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Receptive Field Reorganization in Dorsal Column 
Nuclei During Temporary Denervation 

Michael J. Pettit and Harris D. Schwark* 
Altered sensory input can result in the reorganization of somatosensory maps in the 
cerebral cortex and thalamus, but the extent to which reorganization occurs at lower levels 
of the somatosensory system is unknown. In cat dorsal column nuclei (DCN), the injection 
of local anesthetic into the receptive fields of DCN neurons resulted in the emergence of 
a new receptive field in all 13 neurons studied. New receptive fields emerged rapidly (within 
minutes), sometimes accompanied by changes in adaptation rates and stimulus selectivity, 
suggesting that the new fields arose from the unmasking of previously ineffective inputs. 
Receptive field reorganization was not imposed by descending cortical inputs to the DCN, 
because comparable results were obtained in 10 additional cells when the somatosensory 
and motor cortex were removed before recording. These results suggest that mechanisms 
underlying somatotopic reorganization exist at the earliest stages of somatosensory pro- 
cessing. Such mechanisms may participate in adaptive responses of the nervous system 
to injury or continuously changing sensory stimulation. 

Sensory maps in the cerebral cortex are 
maintained through dynamic processes. 
Modification of peripheral inputs to the 
central nervous system results in reorgani- 
zation of cortical somatosensory maps in a 
number of species ( I )  including humans 
(2). The identification of the mechanisms 
that are involved in map reorganization has 
clinical imvlications for the treatment of 
peripheral nerve injury and phantom limb 
pain. 

A critical issue that must be resolved 
before the mechanisms of reorganization 
can be uncovered is the extent to which 
reorganization at subcortical levels contrib- 
utes to changes previously described in the 
cortex. Mapping studies suggest that pe- 
ripheral nerve transection can result in map 
reorganization in the primate ventral poste- 
rior thalamic nucleus (3). Such reorganiza- 
tion has not been found in DCN or trigem- 
inal nuclei (4), although it is difficult to 
detect reorganization in subcortical maps, 
which are three-dimensional and can ex- 
hibit large somatotopic shifts over relatively 
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small distances. An alternative approach, 
which we have used in the present study, is 
to map a single neuron's receptive field, 
inject local anesthetic into the field to 
silence input from the receptive field tem- 
porarily, and then test for the appearance of 
a new recevtive field. In thalamus (5) and ~, 

cortex (6) this approach has been used to 
demonstrate that new receptive fields can 
emerge within minutes after the injection 
of lidocaine. Such changes in cat DCN 
neurons have not been investigated, al- 
though cold block of the dorsal columns has 
been revorted to result in the emergence of - 
new receptive fields in a small proportion of 
nucleus gracilis neurons (7). 

To study subcortical reorganization in the 
present experiments, we recorded from 13 
DCN neurons in six adult cats (8). Subcuta- 
neous lidocaine injections into the original 
receptive field resulted in the rapid emergence 
of a new receptive field in every neuron tested 
(Table 1 and Fig. 1, A and B). However, the 
possibility remained that the primary site of 
reorganization was the cerebral cortex, and 
that subcortical reorganization was imposed 
by descending cortical inputs to the DCN. To 
test this possibility, we recorded from 10 
neurons in four additional cats after the re- 
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moval of cortical inputs to the DCN (9). 
Even in the absence of cortical inputs, subcu- 
taneous lidocaine iniections resulted in the 
rapid emergence of new receptive fields in 
every neuron tested (Table 1 and Fig. 1C). 
There were no evident differences in the 
receptive field reorganizations in these two 
sets of experiments, so the data have been 
combined for the following description. 

Lidocaine iniection resulted in the emer- 
gence of new receptive fields for every DCN 
neuron tested. even in eight neurons in which 
the blockade of the ori&l receptive field was 
incomplete. Control injection of saline had 
no effect on receptive field organization or 
activity (1 0). In 16 of the, 23 neurons, the 
new receptive fields remained throughout the 
entire recording period (up to 6 hours), even 
after responsiveness in the original receptive 
fields had returned. Neither recovery of re- 
sponsiveness in the original receptive field nor 
stability of the new receptive field was related 
to neuronal response properties or to the size 
of the new receptive field. 

In eight neurons the response class (hair 
or skin) or adaotation characteristics of the 
new receptive ield differed from those of the 
original receptive field (Table 1 and Fig. 
1B). In six other neurons new inhibitory 
receptive fields emerged after lidocaine in- 
jection. The appearance of these new re- 
sponse characteristics, which were not evi- 
dent in the original receptive field, suggests 
that the new fields arose from peripheral 
inouts that were normallv ineffective. These 
neurons were located in the core and rim of 
the cell cluster region of the middle cuneate 
nucleus (1 1) and in the rostra1 cuneate. 

