high current density at low intensities to stimu-
late the supra-orbital region.

Perception and pain thresholds were determined on
both sides of the forehead with stimuli’'s sequence of as-
cending and descending intensity (in 0.2mA steps). For
the patients’ comfort and to avoid a too lengthy proce-
dure the electrophysiological study and biofeedback
training were restricted to a unilateral right-sided stimu-
lation. The stimulus intensity was set at 1.5 times the in-
dividual pain threshold.

Monopolar square pulses of 0.3 ms duration were deliv-
ered with pseudo-randomized interstimulus intervals
(ISls) of 15-17 s. By means of surface electrodes, 10
blocks of six rectified EMG responses with an interblock
interval (IBI) of 2 minutes were recorded over the orbic-
ularis oculi muscle.

Data processing

For each sweep, 150 ms of the post-stimulus period
were collected and filtered off-line (1 Hz—1 kHz). Five re-
sponses were rectified and averaged for each block
(Fig. 1), as the first sweep was excluded from the signal
analysis to avoid contamination with startle responses
(Kaube et al., 2000; Katsarava et al., 2002), according
to Di Clemente et al. (2007). In order to evaluate the
global EMG activity generated during the R2 reflex, we
measured the area under the curve (the response area:
RA) in mv2,

For each averaged block, the R2 area between 27 and
87 ms (Ellrich and Treede, 1998) was measured off-line
by an investigator blinded to the subjects’ identities and
treatment. Habituation of the NBR R2 was defined as
the percentage change of the R2 area between the first
and the tenth block of recordings.
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Figure 1 - Summary of the experimental procedure.

The clinical assessments comprised: total tenderness score (TTS) (Langermark and Olesen, 1987), Short-Form 36 (SF-36) Health Survey (Wa-
re et al., 2000), depression (self-rating depression scale (SDS)] and anxiety [self-rating anxiety scale (SAS)] scale (Zung, 1965, 1976), the
sub-items sleep problems index (SLP9), and sleep quantity (SLPQ) of Medical Outcomes Study—Sleep Scale (MOS) (Hays and Stewart,
1992), and Multidimensional Assessment of Fatigue (MAF) (Belza et al., 1993). Headache frequency was considered the average number of
days with headache/month, computed in the previous three months. The MIDAS score was calculated using the Italian version of the Migrai-

ne Disability Assessment Scale (MIDAS) (D’Amico et al., 2001).

Biofeedback training

After the NBR evaluation and treatment assignment,
biofeedback training consisted of repeated session
three times a week for a period of three months. The pa-
tient was positioned in front of a monitor on which
his/her NBR responses were displayed. In particular,
he/she was instructed in the task, which consisted of
progressive reduction of his/her own reflex response in
order to obtain habituation. He/she received the noxious
stimulus, which was set at the intensity employed in the
TO evaluation, with eyes closed, and was invited to re-
lax and to reduce blinking, and then to open his/her eyes
and check for his/her response. Ten blocks of six recti-
fied EMG responses with an IBI of 2 min were recorded
in each session. The monitor reproduced the average
across the five responses making up the single block,
with the RA between 27 and 87 ms represented by a
green area, accompanied by its value reported in mA2,
Patients were specifically instructed to progressively re-
duce the green area across the ten blocks. At the end of
the session, an automatic program reported the value of
the total area of the first and of the tenth block and the
habituation index, expressed as the percentage change
of the R2 area between the first and the tenth block of
recordings.

We chose to submit patients to NBR biofeedback train-
ing interictally (at least 48 hours after one attack and be-
fore the next), therefore sessions were scheduled, in
part, according to migraine episode occurrence.

Statistical analysis

All the variables introduced in the analysis were sub-
mitted to the Lilliefors (Kolmogorov-Smirnov) test to
check their normal distribution prior to the ANOVA analy-
sis. The NBR R2 habituation index and area were com-
pared between patients and controls employing the one-
way ANOVA with group as the main factor. In addition, t-
test for single comparison was also used to assess
whether R2 habituation failure occurred in randomized
patients.

