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Abstract

The brain is a plastic organ with a capability to reorganize in response to behavior and/or injury. 

Following injury to the motor cortex or emergent corticospinal pathways, recovery of function 

depends on the capacity of surviving anatomical resources to recover and repair in response to 

task-specific training. One such area implicated in poststroke reorganization to promote recovery 

of upper extremity recovery is the premotor cortex (PMC). This study reviews the role of distinct 

subdivisions of PMC: dorsal (PMd) and ventral (PMv) premotor cortices as critical anatomical and 

physiological nodes within the neural networks for the control and learning of goal-oriented reach 

and grasp actions in healthy individuals and individuals with stroke. Based on evidence emerging 

from studies of intrinsic and extrinsic connectivity, transcranial magnetic stimulation, functional 

neuroimaging, and experimental studies in animals and humans, the authors propose 2 distinct 

patterns of reorganization that differentially engage ipsilesional and contralesional PMC. Research 

directions that may offer further insights into the role of PMC in motor control, learning, and 

poststroke recovery are also proposed. This research may facilitate neuroplasticity for maximal 

recovery of function following brain injury.
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Seemingly effortless goal-directed actions are a final product of complex interactions 

between multiple sensory, cognitive, and motor areas of the central nervous system. Brain 

imaging during purposeful actions suggests a functional gradient of cognitive–motor 

function within the frontal brain regions. The primary motor cortex (M1) is a source of 
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motor commands, whereas the more anterior frontal areas are involved in higher level 

cognitive aspects of motor control such as decision making, movement selection, and 

planning. One area critical to motor control and learning of goal-oriented actions is the 

premotor cortex (PMC). The PMC encompasses the anterior lip of the precentral gyrus, the 

posterior portion of the middle frontal gyrus, and superior frontal gyrus on the superolateral 

surface of the brain, corresponding to part of Brodmann’s cytoarchitectonic area (BA) 6. 

PMC is anatomically positioned between the dorsolateral prefrontal cortex (DLPFC) 

anteriorly and M1 posteriorly. Functionally, this position within the motor hierarchy allows 

the PMC to receive direct inputs from the DLPFC and posterior parietal cortex, process this 

information, and project the output to M1 for movement execution (Figure 1). This 

functional specialization within the frontal brain areas is plastic such that these brain regions 

show reorganization with learning, brain injury, and recovery from brain injury. For 

example, because of its close proximity and similarities in function, PMC is thought to play 

a significant role in reorganization following injury to M1.
1
 The new maps created by 

reorganization may form neural substrates critical for functional recovery following injury to 

M1.
2

We examine the role of PMC as a critical node in the neural networks that implement control 

and learning of goal-oriented actions in healthy individuals and individuals with brain 

damage to identify future directions for research that can be harnessed to design innovative 

approaches for enhancing recovery of function following stroke.

Premotor Cortex: Anatomical and Physiological Considerations

The areal boundaries dividing dorsal (PMd) and ventral (PMv) premotor cortices, as well as 

separating them from surrounding regions, have historically been defined with a rather high 

degree of variability.
3
 More recent parcellation attempts, which have used a multimodal 

approach combining data obtained from complimentary cytoarchitectonic, histochemical, 

receptor autoradiographic, immunohistochemical, and axonal fiber tracing techniques, have 

helped resolve these discrepancies.
4
 This section briefly outlines the differences in intrinsic 

anatomical organization and extrinsic connectivity patterns between PMd and PMv.

