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Abstract: The adult somatosensory system has shown reorganizational abilities at cortical and subcortical
levels after peripheral nerve lesions. In the present study the effects of carpal tunnel syndrome (CTS) are
investigated as reflected on the somatotopy of the primary cortical hand representation. Position and
intensity of cortical sources activated by the separate electrical stimulation of median nerve and Digits 1,
3, and 5 of both affected and non-affected hands are evaluated by magnetoencephalographic (MEG)
technique. Correlation of MEG results with patient-, physician- and neurophysiological-oriented evalu-
ations of CTS was carried out. Patients showed changes in cortical hand somatotopy in strict relationship
to self-referred assessment of symptoms and hand disability in daily activities, including: 1) a more
extended representation of the affected hand when paresthesias prevailed; and 2) a more restricted
representation due to lateral shift of the little finger was observed when pain symptoms dominated the
clinical picture. Contralateral to the side of CTS, the cortical sources activated by Digit 5-stimulation
appeared significantly enhanced with respect to contralateral ones from non-affected hand. When com-
paring the amplitude of peripheral sensory nerve action potentials of median and ulnar nerves to that of
cortical responses (i.e., ECD strengths of M20 and M30 components after stimulation of Digits 3 and 5),
a significant selective amplification of M30 with respect to M20 and sensory nerve action potential (SNAP)
appeared during Digit 3 stimulation compared to that observed for Digit 5. This has been interpreted as
a central magnification mechanism in brain responsiveness, possibly revealing a safety factor enabling
sensory perception despite the small peripheral signal due to nerve trunk dysfunction. Hum. Brain
Mapping 17:28–36, 2002. © 2002 Wiley-Liss, Inc.
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INTRODUCTION

The adult human brain undergoes plastic changes
after alterations of the sensory flow from peripheral
receptors and nerve fibers. Reorganizations have been
observed at different levels of the adult somatosensory
system both in animal models [Bronchti et al., 1999;
Florence and Kaas 1995; Garraghty et al., 1994; Jenkins
et al., 1990; Recanzone et al., 1992; Zhang and Rowe
1997] and in human beings [Buchner et al., 1996; Elbert
et al., 1998; Knecht et al., 1996; Rossi et al., 1998;
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Rossini et al., 1994, 2000; Tinazzi et al., 1997, 1998].
Different reactions have been observed as a conse-
quence of hyper-stimulation [Jenkins et al., 1990; Re-
canzone et al., 1992] as deprivation of information
coming from a specific receptive system [Florence and
Kaas 1995; Garraghty et al., 1994; Rossi et al., 1998;
Rossini et al., 1994]. Different timing for reorganiza-
tions at cortical areas [Tinazzi et al., 1997] with respect
to subcortical relays [Tinazzi et al., 1998] have been
shown.

Persistent paraesthesias or pain involving the hand
[Birbaumer et al., 1997; Davis et al., 1996; Flor et al.,
1995, 1997, 1998; Knecht et al., 1998], continuous train-
ing of finger movements in musicians [Elbert et al.,
1998], and chronic antalgic limb positions can induce
long-lasting modifications in the primary sensorimo-
tor cortical areas and in the connected subcortical and
spinal relays [Davis et al., 1996; Tinazzi et al., 1998].
Digital overuse had been found previously to produce
a similar phenomenon in monkeys [Byl et al., 1997].

Carpal tunnel syndrome (CTS) is caused by the
compression of median nerve sensorimotor fibers at
the wrist and is the most frequent type of nerve en-
trapment (10% lifetime risk to develop this pathology)
[American Academy of Neurology et al., 1993a]. CTS
is characterized by focal chronic peripheral sensory
(and motor) nerve impairment. Possible modifications
of the sensory cortical finger and hand representations
in CTS have not been studied previously. The high
occurrence of CTS and its wide range of clinical levels
of involvement offers a natural model for studying
continuous exchange between peripheral inflow and
central representations of distinct body districts. Pos-
sible presence of adaptive and aberrant cortical reor-
ganization could be related to self-referred symptoms
and neurophysiological assessment. Aberrant plastic
CNS reorganization may partially explain the diver-
gence in some cases between patient-oriented (no
change or deterioration) and neurophysiological post-
operative findings of peripheral nerve functionality
(improvement) [Mondelli et al., 2000].

