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Decorticate Spasticity: A Re-examination using 
Quantitative Assessment in the Primate 

R. R. TASKER, F. GENTILI, K. SOGABE, M. SHANLIN AND P. HAWRYLYSHYN 

SUMMARY: Decorticate spasticity in 
the squirrel monkey was chosen as a 
convenient laboratory model of spastic­
ity capable of quantitative assessment 
upon which to evaluate various currently 
popular clinical spasmolytic measures. 
The effects of a wide variety of cortical 
lesions were studied involving primary 
and supplementary motor, premotor and 
parietal cortex unilaterally and bilater­
ally, measuring muscle tone with the 
evoked integrated E.M.G. technique. 
Measurable spasticity resulted only if 
primary motor cortex was ablated bilat-

RESUME: La spasticite de decortica­
tion chez le singe fut choisie comme 
modele de laboratoire convenable pour 
la spasticite, etant capable d'evaluation 
quantitative des diverses mesures 
spasmolytiques generalement populaires 
cliniquement. Les effets d'une grande 
variete de lesions corticales furent 
etudies, impliquant le cortex moteur pri-
maire et supplemental, et le cortex 
pre-moteur et parietal unilateralement et 
bilateralement, et mesurant le tonus 
musculaire par technique EMG integree. 
Une spasticite mesurable ne se rencon-
trait que si le cortex moteur primarie 
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erally usually but not always preferen­
tially involving biceps brachii and quad­
riceps. Resulting postures were variable 
offering no justification for the term 
"decorticate posture". The integrated 
evoked E.M.G. was proportional to rate 
of stretch and chiefly phasic in type as in 
hemiplegic man. Stereotactic keratec­
tomy resulted in profound ipsilateral re­
duction in this spasticity, but was with­
out effect in intercollicular or anemic 
decerebrate cats. The mechanism of the 
spasticity and of the cerebellar effects 
are discussed. 

etait enleve bilateralement, impliquant 
preferentiellement les biceps brachiaux 
et les quadriceps. Les postures resul-
tantes etaient variables, n' off rant pas de 
justification pour le terme "posture de 
decortication." L'EMG integre evoque 
etait proportionnel au rythme d'etire-
ment et de type surtout phasique comme 
chez I'homme hemiplegique. La denta-
tectomie stereotactique resulta en une 
reduction ipsilaterale marquee de la 
spasticite, mais fut sans effet chez les 
chats decerebres par lesions intercolli-
culaires ou par anemie. 

INTRODUCTION 
The scientific publications con­

cerned with spasticity read like a his­
tory of neurology and cannot fail to 
evoke a sense of humility in the con­
temporary reviewer containing as 
they do the writings of many of the 
great neuroscientists of the past cen­
tury. Spasticity has always been 
recognized as a major affliction. 
Multiple sclerosis and central nerv­
ous system trauma are common 
causes, the incidence of spastic 
hemiplegia resulting from cere­
brovascular disease is unquestioned 
and that of cerebral palsy, 60-80% of 
the spastic type, still stands at 1.6 
per 1,000 live births (Martin, 1960). 

Renewed interest in spasticity has 
been associated with advances in 
physiology, the development of 
methods for measuring muscle tone, 
the synthesis of spasmolytic drugs, 
and the introduction of surgical 
techniques such as; pulvinarectomy 
(Cooper et al., 1971, 1973 a), cere-
bellectomy and dentatectomy 
(Crosby et al . , 1966; Delmas-
Marsalet and Van Bogaert, 1935; 
Divitiis et al., 1972; Hassler and 
Riechert, 1961; Heimburger, 1967, 
1969, 1970a, 1970b; Heimburger and 
Whitlock, 1965; Hitchcock, 1973; 
Kraus et al., 1970; Krayenbiihl and 
Siegfried, 1972; Laitinen, 1970; 
Nadvornik et al., 1972; Nashold and 
Slaughter, 1969; Nashold et al., 
1969; Riechert, 1972; Schneider and 
Crosby, 1963; Siegfried, 1971; Sieg­
fried et al., 1970, Toth, 1961; Zer-
vas, 1970; Zervas et al., 1967a, 
1967b) and cerebellar pacing 
(Cooper, 1973; Cooper et al, 1973b; 
Cooper and Gilman, 1973). 

Yet there appeared to be no re­
producible laboratory model with a 
sufficient degree of spasticity capa­
ble of quantitative evaluation upon 
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which the effects of spasmolytic 
measures could be studied. Since it 
seemed a simple matter to ablate a 
controlled area of cerebral cortex to 
a controlled depth under direct vis­
ion and then to follow the consequ­
ences qualitatively and quantita­
tively, it was decided to study the 
spasticity produced by decortication 
in the primate. 

Of the methods available (Peder-
sen, 1974) for measuring spasticity, 
an adaptation of the evoked integ­
rated E.M.G. technique (Burke et 
al., 1970) for use in the animal was 
considered the most satisfactory. 
Not only does it permit direct meas­
urement of the E.M.G. elicited by 
both phasic and tonic stretch, but 
also the slope of the linear relation­
ship between integrated evoked 
E.M.G. and rate of stretch is a direct 
measure of the activity of the la 
spindle afferents. 

Of the various secondary proce­
dures proposed for the relief of spas­
ticity, it was decided to investigate 
stereotactic dentatectomy first since 
this procedure had been used so 
widely clinically and since pulvinec-
tomy (Brown, 1973) had proven dis­
appointing in the relief of human 
hemiplegic spasticity. 

