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CONCLUSIONS



I. Monkeys were trained to react to an arm perturbation according to an instruction delivered prior to the perturbation. There were two possible instructions (push or pull), and monkeys learned to respond accordingly regardless of the direction (push or pull) of the triggering perturbation. 2. Pyramidal tract neurons (PTNs) in contralateral motor cortex arm area responded to the triggering perturbation with two dissociable components: 2 ) a relatively short-latency (20-25 ms) reflex component which depended on the direction of the perturbation, and 2) a longer latency (40-50 ms) intended component which depended on the prior instruction. 3. Intended PTN discharge could occur in arm area with latencies of 50 ms even following arm perturbations whose initial reflex effects on the PTN were inhibitory. 4. Intended PTN responses triggered by perturbations of the appropriate body part occur at shorter latencies than intended PTN responses triggered by auditory or visual stimuli. These short-latency intended PTN responses may play a role in the short-latency but volitionally controlled limb movements occurring in response to limb perturbations. INTRODUCTION



The preceding report showed that an instruction as to the direction of a forthcoming arm movement leads to anticipatory activity in arm area motor cortex neurons even though overt muscular response is delayed while the subject awaits a triggering sensory input to the arm. The triggering sensory input was a perturbation of a rod grasped in the hand which was to respond, and the present report is concerned with motor cortex responses to this input. Since both input and output involved the same body part, it was anticipated that motor cortex responses to this trigger would show two components: a first component corresponding to the somesthetic Received for publication
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evoked responses known to occur in motor cortex neurons of both cat (4, 24, 34) and monkey (1, 2, 28, 35), and a second component c.orresponding to the discharge known to take place with intended movement occurring either spontaneously or in response to stimuli such as sights or sounds. The first component, dependent on the application of a stimulus to the arm contralateral to the site of motor cortex arm area recording, will be referred to as the reflex component. The second component, dependent on the direction of the intended arm movement triggered by this stimulus, will be referred to as the intended component. A key goal of the design of this experiment was dissociation of the reflex from the intended components of motor activity. It was in this respect that this study in monkeys differed from previous experiments in monkey (10) or in man (13, 14). To achieve this dissociation, either of the two possible instructions (ins-pull and inspush) was followed by either of the two possible directions of perturbation (per-pull and perpush). For example, when a monkey was given an instruction to push (ins-push) in response to a subsequent perturbation of its arm, the perturbing trigger could move the arm in either of two possible directions: either toward the monkey (per-pull) or away from the monkey (per-push). When ins-push was followed by per-pull (a perturbation which stretched triceps and opposed the intended push movment), the segmental reflex response in the stretched triceps muscle was of the same sign (+) as the intended response (+), and there was association of the reflex and intended components of the muscle response. But when ins-push was followed by per-push, a triggering perturbation which shortened triceps and assisted the intended push movement, the segmental reflex response (-) in the shortened triceps muscle was opposite to.the intended response (+): now the segmental reflex response of triceps (to becoming shorter while its antagonist was being stretched) was to become less active, and the triceps discharge which occurred when the monkey carried out 1069
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the intended push movement was in spite of rather than because of segmental inputs. This dissociation of reflex from intended response components by the combination of two sorts of instructions with two sorts of triggering perturbations can be seen in motor cortex as well as in muscle, and it will be the purpose of this report to describe the relations between the reflex and intended components of motor cortex discharge. METHODS



The three monkeys and the methods used in this experiment were the same as those described in the previous report (31). The only information that needs to be added concerning methods pertains to the sequencing of instructions and perturbations. A predetermined pseudorandom order was used to vary the following sets of relations: I) the time (2-5 set) from beginning of hold period to onset of instruction, 2) successive instructions (ins-push or inspull), 3) the time (0.62 s) from instruction to perturbation, 4) successive perturbations (perpush and per-pull). Each instruction was preceded and followed equally often by the opposite or like instruction, Each instruction was preceded and followed equally often by the perpush or per-pull perturbations.
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It is apparent in Fig. 1 that an intended response in the stretched muscle is present or absent depending on the volitional set of the subject, as was shown for man by Hammond (14) and by Hagbarth (13). The new finding illustrated in Fig. 1 is that a relatively short-latency intended response is also present or absent in shortened muscle depending on the volitional set of the subject. Figure 1 shows only a slight effect of volitional set on TJ, but averages of sets of trials commonly reveal a reduction of TJ when the prior instruction has specified a movement involving quiescence of the stretched muscle (12). When examined at the level of single motor units using fine-tipped EMG electrodes, the magnitude of this effect of instruction on TJ was seen to vary for different motor units, and we did not seek to determine the factors which may have been responsible for this variation. This observation of the effect of instruction on TJ confirms the finding of Hagbarth in man (7) that the instruction gives rise to spinal reflex changes, presumably as a result of a “presetting” from supraspinal centers. Such effects on TJ in man have also been seen by Evarts and Granit (11).



