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Tonic contraction of limb muzcles deFe,~ds on .r not only of their "own" p~optioceptot~ but 
also of receptors of the musculature of the contralateral limb [4]. It was shown in a previot~ 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 extensor~ could occur in conjunction with its own extensor 
reflex and with auto,chic Inhibition ~ ~he muscle being stretched [3]. A questfon that arises is whether 
stretching of the quadriceps invariably exerts an excitatory effect on the nervous centers of the 
contralateral limb exten~rs. There are data indicating that the tonus of the contralateral extensors under such 
circumstances can not only remain unenhanced, but even be depres*ed ['/, 8]. In the prez.ent experiments a 
,lumber of cases of "inversion" of the crossed exter~sor reflex has been observed. Presentation of data concerning 
die variability of d~is reflex forms tile substance of this communicatiotl~ 

METHODS 

Experiments were performed oa 67 decerebrate cats. The a~/mals were placed back down on the ~tand, 
tile thigh bones were fixed by means of screws in the vertical postion. Tonically contracted quadrieep~ musclet 
maintained die shins ill a position of :ome extension depending on the extent of decerebrate rigidity. If the 
aligle between the femur at~d the shin was about 90" decerebrate rigidity was considered moderate. Stretching 
of one of the heads of the qnadriceps was achieved by passive flexion of the limb at the b:l:ee joint. The shins 
were connected with isotonic myographs which under the-~c condition~ recorded changes in tt~e length of the 
quadficeps muscles. On all the kymograms extension at the I, nee Joint corresponds to a downward deflection. 
In a numb,~r of experiments a simultaneous record of the quadriceps electromyogram was made wtdl the help of 
a two-channe! cad~ode oscillograph. Needle electrodes with an inter-electr distance of approximately 2 cm 
were u,~ed. 

R E S U L T S  

The crossed extort;or reflex was obtained in individual decerebrate cats with u~equa! ease and wa~ of 
different mag~itude. In some cases this reflex became apparent with slight flexion of the limb (by 5-20* in 
the angle of the femur and dlin), while in other cases it could only be e l i c i t ~  ~a Ldl flexion or several repeat 
flexions of the Limb. In tile majority of cases the distinctive features in'the Philippson rcllex were azso~lated 
with the extont of the decerebrate rigidity of the hind limb e• The reflex could be most easily elic~ted 
and had the largest magnitude in animals exhibiting moderate decercbrate rigidity (F,g. 1, b). The reflex wah 
as a rule, diminished (Fig. 1, .a). in animals with slight rigidity. The reflex could ~ot be elicited in preparation, 
with very weak to,us of  the extensors. 

In a number of preparations (7 of 67) with weak and umtable decerebrate rigidity not only diminution 
but also i nvemon of the crossed extensor reflex was observed. When the limb was lightly pa~sively flexed 



( ~ - 2 9 0  # the tt,ttul ol the conttalaictai quadricep~ ~at dimh~ished at tile result of which tilt: ~!ti,t ~a~ {9~e{},~ 
mnu:what. There wal ~lnmllattcot~l weat~ening of tile olccttle potctttt,~tl$ o[ thil Illtlv,:lc. If Nc,xtOtl of die I|lII~ 
wa~ ttopD.'d, tl:e comraiatcrai fltlll returned to the original po~ttloll. Oil increasing the pa.~ttvc flcxlo~ however, 
Inhibition of" the ~'rolged ex te t l~of  "h>l|LlI Walt replaced by lt~ lncrealte and the l'htltppml! ,reflex was obtained, The 

F~g. 1. I:~elatum of the magnitude of G'cPhflipp.;on reflex and d~cextentof dceercbratc rig~di{y. 
a) weak rigidity (m~glc LK:tweca femur and .dim '~o"j; b) tm,dcratc rigidity (90"); c) mark- 
cd rigidity ( l ~ " j .  
Records from a',.~vc down: a}, b}, c) ~.timulu~ marker, movements of right ~hin, time ntar}~cr 
(I -~ecom.9; al), b0, el), eleclromj, ograms of thc left and right quadricep~ muscles, .*timuht~ 
mari.~er (p~s,Ave flexion ~:f ~}:c left limb). CaItbratio~ ill all EblO records - 60p V. 

teact~o)~ thus cons~aled of two s~mccss~,cpha~s. A typical example ~ff ~uch a ~:q}~v_,_-c is givc~l in Fig. 2, a. 

