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THREE FIGURES

In 1903 Sherrington and Laslett described the arrange-
ment of the fascicles within the dorsal spino-cerebellar tract
in the dog, an arrangement which has been rather generally
accepted for higher mammals including man. The present
paper is concerned primarily with the topographic localiza-
tion pattern of the dorsal spino-cerebellar tract in the spinal
cord of Macaca mulatta and the projection of this tract upon
the cerebellum.

‘While studying the vascular supply of the macaque spinal
cord, the author (Yoss, ’50) had the opportunity of examin-
ing a number of cords in which lesions at various levels had
produced degeneration within the dorsal spino-cerebellar
tract. This material permitted a study of the position of the
degenerated fibers arising from specific segments as they
ascended in the spinal cord.

MATERIAL AND METHODS

In 8 monkeys spinal cord lesions were produced by the
experimental occlusion of various blood vessels supplying
the spinal cord. These lesions were located at lumbar and
lower thoracic levels. Additional material has been obtained
in three monkeys by dorsal spino-cerebellar tractotomy at

1This work was aided by a grant from the Alphonso Morton Clover Medical
Research Fund.
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upper thoracic and cervical regions. The animals were ex-
amined neurologically during a two-week post-operative pe-
riod and then sacrificed. The case reports of the monkeys
with vascular lesions of the cord have been given (Yoss, ’50).
The cerebellum, brain stem and various levels of the spinal
cord were stained by the Swank and Davenport (’35) modi-
fication of the Marchi technique. Some of the cerebella were
sectioned in the sagittal plane, and this material proved to
be most useful in determining the projection of the dorsal
spino-cerebellar tract on the cerebellum.

The author wishes to express his gratitude to Professor
Elizabeth C. Crosby for her great help and encouragement
during the surgical procedures and during the preparation
of this paper. The photomicrographs have been prepared by
Mr. George J. Smith and the illustration by Mrs. Joy N. Mara,
research technicians in the Department of Anatomy.

Topical arrangement of the fibers in the dorsal
spino-cerebellar tract

Eleven monkeys were used for this report but, because of
some duplication of material, only the detailed information
obtained from the spinal cords of 6 monkeys with lesions at
the levels of L3, L2, T12, T10, T4, or C4 will be given. Such
lesions are illustrated by appropriate photomicrographs. It
should be emphasized, however, that the cords from all of the
11 monkeys revealed the pattern of topographie localization
within the dorsal spino-cerebellar tract which is to be pre-
sented.

Only a very few fibers of the dorsal spino-cerebellar tract
arise from below the third lumbar segment, as is shown in
a monkey with a cord lesion at this level (fig. 2, d). These
few degenerated fibers are located deep within the lateral
white column of the lumbar cord; they shift directly dorsad
so that at about T11 they have gained a position between
the dorsal horn and Lissauer’s tract dorsomedially and the
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pvramidal tract and the more rostrally arising fibers of the
dorsal spino-cerebellar tract ventrolaterally. Only a few of
them approach the surface of the spinal cord, and then only
when they lie dorsally where some of them are immediately
ventral to the entrance of the dorsal root. The dorsal spino-
cerebellar fibers arising from below the level of L3 maintain
this relative position in their ascent through the thoracic
cord. On reaching the cervical enlargement, the fibers shift
farther dorsad into a more compact bundle which lies immedi-
ately dorsal to the pyramidal tract but with some fibers still
on the surface of the cord (fig. 2, d). Such degenerated sur-
face fibers extend about 0.3 mm ventrolaterad from the dorsal
root.

In another monkey a lesion placed at the second lumbar
segment resulted in a great increase in the number of degen-
erated fibers of the dorsal spino-cerebellar tract as compared
with the number seen when the lesion was located at L3 (fig.
2, ¢). Immediately above the lesion at L1, the fibers of the
dorsal spino-cerebellar tract lie, as a large, fairly compact
bundle, deep within the lateral white column and adjoining
the ventral portion of the dorsal horn, ventral to the pyra-
midal tract. None of these fibers have attained the surface
of the cord at this level but many fascicles can be seen ex-
tending laterad. Most of them turn laterad in the lower
thoracic region to form a layer of degenerated fibers along
the surface of the lateral white column between Lissauer’s
tract dorsally and a point approximately equidistant between
the dorsal and the ventral roots ventrally. The greater por-
tion of the fascicles are located in the ventral part of the tract
at this lower level. Most of these fibers retain a superficial
position in their ascent through the thoracic cord but there
is a definite tendeney for some bundles to shift dorsad so
that the fibers are predominantly dorsal at upper thoracic
levels. A few fibers (from L3 or below) never lie on the sur-
face of the cord but are found, beginning at lower thoracic
levels, between the dorsal horn and Lissauer’s tract dorso-
medially and the pyramidal tract ventrolaterally. This dorso-
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medial bundle does not increase in size nor change materially
in general shape from lower to higher thoracic levels. On
reaching the cervical enlargement, all degenerated fibers shift
farther dorsad to form a comet-shaped, compact bundle of
degenerated fascicles with the head of the comet placed
medially and the tail extending ventrolaterad along the sur-
face of the cord for a distance of about 0.8 to 0.9 mm.