THE SUBSTRATE OF 
DECORTICATE RIGIDITY 
As early as 1869 Hughlings Jack­

son had reported: — "The facts 
seem to show that the forepart of the 
brain serves in the motor aspect of 
the mind, and we may fairly well 
speculate that the posterior serves in 
the sensory" thus launching a vol­
uminous conflicting literature on the 
substrate of decorticate spasticity. 

Though much of the earlier work 
performed on subprimates seemed 
to suggest that unilateral decortica­
tion resulted in spasticity (Bard et 
al., 1934; Bard and Rioch, 1937; 
King, 1927; Langworthy, 1928; 
Laughton, 1928; McKibben, 1929; 
McKibben and Wheelis, 1932; Olm­
sted and Logan, 1925; Warner and 
Olmsted, 1923; Woolsey, 1933) there 
was uncertainty as to whether this 
spasticity arose from lesions of 
motor or premotor cortex. 

But such workers as Dusser de 

Barenne and Magnus (1920) and 
Schaltenbrand and Cobb (1931) 
failed to find spasticity after unilat­
eral subprimte decortication and 
Magnus and Rademaker (1923) 
found spasticity only when subcorti­
cal damage occurred. Moreover the 
illustrations of Bard and Rioch's cats 
show extensive subcortical damage. 

King (1927), Langworthy (1928), 
Olmsted and Logan (1925), Snider 
and Woolsey (1941) and Woolsey 
(1933), though they found spasticity 
after unilateral removals of cortex in 
subprimates, reported maximal 
muscular hypertonia only if abla­
tions were bilateral. And Fulton 
(1937) stated that under no circums­
tances was this spasticity compara­
ble to that seen in man. 

Though Leyton and Sherrington 
(1917) had studied the effects of un­
ilateral premotor and motor decorti­
cations in anthropoid apes, they 
stressed the minimal nature of the 
resultant disability and never men­
tioned spasticity. The intensity of 
investigations of primate decorticate 
spasticity gained momentum with 
Fulton. Though it is generally stated 
that Fulton's work (1943) estab­
lished that cortical removals in mon­
keys led to spasticity in the con­
tralateral limbs when premotor area 
6, not motor area 4 was affected, a 
somewhat different conclusion 
might be reached from a re­
examination of his published data. 
Kennard and Fulton (1933) studying 
the effects of premotor and frac­
tional motor ablations in chimpan­
zees clearly produced only transient 
hypertonia if the premotor areas 
were removed, unilaterally or bilat­
erally, never removed the entire 
motor area bilaterally, appeared to 
find spasticity maximal only after 
bilateral combined motor-premotor 
lesions, and interject confusion as to 
what they meant by spasticity by 
commenting: "Marked spasticity of 
both upper extremities appeared 
with moderate increase in resistance 
to passive manipulation". They 
concluded "in monkeys and ba­
boons" after "complete bilateral ex-
tipation of Areas 4 and 6 forced 
grasping and spasticity are ex­
treme". 

Fulton and Kennard (1934) found 

that premotor ablations resulted 
only in temporary spasticity, perma­
nent spasticity depending upon 
bilateral removal of both motor and 
premotor cortices. Welch and Ken­
nard (1944) in reviewing experience 
up to that time clearly recognized 
that a unilateral combined lesion of 
area 4 and 6 produced greater spas­
ticity than the minor degrees result­
ing from lesions of either area 4 or 6 
alone, that hemispherectomy re­
sulted in greater spasticity than le­
sions of area 4 and 6 together and 
that bilateral lesions of areas 4 and 6 
produced marked spasticity, views 
also advanced by Bucy and Fulton 
(1933). 

Bieber and Fulton (1938), how­
ever, failed to find what they consi­
dered spasticity in some of their 
animals after a combined motor and 
bilateral premotor lesions, work that 
is impossible to reconcile with the 
rest though the actual protocols sug­
gest spasticity. 

Walshe (1935a) took issue with 
Fulton over the differential effects of 
motor and premotor lesions in spas­
ticity, maintaining that Fulton's 
(1935) definitions of the areas in­
volved were erroneous. 

Thus Fulton's work established 
that significant spasticity depended 
on bilateral ablation of motor and 
premotor cortex. His major con­
tribution was the separation of the 
pyramidal symptoms, such as 
paralysis, from the extrapyramidal, 
such as increased muscle tone, no 
matter which portion of the cerebral 
cortex, area 4 or 6, gave rise to 
them. 

This dichotomy was supported 
strongly by Tower's (1935, 1940) ob­
servations which, for the first time, 
left no doubt that unilateral or bilat­
eral pyramidotomy in the cat or 
monkey which selectively severed 
the pyramidal system did not pro­
duce spasticity, findings since con­
firmed by many workers (Gilman 
and Marco, 1971). Wagley (1945), 
however, reported that 
pyramidotomy rendered hip adduc­
tors spastic, Denny-Brown (1963) 
that section of the middle third of the 
pyramid resulted in transient spastic­
ity of extensors and flexors, and 
Growden et al. (1967) that spasticity 
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developed in forelimb flexors, hip 
adductors, and ankle extensors and 
invertors after unilateral or bilateral 
pyramidotomy in monkeys. Various 
effects upon tendon reflexes were 
reported. Similarly most observers 
such as Bucy (1964, 1966) and 
Maspes and Pagni (1964) failed to 
produce spasticity in monkeys or 
man by unilateral or bilateral section 
of pyramidal fibers in the middle 
third of the cerebral peduncle though 
Walker and Richter (1966) found a 
delayed increase in tone in monkeys. 
Cannon et al. (1944) though report­
ing digital extensor spasticity after 
pedunculotomy found that more ex­
tensive spasticity ensued after an 
additional ablation of contralateral 
area 4S. (See below.) 

