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Methods

Injecting Instructions Into premotor cortex using intracortical microstimulation

The premotor cortex (PM) receives inputs from parietal cortical areas representing processed visuospatial Trainin to Use Intraco rtical M icrostimulation Instructions i . .
information, translates that information into programs for particular movements, and communicates those programs g Performance usi Nng PM-ICMS Instructions
to the primary motor cortex (M1) for execution. Consistent with this general function, intracortical A B C
microstimulation (ICMS) in PM of sufficient frequency, amplitude, and duration has been shown to evoke complex Table 1. Stimulation Parameters Q Success Rates (%) Reaction Time (ms) Movement Time (ms)
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between the arbitrary stimulation locations and particular movements. Low-amplitude ICMS at different PM Number of Electrodes 3 A_6 g 2 | | _ 800 240} ¢
locations thus evokes distinguishable experiences that can become associated with specific movements arbitrarily, O : | 6ot _ ' ' 220t ¢
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Experimental Setup umber of Electrodes 3 35 Figure 5: Monkeys first used LED instructions (sessions i ' 300r ¢ ? I
Periodic Frequencies 50, 75, 125, 200 Hz 75, 100, 150, 225 Hz orior to 0). ICMS instructions then were delivered 0 ,6@ 5 <o 200 b@ S, < 120 ,6@ S, <
We trained two rhesus macaques (L, X) to perform a reach, grasp, manipulate task. Monkeys were instructed to: o concurrently (black line, time 0). Gradually, LED intensity 2 /O@ yO@ O VO@ \,O@ O ‘/O@ ‘/O@ O
* Turn asphere — Amplitudes 20— 25 uA 25~ 55 HA was dimmed (dotted line). LED instructions ultimately & ) S ) § )

 Push a button
 Pull a coaxial cylinder
 Pull a perpendicular cylinder

removed (dashed line). Monkeys progressively learned to
use the ICMS instructions as success rate improved. Figure 8:Success rates, reaction times, and movement times were generally similar using PM-ICMS, S1-ICMS, or LED instructions.
A) Both monkeys achieved higher success rates with either PM-ICMS or LED instructions than with S1-ICMS instructions (p <
0.0001, X?tests, Bonferroni post-hoc tests)

Results B) Both monkeys also reacted faster to PM-ICMS than to S1-ICMS or LED instructions (p < 0.0001, Kruskal-Wallis tests, Tukey post-
hoc tests)

Training results for both monkeys C) Monkey L moved faster with PM-ICMS instructions than with either S1-ICMS or LED instructions; Monkey X moved fastest with
S1-ICMS instructions (p < 0.0001, Kruskal-Wallis tests, Tukey post-hoc tests).

PM-ICMS: Instructions delivered in premotor cortex
S1-1ICMS: Instructions delivered in primary somatosensory cortex

Figure 1. Monkeys had learned to use instructions delivered using (A) blue LEDs to perform the task. We Monkey L Monkey X
then trained each monkey to use (B) intracortical microstimulation (ICMS) to perform the same movements. A S1-ICMS B PM-ICMS C PM-ICMS D s1-IcMS
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Figure 2. Breakdown of the trial epochs during the reach, grasp, manipulate task. Session Number Session Number Session Number Session Number
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five trials shown in the raster display. Trials have been aligned at the instruction onset (Time=0, black squares . :
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in the raster trials). Movement onset (black circle) and target object contact (black triangle) also depicted. rain Duration contact to ms 0 .