The percentage changes in headache frequency and
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MIDAS scores between TO and T1 were taken as the
main outcomes of the study, for which the sample size
was calculated taking into consideration a 95% power
for one-way ANOVA and a post-hoc Bonferroni test.
Headache frequency and MIDAS, as well as allodynia,
SF-36 and PCS score, SAS and SDS scores, and also
the NBR area and habituation index were compared
across Groups 1, 2 and 3 by means of two-way ANOVA
with phase TO vs T1 and treatment x phase as factors,
in order to establish the trend of changes, despite the
low power estimation for the factor treatment x phase.
The Spearman correlation test showed that the percent-
age change of headache frequency between TO and T1
was correlated with the percentage change of NBR ha-
bituation index and area in the single groups.

Results

All patients in Groups 1 and 2 completed their biofeed-
back training. One patient in Group 3 was lost to three-
month follow-up, due to the occurrence of side effects,
i.e. mild sedation, which led the patient to discontinue
the treatment.

With regard to the NBR, we found no difference in de-
tection or pain threshold between the patients and con-
trols at TO.

The detection threshold was 1.2 + 0.22 mA in controls,
1.1 + 0.2 mA in Group 1, 0.98 + 0.12 in Group 2 and
1.12 + 0.11 in Group 3 (ANOVA F= 0.85 n.s.), while the
pain threshold was 1.68 + 0.44 mA in controls, 1.56 +
0.21 mA in Group 1, 1.75 + 0.32 mA in Group 2, and
1.67 + 0.31 mA in Group 3 (ANOVA: F=0.98 DF, 1 n.s.).
The R2 area was not significantly different between mi-
graine patients and controls (controls: 14.1 + 6.61 mV2;
migraine: 15.12 + 6 mV2, ANOVA: F=1.1 DF, 1 n.s.).
At TO, the abituation index was significantly reduced in
all the patients vs controls. Habituation in normal sub-
jects: range 31.20-51.10, mean 41.67 + 11.20; migraine
patients: range 12-25.81, mean 18.91 + 13.60, ANOVA:
F=16.33 DF 1, p 0.001.

At three months (T1), we found that the R2 area was
significantly reduced in migraine patients submitted to
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NBR biofeedback, compared with patients who took top-
iramate alone (Figs. 2, 3, Table I).

The habituation index was increased at T1, especially in
migraine patients submitted to biofeedback, though this
change did not reach statistical significance (Fig. 3,
Table 1). The pain threshold was not significantly modi-
fied (1.55 + 0.22 mA in Group 1, 1.74 + 0.22 mA in
Group 2, and 1.69 + 0.32 mA in Group 3) (Table I).
The percentage changes in headache frequency and
MIDAS scores were not significantly different across
treatments (one-way ANOVA with treatment as factor
and percentage variation of headache frequency as
variable: F=0.76 DF 2, n.s.; MIDAS score percentage
change as factor: F= 0.87; DF 2, n.s. Post-hoc test: n.s.)
(Fig. 4). The effect size was 0.67 for Group 1, 0.61 for
Group 2, and 0.62 for Group 3. In Group 1, 10 of the 11
patients reported a 50% reduction in headache frequen-
cy, while the number of responders was 9 in Group 2,
and 8 in Group 3 (Fig. 5, Table ).

Allodynia, TTS, anxiety and depression scores, and
sleep quality and duration did not change significantly
after three months of treatment (Table I). Quality of life
linked to physical conditions (Physical Component Sum-
mary — PCS of the SF-36 questionnaire) was signifi-
cantly improved without differences across treatments,
while health state linked to mental conditions (Mental
Component Summary — MCS scores) was only slightly
modified (Fig. 6, Table I). Fatigue as measured by MAF
score was significantly reduced in all migraine patients
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Figure 2 - Nociceptive blink reflex examples in three repre-
sentative patients in basal condition (TO) and after 3 months
(T1) of biofeedback, biofeedback + topiramate and topira-
mate treatment. The first and the tenth block of five rectified
R2 responses is reported to show the effects of treatment on
the R2 area and habituation.
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after three months of treatment (Fig. 6, Table ). We did
not observe significant correlations between the per-
centage change in headache frequency and percentage
changes in R2 area and habituation index between the
TO and T1 phases in the two groups submitted to
biofeedback (Spearman correlation test: percentage
change in headache frequency vs percentage change in
R2 area: 0.345, n.s.; habituation: 0.234, n.s.).

