RECENT PROGRESS

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

Dual Dorsal Columns: A Review

SUMMARY: Recent evidence indicates
that Wall (1970) may have been prema-
ture in concluding that dorsal column le-
sions produce no discernable sensory de-
fects. Much of the negative evidence
Wall presented to support this view is in-
conclusive. In addition several studies
have reported significant sensory de-
ficits in animals with severed dorsal col-
umns. On the other hand, the literature
strongly supports Wall’s view that dorsal
column lesions cause motor distur-
bances. A review of the anatomical and
electrophysiological literature reveals
growing evidence for the dissociation of
two major subsystems relaying in the
dorsal column nuclei. The possible func-
tions of these two systems are discussed.

RESUME: Une démonstration récente
indique que Wall (1970) semble avoir
conclu prématurément que des lésions a
la colonne dorsale ne produisent aucune
défectuosité sensorielle. Une grande
partie de I'évidence négative que Wall a
présentée pour soutenir cette idée n’est
pas concluante. De plus plusieurs re-
cherches rapportérent des diminutions
sensorielles significatives chez des
animaux dont la colonne dorsale était
endomagée. D'autre part, la litterature
supporte le point de vue de Wall a savoir
que des lésions a la colonne dorsale en-
gendrent des désordres d’ordre moteur.
Une revue de la litterature en anatomie
et en électrophysiologie révéle une
preuve grandissante en faveur de la dis-
sociation de deux sous-systemes majeurs
reliant les noyaux de la colonne dorsale.
Les fonctions de ces deux systemes sont
discutées ici.
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Wall (1970) disputed the classical
view of dorsal column function,
namely that the dorsal columns are
necessary for somesthetic discrimi-
nation of weight, joint position, vib-
ration, tactual localization, tactual
acuity and roughness discrimination.
He concluded after a survey of the
largely negative findings in the litera-
ture that no sensory defect followed
isolated dorsal column lesions.
Wall’s subsequent review (Wall and
Dubner, 1972) did not lead him to
alter this judgement. Other review-
ers have agreed that it is very dif-
ficult to observe any behavioral de-
ficits after such lesions (Brown,
1973); that it is difficult to come to
any firm conclusions about dorsal
column function (Lynn, 1975) or that
the behavioral impairments are
transient (Semmes, 1973). In this
paper evidence will be summarized
supporting a re-evaluation of the
negative data and suggesting that
there are lasting sensory deficits fol-
lowing dorsal column lesions. Next,
the literature bearing on Wall’s
(1970) other conclusions will be re-
viewed and finally, anatomical and
electrophysiological evidence will
be gathered to provide an
hypothesized physiological sub-
strate for the behavioral deficits.

Criteria For Negative Evidence
Failure to find a lasting sensory
deficit following dorsal column in-
sult depends on the completeness of
the interruption of the dorsal col-
umns. Geschwind’s (1974) review
emphasized the amazing capacity of
the central nervous system for com-
pensation foilowing injury. Signific-
ant sparing of visual function occurs
after destruction of 98 percent of the
fibers of the optic tract in cats
(Galambos et al., 1967). No deficits
were observed on several reaction
time tests and tests of reaching accu-
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racy if less than 80 percent of the
fibers of the medullary pyramids of
monkeys were interrupted (Beck
and Chambers, 1970). Only dorsal
column lesions interrupting more
than 90 percent of the fibers caused
tactile roughness discrimination de-
ficits and altered somatosensory cor-
tical evoked potentials in cats
(Dobry and Casey, 1972a; 1972b).
The authors suggested that Kitai and
Weinberg (1968) failed to observe a
permanent impairment in tactile
roughness discrimination in cats be-
cause the Kitai and Weinberg lesions
severed only 80 percent of the fibers
of the dorsal columns. The
mechanism by which labelled line
systems such as the pyramidal tract,
optic tract and dorsal columns main-
tain functional resilience inspite of
almost total destruction is unex-
plained. Reorganization of remain-
ing connections undoubtedly plays
some part (Geshwind, 1974; Wall
and Egger, 1971). In any case,
studies which do not specifically re-
port that at least 90 percent of the
dorsal column fibers were destroyed
are of questionable value if the re-
sults fail to reject the null
hypothesis.