iu ~omc experiments in which fl~c ;we-phase h~rm cd the crossed extcasor reflex was observed even dlz 
rclati+ely weak stretchi0.g ef the quadr/ccps muscle by the weight of the shiu auppodcd by it exerted an inhibit- 
or'/ effect on d~e centers for tt'e contr:dateral cxtcnsor~ (2 case0. Termination . f  flds stretching by slight 
passive extension) of the hmb led not to O)c usual gradual relaxation of tonus [3] b~t to a rapid contraction of 
tim comralatetal quadriceps muscle. I:l the ca.~e presented h~ Fig. ~, b, it was sufficient to raise the IeR shhl 
slightly for the right limb to becom.: extended (angle around 30') grad "freeze" hi tim new position, 

The Philippsonreflex proved to bc weakened in preparation~ with very mart~cd decerebrate dgedity 
{Fig. I, c). It might have Dcen supposed that a decrease in the amplitude of the rctlex in these cases was con- 
~ecfed with con.qdcrablr degree of extension of the limb as a cotlscq|ie,|ce of dccercbration. Itowever, not 
only the. mechanical biJt also t|m electric reaction of the coqtralatcral quadtiecps muscle proved to be wea.~. 
As i,l ca~,cs of weak rigidity, so in the c a ~  of a background of very ~trong rigidity several instances of rclaxatio~l 
instead of contraction of thc cxtcnsor~ of t]~ contralatcral limb wcm observed (5 cases). Inhibition of crossed 
extensors under thc~c conditions~ however, dmwed ~ubstantial diffcr,,aces from the tr-mn dcscribod above. In 
the first place, ~elaxation of tI~r contralatetal exten~or~ occ~rmd only on sh'm~g flexion of the limb (requiring 
1-2 kg); in the second place, on increasing the f]cxio~ rclaxation of the eontralateral q~;adrteeps muscle wa~ 
never seen to be replaced by it~ c,.,~traction, i, fldbttlon of tot|us in tht$ case was al~o accompanied by depres- 
sion of electric activity (Fig. ,3). 

I~fl~ibitory forms of the cro~,~cd extensor reflex were detected particul/~rly frequently on prolonged 
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F~g. 2. Two-phase form of crossed exten~or reflex against the b~ckground of weak 
deeerebrate rigidity. 
Records: a), at) - as in Fig. 1. Stimulm - gradual flexion of ~he left hmb; 
figures Indicate corrcsponding moments; records from above dawn: b) movements 
of the right shin, movements of the left shin, stimulus marker {gentle extenuation of 
the left limb), time marker ( 2 seconds). Knee flexors on the l cP. are denc~vated. 

observation, lasting several hours. It was then possible to establish how, in ~l~e same p~eparatioa, ~!:.c : : i :~c :cr  
of the reflex reaction by eontralateral extensors underwent changes with altctatioas in the extent cJ ~::::::~bratr 
rigidity. For example, at tLe beginning of an exp~r.imcn~ deccrebrate rigidity ~',~s moderate a~d f~c:.:~:m =f ~ e  
limb at the knee elicited the Philippmn reflex. Later the tonus of the extcn.~o,'s gradually dimm~:~l~ed ~:mt after 
approximately one hour the same stimulation elicited the two-phase form of the reflex. After ~nv~e: ~:;~ 
hours rigidity of the preparation became very weak with tl~e appearance of continuous rhythmic m~vcn~m~ of 
the hind limbs which interfered with observations, intraerataial tempera were changed and rare exi~e:~m~:~r. '.a- 
terr,~r:ed for one hour. During this time the decereg~.ate rigidity became ~,ery suong (ae.gte ber,~'ecn h:ml~ and 
:bin 140"}. At this stage, instead of the former reac'..,_,.~ 3tong flexion of the limb elicited eo~qde:a i~  ~ diminu- 
tion in the tonus of the contratateral extensors with ,:o signs of its increase. 

Comparison of the effects of flexion of opposite limbs revealed the possibility of asymmetr, m Ii~ re- 
suiting ctos~ed extensor reflexes. If, for example, flexion of the left limb resulted in relaxation o: ~he .n:n~zalateral 
extenso~o flexion of the right ltmb could result in Phillpkson's reflex. 

