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Functional reorganization of the human primary somatosensory
cortex after acute pain demonstrated by magnetoencephalography
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Abstract

The somatosensory system is capable of functional reorganization following peripheral denervation or training.
Studies on human amputees with phantom limb pain provided evidence that these reorganizational changes are modu-
lated through nociceptive input. In the present study we used magnetoencephalographic recordings of six healthy
volunteers to assess whether acute pain by itself causes a reorganization of the primary somatosensory cortex. After
the induction of an intense experimental pain at the thenar of the left hand by intradermal injection of capsaicin, the
extent of the cortical hand representation and the distance between the hand representation and the localization of the
lip decreased. A likely mechanism for this acute reorganization is that pain induced hyperresponsiveness of the left

thenar to tactile input from neighboring body sites. © 2001 Elsevier Science Ireland Ltd. All rights reserved.
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Cortical maps are dynamic networks which are, even in
the adult brain, capable of reorganization following changes
in sensory input or in behavior [3]. There is increasing
evidence that reorganizational changes in the somatosen-
sory system are, at least in part, induced and maintained
by the activation of nociceptive inputs. After upper limb
amputation a close correlation between phantom limb pain
and the reorganization of the primary somatosensory cortex
(SI) was detected [9]. There is evidence that phantom pain,
rather than the loss of afferent input, causes plasticity in SI
in these patients, since the amount of cortical reorganization
can be reduced through the elimination of phantom pain by
plexus anesthesia [1]. It is still an open question, however,
whether acute pain by itself suffices to elicit functional corti-
cal reorganization or whether this phenomenon requires
chronicity of pain. We previously observed that acute pain
can elicit phantom sensations in healthy subjects and
suspected an underlying pain-induced hyperresponsiveness
of the cortical hand representation to somatotopically adja-
cent input from the lip [11].
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Magnetoencephalography (MEG) allows the non-inva-
sive mapping of the human brain with a spatial resolution
high enough to demonstrate the somatotopic organization of
the somatosensory homunculus [14]. Somatosensory
evoked magnetic fields (SEF) were recorded in six healthy
male volunteers (age 26—40 years) to test the hypothesis that
acute pain, elicited by the intradermal injection of capsaicin,
can cause a reorganization of the human somatosensory
cortex. All subjects were strongly right-handed as indicated
by the Edinburgh handedness inventory [16]. None of the
subjects had a regular medication or took analgesics or any
other drug on the day of the measurement. All measure-
ments were carried out in the afternoon between 16:00
and 19:00 h to minimize chronobiological influences.

The tip of the first (D1), second (D2), and fifth finger (D5)
of the left hand as well as the left lower lip were stimulated
by a pneumatic stimulator delivering non-painful, light
superficial pressure pulses. The four stimulation sites were
activated in a randomized order (interstimulus interval
500 = 50 ms, 300 stimuli per site) to minimize the effect
of minor head movement during the measurements.
Magnetic fields were recorded in a magnetically shielded
room using a 37-channel biomagnetic system equipped with
first-order axial gradiometers (Magnes I, BTi, San Diego,
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CA) as described previously [9]. Data were sampled at a rate
of 520.8 Hz, digitally filtered using a high pass filter of
0.1 Hz, averaged, baseline corrected and band-pass filtered
with 1-30 Hz. Epochs containing an amplitude of more than
2 pT in any of the 37 channels were rejected as artifacts
before averaging. To localize the neuronal sources of the
magnetic field distribution the model of a single equivalent
current dipole in a spherical volume conductor was applied.
The dipole of the peak latency of the N50m component,
equivalent to the N20m after electrical stimulation, was
selected for further analysis. The Euclidean distance
between the dipoles obtained for D1 and D5 served as a
measure of the extent of the hand area. The center of gravity
within the triangle formed by the locations derived for D1,
D2, and D5 as well as the Euclidean distance between this
center of gravity and the location of the lower lip were
calculated.

After the first SEF measurement, capsaicin (50 pl, concen-
tration 0.1%) was injected intradermally into the middle of
the left thenar with a 27-gauge needle. The intradermal injec-
tion of capsaicin (8-methyl-N-vanillyl 6-nonamide) directly
activates nociceptive primary afferent C-fibers and is a
widely used tool for inducing experimental pain in humans
[10]. A second SEF measurement was started 5 min after
injection. Before the first and after the second SEF measure-
ment, the thresholds for light touch and pain were determined
using calibrated von Frey filaments (Stoelting, Wood Dale,
IL). Thresholds were tested on the following eight sites
marked before the initial testing: on the four sites of pneu-
matic stimulation (i.e. the tip of left D1, D2, and D5 as well as
the left lower lip) and on four sites of the thenar each 1 cm
apart from the capsaicin injection site. A schematic illustra-
tion of the experimental paradigm is provided in Fig. 1.

Subjects were asked to assess their actual pain on a visual
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Fig. 1. Schematic illustration of the experimental paradigm.
Before the first and after the second recording of somatosensory
evoked magnetic fields (1, SEF; 2, SEF) the thresholds for touch
and pain were determined by von Frey filaments (1, threshold;
2, threshold). The small circles at the fingers and the thenar
indicate the locations of von Frey filament testing. The larger
circles on the fingers indicate the sites of tactile stimulation.
The grey area at the thenar represents the area of hyperalgesia
around the capsaicin injection site.

analog scale between zero (no pain) and ten (most intense
pain) 1 and 15 min after the injection of capsaicin. Data are
presented as mean * SD. For comparison of the measure-
ments before and after capsaicin injection, the non-para-
metric Wilcoxon test was employed. P-values <0.05 were
regarded as indicating statistical significance. All subjects
gave their informed, written consent before the start of the
measurements. The study protocol was approved by the
Ethics Committee of the Medical Faculty, University of
Miinster, Germany.