In contrast to the neurons described 
above, nine neurons showed a simpler type 
of receptive field reorganization: They re- 
sponded selectively to stimulation of hair or 
skin in the original receptive field, and after 
lidocaine injection each began to respond to 
the same type of stimulation in a new field 
(Fig. 1A). These neurons were all located in 
the core of the cell cluster region. 

Dynamic aspects of receptive field reor- 
ganization were particularly evident in 
three neurons in which the new receptive 
fields fluctuated in size 44 to 120 rnin after 
their initial appearance. The response 
threshold in one of these new receptive 
fields also fluctuated. The threshold de- 
creased from 2.35 g at 52 rnin after 
lidocaine injection to 0.22 g at 83 min, 
increased to 0.44 g over the next 40 min, 
and bv the end of the 6-hour recording - 
period had returned to 2.35 g. 

The present results suggest that (i) some 
inputs to DCN neurons are normally 
masked, (ii) masked inputs become effective 
when activity in the original receptive field 
is reduced, and (iii) unmasking does not 
depend on cortical inputs to the DCN. The 
anatomical substrate of masked inputs may 

involve the dendritic spread of DCN neu- 
rons (up to 500 ~ m )  and the widespread 
terminal arborizations of primary afferents 
(1 2, 13). It has been estimated that as many 
as 300 primary afferents overlap at any point 
in the middle cuneate nucleus (12). The 
mechanisms of masking are not known. 
Calford and Tweedale (1 4) have suggested 
that tonic, inhibitory inputs might serve this 
function, and they have shown that silenc- 
ing peripheral C fibers leads to receptive field 
expansion in cortical neurons. The influence 
of C fiber inputs on receptive field organiza- 
tion in the DCN has not been investigated. 

The presence in the DCN of mechanisms 
that underlie receptive field reorganization 
raises the question of whether such mecha- 
nisms also exist at higher levels of the 
somatosensory system, or whether reorgani- 

Fig. 1. Original recep- A 
tive fields (black areas RA Hair 
in top figures) mapped Lidocaine 
with the use of hand- 
held stimuli over peri- 
O ~ S  of 10 to 30 min n 
before inactivation to Preinjection 
determine the stability 
of receptive field bor- 
ders. No variations 
were seen over these 
periods in receptive 
field size or neuronal 1 rnin 

response properties. RA Hair 
Temporary denemation RA Hair 
was then produced by 
one to three subcutane- 

lidocaine (4 to 30 pI 

3% 
ous injections of 2% 4 to 132 rnin 

each). Additional injec- 
tions were made (for 10 

receptive field was dif- 

m of the 23 cells) if the cell location 

ficult to silence or was large. The area was 
again mapped, and the boundaries of respon- 
sive areas were determined. The responsive 
areas of the original receptive fields are shown 
as black regions, and areas that became newly 
responsive after lidocaine injection (new recep- 
tive fields) are shown as gray regions. Adapta- 
tion characteristics are indicated: RA, rapidly 
adapting; SA, slowly adapting. Each column in 
the figure shows the temporal sequence of 
receptive field changes for a single cell. Within 
a column, successive changes in receptive 

zation observed at higher levels is a reflec- 
tion of changes in the DCN. A potential 
anatomical substrate for rapid reorganization 
in cerebral cortex is the widespread termina- 
tion pattern of thalamocortical afferents 
(15). Direct evidence for receptive field 
reorganization in sensory cortex has been 
found in studies of retinal lesions. which 
result in immediate receptive field expan- 
sions in cortical (1 6), but not thalamic (1 7), 
neurons. Therefore, it appears that mecha- 
nisms underlying receptive field reorganiza- 
tion exist at multiple levels of sensory sys- 
tems. After injury, such mechanisms might 
be involved in the develooment of referred 
sensations involving phantom limbs (2). In 
normal brain function, such mechanisms 
might help to adapt to a continuously chang- 
ing sensory environment. 