The method used for the stretching of the quadriceps muscle did not exclude the possibih~)' of 'mt ia tera l*  
{skin, joint} stimulation. Control obse~vatiom "~ ~:e therefore cauled out in which a number of nerve ::ma~ 
were sectlot~ed (sciatic nerve above the separation of the deep thigh branches, n. saphenus, obtura'.or u ~ e )  and 
novocaine anesthesia applied to those areas of the skin whose receptors could have been ~timula~ed an ~ v e  
flexion of the limb. Both Inhibitory forms of the crossed extensor ~eflex were o~er ' ,ed under d~.e~e confi~:~ra also. 
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Them data ~up~,~t d~e ~ug2~e~tion that the main cause ufinhibltion of the to,lust of 
the contralateral extenvorl was stimulation of the quadrleeps lnu~clo ~roprloceptot, 
on stretching of the mulcle (it is true that denervatlon of the knee Joint In thes~ 
expt.-riment~ was not complete: the medial ~ttlcular twig from the ~'emotal nerve 
was preserved), r.efiex flexion of the contralaterM limb was a,r"ciated with relax- 
etton~l" the quadrtceps mu~cte (not with contraction of the flcxo~). This foltowl 
from the fa,'t that t~.e.~e Sierras of reflex reaction, were fully apparent after riCher- 
ration of the knee Joint flexors In the limb on which the r reflex was befng 
ob,err ~tnd al:o from electromyographie data. 

It must al~o bc noted that tn'r of *.he crossed extemor reflex take~ 
place especially frequently with impairw,~nt of the "of rector" quadrlcept mu~cte. 
In experiments (petf~,~med with a different aim in view) in which the muscle 
twigs of the femoral nerve were dis~cred the ~nhibito.~ forms of th~ crossed ex- 
tensor reflex were enc,,.~tered in .~pproxlmately half the ea~es (3 of 6 experiments), 

Fig. 3. Inhibitory form of crossed extensor reflex with stro:~g decerebrate ~gldity. 
~ecotds from above down: a) movements of rigkt shin, ,timolus marker (passive 
flex.~on of left limb), time mzrker (1 second); b) simultar.eously recorded EMG 
of the right quadricep~ muscle. 

Adequate stimulation of the quadriceps ~.*cle  pr~;-rioceptors can thus produce not only an excitatory 
but a l~  an inhibitory effect on the centers of crowed e:~tensors. The crossed extensors reflex posseses a variabi- 
lity similar to that which is well-known in the cede of a~tagonist-muscle contractioi~s in the cour, e of extero- 
ceptive reflexes [2, 6, 1]. The data obtaii~ed z:ed:/~ict~It to interpret from the k.oint of view of constarit vMues 
of afferent impulses and nerve fibers cord~ctLtg fi~em. Alfi~ough in the majority of preparations any supra-t,hres- 
hold stretching of the quadriceps n'uscle cticRed contraction of file contralateral extensors, in other preparation) 
the same stimulation elicited o~l~osite reactioF~. Evidently, die basic factors which determine the variability 
of the crossed extensor reflex are changes in rd~e fanctional state of the nerve centers. This is .,ugge,ted by the 
dependence of tl:e course of this reflex on the intem~ver, e~-s of decerebrate rigidity and the degree of mu~l~ 
stretching, the ~ccurcace of different form~ of. ~ e  reflex in the same preparations, a~d the significance of the 
state of the effect~r part of the reflex arc (ob~.at to :~ ~ ~ preparations with dano~aged muscle). 

In dccercbrate preparations the disti~:ct~';'e features shown by the cour~ of spino-cerebral r~'~exe~ depend 
on the activity of the reflex apparatus in tl~e pre:-er.ed parts of the brain. It may be supposed that variability 
of simple unconditioned motor reflexes represents a p~enomenon which constantly accompanies coordination of 
complex movements ~ d e r  conditions of normal reflex activity, with "reflexes and reflex apparatus of the lower 
levels being used for the achievement of reflex actions of higher levels" (Okhtomsky, Vol. 5, p. ~30). 

S U M M A R Y  

SUelching of one of the quadriceps wrs cawed by flexion of one of the limbs of decerebrat~ cart. 
Variations of the length arid the electromyogram cf ~ e  quadriceps were recorded. The amplitude of the 
Phil!ppson reflex was most at medial dccerebration vig~:dity. The Philippson reflex was lowered both inc~sesof 
very strong and weak rigidity I in some exp-erfments it wa~ even inhibited. In c a ~  of flaccid rigidity the tonus 
of the contralateraI extcrisors was iower.7.d b)" gentle flexion of tim limb (100-200 g ) and then eni;anced by 
forced flexion. In easesof strcng rigidity in.hibttion of crossed exterisors was caused only by strong flexion 
(1-2 kg ). The crossed extensor reflex Is variable Just a~ dm reflex of antagonistic muscles during exterocep- 
ti,r stimulation. 
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