The injection of capsaicin induced severe pain, being
rated as 8.5 = 0.7 (mean £ SD) on the visual analog scale
(VAS) 1 min after injection, which decreased to 3.0 = 1.5
on the VAS after 15 min. The threshold for light touch did
not change significantly between von Frey filament testing
before and after capsaicin injection at all eight sites of test-
ing. The threshold for pain did not change significantly at
the three fingers tested and at the lower lip. In contrast, the
threshold for pain decreased significantly at the four sites of
the thenar after capsaicin injection (P < 0.001), indicating
the area of primary hyperalgesia.

Original MEG waveforms before and after capsaicin injec-
tion of one subject are presented in Fig. 2. The dipole moment
Q, representing the number of activated neurons at a given
point of time [12], did not change significantly between the
SEF measurements before and 5 min after capsaicin injec-
tion. In all six subjects, the distances between the center of
gravity of the hand representation and the localization of the
lip decreased in the second SEF measurement, starting 5 min
after capsaicin injection (range, 1-5 mm; P = 0.0277,
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Fig. 2. Somatosensory evoked magnetic fields of a single subject
during tactile stimulation at the four different sites before (filled
line) and after capsaicin injection (dashed line). Only the positive
and negative maxima of the 37 channels are displayed.
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Fig. 3). Additionally, the distance between D1 and D5
decreased significantly in the second SEF measurement
after capsaicin injection (range, 1-6 mm; P = 0.0464;
Fig. 3).

MEGQG is able to assess relative differences in dipole loca-
tions below 1 mm under favorable conditions, while the
absolute spatial resolution is in the order of several milli-
meters [13]. Because of the small changes in source loca-
tions found here, the absolute shifts of individual dipoles
after the injection of capsaicin cannot be determined with
certainty and are not reported in this study.

The results of this study demonstrate that the strong noci-
ceptive input evoked by the intradermal injection of capsai-
cin into the hand can cause a rapid functional reorganization
of SI. This reorganization is characterized by a spatial shift,
but not extension, of the cortical representations of the
neighboring fingers and the lower lip. Previously, somato-
sensory reorganization has been observed after input
decrease, i.e. de-afferentation or limb amputation in animals
[18] and humans [6]. In addition, the increase of afferent
input may also change cortical representations [7,17].

Capsaicin can also lead to a sensitization of C-fiber noci-
ceptors at the injection site [19] and, when administered in
higher concentrations than the 0.1% capsaicin solution used
here, can act as a potent neurotoxin blocking C-fiber
conductance [21]. Since the thresholds for touch or pain
did not change significantly between the pre-capsaicin and
the post-capsaicin von Frey filament testing at the sites of
subsequent tactile stimulation for the SEF measurements,
i.e. the fingers and the lip, the reorganizational changes
seen here cannot be attributed to peripheral sensitization
of nociceptors or to a conduction block of sensory nerve
fibers following capsaicin injection. Rather, the effects
must be attributed to a direct activation of C-fibers.
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Fig. 3. Euclidean distances between the center of gravity of the
representation of the left hand and the left lower lip (left panel)
and between the representation of the left thumb and the left
small finger (right panel) before and after capsaicin injection.

Recently, attention has been shown to change the repre-
sentation of single fingers in SI [2,15]. Since the injection
of capsaicin evokes a severe pain, we made no attempt to
distract our subjects‘ attention from the painful hand
during injection. We cannot exclude the possibility that
the representational changes seen in our study are, at
least in part, due to changes in attention. However, a
major effect of attentional shifts seems unlikely since the
second measurement started
5 min after capsaicin injection when the initial pain was
already strongly reduced and since the pain was not located
at the fingers stimulated during the SEF measurements.

In the present study we found somatosensory reorganiza-
tion already 5 min after the injection of capsaicin. Animal
studies demonstrated that reorganization of SI starts within
minutes after peripheral nerve injury [5,8]. The mechanisms
of these rapid changes of cortical representations are not
entirely clear. The injection of capsaicin activates SI in
humans via C-fibers [10] and can modulate intracortical
inhibition in area 3b of animals [4]. A substantial overlap
of dominant and latent input to area 3b was observed in
monkeys [20]. Reorganizational plasticity is believed to
mainly originate from the unmasking of those latent affer-
ents [18]. Such an unmasking of overlapping tactile input by
C-fiber afferents in area 3b could explain the rapid time
course of the changes observed in our study. Pain could
thus be a decisive factor for the activation of latent synapses.

In summary, the results of this study suggest that acute
pain, evoked by the intradermal injection of capsaicin,
causes rapid functional reorganization of the somatosensory
cortex. This observation extends previous results on soma-
tosensory plasticity after de-afferentation and training in
animals and humans and after chronic phantom pain in
human amputees. Further investigations must be directed
on the time-course and on the cellular and molecular
mechanisms of pain-induced plasticity. A challenging task
for future research is to define the importance of somato-
sensory plasticity for the chronification of pain.
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