Magnetoencephalography (MEG) has been success-
fully utilized to characterize hand cortical sensorimo-
tor representation when investigating physiological
and anatomo-functional properties of this brain area
[Baumgartner et al., 1991; Hari et al., 1984; Kristeva-
Feige et al., 1994; Tecchio et al., 1997] and in relation to
anatomical structures [Hund et al., 1997; Kawamura et
al., 1996; Mauguiere et al., 1997; Morioka et al., 1998].
Plastic phenomena in cortical sensory hand areas have
been monitored by MEG, both in short-term cortical
reorganization after deprivation of physiological sen-
sory input [Kristeva-Feige et al., 1996; Rossini et al.,

1994] and in long-term plastic changes after upper
limb amputation [Flor et al., 1995; Knecht et al., 1996],
focal dystonia [Elbert et al., 1998] and unilateral hemi-
spheric stroke [Rossini et al., 1998; Rossini et al., 2001].

This study undertakes a comparative analysis of
hand cortical sensory representation and neurophysi-
ological median nerve function, examining the clinical
findings from both the affected and non-affected
hand. To evaluate the central effects of the median
nerve entrapment at the carpal tunnel, a sample of
patients with idiopathic, unilateral, and chronic CTS
were studied using MEG.

MATERIALS AND METHODS

The experimental design was approved by the Hos-
pital Ethics Committee. Fourteen patients (3 males, 11
females; mean age: 43.5 years, range 26–63) affected
by idiopathic CTS, determined to be clinically and
neurophysiologically unilateral, were enrolled in the
study. Informed consent was obtained.

Multiperspective CTS evaluation

To thoroughly assess the clinical status, a multiper-
spective protocol validated recently [Padua et al.,
1998a] was used.

Neurophysiological evaluation

Electrodiagnostic studies were carried out accord-
ing to international guidelines [American Academy of
Neurology et al., 1993b; American Association of Elec-
trodiagnostic Medicine et al., 1993], including: a) me-
dian sensory nerve conduction velocity (SNCV) in first
digit-wrist (1M) and third digit-wrist segments (3M);
and b) median distal motor latency from wrist to
thenar eminence (DML). When these tests yielded nor-
mal results the disto-proximal ratio (third digit–palm
SNCV/palm–wrist SNCV) [Padua et al., 1996] was
also identified. The severity of neurophysiological
CTS impairment was classified according to six cate-
gories [American Academy of Neurology et al., 1993a;
American Association of Electrodiagnostic Medicine
et al., 1993b]: extreme, absence of motor and sensory
responses; severe, absence of sensory response and
abnormal distal motor latency; moderate, abnormal
digit-wrist sensory nerve conduction velocity and ab-
normal distal motor latency; mild, abnormal digit-
wrist sensory nerve conduction velocity and normal
distal motor latency; minimal, abnormal segmental-
comparative tests only; and negative, normal findings
in all tests.
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Physician-oriented evaluation

An historical-objective scale (Hi-Ob) of CTS was
used for clinical examination. This scale is a modified
version of a scale reported previously [Giannini et al.,
1991] and includes a score (Hi-Ob) obtained by clinical
history and objective findings and a patient-oriented
measurement (i.e., presence or absence of pain as a
dichotomous categorical score obtained from the pa-
tient with a forced-choice answer; ‘yes’ or ‘no’, PAIN).
Standard clinical tests for CTS (i.e., Phalen test)
[Phalen, 1968] were always carried out.

Patient-oriented evaluation

A validated patient-oriented measurement was
used (Boston Carpal Tunnel Questionnaire ‘BCTQ’;
Italian version) [Levine et al., 1993; Padua et al., 1998b]
that evaluates the symptoms assessed with an 11-item
scale. The functional status was assessed with an
eight-item scale. Statistical analysis was based on the
two main scores (symptoms and functional) and on
the single items.

To evaluate the main feature of the CTS symptom-
atology, and in particular to assess whether the symp-
toms were characterized principally by either pain or
paraesthesia, BCTQ symptoms items were divided into
two subgroups evaluating paraesthesia (SYMPTPAR) or
pain (SYMPTPAIN) only. The SYMPTPAR/SYMPTPAIN
ratio was also calculated.