The next monkey had two lesions in the central nervous
system: a spinal cord lesion located at the 12th thoracic
segment and an injury to the right internal capsule. These
two lesions were of especial value for contrasting the degen-
erated fibers of the ascending dorsal spino-cerebellar tract
with the descending degenerated bundles of the adjacent pyra-
midal system. As far as the degeneration in the dorsal spino-
cerebellar tract is concerned, there is little difference between
the localization pattern from the lesion at T12 and that from
the previously described lesion, located two segments more
caudally, at L2. As would be expected, the more rostrally
placed lesion produced a greater degeneration of the tract
(fig. 1). Just above the level of the lesion, a large group of
degenerated fibers of the dorsal spino-cerebellar system lies
deep in the lateral white column ventral to the pyramidal
tract, with a few fibers reaching the surface of the cord
(fig. 1, d). At the level of T10 (fig. 1, ¢), some of these fibers
have shifted to the surface of the lateral column but with
the greater portion of them situated in the ventral region of
the tract. A few fascicles lie between the dorsal horn and
Lissauer’s tract dorsomedially and the pyramidal tract ven-
trolaterally. This dorsal shift of degenerated fibers continues
so that, at mid-thoracic levels, although the general outline
of the tract remains the same, the major portion of the degen-
erated fibers are located dorsally in it with an increase in
the number of fibers in its dorsomedial portion (fig. 1, b). On
reaching the cervical enlargement (fig. 1, a), the degenerated
fibers again accumulate into a comet-shaped bundle, with
perhaps a slightly longer tail to the comet than was seen fol-



DORSAL SPINO-CEREBELLAR TRACT 9

lowing the lesion at L2. The surface fibers extend about 1 mm
ventrad from the entrance of the dorsal roots.

In a monkey with a cord lesion at the level of T10, the
degenerated dorsal spino-cerebellar tract shows the same gen-
eral pattern as that described for it in animals having lesions
in the lumbar cord and the 12th thoracic segment. Of course,
there is a slightly greater number of degenerated fibers as
the result of the higher lesion. Moreover, although most of
the degenerated fibers are located, in the cervical region,
in the most dorsal portion of the dorsal spino-cerebellar tract,
there are some fibers extending ventrad near the surface of
the cord for a distance of about 1.2 mm (fig. 2, b).

A dorsal spino-cerebellar tractotomy at the level of T4
(fig. 2, a) produced a thick, even band of degenerated fibers
along the surface of the upper thoracic cord. At cervical
levels this band of fibers extends ventrad from the dorsal
roots for a distance of 2.2 mm. The ventral third of the tract
does not reach the surface of the cord and is formed by only a
few large fibers.

A lesion at the 4th cervical segment involving the dorsal
spino-cercbellar tract, as well as a portion of the ventral
spino-cerebellar and the lateral spino-thalamic systems, pro-
duced only a slight increase in the number of degenerated
fibers of the dorsal spino-cerebellar tract as compared with
the number seen in this tract following the lesion at T4. This
increase is manifested by a very slight ventral extension of
the bundle and, even more, by a pronounced thickening of
this ventral extension. The fact that the cord lesion is at the
level of ('4 does not imply that these additional degenerated
fibers arose from cervical levels, but only that such fibers
have their origin somewhere between the levels of C4 and T4.
It is felt that the most likely origin is from the uppermost
thoracic segments.

When only a few fascicles of a tract are degenerated it
is possible to count the individual fibers involved with rea-
sonable accuracy. Thus, the cord material obtained from the
monkey with a lesion at the third lumbar segment (fig. 2, d)
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provided a wonderful opportunity to count the relatively
few degenerated fibers in the system at various levels of the
cord and thereby determine the approximate length of these
fibers. Only the large degencrated fibers were counted and
the fine scattered granules, some of which undoubtedly repre-
sented degenerated fibers of this system, were arbitrarily
ignored. Nevertheless, in spite of these known inaccuracies,
it was possible to determine whether most of the fibers of this
system reach the medulla or whether some of them end at
various levels of the spinal cord. Reasonably accurate counts
at the levels of T11, T8, T3, C7, C3 and the medulla were made,
with the number of degenerated fibers for one side ranging
from 41 to 46 at any level, except for the 11th thoracic level
where only 33 fibers were found. This count indicates that
the fibers of the dorsal spino-cerebellar tract arising from
the more caudal segments of the spinal cord are all long and
that most of them, perhaps all of them, ascend in the cord
to enter the medulla.

