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This thesis mainly constitutes a summary of the following articles:

I. Appelberg, B. and T. Jeneskog, A dorso-1ateral spinal pathway 
mediating information from the mesencephalon to dynamic fusi- 
motor neurones. Acta physiol, scand. 1969. 77. 159-171.

II. Appelberg, B. and T. Jeneskog, Mesencephalic fusimotor control. 
Exp. Brain Res. 1972. 15. 97-112.

III. Jeneskog, T., Parallel activation of dynamic fusimotor neurones 
and a climbing fibre system from the cat brain stem. I. Effects 
from the rubral region. Acta physiol, scand. 1974. In press.

IV. Jeneskog, T., Parallel activation of dynamic fusimotor neurones 
and a climbing fibre system from the cat brain stem. II. Effects 
from the inferior olivary region. Acta physiol, scand. 1974.
In press.

The papers will be referred to in the text by their Roman numerals.
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INTRODUCTION

In 1962 Matthews demonstrated that the fusi motor fibres were of 
two functionally different types. Both types increased the discharge 
of primary muscle spindle afferents when the muscle was of constant 
length, but one type ("dynamic fusimotor fibres") increased the spin
dle response to the phasic part of a muscle stretch, while the other 
type ("static fusimotor fibres") tended to decrease this dynamic sen
sitivity. An indication of this duality of the fusimotor system had 
been provided by Jansen and Matthews (1961, 1962) who demonstrated 
that the "dynamic responsiveness" of muscle spindle primary afferents 
could be changed without simultaneous alternations of their static be
haviour. They showed, in the decerebrate cat, that repetitive stimula
tion of the anterior lobe of the cerebellum diminished the dynamic 
response to small successive stretches without significantly changing 
the static activity.

A specific control, originating in the rubral region, of dynamic 
fusimotor neurones to extensor muscle spindles was indicated by 
Appelberg (1962, 1963). Appelberg and Emonét-Denand (1965) later showed 
that both flexor and extensor dynamic fusimotor neurones were activated 
from this mesencephalic region, and that skeletomotor neurones were not 
co-activated, indicating that the spindle effects were really mediated 
via gamma motoneurones. The effective low threshold mesencephalic re
gion coincided well, but not exactly, with the histologically identifi
able red nucleus (Appelberg and Molander 1967). An important finding 
was that the effective region extended caudally well beyond the caudal 
pole of the red nucleus. Furthermore, Appelberg and Molander (1967) 
showed that stimulation in the inferior olivary region homolaterally to 
the mesencephalic region also elicited dynamic facilitatory effects, 
and that lesions in this medullary region seriously reduced such ef
fects from the mesencephalon. A connection between these brain stem 
sites was demonstrated physiologically by Appelberg (1967) who also 
found that both regions, on stimulation, evoked activity in the poste
rior lobe cortex of the cerebellum. The characteristics of the cere
bellar potentials recorded led to the conclusion that these responses 
were mediated via inferior olivary climbing fibres. It was also shown 
that complete cerebellectomy does not abolish the dynamic spindle
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effects from the mesencephalic region (Appelberg and Molander 1967).

In view of all this evidence it was suggested that "the information 
reaching the olivary nucleus from the MesADC ('mesencephalic area for 
control of dynamic spindle sensitivity') is split up into two channels, 
one leading to the cerebellum, the other, (indirectly), to the spinal 
cord" (Appelberg 1967, p. 388).

This descending system to dynamic fusimotor neurones has been 
further studied and these reports form part of the present thesis 
(papers I-11).

Other descending systems specifically directed to dynamic fusimotor 
neurones have also been studied recently. Vedel and Mouillac-Baudevin 
(1969a, b) investigated the brain stem reticular formation and de
scribed dynamic spindle effects bilaterally from its lateral parts at 
the mesencephalic level. These effects were mediated via a ventrolat
eral spinal pathway ipsilateral to the spindle studied, and were thus 
not abolished by a dorsolateral spinal lesion interrupting the corti
cospinal and rubrospinal tracts. Stimulation in the reticular formation 
at the rostral pontine level contralaterally, as well as laterally at 
the bulbar level ipsilaterally, also increased the dynamic spindle sen
sitivity (Vedel and Mouillac-Baudevin 1969b). Effects on both static 
and dynamic fusimotor neurones, mediated by ventrolateral presumably 
reticulo-spinal pathways, are also described in papers II and IV.

Dynamic and static fusimotor effects evoked from the sensorimotor 
cortex and mediated via the corticospinal tract have been the subject 
of a number of studies in the cat (Fidone and Preston 1969; Yokota and 
Voorhoeve 1969; Vedel and Mouillac-Baudevin 1970). The general influ
ence from the sensorimotor cortex on the static fusimotor neurones 
seems to follow the same pattern as that on the skeletomotor neurones, 
i.e. inhibition to spindles in extensor muscles and excitation to 
spindles in flexor muscles. The cortical influence on dynamic fusimotor 
neurones seems less clear and evidently the type and depth of the 
anesthetic used is of great importance. Fidone and Preston (1969) con
cluded, from their results on unanesthetized curari zed "pyramidal" 
cats, that extensor spindles receive dynamic activation and flexor 
spindles dynamic inhibition, while the reverse is true for static fusi
motor neurones. Vedel and Mouillac-Baudevin (1970), using halothane 
anesthesia, demonstrated dynamic facilitation from the sensorimotor 
cortex to both classes of muscles. However, these authors also showed
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that, during very light halothane anesthesia, the dynamic sensitivity 

decreased in extensor spindles on cortical stimulation, indicating an 
inhibition of dynamic fusimotor neurones under these conditions. Flexor 
dynamic fusimotor neurones were, however, also activated in this light 
anesthetic state. All these corti cally induced fusimotor effects were 
uninfluenced by a total homolateral rubral lesion, but were seriously 
suppressed by a homolateral lesion in the pyramid (Vedel and Mouillac- 
Baudevin 1970).

A further system which may influence dynamic fusimotor neurones is 
the "noradrenergic reticulospinal system" described by Bergmans and 
Grillner (1968, 1969) and Grillner (1969). The results, when DOPA was 
used to activate the system in the acute spinal cat, indicated that 
this system activated static fusimotor neurones to both extensors and 
flexors, but activated dynamic fusimotor neurones to extensors and 
inhibited such neurones to flexors.

