
REPRESENTATION O F  IPSILATERAL- 
EXTREMITIES I N  T H E  CERE- 

BRAL CORTEX1 

THE problem of the innervation of the extreliiities 
by the ipsilateral cerebral hemisphere has long been 
a very controversial subject. Recently, in the course 
of a series of experiments in  which the cerebral cor- 
tex was stiliiulated electrically, movement was fre-

the spinal cord. The elicitation of the ipsilateral 
response after removal of Sreas  4 and 6, the niain 
cortical motor projection system, of the opposite 
hemisphere and after section of the corpus callosum 
demonstrated that the response was not dependent 
upon the contralateral half of the encephalon. 

The use of any of the barbiturie acid derivatives 
as  anesthetic agent or of deep ether anesthesia pre- 

quently elicited in  the ipsilateral e x t r e m i t i e ~ . ~ , ~vented the elicitation of the ipsilateral response. All 
Monkeys, Macacffi ~rbzdaltu, were largely used f o r  the 
present study, although ipsilateral responses were 
also obtained in a few baboons, Papio  pccpio, and 
chimpanzees, P U I L  scc2y~t~s. The "ipsilateral area7' 
was sharply localized in the cerebral cortex. I t  occu- 
pied an area 3 4  mni in diameter about a point in 
the middle of the superior lip of the superior pre- 
central suleus. The center of this area was invariably 
the most excitable and on microscopical examination 
was always found to lie in  the premotor cortex (Area 
G of Brodmann).* The entire excitable area, how-
eve?, although lying largely in Area 6, extended 
slightly into the anterior par t  of the true motor 
cortex (Area 4). The threshold of this area f o r  
ipsilateral responses was always somewhat higher 
than the threshold of the true motor cortex or of the 
premotor cortex for  contralateral responses. The 
responses elicited in the ipsilateral lower extremity 
usnally consisted of extension a t  all joints although 
occasionally flexion, rotation, etc., occurred. Re-
sponses in  the ipsilateral upper extremity were 
usually flexor in type and were much less frequenbly 
observed and more difficult to  elicit than those in the 
lower extremity. Movement of the upper extremity, 
when seen, was most cominonly obtained from just 
below the superior precentral sulcus. 

I n  animals with intact spinal cords the ipsilateral 
responses were almost invariably associated with 
movements in the contralateral extremities of the 
opposite type, i.e., extension of the ipsilateral lower 
extremity was associated with flexion of the contra- 
lateral. However, section of the contralateral half 
of the spinal cord in the mid-dorsal region abolisheil 
the response in the contralateral lower extremity 
without affecting that in the ipsilateral. This demon- 
strated not only that the two are independent phe- 
nomena but that the conducting pathway for  the 
ipsilateral response occupies the ipsilateral half of 
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experiments were, therefore, conducted under very 
light ether anesthesia. 

Isolation of the "ipsilateral area" from the "leg 
area" of the true motor cortex lying just posterior 
to it, by an incision of the cortex, extirpation of the 
''leg" area or the application of novocaine to the "leg 
avea," greatly enhanced thc ipsilateral response. This 
was in accord with some~vhat similar experiments of 
Dusser de Barenne and M a r ~ h a l l . ~  

Ablation experiments were in  agreement ~v i th  the 
results of stimulation. A remaining motor or pre-
motor area in one hemisphere only is capable of 
integrating movement in the ipsilateral as well as  the 
contralateral extremitier;, whereas a n  animal with 
the motor and premotor areas removed from both 
hemispheres is completely incapacitated. 

Clinical experience in human cases supports the 
findings in the monkey. FoersterG elicited movement 
in the ipsilateral thigh by electrical stili i~~lation of the 
premotor area of the human cerebral cortex, whereas 
a patient from whom Gardner7 had removed the 
greater par t  of one cerebral hemisphere, including 
,all of the motor and prenlotor areas, had sufficient 
use of the extremity contralateral to the extirpation 
to be able to walk wibh a cane. 

The conclusions from these facts are that the motor 
and premotor areas of the cerebral cortex of primates 
are capable of integrating movement in  the ipsilateral 
exlremities and that in monkeys the area most excit- 
able, electrically, fo r  ipsilateral responses lies about 
the superior precentl.al sulcus in  the premotor cortex. 
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