PTN activity



The preceding observations on muscle activity pertained to biceps and triceps, two muscles which are reciprocally related to the two moveRESULTS ments that monkeys carried out. Just as the Muscle activity foc.us was on reciprocal muscles in studies of the Figure 1 shows EMG activity recorded from effect of intention on motor responses, so too, bic.eps musc.le in association with each of the analyses of PTN responses were focused on four possible instruction-perturbation combina- PTNs which were reciprocally related to the tions. Of these four combinations, the pairing push-pull movements. Many PTNs (just as of ins-pull with per-push is associated with many arm muscles) are related to push and/or maximum biceps discharge: per-push (which pull-but not reciprocally related. Quantitative stretches biceps) elicits a biceps tendon jerk studies were carried out on 122 PTNs which (TJ) which is followed by the intended biceps showed clear modifications of discharge in asdischarge associated with performance of the sociation with some aspect of the externally intended pull movement. At the opposite ex- driven perturbations and/or the intended movetreme, little if any biceps activity is evoked when ments performed by the monkeys and for which per-pull (which shortens biceps and stretches complete sets of recordings (i.e., at least 25 trials triceps) follows ins-push, which has called for an for each of the four instruction-perturbation intended push movement involving inhibition of combinations) were obtained. The points of mibiceps. In both of these pairings the reflex and croelectrode entrance into the precentral gyrus intended responses of biceps are associated. In for recordings of these 122 PTNs are shown in contrast, pairing of ins-push with the per-push Fig. 2. Activity of each of the 122 PTNs was dissociates the reflex and intended components analyzed in relation to both directions of inof muscle discharge. Now biceps (which are tended movement and each PTN was classified stretched by per-push) show a TJ but no according to whether it showed an increase, a intended response. For the last of the four com- decrease, or no change of discharge frequency. binations (ins-pull followed by per-pull), there is Increases and decreases of activity were idenalso dissociation of reflex and intended c.ompo- tified by means of the response detection procenents: biceps (which are shortened by per- dure described in the previous report (31); the pull) show no TJ but does show an intended category “no change” consisted of units failing response, as called for by ins-pull. to deviate from control values at the required
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MSEC FI G. 1. Biceps E MG with four combinations of instruction and perturbation. When the per-push perturbation (which stretch es biceps) has been preceded by the ins-pull instruction (upper left), biceps EMG shows both a reflex tendon jerk (TJ) and an intended response. The intended response at upper left is fol lowed by a reversal in the direction of handle mo vement, as shown bY the potentiometer trace below the EMG . Downward deflection of this trace indicates handle movement away from the monkey and upward movement indicates movement toward the monkey. For further details see text. level of statistical significance. Of the 122 PTNs, 51 showed an increase of discharge for one direction of intended movement and a decrease of discbarge for the other direction of intended movement and were, therefore, classified as being reciprocally related to intended movement. Most PTNs failing to have such a reciprocal pattern were nevertheless differentially related to execution of push versus pull (e.g., showing an increase of discharge frequency for one direction and no change for the other), but though differential, such PTNs were not classified as reciprocal. The points of entrance of the microelectrode penetrations which picked up these 51 reciprocal PTNs are shown in Fig. 2. In addition to being classified according to the way in which it changed when the monkey performed an intended push or pull movement, each PTN was classified according to its response to each direction of motor-driven perturbation of the arm. PTNs showing an evoked increase of discharge frequency for one direction of perturbation and an evoked decrease of discharge frequency for the other direction were not nearly SO common as PTNs reciprocally related to the two



directions of intended movement: only 25 of the 122 PTNs showed reciprocal responses to the two directions of perturbation. Of these 25 PTNs which were reciprocally responsive to the perturbation, 20 were within the group of 51 PTNs reciprocally related to active movement. Figure 2 shows the points of microelectrode entrance for these 20 PTNs which were reciprocally related to the monkey’s intended movements and also reciprocally responsive to the external displacement of the arm. Within the group of 20 PTNs which were reciprocal both for intended and for perturbation-evoked responses, units which showed increased discharge for a given direction of intended movement almost always showed decreased discharge when the arm was moved in this direction by the action of the tor,que motor. This opposite change for intended versus externally produced movements occurred for 18 of the 20 PTNs. This group of 18 PTNs will be the focus of subsequent analyses in this report. EFFECTS
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5mm



FIG. 2. The black dots in each of circles A, B, and C represent points of microelectrode penetration into the precentral gyrus. Results for the three monkeys were combined. Dots in A show penetrations on which 122 PTNs were recorded. In B are penetrations yielding the 51 PTNs which were reciprocally related to active movement. In C are shown penetrations yielding PTNs which were reciprocally related to active movement and also reciprocally responsive to the perturbation.



change of perturbation-evoked activity in a PTN as a result of a change of the prior instruction. This PTN was reciprocally related to the pushpull movements, becoming active with push and silent with pull. The per-pull perturbation (which moved the handle toward the monkey, opposing the intended push movement in association with which the neuron discharged) excited the PTN at short latency. Though this excitation was evoked by the perturbation regardless of the prior instruction, the magnitude and the duration of the excitation were greater when the perturbation followed ins-push instruction than when it followed the ins-pull instruction. The effect here is analogous to the enhanced triceps TJ when triceps stretch follows ins-push. Comparison of the perturbation-evoked responses of this PTN for the two different instructions (Fig. 3) reveals that the two responses had the same initial onset latency but very different magnitudes and durations. When the prior instruction was ins-pull, the excitation was very brief, terminating after about 10 ms. The time of termination of -the



weaker response was taken as of the time when the weaker response fell below the level of statistical significance which defined response occurrence. Termination times for perturbation-evoked discharge are shown in Table 1, where it is seen that for the group of 18 PTNs, both mean and median termination times were 40 ms. Of these 18 PTNs, 7 discharged with the intended pull movement and the remaining 11 discharged with the intended push movement. INTENDED
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It has been pointed out that the instruction (and therefore the intended movement) determines presence or absence of the second component of muscle response. For example, both directions of perturbation (i.e., per-pull, involving triceps stretch, or per-push, involving triceps shortening) give rise to an intended response in triceps when the prior instruction is ins-push. The intended triceps response occurs at shorter latency, however, if the triggering perturbation is per-pull, involving TORY
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FIG. 3. Raster displays of PTN activity show activity occurring 500 ms before and 500 ms after a perturbation which occurred at the center line of the display. The single heavy dot in each row following the perturbation shows when the handle reached the intended push or pull zone. This PTN was one which discharged with intended push movement and fell silent with intended pull movement. In the raster at the top, the heavy dot marking completion of the push movement is followed by PTN silence as the monkey pulls back into the “hold zone” to initiate a new trial. In the lower raster, the heavy dot occurs during PTN silence as the monkey pushes back to the hold zone to start a new trial. For further details see text.