However, when, with a higher lesion, the number of degen-
erated fibers in the dorsal spino-cerebellar system is greatly
inereased and such fibers are massed together, the outlines
of the broken down fibers are obscure and any enumeration of
them is, of necessity, grossly inaccurate. Such grossly inaccu-
rate counts were made and the results suggest that most of
the fibers of the dorsal spino-cerebellar tract arising from
higher levels are also long.

The terimination of the fibers of the
spino-cerebellar system

Degenerated fibers of the dorsal spino-cerebellar tract have
been traced from the spinal cord to their terminations in the
cerebellum. Both transverse and sagittal sections have been
studied, the latter proving to be the more valuable for deter-
mining the projection pattern on the cerebellum.

Following a cord lesion at the second lumbar segment, de-
generated fibers of the dorsal spino-cerebellar tract were
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traced to the central lobule, the culmen, the declive, the pyra-
mid, and the uvula. This distribution is by no means uniform.
The largest portion of degenerated fibers terminates in the
rostral half of the culmen and the dorsal part of the central
lobule. A definite group of fibers extends to the ventral
portion of the pyramid, with a few fibers reaching its dorsal
portion. A small number of fascicles project on the uvula
and an occasional fiber can be traced to the declive. No de-
generated fibers can be followed to the lingula, the nodule,
the tuber, or the folium vermis. Fibers from the ventral
spino-cerebellar tract, also, can be traced to the culmen and
the central lobule. All of the spino-cerebellar fibers project
to the vermis, with the exception of a few, scattered fascicles
which extend into the hemisphere portion of the anterior
lobe. Material prepared after lesions at various levels con-
firmed the above described spino-cerebellar projection.

It is not possible from the material at present available
to project the fibers arising from each segment of the spinal
cord to a specific portion of the cerebellum. As a matter of
fact, it appears unlikely that there is a pure segmental pat-
tern projected by the spino-cerebellar systems to this brain
area, since the material prepared following the L2 lesion
showed degeneration throughout the whole cerebellar dis-
tribution of the dorsal spino-cerebellar tract. Nevertheless,
from certain indirect evidence, not as yet ready to report,
the author is inclined to believe that a given level of the
spinal cord does distribute predominantly, even though not
exclusively, to a specific portion of the cerebellum; i.e., that
fundamentally there is an incomplete, but nevertheless de-
monstrable, localization pattern. Chang and Ruch (’49) have
presented incomplete anatomic evidence that such a pattern
exists. Many physiologic studies of functional localization
upon the cerebellum have been made such as those of Snider
and Stowell (’42, ’44), Snider (’50), and others, but they are
not directly pertinent to the material discussed in this paper.
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DISCUSSION AND SUMMARY

The pattern of localization within the dorsal spino-cere-
bellar tract, as deseribed by Sherrington and Laslett (°03)
for the dog, was one of simple stratification with the longest
fibers of the tract —i.e., those from more caudal segments —
at the periphery and the shortest fibers of the system most
medially. This pattern has been confirmed by MacNalty and
Horsley (’°09) for the cat, the dog, and the monkey.

There is a considerably different pattern of localization in
the monkey, with the longest fibers of the dorsal spino-cere-
bellar tract shifting dorsad as they ascend in the spinal cord.
Fibers of intermediate length are located just ventral to the
longest fibers and, finally, fibers from the upper thoracic
segments lie in the most ventral portion of the tract at cervical
levels.

There is some confirmatory evidence in the literature that
there is such a dorsoventral arrangement of fibers in the dorsal
spino-cerebellar system. Mott (1892), working with the mon-
key, and Pass (’33), studying degenerated fiber preparations
in the cat, indicated in their figures (although they did not
comment on the fact) that the longest fibers of the dorsal
spino-cerebellar tract lie most dorsally at cervical levels. Col-
lier and Buzzard (’03) stated that, in man, the longest fibers
of the dorsal spino-cerebellar system are in its most dorsal
portion as they ascend toward the brain. In 1927, Beck, in
a series of experiments on the cat, was unable to establish
any localization pattern in this fiber system and so did not
confirm the results of Sherrington and Laslett. Gardner and
Cuneo (’45) report that, in man, there was a tendency at
cervical levels for the dorsal spino-cerebellar tract fibers to
shift dorsad.

