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Abstract To investigate possible cross-modal reorganization of the primary auditory cortex (field A1) in
congenitally deaf cats, after years of auditory deprivation,
multiunit activity and local field potentials were recorded
in lightly anesthetized animals and compared with
responses obtained in hearing cats. Local field potentials
were also used for current source-density analyses. For
visual stimulation, phase-reversal gratings of three to five
different spatial frequencies and three to five different
orientations were presented at the point of central vision.
Peripheral visual field was tested using hand-held stimuli
(light bar-shaped stimulus of different orientations,
moved in different directions and flashed) typically used
for neurophysiological characterization of visual fields.
From 200 multiunit recordings, no response to visual
stimuli could be found in A1 of any of the investigated
animals. Using the current source-density analysis of
local field potentials, no local generators of field potentials could be found within A1, despite of the presence of
small local field potentials. No multiunit responses to
somatosensory stimulation (whiskers, face, pinna, head,
neck, all paws, back, tail) could be obtained. In conclusion, there were no indications for a cross-modal reorga-
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Introduction
Congenital sensory deprivation results in immature sensory systems. If the sensory input is not restored by
intervention, the corresponding sensory cortex could
remain dormant, or, alternatively, it could be recruited
by some other sensory modality. The common view is
that all cortical areas possess the ability for cross-modal
reorganization. This certainly applies for higher-order
sensory areas (for review, see Bavelier and Neville 2002).
However, the evidence supporting this view for primary
sensory cortices is far from being conclusive. Primary
cortical areas have been shown to undergo plastic
reorganization under appropriate conditions and they
even learn to process arbitrary input when artificially
redirected from other sensory systems to the thalamus
(von Melchner et al. 2000; Gao and Pallas 1999). Do
primary sensory cortices with anatomically intact afferent
pathways also show cross-modal reorganization when
deprived of their specific input?
In congenitally blind individuals, some visual cortical
areas start processing auditory information (binocularly
deprived cats: Korte and Rauschecker 1993; Rauschecker
and Korte 1993; congenitally blind humans: Neville 1990;
Rder et al. 1999a, 2000, 2001). In humans this reorganization does not, however, include the primary visual
cortex (Weeks et al. 2000). Neonatal visual deprivation
(dark rearing) leads to cross-modal reorganization of
higher-order visual areas, but not of the primary visual
cortex in the cat (Yaka et al. 1999). Even in binocularly
enucleated cats (corresponding to denervation of the
central visual system) only 6% of the units in primary
visual cortex respond to auditory stimuli (Yaka et al.
1999).
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Congenitally deaf cats are a suitable model of human
congenital deafness (Heid et al. 1998). These animals
never possess a functional cochlea. They have no hearing
experience due to an inherited dysplasia of the organ of
Corti: no pharmacological or surgical intervention is
necessary to achieve deafness. Functional deficits as a
consequence of auditory deprivation have been found in
the primary auditory cortex (A1) of these animals (Kral et
al. 2000). However, the general responsiveness and some
other basic properties such as cochleotopy seem to be
developed to a certain degree in A1 (Hartmann et al.
1997). These data correspond to those obtained from
congenitally deaf human subjects: P1 waves of evoked
potentials in cochlear implant users soon after implantation also indicate that A1 is basically functional after
congenital deprivation, although there are signs of
immaturity in the responses (Eggermont et al. 1997;
Ponton and Eggermont 2001; Sharma et al. 2002).
Restoration of the auditory input in congenitally deaf
cats leads to functional maturation in the field A1 (Klinke
et al. 1999). For this functional remodeling, there is a
clear sensitive period, i.e., the earlier the restoration of
auditory input takes place, the higher is the plasticity
observed in the A1 field (Kral et al. 2001, 2002).
Previous reports on cross-modal reorganization of the
A1 field in congenitally deaf cats are controversial. Some
authors have reported on visually-evoked local field
potentials (vLFPs) in A1 (Rebillard et al. 1976, 1977)
and conclude a visual take-over of the dormant A1. In
contrast, other reports have shown that the small vLFPs in
the A1 decrease in amplitude with increasing spatial
separation from visual areas (Hartmann et al. 1997). This
indicates that their generators are located outside of A1.
Moreover, one study has reported the absence of visually
evoked multiunit responses in the A1 field of an awake
congenitally deaf cat (Stewart and Starr 1970).
In the present study we have therefore reinvestigated
the question of cross-modal reorganization of the A1 field
in congenitally deaf cats. To this end we have combined
the recording of vLFP in AI with a current source-density
analysis (Mitzdorf 1985), eliminating the influence of far
sources on vLFP. In addition, unit activity was recorded at
the same sites in A1 under visual stimulation in both deaf1
and hearing cats. Adult cats were used for this study under
the assumption that a cross-modal reorganization of A1
would be more easily detected in animals where the
corresponding sensory input has been absent for a long
time, i.e., for several years.