A distinction should be made bet-
ween negative evidence based on
high cervical, as opposed to thoracic
level, dorsal column lesions. Whitsel
et al., (1972) have reviewed evidence
that although hindlimb projections
bearing signals from joint, muscle
and skin enter the fasciculus gracilis,
all except the fast adapting, cutane-
ous, leave the dorsal columns at the
low thoracic level. Apparently
kinesthetic cuneate fibers do not
leave the cuneate fasciculus, but re-
main in the dorsal columns (Udden-
berg, 1968). This distinction bet-
ween fore and hindlimb representa-
tion in the dorsal columns is rein-
forced by neurological observations
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that the cervical level dorsal column
lesion deficits are more severe in the
forelimbs than in the hindlimbs
(Gilman and Denny-Brown, 1966).
In sum, negative findings on hind-
limb function following thoracic dor-
sal column lesions should not be as-
sumed to be paralleled by forelimb
sparing of the same function follow-
ing cervical level insult.

Lastly, absence of sensory defects
on a test employing ill defined
polymodal stimuli which can be
conveyed by pathways other than
the dorsal columns are of meager in-
terpretable value.

Sensory Defects

Wall (1970) concluded from his
review that no sensory defect had
been shown to follow isolated dorsal
column lesions. He cited ten articles
as providing negative results after
dorsal column section. Of these ten,
only one is admissable if the above
criteria are applied. One study
(Cook and Browder, 1965) is re-
jected because no histology was
done. This exclusion includes the
negative results on one of those pa-
tients presented in Wall’s (1970)
paper. Four other studies report that
histology was done, but did not
specify the degree of sparing (Christ-
iansen, 1966; Levitt and
Schwartzman, 1966; Schwartzman
and Bogdonoff, 1968; Vierck, 1966).
In one study the lesions did not
sever more than 80 percent of the
dorsal column fibers (Kitai and
Weinberg, 1968). Diamond et al.,
(1964) used subcutaneous electrical
stimulation as a conditioned
stimulus on an avoidance task. The
description of the electrodes and the
stimulation parameters suggests the
probable elicitation of pain and deep
tissue sensations which may ascend
pathways other than the dorsal col-
umns (Applebaum et al., 1975;
Nashold et al., 1972). And finally,
two studies by Norrsell (Lundberg
and Norrsell, 1960; Norrsell, 1966)
involved thoracic dorsal column le-
sions and so the negative results are
not applicable to forelimb, dorsal
column function.

The only remaining negative re-
sults study on sensory defects in
Wall’s (1970) list is the DeVito et al.,
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(1964) failure to find a permanent de-

ficit in weight pulling discrimination

following complete cervical dorsal
column section in monkeys. It is
concluded that Wall (1970) over-
stated his case in claiming that no
sensory deficits appear after dorsal
column lesions.

What about negative results pub-
lished after Wall’s (1970) review?
Tapper’s (1970) beautiful evaluation
of the tactile pad sensibility after
dorsal column lesions in cats found
no sensory impairment. However,
the lesions were made at the thoracic
level and were incomplete.
Schwartzman and Bogdonoff (1969)
failed to find a lasting alteration in
monkey proprioception and vibra-
tion discrimination after thoracic
dorsal column lesions. Schwartz et
al., (1972) obtained insignificant ef-
fects following cervical level , dorsal
column lesions in monkeys on a var-
iety of tactual tasks including locali-
zation of wrist shock, roughness and
shape discriminations. All lesions
spared some dorsal column fibers.
Dorsal column sparing was also evi-
dent in a study in which no effect of
cervical dorsal column sectioning
was observed on somatic cortical
evoked potentials in monkeys
(Eidelberg and Woodbury, 1972).

In summary, the negative evi-
dence provides information about
recovery of function after partial,
dorsal column destruction and
thoracic level lesion effects but no-
thing about the effects of complete,
cervical level, dorsal column section
on forelimb sensation. No one has
yet tested two point tactual
thresholds, tactual localization, vib-
ration thresholds or joint movement
discrimination in the forelimb after
demonstrating complete severing of
the cervical dorsal columns. Mount-
castle (Mountcastle and Darian-
Smith, 1968) could be correct after
all in suggesting that the dorsal col-
umns are important for these func-
tions.