triceps stretch. An analogous effect occurs at the cortical level and is shown in Fig. 4. In this figure differences in PTN discharge for the two rasters with the ins-push instruction are due to differences in the perturbation which triggers the movement specified by the instruction. Analyses were carried out to determine the onset times for intended PTN discharge occurring in spite of an initial reflex inhibitory effect of the perturbation. The results of these analyses for the group of 18 PTNs (Table 1) provide information as to the latency with which a kinesthetic input which initially suppresses PTN discharge can nevertheless trigger PTN excitation if a movement
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involving activity of the PTN has been called for by the prior instruction. Such activation of PTNs in spite of an initially suppressive effect of the perturbation is presumably dependent on a central program, and the latency of PTN discharge in this situation provides a measure of the delay between a kinesthetic input to the arm and onset of discharge due to a centrally programmed command in the contralateral arm area of the motor cortex. Table 1 shows that this delay has a minimum value of about 50 ms. Figure 5 shows the analogous effect of perturbation direction in triceps muscle, where intended triceps discharge had a latency of 80 ms when triggered by per-push, which shortened triceps and was initially inhibitory in its effect on triceps muscle discharge; intended discharge following triceps stretch occurred 20 ms earlier. Table 1 shows results for 18 of the 20 PTNs which were reciprocally related to intended movement and also reciprocally responsive to the two directions of perturbation. For these 18 PTNs, reflex excitation occurred in response to a perturbation which opposed (i.e., mismatched) the intended movement with which the PTN discharged. Of the 20 PTNs, however, 2 were excited by matching directions of active and passive movement. The response pattern for one of these exceptional cases is shown in Fig. 6. This PTN discharged with intended pull and was also reflexly excited by per-pull. Per-push inhibited this PTN, and intended PTN discharge following this reflex inhibition began at a latency of 50 ms. Thus far, results have ANALYSES. been presented for PTNs which were reciprocal with respect to both intended and reflex responses. However, information as to how PTN activity evoked by a kinesthetic input would differ depending on intended movement could be examined in relation to PTNs which were reciprocally related to intended movement regardless of whether their responses to the two directions of perturbation were reciprocal. Data on the effect of prior instruction on perturbation-evoked activity in this group of “actively” but not “passively” reciprocal PTNs are shown in Table 2. It is apparent that in both groups of PTNs, evoked discharge is either eliminated or cut short following an instruction for an intended movement involving PTN silence. The mean offset time for reflex excitation following the was 40 ms for both “inhibitory’ ’ instruction groups, and the median offset time was 40 ms for the responses in Table 1 and 38 ms for the responses in Table 2. Thus, prior instructions modify perturbation-evoked PTN respouses similarly regardless of whether the PTN is recip-
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responses



Response Onset for Reflex Excitation



Response Termination for Intended Inhibition After Reflex Excitation



Response Onset for Intended Excitation After Reflex Inhibition
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Latency data, in milliseconds, for the group of 18 PTNs referred to in the text. At the left are onset times for reflex discharge when an excitatory perturbation triggered intended PTN discharge; in all cases the association of these two excitatory factors produced intense PTN discharge lasting at least 100 ms. The central column shows response termination times when the same excitatory perturbation triggered intended PTN silence. For this pairing, reflex PTN discharge was either reduced in duration or (in the six units marked with an asterisk) it failed to reach the level which defined response occurrence. Thus, the center column shows the times when intended PTN inhibition terminated PTN discharge which would have persisted at least 100 ms with the excitatory instruction. Units whose reflex responses were abolished (*) by intended inhibition were assigned termination times corresponding to reflex latencies at the left. At the right are onset times for intended PTN discharge when the inhibitory perturbation triggered intended PTN excitation. In three cases (marked with a dash) the intended discharge following an inhibitory perturbation failed to reach the level which defined response occurrence. rocally responsive to the perturbation (Table 1) or only excited by the perturbation (Table 2). The preceding sections of this paper have now considered 29 of the group of 51 PTNs reciprocally related to intended movement. This leaves 22 PTNs which were reciprocally related to intended movement but on which data have not yet been given. Of these 22 PTNs, 5 were reflexly suppressed by both directions of perturbation, 8 suppressed by one direction of perturbation, and for 9 the effect of the perturbation was not sufficient to reach the statistical criterion that defined responsiveness. A final comment will be devoted to the 29 PTNs which were excited by one or both directions of perturbation. For all 29 of these units the direction of perturbation was a critical factor in the initial PTN response. This was obviously bound to be the case for the 20 units which were reciprocally responsive to the two directions of perturbation, but even for the 9 PTNs which were not reciprocally responsive to the perturbation (Table 2), the perturbation-evoked responses differed depending on perturbation di-



rection. Seven of these nine units were excited by one direction of perturbation but not by the other direction. The remaining two units of Table 2 were excited by both directions of perturbation, but even for these two PTNs the magnitude of the excitatory response was different for the two sorts of sensory inputs arising from the two directions of perturbation. This effect of the nature of the sensory input on the perturbation-evoked PTN response is emphasized because it contrasts with the relative lack of specificity of the sensory input in the activity evoked by sensory inputs in nucleus ventralis lateralis (15, 19, 20, 30). DISCUSSION