Magnetoencephalographic recordings

The cortical representation of left and right sensory
hands in the contralateral hemisphere was studied by
recording somatosensory evoked fields (SEFs, Fig. 1fs)
after separate electrical stimulation of median nerve at
wrist, and Digits 1, 3, and 5 (ring electrodes on 1st and
2nd phalanges) of right and left hands (0.2 msec elec-
tric pulses, cathode proximal, with an interstimulus
interval of 641 msec). Peak latencies as well as spatial
coordinates and strength characteristics of the acti-
vated cortical sources were evaluated for absolute val-
ues and interhemispheric differences. The extension of
the cortical region related to contralateral hand sen-
sory representation was evaluated as the Euclidean
distance between Digits 1 and 5 cortical sources (hand,
Fig. 1); an enlargement/reduction was recognized if
the hand parameter was larger/smaller than normal.
Activated source intensities both in absolute and in-
terhemispheric asymmetries (s_asy) were also evalu-
ated and compared to normative values.

Stimuli intensity for median nerve induced a pain-
less thumb opposition in 13 patients. Sensory thresh-
old was employed in one patient with extreme CTS.
Finger stimuli was settled at twice the subjective sen-
sory threshold. Measurements were carried out using
the 28-channel MEG system utilized inside a magnet-
ically-shielded room (Vacuumschmelze GMBH) [Tec-
chio et al., 1997] and positioned on the hemisphere
contralateral to the stimulated side [Dudley, 1987].
The exact position, with respect to the subject head,
was identified by using six firmly taped coils whose
3D-positions were digitized (Polhemus Isotrak) at the
beginning of the recording session with respect to four
anatomical landmarks (nasion, two preauricular
points, and vertex). The recording system was cen-
tered on the approximate central sulcus scalp projec-
tion, to best appreciate the brain responses with a
post-stimulus latency around 20 and 30 msec (M20
and M30). Responses are generated in the contralateral
hemisphere by tangentially oriented dipoles within
the primary sensorimotor cortex [Allison et al., 1991;
Hari et al., 1983; Kaukoranta et al., 1986; Mauguiere et
al., 1997].

Approximately 300 artefact-free trials were acquired
(0.48–250 Hz bandwidth, 1 kHz of sampling rate) and
averaged for each stimulation type. The amplitude of
SEFs recorded by each channel was calculated with
respect to a baseline level chosen as the mean value of
the 5–15 msec post-stimulus epoch. Localization of
neural sources of the two initial components was ob-
tained by a moving equivalent current dipole (ECD)
model in an homogeneously conducting sphere
matching the subject head in the region of interest.
Results were accepted only if the explained variance
was �90%.

To evaluate the relationship between brain cortical
and peripheral nerve sensory responses, ratios be-
tween M20 ECD strength and the amplitude of sen-
sory nerve action potentials (SNAPs) recorded at wrist
during separate stimulation of Digits 3 and 5 were
calculated (�M20/SNAP ratio). In the attempt to eval-
uate selective amplification mechanisms at cortical
level for individual finger representations supported
by different peripheral nerve innervations, the ratios
between M30 and M20 ECD strength for Digit 3 (me-
dian-innervated) and Digit 5 (ulnar innervated) stim-
ulation were calculated (� M30/M20 ratio). Digits 3
and the 5 were chosen because of their separate nerve
supply, the former by the median nerve (selectively
impaired in carpal tunnel) and the latter by the ulnar
nerve, spared in CTS.

Normative data for absolute values and for inter-
hemispheric differences of the sensory cortical repre-
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sentation parameters were gathered in 20 healthy vol-
unteers (9 males, 11 females, age range 29–60 years)
[Tecchio et al., 1997]. Abnormality limits for parame-
ters examined in the present work are cited respec-
tively (see Results). Statistical non-parametric tests
were used and analysis of correlation was made by
Spearman correlation rs-test.

RESULTS

According to neurophysiological classification, the
studied volunteers included three minimal examples,
seven mild examples, two moderate examples, one
severe example, and one extreme case of CTS. Mean
neurophysiological, clinical, and patient-oriented val-

ues averaged across subjects are shown in Table I.
Normative values are summarized in Table I.

