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It has been nearly 20 years since the “Decade of the Brain”
when some in the field of spinal cord injury (SCI) predicted
that a “cure” would be found within 10 years. Of course, the
biological complexity of SCI is now much better appreciated,
and the early headiness hoping for a simple therapy has so-
bered. The reversal of paralysis following SCI is among the
most daunting challenges in all of neuroscience research.
Despite significant improvements in the early medical and sur-
gical management of SCI, coupled with a vastly improved un-
derstanding of SCI pathophysiology [1–4], there remain no
effective treatments to improve neurological outcomes follow-
ing SCI. In addition, there has not been any successful FDA-
approved and widely accepted interventional therapy to limit or
repair the injury and, thereby, adequately restore lost function.

In recent years, numbers of clinical trials, from neuropro-
tective agents to stem cells, have been launched [5] based on
somewhat promising preclinical studies but, so far, these have
all fallen short. Nevertheless, our complex patient population
continues to suffer the neurological insults of SCI, and we

need to move forward in our search for better understanding
and more effective interventions.

In this issue of Neurotherapeutics, we have assembled
some of the cutting-edge work currently proceeding in the
field of SCI. These review papers are organized to match the
temporo-spatial progression of SCI, from acute considerations
at the site of injury, to subacute processes at and beyond the
injury, to chronic changes away from the site of injury.
Consideration is then given to research in neurorehabilitation,
with the latest in technological advances, the treatment of
neurological sequelae in SCI, and the state of clinical trials.
DiGiovanni et al. [6] begin with reviewing the acute cellular
processes at the site of injury, starting with consideration of
the epigenetic control of initiating and sustaining the transcrip-
tional response for axonal regeneration. Next, Gensel et al. [7]
and Gaudet et al. [8] consider the role of inflammation, glial
cell biology and scar formation after SCI, with both their re-
parative and pathological features, as well as the interactions
between glial cell populations after injury. They also review
therapeutic strategies to alter those responses for better injury
outcomes. Oudega et al. [9] then consider the interactions
between inflammatory cellular responses and transplanted
progenitor cells that have shown potential value as a therapeu-
tic intervention in SCI to see if better repair strategies could be
devised. Moving away from the site of injury, we cover the
diaschisis effect of SCI, namely changes in remote uninjured
neural circuitry that is nevertheless changed after SCI. Hollis
et al. [10] begin with reviewing the importance of neural plas-
ticity and reorganization at the level of the sensorimotor cere-
bral cortex and intercortical connectivity.

It is known that after injury the preserved corticospinal
connections are highly activity-dependent and can be
strengthened with activity-based therapies (motor training).
This modulation of neural plasticity and functional recovery
can be seen with the use of robotics in neurorehabilitation
reviewed by Huang et al. [11]. There is an abundance of re-
search utilizing robotic devices to restore motor function after
SCI. Many robots are dedicated to lower limb rehabilitation,
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aiming to restore gait locomotion and typically designed as
wearable exoskeletons to assist with walking. Upper limb re-
habilitation has also incorporated robotic therapies but to
much less extent.

Damage to the corticospinal tract (CST) due to injury to the
cord diminishes motor control. Therefore, the CST is an ex-
cellent target for neuromodulation/stimulation of descending
supraspinal pathways, as described by Perez et al. [12], aiming
to strengthen those connections. This topic is concluded with
considerations regarding the developing field of biomedical
engineering in SCI and “engineered” neural plasticity
reviewed by Moritz et al. [13].

Plasticity is a broad phenomenon comprising both positive
and negative features. It encompasses neural development,
learning and recovery of function following neural damage,
but can also be a maladaptive response to injury or disease,
such as neuropathic pain, which is reviewed by Lee-Kubil et
al. [14]. More recently, electrophysiological techniques are
being used increasingly in combination with behavioral pro-
tocols with the goal to investigate the role of controlled motor
activity, promote spinal cord plasticity and understand its re-
lationship with motor recovery in individuals with SCI. In
light of this, Efekhtar et al. [15] review reflex training as a
novel approach to improve motor function, and Iddings et al.
[16] discuss the use of vibration to improve spasticity and gait
speed. Donovan et al. [17] conclude with a thorough review of
the current state of affairs in SCI clinical trials, giving an
overview of where we are currently.

