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Abstract—This research has been developed 
to study on the Brain Computer Interface (BCI) 
technology - which is called a Reversing Paralysiss 
Technology. It is a momentous innovation of 
medical sector for the treatment of Incurable 
Paralysis. The purpose of this study was to provide 
a high level of evidences of the effectiveness and 
the safety of this technology. The methodology of 
this study is using a qualitative systematic review 
method. It was followed by data collection and 
specific keywords based data searching method. 
Two renowned research papers indexing database 
have been employed for locating peer reviewed 
scientific papers such as Pub-Med Database and 
Google Scholar Database. Besides this database 
searching, the Google Search also performed for 
collecting scientific review news and informations 
regarding this technology. Researchers analysed 
all keyword based from the selected literatures, 
from the clinical trial results and from the new 
sources; and then summarizes the findings in 
respect of this technology. In this technology, 
the scientists have hypothesized that reversing 
of the paralyzed state of a patient is possible by 
creating Brain Computer Interfaces (BCIs) in the 
patient’s body through two brain implants. One 
implant is placed on the surface of the brain or 
attached to the brain's cortex. Then, another one 
is implanted in the spinal cord by passing the 
injured lesion of spine. These two implants will 
act as a bridge between the command center (the 
brain) and the control center (the spine). When the 
regular communication is established between 
the brain and the spine, then the paralyzed 

condition will reverse. The researchers, till to this 
date have analysed thirty seven (37) peer reviewed 
literatures, twelve (12) scientific/tech based news 
review sources and four (4) authentic clinical trial 
results which had been published in this context. 
Scientists claimed that this theory is effective and 
is safe for the treatment of paralysis based on 
successful clinical trials. Thus, from this extensive 
qualitative systematic review study, it established 
a theory that Reversing Paralysis Technology is 
working through Brain Computer Interfaces - 
Implants mechanism; and it is an effective and a 
safe process for patients’ paralysis treatment.

Keywords—Reversing Paralysis; Brain Computer 
Interface; Brain Implant; Paralysis - Neurological 
Disorder

I .  INTRODUCTION

W	orld is changing in every seconds  
	 and minutes in the essence of technological 
advancement, and it changes our lives through 
exploding the speed of time. Whether this change 
is small or big, the incessant improvement of 
technology is conceptualized as the principal 
base and the fundamental propulsion of most of 
the world’s globalization processes. This review 
study focused on how technology advancements 
has moving the world into a better healthy 
position through a remarkable medical invention 
because it has lessen the ratios of the incurable 
disease of paralysis in the world and at the same 
time, has improving the standards of living. 
	 Paralysis is a neurological disorder 
that oftenly caused by the damage in the 
nervous system, especially in the spinal cord. 
Neurological disorders will badly affect the 
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activities of brain represents an enormous 
burden of the individuals, respective family 
and the society. This nervous system disorder 
paralysis has a broad impact on the future of 
human well-being. It is even likely has greater 
impact that will threaten the quality of human 
life, such as a crucial phenomenon on the 
sustainability of health systems [1].  
	 Paralysis on the right or the left side of 
the body, or both sides will limit sternly the 
person’s capability for daily living activities as 
well as their mobility in the community. The 
capacity of the paralyzed person is eventually 
got restricted either to school or to work. 
Patients faced problems with uncoordinated 
movements, rigidity or weakness [2]. Numerous 
unprecedented technological innovations in 
medical sectors are speedily revolutionizing 
human life. For decades scientists have been 
working on this incurable disease treatment 
or tried a lot of time to regenerate the neurons 
themselves. However they faced a grave 
challenges to further the degradation in the 
nervous tissue [3 - 5]. 
	 Later on, a team of researchers from École 
Polytechnique Fédérale de Lausanne (EPFL), 
a research institute of Switzerland made the 
first effort to work on this reversing paralysis 
technology. It is a comparatively new technology 
that allowed the brain to communicate with 
the patients paralyzed legs - bypassing the 
broken spinal cord pathways - after then patient 
would be able to receive signals from the brain 
navigated to surround area of the damaged 
neurons and acquire control over their limbs. 
So that the patient could once again regain the 
control over paralyzed organs [6 - 8]
	 Every year MIT Technology Review 
publishes the top 10 most promising 
technologies list of that specific year. The ranked 
inventions enlisted in the MIT review, usually 
are magnificent and a stand out inventions. 
These inventions will unbelievably give a 
revolutionary improvement in the overall of 
human life and also for the global sustainability. 
In 2017, MIT has published the top 10 most 
marvellous technologies list, among which 
some technologies were certainly noteworthy 
for the future development of global treatment 