Arm area PTN discharge associated with a contralateral arm movement triggered by an input to the responding arm has two components: I) a relatively short-latency reflex component which depends on the nature of the input to the arm, and 2) a longer latency component which depends on the movement that the subject intends to perform. The first component of dis-
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FIG. 4. Four raster displays of PTN discharge show activity occurring 500 ms before and 500 ms after a perturbation which occurred at the center line of the display. The single heavy dot in each row following the perturbation shows when the monkey reached the intended push or pull zone. This PTN, like that of Fig. 3, was one which discharged with intended push movement and fell silent with intended pull movement. At upper left, an excitatory perturbation elicits reflex PTN discharge which merges with the intended PTN discharge associated with the intended push movement. In contrast, the display at lower right shows reflex inhibition merging with intended silence associated with the intended pull movement.



charge appears comparable to discharges which a number of previous investigators have described for motor cortex neurons in response to stimulation of cutaneous, muscle, or joint receptors (1, 2, 4, 24, 27, 28, 34, 35). The second component of PTN discharge is related to the nature of the intended output, and would seem to depend on a central program rather than on the nature of the input which triggers this program. When an excitatory perturbation triggers a movement involving quiescence of the PTN, only the first (or reflex) component of discharge occurs. Conversely, when a movement involving discharge of the PTN is triggered by a perturbation which suppresses activity of the PTN, only the second (or intended) component of PTN discharge occurs. Analyses were carried out with the aim of determining whether the changes of pertur-



bation-evoked PTN discharge as a result of prior instruction might be in part responsible for the observed changes of motor response. It was found that the timing of the changes of this perturbation-evoked PTN activity was consistent with the hypothesis that PTN output is one of the factors underlying the differences of the intended motor response. This view is also supported by the work of Marsden, Merton, and Morton (18) and of Stein et al. (29) who have obtained latency measurements compatible with a cortical pathway for this response in man. It is to be emphasized that the evidence consistent with a cortical loop is not evidence against presetting of spinal reflexes. Indeed, the present results indicate that presetting does occur, even with respect to the TJ. What the new evidence does show, however, is that motor cortex PTNs (many of whose axons have monosynaptic ex-
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FIG. 5. Response of the triceps muscle to stretching “pull” perturbations (left) and to unloading “push” perturbations (right). To generate these displays, the EMG was rectified and fed to a Philbrick-Teledyne voltage-to-frequency converter whose output had a peak frequency of 1,000 Hz. Pulse outputs were then used to generate the standard raster displays illustrated above. In displays at the top, the prior instruction was ins-push, while for the lower displays the prior instruction was ins-pull. At the left, the triggering perturbations (per-pull) stretched triceps and evoked reflex muscle excitation, while at the right tke triggering perturbations (per-push) shortened the triceps and elicited reflex muscle inhibition. At the upper right there was no TJ and the intended muscle response had a longer latency than at the left where the triceps was stretched following ins-push. At upper left, intended muscle excitation began at a latency of 60 ms, whereas at the right, where the triceps was shortened following a per-push instruction, the intended response had a latency of 80 ms. Rasters show a l-s period of muscle activity, with 500 ms displayed before the perturbation and 500 ms displayed after the perturbation. The central line marks the time of occurrence of the perturbation delivered by the torque motor.



citatory actions advance of the phase of muscle fore make some



on cx-motoneurons) are active in intended (though short-latency) activity and that they can therecontributions to its occurrence.



PTN discharge in association with active and externally produced movement Conrad et al. (5, 6) were the first to show that a brief external disturbance opposing the movement with which a PTN discharged caused a reflex increase of PTN discharge, whereas a disturbance which assisted the movement caused a decrease. The paradigm employed by Conrad et al. involved a self-paced movement with a brief perturbation superimposed on this movement, whereas in the present experiment the perturbation was a maintained torque step delivered with the arm at rest. In spite of these differences, our results confirm those of Conrad



et al. in showing that a perturbation opposing (i.e., mismatching) a movement with which a PTN discharges enhances this discharge. Conversely, an assisting (i.e., matching) perturbation reduces the PTN discharge. The existence of such a relation in the motor cortex parallels the input-output arrangement of the spinal stretch reflex and is consistent with Phillips’ (25) hypothesis that increased discharge seen in motor cortex PTNs in relation to increased external loads (8, 9) might occur in response to a signal of mismatch between an “intended” and an actual displacement.



Pathways



mediating



reflex PTN discharge



The external perturbations evoking reflex PTN discharge activated cutaneous, joint, and muscle receptors, all within a few milliseconds,



and so the present results provide no clues as to
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FIG. 6. Responses in one of the two exceptional PTNs which were excited by a perturbation that matched the direction of intended movement with which the PTN discharged. For both rasters the intended PTN response is excitation, but at left the trigger is reflexly excitatory while at right the trigger is reflexly inhibitory. Latency of reflex excitation and inhibition is 20 ms. At right, intended excitation occurs at 50 ms. Histogram bin width is 10 ms. The single heavier dot in each row at right of center line marks the delivery of reward when the correct zone is entered.



the modality of somesthetic input which was driving the PTNs in these experiments. Phillips et al. (26) have shown that inputs arising from muscle spindles reach cortical area 3a at least 10 ms in advance of the earliest perturbationevoked responses we have observed in’ PTNs of area 4, but the effectiveness of the linkages between 3a and area 4 PTNs in the monkey remains uncertain (26). In the cat, Murphy et al. (22, 23) found that muscle spindle activation evokes short-latency (11 ms) activity in regions of motor cortex which, on microstimulation, give rise to contraction of the stretched muscle, and they proposed that this input-output system might provide a mechanism for rapid adjustments in cortical output in response to load changes. Numerous connections pass from postcentral to precentral cortex (16) in the monkey, but the hypothesis of a dense three-neuron pathway leading from spindle primaries to motor cortex was ruled out by the finding of Phillips et al. (26) that weak muscle-nerve stimulation never evoked early responses in area 4, whereas such stimuli (which excited spindle afferents) clearly excited neurons in area 3a. Even a four-neuron arc in which information reaches area 4 via 3a was made unlikely by the finding of P. Andersen and C. G. Phillips (cited in ref 26) that



