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Abstract

Characterizing the brain’s ability to adapt to changing environments has been at the forefront of 

neuroscience for decades. Newbold et al. build on this neuroplasticity work using precision 

neuroimaging and arm casting to unmask previously unknown pulses of spontaneous activity.

It has now been 60 years since David Hubel and Torsten Wiesel’s Nobel Prize winning work 

describing the formation of ocular dominance columns (ODC) in the cat visual cortex 

(Hubel and Wiesel, 1962). By using electrophysiologic recordings, they were able to show 

that information originating from either the left or the right eye is differentially represented 

by alternating columns of the primary visual cortex. Since these initial accounts, ocular 

representation in the primary visual cortex has been one of the most thoroughly studied 

neuroscientific phenomena and was an initial ‘seed’ into decades of work describing the 

mechanisms by which the brain rewires in response to changing functional demands.

For example, classic experiments on early-life sensory deprivation using chronic closure of 

one eyelid reveals a modification of the size and nature of ODC representation in the visual 

cortex (Antonini and Stryker, 1993). Representation of the sutured eye is significantly 

reduced, and representation of the unaffected eye is increased in size. This process is the 

result of a Hebbian-type mechanisms whereby connections are strengthened by correlated 

activity and weakened by uncorrelated activity (Hebb, 1949).

In another classic experiment, the laboratory of Michael Merzenich showed in the adult owl 

monkey that correlating the inputs of two adjacent fingers by surgically connecting the skin 

surfaces on the hand, leads to a significant change in the hand topography of the 
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somatosensory cortex in the brain (Clark et al., 1988). The correlated inputs arising from the 

joined fingers abolish the normal discontinuities in digit representation in the motor system.

There is no question that our current thinking of the brain’s capacity to adapt to 

environmental changes, as well as its resilience to extreme perturbations, rests on this 

foundational work.

However, our understanding of such capacities is always limited by the methods used to 

study them. By necessity these early works on the mechanisms of brain plasticity have 

primarily been restricted to animal models and to a small number of focal, targeted areas in 

the brain. Since its inception, functional MRI has always been envisioned to expand our 

capacity for examining fundamental neural mechanisms in the human brain. fMRI’s ability 

to non-invasively measure neural activity across the entire brain has always provided hope 

that we would one day supplement early reductionist work with a broader view of brain 

function.

Nonetheless, this ‘merging’ of principles engendered by classical neuroscience work with 

new discoveries using functional MRI has been slow. This sluggish pace is likely the result 

of several factors. It has taken decades of work and experimentation to tease out unwanted 

artifacts in functional MRI. Only recently have human neuroimaging researchers begun to 

confront the challenges surrounding the sample sizes (Smith and Nichols, 2018) or the 

amount of data required within individuals to maximize reliability and reproducibility 

(Laumann et al., 2015). Perhaps most important is that the human systems neuroscience has 

generally shifted away from detailed experimentation and the intricate dissection of 

psychological processes supporting brain function. Rather it has now moved toward 

discovery science, where investigations are often simply describing observations in the data 

or characterizing the correspondence of complex behavioral phenotypes to networks and 

systems. Despite the merit of this shift, in many respects it may be slowing the contributions 

of non-invasive imaging to investigations of fundamental neuroscientific principles.

The research by Newbold et al. provides us with a turning point regarding the trend towards 

population-based discovery in human neuroscience. The publication elegantly lays down a 

blueprint for designing a well-controlled experimental study with non-invasive imaging. It 

complements well known foundational principles in neuroscience, builds on the growth of 

discovery science in the field, and provides the necessary parameters by which to reliably 

test interventions within individuals.

Specifically, the authors build on the early sensory deprivation work (Antonini and Stryker, 

1993) and design a human version of the paradigm used by Clark and colleagues (Clark et 

al., 1988) to induce brain plasticity within individuals. To do this, they cast the dominant 

upper extremity for two weeks in 3 individuals. Using precision mapping (Laumann et al., 

2015), they then tracked plasticity within each individual using 42–64 daily scans of resting 

state functional MRI. Consistent with what might be expected based on the existing lesion 

literature the authors saw a rapid (<48 hours) ‘disconnection’ of the circuits controlling the 

disused arm from the remainder of the brain’s somatomotor network. This observation 
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supports a long-held hypothesis that functional connections are maintained in a Hebbian-like 

manner by co-activation of brain regions during behavior (Fair et al., 2007).