ment. Conditions in which the deaf and hearing cats were raised
were identical. Congenital deafness of the deaf animals was
verified using auditory-evoked brainstem responses to clicks and
tone-pips of intensities up to 125 dB SPL at the age of 4 weeks (for
details, see Heid et al. 1998). This procedure was repeated 1 week
before the experiments. To assure normal spontaneous activity in
the auditory nerve of hearing cats and yet prevent auditory
stimulation by the breathing apparatus and the recording equipment, ear plugging was performed with 3% agar in Ringer’s
solution; 2 ml of agar was instilled into the ear canals.
Surgery and recording
For the acute experiments, the animals were premedicated with
0.25 mg atropine i.p. and initially anesthetized with ketamine
hydrochloride (Ketavet; Parker-Davis, Germany; 24.5 mg/kg) and
propionylpromazine phosphate (Combelen; Bayer, Germany;
2.1 mg/kg). The animals were then tracheotomized and artificially
respirated with 30% O2 and 70% N2O, with the addition of 0.4–
1.0% halothane (Lilly, Germany). End-tidal CO2 was monitored
and kept below 4% (Herbert and Mitchell 1971). A modified
Ringer’s solution containing glucose was continuously infused i.v.
Pancuronium bromide in the infusion (0.2 mg/kg per hour;
CuraMed, Germany) assured muscle relaxation. Nictitating membranes were retracted with phenylephrine hydrochloride and pupils
were dilated with atropine. Core temperature was kept constant
between 37.5 and 38C using a homeothermic blanket. The head of
the animal was then fixed in a stereotactic holder (Horsley-Clark).
Trephination was performed above the auditory cortex and the dura
was opened. A second craniotomy above the primary visual cortex
served for control recordings in the visual cortical fields. Orientation at the cortex was based on anatomical landmarks (Reale and
Imig 1980).
Recording was performed using tungsten microelectrodes
(impedance 0.3–0.6 MW). Up to three electrodes were positioned
in the rostrocaudal direction in area 17 (spacing ~1.5 mm), four
electrodes arranged in the rostrocaudal direction were placed in
area A1 (spacing ~1.5 mm), so that the complete distance from
posterior to anterior ectosylvian sulcus was covered by the
electrodes (Fig. 1). To prevent positional changes of the electrodes
by breathing, a recording chamber over both trephinations was
covered by agar and sealed with melted bone-wax. The A1 was
penetrated in 300-m steps down to a depth of 3,300 m. Local
field potentials (LFPs) and multiunit activity was recorded at each
depth. In the primary visual cortex the electrodes were inserted
1 mm below the cortical surface into middle cortical layers.
Subsequently, sites showing strong multiunit responses to visual
stimulation were identified. The position of these electrodes was
not changed throughout the experiment to allow their usage as a
control for efficient visual stimulation (see below). At the end of
the experiment, the localization of recording electrodes within the
auditory cortex was verified in hearing cats by responses to acoustic
stimulation after removal of the ear-plugs. Additionally, the
direction of the electrode penetration to pial surface was verified
according to histological track reconstructions. Two tracks per
animal were marked by electrolytic lesions in two different depths
(15 A, 15 s.). Nissl-stained, 90-m-thick frontal sections were
evaluated. All penetrations were located in field A1 and penetrated
the cortical layers right down to the white matter.

