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Abstract Pain perception studies in migraine patients

have shown trigeminal and peripheral pain facilitation

during the migraine attack. We were interested in differ-

ences of trigeminal and peripheral pain perception between

migraine patients during the migraine interval and healthy

subjects. Perception of electrical pain stimulation was

measured in 20 migraine subjects outside a migraine attack

(10 migraine with aura and 10 migraine without aura) and

in 20 healthy subjects. We recorded sensory and pain

thresholds, pain ratings after suprathreshold stimulation,

and pain rating after two trains of repetitive stimulation

(i.e., pain facilitation). Migraine subjects showed a signif-

icantly higher pain rating after suprathreshold stimulation

in the trigeminal region as compared to healthy subjects

(4.8 ± 1.6 versus 3.8 ± 2.2, p \ 0.04 after Bonferroni

correction) but not in the peripheral region. Furthermore,

migraine subjects showed a pain facilitation after repetitive

trigeminal stimulation whereas healthy subjects showed a

pain habituation. We observed no significant differences

between migraine subjects and healthy subjects for all

parameters in the peripheral stimulation. Migraine patients

with and without aura did not differ in any parameter. All

subjects showed decreased sensory and pain thresholds

after trigeminal as compared to peripheral stimulation.

Migraine subjects show an increased pain perception after

trigeminal but not after peripheral pain stimulation as

compared to healthy subjects. This phenomenon is proba-

bly due to the observed pain facilitation after painful tri-

geminal stimulation.
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Introduction

The specific role of the trigeminovascular system for the

pathophysiology of migraine has been increasingly recog-

nised in the recent years. It has been shown that migraine

patients exhibit a facilitated trigeminal pain perception in

the attack as compared to healthy controls [1–3]. In par-

ticular, studies using laser-evoked potentials have been

very useful to explore trigeminal nociception and habitu-

ation in migraine [4].

In an animal model of trigeminal pain, stimulation of the

dura mater lead to decreased skin pain thresholds [5–7]. In

experiments on humans, impaired skin sensibility in

migraine patients has been shown when applying different

stimuli such as cold (hand in ice water) [8] and heat [9]

stimulation, mechanic pressure stimulation [3, 9], intra-

muscular injection of inflammatory substances [10], or

electrical stimulation of the skin [9, 11] or of the cornea

[12]. In summary, an increased sensitivity of migraine

patients as compared to healthy control subjects to these

painful stimuli during a migraine attack has been shown [1,

2, 4]. The underlying mechanisms of this phenomenon are

still unknown. It has been hypothesized that a peripheral

and/or central sensitization is one of the main reasons for
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these decreased pain thresholds in migraine patients

[3, 13–15].

However, the differences in peripheral pain perception

between migraine patients and healthy subjects outside a

migraine attack has received only little attention, and we

are not aware of any study on the interictal pain thresholds

in migraine patients as compared to healthy subjects.

Therefore, we designed a study on sensory and pain

thresholds in migraine patients outside an attack and

compared the results to a control group. In addition, we

were interested whether these possible differences can be

related to trigeminal and/or peripheral pain perception and

whether migraine features such as frequency or duration of

the disease have an influence on this specific pain per-

ception. Furthermore, we examined both single stimulation

and repetitive stimulation as a measure of facilitation.

Since it has been shown that the sex of both the experi-

menter and the subjects has a major impact on the sub-

jective pain thresholds [16], we designed a study with

exclusively women as experimenter and subjects.

Methods

Subjects

We enrolled 20 female subjects (mean age 25 ± 5 years)

with a migraine according to the criteria of the Interna-

tional Headache Society [17], 10 of them without and 10

with aura (meaning that the majority of attacks occurred

with an aura). All migraine and healthy subjects were

diagnosed in a personal interview performed by an expe-

rienced headache expert. They were recruited from a ter-

tiary headache center at the University of Münster,

Germany. The control group comprised 20 female subjects

(mean age 24 ± 7 years) without migraine and without any

other idiopathic or present symptomatic headache. The

mean duration of the migraine was 9.9 ± 4.7 years with a

mean attack frequency of 1.2 ± 2.6 per month (range

0.2 to 5).

Only women aged over 18 without any neurological or

psychiatric disorder were considered. In particular, any

depressive disturbance, regular intake of any drugs (except

oral contraceptives), current smoking, and pregnancy were

strict exclusion criteria. We included only women with an

attack frequency of at least two migraine attacks per year

for at least five years. At the time of experimental inves-

tigation, no migraine attack was present, and the previous

migraine attack had to be at least three days ago. Also, we

excluded subjects who had a migraine attack within two

days after the procedure. Migraine attacks within two days

before and during the menstrual bleeding were also

excluded. The subjects were not informed about the

hypothesis of our study (i.e., our expectation that migraine

would influence interictal pain thresholds). We carefully

registered the migraine history including frequency, age of

onset, duration of migraine, occurrence of aura, and dates

of the previous attacks. One week later, the subjects were

contacted in order to register whether a migraine attack had

occurred after the procedure.