The search for the substrate of 
spasticity continued with Hines 
(1936, 1937, 1960) who attributed 
spasticity in the macaque to removal 
not of area 6, but of a 3 mm. strip of 
cortex along the rostral margin of 
area 4 which came to be known as 
the suppressor strip or area 4S. 
Hines' statements are difficult to in­
terpret, but it would appear that 
bilateral removal of this strip area 
was necessary to produce maximum 
spasticity. 

Denny-Brown and Botterell (1947) 
reported studies made earlier upon 
macaques after unilateral removals 
of area 6 and fractionated ablations 
of area 4. They concluded that spas­
ticity resulting from lesions of area 4 
was more marked if some portion of 
area 4 was preserved to prevent 
pyramidal "shock", the degree of 
spasticity being particularly depen­
dent upon lesions of the rostral edge 
of area 4 centered on the superior 
precentral sulcus. No conclusions 
were reached concerning the relative 
effects of bilateral ablations. 

Travis (1955a) then re-examined 
the whole question of decorticate 
hypertonia using physiological 
rather than ^cytoarchitectronic 
criteria. Amazingly, she found that if 
the primary motor cortex of the 
macaque was mapped out by stimu­
lation and then ablated unilaterally 
or bilaterally, no spasticity resulted. 
One can only comment that the 
staged ablations involved only small 
portions of cortex at a time and that 

the illustrations of bilaterally ablated 
animals suggest a degree of disability 
less than the present authors might 
have expected and possibly a more 
critically restricted definition of 
what constituted primary motor cor­
tex. Woolsey (1943) had previously 
reported that a monkey kept alive 
for 161 days after bilateral decortica­
tion had become spastic. 

Travis (1955b) then studied the ef­
fects of removing the supplementary 
motor cortex as mapped physiologi­
cally. Unilateral ablations resulted in 
slight resistance to protraction and 
abduction of both shoulders. Bilat­
eral simultaneous removal of the 
supplementary motor area in 2 mon­
keys produced modest resistance to 
passive movement with flexion de­
formities of the knees and elbows, 
an effect not observed if the abla­
tions were staged. It appears from 
her report that bilateral removal of 
the supplementary motor area com­
bined with an unilateral ablation of 
motor cortex resulted in greater 
spasticity than when motor cortex 
was unaffected. Bilateral lesions of 
4S and of the supplementary motor 
area seemed to give similar results 
but bilateral removal of area 6 did 
not change the effects of a previous 
ablation of primary motor cortex on 
both sides. However, after a subse­
quent extended study, Travis and 
Woolsey (1956) concluded that tone 
was not increased after unilateral 
aspirations of the primary and/or 
supplementary motor cortex, sig­
nificant hypertonia occurring only 
after removal of both primary and 
supplementary cortex bilaterally. 

Coxe and Landau (1965) were 
able to find only slight variable 
hypertonia at the shoulders after re­
moving both supplementary motor 
areas in monkeys. Denny-Brown 
(1963, 1965) found only soft plastic 
resistance to flexion of proximal 
joints in the upper and lower ex­
tremities after bilateral ablations of 
the supplementary motor area 
though Gilman et al. (1974) was 
ready to concede that hypertonia in 
his monkeys that followed unilateral 
removal of primary motor cortex 
was due to inadvertent damage to 
white matter connecting with the 
supplementary cortex. 

Kruger and Porter (1958) and Prib­
ram et al. (1956) found slight spastic­
ity after both precentral and post­
central lesions, the effects being ad­
ditive. 

Meanwhile Denny-Brown's think­
ing about muscular hypertonia was 
changing, introducing a new con­
cept, a distinction between spastic­
ity and rigidity, or dystonia as it was 
later called. This idea appeared first 
in Fulton's (1937) review after the 
two men had worked together. In 
this publication Fulton first re­
viewed his thinking about spasticity 
much as he had done in a review the 
year before (Fulton, 1936). Remov­
ing the posterior portion of area 4 in 
macaques resulted only in distal or 
digital spasticity, which spread to 
more proximal muscles if Hines' 
area 4S was also included. If the 
whole of area 4 was removed spas­
ticity became more marked, becom­
ing enduring and widespread only if 
areas 4 and 6 were removed together. 
Ablations of area 6 unilaterally also 
resulted in transiently increased 
muscle tone, the effects being 
somewhat longer lasting after bilat­
eral ablations, but the effect differed 
from the spasticity to which all pre­
vious work referred. Fulton (1937), 
crediting Denny-Brown with the ob­
servation, stated that the resistance 
of muscles to passive stretch after 
lesions of area 6 "is not akin to spas­
ticity as such, but is similar to true 
extrapyramidal rigidity; that is, it is 
plastic and equal in quantity through 
all phases of the passive movement 
from beginning to end, and tends to 
be evenly distributed in flexors and 
extensors". This was in contrast to 
the predilection of spasticity for ex­
tensors and its variability throughout 
the range of joint excursion. 