system, especially for the treatment of incurable 
diseases like cancer and paralysis. Based on the 
MIT list, the Reversing Paralysis Technology 
was one of that ten which focuses on hi-
tech medical inventions. The rest are about 
green technologies, business and automotive 
technologies [9].
	 The Reversing paralysis is said by the 
scientists was the immense progress ever 
made to make the paralysis disease become 
a temporary problem and is curable by using 
brain implants, because it is already proven 
successful and passed in many clinical trials. 
In the reversing paralysis theory, the scientists’ 
intentions are to bring back the usual movements 
of a paralyzed patient through a small brain 
implant (neuroprosthetic device) [10 - 12].

II .   LITERATURE REVIEW
	 Technology interaction with the human life 
will rule the modern world. Government Office for 
Science (UK) has published a report on the future 
of technology advancements in medicine, health-
care, business, communications, entertainment, 
construction, transportation and many other areas. 
In this digital age, a great deal of  technologies 
will holding out the potentiality of greater 
health, immunation, safety and convenience. The 
fundamental elements of divergent innovations 
underpinning the world with more new medical 
technologies for better disease control and for 
better treatment management. World is stepping 
in a such golden age where it will easy to holding 
out total control on grievous health-care challenges 
through splendid innovation in gaining ability to 
make impermanent of the incurable diseases, 
regenerate tissue and the magnificent knowledge 
of gene editing and bio-computers to manipulate 
human bodies that giving emergence to disease-
resistant crops [13].
	 In one side, this world is advance in 
technology but the other side states some health 
risks and challenges has exploding grievously. 
The environment where we are breathing in 
became a big risk and major factors for its 
inhabitants due to air pollution. The Lancet 
Commission reported that in 2017, the diverse 
forms of air pollution was responsible for 16% 
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of global death of 2015. Air pollution is one of 
the largest environmental cause of neurological 
disorders due to ceaseless exposure to harmful 
air pollutants on the brain. A neurological 
disorder is a kind of disorder in the nervous 
system. It may happen in many forms, such 
as in the form of structural, in the form of the 
electrical or biochemical abnormalities in the 
brain, or spinal cord or other nerves that can 
result a range of symptoms including muscle 
weakness, paralysis, poor coordination, loss of 
sensation, seizures, confusion, pain and altered 
levels of consciousness [14]. 
	 The World Health Organization (WHO) 
has taken an initiative effort for a global disability 
action plan 2014-2021. This is going to be an 
evidential step towards achieving the human 
rights for health and welfare especially for those 
who have disabilities or paralysis problems. The 
members of WHO countries had approved the 
action plan to broaden rehabilitation programs, 
to fortify all sorts of supports for disable peoples 
to enhance access into health programs and 
services, or to get the assistive devices, or where 
the disable to get related services. The action 
plan hopes to enable people with disabilities to 
effectuate their ambitions in all prospects of life 
[15].
	 A detailed review report by Deloitte 
renders a considerable understanding regarding 
the modes of how the latest innovations has 
modifying the health-care systems. It reviewed 
that technology assisted health-cares devices 
will enables patients, and will enable the care 
givers to access the information easily and to 
improve the overall quality of both human 
health and the social care. In their review, it 
showed that technology based health-care 
is advancing and its cost is dropping down 
exponentially. Since the demand for health-care 
and its cost is rising at the same time, which 
is a bad challenges for most health economies 
across the globe; and consequently, people must 
need to take over the health-care facilities but 
assisted by technology to meet and to handle 
these challenges [16].
	 From the global study reports regarding 
the burden of diseases, has highlighted that 
neurological diseases was the gravest threats 

