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Summary

To study the effects of parietal lesions on activation of
the human somatosensory cortical network, we measured
somatosensory evoked fields to electric median nerve
stimuli, using a whole-scalp 122-channel neuro-
magnetometer, from six patients with cortical right-
hemisphere stroke and from seven healthy control
subjects. In the control subjects, unilateral stimuli
elicited responses which were satisfactorily accounted
for by modelled sources in the contralateral primary
(SI) and bilateral secondary (Sll) somatosensory cortices.
In all patients, stimulation of the right median nerve
also activated the Sl and Sl cortices of the healthy
left hemisphere. However, the activation pattern was
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via callosal connections after right-sided stroke.
Responses to left median nerve stimuli showed large
interindividual variability due to the different extents
of the lesions. The strength of the 20-ms response,
originating in the Sl cortex, roughly reflected the
severity of the tactile impairment. Right Sl responses
were absent in patients with abnormal right Sl responses,
whereas the left Sll was active in all patients, regardless
of the responsiveness of the right SI and/or SlI. Our
results suggest that the human Sl and SlI cortices may
be sequentially activated within one hemisphere, whereas
Sl ipsilateral to the stimulation may receive direct
input from the periphery, at least when normal input

altered, suggesting diminished interhemispheric inhibition  from Sl is interrupted.

Keywords: magnetoencephalography; ischaemia; somatosensory system; cortex; human

Abbreviations: g = goodness-of-fit; MEG= magnetoencephalography; Slprimary somatosensory cortex; St secondary
somatosensory cortex; SEF somatosensory evoked field

Introduction

Cerebral ischaemia often results in varying degrees of motor Magnetoencephalographic (MEG) recordings allow non-
and sensory disturbances. Somatosensory evoked potenti@wasive monitoring of several simultaneously active brain
have been applied to assess the extent and location of thgeas all over the cortex with excellent temporal and
acute damage and to predict the functional outcome of strokeasonable spatial resolution. Our prior neuromagnetic
patients (La Joiet al, 1982; Pavoet al, 1986; Macdonell  recordings have demonstrated activity in the primary and
et al, 1991) These studies have concentrated on changes Qécondary (S||) somatosensory cortices, as well as in the
the early somatosensory evoked potentials, recorded with gosterior parietal cortex (Haeit al, 1984, 1993; Forset al.,

few electrodes on the scalp contralateral to the stimulatedggs, 1996). In the present study, we employed a whole-
limb. Therefore, the observations have been restricted tgca|p 122-channel neuromagnetometer to assess the effects of

functions of subcortical pathways and of the primary coical ischaemic lesions on activation of the somatosensory
somatosensory cortex (Sl). However, several cortical parietgl  tical network.

regions outside the Sl cortex participate in the processing
of somatosensory information (Penfield and Jasper, 1954;
Woolseyet al., 1979; Hyvainen, 1982; Burton, 1986; Burton .
et al, 1997), although the functional roles as well as theMat.erlal and methods

hierarchical organization of these regions are not yet fullyPatients

understood. Thus, patients with cortical ischaemic lesion®atients gave informed consent to participation in this study,
offer a unique opportunity to study the functional connectivitywhich was approved by the ethical committee of the
of the human somatosensory cortical areas. Department of Clinical Neurosciences at the Helsinki
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neuroradiologist on the basis of CT scans and MR images;
the central and sylvian fissures are also identified on the slices.
The patients showed varying degrees of sensorimotor
disturbances of the left limbs and suffered from the neglect
syndrome, with inattention to the left hemispace. Neglect
syndrome was diagnosed by an experienced neuro-
psychologist on the basis of several visual and visuospatial
tests, e.g. clock drawing, block design (subtest of the Wechsler

} Adult Intelligence Scale) and picture compilation. The
P1 ;\“*;3' somatosensory deficit was assessed by clinical tests routinely
\f’l P used in neurological examination: tests of proprioception,
vibration, and light, sharp and dull touch. Table 1 summarizes
) A the clinical data of the patients, and a more detailed description
P2 # J} ) of the patients follows.
Patient 1
Ps This patient was a 44-year-old male who suffered from a

ruptured aneurysm of the medial cerebral artery followed by
infarction of the right temporoparietal lobes. In the acute
stage he was conscious and able to answer questions briefly.
Head and gaze were turned to the right, suggesting a neglect
syndrome. The left upper limb was totally paralysed, but
some proximal activity was preserved in the left lower
limb. Proprioceptive and tactile sensitivities were strongly
decreased in the left arm, and he only perceived a strong
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J touch of the whole extremity. At the time of the MEG
measurement, the patient was able to walk without support,

