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Lateral hemisection of the spinal cord in car& dogs, and monkeys causes extensive and profound disturbances 
of function, notably of standing and walking. Investigations of the late sequelae of this type of spinal cord inju D, 
showed that the disturbed locomotor and static functions are gradually and completely compensated [1, 5, 7-14], 

Various authors [10.-12, 14] have attempted to elicit limb movements on the side of the hemisection by etee* 
trical stimulation of the motor area of the cortex of the opposite hemisphere. Only Mott and Schaefer, in their ex- 
perimenu~ on monkeys, were able to observe weak movements of the p~eviously affected limb, and all other investi- 
gators have failed to elicit limb movements on the side of the hemisection. Hence, on the  one hand, after hemisec- 
tion of the spinal cord the static and locomotor func~iohs are p~actically fully restored, while on the other hand, 
electrical stimulation of ~ e  cortical motor po:nts in the same animals does not cause movements of the affected 
limb. 

This contradictory situation has not hitherto been analyzed experimentally. The reason for this state of affairs 
is probably that experiments involving stimulation of the cermet performed by the authors cited above Were acute in 
nature and were carried out under general anesthesia, We have investigated the effecL~ of elecuical  stimulation of 
the motor poinu of the cerebral c~ tex  in dogs afoot Iateral hemiseetioa of the spinal cord in chronic experimental 
conditions without anesthesia. 

E X P E R I M E N T A L  M E T H O D  

Experiments involving stimulation of ~he cortex were conducted on six adult dogs over a long period of t ime 
before and after hemisection of the ~pinat cord, To stimulate the cerebral cortex silve~ surface elec~odes, 1 mm in 
diameter, were imp!anted t1~ough bu~ holes in r&e skull above the moto~ area of representation of the forelimb; the 
electrodes were in co.~Zact with the dura but did not injure it. 

A rectangular p~se  c~rent  from a type G!Y stimulator was used: duration of pulse 0,2 millisec, frequency 
60-80 cps, duration of st:m~!atDn 1-2 see, intervals between pe~ic,&~ of stimulation from 1 to 4 'rata and more. The 
test to determine the animal's reactlon to ~timulation of the co~e~po~ding ccrticat motor poinu wa~ flexior~ of uhe 
contralat~tal forelimb at the etbc~, 

When t ,5-2  week~ had elap~.ed after implantation-of the elec~cde~, the stren~h of s t~ula t ion  causing ~b.~e~h- 
old, m ~ e r a t e ,  and ma• flexion of the forelimb wa~ measured, D~ing the, experimeat~ the dog~ were attached 
to a special stand ~,d:ich m.aintainad uhe limbs in d::e nor:nat po~i.~ioa af:er hemisection o~fi~,e ~pinat cord at a p~riod 
when the dogs could no: s~a:d u;~z:ded, The movements of tk~e 5?~elimb~ >,e~e :ecc::~ed by reearn of rheostat d e : e ~  
tcr~ (for me'd~:od, ~ee M, Ya, C~::~a~,sv [8]) on ~ .:aide of a ryTe >:70-2 1c~:::~ ~eil:cg,:aph,. ~,o~h :mpia,~{at:~n c,~ :he 
ele, c:a'ode~ and he:i:ecv:e:: of t::,e. ,:~:~.::1 c:,~ We.:'r ::,~::~:med u::<::~r gee ::~::~1 :::e~:hezia with ms=icl:::e :::: thi%:~:::~:, 

h:r~i:ec:::::: :,,~::: ~e. c: :.it>: ::Tee>>i :!::~ ~p:sc~::e he:iv~:y, 

1231 



E X P E R I M E N T A L  R E S U L T S  

For approximately 3 weeks afte~ lateral  hemisect ion of the spinal cord, st imulation of the cortical motor points 
caused no movements o f  the affected l imb.  No movements  appeared even when the stimuli were 2-3 times as strong 