Cortical sources activated by the stimulation of the
individual digits have been successfully localized (exv
� 90%) in seven of 14 patients for the M20 component
(explained variance � exv 94 � 3%), and in all cases
for M30 (exv 95 � 2%). Both components were always
localized successfully during median nerve stimula-
tion (exv 97 � 2% and 98 � 1% respectively for M20
and M30). For statistical analysis, the hand parameter
was based on the M30 component. The hand parame-
ter was observed to be abnormally enlarged with re-
spect to normative range ([6,22] mm) [Tecchio et al.,
1997] in two cases. In two cases (Fig. 2), it was re-
stricted only in the hemisphere contralateral to the

Figure 1.
Left side: SEFs recorded from contralateral hemisphere after
separate stimulation of median nerve and the three fingers of left
and right hands in an emblematic subject affected by left CTS. All
recording channels are superimposed on the time interval of 100
msec after the stimulus and 40 msec pre-stimulus. On the hemi-
sphere contralateral to the CTS hand, note in digit 1 and digit 3 the

selective amplification of M30 with respect to M20 component
(dashed arrows), and the amplification of both components for the
Digit 5 (solid arrows). Right side: Representation of the hand
parameter, calculated as Euclidean distance between Digit 1 (TR)
and Digit 5 ECD (LR) of each hand.
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hand affected by CTS. Sensory cortical representation
of the non-affected hand was always within normal
limits.

The absolute strength of the localized ECDs for the
CTS hand was slightly, but not significantly, increased

for Digit 5 with respect to Digits 1 and 3, and with
respect to non-affected hand and normative values
(Table II). When strength interhemispheric differences
were considered, a significant increase in Digit 5
source in CTS patients was found with respect to the
homologous value for the non-affected hand (Table
II).

M20/SNAP ratio displayed similar values for me-
dian and ulnar nerves when observed in patients with
recordable M20 for Digits 3 and 5. The M30/M20 ratio,
on the contrary, was increased significantly in favor of
the median nerve (2.8 vs. 2.2 for ulnar, Wilcoxon
matched-pairs test, P � 0.027). Moreover, in the only
patient with severe median nerve entrapment (in
which median nerve SNAPs and CMAPs were absent)
SEFs were still recordable after separate stimulation of
each finger.

The only significant correlation between MEG and
nerve neurophysiological findings was that sensory
hand cortical extension related positively to the am-
plitude of the median sensory nerve conduction ve-
locity in the Digit 3-wrist segment (P � 0.05; �
� �0.56). In terms of the clinical picture, a significant
inverse correlation (P � 0.05; � � �0.59) was observed
between occurrence of positive Phalen test and af-
fected hand.

TABLE I. Neurophysiological, clinical and patient-oriented values
averaged across subjects†

CTS cases (SD) Normal value Z

Neurophysiological assessment
Radial SNCV 1 digit-wrist, m/s 53.7 (5.3) � 41 m/s 0.36
Radial SNAP 1 digit-wrist, �V 13.3 (5.5) � 5 �V �0.03
Median SNCV 1 digit-wrist, m/s 38.0 (6.8) � 42 m/s �3.34
Median SNAP 1 digit-wrist, �V 13.8 (9.2) � 5 �V �0.84
Median SNCV 3 digit-wrist, m/s 42.7 (4.9) � 44 m/s �3.38
Median SNAP 3 digit-wrist, �V 15.2 (5.1) � 6 �V �0.33
Median distal motor latency, msec 3.5 (1.2) � 3.9 msec 0.71
Median CMAP wrist-tenar, mV 10.1 (5.6) � 3 mV 0.12

Clinical assessment
Hi-Ob mean score 2.6 (0.8)
PAIN 64.3%
Phalen test 78.6%

Patient-oriented evaluation
BCTQ symptom score 2.9 (1.1)
BCTQ hand function score 2.4 (1.2)

† Normative values are indicated in the third column for neurophysiological parameters, while for
clinical and patient-oriented parameters, healthy subjects are characterized by 0 value, i.e. absence of
symptoms. Average Z-scores for neurophysiological parameters are reported in the last column
(normative one-tail value at 5% � 1.645). Parameters out of normative range indicated in bold. SNCV,
sensory nerve conduction velocity; SNAP, sensory nerve action potential; CMAP, compound motion
action potential; HiOb, historical-objective scale; PAIN, pain scale; BCTQ, Boston Carpal Tunnel
Questionnaire.

Figure 2.
Two paradigmatic cases of patients affected by left CTS, with
reduced (A) and enlarged (B) sensory hand extension. Distances
between digit 1 (TL) and digit 5 ECD (LL) are shown on a brain
model with real reconstruction of the cortical surface for repre-
sentational purposes. Note the medial shift of the little finger ECD
in (A).
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In patient-oriented scores, the hand was: 1) inversely
related to occurrence of PAIN (P � 0.05; � � �0.54)
(patients with greater than normal hand sensory cor-
tical extension experienced less pain than patients
with smaller than normal hand sensory extension);
and 2) not related to either SYMPT or FUNCT.