Vs Y*L, ;" PR
\ f’% 33 /4} but his left arm was still useless. He was still suffering from
’ky é\f[\j neglect syndrome, with difficulty in attending to left-sided
= = stimuli. The tactile sensitivity of the left upper limb was not
changed from the acute stage.
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Fig. 1 Schematic drawing of the lesions in each patient. The
same sections (I-VII) are shown for all patients. In the upper part
of the figure the sites of central (straight arrow, sections V-VII)
and sylvian fissures (curved arrow, section IV) are shown. Note Patient 2
that the left side of the brain is shown on the right and vice Versarpis patient was a 63-year-old man who experienced
numbness and weakness of the left upper limb. During the
acute stage, grip force of left hand was decreased, tactile
University Central Hospital. Somatosensory evoked fieldsensitivity of the left arm and left side of the upper body
(SEFs) were recorded from six patients with right-hemispherevas reduced and the patient had slight inattention to the left
stroke (five males, one female, aged 45-65 years; patient Hemispace. There were no symptoms in the lower limbs. At
was left-handed, all others were right-handed) and fronthe time of the MEG measurement, the arm strength and
seven healthy control subjects (three males, four femalesactile sensitivity had returned to the normal levels but fine
aged 46-61 years, all right-handed). The patients werenotor skills were worse in the left than in the right fingers.
selected in co-operation with the Rehabilitation Division of
the Department of Clinical Neurosciences of the Helsinki
University Central Hospital. None of the patients had anyPatient 3
neurological deficits prior to the stroke. All patients had aThis patient was a 45-year-old male who had a ruptured
lesion in the territory of the right middle cerebral artery; aneurysm of the medial cerebral artery followed by infarction
three patients had a stroke and three other patients (patiem$ the right frontotemporoparietal lobes. During the acute
1, 3 and 6) had subarachnoidal bleeding caused by a rupturatiage he was unconscious and had a complete left hemiparesis.
arterial aneurysm, followed by arterial spasm and corticalAfter he gained consciousness, his head was turned to the
ischaemic lesion. MRI or CT was obtained to assess theight and he showed signs of neglect syndrome. At the time
location and extent of the lesion. Figure 1 illustratesof the MEG measurements he used a wheelchair but was
schematically the extent of the lesion in each patient. Thable to take few steps when aided. Clear inattention to the
schematic drawings were prepared by an experiencekft side of the body prevailed. Proprioceptive sensitivity was



Modified neural networks in stroke patients 1891

Table 1 Neurological symptoms and MRI/CT findings of the patients

Patient Age (years)/sex Lesion Arm strength Fine motor control Tactile sensation
1 44/M SAV, infarct Ll 1l Ll

2 63/M Arteria cerebri media infarct N ! N

3 45/M SAV, infarct ! 1l !

4 49/M Arteria cerebri media infarct ! ! !

5 57/IM Arteria cerebri media infarct ! ! N

6 61/F SAV, infarct N | N

N = normal;! = decreased; | = strongly decreased; SA¥ subarachnoid haemorrhage.

decreased in the upper limb, and he was able to distinguisMEG recordings

touch but not locate it precisely in the distal part of thepuring the MEG recording, the patient was sitting
upper limb. comfortably in a magnetically shielded room with the head
supported against the helmet-shaped sensor array of the
magnetometer. The left and right median nerves were
. stimulated in subsequent runs with 0.3-ms constant current
P"%‘“e”t 4 pulses, delivered with bipolar electrodes at the wrist with an
This patient was a 49-year-old male who suddenlyo qtimyius interval of 3 s. Although electric stimuli are
experienced difficulty in using h|s_ let han_d purposefully. non-specific in the sense that they stimulate different fibre
Shortly afterwards, the left upper limb lost its strength and'[ypes we used them because they elicit robust and reliable
paresis of the left facial nerve developed. Proprioceptiverespo'nses with a good signal-to-noise ratio. Subjects were
sensitiyity of his left upper limb was decreased and h.e COUI(rlinstructed to relax the stimulated hand and to support it on
_not rellgbly locate a light touch. He also showv_ad SI9NS Olpe elbow rest of a chair. Individual stimulus intensities
inattention to the left half of the body. By the time of the varied from 5 to 10 mA and were adjusted to produce a