Denny-Brown (1963) pursued this 
dual concept equating the spasticity 
resulting from his superior precen­
tral sulcal, Hines' 4S, and Fulton's 
area 6 lesions and attributing the dis­
crepancy to Fulton's use of an incor­
rect cytoarchitectronic map. He 
could not confirm that lesions of sup­
plementary cortex resulted in spas­
ticity, but only in mild rigidity like 
that resulting from lesions of area 6 
of which the supplementary motor 
cortex was part. Moreover area 6 
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U N I L A T E R A L D E C O R T I C A T I O N S 

Figure 1—Extent of unilateral cortical ablations based on autopsy specimens in a 
preliminary series of 16 squirrel monkeys. 

was not the only region whose abla­
tion resulted in rigidity. Denny-
Brown (1963, 1964, 1965) and 
Denny-Brown et al. (1965) found 
similar effects after parietal lesions, 
significant only if they were bilat­
eral, and which were additive to 
those of ablations of area 6. Since 
rigidity was not abolished by deaf-
ferentation (Denny-Brown, 1964, 
1965; Gilman and Van Der Meulen, 
1966) it was attributed to direct alpha 
motoneuron drive. These latter au­
thors distinguished the two states of 
hypertonia by demonstrating a much 
greater activity in spindle afferents 
in hindlimb extensors than in flexors 
in spastic monkeys but similar levels 
of activity in rigid or dystonic monk­
eys. Curiously Gilman et al. (1974) 
found that after combined unilateral 
ablations of areas 4 and 6, despite 
the presence of spasticity, spindle 
afferent activity never increased 
above normal, a result attributed to 
algebraic summation of excitatory 
and inhibitory effects on spindles of 
the area 6 and area 4 ablations re­
spectively. 

Perhaps the most illuminating 
work in the whole field has been that 
of Mettler (1943) who concluded that 
unilateral decortication, no matter 
how extensive, resulted in only 
slightly increased muscle tone and 
then only when area 4 was involved, 
unilateral lesions of area 4S or of 
premotor cortex being without ef­
fect. Bilateral cortical ablations (Met­
tler 1944) likewise produced little if 
any spasticity, unless the rostral part 
of area 4 was removed on both sides 
when it became striking. No spastic­
ity was seen after bilateral lesions of 
area 6 alone or of the caudal portion 
of area 4 and lesions of area 6 failed 
to increase spasticity after bilateral 
lesions of area 4. Spasticity occurred 
after unilateral lesions only if there 
was accompanying damage to sub­
cortical structures (Mettler, 1943), 
the severity becoming greater as 
striatum, pallidum and subthalamus 
respectively were included in the le­
sion. Crosby et al. (1966) reached 
identical conclusions. 

Observations in man have been in­
frequent. Forster (1934, 1936) and 
Sachs (1935) reported hypertonicity 
after unilateral lesions of motor cor­

tex and it is clear from the attacks he 
made on Fulton that Walshe (1935a) 
agreed, reporting (Walshe, 1935b) a 
patient with slightly increased tone 
at the knee and markedly increased 
extensor tone of the foot after con­
tralateral ablation of the motor cor­
tex on the medial wall of the hemis­
phere. Penfield and Evans (1935) 
also described spasticity after un­
ilateral lesions of the human cortex. 
The author has never seen striking 
spasticity after purely cortical un­
ilateral lesions in man. Rasmussen 
(1972) has written that he has not 
seen spasticity after premotor corti­
cal lesions in man. 

From this review we have con­
cluded that truly significant spastic­
ity does not usually result from un­
ilateral cerebral cortical lesions un­
less deeper structures have also 
been damaged, though hyper-
reflexia, postural changes and mild 
hypertonicity may appear. Only 
when the motor cortex has been re­
moved on both sides do purely corti­
cal lesions result in striking spastic­
ity. Discrepancies in the literature 
are probably largely due to differing 
criteria for "spasticity" which to us 

means increased resistance to 
stretch. Whatever the exact sub­
strate, spasticity is an extrapyrami­
dal effect which Fulton recognized 
as distinct from the pyramidal effect 
of paralysis. 

With this background we under­
took a series of experiments to ex­
amine the effects of decortication in 
the squirrel monkey (Saimiri sci-
ureus). This relatively inexpensive 
tractable animal whose semi-liss-
encephalic brain is convenient for 
cortical mapping, has been the sub­
ject of several physiological (Welker 
et al., 1957; Benjamin and Welker, 
1957) and cytoarchitectronic reviews 
(Akert, 1964; Miles and Blomquist, 
1960; Rosabal, 1967; Sanides, 1968) 
as well as of a brain atlas by Emmers 
and Akert (1963). Moreover, in this 
species the supplementary motor 
cortex extends widely over the con­
vexity of the hemisphere well sepa­
rated from the primary motor area. 

First a preliminary study was 
made of unilateral cortical ablations 
of varying degree performed by sub-
pial suction in 16 monkeys and of 
bilateral ablations in 10, as shown in 
Figures 1 and 2, in an attempt to re-
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produce the spastic and dystonic ef­
fects described by Denny-Brown et 
al. (1965) and Gilman and Van der 
Meulen (1966). These included uni­
lateral ablations of the motor cortex 
intended to produce spasticity, vari­
ous unilateral and bilateral ablations 
of premotor and parietal cortex spar­
ing the motor cortex intended to 
produce dystonia, as well as bilateral 
excisions of motor cortex, all plan­
ned on the basis of the physiological 
maps (Welker et al., 1957; Benjamin 
and Welker, 1957). In one baboon 
(Papio papio) staged, bilateral, sup­
plementary motor ablation was per­
formed incidentally damaging one 
primary motor cortex. 

The results were clear. Permanent 
disability was seen only after dam­

age to motor cortex when, after an 
initial 1 to 4 weeks of contralateral 
limb hypotonia, the animals regained 
a certain degree of function always 
maintaining an abnormal posture 
similar to that of the human hemip-
legic. The hip and shoulder re­
mained protracted, the elbow mar­
kedly flexed, the knee slightly. Post­
ure varied in distal joints, the knee 
jerk was hyperactive, and placing 
reactions were absent. The normal 
limb was always preferred, used first 
and reserved for fine tasks though 
the affected one readily assisted in 
climbing, feeding and locomotion. 