Evidence reinforcing this view
comes from the positive findings of
sensory defects by Dobry and Casey
(1972a; 1972b) mentioned above and
by Vierck (1973; 1974). Cervical
level , dorsal column lesions in cats
caused impairment of tactual rough-
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ness discrimination and alteration of
peripherally elicited somatic cortical
evoked potentials (Dobry and
Casey, 1972a; 1972b). Bilaterally
complete, thoracic, dorsal column
lesions in macaques resulted in im-
paired tactual size discrimination of
discs pressed against the feet. The
impairment was still present after
one year of testing (Vierck, 1973). A
similarly enduring inability was ob-
served in a similar preparation on a
test of discrimination of direction of
tactile stimulus motion (Vierck,
1974). It is difficult to explain the dif-
ference between the results of Vie-
rck (1973) and Schwartz et al., (1972)
unless dorsal column fiber sparing is
taken into account.

Wall’s (1970) second conclusion

. was, ‘‘sensory defects have been

observed when lesions of the dorsal
columns are combined with lesions
of the other tracts’’. The recent lit-
erature gives no reason to question
Wall’s judgement on this point
(Lynn, 1975).

Thirdly, Wall (1970) stated that
“when the dorsal columns are left
intact, but all other tracts are cut, no
behavioral responses to any stimuli
are seen’’. This was based on Wall’s
observation of the failure to orient to
hindleg stimulation by rats with
thoracic level lesions. Only one
study has direct bearing on this
issue. Electrical stimulation of
peripheral nerve afferents from the
cats’ hindlimb may be used by the

cat as an operant stimulus on a food
rewarded lever press task, even after
cutting all cord tracts except the
thoracic dorsal columns (Myers et
al., 1975). The authors felt that Wall
was not justified in stating that iso-
lated dorsal column activity could
not be consciously perceived. This
disagreement may be resolved as a
species’ difference, as a difference in
stimuli, as a difference in the time of
postoperative testing or as a differ-
ence in the degree of preoperative
training. Corroborative evidence for
the view of Myers et al., (1975)
comes from the subjective reports of
paresthesia by humans receiving
electrical stimulation of the dorsal
columns for the relief of pain (Lar-
son et al., 1974; Nashold et al.,
1972). However, since the dorsal
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columns were not isolated one
would expect transynaptic activa-
tion of other cord pathways as is in-
deed the case (Bantli et al., 1975).
Thus, such evidence is not conclu-
sive even when needle electrodes
rather than the usual disc electrodes
are used (Hosobuchi et al., 1972).

Movement Associated Effects

Wall (1970) concluded in his re-
view that *‘particular types of motor
deficits follow dorsal column sec-
tion’’. Although he did not acknow-
ledge it, Wall was in good company
in this judgement. ‘‘Dorsal column
lesions produce a marked disability
in the motor sphere. The limbs make
poorly directed flailing movements,
there is a loss of projected move-
ment in space which is more marked
in the upper than in the lower
limbs,”” (Mountcastle and Darian-
Smith, 1968). The literature since
Wall’s (1970) review bears out Wall
and Mountcastle.

Increased escape latencies in
monkeys to near threshold shocks to
the hindlimbs were observed after
thoracic dorsal column lesions (Vie-
rck et al ., 1971). Cats with cervical,
dorsal column lesions were impaired
in accuracy in tracking and in
searching when jumping to moving
targets (Dubrovsky and Garcia-Rill,
1973). Cats exhibited impaired per-
formance after cervical, dorsal col-
umn lesions while walking and turn-
ing on a narrow beam, while jumping
onto a rotating turntable (Melzack
and Bridges, 1971) and in jumping
over barriers while running on a
moving conveyor belt (Melzack and
Southmayd , 1974). Inability to catch
a falling bait by squirrel monkeys
with cervical , dorsal column lesions
was reported by Beck (in press).
Macaques with similar lesions have
permanently impaired manual dex-
terity (Vierck, 1973). Macaques
were able to retrieve bait from a
rotating turntable twice as readily
preoperatively as after cervical, dor-
sal column lesions (Schwartz et al.,
1972). The sparing from deficit of
forelimb movements in personal as
opposed to extrapersonal space by
monkeys after dorsal column lesions
(Gilman and Denny-Brown, 1966)
has not been verified (Wall and
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Dubner, 1972). Finally, the firing of
cells in the dorsal column nuclei is
inhibited just prior to voluntary
movement in cats (Coulter and
Thies, 1971; Ghez and Lenzi, 1971;
Ghez and Pisa, 1972) and in rats
(O’Keefe and Gaffan, 1971).