ME.G measurgments neglecF wassStil o_bservable, but thﬁmmb twist without causing discomfort. The intensity was
patient coped independently in everyday life. Strength of thekept fixed after the initial adjustment throughout the
left upper limb was improved but the left hand was weaker

h he right i | | 44 : _”measurement session.
than t. e ng ti |t.was.a'so ciumsy an yspractlc.. He S,t' SEFs were recorded with a helmet-shaped Neuromag“122
had difficulty in identifying hand postures, and his tactile

o thouah i q I q magnetometer array, which has 122 planar first-order SQUID
sensitivity, although Improved, was not totally recovered. gradiometers, placed at 61 measurement sites (Ahehah

1993). Each sensor unit contains a pair of gradiometers that
measure two orthogonal tangential derivatives of the magnetic
Patient 5 field component normal to the helmet surface at the sensor

This patient was a 57-year-old male who experienced Suddéﬂcation. The planar gradiometers detect the largest signal
weakness of the left upper arm. During the acute stage hjéjst above the local source area, where the field gradient has
had paralysis of the left facial nerve and slightly decrease(',lthS maximum. The e;(actéoc;tlon of thg head with re Sp‘?"‘ t?
strength, numbness and clumsiness of the left upper limghe sensors was oun y measuring mggnghc signals
He also had inattention to the left hemispace. During thdroduced by currents in three head position indicator coils,

MEG measurements he did not report any disturbances iHl_aced at known sites on_the scalp. The locations of the coils
with respect to anatomical landmarks on the head were

tactile sensitivity, but otherwise the symptoms were very : ) , ) I
similar to those in the acute stage. dgtermmed with a three—d|men3|ongl digitizer to allow
alignment of the MEG and MRI coordinate systems.
The signals were bandpass-filtered through 0.03-320 Hz
and digitized at 0.9 kHz, and ~200 single responses were

Patient 6 averaged on-line. The analysis period of 400-500 ms included

This patient was a 61-year-old female who suffered from & prestimulus baseline of 50-100 ms. Responses coinciding
ruptured aneurysm of the medial cerebral artery followed bywith amplitudes>150 pV in the simultaneously recorded
infarction of the right temporoparietal lobe. In the acute stage&/ertical electro-oculogram were automatically rejected from
she was unconscious and had complete left hemiparesis. Bjje analysis.

the time of the MEG measurements she had signs of neglect

syndrome but was able to walk unsupported. The strength of

her left upper limb was reduced and her left hand wadData analysis

dyspractic and clumsy. She reported no deficits in tactileTo identify sources of the measured evoked responses,
sensitivity. deflections exceeding the noise level (~5 fT/cm) were first