B C 
SA Claw, Lidocaine 

injection 

Preinjection 
Lidocaine 
injection 
(5 PI) 

2 rnin 
RA Hair 

0 4 min 

Lidocaine 
injection 
(10 PI) r-Y iomin 

RA Skin 

I 6  rnin 

Preinjection 

1 rnin 

RA Hair & 
2 rnin 

RA Hair & 
6 rnin 

25 min 

field organization are illustrated, with thetime 
after injection indicated. The recording site in 
the DCN is shown at the bottom of each col- 
umn. (A) A simple form of receptive field reor- 
ganization, in which the new receptive field 
responded to the same type of stimulus as did Cell location 48 to 122 min 
the original field. (B) In this cell the original, slowly adapting response was 
elicited only by stimulation of the skin and claw. A series of lidocaine 
injections silenced the skin receptive field and resulted in the emergence m of new receptive fields; RA responses were elicited by stimulation of hair in Cell location 
one field and skin in another. (C) Receptive field reorganization followed Aspiratio 
lidocaine injections even in the absence of cortical inputs to the DCN (the 
extent of the cortical aspiration is shown at the bottom of the column). The original, RA response was 
elicited by stimulation of hair. Lidocaine injections silenced the central portion of the receptive field, 
and 2 to 6 min later a new receptive field with similar response properties emerged. 
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Table 1. Receptive field response properties of single DCN neurons before and after subcuta- 
neous lidocaine injection. Receptive fields were mapped with hand-held stimuli [Semmes- 
Weinstein (Lafayette Instruments, Lafayette, IN) monofilaments, wooden probes, fine brushes, 
and light air puff]. Neurons were classified by adaptation characteristics (RA and SA) and 
response class (hair, skin, deep tissues); ipsi, ipsilateral; contra., contralateral. Spontaneous 
activity was measured over periods of 10 to 30 s before and after lidocaine injection. There was 
no significant effect of lidocaine injection on spontaneous activity. Cells were recorded in the 
cuneate (core, rim, rostral) and gracilis nuclei. 

Original New Size of Spontaneous 
new activity (Hz) Cell Observa- 

receptive receptive receptive location tion time 
field field field* Pre-inj. Post-inj. (min) 

RA, hair 
RA, hair 
RA, hair 
RA, hair 
RA, hair 

ipsi. 
forearm 
(-I* 

RA, skin 
RA, hair, skin, 

hair (-) 

RA, hair, hair 
(-), ipsi. 
hindlimb 
(-) 

SA, skin 
SA, skin and 

claw 
SA, skin 

SA, hair and 
skin 

SA, claw and 
hair (-), 
ipsi. and 
contra. 
forepaw 
(-), ipsi. 
hindpaw 
(-) 

RA, hair 
RA, hair 
RA, hair 
RA, hair and 

hair (-) 
RA, hair 
RA, skin, hair 

(-) and 
skin (-), 
ipsi. and 
contra. 
forepaw (-) 

RA, skin, ipsi. 
forepaw (-) 

SA, skin 
SA, claw and 

skin 
SA, skin and 

hair (-) 

RA, hair 0.4 1 1 1 Core 
RA, hair 2.2 0 0 - Core 
RA, hair 0.6 1 0 0 Core 
RA, hair 0.1 0 2 - Core 
RA, hair 0.2 32 31 1 Gracilis 

RA, hair 0.4 0 0 - Core 
hair (-), deep 20.7 27 46 1.7 Core 

(-1, ipsi. 
forepaw 

RA. skin and hair 2.5 16 5 0.3 Core 

SA and RA, hair 6.2 - 0 - Rim 
RA, skin and - - - - Rim 

hair, claw 
SA, skin, hair, 1.8 89 0 0 - 

and deep 
SA, skin and 1.1 43 28 0.7 Core 

claw (-) 
hair (-) and - 13 24 1.8 Core 

deep (-) 

Cells recorded after the removal of cortical inputs to the DCN 
RA, hair ' 2.6 29 27 0.9 Core 
RA, hair 2.7 19 21 1.1 Core 
hair (-) 25.7 9 16 1 .€I Core 
hair (-) 0.2 14 14 1 Core 

RA, skin and hair 1.4 28 - - Rostral 
RA, skin 0.5 6 13 2.2 Rim 

RA, skin 1.6 - 11 - Core 

RA, skin 0.5 2 1 23 1.1 Rim 
SA, skin - 28 19 0.7 Core 

skin, skin (-), 1 .O 14 11 0.8 Core 
hair (-) 

*Ratio of new receptive field size to original receptive field size. tRatio of post-injection (post-inj.) spontaneous 
activity to pre-injection (pre-inj.) spontaneous activity. $Inputs from other limbs are listed according to the limb 
from which they were elicited. No injections were made into these fields. A minus sign denotes inhibitory fields. 
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