In summary, dorsal column im-
pulses do reach conscious levels and
interrupting their flow in the cord
produces sensory as well as move-
ment associated deficits. Vierck
(1974) emphasized that the impair-
ment in the discrimination of direc-
tion of tactual stimulation by monk-
eys was not a motor deficit because
the stimuli were passively received
by the animal. What are the possible
explanations for the motor and sen-
sory deficits? Perhaps the sensory
and motor deficits simply result from
malfunction in different sense mod-
alities. Perhaps in the case of sen-
sory loss, impairment of the cutane-
ous system is salient and in the
motor disturbances, joint and mus-
cle impairments are preeminent.
Another possibility is that the two
types of deficits reflect not only dif-
ferences in peripheral input, but
also differences in central targets
According to this hypothesis, the
dorsal columns do not represent a
unitary system but at least a dual
system. The sensory component re-
ceives mainly cutaneous inputs and
projects to cutaneous brain struc-
tures and the movement system re-
ceives primarily kinesthetic stimuli
and sends fibers to motor structures
in the brainstem and cerebrum. The
following review summarizes the
anatomical, electrophysiological and
behavioral evidence for the exis-
tence of such a duality. For the pur-
poses of this review, unless other-
wise specified, the species studied is
the cat. Unless stated to the con-
trary, the data on nucleus gracilis
and nucleus cuneatus are not in con-
flict.

Dorsal Column Nuclei
Architecture

The gracile and cuneate nuclei
may be divided into two zones in the
rat (Basbaum and Hand, 1973) and
cat (Hand, 1966; Keller and Hand,
1970; Kuypers and Tuerk, 1964;
Taber, 1961). Beginning just below
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the obex, the caudal zone, hereinaf-
ter referred to as caudal dorsal col-
umn nuclei or caudal DCN, contains
large, 20 4 m diameter, rounded cells
with short bushy dendrites. The
clustering of the cells into nests or
bricks is easily seen under the light
microscope. Degenerating dorsal
root fiber terminals form bands or
lines coinciding with the location of
the cell clusters of the caudal region
(Basbaum and Hand, 1973; Keller
and Hand, 1970).

By contrast the cells of the rostral
zone and the ventral portion of the
caudal zone, hereinafter referred to
as the rostral DCN, are smaller, 12 x
8.5 U m, and irregular in shape, with
long sparse dendrites. These cells
are scattered rather than clustered
and this is reflected in the dispersion
of the degenerating dorsal root ter-
minals in the rostral DCN (Basbaum
and Hand, 1973; Keller and Hand,
1970; Rustioni and Macchi, 1968).
Some authors prefer to include the
caudal tip of the caudal zone in the
“‘rostral’’ zone and some would pre-
fer to assign the caudal tip to a third
zone (Berkley, 1975). 1 prefer the
former.

Dorsal Column Nuclei
Cell Characteristics

Caudal DCN cells in the rat tend
to have a low threshold to stimula-
tion, short latency responses to
peripheral stimulation, and are able
to follow high frequency stimulation
whereas rostral DCN cells have a
broader range of thresholds, longer
latencies and are less able to follow
high  frequency  stimulation
(McComas, 1963). Caudal DCN cells
are faster adapting (Petit and
Burgess, 1968) and less susceptible
to anesthetics than rostral DCN cells
(Gordon and Paine, 1960; McComas,
1963).