to public health. The incidences of neurological 
diseases is dangerously increasing globally due 
to various factors, and it leads to diverse types 
of trauma that affects the nervous system. These 
factors represent the actual and the future public 
health problems, especially in the developing 
countries. These neurological disorders causes 
various levels of aggressiveness and intolerance 
which are neurological disability, deficits, and 
mortality [17 - 19].
	 Modern technological advances for the 
treatment of neurological disorders diseases 
like disability (paralysis) has restore the hopes 
to treat the paralysis, which commonly known 
beforehand as incurable.  This Brain–computer 
interfaces (BCI) technology will deals with 
the complex analysis of brain signals, training 
paralyzed patients to control these signals, 
and this advanced computing capabilities has 
enabled the patients suffered from severe motor 
disabilities to exercise their brain signals to 
control the objects in their environment and 
in their communication, thereby bypassing 
dysfunctional neuromuscular system. BCI has 
been and will continue to be implemented 
into the rehabilitation practices for paralyzed 
patients for more interactive and for speedy 
neurological recovery [20 - 22].
	 BCI devices are commonly known as brain 
implants that are implanted directly into the brain 
to get the highest quality signals. These devices 
are used to provide functionality and mobility to 
the paralyzed people. This technology stands for a 
flourishing tract of research with proper utilization 
systems. Its contributions in the medical fields has 
range from the prevention practice into a neuronal 
rehabilitation especially for the serious injuries. 
They have expedited restoring the motility for 
physically challenged peoples and replacing the 
lost motor activity. The promising future predicted 
for brain implants - BCI interfaces has encouraged 
further demand of extensive research for changing 
the life of millions of paralyzed humans through 
medical applications [23 - 24].
	 BCIs can be an invasive and a noninvasive 
types because it uses signal recordings from 
the nerve cells, the electrocorticogram and the 
electroencephalography which are working 
as a large neuronal pools, or function as a 
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magnetic resonance imaging (fMRI). The near-
infrared spectroscopy shows its potentiality 
for the recovery of the communication in the 
locked-in syndrome patients and for the motion 
restoration in the patients’ chronic stroke; but 
the clinical trials with a controlled phase III 
is urgently needed for bigger populations of 
severely paralyzed patients [25].

III.   OBJECTIVE OF THE RESEARCH
	 This systematic review study is an 
advanced level research protocol which attempts 
to determine, to appraise and to examine all 
the experiential high quality research evidence 
broadly applicable to reversing paralysis theory, 
which meets some pre-specified qualifications 
criteria to answer and to render a superior 
finding. Researchers are carefully analyzed and 
summarized all the findings of the experiments 
regarding to this reversing paralysis technology 
to prove the solid efficacy of this medical 
treatment theory [26]. 
	 According to the methodology systematic 
review, the study has identifies, evaluates 
and synthesizes the research evidences from 
literature studies of numerous individual 
research papers which have strict protocol 
and as a result, these papers are considered a 
valuable sources of information. This study will 
help the future researchers who prefer protocol 
and proper analyzed successful clinical trials; 
as well as helping them to find evidences and 
to summarize the findings of the experiments 
on topic of reversing technology. The health-
care professional of the global health sectors 
must need research evidences for both clinical 
practice and for public health decision making. 
These evidences must be  from the authentic 
and from the quality systematic review studies 
which stands as a state-of-the-art creation of 
actual evidences on a given research question 
[27].
	 In addition to being employed as a future 
research evidence this study paper will help to 
visualize the future goal for medical investors 
to what extent that the existing research has 
been developed and to what extent it has been 
to carry out further medical analysis towards 

achieving the final solution of a particular 
research problem. That ultimately will furnish 
broad implications for future practice and for 
the policy making to increase the investments. 
Since investments are needed to promote an 
advanced technology, a research initiate a 
collaboration among global health sector leaders 
to strengthen the health systems in nations and 
to boost their independence in decision making 
in many areas such as, to increase access for the 
expensive life-saving treatments, to enhance 
prevention, and to ensure delivering better 
coordinated care as well [28].