1892 N. Forsset al.

identified visually in order to select the time windows andresponses peaked bilaterally over the temporoparietal cortices
cortical areas of interest for further analysis. During theseand over the left posterior parietal cortex at 80-90 ms.
time periods (from the beginning of the deflection to its As illustrated in Fig. 1, patient 1 had a large ischaemic
return to the baseline level) the magnetic field patterns wer&esion extending from the superior parts of the right parietal
first visually studied in 2-ms steps to create the initial estimatdobe to the temporal lobe, and accordingly the SEFs of patient
of the number of active sources within that time period andl revealed clear abnormalities. The earliest signals peaked
to estimate the stability of the magnetic field pattern. Therover the left anterior parietal cortex, as in the control subject,
the equivalent current dipole that best described a locabut there was no clear response over the posterior parts of
source current at the peak of the response was found by the parietal cortex. The ipsilateral (right) hemisphere was
least-squares search using a subset of channels (usually 16empletely silent, with no activity comparable with that
18) over the response area. These calculations resulted in tbdserved in the control subject. On the other hand, the long-
three-dimensional location, orientation and strength of thdatency response over the left temporoparietal cortex (Fig.
equivalent current dipole in a spherical conductor. Goodness2C) was about three times as large as in the control subject.
of-fit (g) of the model was also calculated to ascertain what In agreement with earlier MEG studies, a four-dipole
percentage of the measured signal variance was accountetbdel yielded an adequate explanation of the response
for by the dipole; only equivalent current dipoles wigh= patterns. Figure 3 shows, for the control subject, the locations
85% at selected periods of time in the subset of channeland orientations of the modelled source areas, superimposed
were used for the further analysis. on the surface rendering of her brain; note that in the
After identifying the single dipoles (3—4 in total for each following all sources of MEG signals refer to modelled
subject), the analysis was extended to the whole signadource locations. The sources of the earliest responses, N20m
duration and all channels were taken into account inand P35m, were in the postcentral wall of the central fissure,
computing a time-varying multi-dipole model. The validity presumably in area 3b of the Sl cortex (Hetial, 1984,
of the multi-dipole model was evaluated by comparing the1l990; Woodet al, 1985; Allisonet al,, 198%; Baumgartner,
measured signals with responses predicted by the model. 993). The P35m dipole also explained the largest peak at
signals of any brain region were inadequately explained by-50 ms (P50m). The source of the more posterior response
the model, the data were re-evaluated for more accurateas in the wall of the postcentral fissure in the posterior
estimation of the generator areas. To quantify how well theparietal cortex, presumably in Brodmann area 5 or 7 (Forss
multi-dipole model accounted for the measured data,gthe et al, 1994). The sources of the lateral parietal responses
values were calculated across all 122 channels and over theere in the upper lips of the sylvian fissures in the parietal
entire time period, and a comparison was made betweeopercula, in line with several earlier MEG studies (Hari
different models with the same number of dipoles to find theet al,, 1984, 1990, 1993; Forst al, 1994, 1996). Although
best possible solution. This approach, explained in detail byhe parietal operculum of the monkey and most likely the
Hamdainen and colleagues (i@dainen et al, 1993), has human consists of at least two different somatotopic body
been used successfully in several previous studies of theaps (Robinson and Burton, 1980; Krubitzdral, 1995),
somatosensory cortical network. For a good example of theve refer to this source area as Sll, mostly because of its
stepwise procedure in identifying several, partly overlappingpilateral activity and its consistency in location with earlier
sources, see the study by Forss and colleagues (Ebes  reports on the location of human Sl (Penfield and Jasper,
1994), which illustrates the identification of Sl, Sll and 1954; Woolseyet al, 1979).
posterior parietal cortex sources. Figure 3 also illustrates the magnetic field patterns of the
MRIs of control subjects were acquired with a 1.5 T control subject and the patient during the peaks of the
Siemens Magnetoff scanner. A set of 128 coronal slices responses, and the temporal behaviour of the active areas.
(thickness 1.3 mm) was used for rendering the threeNote thatthese signals illustrate source strengths as a function

dimensional image of the brain’s surface. of time and not the measured magnetic field gradients as in
The statistical significance of the results was tested byrig. 2. In the control subject, the signal of the SI cortex
Student’s paired two-tailetitest. dominated during the first 50 ms and was then followed by

temporally overlapping SII and posterior parietal cortex

signals which reached their peaks at ~90 ms. In the patient,

the N20m response was observed with normal latency and
Results amplitude in the intact left hemisphere, but it was clearly
Figure 2 shows SEFs of two control subjects and patient brolonged and W-shaped; P35m appeared to be slightly
to right median nerve stimuli. In the control subject, distinctdiminished. No dipolar fields were found over the posterior
local amplitude extremes at different moments of time suggegtarietal cortex and the ipsilateral SlI cortex. On the contrary,
several generator areas in the cortex. The earliest sign#the strength of the contralateral (left) Sl response was 2.5
(N20m) peaked at ~20 ms over the left anterior parietatimes that of the control subject.
cortex and was followed by deflections of opposite polarity In the following we focus on the Sl and Sll responses,
at ~38 ms (P35m) and 50 ms (P50m). Longer latencywhich were found in all subjects, whereas posterior parietal
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Fig. 2 Diagram of the SEFs of control subject 2 and patient 1 to right median nerve stimuli. The head is viewed from the top, and in
each response pair the upper trace illustrates the field derivate along the latitude and the lower trace along the longitude. The inserts
show enlarged responses from shaded areas a—d. Interstimulus interval was 3 s, passband 0.03-320 Hz.