The demonstration by Appelberg (1967) that the cerebellar cortex 
was activated via climbing fibres from the same mesencephalic and med
ullary regions, which also activated dynamic fusimotor neurones, 
brought into focus the results of recent extensive studies on spino
cerebellar paths terminating as climbing fibres by Oscarsson and co
workers (for reviews, see Oscarsson 1967, 1969a; Miller and Oscarsson 
1970; Oscarsson 1973). These studies revealed a sagittal organization 
of the cerebellar cortex. The different paths terminate in restricted 
longitudinal zones and show a complex convergence pattern, presumably 
established at the inferior olivary level. This zonal organization 
applies to the anterior lobe (Oscarsson 1969a) as well as to the para
median lobule of the posterior lobe (Cooke, Oscarsson and Sjölund 
1972). The somatotopic relationships are complex, but in the vermal 
part of the anterior lobe the forelimb and hind limb areas are pre
dominantly sagittally orientated. In the intermediate part of the an
terior lobe, as well as in the paramedian lobule of the posterior lobe, 
the fore- and hind limb areas have a predominantly transverse orienta
tion. Hind limb areas are located rostrally to forelimb areas in the 
intermediate part of the anterior lobe, while the reverse is true for 
the paramedian lobule of the posterior lobe.

The physiological demonstration of a longitudinal organization of 
the olivocerebellar projection is supported by recent anatomical find
ings. Voogd's (1969) myeloarchitectonic studies have indicated that 
the cerebellar cortex is arranged in several narrow longitudinal zones.

7



These zones may vary a little in width, but may principally be followed 
along the whole rostro-caudal extent of the cortex, and thus a specific 
zone in the anterior lobe has also its counterpart in the posterior 
lobe. This author has further demonstrated that restricted inferior 
olivary lesions result in longitudinally orientated bands of degenera
tion in the cerebellum.

The relationship between ascending climbing fibre paths, particu
larly the DLF-SOCP (Larson, Miller and Oscarsson 1969, Miller, Nezlina 
and Oscarsson 1969b), and the descending path to dynamic fusimotor 
neurones activated in the rubral region (Appelberg and Molander 1967; 
papers I and II) have been analysed and form the latter part of the 
present thesis (papers III and IV).
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METHODOLOGICAL CONSIDERATIONS

Papers I and II are concerned with the organization of a descending 
system, activated in the rubral region, which selectively influences 
dynamic fusimotor neurones. Papers III and IV deal with the relations 
between this descending dynamic facilitatory path and an ascending 
spino-olivocerebellar path. Another descending system directed to dy
namic fusimotor neurones is also considered in papers II and IV.

The experiments were all performed on cats. When muscle spindle 
activation was studied the animals were always anesthetized with halo- 
thane (Fluothane, ICI) throughout the experiments. The use of an in
halation anesthetic in such experiments is convenient because the 
anesthetic level may easily be adjusted and thus kept within rather 
narrow limits, a prerequisite for successful experiments. In some ex
periments, where only climbing fibre responses were studied (in papers 
III and IV), or when antidromic field potentials were mapped (in paper 
IV), the animals were anesthetized with pentobarbital (Mebumal 6%, ACO).

Detailed methodological descriptions are given in the individual 
papers, and only some general points will be considered here.

The central influence on dynamic fusimotor neurones was studied by 
an indirect technique, i.e. the activity of single primary muscle spin
dle afferents was recorded. They were identified in thin dorsal root 
filaments by the pause in their discharge during a muscle twitch, and 
by their dynamic sensitivity to small rapid stretches of the muscle.
Only very occasionally was it necessary to determine the conduction 
velocity of the fibre studied. In such cases a fibre was accepted as 
a primary spindle afferent if the conduction velocity was 80 m/sec or 
more. The muscle used was the flexor digitorum longus (a toe extensor). 
The use of such a small muscle has the advantage, that a skeletomotor 
activation arising from central stimulation concomitant with the fusi
motor activation is more easily detected by tension or electromyo
graphic recording. The absence of simultaneous skeletomotor activation 
is necessary for the conclusion that the influence on the muscle spin
dle is mediated via gamma motoneurones and not via slow alpha moto- 
neurones, which may be directed both to extra- and intrafusal muscle 
fibres. Such neurones are known to influence the dynamic sensitivity 
of the muscle spindle (Bessou, Emonét-Denand and Laporte 1965).
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To determine the type of central influence on the spindle afferents 
studied, the muscle was subjected to linear ramp extensions and/or 
caused to twitch by single shock stimulation to the muscle nerve. For 
the extension test (2-4 mm at 2.5-10.0 mm/sec) the dynamic index (D.I.) 
of Crowe and Matthews (1964) was used to determine if the effect was 
of the dynamic or of the static type. The D.I. was determined by cal
culating the mean frequency (imp/sec) during the last 50 msec of the 
extension phase and then subtracting the mean frequency (imp/sec) dur
ing a 250 msec interval 0.5 sec later. For the twitch test (maximal 
single twitches at a rate of 0.8-1.0 per sec) a similar procedure was 
developed (paper II). The mean frequency during the first 50 msec of 
the burst, after the pause in the discharge due to the muscle twitch, 
was determined and from this figure was subtracted the mean frequency 
measured in a 250 msec interval 0.5 sec later. The resulting figure 
was denoted the spindle twitch index (S.T.I.). A dynamic fusi motor 
activation causes the D.I., as well as the S.T.I., to increase as com
pared to controls, while a static fusimotor activation results in a 
lowering of both indices compared to controls. A mixed static/dynamic 
activation (see paper II) causes a simultaneous increase in firing 
frequency under static, as well as under dynamic conditions, and in 
such cases the D.I. or the S.T.I. remains more or less unchanged.

Climbing fibre responses, i.e. the activation of Purkyne cells in 
the cerebellar cortex via the climbing fibre input, were recorded via 
a surface electrode on the pia-covered surface of the paramedian lobule 
of the posterior lobe. Taking into account certain criteria of the 
evoked potential, it could be safely concluded (paper III) that the 
potentials represented Purkyne cell activation via the climbing fibre 
input and not via the mossy fibre-granule cell-parallel fibre input.