Adequate Stimuli For DCN Cells
Caudal DCN cells exhibit stimulus
specificity whereas rostral DCN
cells, in the majority of cases, re-
spond to more than one type of
peripheral stimulus (Gordon and
Jukes, 1964a). Units sensitive to hair
movement, cutaneous pressure and
deep pressure have been found in
both rostral and caudal DCN (Gor-
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don and Jukes, 1964a; Petit, 1972;
Perl et al., 1962; Rosen, 1969). How-
ever, the concentration of hair units
is greatest in the caudal zone (Perl et
al., 1962; Winter, 1965). Claw
movement units appear only in the
caudal DCN (Gordon and Jukes,
1964a) and units sensitive to heat ex-
change and tissue injury are found
only in the rostral DCN (Perl et al.,
1962; Petit, 1972). While joint posi-
tion (Kuhn, 1949; Perl et al., 1962,
Winter, 1965), and muscle spindle
activation (Rosen, 1969) definitely
appear in the rostral DCN, far fewer
cells responding to such stimuli are
found in the caudal DCN (Rosen,
1969; Rosen and Sjolund, 1973;
Winter, 1965).

Organization of DCN Cells

The units in both caudal and ros-
tral zones have a somatotopic or-
ganization related to peripheral in-
nervation density (Gordon and
Jukes, 1964a; Keller and Hand,
1970; Winter, 1965). However, the
rostral DCN units are organized for
more overlapping of body segments
compared to the discrete somato-
topic arrangement of the caudal
DCN units (Gordon and Jukes,
1964a; Keller and Hand, 1970).
Stimulation of adjacent peripheral
receptive fields produces surround
inhibition in caudal DCN cells and
surround facilitation in rostral DCN
cells (Gordon and Jukes, 1964a). The
receptive fields of caudal DCN units
are smaller, have less overlap and
represent only the contralateral
somatic surface whereas the recep-
tive fields of the rostral DCN cells
are wider, have more overlap with
each other and derive from the ip-
silateral as well as the contralateral
body surface (Blum and Whitehomn,
1973; Gordon and Jukes, 1964a;
Gordon and Paine, 1960; McComas,
1963; Perl et al., 1962). However,
Winter (1965) found that receptive
field size related only to peripheral
zone of representation and not to the
location of the cell within the DCN.
The proportion of the nuclei devoted
to the distal limb is greater than that
of the proximal body structures in
the caudal region of the DCN. The
opposite is true in the rostral region
(Keller and Hand, 1970). It is worth
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noting that the gracile nucleus,
cuneate nucleus and the nucleus of
the spinal tract of the fifth cranial
nerve when taken together form a
complete representation of the cat’s
body (Keller and Hand, 1970). A
problem beyond the scope of this
paper is whether the nucleus of the
spinal tract of the fifth cranial nerve
shows the same duality.

Ascending Pathways
Associated With The DCN
Although all of the ascending fib-
ers terminating in the caudal DCN
are carried in the dorsal columns,
and all are primary afferents, many
of the fibers ending in the rostral
DCN ascend the dorsolateral funi-
culi and many are secondary affer-
ents (Petit, 1972; Rustioni, 1973;
Rustioni, 1974; Rustioni and
Molenaar, 1975). Whitsel et al.,
(1972) have proposed that in the case
of the squirrel monkey fasciculus
gracilis, only fast adapting cutane-
ous fibers continue all the way up
the dorsal columns. The fast adapt-
ing cutaneous fibers from the hind-
limbs ascend fasciculus gracilis to
the caudal gracile nucleus. Ascend-
ing fibers from gracile nucleus send
axons via the medial lemniscus to
the core of VP thalamus and from
there cells project to areas 3 and 1 of
the postcentral gyrus. Muscle affer-
ents from the hindlimbs enter fas-
ciculus gracilis, but then leave the
dorsal columns to synapse with cells
of the dorsal horn at the thoraco-
lumbar border. These cells send
axons up the dorsolateral funiculi to
terminate in the gracile nucleus and
nucleus Z of the lower medulla. The
cortically bound impulses then con-
tinue up the medial lemniscus to the
border zone of VP thalamus and
thence to area 3a of the neocortex. A
similar dorsolateral route to that of
muscle afferents is postulated for
joint afferents. The impulses in this
pathway ascend to Brodmann’s area
2 (Whitsel et al., 1972). The authors
do not describe the zones of the
gracile nucleus in which these path-
ways relay. Supporting evidence for
dissociable rostral and caudal DCN
projections up the medial lemniscus
is presented by Kuypers and Tuerk
(1964). These authors observed fiber
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degeneration in the lateral and me-
dial portions of the medial lemniscus
following lesions of the caudal and
rostral DCN respectively. The ter-
minations of the rostral and caudal
DCN are distinguishable at the
thalamic level. Fiber terminal de-
generation in the thalamus is more
dense and is arranged in discrete
clusters following caudal DCN le-
sions. Comparable lesions in the ros-
tral DCN produced more scattered
patterns of terminal degeneration in
the thalamus (Hand and Van
Winkle, 1975). The caudal part of
the cuneate nucleus projects to ros-
tral and middle VPL medialis and
the caudal part of the gracile nucleus
sends fibers to VPL lateralis. The
rostral DCN projects to the whole of
VPL (Groenewegen et al., 1975;
Hand and Van Winkle, 1975). In ad-
dition, rostral DCN cells send fibers
to the magnocellular portion of the
medial geniculate body, the post-
erior group of thalamic nuclei, zona
incerta, the dorsal accessory olive,
the tectum, the pretectum and the
cerebellar cortex (Berkley, 1975;
Boivie, 1974; Cooke et al., 1971;
Gordon and Seed, 1961;
Groenewegen et al., 1975; Hand and
Van Winkle, 1975; Lund and Webs-
ter, 1967 in the rat; Rinvik and Wal-
berg, 1975). The posterior thalamic
nuclei project to the basal ganglia
and the association cortex (Graybiel ,
1972).