PMd and PMv both can be further subdivided into caudal and rostral parts. The caudal 

portions of PMd (PMd-C; putatively, area F2 in the macaque brain) and PMv (PMv-C; area 

F4) are poorly laminated with scattered giant pyramidal cells. These cells are primarily 

located closer to the border with M1, with overall density being higher in PMd-C relative to 

PMv-C. The rostral portions of PMd (PMd-R; area F7) and PMv (PMv-R; area F5) are both 

clearly laminated with respect to their caudal counterparts, and each possesses a prominent 

layer V. PMd is thought to possess a functional gradient along this rostral–caudal axis. The 

rostral part (PMd-R) is more engaged in cognitive aspects of motor control; whereas the 

caudal portion (PMd-C) controls actual movement.
5,6

In addition to the distinct cytoarchitecture, PMd and PMv also differ in their extrinsic 

connectivity with other cortical and subcortical structures.
7–10

 The PMv is densely 

interconnected with the hand area of the M1, Supplementary motor area (SMA), the frontal 

area immediately rostral to the PMv, the ventral portion of BA46, orbitoprefrontal areas 12m 
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and 13l, somatosensory cortex (BAs 3a, 1, 2), area 7b, the anterior intraparietal area (AIP), 

and parieto-occipital areas. These connections make PMv an important node in the circuit 

that is critical for sensorimotor processing of grasping. In contrast, PMd-R is densely 

interconnected with the dorsal aspect of BA46 and the lateral intraparietal area (LIP). PMd-

C is interconnected with M1, SMA, the cingulate gyrus, area 5, and the medial intraparietal 

area (MIP). Differences in the organization of corticospinal projections originating from 

PMd and PMv have also been observed.
11

 First, projections from both regions terminate 

primarily in the intermediate zone of cervical segments of the spinal cord where they 

synapse directly onto propriospinal neurons.
12

 This is in stark contrast to the 

corticomotoneuronal cells located in a caudal subregion of M1 that synapse directly onto 

alpha motoneurons, providing direct cortical control of muscle activation.
13

 PMd projections 

are much more numerous than PMv, and pyramidal cells located in both proximal and distal 

“arm” representations terminate in upper and lower cervical segments, respectively. In 

contrast, PMv corticospinal projections only originate from “hand” representations, and 

counterintuitively terminate within upper, as opposed to lower, cervical segments. Instead of 

innervating distal arm and hand muscles, the alpha motor neurons within these upper 

segments innervate neck and shoulder girdle muscles. Thus, corticospinal projections from 

PMv may play an important role in spinal circuits that orient the head during prehension 

behavior. Combined, these differences in intrinsic organization and extrinsic connectivity 

between PMd and PMv reflect their unique functional role in motor control and learning.

Role of PMd and PMv in Motor Control

Accurate performance of a goal-oriented action requires integration of visual and 

somatosensory information into appropriate motor commands. For example, reaching to 

grasp a coffee cup on the table requires the information about the location of both the cup 

and hand in space; their relative location to each other; the size, mass of the cup, and even 

the temperature of the coffee.
14

 With this information being relayed by multiple sensory 

systems, the frontal brain networks plan and generate appropriate motor commands. PMC 

forms an important node within this neural network. In this section, we discuss the specific 

role of PMd and PMv in control of goal-oriented actions.

PMd Plays a Role in Goal-Directed Reach Actions

PMd receives integrated visual and somatosensory information from MIP that is used to plan 

forthcoming arm movement trajectories. Single cell recordings have demonstrated that PMd 

neurons encode the relative position of the target, hand, and eye in preparation for goal-

oriented reach actions.
15

 Once a forthcoming movement has been instructed, PMd neurons 

were active during the preparatory phase as well as during online control of reaching 

movements.
16–18

 Perturbing human PMd activity using transcranial magnetic stimulation 

(TMS) increased reaction times, further supporting its critical role in motor planning.
19,20 

The activity of the PMd neurons during the preparatory phase is thought to reflect 2 main 

roles: (a) integration of sensory information into motor commands and (b) specification of 

movement parameters such as amplitude, direction, and speed of movement.
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PMd Is Engaged in Action Selection