Discussion

This is the first study to apply a procedure of learning by
biofeedback to reduced habituation of the NBR, which is
considered a neurophysiological abnormality predispos-
ing to migraine (Di Clemente et al., 2007). In our mi-
graine patients, this pattern of reduced habituation was
confirmed in all cases, but it was not found to be signif-
icantly modified by the NBR biofeedback training, either
alone or in association with topiramate. Other studies
exploring the effects of biofeedback training on habitua-
tion of CNV in children with migraine (Siniatchkin et al.,
2000) reported a lack of effect when the feedback was
removed, confirming that reduced habituation is a stable
interictal pattern in migraine, and that it is scarcely mod-
ifiable by learning procedures. However, in that study
the number of treatment sessions was very limited and
probably not sufficient to provide stable effects on CNV
habituation. In our study, a clear trend in habituation in-
dex change was seen in patients submitted to biofeed-
back, therefore it could be that a larger sample size
would confirm the possibility of conditioning this genetic

R2 grea (mV2)
[l
3

index %

Figure 3 - Mean values and standard deviations of nocicep-
tive blink reflex (NBR) features in basal condition (T0) and af-
ter 3 months (T1) of biofeedback (N° 11), biofeedback + top-
iramate (N° 11) and topiramate (N° 10) treatments. The re-
sults of two-way ANOVA with phase as factor are reported: *
p<0.05. For the detailed statistical results, see Table I.
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trait of migraine. In a previous study, we observed that
topiramate was able to induce habituation of CNV, and
that this effect was correlated with its clinical efficacy (de
Tommaso, 2007, 2008), whereas the present results in-
dicated a low effect of topiramate on R2 area and habit-
uation index, despite the favorable clinical outcome. We
can argue that antiepileptics may act on a late EEG re-
sponse but are ineffective on reflex EMG responses and
their modulation. The action of topiramate in migraine

prevention is probably based on a specific inhibiting ef-
fect on the bioelectrical phenomena preceding the at-
tack (Akerman and Goadbsy, 2005). Its efficacy could
be linked to the reduction of cortical excitability and
arousal that causes CNV abnormalities in migraine
(Coppola and Schoenen, 2012). Although NBR habitua-
tion is dependent upon supra-segmental control, the
blink reflex is a subcortical response (Ellrich and
Treede, 1998; Elrich, 2002), which does not seem to be

Table I - Two-way ANOVA results with phases TO vs T1 and treatments as factors (NBR biofeedback, 11 patients; NBR biofeedback+topiramate, 11 patients;

topiramate alone, 10 patients)

Pain R2 R2 habituation | Frequency of | MIDAS | Allodynia | TTS | SAS | SDS | SPL9 | Sleep SF-36 | SF-36 | MAF
Variables threshold | area index headache quantity | PCS MCS
Fixed factors
Treatment
Phase
TOvs T1 DF 1
F 0.85 473 321 4.86 10.15 1.23 0.4510.67 | 1.45 | 0.89 | 145 14.61 |3.15 5.24
P n.s. 0.016 | ns. 0.0036 0.0004 | n.s. ns. | ns. |ns. | ns. n.s. 0.0001 | n.s. 0.035
Phase x
treatment
DF 2
F 0.79 4.23 0.45 0.48 0.65 0.99 0231123 122|044 |1.11 1.67 0.47 0.34
P n.s. 0.049 | ns. n.s. ns. n.s. ns. |ns. |ns. |ns. n.s. n.s. n.s. ns.