Even more important was an observation that connectivity within disused circuits became 

stronger during the cast period. Unlike the disconnection of the disused arm representation 

from contralateral somatomotor cortex, one would not predict such strengthening within the 

system based on experience-dependent Hebbian processes as outlined above. A possible 

reason for this unexpected observation relates to the author’s finding of spontaneous pulses 

of activity (Figure 1). These spontaneous activity pulses occurred frequently during the cast 

period and propagated throughout the disused circuits of the casted upper extremity.

What then is to account for such a phenomenon? Lessons learned in the aftermath of the 

work by Hubel and Wiesel on ODC plasticity are likely to provide some insights. Early 

developmental projections from the two eyes initially overlap in the visual cortex. It was 

originally determined that during the first postnatal months, visual experience promotes a 

preferential stabilization of some of the cortical connections and elimination of others 

resulting in a segregation of layer IV projections into well delineated columns (Sur and 

Leamey, 2001). However, it was later discovered that retinal inputs are not required for 

column formation. Spontaneous, correlated waves of activity from the retina through the 

thalamus can account for their formation (Sur and Leamey, 2001). It is possible that the 

pulses of activity observed in Newbold et al. represent similar spontaneous activity that 

strengthens and maintains the sub-circuit of the disused arm when sensory input and motor 

output are greatly reduced.

The implications of such a finding are sizeable. For those of us who study brain development 

the potential impact of such findings is clear. As noted above, chronic closure of one eyelid, 

early in life, reveals plastic mechanisms in which the size of ODC representation 

corresponding to the sutured eye is significantly reduced, whereas the representation of the 

unaffected eye is increased. In non-human primates, the sensitive period for this process 

begins at birth and slowly wanes until ~10 weeks of age (Note: A sensitive period is the time 

window during which an experimental or natural manipulation of a system will strongly 

affect the system’s development. A critical period is the point after which the effects of the 

manipulation are irreversible). Interestingly, sensitive and critical periods related to such 

phenomenon are intricately linked to inhibitory inputs. In ferrets, the maturation of 

inhibitory (GABAergic) circuits lags behind excitatory circuits. The timing of this 

maturation tightly correlates with the onset of critical periods (Sur and Leamey, 2001). 

Indeed, reducing GABA function in transgenic mice can keep the critical and sensitive 

periods open indefinitely. Increasing GABA-mediated inhibition can prematurely shorten the 

span of the sensitive period (Hensch, 2005). This decreased plasticity accompanying the 

emergence of inhibitory circuits in development is associated with the suppression of the 

spontaneous correlated bursts of activity. Following this line of thought to its logical 

conclusion provides a series of provocative questions arising from Newbold et al. Does 

sensory deprivation via casting reduce the influence of GABAergic circuits and ‘unmask’ 

these latent pulses of spontaneous activity? Does the plastic potential of the disused sub-

circuit change by this simple manipulation?
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Just like the ground-breaking work of Hubel and Wiesel, which set off decades of 

experiments and led to the characterization of fundamental principles surrounding brain 

plasticity, the work by Newbold et al. using whole brain fMRI clearly points to the next 

chapter in the story. There are a number of basic questions about the molecular and 

structural underpinnings of these functional signals that need to be answered. Insight into 

these findings would be vastly enhanced by translation and experimentation in animal 

models, where rich methodology for studying high-throughput genetic, histological, and 

physiological conditions in tightly controlled environment exists and can be accompanied by 

the same whole brain fMRI signals as a ‘bridge’ between the species (Stafford et al., 2014). 

The work by Newbold et al. provides the model by which interventional studies to monitor 

functional brain changes in individuals should be shaped. The work should be commended 

for its simplicity, originality, and advancement of human brain plasticity research.
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Figure 1. Spontaneous activity pulses in disused somato-motor circuits.
(A) Example resting-state functional MRI (fMRI) signals from left and right primary 

somatomotor cortex (L-SM1ue and R-SM1ue) during the cast period. (B) Recordings of 144 

spontaneous activity pulses detected in an example participant.
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