The study was approved by the local ethics committee

of the Faculty of Medicine, University of Münster. All

subjects gave written informed consent.

Procedure

The migraine and the healthy subjects were investigated in

a resting position. The pain stimulation was performed with

a Dantec Keypoint device (Skovlunde, Denmark, 1997).

We used wet stimulation electrodes placed with constant

pressure in the first part of the examination on the skin over

the tibial region and in the second part of the examination

on the skin over the trigeminal region.

The sensory threshold was determined by application of

single electric stimuli with increasing intensity until the

stimulus was experienced. We started with 0.1 mA and

then increased by steps of 0.1 mA until an intensity of

2.0 mA. The further increase of stimulus intensity was

done by steps of 0.2 mA until an intensity of 30 mA and

after that level in steps by 0.5 mA. The stimulus duration

was 1 ms.

After determination of the sensory threshold, we

increased the stimulus intensity until the subjects rated the

stimulus as painful for the first time. This pain threshold

was also used in following assessments. After determina-

tion of the pain threshold, we applied a single stimulus with

threefold pain threshold intensity. The subjects were asked

to rate this stimulus on a visual analogue scale (VAS)

between 0 and 100 mm [18]. This procedure was repeated

three times, the arithmetic mean was considered as the pain

intensity. Then, we applied 10 repetitive electric stimuli

(first train) with a duration of 1 ms, a frequency of 0.5 Hz,

and with an 1.5-fold pain threshold intensity. The subjects

were then asked to rate the last stumulus of this train on the

VAS. After 30 s, we repeated this procedure of repetitive

stimulation (second train) in order to determine pain

facilitation or habituation. The subjects were neither

informed about the relative nor about the absolute stimulus

intensity.

The first part of the whole investigational procedure was

performed over the tibial (i.e., peripheral) region. The

stimulation was applied 10 cm under the insertation of the

patella, the pressure of the stimulation electrode was mild

and constant in order to stimulate primarily cutaneous

sensory fibres. The second part of the investigational pro-

cedure was performed over the masseter (i.e. trigeminal)
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region with exactly the same protocol. The stimulation

electrode was placed over the masseter muscle 2 cm over

the horizontal mandibula. There was a break of 30 minutes

between the two measurements to ensure that there was no

order effect of the stimulation.

Statistics

Data are presented as arithmetic mean and standard

deviation or as percentage. We used non-parametric testing

(Wilcoxon-test, Friedman-test, Mann-Whitney-U-test,

Spearman-rank-correlation coefficient). Since we applied

multiple testing, p values are given after Bonferroni cor-

rection. Significance level was set at p = 0.05.

Results

We received complete data from all 20 migraine subjects

and from all 20 healthy subjects.

Comparison between migraine and healthy controls

In Table 1, the results of the pain measurements are pre-

sented. There were two significant differences between

migraine subjects and healthy subjects. First, the pain

intensity of a given stimulus after trigeminal stimulation

was rated significantly higher in migraine subjects than in

healthy subjects. Second, the difference between the two

trains of repetitive stimulation was significantly different

for trigeminal stimulation. It was negative in healthy sub-

jects pointing to a pain habituation. In migraine subjects,

the difference was positive pointing to a pain facilitation or

dishabituation rather than a normal pain habituation.

With respect to the migraine features, we found a sig-

nificant correlation between the attack frequency and the

difference between the two trains of repetitive stimulation

(i.e. the amount of pain facilitation) in the trigeminal

stimulation. The higher the attack frequency was the more

negative the difference between the ratings of 2. train

minus 1. train was (r = -0.49; p = 0.037). We found,

however, no significant correlation between the duration of

migraine in years and the pain facilitation (r = -0.22;

p = 0.139).

No differences were found with respect to pure sensory

and pain thresholds between the two groups neither for the

peripheral nor for the trigeminal stimulation. Further, we

observed no significant difference in any parameter

between migraine patients with and without aura (data not

shown).

Comparison between trigeminal and peripheral

nociception

In the two examination groups, the thresholds for pain

perception were lower for the trigeminal as compared to the

peripheral stimulation (Tables 2 and 3). The sensory

thresholds did not show a significant difference between

peripheral and trigeminal stimulation for both groups.