Abbreviations: MIDAS=Migraine Disability Assessment Scale; TTS=total tenderness score; SAS=self-rating anxiety scale; SDS=self-rating depression scale; SLP9=sleep
problems index (Medical Outcomes Study — Sleep Scale sub-item); PCS=Physical Component Summary; MCS=Mental Component Summary; MAF= Multidimensional
Assessment of Fatigue. Frequency of headache= average number of days with headache/month computed in the three months preceding T0 and T1 phases)
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Figure 4 - Mean values and standard deviation of percent-
age change in frequency of headache and MIDAS scores in
the three migraine groups. One-way ANOVA with treatment
as factor was not significant.
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Figure 5 - Mean values and standard deviations of headache
frequency and MIDAS scores, computed in the three months
preceding the basal condition (TO) and at the T1 evaluation af-
ter three months of biofeedback (N° 11), biofeedback + topira-
mate (N° 11) and topiramate (N° 10) treatments. The results of
two-way ANOVA with phase as factor are reported: ** p<0.001;
p<0.001. For the detailed statistical results, see Table I.
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Figure 6 - Mean values and standard deviations of the Phys-
ical Component Summary (PCS) of SF-36 questionnaire and
fatigue as measured by the MAF score in basal condition
(TO) and after 3 months (T1) of biofeedback (N° 11) ,
biofeedback + topiramate (N° 11) and topiramate (N° 10)
treatments. The results of two-way ANOVA with phase as fac-
tor are reported: * p<0.001; *** p<0.0001. For the detailed
statistical results, see Table I.

influenced by the central modulation exerted by topira-
mate. In the present study the main effect of the training
procedure was exerted on the R2 area, which appeared
to be significantly reduced in the groups treated by
biofeedback alone or in association with topiramate,
while topiramate alone confirmed its low efficacy in mod-
ifying the trigeminal reflex. The learning procedure prob-
ably reduced the reflex response to the nociceptive
stimulus, counteracting the arousal and stress against
pain, resulting in lower efficacy in restoring the pattern of
reduced habituation. The lack of correlation between the
size of the clinical effect and the changes in NBR habit-
uation may indicate that in our procedure a generic
mechanism of autogenic training and behavioral stress
coping exerted on the trigeminal nociceptive system
prevailed over a specific effect on NBR habituation.
Even though our procedure did not act specifically on
the NBR dis-habituation pattern, its effect on migraine
frequency and disability was comparable to that exerted
by topiramate. In fact, it reduced headache frequency by
almost 50%, with an effect size (0.65) comparable to
those of other training procedures (Nestoriuc et al.,
2008). The association of NBR biofeedback with topira-
mate did not enhance the effect on migraine frequency.
Holroyd et al. (1995) conducted a number of meta-
analyses and randomized controlled trials that com-
pared behavioral and pharmacological preventive treat-
ments, as well as their used separately and in combina-
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tion. These reviews and studies have consistently
shown that outcomes for individual treatments are simi-
lar in magnitude and that combining behavioral and
pharmacological treatments leads to even greater ef-
fects (Andrassik, 2010). At present, we cannot explain
the lack of benefit of association therapy in our study,
patients randomly assigned to the combination of
biofeedback and topiramate, although not significant,
might have contributed to this apparent lack of benefit
from combining the treatments.