Apart from mild hypertonia that 
proved impossible to distinguish 
quantitatively from normal, none of 
these animals showed significant 

spasticity as long as one primary 
motor area was spared. Significant 
spasticity developed only in animals 
M32 and M36 whose motor areas 
were both ablated. 

We next compared the effects of 
removing motor and supplementary 
motor areas according to the pub­
lished physiological maps as illus­
trated in Figure 3. Unilateral abla­
tions of primary motor cortex were 
carried out in 2 monkeys, of primary 
and supplementary in 3. Bilateral 
ablations of primary motor cortex 
were performed in 20, of supplemen­
tary in 6, of both primary and sup­
plementary in 16. Foliowup ranged 
up to 6 months after unilateral to 2 
after bilateral operations. 

Again results were clear. Animals 

• I L A T I R A L DECORTICATIONS 

M 1 4 

M 1 B 

M i l 

Figure 2—Extent of bilateral cortical ablations in a preliminary 
series of 10 squirrel monkeys. 

Figure 3—Examples of ablations in the second more detailed 
study, based on published physiological maps. Monkey 5 un­
derwent a unilateral removal of primary and supplementary 
motor cortex, M48 of supplementary, M43 of primary and 
M35 of both primary and supplementary motor cortex bilat­
erally. 
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M32 

IRQ 

Figure 4—Computer plot of integrated evoked E.M.G. (ordi­
nate) against rate of muscle stretch (abscissa) for M17 a nor­
mal monkey. RB, RT, RQ, RH, indicating right biceps, 
triceps, quadriceps and hamstrings respectively. There is 
virtually no evoked E.M.G. activity. 

Figure 5—Same as Figure 4 after bilateral excision of primary 
motor cortex. Plots for right and left biceps and quadriceps. 
There is striking evoked E.M.G. activity, proportional to rate 
of stretch. 

sustaining bilateral ablations of 
primary motor cortex were helpless 
and dependent on intensive care as 
long as they lived. Though they usu­
ally assumed a posture with flexed 
elbows, protracted shoulders and 
extended knees going on to flexion 
contractures of the elbows and 
knees, a variety of other postures 
was also seen there being no correla­
tion with the responsible lesions. 
Added lesions of the supplementary 
motor cortex did not alter the result. 
These observations suggested to us 
as they did to Mettler (1967) that 
there is little justification for the use 
ofthe terms "decorticate" and "de­
cerebrate" postures. 

The results with respect to spas­
ticity were again definite. All 37 
animals with bilateral ablations of 
primary motor cortex demonstrated 
striking spasticity regardless of 
whether supplementary motor cor­
tex was involved. One ofthe remain­
ing 11 monkeys, with an unilateral 
primary motor ablation, demon­
strated hypertonicity of the biceps 
only. 

Careful quantitative assessment 
was now carried out using an adapta­
tion of the integrated evoked 
E.M.G. technique for use in the un-
sedated monkey restrained in a 

chair, the difficulties of which are 
well described by Gilman et al. 
(1971b). In the squirrel monkey the 
angular displacement of the elbow 
and knee joints is proportional to the 
accompanying change in length for 
the 4 muscles we chose to study, the 
biceps, triceps, quadriceps and ham­
strings. The integrated evoked 
E.M.G. was therefore plotted by 
computer against the differentiated 
angular displacement of the joint as 
determined with a goniometer fitted 
with a potentiometer, the slope and 
threshold of the resulting graph serv­
ing as a measure of the spasticity. 
Both the response to varying rates of 
stretch and to maintained tonic 
stretch were examined. The quanti­
tative results confirmed our clinical 
observations. Normal and non-
spastic monkeys yielded low flat 
plots as seen in Figure 4. Spastic 
animals showed steep plots as seen 
in Figure 5. Though spasticity usu­
ally affected the biceps and quad­
riceps, all combinations of effect 
were seen. Just as Burke et al. (1970, 
1971) and Lance and Burke (1974) 
had found in hemiplegic humans, our 
monkeys demonstrated a linear rela­
tionship between integrated evoked 
E.M.G. and rate of stretch, the steep 
slopes of the plots indicating a 

chiefly phasic type of spasticity de­
pendent on the la spindle afferents 
like that in hemiplegic man. 

DISCUSSION 
Our finding truly significant spas­

ticity only after bilateral ablations of 
the primary motor cortex is in ag­
reement with the concensus of pub­
lished opinion. Though animals with 
unilateral motor ablations assumed 
postures resembling those of hemip­
legic man and demonstrated in­
creased patellar jerks and might 
have shown mildly increased muscle 
tone, this was never sufficient, save 
in one animal, to be distinguished 
quantitatively from normal. Subcor­
tical damage was carefully excluded 
in our experiment by the use of sub-
pial suction with histological con­
trol. 

An understanding of the me­
chanism of spasticity (Bard, 1968) 
began with Sherrington's (1897, 
1898) work on the decerebrate cat. 
Muscle tone is governed by a series 
of centrifugal pathways acting upon 
interneurons and alphamotoneurons 
governing the sensitivities of spinal 
reflex mechanisms. When selective 
lesions are placed in these pathways 
their normal balance is upset, the re­
sult being the algebraic sum of the 
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MHO B I L . H 1 M I I O E C O R T I C n T l O N 

Figure 7—Computer plot of muscle tone against time for same monkey as in Figure 6 
after bilateral ablation of primary and supplementary cortex for all 8 muscles 
studied. Mean integrated E.M.G. evoked by a constant rate of stretch though a 
constant excursion is plotted against time in weeks. Spasticity is most prominent in 
biceps and quadriceps. Date of dentatectomy indicated by arrow. At right is a 
computerized plot determined from serial sections showing site and extent of de­
ntate lesions in black. NIA and NIP indicate the interposed nuclei. 