Methods

Visual stimulation

Animals

The refractoriness of both eyes was determined and corrected for
viewing at screen distance by contact lenses. The location of the
area centralis was determined using a back-projection camera.
Phase-reversal gratings of vertical orientation (3 spatial frequencies
in the range 0.1–2.0 cycles/deg, maximum contrast, phase-reversal
frequency ~2 Hz) were used for visual stimulation. Stimuli were
presented on a computer screen (21 inches; distance from eye
0.57 m) in the center of the visual field. At every second recording

For the present study, two adult, congenitally deaf and two adult,
hearing cats were used. The experiments were licensed by the
German State Authorities. All animals were older than 1 year and
lived within a large colony in a standard animal-house environ1

“Deaf” refers to “congenitally deaf” throughout the manuscript
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Somatosensory stimulation
In order to check a second sensory modality, somatosensory
stimulation was applied during every second recording depth in A1
(cortical depths corresponding to multiples of 600 m), so that 50–
100 multiunit clusters per animal could be investigated with
somatosensory stimulation. Somatosensory stimuli were applied
using cotton pads (3–4 mm in diameter) at face, whiskers, tongue,
palatum, both pinnae, head, neck, forepaws, hindpaws, tail, and
back of the animal. Stimulated spots were spaced approx. 1 cm
from each other. In addition, air puffs directed to the face were
applied. The presence or absence of somatosensory-evoked multiunit responses was evaluated audiovisually.

Results
Multi-unit responses in the visual and auditory cortices

Fig. 1 A Visual stimuli used for the present study. Phase reversal at
2 Hz induced an impression of motion in the stimulus. Stimuli with
3–5 different spatial frequencies and 3–5 different orientations were
used. B Recording of neural activity took place simultaneously in
area A1 (4 electrodes) and area 17 (1–3 electrodes). The electrodes
in area 17 were kept in place throughout the experiment. The
auditory cortex was penetrated in 300-m steps down to white
matter. Four different locations of the electrode array were tested in
the dorsoventral direction (inset) to cover the whole extent of A1
depth (every multiple of 600 m), visual responses were also
manually searched for using a bar-shaped stimulus moved over a
large screen encompassing almost the whole visual field (approx.
6080, distance from the eye 1.14 m). The hand-held stimulus was
presented stationary, with various orientations, flashed, and also
moved in various direction of motion at different velocities. The
stimuli were similar to those typically used for the characterization
of visual receptive fields in cat visual areas. At every second
recording position, the stimulation at the center of the visual field
was performed with 5 different orientations of the gratings and 5
spatial frequencies in the range 0.1–2.0 cycles/deg. Occasionally,
flash stimulation was tried. Recordings in the visual cortex were
used as controls to verify effective visual stimulation.

Fig. 2 Poststimulus time histograms of simultaneous multiunit activity (4 recordings in
A1 and -2 recordings in area 17)
did not reveal any visual responses in 99% of the units in
A1. Strong responses in area 17
verified effective visual stimulation throughout the experiment. Arrows indicate times of
phase reversal