A limit of our study is the lack of placebo and of non-
medicated patients in the control group. The biological
basis of the placebo effect is currently accepted, and the
effect of complex prophylactic procedures on migraine
seems mostly linked to a placebo effect and non-specif-
ic psychological effects (Autret et al., 2012). In our opin-
ion, the contribution of the placebo effect would not re-
duce the relevance of the clinical benefit induced by the
NBR procedure. In a previous study, migraine patients
did not seem easily conditioned by verbal suggestion of
pain relief (de Tommaso et al., 2012), although the good
effect of training procedures, including that performed in
the present study, seems to suggest that conditioning of
stress-related responses may act on cortical mecha-
nisms subtending migraine onset and trigeminal system
activation under stressful trigger factors Another flaw of
our study was that it followed a non-blinded design, an
element in favor of the above-mentioned placebo effect.
The number of cases was also low, which could reduce
the clinical relevance of the results. Indeed, the small
sample size does not allow definite conclusions to be
drawn from the comparison of the effects exerted by the
three therapeutic approaches on the other clinical vari-
ables, although the trend of the changes may be inter-
esting from the perspective of future studies. The effects
of our NBR biofeedback procedure were not associated
with reduction of anxiety and depression, differently
from other biofeedback procedures (Nestoriuc et al.,
2008). The main reason may be that our patients were
not affected by psychiatric comorbidities. However, an
improvement in anxiety and depression traits, was ex-
pected. In the same way, topiramate alone reduced
headache frequency, without effects on anxiety and de-
pression. Generally, these aspects are not considered in
studies on migraine prophylaxis, which are exclusively
based on headache frequency outcome, and also the
effect of topiramate on anxiety and depression has not
been fully clarified (Ettinger and Argoff , 2007; de Tom-
maso, 2012). The present study, with the limitations im-
posed by the small sample, seems to suggest that the
effect of both topiramate and the biofeedback procedure
on migraine frequency was not accompanied by an ac-
tion on symptoms of anxiety and depression in non-psy-
chiatric patients. Accordingly, the reduction of migraine
frequency did not modify mental performances as test-
ed by SF-36, rather it was associated with an improve-
ment of quality of life related to physical conditions. The
improvement of physical conditions linked to the reduc-
tion of migraine frequency was also confirmed by the re-
duction of fatigue, an effect slightly more prevalent in the
biofeedback-treated patients. Allodynia was not modi-
fied by either biofeedback or topiramate. Even though
allodynia is a sign of central sensitization, which can fa-
cilitate chronic headache occurrence, few studies have
reported the effects of preventive treatments on this im-
portant feature of migraine (Mathew, 2011). In the pres-
ent study, topiramate, both alone and in association with
biofeedback, reduced migraine frequency but was inef-
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fective on cutaneous allodynia, even though others have
reported efficacy of topiramate in reducing symptoms of
peripheral and central sensitization in neuropathic pain
(Codd et al., 2008; Paranos et al., 2011). Our patients
were requested to make a note of any allodynia symp-
tom accompanying each single episode in a specific
questionnaire, so the lack of effect of topiramate, NBR
biofeedback, and their association on symptoms of cen-
tral sensitization seems consistent and worthy of confir-
mation in a larger series. In addition, no effect emerged
for pericranial tenderness, which is another objective
sign of central sensitization at the level of the spinal dor-
sal horn/trigeminal nucleus (Bendtsen, 2000). In this re-
gard, we can suppose that the learning procedure,
aimed at improving modulation of trigeminal pain-relat-
ed reflex responses, was ineffective in reducing the de-
velopment of cutaneous allodynia and central sensitiza-
tion during the migraine attack, but was able to prevent
attack occurrence, probably by acting on the cortical
mechanisms triggering trigeminal activation. Moreover,
the NBR is not purely nociceptive, as the concentric
electrode may activate mechanical as well as small
myelinated afferents (de Tommaso et al., 2012). The
training procedure probably acts on the generic phe-
nomenon of arousal and supra-segmental control of the
reflex response, without specifically involving the noci-
ceptive component of the trigeminal system. Further ev-
idence in patients with chronic migraine and more se-
vere symptoms of central sensitization would help to
confirm a low action of these pharmacological and non-
pharmacological preventive strategies on these aspects
of migraine.

Summarizing, we found that our biofeedback procedure,
based on control of the reflex response and habituation
to painful trigeminal stimulation, was as efficacious as
topiramate in preventing migraine. Accordingly, NBR
biofeedback improved migraine frequency and not allo-
dynia or central sensitization, confirming an action on
cortical factors that trigger migraine and trigeminal acti-
vation under stressful conditions, more than on mecha-
nisms of pain control. This study confirms the useful-
ness of methods of autogenic training and behavioral
stress coping able to condition cortical mechanisms
driving trigeminal activation under the effect of stressful
trigger factors. Further long-term trials may clarify the
duration of clinical effects and the best treatment design.
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