cortex responses were reliably found only in five out ofremains uncertain. In patients 1-5, P35m was significantly
seven controls and two out of six patients (patients 3 and 5smaller than in the controls (on average 15.0 versus 32.6
nAm, P < 0.01). More detailed comparison of the waveforms
of the left Sl signals (Fig. 6) shows that N20m and P35m
Responses to right median nerve stimuli were easily identifiable in the controls, whereas the variance
Figure 4 shows the temporal behaviour of the sources in thef all S| deflections was obvious in the patient group.
left SI and in both Sl cortices after right median nerve Figure 5 also shows that all patients had contralateral (left)
stimuli for all control subjects. N20m and P35m were easilySlI responses to right median nerve stimuli, as did the control
identified in all subjects, whereas P50m was highly variablesubjects. The contralateral Sll response was exceptionally
in amplitude and in duration. However, the P35m sourcdarge (97 nAm) in patient 1 compared with the mean value
consistently explained the P50m in all subjects. All subjectof the controls (41.7= 6 nAm). The ipsilateral (right) SlI
showed both contra- and ipsilateral Sll responses to righivas activated in four patients (patients 2, 3, 4 and 6); in
median nerve stimuli. Table 2 summarizes the mearpatient 3 the waveform differed from the usual response and
amplitudes and latencies of the Sl and SlI responses. showed merely oscillatory activity in the Sl region.
Figure 5 shows the corresponding temporal responses of
the SI and SlI sources to right median nerve stimuli in
patients. The Sl responses were altered even in the intact ldResponses to left median nerve stimuli
hemisphere; N20m was observed in all patients, but in threAs expected, all control subjects showed contralateral S| and
patients (patients 1, 4 and 5) it was wider than usual, lastingilateral Sll responses to left median nerve stimuli, with
15-25 ms, and interrupted by a small deflection of oppositéatencies and amplitudes similar to those of the responses to
polarity, resulting in a W-shaped response. In patient 6, all Stight median nerve stimuli (Fig. 7, Table 2). In line with
components were very strong, and the component followingarlier observations (Forgt al., 1994), the left hemisphere
N20m had already peaked at 27 ms; thus its relation to P35r81l responses were on average 35-77% stronger than right
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Control 2 Patient 1

Fig. 3 Left source locations for the control subject 2 superimposed on the three-dimensional rendering of héofraimd(on a

sagittal slice of MRI potton). Right strengths from the SI, contra- and ipsilateral Sl and posterior parietal cortex sources of the control
subject 2 and of patient 1 as a function of time in nanoampere metres=PpgSterior parietal cortex; Sll= contralateral Sll; S|I=
ipsilateral SlI.

Sll responses, regardless of the side of the stimulatiostimuli, assuring its correspondence to activation of the left

(41.7 £ 5 nAm versus 31.0t 9 nAm and 42.0= 7 nAm  Sll cortex.

versus 23.7 7 nAm to contra- and ipsilateral stimulation,  Figure 9 shows the amplitude of the right N20m in all

respectively). In patients the situation was different (Fig. 8):patients plotted against the severity of their tactile impairment.

both Sl and right SlI responses showed large variability dudatient 1, who had severe impairment of tactile sense, had

to the different extents of the lesions. Patient 1 had nao activity in the right SI cortex. Patients 2 and 6, who had

activity in the right Sl cortex, whereas in patients 2 and 6,lesions in the parieto-occipital and parietotemporal cortices

who had lesions sparing the S| hand area, all right-sided S3paring the S| hand region, showed strong SI components

components were strong. The earliest responses were greatipd, correspondingly, at the time of recordings showed no

diminished or deformed in patients 3 and 4, whereas patiergigns of impairment in tactile sensitivity. Patient 5 had slightly

5 had an extended N20m response but no P35m, and insteaetluced amplitude of N20m but he did not report any deficits

of P50m a large response was observed at 70 ms. in tactile sensation. Patients 3 and 4, who had mild to
Although the ischaemic lesion seemed to extend to thenoderate tactile impairments of the left hand, had negligible

right lateral fissure only in patients 1 and 3, the rightN20m responses.

