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sensitivation, processing of noxious stimulus properties
into a neural language that the central nervous system
In the past pain research was mainly concerned withable to process properly and of processes within the
the characterization of nociception, i.e., with the quephysiological structures of the periphery and the central
tion how noxious stimuli are processed in order to penrervous system. These processes constitute the primary
ceive pain. There is no doubt that important knowledgeeurophysiological basis of pain. The nociceptive sys-
has been achieved in theoretical and clinical terms. Niem represents a simple structured, inherent warning
ciception consists of transduction and transformatiosystem, which signals tissue lesions, infections, and
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other modifications of the skin and connective tissuds should be activated in a time period of about 25 ms.
structures. Classic pain concepts assumed that pain dadeed, numerous studies concerning the communica-
sation is a direct consequence of the extent of periphton between different brain areas indicate an oscillatory
al nerve activation. However, recent studies doubt tHiequency of about 40 Hz, called gamma-activity (17,

rather rigid formulation and suggested the “Gate Co#ao, 41).

trol Theory of Pain* presented by Melzack and Wall

(30). After several transformations (28, 29) this theory

emphasizes that only the result of central informatiqyjpelectrical phenomena in pain processing

processing determines the phenomenon of pain. Thus,

pain goes far beyond nociception in so far as expefly means of PET and fMRI it has been shown which
ence, learning, emotional activities, and aspects of siain structures are involved in pain processing. Since
jective coping are involved in the processing ahe temporal resolution of these methods is restricted to
nociceptive information that all act as modulators anginutes or seconds, these methods can not properly dis-
add to the question how we finally experience paigoyver coherent relations between cortical structures in-
These processes can at least partially be independenf@{ed in pain processing. Bioelectrical and biomag-
nociception (27, 33). These considerations are suppogRéic methods, however, have a temporal resolution of
to have significant clinical consequences: pain shouigijiseconds. Therefore, such methods could contribute
be defined as a private experience, the significancegf oyr understanding of the temporal involvement of
which depends on our previous individual experiencgifferent structures of the brain into the processing of

our socio-cultural learning activities, the present degrggin. Present findings mainly come from three sub-
of attention or distraction and on memory functiongroups of investigation:

and our abilities to control our pain experience.

» from studies on spontaneous changes in the elec-
troencephalogram (EEG) and magnetoencephalogra-
phy (MEG) during pain processing,

Pain processing in the central nervous system « from studies on event-related changes to painful
stimuli during normal pain processing or during the