Multi-unit clusters recorded in visual cortex yielded
strong and characteristic responses to stimulation with
phase-reversal gratings. Examples of poststimulus time
histograms (PSTHs) are displayed in Fig. 2. The
responses showed strong On- and Off-components triggered by the phase reversal and, in addition, a phaselocked temporal modulation in the gamma-band, as
indicated by the series of narrow peaks in the PSTH.
In contrast, no visually driven activity was recorded
from the auditory cortex in both hearing and deaf cats.
Out of 140–200 multiunit clusters recorded from the A1
of each animal, 99% of the units showed no response to
visual stimuli. In 1% of the units, visual inspection of the
poststimulus time histograms revealed a discernible
modulation of the firing rate (mostly 1–2 units per
animal; Fig. 3). This proportion was identical between
hearing cats and deaf cats. There was no unit showing
somatosensory responses in A1.
In units without any signs of visual or somatosensory
responses, spontaneous, multiunit activity was recorded to
allow for a quantitative comparison of the distribution of
spontaneous firing rates for deaf and hearing cats (Fig. 4).
The distributions of the spontaneous activity differed
significantly: the recorded cells in deaf animals had, on
average, a slightly higher ongoing firing (median rate:
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Fig. 3 Only in 1% of units per
animal could visual activity not
be safely excluded in area A1
(same proportion in hearing and
deaf animals). Dot rasters of
two such units are shown right
of the corresponding poststimulus time histograms. Arrows
on the time axis indicate phase
reversal

Fig. 4 Spontaneous activity in A1 of deaf and hearing cats. Deaf
cats showed higher spontaneous activity in multiunit (MU) clusters
(significant, c2 test, a=1%)

9.8 spikes/s) than those of control animals (median rate:
8.0 spikes/s; c2 test, a=1%).
Recording of vLFPs in the visual cortex and in the A1
Recordings in the visual cortex served as a control of
effective visual stimulation during the experiment. vLFPs
recorded in primary visual cortex (16–52 per animal)
reached amplitudes of up to 500 V. The vLFPs from all
animals had a mean amplitude of 345€170 V and mean
latency of 65€19 ms (median 60 ms). As amplitudes of
local field potentials critically depend on the recording
position and depth (cortical layer), the small sample in
middle cortical layers of primary visual cortex was not
sufficient to make safe judgements on responses in the
visual cortex in individual animals.
Responses to phase-reversal gratings were investigated
at about 200 recording positions per animal. In A1, the
shape of visually evoked LFPs differed from LFPs
recorded in area 17: In A1 the LFPs had a polyphasic
shape and small amplitudes. There was no stimulus-

Fig. 5 Simultaneously recorded visually-evoked local field potentials (vLFPs) in A1 and area 17. Arrow indicates time of phasereversal. Asterisk shows gamma-band activity in area 17

locked, gamma-band activity in A1. In area 17, the
sample LFPs were of predominantly biphasic shape
followed by stimulus-locked gamma-band activity
(Fig. 5).
vLFPs could be recorded at 87% of the recording sites
in A1 of deaf cats. In hearing cats this proportion was
60%. For all further evaluation of vLFPs, only those
recording positions were considered where vLFP were
discernible. Amplitudes and latencies of first vLFP waves
were not significantly different in individual deaf animals.
Also among hearing cats, the amplitudes (two-tailed ttest, a=1%) and latencies (two-tailed Wilcoxon–MannWhitney, a=1%) were not significantly different. Consequently, the data from deaf cats were pooled and
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Fig. 6 A Amplitudes of the
vLFPs in hearing and deaf cats
in A1 compared with responses
in area 17. There were smaller
vLFPs in area A1 than in visual
cortex (significant, two-sided ttest, a=1%). Naive deaf cats
showed significantly smaller
vLFPs in area A1 than hearing
cats. B No difference in latency
of vLPFs were found between
deaf and hearing cats. The latencies were not different from
latencies of field potentials in
area 17

compared with pooled data from hearing cats. There
vLFP amplitudes in A1 were significantly smaller in deaf
cats (Fig. 6a, deaf animals: 19€9 V, hearing cats:
40€15 V, two-tailed t-test, a=1%). The difference to the
LFPs in visual cortex was significant in both groups (twotailed t-test, a=1%). There was no significant difference
in first-wave latencies between deaf and hearing cats in
A1 (Fig. 6b; deaf cats: mean 74€34 ms, median 58 ms;
hearing cats: 79€39 ms, median 56 ms; two-tailed
Wilcoxon–Mann-Whitney test, a=1%). Also the latencies
of vLFP in A1 were not significantly different from the
latencies in area 17 (two-tailed Wilcoxon–Mann-Whitney
test, a=1%).