(contralateral) Sll response was present only in patients 2

and 6. The right Sll response was consistently lacking in

patients with an abnormal or absent right Sl response. ODiscussion

the contrary, ipsilateral (left) Sl responses were observed in the present study we compared the activation of the

all patients regardless of the absence of contralateral S| andbrtical somatosensory network to median nerve stimuli in

or Sll responses. In patients 2 and 6 the ipsi- and contralaterlealthy controls with that in patients having an ischaemic

Sll responses, as well as the Sl responses, were bottortical lesion in the territory of the right middle cerebral

comparable with their strengths in control subjects. artery. Although the lesions and resulting changes in evoked
Here the data of patient 1 are of particular interest. Heresponses showed remarkable interindividual variability,

had a large ischaemic lesion extending to the right centrabome important information can be extracted from these data.

and sylvian fissures, and thus no signals were observed in

the right Sl or right Sll area. However, a broad left (ipsilateral)

SlI response peaked at 120 ms with a clearly dipolar fieldSource modelling

pattern. The orientation and location of this source was vengource modelling of MEG or EEG response patterns has no

similar to that of the left Sll source to right median nerve unique solution. However, the modelled source locations of
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Fig. 4 Source strengths in left SI and l_)0th Sl cortices (!n locations of right SI and SlI were estimated by mirroring the
nanoampere metres) of all control subjects to right median nerve locations of left-sided SI and SiI to the right hemisphere. Filled
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Table 2 Mean = SEM latencies and amplitudes of the SI and Sll responses of the control subjects to right and left median
nerve stimuli

Right median nerve Left median nerve
Latency (ms) Amplitude (nAm) Latency (ms) Amplitude (nAm)
Sl
N20m 21.4+ 0.7 154+ 2.1 221+ 1.0 154+ 2.2
N35m 35.6x 1.5 32.6*+ 4.9 36.8+ 14 334+ 6.4
Sll; 93.0+ 3.3 41.7+ 5.6 91.0+ 45 31.0+ 9.0
Sli; 103.0+ 6.4 23.7+ 6.9 96.0* 2.8 42.0+= 7.3

the most prominent responses, consistently reported in severdlat were consistent with the activation of the contralateral
previous MEG studies (Hagt al,, 1993; Forsst al, 1994; Sl cortex and the Sl cortices of both hemispheres. The
Kakigi et al, 1995; Huttuneret al, 1996) agree well with longer-latency S| response P50m was more variable and the
the sites of the Sl and Sll areas found in monkeys (kipem  field patterns were not as stable as for the earlier Sl responses
1982; Burton, 1986) and in human functional MRl and PETN20m and P35m. Electric recordings have suggested a strong
data (Linet al,, 1996; Burtoret al,, 1997). Moreover, source contribution from radial currents to this component, which
areas and the temporal behaviour of the magnetic SI and Sthay explain the variability of the magnetic response.
responses are in good agreement with human intracranial The absence of the posterior parietal cortex response in
recordings (Sutherlingt al, 1988; Allisonet al, 198%, b; most of our neglect patients is an interesting observation and
Baumgartner, 1993, Mauguie 1997), demonstrating that may be linked to the underlying mechanism of the neglect
short-latency activity is generated in Sl and long-latencysyndrome; however, since this response is not consistently
activity both in SI and SlI. identified in all healthy subjects either (Foresal, 1994)

In control subjects, unilateral stimuli elicited responsesand was absent in two out of seven control subjects in the
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Fig. 7 Source strengths in right SI and both SlI cortices (in nAm)