TMS applied over PMd slows responses to a choice-reaction time task only when applied 

early during the reaction time (approximately 100–140 ms after the “go” signal). This is in 

contrast to M1 stimulation that delays the response only if applied approximately 200 ms 

after the “go” cue. These time-specific effects of PMd and M1 stimulation reflect the distinct 

roles of the 2 areas: PMd is involved in movement selection, whereas M1 is involved in 

movement execution.
20

 Temporary downregulation of PMd with rTMS selectively impaired 

the learned ability to select a motor response to an arbitrary sensory (visual or auditory) 

cue.
19,21,22

 This suggests that PMd is engaged in selection of movement responses based on 

previously learned arbitrary associations between cues and responses (eg, go when green, 

stop when red).
21

 This is likely why patients who have PMD lesions demonstrate deficits in 

planning and learning of goal-oriented movements as well as anticipatory postural 

responses.
23–25

PMv Forms an Important Part of the “Grasping Network”

PMv is a critical part of the neural network that controls the hand movements for prehension 

and manipulation of objects. To grasp an object, we preshape our hand to match the structure 

of the object such that the fingers are positioned around the center of mass of the object. 

This preshaping of hand occurs early during the reach and relies on feed-forward control 

mechanisms that transform the visual information of object properties into motor commands 

of hand muscles. This visuomotor transformation for grasping relies on a neural network 

that engages the PMv. Transient inactivation of PMv-R in macaque monkeys (functionally 

homologous area to human PMv) markedly impaired hand preshaping preceding a grasp 

leading to an inappropriate hand positioning over the object.
26

 Similarly, a virtual lesion in 

human PMv using rTMS altered the correct positioning of the fingers on the object as 

humans reached to grasp it,
27

 suggesting that visuomotor transformation required for an 

accurate preshaping of hand to objects of different shapes and sizes relies on PMv.
28,29

 In 

addition to feed-forward control, PMv also modulates its influence over M1 to update motor 

strategies during grasping to accommodate for sudden changes in object properties.
30

In addition to effective grasping, manipulation of objects also requires accurate scaling of 

forces in both a predictive and a reactive manner. As we handle objects in daily life, our 

nervous system establishes object-specific internal models that are based on the mass, shape, 

and frictional characteristics of the object. This internal model acquired with experience 

allows scaling of grip forces in a predictive manner depending on object properties. Single 

pulse TMS perturbation applied over PMv at the time of peak grasp aperture during a reach-

to-grasp task disrupted the predictive scaling of the grip force based on the internal model 

from previous experience with the object.
31

 These findings provide support for the notion 

that PMv is involved in processing object properties relevant for grasping, and relays the 

information to M1 for generation of motor command for predictive scaling of precision grip 

during object lift.

PMv and Cognitive Aspects of Motor Control

PMv is also thought to be involved in cognitive aspects of goal-oriented actions. PMv is an 

integral part of the mirror neuron system: a frontoparietal network that is active when we 
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perform an action and also when we observe a similar action being performed by others.
32 

This dual activation of PMv mirror neurons during action execution and action observation 

suggests that these neurons may encode a more abstract representation of motor actions such 

as understanding the intentions of other’s actions.
33

 A detailed account of the properties of 

mirror neurons in PMv is beyond the scope of this review,
32,34

 but research suggests that the 

mirror neurons in the PMv encode higher order, abstract representations for goal-oriented 

actions.

Distinct Contribution of PMv and PMd in Motor Control

Hoshi and Tanji
35

 directly contrasted the functional role of PMd and PMv in context of a 

goal-oriented reaching task. They compared preparatory neuronal activity in the PMd and 

PMv while monkeys were getting prepared to start a reaching action that was selected using 

instruction cues given before the preparatory period. The majority of PMd neurons exhibited 

activity tuned to both target location and arm use in the preparatory period for a subsequent 

arm-reaching action. In contrast, the majority of PMv neurons predominantly showed 

selectivity for target location, and much less selectivity for arm use. These findings highlight 

differences between PMd and PMv within the context of a single task: PMv is engaged in 

encoding the target to be reached, regardless of the arm used to achieve it; whereas PMd is 

actually engaged in preparation of action once the effector (arm) is specified.
35

 This also 

indicates that the PMv is critical for abstract level representation and higher level planning 

of reaching actions.