This collection of papers does not hope to represent all of
what is being investigated in the field of SCI therapeutics but
individually represent excellent examples of the breadth and
depth of the work going on and areas that have seen recent
advances. SCI injury impacts molecules, biochemical path-
ways, cellular biology, neuronal and glial populations, neural
circuits and anatomical pathways, local and remote neuro-
physiology, behavioral functioning, other organ systems, and
the psychological responses to both loss of normal function
(sensory, motor, and autonomic) and gain of pathological
function (neuropathic pain, spasticity, and dysautonomia) in
the nervous system and in other bodily functions controlled by
the nervous system. Whole textbooks have been written about
the neurological aspects of SCI [18], and yet we have far too

little to write about in terms of therapeutic interventions that
markedly repair the injured nervous system to restore its func-
tion. We anticipate ongoing hard work in the area of SCI
therapeutics with many more discoveries to come.
Required Author Forms Disclosure forms provided by the authors are
available with the online version of this article.

References

1. Sherrington, C.S., On Secondary and Tertiary Degenerations in the
Spinal Cord of the Dog., J Physiol. 1885 Jul;6(4–5):177–292.10.

2. Sherrington, C.S., Further observations on the production of reflex
stepping by combination of reflex excitation with reflex inhibition.,
J Physiol. 1913 Nov 7;47(3):196–214.

3. Fulton, J.F. and Sherrington, C.S., State of the flexor reflex in para-
plegic dog and monkey respectively., J Physiol. 1932 May
30;75(1):17–22.

4. Ramón y Cajal, S., Degeneration and Regeneration of the Nervous
System. Haffner Publishing Company, New York, NY; 1926

5. http://scope-sci.org/trials/
6. Palmisano, I. & Di Giovanni, S. Neurotherapeutics (2018). https://

doi.org/10.1007/s13311-018-0636-1
7. Orr, M.B. & Gensel, J.C. Neurotherapeutics (2018). https://doi.org/

10.1007/s13311-018-0631-6
8. Gaudet, A.D. & Fonken, L.K. Neurotherapeutics (2018). https://

doi.org/10.1007/s13311-018-0630-7
9. Maldonado-Lasunción, I., Verhaagen, J. & Oudega, M.

Neurotherapeutics (2018). https://doi.org/10.1007/s13311-018-
0629-0

10. Mohammed, H. & Hollis, E.R. Neurotherapeutics (2018). https://
doi.org/10.1007/s13311-018-0638-z

11. Mekki, M., Delgado, A.D., Fry, A. et al. Neurotherapeutics (2018).
https://doi.org/10.1007/s13311-018-0642-3

12. Christiansen, L. & Perez, M.A. Neurotherapeutics (2018). https://
doi.org/10.1007/s13311-018-0639-y

13. Moritz, C.T. Neurotherapeutics (2018). https://doi.org/10.1007/
s13311-018-0637-0

14. Shiao, R. & Lee-Kubli, C.A. Neurotherapeutics (2018). https://doi.
org/10.1007/s13311-018-0633-4

15. Eftekhar, A., Norton, J.J.S., McDonough, C.M. et al.
Neurotherapeutics (2018). https://doi.org/10.1007/s13311-018-
0643-2

16. Estes, S., Iddings, J.A., Ray, S. et al. Neurotherapeutics (2018).
https://doi.org/10.1007/s13311-018-0644-1

17. Donovan, J. & Kirshblum, S. Neurotherapeutics (2018). https://doi.
org/10.1007/s13311-018-0632-5

18. Neurological Aspects of Spinal Cord Injury, Eds. Weidner, N.,
Rupp, R., and Tansey, K.E., Springer International Publishing,
Switzerland; 2017

528 M. Cortes et al.

http://scope-sci.org/trials/
https://doi.org/10.1007/s13311-018-0636-1
https://doi.org/10.1007/s13311-018-0636-1
https://doi.org/10.1007/s13311-018-0631-6
https://doi.org/10.1007/s13311-018-0631-6
https://doi.org/10.1007/s13311-018-0630-7
https://doi.org/10.1007/s13311-018-0630-7
https://doi.org/10.1007/s13311-018-0629-0
https://doi.org/10.1007/s13311-018-0629-0
https://doi.org/10.1007/s13311-018-0638-z
https://doi.org/10.1007/s13311-018-0638-z
https://doi.org/10.1007/s13311-018-0642-3
https://doi.org/10.1007/s13311-018-0639-y
https://doi.org/10.1007/s13311-018-0639-y
https://doi.org/10.1007/s13311-018-0637-0
https://doi.org/10.1007/s13311-018-0637-0
https://doi.org/10.1007/s13311-018-0633-4
https://doi.org/10.1007/s13311-018-0633-4
https://doi.org/10.1007/s13311-018-0643-2
https://doi.org/10.1007/s13311-018-0643-2
https://doi.org/10.1007/s13311-018-0644-1
https://doi.org/10.1007/s13311-018-0632-5
https://doi.org/10.1007/s13311-018-0632-5

	A “Snapshot” of the Advances in SCI Therapeutics
	References