depths (Mitzdorf 1985). Notably, in CSDs far-fields are
eliminated from the signal, and local generators of the
field potentials in the track direction are revealed. From a
total of 64 recording tracks in all animals (deaf and
hearing), no patterned CSD signals could be obtained, and
the amplitude of the current source densities did not
exceed 0.5 mV/mm2 (Fig. 7). This CSD amplitude could
be found in field A1 of hearing cats without any
stimulation at all. Histological track reconstruction verified the complete penetration through the cortex in field
A1. The mean deviation of the penetration from the
direction of microcolumns was 16€8.5.

Discussion
No local generators of vLFP in A1
To test whether there was any subthreshold synaptic
activity in the auditory cortex triggered by visual stimuli,
current-source density (CSD) calculations were performed from the vLFPs recorded in different cortical

The present study revealed no evidence of visual or
somatosensory cross-modal reorganization in the field A1
of congenitally deaf cats. This conclusion rests on several
results obtained in the present study: Firstly, there were
no multiunit responses to visual or somatosensory stim-
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Methodological considerations

Fig. 7 Current-source density signals (CSDs) computed from
vLFPs in different depths of the cortex. Top: In the visual cortex,
generators of vLFPs are found in all cortical depths. Asterisk
indicates signals in the gamma-range. Arrows mark the phasereversal of the stimulus. Bottom: CSD signals were not found in
area A1 of hearing and deaf cats, i.e., the corresponding vLFPs are
not generated in field A1

ulation in A1 in congenitally deaf and hearing cats.
Secondly, latencies of first waves of vLFP in A1 were not
different in hearing and deaf cats. And thirdly, there were
no local generators of vLFPs in A1 in congenitally deaf
and hearing cats, as demonstrated by CSD analyses.
We observed three differences of neuronal activity in
A1 between hearing and deaf cats: firstly, the proportion
of recording sites with discernible vLFPs in A1 was
higher in deaf animals than in hearing animals; secondly,
the amplitudes of vLFPs recorded in field A1 of deaf
animals were significantly smaller than in hearing cats;
thirdly, the spontaneous multiunit activity was significantly higher in A1 of congenitally deaf cats. However,
these differences are unlikely to be due to cross-modal
reorganization of the A1 field, and they certainly do not
suggest an enhanced processing of visual information in
the auditory cortex. Rather they may be considered as a
consequence of a reorganization of other cortical areas or
a change in the dynamics of thalamic afferent input. Thus,
an additional consequence of auditory deprivation could
be an upregulation of spontaneous activity in the auditory
thalamocortical system.