In addition to reaching, PMd and PMv, together with AIP are involved in the planning and 

execution of grasp. Similar to PMv, PMd may also encode an abstract level representation of 

object–grasp relationship.
36

 Neuronal recordings suggest that whereas PMv-R neurons 

encode the object properties for planning and preshaping of the grasp, PMd-C neurons are 

thought to be important for visuomotor control of wrist and hand orientation for object-

specific grasping.
37,38

 These findings bring into question the apparent dichotomy that PMd 

is involved in reach and PMv is involved in grasp. This has implications in rehabilitation, 

given the fact that most of our daily actions involve a combination, that is, reach-to-grasp 

actions.

PMd and PMv play distinct roles in the control of goal-oriented actions. Whereas PMd is 

more involved in planning, selection, and preparation of reach-to-grasp actions, PMv is more 

engaged in the planning and control of prehension and the manipulation of objects. PMv 

also contains mirror neurons that encode a higher level representation of the motor actions. 

In the next section, we review evidence related to the role of PMd and PMv in the 

acquisition of new motor skills.

Role of PMd and PMv in Motor Learning

Learning a motor skill is a cognitive–motor process that leads to acquisition of complex 

goal-oriented movement skills with practice. Motor learning is characterized by at least 2 

distinct time scales: a fast within-practice phase when the performance improves during 

practice and a slow delayed phase that occurs postpractice leading to performance gains 

evident during subsequent practice/ testing sessions.
39,40

 This slow stage involves time- and 
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sleep-dependent consolidation processes. It is evident from animal and human models that a 

broad neural network, including cortical and subcortical structures, is involved during the 2 

phases of motor learning.
41–46

 The neural structures that are engaged during learning depend 

on multiple factors such as the type of motor skill (procedural or declarative),
47

 the task 

(sequence learning, adaptation, associative learning),
48

 learner characteristics (novice vs 

expert),
49,50

 and structure of practice (random order vs blocked order).
51–55

PMd Is Involved in Associative Learning

Neuroimaging studies have reported activation of the PMd during early phases of motor 

learning.
44

 This early activation may be associated with increased cognitive processing of 

information during early phases of motor learning. Specifically, PMd activity is likely 

related to the development of an internal representation or a spatial map that associates 

spatial cues with appropriate motor commands.
56–58

 PMd is critical for associative learning 

where an internal representation is developed over practice between arbitrary, yet 

behaviorally relevant cues and appropriate motor commands. Interference to PMd activity in 

healthy individuals after associative learning impaired the predictive selection of lifting 

parameters based on the learned associations between color codes and different masses of 

the object.
56

 The specialized role of the PMd in associative learning is also supported by 

clinical observations that patients with PMd lesions are not able to associate sensory stimuli 

with previously learned movements.
59

PMd Activation During Learning Is Related to Cognitive Demands

As discussed before, PMd is critical for premovement cognitive processes such as action 

selection and planning that also form important elements of motor learning.
35,60,61

 PMd is 

actively engaged when the learner has to select one of many action plans based on the 

sensory cue provided.
17,51

 Specifically, PMd is thought to be involved when practice invokes 

a higher cognitive effort. Cross et al
51

 reported that PMd and M1 demonstrated significantly 

higher blood oxygen level–dependent (BOLD) activation on functional magnetic resonance 

imaging (fMRI) during random-order compared with blocked-order practice. Random 

interleaving of tasks during random-order practice (eg, ACBCABC …) requires the learner 

to select and plan a new action at every trial compared with blocked-order practice where a 

single task is repeated for multiple trials in a row before switching to a different task (eg, 