strong microstimulation within area 3a, delivered through the same microelectrode which had picked up discharges evoked by spindle afferent discharge, failed to evoke discharge in the corresponding part of area 4. In seeking to relate the results of Phillips et al. (26) and Wiesendanger (36) to those of the present experiment, it should be noted that Wiesendanger’s finding was that “pure group I volleys were not effective in modulating the firing rate of PT neurones.” But this does not exclude the possible role of group I inputs combined with group II, joint and/or cutaneous inputs. Furthermore, the failure of P. Andersen and C. G. Phillips (cited in ref 26) to discover discharges in area 4 following microstimulation in area 3a merely shows that stimulation of 3a alone is insufficient to activate motor cortex. The possible importance of convergent inputs is emphasized by Wiesendanger (36), who concluded that convergence from different modalities and from different nerves is a characteristic feature for the majority of PTNs. A role for convergent inputs has also been considered by Marsden et al. (17), who proposed that a cortically mediated servo response might be dependent on the interactions of muscle, cutaneous, and joint inputs. In addition, recent work of Tatton et al. (32) indicates that lesions of
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TABLE



E. V. EVARTS 2.



Eatencies of PTN responses



Response Onset for Reflex Excitation



44



34 28 36 32* 42 36 48 46 3t3* 40" 60



34



40



2(b) 26(a) 28 32 32 34 38 38 WJ)



40(b) Median



Response Termination for Intended Inhibition After Reflex Excitation



Latency data, in milliseconds, for the group of nine PTNs that were reciprocally related to intended movement and were excited but not inhibited by the perturbation. At left are shown onset times for reflex excitation. Two units (a and b) were excited by both directions of perturbation, and are shown twice. The remaining seven units were excited by one direction of perturbation, and the other direction of perturbation did not reach the level that defined response occurrence. In the column at the right are shown the response termination times when the excitatory perturbation triggered intended PTN silence. In three cases (marked with an asterisk) the reflex response following an inhibitory instruction failed to reach response criterion level. In the remaining eight cases the reflex responses were greatly shortened. Median termination time was 40 ms for this group, just as for the group shown in Table 1. the postcentral gyrus may eliminate that phase of muscle activity which depends on the motor cortex ‘ ‘ reflex. ’ ’



Intended



component of PTN discharge The preceding section focused on the initial, short-latency reflex component of PTN discharge, the component which depends in large measure on the nature of the kinesthetic input. A second component of PTN discharge depends primarily on the intended movement, and this discharge can occur at latencies of 50 ms even when the initial effect of the perturbing stimulus is to reduce the activity of the PTN. Excitation of PTNs in the course of this intended phase of discharge must involve very different pathways from those involved in the first phase: the second phase of discharge depends on learning and seems to be the manifestation of a central program, while the first phase appears to be automatic and is thus more akin to a reflex. Preliminary experiments reported by Strick (30) indicate that neurons in nucleus ventralis lateralis



AND J. TANJI (VL) have properties consistent with their playing a role in mediating this second phase of PTN discharge: these neurons are related to the intended movement and are relatively independent of the specific features of the sensory input. Further studies of VL would provide valuable information as to the possible role of VL (and possibly cerebellum) in programming the changes of input-output relations which occur as a result of changes of the “set” or “intention” of subjects performing learned movements. A role for the cerebellum in the second phase of PTN discharge is also supported by the results of Meyer-Lohmann et al. (21), in whose experiments the second phase of perturbation-evoked motor cortex response was dissociated from the first by cooling the dentate nucleus of the cerebellum. This cooling did not modify the first phase but did reduce and/or delay the second. In our experiments the second phase of activity was dissociated from the first by an experimental paradigm in which the intended motor response could be varied independently of the perturbation. It would be of interest to determine the effects of dentate cooling on the intended PTN discharge which occurs at short latency in spite of an inhibitory perturbation. This discharge would seem to represent a sign of a “central and the results of both Brooks (3) and program,” Thach (33) imply that a dentate lesion should disrupt this program.



Factors affecting latency of intended responses in PTNs and muscle The intended phase of PTN discharge following an inhibitory perturbation began at 50 ms in the present experiment. The intended phase of PTN silence following a reflexly excitatory perturbation began somewhat earlier, and in some cases the initial PTN reflex failed to reach the level of statistical significance defining responsiveness. Both of these intended PTN responses (inhibitory and excitatory) preceded the intended phase of muscle response, which in the present experiment began at latencies of about 60 ms in muscles which were stretched by the perturbation and at latencies of about 80 ms in muscles which were shortened by the perturbation. This 60-ms latency for the intended response when the perturbation involved muscle stretch is considerably greater than the 35-ms latency for what would seem to be a comparable response observed in this laboratory in an earlier experiment (6). Using a paradigm similar to that of the earlier experiment, Tatton et al. (32) have also observed a stretch-evoked muscle response occurring after the TJ and exhibiting a latency of



REFLEX



AND
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32-35 ms. Two differences between the present experiment and the two earlier experiments (Tatton et al. (32) and Evarts (10)) may account for this latency difference. First, in the present experiment reward was not dependent on the speed with which the monkey moved the handle into the correct zone, whereas in the two prior experiments (10, 32) reward required both a correct and a rapid response. An effect of pressing subjects to respond quickly has also been observed in studies in human subjects (11) using the same paradigm as employed for the monkeys in the present study. In man, the latency of the intended response varies depending on whether subjects are merely told to follow the instruction or are told to follow the instruction as quickly as possible. A second difference relevant to the 60-ms versus 35-ms latency is that in the previous experiments (10, 32) monkeys always opposed the perturbation, whereas in the present experiment opposition occurred only half the time. The above-mentioned experiment of Tatton et al. (32) showed that postcentral gyrus ablation eliminated the 35ms component of stretchevoked muscle discharge, and was consistent with the hypothesis that the initial (reflex) component of motor cortex PTN discharge might be relayed via the postcentral gyrus.