Stimulation in the brain stem was performed via stereotaxi cally 
guided grids of platinum-iridium wire electrodes. The descending sys
tems to dynamic fusimotor neurones were activated by repetitive stimu
lation at 300 imp/sec. Climbing fibre responses were evoked from the 
brain stem either with single shocks or with short trains of stimuli 
at high frequencies, usually at 600 imp/sec. The ascending spino- 
oli vocerebellar path (DLF-S0CP) was activated in the low thoracic cord, 
thus only including its hind limb component. Train stimulation of the 
spinal cord was necessary to evoke a climbing fibre response in this 
path. However, when the primary afferents of the path were electrically 
stimulated, single shocks were sufficient to elicit a response in the
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cerebello-cortical projection area. This difference may be explained 
if the primary afferents are presumed to set up a repetitive discharge 
in the spinal tract of the path, as suggested by Larson et al. (1969).

The reliability of the correlation between electrophysiological 
and morphological data was strengthened by the fact that electrode 
grids with a fixed interelectrode distance (1 mm) were used in all ex
periments. This permitted a fair determination of the shrinkage of the 
individual tissue blocks due to the histological procedures. The dorso- 
ventral localization was determined with the aid of electrolytical 
lesions at known depths in the tracks. An additional criterium for the 
localization in the rubral region was the determination of the anti
dromic field potential of rubrospinal neurones projecting below the 
low thoracic (Th13) cord. Comparable additional criteria for the med
ullary dorso-ventral localization were the long latency orthodromic 
responses evoked from the rubral region and/or the region evoking 
climbing fibre responses on single shock stimulation (paper IV).

ABBREVIATIONS

A, B, Cl, D 
CFR
DF-SOCP

PM
S.T.I

D.I.
DLF
DLF-SOCP

longitudinal cerebello-cortical zones 
climbing fibre response 
dorsal spino-olivocerebellar path 
dynamic index
dorsolateral funiculus of spinal cord 
dorsolateral spino-olivocerebellar path 
paramedian lobule of posterior cerebellar lobe 
spindle twitch index

11



RESULTS

A. A dorso-lateral spinal pathway mediating information from the
mesencephalon to dynamic fusi motor neurones (paper I)

This work was a direct continuation of the reports of Appelberg 
(Appelberg and Molander 1967, Appelberg 1967) and the aim of the study 
was 1) to localize the spinal pathway mediating dynamic faci li tatory 
effects from the rubral region and 2) to relate this path to, or pos
sibly separate it from other motor paths in the actual part of the 
cord.

The descending path was localized by making spinal lesions in a 
number of experiments. It was shown that a restricted lesion in the 
dorsolateral funiculus (DLF) of the upper cervical cord, contralateral - 
ly to the stimulating site in the mesencephalon, totally abolished the 
dynamic facilitatory effects. It was also shown that a lesion inter
rupting all parts of the cord except the contralateral DLF left the 
dynamic spindle effects uninfluenced.

With the aim of picking up the activity of the descending path, 
electrodes were inserted into the contralateral DLF. Two positive 
waves with different latencies could be recorded on single shock stim
ulation in the mesencephalic "dynamic" region. The short latency wave 
was very resisient to deepening of the anesthesia, a procedure which 
always abolished the central facilitatory spindle effects. This wave 
could, furthermore, be abolished by a rather extensive lateral lesion 
in the medulla, contralaterally to the stimulating electrode, where 
the rubrospinal fibres are known to pass. This procedure did not affect 
the dynamic facilitatory path, and it was suggested that the rubro
spinal tract was not responsible for the dynamic spindle effects.

The long latency positive wave recorded in the contralateral DLF 
could also be picked up ventromedially in the brain stem at both med
ullary and pontine levels, homolaterally to the stimulating site at 
levels above the pyramidal decussation, in the midline at this level, 
and contralaterally below that level. A lesion in the pyramid at the 
medullary level, where the long latency wave was recorded, abolished 
that wave in the DLF, but left the dynamic spindle effects to rubral 
stimulation undisturbed. Cooling of the sensorimotor cortex with ice-
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cold Ringer's solution also abolished the long latency wave in théDLF, 
again without influencing the transmission in the dynamic facilitatory 
path. On this evidence it was suggested that the long latency wave re
corded in the contralateral DLF on single shock stimulation in the ru
bral region was due to indirect activation (via the sensorimotor cortex), 
of corticospinal fibres which seemed to play no part in the descending 
path from the rubral region to hind limb dynamic fusimotor neurones.

In summary, the results of this investigation showed that
1) the spinal tract of the dynamic facilitatory path, activated in the 
rubral region, is located in the DLF contralaterally to the central 
stimulus and
2) the rubrospinal and the corticospinal tracts, the two major descend
ing paths in the DLF, do not seem to be responsible for the dynamic 
spindle effects elicited from the rubral region.

B. Mesencephalic fusimotor control (paper II)

This report dealt with the further identification of the mesen
cephalic region influencing dynamic fusimotor neurones via a contra
lateral DLF-pathway, and the relation of this region to the red nucleus. 
Some information about other systems to dynamic and static fusimotor 
neurones was also obtained.

Two low threshold regions for activation of fusimotor neurones 
were disclosed in the vicinity of the red nucleus. The dorsal one, 
comprising the caudal parts of the red nucleus, but also extending 
caudally and slightly dorsally to this structure, only influenced dy
namic fusimotor neurones. The spinal tract of this path was located 
in the contralateral DLF, as shown by making spinal lesions at the 
low thoracic (Th 13) level.

In paper I it was demonstrated that a lesion in the rubrospinal 
tract at the medullary level did not interrupt the dynamic path acti
vated in the rubral region. Further support for the suggestion that 
the rubrospinal tract is not responsible for these dynamic facilita
tory effects was obtained in the present series. The antidromic rubro
spinal volley to left DLF-stimulation was picked up at two mesencephal
ic sites, the one within the right red nucleus and the other on the 
left side just caudally to the left red nucleus, where the out-going 
fibres from the right-sided nucleus are known to pass. An electrolytic- 
al lesion around the latter electrode abolished the antidromic field
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potential recorded via the right electrode prior to the lesion, but 
this procedure did not affect the transmission through the dynamic 
path.