Several methodological limitations of the present study
have to be acknowledged. Firstly, the animals were
anesthetized. Anesthesia suppresses polysynaptic corticocortical connections and could lead to disappearance of
visual responses in A1 of deaf animals in anesthetized
preparation. Anesthesia excludes also the possibility to
investigate attentional effects in cross-modal reorganization. However, even a subthreshold activation of A1
would be detected with the CSD analyses. The stimuli
used in the present study were composed of stimuli to
which higher-order visual areas respond also in anesthetized preparations (e.g., area 21: Dreher et al. 1996;
PMLS and PLLS: Blakemore and Zumbroich 1987; for
review, see Spear 1991). In addition, anesthesia is an
improbable cause of the absence of visual responses in
light of a previous study, where there were no visually
evoked multiunit responses in an awake, congenitally
deaf cat (Stewart and Starr 1970). Secondly, changes in
attention to stimuli presented in the peripheral visual field
have been demonstrated in early-deaf subjects (Rder et
al. 1999a; Bavelier et al. 2000; Proksch and Bavelier
2002). Therefore in the present experiments visual
stimulation was applied also in the peripheral visual field
using hand-held stimuli. As no responses to such stimulation were found, it appears improbable that stimuli
outside of the fovea could contribute to reorganization of
A1. Somatosensory stimuli did not elicit multiunit
responses in A1. Subthreshold activation of the A1 field
with somatosensory stimuli could not be excluded with
the given technical setup, but appears highly unlikely.
Possible responses to more complex somatosensory
stimuli or olfactory, gustatory, or vestibular stimuli need
to be investigated in more detail in the future.
Lack of cross-modal plasticity in A1
In accordance with previous studies, we found vLFPs in
A1 of all investigated congenitally deaf cats (Rebillard et
al. 1977, 1980). The latencies of the vLFP in the present
study were of the same order of magnitude as those
reported by Rebillard and colleagues. The amplitudes of
vLFPs were substantially smaller in the present study,
which can be explained by a higher impedance of the
recording electrodes. However, in the present study the
vLFP were not larger in deaf animals than in hearing cats,
as reported by Rebillard and colleagues, suggesting that
the minute vLFPs recorded over A1 result from volume
spread of visual signals rather than cross-modal compensatory plasticity. In accordance with this suggestion, CSD
analyses did not reveal any generators of vLFPs in the A1.
The difference between our results and those of Rebillard
et al. could, at least in part, be due to the more topical
recording technique exploited in the present study
(microelectrodes) and a better-controlled visual stimulation. The results of the present study correspond well to
the previous findings of Hartmann et al. (1997) and
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Steward and Starr (1970) and extend them in demonstrating the absence of responses to moving stimuli and the
non-A1 localization of the generators of vLFPs recorded
over A1.
The significant difference in spontaneous activity in
A1 between deaf and hearing cats suggests functional
alterations in A1 of deaf animals (compare Kral et al.
2001). It has to be considered that hearing cats had a
preserved cochlea with a normal spontaneous activity in
the auditory nerve in the present experiments. Adult
congenitally deaf cats have a substantially reduced
spontaneous activity in the auditory nerve (Ryugo et al.
1998). Reduction in spontaneous drive from the cochlea,
together with the absence of evoked activity, might upregulate the spontaneous activity in A1 of deaf animals.
In humans, the opinions on activation of A1 in
congenitally deaf is also subject to debate. Most studies
did not show any visual recruitment of A1 after congenital auditory deprivation (Nishimura et al. 1999; Petitto et
al. 2000; Bernstein et al. 2002). Only one study (using
functional magnetic resonance imaging: Finney et al.
2001) described a few voxels in the right (but not left) A1
as responding to visual stimuli. However, when considering the corrected probabilistic map of A1 (Penhune et
al. 1996; cf. Brechmann et al. 2002), these voxels were
located outside of the right primary areas and therefore
the visual-to-auditory activation might have occurred in
secondary rather than primary auditory regions.
Higher-order auditory/language areas undergo substantial reorganization in congenitally deaf subjects. In
these subjects, higher-order auditory areas and language
areas become activated by sign language presented
visually (Nishimura et al. 1999; Petitto et al. 2000). With
electrical stimulation of the auditory nerve by cochlear
implants, the contralateral A1 shows activity (positron
emission tomography study: Lee et al. 2001). The higherorder cortical areas only become progressively activated
after increasing hearing experience with cochlear implants (Giraud et al. 2001a, 2001b, 2001c; cf. Lee et al.
2001). Therefore, there is consistent evidence for crossmodal reorganization of only higher-order auditory/
language areas in congenital deafness. Most probably
after the implantation there is a competition between
visual and auditory input for higher-order auditory areas
in congenitally deaf subjects. Such competition may limit
the success of cochlear implantation in adults who are
congenitally deaf.
Using magnetoencephalographic responses, crossmodal reorganization of the auditory system by the
somatosensory system has been demonstrated in congenitally deaf adults (Levanen et al. 1998); however, no
distinction could be made on the location of the reorganized generators of these responses in A1 or secondary
auditory cortex.