Figure 6—Section through bilateral 
dentate lesions Monkey M40 Luxol 
Fast Blue-H & E stain X 10. 

residual activity. Maintaining a 
tone-enhancing bias are two major 
systems, the reticulospinal facilitat-
ory extending from the diencephalon 
to the medulla and mediated bilater­
ally in the lateral funiculus and the 
vestibulospinal from Deiter's nuc­
leus distributed ipsilaterally in the 
ventral funiculus (Goldberber, 1969; 
Kuypers, 1974; Lawrence and 
Kuypers, 1965). Muscle tone in spas­
tic preparations dependent only 
upon caudal brainstem structures, 
falls dramatically after vestibulospi­
nal interruption whereas in those 
dependent on more rostral struc­
tures it shows little change since the 
reticular facilitatory system con­
tinues to act. Additional mild facili­
tation is provided by the pyramidal 
tracts. 

Counterbalancing facilitatory ef­
fects is the combined inhibitory ac­
tion of the extrapyramidal cerebral 
cortex, striatum and ventromedial 
reticular formation below the level 
of the trapezoid body. In the sub-
primate, the anterior lobe of the 
cerebellum with the fastigial nuclei is 
also inhibitory to muscle tone. All 
these inhibitory effects appear to be 
channeled through the reticular in­
hibiting system whose effects are 
bilaterally, but chiefly ipsilaterally, 
distributed in the ventrolateral 
funiculus of the spinal cord. 

It is with interruption of the pow­
erful cerebral cortical extrapyrami­
dal pathway that we have been con­
cerned in our review of decorticate 
spasticity and in our own spastic 
monkeys. Though there has been 

Tasker et al. 

much controversy as to the exact 
site of the cells of origin of this sys­
tem, the balance of published ex­
perience would place it chiefly in the 
rostral primary motor cortex, a con­
clusion with which our experience 
would agree. However, the exact 
decision between primary, sup­
plementary, or premotor cortex 
naturally will depend upon the defin­
itions of the author concerned and 
our work was not planned to define 
the precise fraction of cortex in­
volved. Since in the squirrel monkey 
the supplementary motor cortex ex­
tends widely over the convexity with 
few complicating sulci, it seems un­
likely to us that major errors of 
localization are responsible for our 
failure to produce spasticity ablating 
this area. 

Since our work and much of that 
reported in the literature suggests 
that significant decorticate spasticity 
depends upon bilateral lesions, this 
inhibitory effect must be transmitted 
bilaterally, crossing presumably 
(Crosby et al., 1966) in the corpus 
callosum. Otherwise subcortical le­

sions would also have to be bilateral 
to produce significant spasticity and 
they do not. Once caudal to subcor­
tical structures, the effects are obvi­
ously transmitted contralateral^. 

THE EFFECT OF 
DENTATECTOMY ON 

SPASTICITY 
We now studied the effect of 

stereotactic dentatectomy on our 
decorticate spastic models using the 
atlas by Emmers and Akert (1963) 
and measuring the effects with the 
integrated evoked E.M.G. techni­
que. 

In contradistinction to clinical 
teaching and such experimental 
work as that of Carrea and Mettler 
(1974) warning that lesions of the 
dentate nucleus produce devastating 
ataxia, reported series of dentatec­
tomy in man have not described 
such a motor deficit perhaps because 
of avoidance of the interposed nuclei 
which were also damaged in Carrea 
and Mettler's monkeys (Sprague in 
discussing Zervas et al., 1967). We 
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performed stereotactic dentatec-
tomy in 6 normal squirrel monkeys, 
in 4 bilaterally, without discernable 
persisting deficit. 

We then carried out stereotactic 
dentatectomy in 27 decorticate spas­
tic squirrel monkeys, unilaterally in 
13, bilaterally in 14 as shown in Fig­
ure 6. Tone in both biceps, triceps, 
quadriceps and hamstrings followed 
quantitatively for varying periods up 
to 2 months before dentatectomy, 
was followed up to 3 months post­
operatively. The time course was 
plotted by computer for each muscle 
alongside a chart of the extent and 
site of the dentate lesions based on 
serial sections as shown in Figure 7. 

Again clearcut results emerged. 
Dentatectomy produced, on the av­
erage, a 60% reduction in the degree 
of spasticity strictly ipsilaterally, the 
effect being related to the size of the 
lesion. Bilateral lesions did not en­
hance the ipsilateral effect. 

For comparison, acute experi­
ments were performed on 11 inter-
collicular and 5 anemic decerebrate 
cats (Pollock and Davis, 1923). The 
resulting extensor rigidity, exhibit­
ing both tonic and phasic effects as 
reported by Burke et al. (1972), was 
evaluated quantitatively as in the 
monkey. Bilateral dentatectomy did 
not alter muscle tone in these prep­
arations. 

