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Tonic contraction of limb muscles depeads on stimulation not only of their "own® propricceptors but
also of receptors of the musculature of the contralateral 1imb (4], It was shown in a previous work that in dece~
rebrate animals the crossed reflex elicited by stretching the quadriceps (Philippson's reflex} was the usual
feature, and also that contraction of the contralateral extensors could occur in conjunction with its own extensor
reflex and with autogenic Inhibition of the muscle being stretchied (3], A question that arises is whether
stretching of the quadriceps invarisbly exerts an excitatory effect on the nervous centers of the
contralateral limb extensors, There are data indicating that the tonus of the contralateral extensors under such
clrcumstances can not only remain unenhanced, but even be depressed [7, 8}, In the present experiments 4
aumber of cases of *inversion™ of the crossed extensor reflex has been observed, Presentation of data conceming
the variability of this reflex forms the substance of this cominunlcation,

METHODS

gxperiments were perforimed on 87 decerebrate cats. The animals were placed back down on the stand,
the thigh bones were fixed by means of screws in the vertical postion. Tonically contiacted quadriceps muscles
maintained the shins in a position of some cxtension depending on the extent of decerebrate rigidity, If the
augle between the femur and the shin was about 90° decerebrate rigidity was considered moderate. Stretching
of one of the hicads of the quadriceps was achieved by passive flexion of the limnb at the knee joint, The shins
were connected with Isotonic myographs which under these conditions recorded changes in the length of the
quadriceps muscles, On all the kymograms extension at the knec joint corresponds to a downward deflection.
In a number of experiments a simultancous record of the quadriceps electremyegram was made with the help of
a two-channel cathode oscillograph, Necdle electiodes with an inter-electiode distance of approximately 2 cm
were used,

RESULTS

The crossed extensor reflex was obtained in individual decerebrate cats with unequal case and was of
different magaitude. In some cases this reflex became apparent with slight flexion of the limb (by 5-20%in
the angle of the femur and shin), while in other cases it could only be elicited on fuil flexion or several repeat
flexions of the Limb, In the majority of cases the distinctive features in<the Philippson reflex were assoniated
with the exteat of tne decerebrate rigidity of the hind limb extensos, The reflex could be most zasily elicited
and had the largest magnitude in animals exhibiting moderate decerebrate rigidity (Fig. 1, b). The reflex way,
as a rule, diminished (Fig. 1, a). in animals with slight rigidity. The reflex could not be eliciied in preparations
with very weak tonus of the extensors.

In a number of preparations (7 of 67) with weak and unstable decerebrate rigidity not only diminution
but also inversion of the crossed extensor reflex was observed, When the limb was lightly passively flexed
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(100-200 ) the tonus of the contralateral yuadriceps was diminished as the wesult of which the shin was lowered
somewhat, There was stniudtancous weakening of the olectrle potentials of this muscle,  If flesion of tie Hmb
was stopped, the contraiateral shin retumed to the original position, On increasing the passive flexion, however,
inhibftion of the crosted extensor tonus was replaced by s tncrease and the Philippson reflex was obtafned, The
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Frg. 1. Felation of the magnitude of thePhilippsen reflex and the extentof Secewchrate rigidity,
Q) weak rigidity {angle between femur and shin 709, B) wmoderate rigidity (96%; <) mark-
ed rigidity (125%.

Records from above doway a)e b), ) stimulus macker, movements of right shin, time marker
{1 sccond); ag, b, <)y electromyograms of the Jeft and right quadriceps muscles, stimulus
matker (passive flexion of the left limb), Calibration in all EMG records - 30 V.,

reaction thus consisied of two successtvephases, A typical cxaiuple of such a respoise is given in Fig. 2, a.

In some experiinents in which the two-phase formn of the crossed extensor reflex was observed even the
relatively weak stretehing of the quadriceps muscle by the weight of the shin supported by it exerted an fnhibit-
oty effect on the centers for the contealateral extensors (2 cascd), Tenmination of tis stretching by slight
passive extension of the Timb led not to the usual gradual relaxation of tonus [} but to a rapid contraction of
the contralateral quadriceps muscle, In the case presenited in Fig. 2, b, it was sufficient to raise the left shin
shightly for the right imb to become extended (angle around 307 and *freeze” in the new position,

The Philippsonreflex proved to be weakened in preparations with very marked decerebrate rigidity
(Fig. 1, c}, It might have been supposed that a decrease in the ampiitude of the reflex in these cases was con-
nected with considerable degice of extension of the limb as a conseyuence of decerebration, However, not
caly the mechanical but also the clectric reaction of the contralateral quadriceps muscle proved to be weak,
As i cases of weak rigidity, so in the case of 3 background of very strong rigidity scveral instances of relaxation
instead of contraction of the extensors of the contralateral Hmb were obsesved (§ cases), [ulibition of crossed
extensors under these conditions, however, showed substantial differcices from the Hnn deseribed above, In
the {imst place, relaxation of the contralateral extensors oceutred valy on strong flexion of the limb (requising
1-2 kg in the sccond place, on increasing the flexion relaxation of the contralateral quadriceps muscle was
never seen to be replaced by its contraction, Lihibition of tonus in this case was also accompanied by depres-
sicn of ¢lectric activity (Fig. 9.