Cross-modal plasticity in other sensory areas
Acoustical responses in area 17 could not be elicited in
sighted cats nor in binocularly neonatally deprived (darkreared) cats (Yaka et al. 1999). In binocularly enucleated
animals, only a small proportion of 6% of the units
responded to auditory stimuli, despite the fact that this
condition implies denervation in addition to deprivation.
Consequently, it appears that there is no cross-modal
reorganization of primary sensory cortices, at least not in
the visual and auditory systems in the cat. In a recent
study Izraeli et al. (2002) have shown cross-modal
reorganization of the visual cortex in neonatally enucleated hamsters; however, no distinction between primary
and secondary visual fields was made. Also, the invasion
of visual cortex by the auditory system of the naturally
blind mole rat (Heil et al. 1991, Bronchti et al. 2002)
represents a different condition, as this animal has a
severely degenerated peripheral visual system (eye, visual
nerve). Blind mole rats specialized over thousands of
years of evolution to life without this sensory organ,
whereas congenitally deaf cats have a preserved auditory
nerve and an anatomically intact cochlea, which degenerates perinatally.
Morphological developmental studies have demonstrated transient projections from A1 to areas 17/18 in the
newborn cat (Innocenti and Clarke 1984; Clarke and
Innocenti 1986); their function remains obscure. Based on
the study of Yaka and colleagues (1999), they do not
seem to be functionally activated by neonatal deprivation.
Reciprocal projections from area 17/18 to A1 have, to the
knowledge of the authors, not been demonstrated yet.
There are transient projections from extralemniscal auditory thalamus to the cortical barrel-field in rats, which are
stabilized after neonatal whisker removal (Nicolelis et al.
1991). These projections are functionally more related to
attentional modulation than to cross-modal input. Projections from the somatosensory thalamic nuclei to the A1
are not known.
In humans, the primary visual cortex of congenitally
blind subjects does not show reorganization for processing auditory stimuli (Weeks et al. 2000). There are several
studies on somatosensory recruitment of the visual cortex
in congenitally blind subjects: some studies exclude
activation of the primary visual cortex during Braille
reading (Bchel et al. 1998). Other studies indicate
activation of primary visual cortex during Braille reading
(Sadato et al. 1996; Cohen et al. 1999). At present it
appears difficult to interpret these conflicting results. The
reorganization of auditory cortical responses in congenitally blind subjects, evaluated by evoked potentials,
cannot be localized to primary and higher-order visual
areas (Rder et al. 1999a, 1999b, 2000, 2001).
Unresolved issues
Our data suggest that, in congenitally deaf cats, the A1 is
not cross-modally reorganized by the visual and somato-

612

sensory systems. This raises the obvious question as to the
function of the “dormant” A1 in congenitally deaf
animals. A striking observation is that the A1 of deaf
cats appears macroscopically completely normal despite
years of deprivation. Likewise, the vascular map appears
normal. Moreover, even the cytoarchitectonics of A1 in
congenitally deaf cats is not apparently different from
hearing cats, although significant reductions in the
number of dendrites of pyramidal cells have been found
(Wurth et al. 1999). The function of this area in
congenitally deaf subjects remains to be clarified.
Our data suggest that higher-order sensory areas and
A1 may differ in their capacity for cross-modal reorganization, since previous reports have shown a higher
degree of plasticity in the secondary auditory cortex when
compared with primary (Weinberger et al. 1984; Diamond and Weinberger 1984). Interestingly, primary and
higher-order auditory cortices differ also with respect to
the inputs they receive. Primary cortex obtains its main
input from the lemniscal auditory pathway, whereas
higher-order auditory cortices receive mainly cortical and
extralemniscal thalamic inputs. The extralemniscal thalamic nuclei receive also projections from other modalities (Aitkin et al. 1978, 1981; Robards 1979; Shore et al.
2000; Schroeder et al. 2001). Obviously, more research is
needed to reveal possible factors that prevent the A1 from
cross-modal reorganization. One possible candidate
mechanism could be an increased spontaneous activity
in the thalamocortical system after deprivation. Alternatively, some humoral factors might prevent the A1 from
being recruited by other modalities. The lemniscal
thalamic fibers are a strong candidate for participation
in this mechanism.
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