The possibility that the rubral stimulation activated corticospinal 
collaterals destined for the red nucleus (Tsukahara, Fuller and Brooks 
1968) and, consequently that the dynamic spindle effects might indeed 
be elicited via corticospinal fibres was excluded by the finding that 
the dynamic path from the rubral region was still in operation in ani
mals which had had their sensorimotor cortices bilaterally ablated 3 
weeks prior to the acute experiment. In such animals, the histological 
examination showed a heavy degeneration of the fibres in the pyramids 
at the medullary level.

The ventral mesencephalic region for activation of fusimotor neu
rones was located immediately ventrally to the caudal pole of the red 
nucleus, but extended also caudally to this structure. Histologically, 
the ventral region coincided with a bundle of fibres crossing the mid
line just dorsally to the nucleus interpeduncularis. Fusimotor effects 
elicited from the ventral region could be of a purely static, a mixed 
static/dynamic or a purely dynamic type. The purely static and presum
ably also the purely dynamic effects were mediated via a ventrolateral 
spinal pathway contralateral to the central stimulus. Mixed static/dy
namic effects were caused by the simultaneous activation of the dynam
ic DLF-path and the ventrolateral path mediating static effects, as 
indicated by the fact that such mixed effects were changed into a 
purely dynamic effect following a ventrolateral spinal lesion.

In summary, the results of this investigation showed that
1) the low threshold region for eliciting dynamic spindle effects from 
the rubral region via a contralateral DLF-pathway is located in the 
caudal parts of the red nucleus, but also extends caudally and slight
ly dorsally to this structure,
2) the rubrospinal tract is not responsible for these dynamic spindle 
effects, because this tract may be interrupted at the medullary (paper 
I) as well as at the mesencephalic level without affecting the trans
mission through the dynamic path,
3) the corticospinal tract is ruled out as mediator of such effects, 
because the dynamic path still operates in animals with cronically 
degenerated corticospinal tracts and
4) a ventral low threshold region, situated just ventrally to and
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also caudally to the red nucleus, may influence either static or dy
namic fusimotor neurones, depending at least partly on the anesthetic 
level of the preparation. These effects are mediated via a contralater
al ventrolateral spinal pathway.

C. Parallel activation of dynamic fusimotor neurones and a climbing
fibre system from the cat brain stem. I. Effects from the rubral
region (paper III)

This investigation was concerned with the activation, from the 
rubral region, of dynamic fusimotor neruones and of descending climb
ing fibre paths and their possible relationship to ascending climbing 
fibre paths. The aim of the study was 1) to localize, in the rubral 
region, areas which on stimulation activated descending climbing fibre 
paths destined for the paramedian lobule (PM) of the posterior lobe of 
the cerebellum, 2) to possibly demonstrate a convergence between such 
paths and ascending climbing fibre paths and 3) to make a direct com
parison, by threshold mappings in the same experiments, of effective 
regions for activation of dynamic fusimotor neurones and of a climbing 
fibre path, thereby possibly revealing that a single descending system 
may exert both types of effects.

Two low threshold regions for activation of climbing fibres to the 
PM were revealed in the vicinity of the red nucleus. The dorsal region, 
situated in the dorsal parts of the red nucleus and at caudal levels 
also slightly dorsally to this structure, could evoke climbing fibre 
activity in three different longitudinal projection areas of the PM; 
in the D zone and rostrally as well as caudally in the Cl zone (nomen
clature according to Voogd 1969). The three areas of the PM also showed 
climbing fibre responses (CFRs) on stimulation in a restricted region 
rostrally to the red nucleus, but then only with a longer (about 1 msec) 
latency than when stimulating at more caudal levels. From the rostral 
rubral level suprathreshold stimulation yielded the shorter latency CFR, 
but, on lowering the intensity to near-threshold, a step increase of 
about 1 msec in the CFR .latency was observed. Furthermore, within the 
red nucleus the threshold for CFRs was lowest at caudal levels and in
creased slightly at more rostral levels, in parallel to the thresholds 
for evoking dynamic spindle effects from the rubral region (papers II 
and III). From the results it was suggested that a synapse was inter
posed in the descending pathway at the rostral rubral level. A conver
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gence in the D zone projection was demonstrated from the hind limb 
component of the DLF-SOCP, and in the rostral and caudal Cl zone pro
jections from the fore- and hind limb components, respectively, of the 

DF-SOCP (Oscarsson 1969b).

The ventral region for activation of climbing fibres to the PM was 
situated in the, ventral parts of, but extended also ventrally and cau- 
dally to, the red nucleus. Stimulation in this region activated climb
ing fibres destined only for the D zone of the PM. This path also 
showed convergence from the hind limb component of the DLF-SOCP.

The closest similarity between low threshold regions for activation 
of hind limb dynamic fusimotor neurones and climbing fibres to the PM 
was found when the "dynamic region" was compared to the dorsal rubral 
region evoking CFRs in the D zone of the PM. Besides a marked similar
ity in the extent of the stimulating regions, there was a close simi
larity in minimum stimulating thresholds for the two effects.

D. Parallel activation of dynamic fusimotor neurones and a climbing
fibre system from the cat brain stem. II. Effects from the infe
rior olivary region (paper IV)

This work was a direct continuation of paper III, and was con
cerned with the same problem, but now studied at the medullary level 
of the brain stem. The aim of the study was 1) to identify, in the 
medial medulla, low threshold regions for activation of hind limb dy
namic fusimotor neurones, 2) to localize the spinal pathways from 
these regions, 3) to analyse connections between the rubral region and 
the homolateral medullary region, 4) to localize the effective med
ullary region for evoking climbing fibre responses in the cerebello- 
cortical D zone and 5) to possibly demonstrate a convergence onto such 
climbing fibres from the rubral region and from the ascending DLF-SOCP.

Three low threshold regions influencing hind limb dynamic fusimo
tor neurones were found in the medial medulla. From the dorsalmost one, 
anatomically coinciding with the nucleus reticularis gigantocel1ularis, 
descending effects proceeded in the contralateral ventrolateral spinal 
funiculus, where descending fibres from this nucleus are known to run. 
Occasionally the effects from this medullary region were of the static 
type. This dual capacity of a ventrolateral system was also noted in 
paper II, where possibly the same system was studied, but then indi
rectly activated from the ventro-medial parts of the mesencephalon.
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The most ventral medullary region was situated within the pyramid, 
and the dynamic facilitatory effects from this region proceeded in the 
contralateral DLF of the spinal cord, and were thus presumably mediated 
by corticospinal tract fibres.