AAA … BBB … CCC). This implies that PMd is actively engaged in the higher order 

cognitive processes (eg, action selection and planning) that enhance motor learning. Indeed, 

in individuals who showed higher performance improvements across practice, there was 

higher BOLD signal activation within the PMd.
62

 Interestingly, these “fast learners” also 

demonstrated higher white matter connectivity of the PMd than those who demonstrated 

lower improvements in performance (slow learners) across practice.
62

 All the evidence 

above strongly suggests engagement of PMd during early cognitive stages of motor learning 

that is likely related to action selection and planning. Recent evidence has indicated that 

PMd function can be enhanced during postpractice consolidation phase to improve retention 

of motor skills.
63

 These findings indicate noninvasive brain stimulation may influence PMC 

to facilitate learning when applied immediately after physical practice, a possibility relevant 

to neurorehabilitation.
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PMv Is Engaged in Observational Motor Learning

PMv is engaged in motor learning.
64,65

 Being well connected with sensory, motor, and high-

level cognitive areas, PMv is critical for learning sensorimotor transformations for visually 

guided actions. PMv neurons are active during performance monitoring and decision making 

for movement selection as well as processing the outcomes, which are critical elements in 

practice.
66,67

 Recent evidence indicates that mirror neurons within the PMv may play a 

potentially significant role in some forms of motor learning such as observational learning 

and imitation learning.
68

The mirror neurons within the PMv are known to be a part of the mirror neuron network that 

links observation and action. These mirror mechanisms may form the physiological basis for 

motor memory and learning by action observation.
69

 Direct evidence for the role of PMv 

neurons in observational learning comes from the work of Cross et al.
51

 Participants 

underwent fMRI before and after 5 days of physical practice of one dance sequence, and 

observation of a different dance sequence. BOLD activity in the PMv was evident during 

observation of both the danced and observed sequence but not during observation of 

unfamiliar dance sequences. The finding that the activity in PMv did not differ between the 

danced and observed sequence suggests an overlap of neural substrates between 

observational and physical practice. These common substrates, that is, PMv may be 

harnessed to improve motor recovery by combining movement observation and physical 

practice.
34,70

Role of PMd and PMv in Recovery of Function Following Injury to M1

Recovery of patients following stroke is known to involve motor relearning and 

neuroplasticity that occur within a partially disrupted nervous system.
34,71

 Fregni and 

Pascual-Leone
72

 describe a conceptual framework for brain reorganization for stroke 

recovery. Recovery following an episode of stroke is implemented partly by reorganization 

of the intact residual brain areas to enhance relearning of desired goal-directed behaviors. 

For example, following injury to the M1, parallel networks may emerge at multiple levels of 

the neuraxis such as corticospinal, corticosubcortical, and corticocortical levels. This section 

discusses the evidence emerging from animal and human research that indicates 

reorganization may involve PMC following injury to M1 and its relationship to motor 

learning and recovery of function.

Using microelectrode stimulation techniques, Frost et al
73

 examined functional remodeling 

in cerebral cortex after an experimental ischemic infarct in the hand representation of M1 in 

adult squirrel monkeys. Improvements in hand motor performance following stroke was 

associated with reorganization within the PMC. Worthy of note was that the amount of 

reorganization in PMv was proportional to the extent of injury in M1 hand area. That is, 

smaller lesions in M1 hand area resulted in small expansions of PMv area devoted to the 

hand. This suggests that PMv may contribute as a neural substrate for reorganization 

following injury to M1.
73

Functional imaging has demonstrated that human brain reorganization following stroke 

engages a dynamic neural network that includes PMC of the ipsilesional and contralesional 
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hemisphere.
61,73–78

 However, the precise functional role of PMC reorganization in motor 

recovery is not well understood. The relative contribution of ipsilesional versus 

contralesional PMC is likely to depend on the location and size of the stroke and the degree 

of clinical impairment. When a stroke damages a small part of M1 or corticospinal 

projections but spares the ipsilesional PMC, the ipsilesional PMC may be more likely to 

reorganize itself to promote motor recovery (Figure 2). Fridman et al
76

 reported that in well-

recovered chronic patients with stroke disrupting the corticospinal outflow originating in 