However, the pain thresholds were significantly lower for

Table 1 Migraine data and results of pain measurement in healthy controls and in migraine subjects presented as arithmetic mean and standard

deviation; statistical comparison by Mann-Whitney-U-test with subsequent Bonferroni correction

Control (n = 20) Migraine (n = 20)

Migraine duration (years) – 9.9 ± 4.7

Migraine frequency per month – 1.2 ± 2.2

Peripheral (tibial) region stimulation

Sensory threshold (mA) 1.2 ± 0.6 1.1 ± 0.6 ns (p = 0.60)

Pain threshold (mA) 7.0 ± 5.0 6.7 ± 4.8 ns (p = 0.70)

Threefold pain threshold stimulation (VAS in mm) 2.6 ± 1.8 2.9 ± 1.8 ns (p = 0.76)

1. Train with 1.5-fold pain threshold stimulation (VAS in mm) 2.9 ± 1.9 2.8 ± 1.8 ns (p = 0.99)

2. Train with 1.5-fold pain threshold stimulation (VAS in mm) 3.0 ± 2.2 3.0 ± 1.6 ns (p = 0.68)

Difference between 2. train and 1. train 0.1 ± 0.8 0.2 ± 1.0 ns (p = 0.76)

Trigeminal region stimulation

Sensory threshold (mA) 1.0 ± 0.5 1.0 ± 0.3 ns (p = 0.76)

Pain threshold (mA) 3.6 ± 1.8 3.3 ± 2.0 ns (p = 0.41)

Threefold pain threshold stimulation (VAS in mm) 3.8 ± 2.2 4.8 ± 1.6 p = 0.04*

1. Train with 1.5-fold pain threshold stimulation (VAS in mm) 3.9 ± 2.3 4.1 ± 1.4 ns (p = 0.29)

2. Train with 1.5-fold pain threshold stimulation (VAS in mm) 3.8 ± 2.4 4.3 ± 1.7 ns (p = 0.33)

Difference between 2. train and 1. train -0.05 ± 1.2 0.2 ± 1.3 p = 0.046*

* p = 0.12 before correction
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the trigeminal stimulation; and after stimulation with the

threefold intensity of the pain threshold, both groups

showed higher pain ratings for the trigeminal as compared

to the peripheral stimulation. This corresponds to the

observation that the pain rating after repetitive stimulation

was higher for the trigeminal region between the two groups

for the different trains applied in our stimulation paradigm.

When analysing the differences between the two trains

(train 2 minus train 1) between trigeminal and peripheral

stimulation, we did not find a significant difference

between the two groups. In healthy subjects, we observed a

decrease of pain perception in the second train for the

peripheral but not for the trigeminal stimulation (Table 3).

This means that healthy control subjects show a more

pronounced pain habituation for peripheral than for tri-

geminal stimulation whereas migraine subjects did not

show a difference in habituation to painful stimuli between

peripheral and trigeminal stimulation. However, these

trends were not statistically significant.

Discussion

In this study, we observed relevant differences in the per-

ception of painful electric stimuli between female migraine

subjects and female healthy subjects. Since we measured

only migraine attacks outside the perimenstrual days, we

believe that the influences of the hormonal cycle are of

minor importance.

First, we found increased pain thresholds during

peripheral stimulation as compared to trigeminal stimula-

tion both in healthy subjects and in migraine subjects. This

confirms similar observations in previous studies [19]. One

of the underlying mechanisms for this difference in

thresholds might be that both groups show a higher density

of nociceptors in the trigeminal region as compared to

other peripheral regions of the body.

However, we detected a significant difference in pain

facilitation after trigeminal stimulation. Female patients in

the migraine interval are more sensitive to repetitive tri-

geminal stimuli than female healthy subjects. The first

showing increased pain rating and the latter showing

decreased pain rating after repetitive stimulation. It is still

unknown what the underlying mechanims of this specific

pain perception in migraine subjects is. As several authors

also suggested, we assume that subjects with migraine have

a central sensitisation with a different neuronal network

activity in the brainstem [1–3, 7, 11–15]. A further sup-

porting argument for this hypothesis is that the increased

pain facilitation is correlated with the migraine attack fre-

quency. This points to a central facilitation rather than to a

peripheral such as changes of cutaneous nociception or of

nerve fibres and has also been shown in a similar study [15].

However, in a recent study on the nociceptive blink reflex,

the loss of habituation to painful stimuli in migraine sub-

jects interictally was not higher in those subjects with high

attack frequency [20]. This has been explained by genetic

mechanisms rather than trigeminal pain sensitization. The

difference from our study might be explained by the fact

that we evaluated complex (i.e., stimulating different fibre

systems) pain stimuli and not brainstem potentials as a

response to mild C-fibre mediated stimuli which were not

rated as painful by the subjects. We observed no significant

difference in any parameter between migraine patients with

and without aura suggesting that the liability to a migraine

aura has no major impact on pain processing.