Signljkance



of trigger modality



Intended arm muscle discharge occurs at shorter latency when the trigger is a disturbance of the arm which is to respond than when the trigger is an auditory or a visual stimulus (7). This shorter reaction time is seen even when the initial reflex effect of the kinesthetic trigger is inhibitory. For example, intended muscle dis-
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charge in the present experiment occurred at 80-ms latencies even when the initial effect of the perturbation was inhibitory. If a sound or visual stimulus replaces the arm perturbation in such a paradigm, reaction times are prolonged to at least 120 ms. Comparable observations have been made in man (11) using the same paradigm as the one for the present experiment in monkeys. In studies in human subjects pressed to respond as quickly as possible, intended biceps discharge could be triggered at latencies of 70 ms even by a pertubation which unloaded biceps and was initially inhibitory. In these same human subjects, auditory and visual reaction times exceeded 110 ms, and perturbations of the arm opposite to the one which was to respond also failed to evoke short-latency responses. Thus, the short-latency intended responses depend on triggers delivered to the responding arm. Information as to the receptors which may be involved in mediating this short-latency response in man is provided by observations of Hammond (14) and of Marsden, Merton, and Morton (17). Hammond found that the short- (50 ms) latency responses were not evoked by a tap on the wrist, and Marsden et al. (17) found that the short- (50 ms) latency “servo response” was abolished by blockade of cutaneous and joint inputs from the moving part, even though function of muscle receptors remained unimpaired. Taken together, these studies point to the importance of the combined inputs from a number of different receptors, since muscle afferents alone or cutaneous afferents alone fail to evoke the response. Present address of J. Tanji: Dept. of Physiology, School of Medicine, Hokkaido University, Sapporo 060, Japan.



REFERENCES 1.



ALBE-FESSARD, D. AND LIEBESKIND, J. Origine des messages somatosensitifs activant les cellules du cortex moteur chez le singe. ExptE. Bruin Res.



1: 127-146, 2.



ing voluntary 6.



1966.



ALBE-FESSARD, LAMARRE, Y.



D.,



J.,



LIEBESKIND,



AND



Projection au niveau du cortex somato-moteur du Singe d’afferences provenant des recepteurs musculaires. Compt. Rend. 261:



7.



3891-3894,1965. 3.



V. B. Roles of cerebellum and basal ganglion in initiation and control of movements.



8.



Can. 4.



9.



CONRAD, LOHMANN, BROOKS,



K.,



B., J.,



MATSUNAMI, WIESENDANGER,



K.,



MEYERM., AND



V. B. Cortical load compensation



dur-



B., AND



MEYER-L• BROOKS,



HMANN,



Res. J.,



71: IMAT-



Precentral unit pulse injections into V. B.



activity following torque elbow movements. Brain Res. 94: 219-236, 1975. EVARTS, E. V. Pyramidal tract activity associated with a conditioned hand movement in the monkey. J. Neurophysiol. 29: 1011-1027, E. V. Relation of pyramidal tract activity to force exerted during voluntary movement. EVARTS,



10.



31: 14-27,



1968.



E. V. Activity of pyramidal tract neurons during postural fixation. J. Neurophysiol. 32: EVARTS,



375-385,



325, 1961. 5.



CONRAD, SUNAMI,



J. Neurophysiol.



SLAYMAN,



C. L. Peripheral receptive fields of neurons in the cat’s cerebral cortex. J. Neurophysiol. 24: 302-



1974.



1966.



BROOKS,



J. New-ok Sci. 2: 265-277, 1975. BROOKS, V. B., RUDOMIN, P., AND



elbow movements. Brain



507-514,



1969.



E. V. Motor cortex reflexes associated with learned movement. Science 179: 501-503, EVARTS,



1973.



1080



E. V. EVARTS



EVARTS, E. V. AND GRANIT, R. Relations of reflexes and intended movements. Progr. Brain Res. In press. 12. EVARTS, E. V. AND TANJI, J. Gating of motor cortex reflexes by prior instruction. Brain Res. 479-494, 1974. 13. HAGBARTH, K.-E. EMG studies of stretch reflexes in man. In: Recent Advances in Clinical



AND J. TANJI



11.



Neurophysiology, rophysiol. Suppl.



14.



15. 16.



17. 18.



19.



Electroencephalog.



20.



Electroencephalog.



Clin.



Clin.



Neurophysiol.



25. 26.



Neu-



25, edited by L. Widen. Amsterdam: Elsevier, 1967, p. 74-79. HAMMOND, P. H. The influence of prior instruction to the subject on an apparently involuntary neuro-muscular response. J. Physiol., London 132: 17P-18P, 1956. JOFFROY, A. J. AND LAMARRE, Y. Cell activity in the ventral lateral thalamus of the unanesthetized monkey. Exptl. Neurol. 42: 1-16, 1974. JONES, E. G. AND POWELL, T. P. S. An anatomical study of converging sensory pathways within the cerebral cortex of the monkey. Brain 93: 793-820, 1970. MARSDEN, C. D., MERTON, P. A., AND MORTON, H. B. Servo action in human voluntary movement. Nature 238: 140-143, 1972. MARSDEN, C. D., MERTON, P. A., AND MORTON, H. B. Latency measurements compatible with a cortical pathway for the stretch reflex in man. J. Physiol., London 230: 58P-59P, 1973. MASSION, J., ANGUAT, P., AND ALBE-FESSARD, D. Activities evoquees chez le chat dans la region du nucleus ventralis lateralis par diverses stimulations sensorielles. I. Etude macro-physiologique.