The experience of pain is mediated by the activity of duantification of analgesic agents, and
different cortical and subcortical structures. By meafis from studies on neuronal sources subserving the pro-
of Positron Emission Tomography (PET) and functional c€ssing of pain.
Magnetic Resonance Imaging (fMRI) it has been shown
that several spatially distributed cortical and subcortical
areas participate in the nociceptive processing and pé&iwdies on the spontaneous changes in the EEG and MEG
(9, 10, 38, 42). Besides the primary and secondalwing pain processing
somatosensory cortical areas, the prefrontal cortex, ante-
rior parts of the gyrus cinguli, parts of the thalamus, tHgased on the assumption, that the EEG reflects excita-
nucleus lenticularis in the cerebelum, the periaquadudian and inhibition of different neuronal moduls,
grey, and the insula, all are involved in the processimfpanges in the cortical power spectrum can be inter-
of nociceptive events (9, 10, 38, 42). Somatosensgyeted as measures how these structures are involved in
cortical fields and parts of the thalamus are believed tite processing of pain. It has been shown that during
be the basic structures for the processing of somatospain modifications occur in almost all classical EEG
sory features (i.e., localization, strength). Structures fséquency bands (5, 6, 16). An increase of power with-
the upper prefrontal cortex, medial parts of the thala the beta-frequency band as well as in higher fre-
mus, and the cingular cortex are considered to intguency bands has been reported during pain. At the
grate the affective component of pain processing (48ame time, a decrease was found in the alpha-frequency
According to the modular organization of the brairrange. Additionally, there are studies demonstrating
which reflects a basic assumption in neuroscience, spaadulations of the EEG power spectrum due to the
tially and temporally organized communications bexdministration of different analgesics. As a rule, a
tween different moduls of these brain regions are codecrease of alpha activity combined with a significant
sidered to be of great importance for normal pain praicrease of slow activities in the delta-range was found
cessing (37). during analgesia as compared to placebo (3,5, 6).
The quality and the intensity of pain experience d®ecent findings about changes in the coherence spec-
pend on synchronized activities of different neuron&dum between different brain areas, showing an increase
brain moduls. Their activities should temporarilly bef oscillatory coherence in the 40 Hz range during pain
correlated with each other. For such organized systeprecessing are of particular interest (1, Miltner et al.,
Pippel et al. (35—-37) suggested that the different mosbmitted).
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Event-related potentials in pain and during quantification corresponding latencies in the range of 100-400 ms
of analgesic influences post-stimulus during analgesia. This reduction of ampli-
tude is accompanied by a significant decrease of subjec-
Apart from frequency modifications of the spontaneouive pain reports. SEP and SEF have been also used to
EEG, somatosensory event-related potentials (SEP) asgess the power of psychological pain control methods
somatosensory event-related magnetic fields (SEF) wsteh as distraction of attention and hypnosis. During
used to quantify how subjects perceive the intensity atfte distraction of attention from the painful stimulation
guality of somatosensory stimuli as well as to valugsubjects experienced pain stimuli as less painful which
analgesic substances. In this field of EEG research sgb+relates with a decrease in the late SEP components
jects or patients are stimulated painfully. Brain poteri23, 34). Furthermore, in hypnosis late components of
tials or fields to these stimuli are recorded from diffetfSEP do not indicate any differences between baseline
ent sites of the brain and then averaged. In the SEPaondition, hypo- and hyperalgetic conditions (33). How-
SEF different components can be identified, which aever, during suggestions aimed to increase the experi-
defined by their latencies. Thus, the P100-componesrice of pain significantly higher ratings about the
means a component of the brain potential, which showsperienced pain were found than during a suggestion
its maximal positive amplitude 100 ms after a painfupplied to decrease the pain experience. Subjective
stimulus. Irrespective of the stimulus modality, a postlecrease of pain has been experienced although there
tive relation between stimulus intensity and report omas no change in stimulus intensity. These and other
the intensity of the subjectively experienced stimulexperiments on the influence of hypnosis on SEP and
has been shown where different components of SEBEF amplitudes have led to different hypotheses. It is
and SEF have been qualified as brain electrical cordear from these studies that stimuli applied during hyp-
lates of pain processing in humans (7, 8, 13, 14, 31, 3®sis are processed by the cortex without any modifica-
44). It was shown that the amplitudes of the SEP corien, whereas information processes that follow the first
ponents correlate considerably more with the subjectigealuation of stimuli result in a reassessment of the
pain report than with the physical stimulus intensitgain sensation. A dissociation between neuronal moduls
(12, 31). Therefore, electrocortical activities are asesponsible for pure somatosensory processing and
sumed to be a useful parameter for the investigation thibse evaluating the painful stimuli represents one pos-
cortical processes of pain perception and the impactgible interpretation (22, 31).
pain treatment methods.
Different studies examined SEP and SEF to painful
stimuli in healthy controls and different groups of
chronic pain patients (3, 18, 25, 44). It has been estdeuronal source analysis in pain processing
lished that there is a clear difference in processing of
painful stimuli between chronic patients and healthgvent-related fields and potentials are used to model
controls, e.g., patients with chronic back pain show meeural generators of these fields and potentials. Hari et
significant differences in the SEP amplitudes wheal. (20, 21) presented the first MEG studies about the lo-
stimulated on the back (Bauder & Miltner, submittedalization of neuronal structures that might be involved in
These patients react with higher SEF power as cothe processing of pain, experimentally induced by electri-
pared to healthy subjects (18). Furthermore, SEP aral tooth pulp stimulation or electrical finger stimulation.
SEF can be used to examine the influence of analgeBiesides neural activities in the secondary somatosensory
drugs. First studies concerning the influence of periphreas these stimulations cause neural activities in the pri-
eral analgesics on SEP induced by noxious stimulatiorary somatosensory cortex contralateral to the side stim-
were presented by Chen and Chapman (15). Their egated (24, 25). Furthermore, magnetic field activities can
periments have shown that a highly significant redube localized in a time period of about 250 ms post stim-
tion of different SEP amplitudes occurs after applicatiarius localized in both secondary somatosensory brain
of acetylsalicylic acid. Analgesics affect more or less adreas and in the anterior cingulate. Sources of neuronal
potential components. The above mentioned resuistivity can be found not only by means of MEG, but
have been replicated several times. Furthermore, othégo with SEP to painful stimulation. For example, Tark-
peripherally effective analgesics seem to give similaa and Treede (43) were able to identify neural sources of
effects (26). In recent years numerous analgesics whllctrocortical activities after laser-heat stimulation in the
act on the central nervous system were tested concaepresentative areas of the stimulated hand, i.e., in the pri-
ing their influence on nociceptive evoked potentials andary somatosensory cortex contralateral to the stimula-
fields. This analysis refers to opiates, opiate derivaté®n side, in both secondary somatosensory cortices bilat-
and numerous non-narcotic analgesics as well as antideally and in the anterior cingular cortex. To summarize,
pressants (5, 6, 11). Accordingly, results show a redubese data show good correspondence of results of most
tion of amplitudes as well as a clear prolongation dfivestigations (4, 43) that also correspond to the studies
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using fMRI or PET (9, 10, 38, 42). From all these studidsgave found that the receptive field structure of the am-
it is now pretty clear that the processing of painful stinputated finger rapidly changes. It was demonstrated that
uli is performed in primary (SI) and secondary areas (Sthe S| deafferented after amputation became occupied
of the somatosensory system. It is assumed that Sl is liny- neighbouring areas, i.e., by cortical areas that serve
volved in the analysis of the stimulus localization and Silhe neighbouring fingers (45). Similar modifications
in the analysis of the sensory characteristics. Parallelvere observed after amputations of an upper extremity.
these processes, but with longer duration, the emotioitéle observations in phantom pain patients indicate, that
gualities of pain experience are evaluated in subcortigalin can occur completely without any nociceptive in-
limbic and paralimbic brain structures. put from the peripheral structures into the brain. These
studies clearly support our notion that the brain is the
central organ of pain sensation and perception.