The third low threshold region for activation of dynamic fusimotor 
neurones covered the inferior olivary complex. The spinal path from 
this region was located in the contralateral DLF of the spinal cord, 
and could not be separated, by minute spinal lesions, from the DLF- 
pathway giving dynamic fusimotor activation from the rubral region 
(papers I to III). This led to the suggestion that the rubral and in

ferior olivary regions are parts of the same descending system.

Connections between the rubral region, presumably the red nucleus, 
and the homolateral medulla were analysed orthodromically as well as 
anti dromi cally. On rubral stimulation postsynaptic activity could be 
recorded in the inferior olive at the level of the caudal parts of the 
principal olive as well as in a region dorsal to this structure, possi
bly corresponding to the nucleus reticularis gigantocellularis. These 
two medullary regions evoked, on stimulation, antidromic field poten
tials in mesencephalic areas very closely overlapping each other and 
also the red nucleus.

Climbing fibre responses in the cerebello-corticaT D zone were 
evoked from a region covering most parts of the inferior olivary com
plex. However, the threshold was lowest and the latency indicated 
direct activation of climbing fibres (or their cell bodies) when sti
mulation was performed at the level of the caudal parts of the princi
pal olive. In this restricted region postsynaptic activity could be 
recorded not only on rubral stimulation (see above) but also on acti
vation of the hind limb component of the DLF-SOCP. These postsynaptic 
waves were suitably timed to, and showed the same interaction charac
teristics as the simultaneously recorded D zone CFRs. From these facts 
it was suggested that the rubro-olivary tract monosynaptically, and 
the DLF-SOCP polysynaptically, activate inferior olivary neurones lo
cated at the level of the caudal parts of the principal olive, which 
neurones project to the D zone of the contralateral cerebellar cortex 
as climbing fibres.

Considered together, the results presented in papers III and IV 
indicate that the descending path to hind limb dynamic fusimotor neu
rones passes from the red nucleus right through the homolateral infe-
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rior olivary region while giving off collaterals to the principal 
olive. The path then crosses over to the contralateral side at a very 
low brain stem level, because already at the high cervical level (pa
per I) it has achieved a dorsolateral spinal course contralateral to 
the central stimulating site. The rubral fibres *projecting to the 
caudal parts of the principal olive relay on neurones which send their 
climbing fibres to the contralateral cerebello-cortical D zone. These 
same climbing fibre neurones are also activated by the hind limb com
ponent of the DLF-SOCP.
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DISCUSSION

A. Organization of the descending pathway from the rubral region to
hind limb dynamic fusi motor neurones

The descending system for control of muscle spindle dynamic sensi
tivity from the rubral region (Appelberg 1962, 1963; Appelberg and 
Emonét-Denand 1965) was further analysed by Appelberg and Molander 
(1967) with regard to the extent of the effective stimulating region 
in the mesencephalon. This region coincided fairly well with the red 
nucleus contralateral to the muscle studied, but also extended well 
beyond the caudal pole of the nucleus. Furthermore, stimulation in the 
homolateral inferior olivary region also selectively influenced dynamic 
fusi motor neurones, and a thermolesion in this medullary region seri
ously reduced such effects from the mesencephalic site (Appelberg and 
Molander 1967). More evidence contradicting the rubrospinal tract's 
responsibility for the dynamic effects were obtained in the present 
investigation, as this tract could be interrupted at medullary (paper 
I) as well as at mesencephalic (paper II) levels without affecting the 
transmission through the dynamic path. The effective region for elic
iting the dynamic effects, as mapped with threshold stimulation, was 
shown not only to extensively overlap the red nucleus, but also to ex
tend slightly dorsally to and well beyond the caudal pole of this 
structure, where no antidromic rubrospinal field potential to low tho
racic spinal cord stimulation could be picked up (papers II and III).

The inferior olivary region was analysed in paper IV, and it was 
shown that dynamic effects from this region descend in the contralat
eral dorsolateral funiculus (DLF) of the spinal cord, where the path 
could not be separated from the one mediating such effects from the 
rubral region. Rubral stimulation, furthermore, evoked postsynaptic 
activity in the homolateral inferior olive (Appelberg 1967 and paper 
IV) and thus the connection between the rubral and inferior olivary 
regions influencing the dynamic spindle sensitivity seems to be estab- 
1ished.

These results have been interpreted (papers II to IV) in such a 
way as to indicate that the path to dynamic fusimotor neurones emerges 
from cells in the rostral parts of the red nucleus. This path then 
descends homolaterally right through the inferior olivary region and
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probably transverses one or several synapses in the low brain stem 
before it reaches the contralateral spinal cord, where the descending 
effects proceed. The path may provisionally be denoted the dynamic 
rubro-bulbo-spinal path.

The spinal tract mediating the dynamic effects, although not being 
identical to the rubrospinal tract (papers I and II), is located in 
the DLF contralateral to the central stimulus, both at high cervical 
(paper I) and at low thoracic (papers II and IV) levels. The other 
major motor path in the DLF, the corticospinal tract, has also been 
ruled out as mediator of these dynamic effects (paper II).

Apart from the rubrospinal and corticospinal tracts only two other 
known descending systems proceed in the DLF, namely, the dorsal retic
ulospinal system (Holmqvist and Lundberg 1959; Engberg, Lundberg and 
Ryall 1965, 1968a, 1968b) and a monoaminergic system from the raphe 
nuclei of the brain stem (Brodai, Taber and Walberg 1960; Dahlström 
and Fuxe 1965; Engberg, Lundberg and Ryall 1968c).

The dorsal reticulospinal system has been shown to effectively in
fluence certain spinal reflex paths. The system is primarily, if not 
exclusively, an inhibitory one, as both excitatory and inhibitory re
flex actions are depressed (Engberg et al. 1968a), presumably by means 
of postsynaptic inhibition in first order interneurones, i.e. early in 
the polysynaptic reflex paths (Engberg et al. 1968b). From segmental 
latency measurements it was suggested that the interneuronal inhibi
tion was disynaptically linked, but the possibility of monosynaptic 
inhibition was not excluded, and, furthermore, it was specifically 
stated that "no trace of an EPSP was evoked in any of the 78 intra- 
cellulary recorded interneurones" (Engberg et al. 1968b, p. 235). This 
might indicate that the descending fibres themselves are inhibitory 
ones, or, otherwise, merely that the inhibitory interneurones acti
vated from this descending system are located in areas not investi
gated in that study.