M1, motor potentials evoked by TMS stimulation to the ipsilesional PMd were larger and 

had a shorter latency than those evoked by stimulation to ipsilesional M1. This indicates that 

following an injury to M1 or its pathway, ipsilesional PMd may “take over” the motor 

function of M1 by increasing the strength of PMd projection to the corticospinal tract. This 

is likely to occur via 2 mechanisms: through increased inputs from the PMC to the spinal 

cord and through increased inputs to the residual part of M1 (Figure 2). Furthermore, a 

single TMS pulse disruption applied over the ipsilesional PMd at 120 ms after the “go” 

signal delayed simple reaction time (RT) of the paretic hand in patients with mild 

impairments post-stroke. In contrast, there was no effect on the RT when the TMS 

perturbation was applied over PMv, contralesional M1, PMd, and PMv.
76

 This indicates that 

following a small stroke within M1 or corticospinal tract, the ipsilesional PMd reorganizes 

itself, and this reorganization is functionally relevant for motor function of the paretic hand.

In contrast, when a stroke lesion involves a larger portion of M1 and PMd, it appears that the 

contralesional PMC may be critical for recovery-related reorganization
74,77

 (Figure 3). 

When left PMd activity was perturbed using rTMS prior to an action selection task, a 

compensatory activity within the right PMd was observed on fMRI and there was no effect 

on motor performance. Subsequently, when this compensatory activity within the right PMd 

was perturbed with rTMS, motor performance was attenuated. This suggests that PMd may 

show functionally specific reorganization following damage to contralateral PMd. Johansen-

Berg et al
77

 reported a slowing of RT when contralesional PMd was perturbed with single-

pulse TMS approximately 100 ms after the “go” signal but not when contralesional M1 was 

perturbed in patients with stroke. This delay in simple RT was not evident in healthy 

subjects. In patients poststroke with greater clinical impairment, the contralesional PMd is 

known to exert a less inhibitory/more facilitatory effect over the ipsilesional sensorimotor 

cortex than that observed in patients with less clinical impairment (Figure 3). More 

important, this facilitatory influence of contralesional PMd over the ipsilesional 

sensorimotor cortex is state dependent, that is, the effect is stronger during a grip action with 

the paretic hand than at rest. It is plausible that the facilitatory input from contralesional 

PMd to ipsilesional sensorimotor cortex, most likely mediated via the transcallosal 

pathways, may assist the ipsilesional brain in movement production.
74

 Furthermore, 

contralesional PMd may also assist motor recovery via uncrossed pyramidal tract fibers that 

often innervate proximal arm and leg muscles.

These reorganization patterns are crucial for functional recovery after brain damage. An 

understanding of neural reorganization patterns based on the lesion location, size, and 

integrity of corticospinal tract is critical to predicting behavioral outcomes and therapy 

effects in patients poststroke. Tests of motor impairment combined with neuroimaging, 

genotyping, and neurophysiological assessment of corticospinal integrity and plasticity may 
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allow for improved prognostic accuracy, rehabilitation planning, treatment response, and 

outcomes.
79

 For example, injuries to tracts descending from M1 and PMd have been shown 

to be strongly and negatively correlated with treatment gains in response to robot-aided 

upper extremity therapy in chronic stroke survivors.
80

Finally, not all reorganization may help recovery of motor function. Recently, dynamic 

causal modeling with functional imaging and connectivity analysis showed that 

enhancement of paretic hand performance was associated with reduction in overactivity 

within ipsilesional PMv following single oral dose of reboxetine, a selective noradrenaline 

reuptake inhibitor.
81

 This may suggest that some neuroplastic changes within the PMC may 

actually impede recovery. Further research is required to identify reorganization and 

connectivity patterns that promote or impede motor recovery post-stroke.
82

 This information 

will be critical in planning and testing innovative rehabilitation strategies to promote 

neuroplastic changes and augment functional outcomes.