27.



28.



29.



30.



31.



32.



19: 433-



451, 1965. J., ANGUAT, P., AND ALBE-FESSARD, D. Activities evoquees chez le chat dans la region du nucleus ventralis lateralis par diverses stimulations sensorielles . I I. Etude micro-physiologique. MASSION,



Electroencephalog.



Clin.



Neurophysiol.



33.



19: 452-



469, 1965. 21.



HMANN, J., CONRAD, B., MATK., AND BROOKS, V. B. Effects of dentate cooling on precentral unit activity following torque pulse injections into elbow movements. Brain Res. 94: 237-251, 1975. 22. MURPHY, J. T., WONG, Y.-C., AND KWAN, H. C. Control of single forelimb muscles by inputoutput linkages in motor cortex. Ann. Meeting Sot. Neurosci., 4th, 1974, p. 347. 23. MURPHY, J. T., WONG, Y.-c., AND KWAN, H. C. Afferent-efferent linkages in motor cortex for single forelimb muscles. J. Neurophysiol. 38: 990-1014, 1975. 24. OSCARSSON, 0. The proiection of groun I muscle MEYER-L• SUNAMI,



afferents to the cat cerebral cortex. In: Muscular and Motor Control, edited by R. Granit. New York: Wiley, 1966, p. 307-316. PHILLIPS, C. G. Motor apparatus of the baboon’s hand. Proc. Roy. Sot., London, ser. B 173: 141-174, 1969. PHILLIPS, C. G., POWELL, T. P. S., AND WIESENDANGER, M. Projection from low-threshold muscle afferents of hand and forearm to area 3a of baboon’s cortex. J. Physiol., London 217: 419-446, 1971. PORTER, R. Functions of the mammalian cerebral cortex in movement. In: Progress in Neurobiology, vol. 1, edited by G. A. Kerkut and J. W. Phillis. Oxford: Pergamon, 1973, p. l-51. ROSI~N, I. AND ASANUMA, H. Peripheral afferent inputs to the forelimb area of the monkey motor cortex: input-output relations. Exptl. Brain Res. 14: 257-273, 1972. STEIN, R. B., CHARLES, D., DAVIS, L., JHAMANDAS, J., MANNARD, A., AND NICHOLS, T. R. Principles underlying new methods for chronic neural recording. Can. J. Neurol. Sci. 2: 235-244, 1975. STRICK, P. L. Activity of neurons in the ventrolateral nucleus of the thalamus in relation to learned movement in the monkey. Ann. Meeting Sot. Neurosci., 4th, 1974, p. 442. TANJI, J. AND EVARTS, E. V. Anticipatory activity of motor cortex neurons in relation to direction of an intended movement. J. Neurophysiol. 39: 1062-1068, 1976. TATTON, W. G., FORNER, S. D., GERSTEIN, G. L., CHAMBERS, W. W., AND Lru, C. N. The effect of postcentral cortical lesions on motor responses to sudden upper limb displacements in monkeys. Brain Res. 96: 108-113, 1975. THACH, W. T. Timing of activity in cerebellar dentate nucleus and cerebral motor cortex during prompt volitional movement. Brain Res. 88: 233-241, 1975. TOWE, A. L., PATTON, H. D., AND KENNEDY, T. T. Response properties of neurons in the pericruciate cortex of the cat following electrical stimulation of the appendages. Exptl. Neurol. 10: 325-344, 1964. WIESENDANGER, M. The pyramidal tract. Recent investigations on its morphology and function.



Afferents



34,



35.



Ergeb.



Physiol.



Biol.



Chem.



Exptl.



Pharmakol.



61: 73-136, 1969. 36.



M. Input from muscle and cutaneous nerves of the hand and forearm to neurones of the precentral gyrus of baboons and monkeys. J. Physiol., London 228: 203-219,1973. WIESENDANGER,



























des documents recommandant







[image: alt]





Prefrontal Cortex and Pupillary Responses - Neuroergonomics 

Jul 8, 2016 - or 2) with functional Near-InfraRed Spectroscopy (fNIRS) and pupillary meas- ... Prefrontal Cortex Â· Near-Infrared Spectroscopy Â· Pupillometry Â·.










 


[image: alt]





Muscle and Movement Representations in the Primary Motor Cortex 

muscles (17) were active before movement onset in all three ..... control. The monkey initiated a trial by placing the cursor in the target that was located in the center of the screen. After a ... The body part represented at each re- cording site w










 


[image: alt]





Force and the motor cortex - CiteSeerX 

The relation between the activity of cells in the motor cortex and static force has been studied extensively. Most studies have ..... control systems for the control of motor output comes from the ..... matter are integrated by a process of vector su










 


[image: alt]





Accuracy of Motor Responses in Subjects With and ... - Research 

trol and tetraplegic subjects, the above results lead us to conclude that the second .... the following main points on the basis of the statistical analysis of force trajectories by .... target amplitude as independent variables are shown in Table. 5










 


[image: alt]





Energetic and Motor Responses to Increasing 

(1989), force was measured in units of 0.613 x 10"2 N (0.625 g). The computer was ... The food delivery mechanism consisted of a 10 mL glass syringe mounted in a ... were corrected for the prevailing temperature and barometric pressure. (STP). ..... 










 


[image: alt]





Neural Representations of Intended Direction in Three Motor Areas of 

activity were computed on a trial-by-trial basis, using algorithms .... indicated by the results of a X* analysis that are shown in. Table 2. Analysis of log odds ratios ...