Baldissera, Lundberg and Udo (1972) studied effects from the mes
encephalic tegmentum in descending pathways, and found that after a 
medullary lesion interrupting the rubrospinal tract a discharge could 
still be recorded in the contralateral DLF on brief train stimulation 
at the dorsal border of, or slightly dorsally to, the red nucleus, 
with a lowest threshold of about 50 pA if 4 shocks were used. Single 
stimuli did not evoke a discharge. From the segmental effects elicited
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via this stimulation, it was concluded that the DLF-discharge recorded 
represented activity at least partly in the dorsal reticulospinal sys
tem.

The dorsal, reticulospinal system thus has a number of features in 
common with the dynamic rubro-bulbo-spinal path: 1) it may be activated 
from the near-rubral region, 2) it descends in the contralateral DLF,
3) single shocks do not evoke a descending discharge and 4) it reaches 
the lumbar spinal cord, where the effects are exerted. However, there 
are some dissimilarities which make it uncertain whether the dynamic 
effects are mediated via the dorsal reticulospinal system. Firstly, 
the threshold for evoking effects from the mesencephalon seems to be 
higher with regard to the dorsal reticulospinal system (40-50 yA) than 
to the dynamic path (10-15 pA). This may, however, merely depend on 
the fact that dynamic facilitatory effects have been studied with long 
trains (up to several seconds) of stimulus shocks, while effects on 
segmental reflex paths have been studied with only brief trains. The 
temporal facilitation seen with brief train stimulation (Baldissera 
et al. 1972) might be even more pronounced by the use of long trains, 
a matter which could explain the relatively small, but definite thresh
old difference for the two types of effects studied with near-rubral 
stimulation. Secondly, effects elicited via the dorsal retuculospinal 
system seem to be primarily, if not exclusively, of inhibitory charac
ter, possibly even the descending fibres themselves are inhibitory 
(see above). However, further experimental work is required to eluci
date this matter, because if the inhibition of reflex paths is disyn- 
aptically linked, the descending fibres are probably facilitatory to 
inhibitory interneurones, and may thus be facilitatory also to dynamic 
fusi motor neurones, presumably again via interneurones.

The other DLF-system mentioned, the monoaminergic path from the 
raphe nuclei centrally in the lower brain stem (Brodai et al. 1960, 
Dahlström and Fuxe 1965, Engberg et al. 1968c) has features similar 
to the dorsal reticulospinal system. However, the monoaminergic path 
seems less probable as a candidate for the spinal path mediating the 
dynamic spindle effects evoked from the medulla via a DLF-pathway, 
because such effects were elicited from the region of the inferior 
olivary complex, i.e. more lateral medullary parts than the raphe 
nuclei (paper IV).
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B. Organization of the descending pathway from the rubral region to 
cerebellum and its relation to the dorsolateral spino-olivocere- 
bellar path

Appelberg (1967) demonstrated that stimulation in the rubral and 
inferior olivary regions, besides giving dynamic fusimotor activation, 
also evoked activity in the cerebellar cortex, possibly mediated via 
climbing fibres. Miller et al. (1969b) showed that stimulation in the 
vicinity of the red nucleus evoked CFRs in Purkyne cells in a lateral 
strip (the D zone of Voogd 1969) of the intermediate part of the ante
rior cerebellar lobe. The same Purkyne cells were also activated from 
the sensorimotor cortex and from the hind limb component of the DLF- 
SOCP. Almost invariably only one climbing fibre projects to a Purkyne 
cell (Eccles, Llinâs and Sasaki 1966), and thus the results indicated 
a convergence at the inferior olivary level of descending and ascend
ing connections to the cerebellum.

Such connections between descending and ascending climbing fibre 
paths were investigated in papers III and IV. From a stimulating re
gion extensively overlapping the red nucleus, CFRs were evoked in 
three different areas of the contralateral PM. Such responses could 
also be recorded in all three areas on stimulation rostrally to the 
red nucleus, and from latency measurements and threshold stimulations 
it was suggested that a synapse was interposed in the descending path
way at rostral rubral levels. The cerebellar responding areas were 
located in the D zone and rostrally as well as caudally in the Cl zone. 
The D zone and the caudal Cl zone are hind limb areas as only hind 
limb components of ascending spino-olivocerebellar paths terminate 
there, while on the same evidence the rostral Cl zone is a forelimb 
area (Cooke et al. 1972). The demonstration of a convergence from the 
DLF-SOCP in the rubral path to the D zone and from the DF-SOCP in the 
path to the Cl zones permitted two conclusions, first, that the rubral 
path to the PM of the cerebellum relays through the inferior olive, 
and secondly, that the rubral stimulating region is somatotopically 
arranged with a forelimb part dorsally and a hind limb region ventral - 
ly within the nucleus (paper III). This same somatotopic organization 
has been demonstrated using anatomical methods for the cortico-rubral 
connection from the sensorimotor cortex (Rinvik and Walberg 1963), and 
the course of the cortico-rubral fibres is suggestive of the extension 
of the effective stimulating region at pre-rubral levels (Rinvik and 
Walberg 1963 and paper III).
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Following stimulation in the rubral region postsynaptic activity 
could be recorded within the inferior olive, primarily in a restricted 
region at the caudal levels of the principal olive (paper IV). In this 
very region, a suitably timed postsynaptic wave could also be recorded 
on activation of the hind limb component of the DLF-SOCP. Furthermore, 
when mapping the inferior olivary region for areas evoking CFRs in the 
cerebello-cortical D zone, the lowest threshold and the shortest laten
cy was found when the stimulation was performed at the caudal level of 
the principal olive (paper IV). This evidence, together with latency 
meaurements, led to the conclusion that a rubro-olivary tract mono- 
synaptically, and the hind limb component of the DLF-SOCP polysynap- 
tically activate neurones in the caudal part of the principal olive, 
which neurones, as climbing fibres, project to the D zone of the cere
bellar cortex.