In the CTS patients, Digit 5 ECDs were observed to
shift in the direction of the Digit 1 ECD in a correlated
manner with respect to PAIN symptoms (Fig. 3a; R2

� 0.65, P � 0.001). The CTS Digit 1 ECD did not shift
significantly in any direction (Fig. 3a; R2 � 0.097, P
� 0.3). A significant inverse relation was observed
between PAIN symptoms and hand (Fig. 3b; R2 � 0.39,
P � 0.017). Patients with smaller hand sensory cortical
extension experienced more pain than patients with
greater hand sensory extension.

For the functional items of BCTQ, an inverse signif-
icant relationship was observed with hand. Patients
with larger than normal hand sensory cortical exten-
sion reported less impairment in daily activities than
patients with restricted hand sensory cortical exten-
sion. Moreover, the two patients with maximal restric-
tion of the hand sensory extension (5 mm) had severe
impairment in daily activities and striking pain-re-
lated symptoms. Conversely, the two patients with
maximally enlarged sensory cortical extension (37 and
32 mm) had no or minimal impairment in daily activ-
ities (one patient referred no impairment in all func-
tional items despite continuous paresthesias).

A significant positive correlation (P � 0.02, rs �
0.4) was found between the SYMPTPAR/SYMPTPAIN
ratio and the extension of the hand sensory cortical
extension. Patients who suffered exclusively from
numbness and tingling symptoms, with minor or no
pain, demonstrated larger than normal sensory CTS
hand cortical extension. It is noteworthy that in all
such patients symptoms were linked with the subjec-
tive inability to identify the exact hand districts in-

TABLE II. ECD strengths (n Axm) for the two components (M20 and M30)
following each of the four stimulated districts†

M20 M30

Med.
n. I III V

Med.
n. I III V s_asy I s_asy III s_asy V

Patients CTS hand 12 � 5 5 � 2 5 � 2 8 � 3 26 � 10 14 � 6 11 � 4 14 � 5 0.2 � 0.6
P � 0.17

�0.1 � 0.7
P � 0.5

0.62 � 1.5a

P � 0.049Patients healthy hand 12 � 4 6 � 3 5 � 3 7 � 2 33 � 12 12 � 4 13 � 6 10 � 6
Control 15 � 5 6 � 3 6 � 4 6 � 5 33 � 15 16 � 9 12 � 6 11 � 4 0.03 � 0.6 0.09 � 0.7 0.14 � 0.6

Values are mean � S.D. across subjects.
† ECDs strengths are separately described for CTS and healthy hands. In the last three columns the interhemispheric asymmetries are
reported for the three fingers (s_asy � log(s_CTS/s_healthy)).
a Significant increase of digit 5 strength in the CTS with respect to the healthy hand representations, as compared with values in controls.

Figure 3.
A: Individual digit 5 (filled circles) and digit 1 (open squares) ECD
positions (the inferior/superior component) with respect to the
parameter evaluating the pain symptoms. B: The hand parameter,
evaluating the extension of the cortical representation of the CTS
hand in the contralateral hemisphere, with respect to the same
pain symptoms parameter.
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volved; more specifically, all patients reporting numb-
ness and tingling symptoms stated that the whole
hand was involved.

DISCUSSION

MEG recordings have shown that modifications of
the somatotopic organization of the primary sensory
cortex occur shortly after peripheral deafferentation,
the deprived cortex being progressively activated by
input from skin regions near the deafferented zone
[Rossini et al., 1994]. CTS is due to the entrapment of
the median nerve at the wrist and is considered to be
the most common chronic condition in which abnor-
mal sensory flow from the hand and fingers is dis-
patched toward the central nervous system (CNS).
CTS is characterized by several different clinical pic-
tures ranging from hypoesthesias of the median-inner-
vated fingers, to tingling paresthesias or pain from the
same fingers. Experimental data in animals and hu-
mans with peripheral nerve lesions and finger syndac-
tyly or amputation (sensory deprivation) or, con-
versely, affected by sensory overstimulation of fingers
or muscle-tendon-joint inflammation, have provided
abundant evidence of a progressive reshaping of the
connected sensorimotor system somatotopy through-
out the different spinal and subcortical relays, up to
primary sensory cortices (hypo-stimulation [Bronchti
et al., 1999; Florence and Kaas, 1995; Garraghty et al.,
1994; Knecht et al., 1996; Rossi et al., 1998; Rossini et
al., 1994; Tinazzi et al., 1997, 1998; Zhang and Rowe,
1997] and hyper-stimulation [Buchner et al., 1996; Byl
et al., 1997; Elbert et al., 1995; Jenkins et al., 1990;
Recanzone et al., 1992].