. of all control subjects to left median nerve stimuli. Filled
Responses of the healthy hemisphere triangles= N20m; filled circles= P35m; open triangless P50m.
In all patients, right median nerve stimuli elicited responses

consistent with the activation of the Sl and SlI cortices of
the healthy left hemisphere. In patients 2 and 6, both SI an#iowever, the limited number of patients studied prevents
Sl responses were similar or enhanced compared with theore detailed analysis of this relationship.
control subjects; in these two patients the lesion has probably SlI lesions have been suggested to be associated with
spared both the SI hand area and the right SIl. Howeveimpaired tactile recognition of objects (Casaitial, 1993).
N20m was prolonged in three patients and P35m wa$n the other hand, somatosensory evoked potentials from
diminished in five. These changes in the Sl responses suggdb€ Sl cortex are consistently abnormal in patients with tactile
that unilateral stroke also affects the activity of the healthyagnosia (Mauguie and Isnard, 1995). In the present study
hemisphere, for example via callosal connections; decreasee! dysfunction was always associated with abnormal SI
activation in the lesioned cortex may result in increasedesponses in the damaged hemisphere, and therefore the
activation in the Sl cortex of the other hemisphere, due tsspecific role of SlI in tactile recognition could not be
decreased callosal inhibition. Similarly, a unilateral strokedemonstrated.
has been shown to significantly increase the electric N20—-P28
deflection in the healthy hemisphere (Reisecieal., 1986).
Functional organization of the somatosensory
cortices
SEFs and tactile disorder In addition to cortical input from the S| cortex, the Sl
In line with earlier studies (La Joiet al, 1982; Reisecker cortex receives input via commissural connections from the
et al, 1986; Knechtet al, 1996), the strength of the SI contralateral Sl (Jones and Powell, 1969; Burton, 1986).
component in the affected hemisphere correlated with thélistoanatomical studies have indicated that the Sl areas also
severity of the tactile disorder. Normal tactile sense of thereceive direct input from the periphery via thalamic nuclei
left hand was associated with amplitudes of N20m thafventroposterolateral and ventroposteroinferior nuclei). The
were comparable with those of controls, whereas diminishedelative importance of direct thalamocortical connections to
amplitudes were related to impaired tactile sensitivity.Sll versus intracortical connections from S| has remained
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1996). Different species have been shown to have different
organization of the somatosensory system, ranging from
independent parallel activation of the somatosensory areas
in prosimian primates to Sl-dependent serial activation in
macaque monkeys (Garraghgyal., 1991; Pongt al, 1992).
However, conflicting results favouring parallel organization
of the monkey Sl and SlI cortices have been reported recently
(Zhanget al, 1996).

In humans, the earliest Sl signal typically peaks 20 ms
after upper limb stimulation, and may continue for 150 ms.
Activation of the Sl areas typically begins at ~60-80 ms
and continues up to 200 ms (Allisogt al., 198%; Forss
et al, 1994; Mauguiee et al, 1997). Such timing would
agree with serial processing of somatosensory information
via S| to Sll area and, thereafter, to the Sl area of the
opposite hemisphere. In the present study, right hemisphere
Sl responses to left median nerve stimuli were absent in all
patients with abnormal or absent right Sl (patients 1, 3, 4
and 5). As the ischaemic lesion was likely to extend to the
right lateral fissure in patients 1 and 3 only, these findings
may represent evidence for sequential activation of SI and
Sl within the same hemisphere.

In contrast, ipsilateral (left) Sll responses to left median
nerve stimuli were found in all patients, regardless of the
responsiveness of the right SI and/or SllI; data for four
patients (patients 1, 3, 4 and 5) indicate that the human
ipsilateral SII areas are not necessarily dependent on
activation of the contralateral SllI. Further, in patient 1 both
Sl and SlI cortices of the right hemisphere were silent, but
a clear ipsilateral (left) Sll response was still found. These
results imply the possibility of parallel processing of
somatosensory information in the human contralateral Sl and
ipsilateral SlI cortices, at least under circumstances in which
normal input from the contralateral Sl is interrupted.

We therefore suggest that the human SI and SlI cortices
within one hemisphere are activated sequentially, whereas
the SlII cortex ipsilateral to the stimulated side receives
parallel input directly via thalamic connections.

The present study showed that activity of different parts
of the somatosensory cortex can be separated with MEG
recordings. As a large cortical network in the parietal lobe
participates in the processing of somatosensory input, it is
likely that changes in any part of the system are reflected in
the clinical symptoms of the patient. Therefore, subsequent
studies with a larger number of patients should aim to relate
the clinical symptoms to lesions in various parts of the
somatosensory network in order to explore the complex
functional organization of the entire cortical somatosensory
network.
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