The exact localization within the inferior olive of the climbing 
fibre neurones activated cannot be determined with the present methods 
because certain errors are introduced in the histological reconstruc
tion of effective points. These errors depend on the difficulty of an 
exact determination of the center of even a small electrolytic marking 
lesion and on the possibility of different shrinking ratios in the 
dorso-ventral and sagittal or transverse directions due to the histo
logical procedures. The errors introduced are small, probably always 
less than 0.3-0.4 mm, but as the inferior olivary complex is built up 
of thin "slices" with a thickness of between 0.3-0.5 mm, there might 
be misinterpretations as to which part of the complex was the respond
ing one. However, uniform results from a number of experiments (paper 
IV) demonstrated that the largest postsynaptic wave to rubral or DLF- 
stimulation was recorded at the caudal levels of the principal olive.
As to the dorso-ventral localization, this wave was recorded only cen
trally in the region eliciting a D zone CFR with single shock stimula
tion less than 70 pA (see example in paper IV, Fig. 2). Using these 
stimulation parameters, the CFR-eliciting region covered almost exact
ly the dorso-ventral extent of the inferior olivary complex at this 
rostro-caudal level (paper IV). The lowest absolute threshold for 
evoking a D zone CFR was noted when stimulation was performed in the 
region where the postsynaptic waves recorded were largest. The evidence 
presented favours the principal olive as being the actual relay station, 
rather than the dorsal or medial accessory olives. However, whether 
the dorsal or the ventral lamella is responsible cannot be elucidated
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from the present material. A reference to anatomical reports on in
ferior olivary connections does not seem to clarify the problem. Ana
tomical evidence has shown that the rubro-olivary fibres terminate 
only in the dorsal lamella of the principal olive (Walberg 1956, 
Edwards 1972). According to Brodal's (1940) description of the olivo
cerebellar projections this would mean that the rubro-ol ivocerebellar 
path terminates only in Crus I of the cerebellar hemisphere. However, 
physiological evidence (Miller et al. 1969b and paper III) has demon
strated that the rubral stimulation evokes CFRs in the D zones of both 
the paramedian lobule and the intermediate part of the anterior lobe. 
This last-mentioned part receives, according to Brodai (1940), olivary 
fibres from the dorsal accessory olive, which has not been shown to 
receive fibres from the red nucleus, but only from the cerebral cortex 
(Walberg 1956). Armstrong and Harvey (1966) showed, by physiological 
methods, that the rostral part of the paramedian lobule receives its 
pii vary fibres from the ventral lamella of the principal olive, and 
later (Armstrong, Harvey and Schild 1973) that the intermediate and 
lateral parts of the cerebellar cortex receive their olivary fibres 
from the rostral parts of the dorsal and medial accessory olives. The 
anatomical findings of Voogd (1969), which coincide best with physio
logical results (c.f. Oscarsson 1969a), have demonstrated longitudinal 
bands of degeneration in the cerebellum following restricted inferior 
olivary lesions. Very caudal lesions yielded degeneration only in me
dial zones (A, B and slightly in Cl) of the cerebellum. These anatom
ical findings agree with the physiological results of Armstrong et al. 
(1973) that caudal parts of the olive project to the cerebellar vermis. 
Only when the principal olive was included in the lesion was degenera
tion present in the most lateral parts (the D zone) of the cerebellum 
(Voogd 1969). Thus, at present, anatomical reports provide support for 
the conclusion that the olivary neurones projecting to the cerebello- 
cortical D zone are located in the principal olive, but they cannot 
clarify whether the dorsal or the ventral lamella, or possibly both of 
them, are responsible.

C. Aspects on cerebellar participation in fusimotor control

The studies of Chambers and Sprague (1955a, b) have indicated that 
the cerebellar vermis is concerned with the regulation of tone, posture 
and equilibrium of the whole body, while the paravermian parts are con
cerned with spatially organized and skilled movements as well as pos-
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ture of ipsilateral limbs. The termination of the rubro-olivocerebellar 
path in the Cl and D zones of the cerebellar cortex thus indicates that 
this descending system might have some relation to ipsilateral skilled 
movements rather than to whole body equilibrium. The termination of the 
DLF-SOCP also in nonvermal zones would mean that this path monitors 
activity concerning ipsilateral skilled movements. The DLF-SOCP is 
primarily influenced by cutaneous paw afferents, a finding which led 
to the assumption (Larson et al. 1969) that this path might be related 
to reflex arcs specifically activated from the plantar surface of the 
foot, such as the magnet reaction (Rademaker 1931) and the extension 
reflex described by Engberg (1964). Such reflexes might be included in 
the group called skilled and spatially organized movements by Chambers 
and Sprague (1955a, b).

The olivary neurones of the DLF-SOCP are influenced from the sen
sorimotor cortex (Miller, Nezlina and Oscarsson 1969a) and from the 
red nucleus (Miller et al.. 1969b; paper III). The spinal path is mono- 
synaptically activated from the peripheral afferents, but has several 
relays in the lower brain stem before the inferior olive (Larson et 
al. 1969). Supraspinal descending signals might thus influence this 
path at preolivary as well as at olivary levels, allowing the olive to 
work as a comparator of descending motor command signals and the re
sulting activity in brain stem interneurones of the DLF-SOCP (Miller 
and Oscarsson 1970). These olivary neurones would monitor the efficacy 
of transmission in brain stem motor centers (Oscarsson 1973), much as 
other olivary neurones related to other spino-olivocerebellar path are 
mediating information concerning the transmission through segmental 
motor centers (Miller and Oscarsson 1970, Oscarsson 1973).

The preolivary relay stations in the DLF-SOCP, one of which may 
possibly also be the origin of the spinal tract to dynamic fusimotor 
neurones, as yet remain unlocated. However, it should be located above 
the first cervical segment and below the caudal third of the pons, as 
judged from lesion experiments by Larson et al. (1969).