Plasticity in the pain processing system

The working capacity of the nociceptive system and tt@enclusions

brain is not rigid or fixed. This system can be modu-

lated continuously whenever pain is processed. It cBain is the complex result of many different neuronal
become modulated by learning processes and by othetivities which take place in peripheral structures and
types of psychological influences. Such modifications our brain. Therefore, pain cannot be understood as a
can be seen at all levels of the brain. Thus, studies pe¥sult of simple processes of the peripheral nociceptive
formed during long-lasting painful stimulation indicatesystem alone. Pain results from complex interactions
that significant more receptors are exprimed and soetween different brain moduls, which are itself modi-
called sleeping neurons are evoked already at the spiiradl by anticipation, learning processes, coping pro-
level (39). This kind of experience-related plasticity isesses, etc. The electrophysiological phenomena asso-
important for the development and maintenence oiated with pain processing allow an excellent charac-
chronic pain, because the increased sensitivity will arerization of the ongoing information processes in dif-
plify neural activities to peripheral stimulations. Ouferent structures of the brain. New techniques of source
own data and those of Flor and Birbaumer show thahalysis of brain structures involved in the experience
activities of larger neuronal moduls in the somatoseaf pain are expected to produce valuable knowledge
sory cortex undergo plastic modifications duringbout mechanisms of how different therapies modify
chronic pain (2, 18, 19, 45). In a study with patientdhe experience of acute and chronic pain.

after finger amputation suffering from phantom pain we
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