DISCUSSION 
The paleocerebellum (anterior 

lobe and fastigial nuclei) and 
neocerebellum, (posterior lobe and 
dentate nuclei) (Gilman et al., 1971a) 
must be considered separately in a 
study of the role of the cerebellum in 
governing muscle tone. Sherrington 
(1897-1898) noted that stimulation of 
the anterior lobe inhibited, while 
ablation enhanced, the degree of 
spasticity in the decerebrate cat. 
Snider et al. (1941) showed that re­
section of the anterior lobe enhanced 
the spasticity of cats with bilateral 
pericruciate cortical ablations. The 
spasticity produced by anemic de-
cerebration (Pollock and Davis, 
1923) results from damage to the an­
terior lobe. In normal cats unilateral 
lesions of the fastigial nuclei pro­
duced spasticity in the contralateral 
extensors and ipsilateral flexors, the 

reverse pattern to that seen with an­
terior lobe decortication. In decere­
brate cats unilateral caudal lesions of 
fastigial nucleus reduced tone con-
tralaterally but increased it ipsilater­
ally, the reverse effect occurring 
with rostral lesions. Bilateral fastig­
ial lesions enhanced decerebrate 
rigidity, subsequent lesions of 
Dei ter ' s nucleus resulting in 
hypotonia (Batini and Pompeiano, 
1957; Chambers and Sprague, 1951; 
Moruzzi and Pompeiano, 1956; 
Sprague and Chambers, 1953). 

It was difficult to reconcile these 
findings with the well known obser­
vations that total cerebellar ablation 
and in particular lesions of the post­
erior lobe resulted in hypotonia in 
man and other primates. The more 
so when it was realized that all Pur-
kinje cells (Sprague and Chambers, 
1953) were inhibitory to the cerebel­
lar and vestibular nuclei which 
themselves were facilitatory. The 
explanation came with studies of 
spindle activity. Beginning with the 
work of Granit et al. (1955) it soon 
became apparent that, despite the 
fact that removing the anterior lobe 
increased the degree of decerebrate 
spasticity in cats, the cerebellar le­
sion diverted that spasticity from a 
system dependent on intense 
fusimotor drive to one of virtual 
paralysis, the hypertonia now be­
coming dependent on direct drive of 
alpha motoneurons. This change oc­
curred smoothly without visible be­
havioural change, the cerebellum 
acting as a simple switch between 
the 2 systems. Thus ablation of the 
anterior lobe removed a tonic facili­
tation of muscle spindles. In subpri-
mates but not in primates this was 
presumably accompanied by loss of 
direct paleocortical inhibition of the 
vestibulospinal system enhancing 
alpha motoneuron drive sufficiently 
to more than compensate for 
fusimotor paralysis and to maintain 
the spasticity (Gilman et al., 1971a, 
1971b). 

But current interest in the role of 
the cerebellum in spasticity revolves 
around the hypotonic effects of 
posterior lobe ablations having been 
aroused chiefly by clinical studies. 
Beginning with the unsatisfactory 
experience of Delmas-Marsalet and 

Bogaert (1935) with attempts to sup­
press Parkinsonian hypertonia by 
coagulating the dentate nucleus and 
Toth's (1961) experience with open 
dentatectomy in human movement 
disorders, a plethora of publications 
appeared upon the effects of chiefly 
stereotactic dentatectomy on human 
motor disorders from which, unfor­
tunately, few therapeutic guidelines 
emerged. Heimburger (1970a) sug­
gested that dentatectomy was more 
useful for spasticity of cerebral than 
of brainstem origin particularly axial 
spasticity (Heimburger, 1967; 
Heimburger and Whitlock, 1965) but 
at variance with other workers re­
peatedly reported that the effects 
were contralateral (Heimburger, 
1969, 1970a, 1970b). Siegfried (1971) 
noted failure in the treatment of 
spasticity due to multiple sclerosis. 

The role of the neocerebellum in 
spasticity was investigated in the 
laboratory by Thiele (1905), Weed 
(1914), Miller and Banting (1922), 
Warner and Olmsted (1923) showing 
that cerebel lectomy, cerebellar 
hemispherectomy, superior cerebel­
lar pedunculotomy and dentatec­
tomy reduced spasticity ipsilaterally, 
Fulton (1936) and Fulton et al. (1932) 
observed that bilateral cerebral 
hemispherectomy no longer made 
monkeys spastic after previous de-
cerebellection, and Crosby et al. 
(1966) reported that lesions of the 
posterior vermis and hemispheres 
reduced the tone of spastic monkeys 
and humans. But not all investiga­
tors were able to demonstrate this 
neocerebellar hypotonic effect 
(Ward, 1947). Warner and Olmsted 
and Weed traced the path of the 
spasmolytic effects of stimulation 
after decerebration in cats through 
the internal capsule, medial 3rd of 
peduncle, and frontopontine tract. 
Langworthy (1928) reported that in 9 
cats bilateral section of the middle 
cerebellar peduncle produced exten­
sor spasticity similar to that seen 
after bifrontal cerebral lesions. 
Sprague and Chambers (1953), how­
ever, were unable to alter the degree 
of decerebrate rigidity after unilat­
eral or bilateral lesions of the inter-
positus nuclei. 

Studies with stimulation reviewed 
by Dow and Moruzzi (1958) have 
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given uncertain results. Nulsen et al. 
(1948) inhibited the motor effects of 
stimulation of the motor cortex or 
pyramid by dentate stimulation, en­
hanced them by fastigial stimulation, 
but the effect varied with the 
parameters used. Adrian et al. (1958) 
and Henatsch et al. (1964), stimulat­
ing the cerebellar nuclei in acute in-
tercollicular decerebrate cats, pro­
duced varied effects on spindle ac­
tivity in hindlimb extensors though 
the effects of stimulating the fastigial 
or interpositus nuclei were chiefly 
facilitatory. 