Rubral stimulation was found to evoke postsynaptic activity not 
only within the inferior olive, but also in a homolateral region dor- 
sally to this nuclear complex, anatomically coinciding with the nucleus 
reticularis gigantocellularis (paper IV). Stimulation in this dorsal 
region evoked antidromic field potentials in the rubral region exten
sively overlapping the antidromic rubral field potential evoked on
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inferior olivary Stimulation. Furthermore, Stimulation in the nucleus 
reticularis gigantocel1 ularis elicited dynamic fusimotor activation. 
However, this nucleus seems to be ruled out as being the preoli vary 
station discussed above for two reasons: first, the spinal tract medi
ating dynamic effects from this medullary region is localized in the 
ventrolateral parts of the spinal cord (paper IV) in agreement with 
the anatomical findings on the spinal localization of fibres from the 
nucleus reticularis gigantocellularis (Nyberg-Hansen 1966), and second
ly, it was not possible to evoke D zone CFRs on stimulation in this 
region (paper IV). This latter ought to have been the case if this 
medullary nucleus were a relay station in the ascending DLF-SOCP.

The results discussed above would seem to indicate that stimulation 
in the rubral region might elicit dynamic fusimotor activation also 
via a ventrolateral spinal pathway. However, the rubro-reticular 
connection indicated may be concerned with mechanisms other than 
dynamic fusimotor regulation. This is indicated by the fact that 
when only the DLF contralateral to the stimulating site in the 
rubral region is interrupted, all dynamic facilitatory effects 
from this region are abolished (papers I and IV).

The selective influence on dynamic fusimotor neurones from the 
descending rubro-bulbo-spinal path is also consistent with the inter
pretations made above, because a variable and/or high dynamic sensi
tivity of the muscle spindles is thought to be of significance for the 
execution of skilled and/or carefully controlled movements, as in 
"load compensation" during breathing (v. Euler 1966). Glaser and Higgins 
(1966) demonstrated a loss of phase lead of tension vs. length during 
sinusoidal movements following cerebellectomy. Their interpretation of 
this was that the cerebellum normally causes an increased sensitivity 
to stretch, i.e. is concerned with the regulation of dynamic fusimotor 
neurones. This phase lead was thought to prevent oscillations in the 

stretch reflex loop and thereby to stabilize the loop in position con
trol and during movements. This possible function of the dynamic fusi- 
motor system was also discussed by Matthews (1964).

The importance of cerebellar integrity for the alpha-gamma co- 
activation in motor acts has been repeatedly pointed out (see Granit 
1955, 1970). Cerebellar stimulation (Granit and Kaada 1952) or cooling 
as well as anemic decerebration, which destroys the anterior cerebellar 
lobe (Granit, Holmgren and Merton 1955), all "break" the alpha-gamma
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linkage and make the spindles behave only as passive stretch receptors. 
The first report on the differential central influence on dynamic and 
static fusimotor neurones (Jansen and Matthews 1962) actually demon
strated that cerebellar anterior lobe stimulation decreased the re
sponse to slow stretches of soleus muscle spindles in the decerebrate 
cat, indicating an inhibition of dynamic fusimotor neurones. Corda, 
v.Euler and Lennerstrand (1966) have also showed altered responses of 
intercostal muscle spindle afferents during stimulation of various 
parts of the cerebellar anterior lobe.

The demonstration that the dynamic rubro-bulbo-spinal path is ac
tivated from the same restricted region, and with the same threshold, 
as the rubro-olivo-cerebellar path to the cerebello-corti cal D zone 
led to the suggestion that the two types of effects are mediated by 
the same descending system (paper III). Support for this suggestion 
was obtained in paper IV by the demonstration that also from a lower 
brain stem level, the medial medulla, D zone CFRs and hind limb dynam
ic fusimotor activation via this same descending system were elicited 
from closely coinciding parts of the inferior olivary region and with 
very similar thresholds. Furthermore, the same climbing fibres, which 
were activated from the rubral region as well as from a restricted 
part of the inferior olivary complex (caudal parts of the principal 
olive) were also activated by the hind limb component of the DLF-SOCP.

Such an interpretation of the results lends support to the hypo
thesis of Miller and Oscarsson (1970) suggesting that descending motor 
command signals to segmental or brain stem motor centers are also me
diated to the cerebellum as a climbing fibre input via collaterals to 
inferior olivary neurones.

The cerebellum is thought to correct errors in motor performance 
by sending out "correction signals". These signals would modulate the 
motor command signals at the cerebral cortical or brain stem motor 
center levels. The modulation would, at least partly, occur on the 
basis of information about the original command signal as well as 
about the effects which these signals evoke in lower motor centers, 
which are also influenced by peripheral afferents (the internal feed
back mechanism of Oscarsson 1971, 1973). As far as concerns the pre
sently studied paths, the dynamic fusimotor command signals would reach 
the paravermian parts (D zone for the hind limb control) of the cere
bellar cortex. The Purkynê cells of this part project to the inter-
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positus and lateral cerebellar nuclei (Voogd 1964; Walberg and Jansen 
1964; Ito, Yoshida, Obata, Kawai and Udo 1970), which in turn project 
to the contralateral red nucleus (Massion 1967, 1973; Toyama, Tsukahara 
and Udo 1968, Angaut 1973). This organization would make it possible 
for the cerebellum to adjust descending motor command signals in the 
rubro-bulbo-spinal path at the rubral level on the basis of afferent 
information at least partly via the DLF-SOCP (c.f. Oscarsson 1971, 
1973).
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SUMMARY

This thesis summarizes investigations on the dynamic rubro-bulbo- 
spinal path. This path, suggested to emerge from cells in the rostral 
red nucleus, passes homolaterally through the lower brain stem before 
crossing to the contralateral dorsolateral funiculus of the spinal 
cord, where the facilitatory effects to hind limb dynamic fusi motor 
neurones proceed. The origin of the fibres of the spinal tract is not 
known, but a number of features indicate that they may belong to the 
dorsal reticulospinal system. Rubro- or corticospinal fibres are not 
responsible for the effects.

Stimulation in the same restricted region, besides giving dynamic 
fiisimotor activation, also evokes climbing fibre responses in the D 
zone of the cerebellar cortex via a rubro-olivocerebellar path. The 
climbing fibres of this path originate in the caudal parts of the 
principal olive, and are also activated by the hind limb component of 
the ascending dorsolateral spino-olivocerebel lar path.

It was suggested that the two types of effects are mediated by the 
same descending system, the inferior olivary neurones being activated 
via collaterals of fibres belonging to the dynamic rubro-bulbo-spinal 
path. Such an organization would support a recent hypothesis suggest
ing a participation of descending and ascending climbing fibre paths 
in motor control.

This hypothesis is discussed, as well as some aspects of cerebellar 
mechanisms in the regulation of motor activities.
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