The pattern of localization for the dorsal spino-cerebellar
tract of the monkey is indicated in figure 3 which is a diagram-
matic representation of our conception of the pattern at cer-
vieal segments. It should be noted that a lesion of the tract at
any of the indicated levels will result in a degeneration in
the cervical cord of that portion of the tract that is dorsal
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and dorsomedial to its respective indicated line. As has been
previously pointed out, the additional degeneration in the
tract, as a result of a lesion at the 4th cervical segment,
should not be taken to imply that these fibers arise from cer-
vical cord segments. At the present time the writer has no
evidence, either for or against the statement which is some-
times made, that the dorsal spino-cerebellar system also
receives fibers from cervical cord gray (Collier and Buzzard,
’03; Ferraro and Barrera, ’35a; Cooper and Sherrington, ’40).

Apparently a relatively large portion of the fibers of the
dorsal spino-cerebellar tract in the monkey arise in the lumbar
and lower thoracic segments of the spinal cord (fig. 3). This
has been pointed out by other investigators for man (Collier
and Buzzard, ’03) and for the cat (Beck, '27). As might be
expected from the above observation, a relatively large pro-
portion of the cells of Clarke’s column are in lumbar and
lower thoracic levels (Mott, 1888; Bruce, ’01; Bok, ’28;
Pass, ’33; and others).

In the spinal cord material available, there are no degen-
erated fibers which appear to correspond to the intermediate
spino-cerebellar tract described by Pellizzi (1895), Beck (’27)
and Anderson (’43). A few degeneration granules can be
seen at some levels in several of the monkey cords between
the degenerated fibers of the dorsal and the ventral spino-
cerebellar tracts but these granules are few and inconstant.

The dorsal shift of the fibers of the dorsal spino-cerebellar
tract is greatest in the cervical enlargement where, among
other things, the posterior columns are greatly increased
in size. The enlargement in the posterior columns may be
partially responsible for this dorsal shift. As has been
pointed out by Weil (’27) and Ariéns Kappers, Huber and
Crosby (’36), the relative size of the posterior columns in-
creases in higher mammals and therefore, in animals such as
the dog, the dorsal shift probably is not as apparent as that
seen in the monkey. One might expect then, the dorsoventral
pattern in the dorsal spino-cerebellar system to be most
marked in primates.
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It is self-evident that this localization pattern within the
dorsal spino-cerebellar tract shows a marked resemblance in
many particulars to that of certain other fiber systems of
the spinal cord. There is a dorsomedial to ventrolateral pat-
tern within the posterior columns with the longest fibers
situated dorsomedially and the shortest fibers ventrolaterally
(Winkler, ’18; Bok, ’28; Ferraro and Barrera, ’35b; Foerster,
’36; Walker and Weaver, ’42) and a dorsolateral to ventro-
medial pattern within the lateral spino-thalamic tract with
the longest fibers located dorsolaterally and the shortest
fibers ventromedially (Hyndman and Van Epps, ’39; Walker,
’40; Weaver and Walker, ’41). The dorsal spino-cerebellar
tract, in its intermediate position between these fiber systems,
shows a dorsoventral pattern very similar to that of the
above systems, with the longest fibers situated dorsally and
the shortest fibers ventrally.

The projection of spino-cerebellar fibers upon the cere-
bellum, as here described, is essentially in agreement with
the reports of Bruce (1898), MacNalty and Horsley (’09),
Brodal and Jansen (’41), Grundfest and Campbell (’42) and
others. The major portion of the fibers pass to the vermis
part of the anterior lobe but a few fibers distribute to the
pyramid, the uvula, and the declive.
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PLATE 1
EXPLANATION OF FIGURES

1 Representative cord levels from a monkey with a spinal cord lesion at T12
and a lesion of the right internal capsule. Note the dorsal shift of the degen-
erated fibers of the dorsal spino-cerebellar tract as they ascend toward the brain.
Abbreviations: d.s.c.t., dorsal spino-cerebellar tract; p.y., pyramidal tract. Marchi
stain, X 7.

2 Cervical sections from 4 different monkeys with spinal cord lesions at the
indicated levels. Note the increase in number of degenerated fibers in the dorsal
spino-cerebellar tract as a result of the more rostral lesions. Abbreviation: d.s.
c.t., dorsal spino-cerebellar tract. Marehi stain. X 7.
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3 A diagrammatic representation of the pattern of localization within the dorsal spino-
cerebellar tract of the monkey at cervical levels. At each of the indicated levels the portion
of the traet arising caudal to that level lies dorsal and dorsomedial to the respeetive leader.
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