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The primary motor (M1) and primary somatosensory (S1) cortices show a
somatotopic representation, which is a one-to-one correspondence of each body part to
a small region of these cortices. The M1 is located in the pre-central gyrus including
the anterior bank of the central sulcus (CS), while the S1 is located in the post-central
gyrus. The hindlimb, body trunk, forelimb, and orofacial regions are represented
mediolaterally in the M1 and S1 along the CS. The supplementary motor area (SMA),
which is located in the mesial side of the hemisphere, is also somatotopically organized.
The aim of this study is to investigate how such somatotopy is affected when the
subjects lose their body parts.

There are several reports on reorganization of the M1 of monkeys after
accidental amputation of their upper limbs. A previous physiological study showed a
little reorganization of the somatotopic arrangement of the M1 in an adult macaque long
after the accidental amputation of the upper limb below the humeral head. An acute long
experiment was done under general anesthesia. The thresholds of the electrical intra-
cortical micro-stimulation (ICMS) to evoke movements of the stump and shoulder in
the affected cortical side were higher than those to evoke movements of forelimb digits
in the healthy cortical side. In this acute long experiment under general anesthesia, the
authors concluded that the shoulder region seemed to be expanded a little. Another
experiment was done chronically under light anesthesia. ICMS thresholds to evoked
movements in the M1 in the affected side were higher than those in normal monkeys.

The authors of this chronically experiment under light anesthesia also mentioned that



the remained arm region in the affected side was smaller than the intact arm region in
the healthy side, and that these high intensity currents could activate large cortical
regions representing proximal body parts and lead to a vague somatotopic map.
Therefore, I decided to perform cortical mapping using chronic set-ups under awake
state without any anesthesia in order to obtain fine and more accurate somatotopic map
of the MI.S1, and SMA.

I trained two female Japanese monkeys (Macaca fuscata), who lost their left
distal forelimbs below the elbows, to sit quietly in a monkey chair. After they were
accustomed, under general anesthesia, they underwent surgery to fix two PEEK tubes
on the skull for head fixation. Craniotomy were done over the M1/S1 of both sides and
SMA, and 3 rectangle plastic chambers were fixed on the skull with acrylic resin. ICMS
mappings were started after a few days of a recovery period. Evoked body part
movements by ICMS, threshold currents, and somatosensory responses to body parts
were recorded in wide areas of the M1, S1, and SMA including hindlimb, forelimb, and
orofacial regions under awake state.

This precise ICMS electrophysiological mapping revealed that there was
shrinkage of the distal forelimb region in the M1 in the affected side that required less
than 10 pA. In the SMA, the stump region was lost or shrunk in the affected side. The
mean threshold to evoke distal forelimb movements in the healthy side and that to evoke
stump movements in the affected side were comparable in the M1 and SMA. On the
other hand, only a little shrinkage of the S1 distal forelimb region was detected. General
arrangement of somatotopy, such as hindlimb, trunk, forelimb and orofacial, was
preserved in the M1, S1, and SMA.

In this study, chronic recording in the awake monkeys enabled us to obtain
precise somatotopic mappings with lower thresholds than previous studies. The stump
region previously representing the distal forelimb in the M1 and SMA shrank, while

that in the S1 was rather preserved. The reorganization in the M1 and SMA may occur



when they lost the body part to control, while the S1 may remain because somatosensory

inputs from stumps still exist.
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