as those producing maximal  flexion before the operation. In the two younger dogs, however, approximately 1.5 weeks 
after hcmiseetion, isoIated feeble movements of  Lhe affected l imb were seen. In the other dogs similar movements 

were seen at a later stage, when the dogs had ~eg~n to stand and tried to walk on three limbs (avoiding using the 
forelimb on the side of the hemisection),  while only companion movement~ were observed in the affected limb. The 

first clear flexions of the affected l imb could be el ic i ted in the dogs 2-3 days before the time when the l imb began 
to participate actively in standing and walking. As a rule this was observed at the end of the 3rd-4th week after 

hemisection of the spinal cord. Usually the f k ~  Inotor reactions were elicited only by powerful s t imulat ion of the 
cortex; as the disturbed functions of standing ~ walking were restored in the affected l imb.  with each ~vccessive 
day movements could be produced by progres~vety weaker s t imuli  (Fig. 1). 

The character of the movement  e l ic i ted m ~ e  affected l imb was not always one of flexion alone. Frequently 
extension was observed at first, followed by f l ex~n .  However. a motor response of the affected l imb of this n a t ~ e  

was produced only befoze the maximal  level o f  resin,ration of the ftmctior~ of standing and walking had been attained, 
Le. ,  approximately before the 45th-50th day a ~  hemiseetion of the spinal cord. Furthermore, stimulation of the 
cortical motor points corresponding to the con~alatera l  affected l imb sometimes ted to movement  of the homo!ateraI 

(healthy) l imb,  and only ~ e n  did the affected ILmb begin to move. This complex bilateral response was observed 

also during the period of recovery of the disturbed functions of the affected l imb.  Movements of the healthy l imb 
could be el ici ted on the 2nd day after h e m i s e ~ o n ;  a very sligh~ and transient incxease in the duration of the l~tent 
period of the el ic i ted movement  was noted, and in some dog~ it was necessary to increase the strength of cortical 

s t imulat ion slightly to obtain the movement ,  I~ most dogs the healrshy l imb reacted just as before the operation 
after a period of 3-4 days (Fig. 2). 

Prolonged observations on the exper imental  ~nimals revealed ~ certain degree of constancy in the character 
of the motor reactions of the affected limb. to ~ in :u la t ion  of the cortical motor points of the eontra!ater~l hemisphere, 
Maximal flexion of the affected l imb could be obtained regularly with ~timulation of almost the same strength as that 
used before hemisection. However, it was diffieMt to el ici t  a smoo~,h gradation of movements - threshold, moder~.e, 

and maximal  flexion. During walking, the affec,ed l imb appeared to be functioning perfectly, whereas during elec- 
trical stimulation of the cortex its movements ~:ere a lwaysmuch smaller in ampli tude than before hemisection, 

As the disturbed functions of standing and watking were restored~ the s.rrength of stimulation of the cortical 

motor points required to el ic i t  movemen~ of the healthy l imb gradually diminished (for example, in the dog Damka, 

from "/.5 to 5.3 V, in Pastila from 15.5 to 13 V. and in Smixnyi from 18 to !5 V). The latent period of the clio{ted 

movements of the affected l imb was much l o n g ~  than before the opera~ion, and al~o much longer than the latent 
period Of the motor reaction of the healthy l imb  (see Figs. i and 2). Hence, in chronic experimental  conditions in 
dogs, l imb movemems may be observed in .e . . . .  ~,. to electrical  stimulation of Lhe corresponding points of ~.he motor 

area of the cortex after lateral hemiseetion of ~ e  ~pinal cord, 

The discrepancy between these result~ a~.d ~5o~e.obtained by the workers cited above [10-!2,  !4] can possibly 

be explained by the fact that they carried out aenze experimen~.s in which, as ~, A. Asratyan suggest% it is difficuI~ 
or even impossible to reveat the conditioned ccznections,  so deUcate and so v~!nerable to modifying influence~ 
lying at the basis of development, of compensa:cry adaptation.s, 