Table 2 Comparison between

the trigeminal and the peripheral

pain measurement in migraine

subjects

Trigeminal Peripheral Significance

Sensory threshold (mA) 1.0 ± 0.3 1.1 ± 0.6 p = 0.391

Pain threshold (mA) 3.3 ± 2.0 6.7 ± 4.8 p \ 0.001

Threefold pain threshold stimulation (VAS in mm) 4.8 ± 1.6 2.9 ± 1.8 p \ 0.001

1. Train with 1.5-fold pain threshold stimulation (VAS in mm) 4.1 ± 1.4 2.8 ± 1.8 p = 0.002

2. Train with 1.5-fold pain threshold stimulation (VAS in mm) 4.3 ± 1.7 3.0 ± 1.6 p \ 0.001

Difference between 2. train and 1. train 0.2 ± 1.3 0.2 ± 1.0 p = 0.641

Table 3 Comparison between

the trigeminal and the peripheral

pain measurement in healthy

control subjects

Trigeminal Peripheral Significance

Sensory threshold (mA) 1.0 ± 0.5 1.2 ± 0.6 p = 0.357

Pain threshold (mA) 3.6 ± 1.8 7.0 ± 5.0 p \ 0.001

Threefold pain threshold stimulation (VAS in mm) 3.8 ± 2.2 2.6 ± 1.8 p = 0.003

1. Train with 1.5-fold pain threshold stimulation (VAS in mm) 3.9 ± 2.3 2.9 ± 1.9 p = 0.003

2. Train with 1.5-fold pain threshold stimulation (VAS in mm) 3.8 ± 2.4 3.0 ± 2.3 p = 0.007

Difference between 2. train and 1. train -0.05 ± 1.2 0.1 ± 0.8 p = 0.421
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Several migraine subjects show a facial allodynia during

the migraine attack [1]. This phenomenon also supports the

view that meningeal and other trigeminal painful stimuli

are perceived by the same nociceptive network. This is

another evidence for the different pain perception of tri-

geminal and peripheral stimuli.

Further, psychosomatic mechanisms might be of

importance for the observed phenomenon. The repetitive

facial and head pain in migraine patients during their

regular attacks can lead to a facilitation of all painful tri-

geminal stimuli in these subjects. Chronic pain patients

show a facilitation rather than a habituation to repetitive

pain.

We observed some differences as compared to similar

studies. Although we could reproduce the finding that pain

facilitation is present in subjects with tension-type head-

ache also for migraine subjects, this facilitation was only

found in trigeminal pain perception but not in peripheral

[19]. Furthermore, we could not replicate the general

finding that peripheral pain thresholds are lower in head-

ache patients as compared to healthy control subjects [13].

However, we could show that the trigeminal pain facilita-

tion is also present in the migraine interval and not only

during the migraine attack. This is in concordance to two

previous studies [20, 21].

There are some limitations in our study. First, some of

our subjects had difficulties in determining the pain

threshold whereas the sensory threshold was easy to detect

in all subjects. This could have caused a systematic bias.

Second, although the experimental procedure was done by

the same investigator in all cases, we cannot rule out

fluctuations in the different manual applications of stimuli;

in particular, we cannot be sure that we stimulated exactly

the same fibre types in all subjects. Third, we did not

completely control for the menstrual cycle which might be

an independent factor influencing pain perception in gen-

eral [22]. Finally, the relatively high interindividual vari-

ability in the thresholds and pain ratings make it, with

respect to statistical analysis, difficult to detect systematic

differences between groups of subjects. Furthermore, the

stimulation was not blinded which could lead to a pre-

sentation of expected answers. However, it is very difficult

to perform a blinding of stimulation in such a study design.

Our data apply only to subjects with a long duration of

migraine. It is unknown whether our findings are also

applicable to subjects who had just started to have migraine

attacks.

With our study design, we are not able to determine

whether the differences in pain perception between

migraine and healthy subjects is a primary or a secondary

phenomenon. It has still to be elucidated whether the

decreased pain thresholds in migraine subjects are due to

the hereditary liability of a subject for migraine or whether

this occurs during the history of migraine as a result of

repetitive migraine attack perception. The detection of this

mechanism would be highly interesting for the question

how to develop specific migraine prophylactic agents. On

the other hand, studying differences in pain thresholds

between migraine subjects with and without prophylactic

medication or before and after initiation of prophylactic

medication would also elucidate this point.

We conclude that our method of measuring pain

thresholds and pain facilitation is very robust with respect

to intraindividual reproducibility and application in pain

research. However, the limitation of this method of elec-

trical painful stimuli is that we cannot exactly differentiate

which nerve fibres are involved in the pain conduction.

Electrical painful stimuli are primarily processed by Ab-

fibres. They are also processed by Ad-fibres and can also

activate C-fibres. Therefore, it has still to be determined

whether the pain facilitation in migraine patients is pro-

cessed by a specific subtype of nerve fibres or whether it is

independent from the nerve fibre conduction.
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