The present MEG findings suggest that in patients
with unilateral CTS, changes of affected hand cortical
representation may occur in the contralateral hemi-
sphere. Indeed, patients showed opposing types of
cortical reorganizations, characterized by either reduc-
tion or enlargement of the CTS hand sensory cortical
extension; such changes were strictly related to self-
referred assessment of symptoms and hand disability
in daily activities. The enlargement of the hand repre-
sentation was, in fact, observed in CTS cases charac-
terized by continuous paresthesias. These symptoms
were observed in patients who were not able to iden-
tify the involved fingers; rather, the subjects specifi-
cally attributed symptoms to the whole hand. Con-
versely, patients who were able to identify
involvement of the first three fingers always presented
hypoesthesias. Enlargement of the cortical hand exten-
sion correlated with the clinical evidence of persistent
flow of paresthesias as well as the inability to correctly

identify the involved hand districts. This could be
ascribed to the unbalancing of the normal excitatory/
inhibitory modulation of the neuronal firing, at the
level of primary sensory cortex (SI), where individual
finger sensory discrimination takes place. Neurons in
SI normally activated by adjacent body parts (i.e.,
Digits 4 and 5) receive only a small amount of sensory
inflow from the median nerve district; nonetheless,
they could reach firing threshold via the fringe of
signals impinging upon them from the hyper-stimu-
lated neurons of the median nerve affected by CTS.
This cortical reorganization does not occur in those
clinical cases dominated by pain symptoms with no
paresthesias.

The spatial shift of CTS Digit 5 cortical source in the
direction of the thumb generator is indicative of the
tendency of the normally afferent hand districts to
invade progressively the cortical hand region that is
deafferented partially (i.e., the one controlled by the
compressed median nerve). The CTS Digit 5 ECD shift
significantly correlating to the pain symptoms is in
line with previous findings [Elbert et al., 1997; Flor et
al., 1995] indicating that chronic pain in a body district
is associated with aberrant reorganization of cortical
somatotopy of the body areas adjacent to those af-
fected (lip invading hand area in the case of amputees
with phantom limb syndrome [Flor et al., 1995]).

We hypothesize that cortical aberrant reorganiza-
tions may provide a physiological explanation of those
cases involving CTS patients experiencing persistent
symptomatology despite successful surgical treatment
[Idler et al., 1996].

Continuous pain from a body district interferes with
normal sensory perception, possibly by ‘gating’ the
sensory volley to spinal, subcortical, and cortical re-
lays. This may induce a progressive decrease of the
area of representation of the affected body part (i.e.,
CTS hand). The paresthesia-induced enlargement of
the SI representation may reflect two, not mutually
exclusive, mechanisms: 1) cortical amplification of re-
duced amount of specific tactile information from
hand receptors due to CTS; and 2) use-dependent
activation of functionally silent synaptic connections
due to the continuous sensory bombardment from the
site of nerve irritation. The selective amplification ob-
served in the central response to Digit 3 with respect
to Digit 5 stimulation when comparing M20 and M30
components (M30/M20 ratio) favors this first hypoth-
esis. This central magnification differently affects M20
and M30 and may be a safety factor with a double
physiological meaning. Because of the reduction of
afferent information, amplification at central level oc-
curs more than in normal conditions. This phenome-
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non may be directed selectively to those sensory in-
puts that are relevant for sensorimotor integration
(i.e., M30) and, in turn, for correct on-line sensory
monitoring of movements. Such amplification proper-
ties [Eisen et al., 1982; Ferrington et al., 1986] are
particularly evident in the patient with absence of
peripheral median nerve sensory (and motor) action
potentials and still detectable cortical responses. The
properties have also been described in patients with
severe, chronic, and peripheral nerve deficits [Des-
medt and Noel, 1973].

CONCLUSION

The present data identifies CTS as a natural model
enabling characterization of the continuous functional
peripheral-central exchange. This data also clarifies
how our brain, the cortical district in particular, is
reshaped in its functional response by any variation of
inflow from the periphery.
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