Restoration of the disturbed functions of z~:~di~g and wa!Mng eviden~ly take~ place as a result of the form~do~ 

of conditioned connect~o~.~; under these c~cun:.~:.::.:ces the coiiater~l pathways (innervating the affected limb) be~ 

come functionally more p~fecz ~nde~ ~he i ~ e c c e  of-~}ining, 
It remains to be explained wh T ~he rnoveoc<:::~; of the a.ffecte~ H~b ec::~ed by t t ~ m n l ~ n  were only abou~ 

half  the ampi~tt~de o~ ~L'~ce pr before ?:~_.?'!::~eCcc~, ~ ' h e z ~  d~;5~g wali<{~ the r ~ g ~  of movement:  o5 the ~f~ 
footed 1!rob wa; F:~'~. ;~:~,: ,.: ~h~ of the he; i :? ; ,  i2:.~i'~, 

R.::x:c, czd~n .:~* d . . . . .  "~-~A ~ .... ~ . . . . . . .  r.:~ :2, by .... 

hern'_:,Le:~, .;;-~ :,:ccc51y, L, means of ,5:r.~c~ :. ~,,,.'27~ 5z:n the ec ; 'v  ~:~<~-::c-.?i hem~,s?Le~e [9]. 

' , ...... ,, ,-,-* re,~r, csr;-~icn, c;. ' "~"''. '~ Of rh~" aef~ ~ ,~ ; ~'-'~ " i" ~ .:.3:,..r,~ ~ . . .  ;... . . . .  th,e .. . . . . . . . . . . .  , . . . . . . . . .  ~; ~,: a.fter h.er.~;!.:~:~.,.'o~? ~":-e: o}22e ~ ,~ 
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Fig. 1, Tracing of movements of the forelimbs of the 
dog Trasishka before (a) and 4 days (b), 19 days (c), 
and 81 days (d) after hemiseer~on of the spinal cord 
on the left side at the level C_~-C_~. Significance of 
the curves (from above dov,-n): movement of the 
healthy limb; movement of the affected limb; marker 
of cortical stimulation; time mazker (1 see). 

Fig. 2. Tracing of movemenu of the forelimbs of 
the dog Smixnyi befcee (a) and 4 days (b) and 39 
days (c) after hem~e.4ztion of the spinal cord on the 
left side at the level C~-C~. A) Movement of the 
left limb; 13) movement of the right limb. 

that a full range of movement of the limb may result. In the conditions of electrical stimulation of the cortex, 
however, the limb movements are brought about by ~e  activity of the stimulated hemisphere only (in Our case, by 
means of the direct pyramidal tracts of the contralaIeral hemisphere). Hence, the amplitude of the limb movements 
in response to elec~zical stimulation of the cortex is o:nly half the amplitude observed in norural conditions. Hence, 
the explanaLioa of this phenomenon wMch we submit is that in natural conditions the movements of the affected 
limb are activated by both hemispheres, and during stimula tioa of the cortex - by the stimulated hemisphere only. 

S U M M A R Y  

The effec~ of electric stLmulation of the motor points of the cortex were studied in dogs following lateral hemi- 
section of the spinal cord at the level of 2nd~Srd cervical segments. Ct~onic experiments were staged on 6 adult 
dog~ without anesth~la. Superficial shyer elec~odes were implanted into trephined openings in the cranium over 
�9 nhe motor area of tke cor~:iea! representation o f  the fore limbs; *.hk~ wa~ done for stimulation of the motor points of 
the cortex, Stimulate.on of the cortex was first ca~[ed out prior to hemisectioa of the spinal cord, then 1-5 months 
later. For the fkst time h was shown that after the ~pinal co~d hemi~ect~on it ~as possible to provoke movement in 
the affected ex~emi'~y by s~imulation of ~he ~rre~pondh~g motor pofi'~ts in the cerebral cortex, Such movement may 
be induced abouT..~-,4 weeks after spinal cord hemisection, Le., 2 to 3 days before the extremity begins actively to 
partteipa'te in s~andi~g a-~d ~valMng. 
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