The dentate nucleus being the 
main recipient of neocerebellar cor­
tical efferents and projecting via 
thalamus to motor cortex, it had long 
been postulated that these structures 
constituted a neocerebellar facilitat­
ory pathway for the control by cere­
bral cortex of myotatic reflexes 
(Gilman et al., 1971b). Gilman pur­
sued this matter further by demon­
strating that cerebellectomy includ­
ing the deep nuclei permanently re­
duced the response of spindle affer-
ents in the medial gastrocnemius to 
stretch, an effect that could be dup­
licated by severing the superior 
cerebellar peduncle or pyramid. 
Since the effects of cerebellectomy 
and pyramidotomy were not addi­
tive it was thought that the 
neocerebellar facilitatory pathway 
was mediated by the pyramidal tract 
(Gilman, 1969; Gilman and Ebel, 
1970; Gilman et al., 1974; Gilman 
and Marco, 1971; Gilman and 
McDonald, 1967; Sprague and 
Chambers, 1953). Though this con­
cept was supported by Gilman's 
(1971a) demonstration of a similar 
suppression of spindle activity by le­
sions of the ventrolateral nucleus, 
the abolition of this suppressive ef­
fect by lesions not of the sen­
sorimotor cortex, but rather of the 
tegmentum, reported by others sug­
gested an alternate route for the dis­
tribution of neocerebellar facilita­
tion. 

Our results provide further evi­
dence for the existence of a 
neocerebellar pathway facilitatory 
for muslce tone. This appears to be 
the first laboratory evidence sup­
porting the clinical experience that 
dentatectomy suppresses spasticity 

of cerebral but not of brainstem 
origin, the effect being strictly ip-
silateral. It is unlikely that the path­
way through which this effect is dis­
tributed in our animals involves 
either the cerebral cortex or the ven­
trolateral nucleus of thalamus since 
the effect was seen after extensive 
bilateral frontal decortication. 
Moreover, it is a well known clinical 
fact that lesions of ventrolateral nuc­
leus, unlike those of dentate, fail to 
suppress spasticity. Presumably 
more caudal brainstem structures 
are involved. Since the effect of 
dentatectomy was strictly ipsilateral 
the anatomy of these structures must 
allow appropriate unilateral propag­
ation. Could rubrospinal pathways 
be the answer? Dentatectomy was 
without effect in our decerebrate and 
anemic decerebrate cats presumably 
because these preparations lacked 
those more rostral brainstem struc­
tures in which dentatotegmental in­
terplay takes place. 

It is difficult to reconcile our find­
ings in decerebrate cats with the 
early work showing that total cere­
bellectomy or superior cerebellar 
pedunculotomy prevented or 
abolished spasticity, unilateral le­
sions ipsilaterally, unless the differ­
ence is due to the limited extent of 
our dentate lesions. Miller and 
Banting's (1922) finding that dentate 
ablations also counteracted decere­
brate rigidity, since it is not carefully 
documented, is difficult to assess. 
The fact remains that our experi­
ments demonstrated a striking ip­
silateral sensitivity of simian decor­
ticate spasticity to stereotactic de­
ntatectomy not seen with feline de­
cerebrate rigidity. 

D I S C U S S I O N 

Bates (London, England) queried whether 
the term "rigidity" should not have been 
used, as opposed to "spasticity", as the 
slides indicated a linear relation beteeen in­
tegrated EMG and velocity rather than dis­
placement. He also suggested that the obser­
vations on dentatectomy might have been 
due to some type of less specific post­
operative shock phenomenon, since Fulton 
and Soriano had shown that cerebellectomy 
on the side of a cortical ablation increased 
spasticity. 
Girvin (London) also expressed concern 
about the lack of distinction between rigidity 
and spasticity, even though both were results 
of involvement of extrapyramidal pathways 

and frequently components of each were 
combined in clinical cases. There were, 
however, well defined differences such as: 
(1) the presence or absence of hyperreflexia, 
irradiation or reflexes, and clonus; (2) the 
distribution of increased tone in protagonist 
and antagonist muslces; and (3) the charac­
teristics of the response (resistance) to veloc­
ity or displacement. Tasker answered that his 
animals had been followed for varying 
periods, some up to 15 months. They had st­
able spasticity for 2 months prior to dentatec­
tomy. In some of the latter there was damage 
to nucleus interpositus and the lesion never 
accomplished a pure bilateral complete de­
ntatectomy, but no other vital structures 
were considered to have been injured. With 
respect to the spasticity-versus-rigidity ques­
tion, he considered that historically, and still 
persistent in the literature, there was much 
confusion in the use of the terms and that to 
differentiate them absolutely was probably not 
warranted. 
Murphy (Toronto) cautioned that muscle 
tone can be assessed only by passive move­
ment of the limbs, with resultant sensory 
input from muscles, joints, and other recep­
tors. This method mimics many of the ex­
perimental situations which have been de­
scribed at the Symposium and accordingly it 
would be expected that a number of supras­
pinal pathways, including transcortical re­
flexes, would be activated. The combination 
of suprasegmental and segmental influences, 
involving facilitation and inhibition of both 
alpha and gamma motor neurons, could give 
rise to a number of different abnormalities. 
Thus he considered it an oversimplification 
to have only two words, "spasticity" and 
"rigidity", to describe what is perhaps a con­
tinuum of abnormalities of muscle tone. 
Marshall (Ottawa) enquired whether there 
were alterations of tone on the two sides 
after unilateral dentatectomy. In reply Tasker 
answered that all the data had not yet been 
collated on the approximately 12 spastic 
animals with unilateral, and 14 bilateral, de-
ntatectomies. In general, however, he consi­
dered that (1) the resulting decreased tone 
appeared to be the result of only an ipsilat­
eral lesion; (2) within a given muscle group a 
bilateral lesion was no more effective than 
the ipsilateral lesion; and (3) the degree of re­
sulting hypotonicity appeared to be propor­
tional to the volume of dentate nucleus de­
stroyed. 
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