Descending Pathways
Associated With The DCN

Dense fiber terminal degeneration
was observed in the rostral region of
the dorsal column nuclei following
cortical SI lesions whereas only
sparse degeneration was seen in the
caudal zone (Kuypers and Tuerk,
1964). Many reports have been pub-
lished on the effects of cortical
stimulation on DCN unit responses.
See the reviews by Kruger (1973)
and Towe (1973). Pyramidal tract
stimulation altered the firing rates of
70 percent of the rostral and 35 per-
cent of the caudal units studied
(Erulkar et al., 1966; Winter, 1965).
Postcruciate cortex stimulation in-
hibits the firing of caudal DCN cells
and facilitates the activity of rostral
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zone cells (Gordon and Jukes,
1964b).

Behavioral Effects Of
DCN System Lesions

There are no reports in the litera-
ture of the behavioral effects of le-
sions restricted to the rostral or
caudal zones of the dorsal column
nuclei or their respective efferents
and afferents. Melzack and Bridges
(1971) observed less disruption of
motor performance in cats after le-
sioning both DCN zones compared
to the deficits after dorsal column
cervical lesions. Ferraro and Barrera
(1935b) came to a similar conclusion
after observing macaque motor im-
pairment after similar lesions.

Species’ Differences

Before concluding it would be ap-
propriate to make some general
comments about differences bet-
ween species. Except where stated
otherwise all studies reviewed were
performed with cats. This indicates
an obvious lack of anatomical and
electrophysiological data pertaining
to other species especially monkeys
and apes. The only study on primate
dorsal column nuclei cytoarchitec-
ture fails to mention dorsal or rostral
zones. However, a medial zone
composed of cells grouped in con-
centric laminations was discrimi-
nated from a lateral zone with smal-
ler, scattered triangular cells (Fer-
raro and Barrera, 1935a). Dorsal
column cell responses to cortical
stimulation in the monkey are quite
different from those in the cat, but
the precise differences relative to the
two zones are not discernable from
the date provided (Towe, 1973).

The same behavioral tests do not
necessarily produce similar effects
in different species following dorsal
column lesions. Cervical, dorsal
column lesions in cats cause the cat
to stumble and fall when jumping to
a moving turntable (Melzack and
Bridges, 1971) but have no observa-
ble effect on squirrel monkeys with
similar lesions (Beck, 1973). Nor do
operated squirrel monkeys exhibit
forelimb ataxia when reaching into
extrapersonal space (Beck, in
press), as do macaques (Gilman and
Denny-Brown, 1966). Such differ-

Charles H. M. Beck

LE JOURNAL CANADIEN DES SCIENCES NEUROLOGIQUES

ences may eventually be described
in terms of the evolution of alterna-
tive neural mechanisms and the be-
havioral specialization resulting
from adaptation to a particular
ecological niche (Beck, in press).