Future Directions

Future research needs to investigate the nature of reorganization and identify crucial areas 

within the reorganized neural networks that constitute the neural substrates of functional 

recovery.

Hemispheric Specialization of the Premotor Cortex

Hemispheric specialization studies suggest that left PMd activity is associated with 

unilateral motor performance of either hand, whereas right PMd is involved in bimanual 

actions.
83

 For example, left PMv was more active when subjects used their hand or a tool for 

grasping, reflecting a role of left PMv in abstract-level planning of grasping.
84,85

 This 

specialization may be modulated by handedness and the nature of the task being 

performed.
86

 It is critical to investigate interactions between handedness, task 

characteristics, and changes in the nature of hemispheric specialization following unilateral 

brain damage.

Nature of Reorganization in PMd and PMv Following Brain Damage

Reorganization of interregional influences from and to the PMC follows brain damage, but 

the cause is unknown. Is the reorganization of PMd a direct consequence of disruption to the 

corticospinal pathway? Or, is it a compensatory mechanism that is task specific? 

Alternatively, this reorganization may be driven by training or therapy, constituting an 

epiphenomenon of performance improvements. Longi tudinal studies using paired-pulse 

paradigms that investigate the time course of specific interactions between PMC and M1 

with practice and/or therapy may allow us in the future to address these questions.
87

Can Neuroplasticity Within the PMC Be Enhanced to Improve Learning and Recovery?

Animal and human research suggests that PMd and PMv may demonstrate functionally 

relevant reorganization during learning and recovery of function after brain damage. It is 

unclear how training paradigms may be adapted to exploit the beneficial neuroplastic PMC 

changes for functional motor recovery. For instance, bimanual training has been shown to 
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benefit motor performance after stroke.
88

 A likely mechanism involves engagement of the 

contralesional PMC and M1. Furthermore, it is unknown if PMC reorganization can be 

further exploited by combining noninvasive brain stimulation with intensive task practice to 

facilitate neuroplasticity and improvement. Imperative to this is the identification of patients 

who may benefit from such an approach.

The engagement of neural substrates underlying different forms of motor learning and 

recovery is task specific. With learning, the skill becomes represented within functionally 

relevant neural networks. Little is known about task characteristics (eg, reach vs grasp) that 

may preferentially engage PMd or PMv during functional recovery, an issue to be addressed 

in the future.
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Figure 1. 
Premotor cortex (PMC) forms a part of the neural network involved in integration of sensory 

and cognitive information into goal-directed actions. PMC receives sensory information 

from the parietal cortex (PC), cognitive information from the dorsolateral prefrontal cortex 

(DLPFC) and supplementary motor cortex (SMA), and projects to the primary motor cortex 

(M1). In addition, it also has direct projections to the spinal cord via the corticospinal tract. 

These connections within the neural networks are plastic and are modified in response to 

injury, learning, and training/therapy.
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Figure 2. 
Figures 2 and 3 show 2 possible ways in which PMC could contribute to functional recovery. 

The relative engagement of ipsilesional versus contralesional PMC in recovery is likely 

influenced by the extent and location of the stroke. However, it is important to understand 

that performance improvements and recovery may emerge from activity in more widespread 

networks than the ones depicted in Figures 2 and 3. Figure 2 depicts how ipsilesional PMC 

may reorganize following a small lesion in M1 or corticospinal pathway. Abbreviations: 

PMC, premotor cortex; DLPFC, dorsolateral prefrontal cortex; SMA, supplementary motor 

cortex; M1, primary motor cortex.
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Figure 3. 
Figure 3 illustrates how a large lesion in M1 or the corticospinal pathway and subsequent 

severe impairment may lead to reorganization predominantly involving the contralesional 

PMC.
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