 


[image: alt]





Afferent-Efferent Linkages in Motor Cortex for Single ... - Research 

Nov 1, 1974 - tissue to body temperature took 3-5 min after ... glass-coated tungsten .... However, our latency measurements are not ..... center of the transition.










 


[image: alt]





Changes in Motor Cortex Activity During Reaching Movements With 

use of a population vector model, the activity of these cells it at the target for 2 s. The eight ..... The length of each arm in the cross denotes 1 standard deviation of ...










 


[image: alt]





Motor Control by Sensory Cortex - Catherine Wacongne 

Dec 3, 2010 - Neuroscience 163, 430 (2009). 19. ... J. I. Kang, E. Vaucher, PLoS ONE 4, e5995 (2009). 27. ... California Tobacco-Related Disease Research Program (J.M.M.), .... more medial region of motor cortex (M1Protract) .... ICMS evokes widespre










 


[image: alt]





Movement Parameters and Neural Activity in Motor Cortex and Area 5 

area of the motor cortex and area 5 to parameters of evolving arm movements ... (1988) studied the time course of activity of cells the discharge of which ..... in both areas studied (Table 2). This is in ..... EbnerTJ (1993) Neuronal specification o










 


[image: alt]





Response delays and the timing of discrete motor responses - Research 

between successive interresponse intervals is congn'med by data from a Morse key tapping ... greater than zero) is given by: .... (Less than 5% of sequences for.










 


[image: alt]





The motor cortex and the coding of force 

Feb 4, 1992 - The Motor Cortex and the Coding of Force. Apostolos P. ... Medical Center, Minneapolis, MN 55455. A. P. Georgopoulos is .... the common underlying factor for motor ... the question of the representation of force exerted by the ...










 


[image: alt]





Cognitive neurophysiology of the motor cortex 

Medical Center, Minneapolis, MN 55417, and is in the. Departments ... we can decipher the neural coding of num- .... answer this question, we hypothesized that.










 


[image: alt]





Reaction time responses in parkinsonian and 

ease (PD) in the early-middle stage (I,II,III Hoehn. & Yahr) (13) participated in ... ing an Apple IIe personal computer, interfaced with a response-board (60 X 60 ...










 


[image: alt]





One motor cortex, two different views 

was anticipated, because the square-root transformation is ... dealt above with the issue of square-root ... rons in order to stabilize the variance ... causes a ...










 


[image: alt]





Activation of human primary motor cortex during 

magnetic field gradients were obtained simultaneously at 61 recording sites. ... precentral motor cortex, then was quantified by first filtering the signals through ...










 


[image: alt]





One motor cortex, two different views - Motorlab 

dealt above with the issue of square-root transformation because of the more gener- al importance of this transformation for analyzing neuronal spike counts, ...










 


[image: alt]





PREMOTOR AND PARIETAL CORTEX 

Dec 10, 1996 - 5, as has long been known, but also from newly defined areas of posterior parietal cortex, which ..... Gaze signals could play a role in reaching to extrafoveal targets by providing ..... Colby CL, Gattass R, Olson CR, Gross CG.










 


[image: alt]





Changes in the Temporal Pattern of Primary Motor Cortex Activity in a 

creased monotonically in the direction of the target force level. under movement conditions. However, the validity of this. The force exerted against the load in the ...










 


[image: alt]





The Role of Preparation in Tuning Anticipatory and Reflex ... - CiteSeerX 

of motor preparation, yet it has received scant attention (Al- derson et al., 1974; Sharp ... principle, the control of compliance could be achieved by dis- patching ..... accounted for by cross-talk, such as that due to volume conduction of electric










 


[image: alt]





The Role of Preparation in Tuning Anticipatory and Reflex ... - CiteSeerX 

derson et al., 1974; Sharp and Whiting, 1975; Lee, 1980). This task involves ...... Brown. S. H.. and J. D. Cooke (1984) Initial agonist burst duration depends on ...










 


[image: alt]





Eye movements and vestibulo-ocular reflex in the blind - CiteSeerX 

2Universitats-Augenklinik Ltibeck, Ratzeburger Alice 160, D-2400 Ltibeck, Federal Republic ..... jects, those with late acquired visual loss can maintain a stable.










 


[image: alt]





De Weerd (1995) Responses of cells in monkey visual cortex during 

Page 1. Â© 1995 Nature Publishing Group. Page 2. Â© 1995 Nature Publishing Group. Page 3. Â© 1995 Nature Publishing Group. Page 4. Â© 1995 Nature ...










 


[image: alt]





Reflex - Trentini 

Flexibility is the keyword in the Reflex modular sofa programme. The basic idea is relatively simple. A sofa is actually a collection of fauteuils with and.










 














×
Report Reflex and Intended Responses in Motor Cortex





Your name




Email




Reason
-Select Reason-
Pornographic
Defamatory
Illegal/Unlawful
Spam
Other Terms Of Service Violation
File a copyright complaint





Description















Close
Save changes















×
Signe






Email




Mot de passe







 Se souvenir de moi

Vous avez oublié votre mot de passe?




Signe




 Connexion avec Facebook












 

Information

	A propos de nous
	Règles de confidentialité
	TERMES ET CONDITIONS
	AIDE
	DROIT D'AUTEUR
	CONTACT
	Cookie Policy





Droit d'auteur © 2024 P.PDFHALL.COM. Tous droits réservés.








MON COMPTE



	
Ajouter le document

	
de gestion des documents

	
Ajouter le document

	
Signe









BULLETIN



















Follow us

	

Facebook


	

Twitter



















Our partners will collect data and use cookies for ad personalization and measurement. Learn how we and our ad partner Google, collect and use data. Agree & Close