General Conclusions

If it is true that the rostral DCN
system receives mainly muscle and
joint information, as well as heavy
corticofugal input and projects to
such structures as the inferior olive,
pretectum, tectum, cerebellum and
secondarily the basal ganglia, the
possibility of involvement in move-
ment associated functions becomes
apparent. One would predict an-
ticipatory failures of the type ob-
served by Melzack and Southmayd
(1974) in cats and by Beck (in press)
in monkeys after rostral DCN but
not after caudal DCN lesions. Con-
versely, one would expect deficits in
discrimination of passively received,
tactual, directional stimuli (Vierk,
1974) after caudal but not after ros-
tral zone lesions. Speculative sup-
port for such a double dissociation
has appeared in the anatomical liter-
ature. Kuypers and Tuerk (1964)
have suggested that the rostral DCN
may be involved in the anticipation
of movement produced sensation
whereas the caudal zone may be
specialized for high spatial resolving
power. Basbaum and Hand (1973)
stated that sensory motor integration
and spatial discrimination were the
likely functions of the rostral and
caudal DCN respectively.

In a more sweeping review of au-
ditory, visual and somatic systems,
Graybiel (1972) hypothesized a dual-
ity of main line versus adjunct sys-
tems within each sensory modality.
Graybiel’s lemniscal line system
corresponds to the classical dorsal
column-medial lemniscal system and
the caudal DCN system of this
paper. Graybiel believes that this
system is involved in the spatial and
temporal resolution of stimuli. By
contrast, Graybiel’s somatic adjunct
system projects to the posterior
thalamus and from there to the basal
ganglia and association cortex. The
adjunct system of Graybiel is post-
ulated to coordinate the relevant
flow of sensory information with
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motor instructions for current or im-
pending movements. Perhaps im-
pairment in anticipation or in rapid
processing of movements already
observed after dorsal column lesions
(Beck, in press; Dubrovsky and
Garcia-Rill, 1973; Melzack and
Bridges, 1971; Melzack and South-
mayd, 1974) is related through
Graybiel’s adjunct system to the
demonstration of single unit firing to
anticipated movement. Such activity
has been recorded in the monkey
posterior parietal association cortex
(Mountcastle et al., 1975). If this is
so, the mild neglect noted after dor-
sal column lesions in monkeys
{Schwartzman and Bogdonoff, 1968;
1969) may be related by a common
physiological mechanism to the
more robust neglect seen after
parietal association cortex lesions
(Ettlinger and Kalsbeck, 1962).

One should question whether the
duality suggested here for the dorsal
columns extends to other somesthe-
tic pathways. Graybiel (1972) has
proposed a similar spinothalamic
duality on anatomical grounds.
Semmes’ (1969) review suggested a
dissociation of topographic and non-
topographic systems incorporating
all pathways within the somesthetic
modality. The distinguishing
anatomical and electrophysiological
features of her two systems are very
similar to those derived in this re-
view. The properties of the Semmes’
topographic system correspond to
those of the caudal DCN system,
and those of the nontopographic sys-
tem to those of the rostral DCN sys-
tem. The major revision is the split-
ting of the DCN system into two
components. No one has examined
the effects of lesions of spinal cord
pathways, other than the dorsal col-
umns, on tasks involving motor an-
ticipation or discrimination of direc-
tional stimuli. One might expect
from Semmes’ account that neos-
pinothalamic lesions and spinocervi-
cal tract lesions would augment
caudal DCN zone lesion effects,
whereas lateral spinothalamic le-
sions would augment rostral DCN
lesion effect. Eidelberg and
Schwartz (1971) noted that DC le-
sions exaccerbated neglect induced
by neospinothalamic lesions. How-
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ever, the likelihood that
spinothalamic lesions will produce a
deficit on the discrimination of the
direction of movement of tactual
stimuli or discrimination of Pacinian
sensibility is contraindicated by Wil-
lis et al., (1975). The authors found
no evidence of directionally sensi-
tive units or of Pacinian corpuscle
input to units of the spinothalamic
tract in monkeys.
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