Inhibitory forins of the crossed extensor reflex were detected particularly frequently on prolonged
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Fig. 2. Two-phase form of crossed cxtensor reflex against the background of weak
deccrebrate rigidity,

Records; a), ay) - asin Fig. 1, Stimulus - gradual flexion of the left limb;
figu:cs Indicate corresponding moments; tecords from above down; b} movements
of the right shin, movements of the left shin, stimulus marker {gentle extension of
the left limb), time marker ( 2 scconds). Knee flexors on the left are denervated,

observation, lasting several hours, It was then possible to establish how, in the same preparation, he riuactes
of the reflex reaction by contralateral extensors unde rwent changes with alterations in the extent ! detuubrate
tigidity. For example, at the beginning of an expesiment decerebrate rigidity was moderate and fexon of the
limb at the knee elicited the Philippsonreflex, Later the tonus of the extensors gradually diminished ant alter
apptoximately one hotr the same stimulation elicited the two-phase form of the reflex. After another Z¥2

hours rigidity of the preparation became very weak with the appearance of continuous thythinic movenzuss of
the hind limbs which interfered with observations, Intracranial tampons were changed and the expoimait -
terrv:,:cd for one hour, During this time the deccrediate rigidity became very stiong f(angle between fmur and
shin 140%. At this stage, instead of the former reactt_ . sirong flexion of the limb elicited considerabis diminu-
tion in the tonus of the contralateral extensors with vo signs of its increase,

Comparison of the effects of flexion of opposite limbs revealed the possibility of asymmetr. in e ra~
sulting crosscd extensor reflexes, If, for example, flexion of the left limb resulted In relaxation of the watralateral
extensors, flexion of the right limb could result in Phillprson's reflex.

The method used for the stretching of the quadriceps muscle did not exclude the possibility of "ilateral®
(skin, joint) stimulation. Control observations s «:e therefore carrled out in whick a number of nerve ttuths
were sectioned (sciatic nerve above the separation of the deep thigh branches, n. saphenus, oblurator weve) and
novocalne anesthesta applied to those arcas of the skin whose receptors could have been stimulated on pusive
flexion of the 1imb, Both fnhibitory forms of the crossed extensor reflex were observed under these coninuns alse,
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the contralateral extensors was stimulation of the quadriceps muscle propriocepton
on stretching of the muscle (it Is true that denervation of the knee jolut In thesa
experliments was not complete; the medial articular twig from the ‘emoral nerve
was preserved), Beflex flexion of the contralateral Hmb was ase~ciated with relax-
ationof the quadriceps muscle (not with contraction of the flexors), This foliows
from the fart that these forms of reflex reactions were fully apparent after dener-
| vation of the knee joint flexors in the 1imb on which the croseed reflex was being

I observed and also from electromycgraphic data, :

{ ey These data support the suggestion that the main cawse of inhibition of the tonus of
A
.

It must also be ncoted that jnversion of the crossed extensor reflex takes
I place especially frequently with impalrment of the “effector quadticeps muscle,
| In experimentz {perdfuimed with a different alm fn view) in which the muscle
twigs of the femoral nerve were dissecred the inhibitorv forms of the crossed ex~
tensor reflex were encosatered in approximately haif the cases (3 of 8 experiments),
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Fig. 3. Inhibitory form of crossed extensor reflex with strong decerebrate rigidity,
Records frem above dewn: g} movements of right shin, stimulus marker (passive
flexion of left limb), time marker (1 tecond); b} simultanecusly recorded EMG
of the right quadriceps muscle,

Adequate stimulation of the gquadriceps muscle proprioceptons can thus produce not only an excitatory
but also an inhibitory effect on the centers of crosed extensors, The crossed extensors reflex posseses a variabl-
Yity similar to that which is well-known in the cese of antagonist-muscle contractions in the course of exteto-
ceptive reflexes [2, 6, 1]. The data obtained a:edifiiculttointerpret from the point of view of constant values
of afferent impulses and perve fibers conducting them. Although in the majority of preparations any supra-thres-
hold stretching of the quadriceps muscle elicited contraction of the contralateral extensors, in other preparations
the same stimulation elicited orposite reactions. Evidently, the basic factors which determine the variability
of the crossed extensor refiex are changes in dg: functional state of the nerve centers, This is suggested by the
dependencs of the course of this reflex on e intensiveness of decerebrate rigidity and the degree of muscls
stretching, the sccurence of different forms of he reflex in the same preparation, and the significance of the
state of the effevnr pant of the refiex arc (ebservations on preparations with damaged muscle).

In decercbrate preparations the ws:m tive features shown by the course of spino-cerebral roiiexes depend
on the activity of the reflex apparatus in the preserved parts of the brain, It may be supposed 11t variability
of simple uncendirioned mote: reflexes represents a phenomenon which constantly accompanies coordination of
complex movements under conditions of normal reflex activity, with "reflexes and reflex apparatus of the tower
levels being used for the achievement of reflex actions of highet levels® (Ukhtomsky, Vol, §, p. 230}.

SUMMARY

Streiching of one of the quadriceps  wis cawed by flexion of cne of the limbs of decerebrate cats,
Variations of the length and the electromyogram cf the quadriceps were recorded. The amplitude of the
Philippsonreflex was most at medial decerebration rigidity, The Philippson reflex was lowered both Incasesof
very strong and weak rigidity; in some expesiments it was even inhibited. In case of flaccid rigidity the tonus
of the contralateral extensors was Jowerad by gentle flexion of the Himb (100-200 g} and then enhianced by
forced flexion. Incasesof strong rigidity inhibition of crossed extensors was caused only by stroag flexion
(1-2 kg ). The crossed extensor reflex is variable fust as the reflex of antagonistic muscles during exterocep-
tive stimulation,
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