IV.   RESEARCH THEORY

A.	 Is Paralysis Treatable? 
	 This is a common question asked by the 
patients of spinal cord injury and paralysis 
patient. Once they realized where the injury is 
and how this injury may hamper their regular 
movements, then the next question come up that 
if the current state will be everlasting. These are 
tough questions for any doctor to answer, and 
the answers are even tougher for the sufferers 
to accept. Though some recovery is possible but 
the amount of recovery is very small and rare 
to happen because the recovery depend upon 
some critical factors as well as depends on the 
present treatment system capacity [29 - 30].
	 The cruellest truth is for the injured spinal 
cord patient because human could not heal by 
itself. That is being aforesaid by doctors, there is 
no real “cure” for spinal cord injury or paralysis. 
When the damage occurred in the spine, the 
damaged area of the spinal cord no longer has 
the power to convey messages between the brain 
and other parts of the body. But why these kind 
of injuries can’t can heal by themselves, as some 
do in other parts of the body. This is mainly the 
point theory of this systematic review study. 
As mentioned before, injuries to the spinal cord 
are extremely complicated, and affect highly 
individual cells that are so specialized they are 
unable to repair or regenerate. So the spinal 
cord can’t heal itself like the other parts of our 
bodies. Now a days advanced technologies such 
as Brain Computer Interfaces (BCI) helping to 
innovate scientific miracles, making lives easy 
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and leading the globe to a more sustainable 
earth for living [31 - 32].

B.	  How Paralysis Happens
	 When someone want to pick up a pen, 
the brain which is where the command center 
of the body sends the electrical signals to the 
subjects arm and it just follow the command 
to do that. At the same time, from the subject’s 
hand, an electrical impulses or the response will 
go back to his brain to pass on the information 
about the weight, temperature, and texture 
of the cup. Finally this information allows the 
brain to realize the exact required grip strength, 
the amount of time it can be held and the 
ease of holding it which brain sends back the 
information to the hand again. But in case of 
people struggling with paralysis this scientific 
breakthrough is fascinating. Because this 
information exchanging is completely relayed 
back and forth through with the nervous 
system. When a spinal injury occurs it means a 
major break happened in the line of exchanging 
information’s so that information’s cannot be 
exchanging between brain and spine, therefore, 
victims hands or fingers or legs or toes do not 
know how to move so they turn to paralyzed. 
This Spinal cord injury caused paralysis can 
have a big destructive effect on individuals or 
on family relationships which later on lead to 
a higher rate of separation or divorce. Paralysis 
will affects the individual’s genital and its 
sexual functioning. The partner tends to become 
frustrated with the continuation of a burden 
relationship over a period of time, especially 
when if he/she is playing the vital role of a 
caregiver too. This situations tends to destroy 
the family, the love relations for the individual 
with paralysis in many cases [33].

C.	 Reversing Paralysis - How It Works ? 
      This year, the scientists intended to build 
the re-bridging again to minimize the gap in the 
central nervous system between the brain and 
the spinal cord by using two implants (computer 
chip) one in brain another in spine cord.

a.	 A person with spinal cord injury if thinks 
to about twisting his toes, this message 
travels from the brain down the spinal 

cord, but fails to reach its destination.
b.	 A brain implant of 16 electrodes implanted 

over the lower spinal cord awakening 
dormant neurons that carry the message 
to the lower spinal cord and stimulates 
the circuitry that controls the lower body 
zone. 

c.	 The wireless electrode arrays works 
from remotely by connected to the brain 
stimulator (small device like pager), 
implanted in the abdomen just below the 
skin.

d.	 The brain stimulator contains programs 
that evoke various neural circuits. 
Different combinations of electrodes with 
different frequencies, voltages enable 
different movements.

e.	 A hand-held remote allows the user to 
select which circuits he wants to stimulate 
through implant—for example, left toes or 
right leg. If this research methodology is 
found effective at treating paralysis, there 
are many diseases and conditions for 
which this method which it could brings 
hope [34 - 35].

V.   RESEARCH METHODOLOGY
	 This research study has been followed 
by qualitative systematic research review 
methodology. Qualitative Systematic Reviews 
have achieved pertinence in the world due to 
its reliability in the investigation, arranging, 
assembling, and analysis of the information 
acquired from research about health 
interventions, during a period of time [36]. 
	 For research design of this systematic 
review, the researchers followed some steps 
to address some specific research problems 
by exploring and modifying of research 
questions, designing of literature inclusion and 
exclusion criteria, identifying evaluating and 
incorporating the findings of all high-quality 
literature of individual studies investigating one 
or more research questions. Systematic review 
can constitute the value to what stage present 
research has advanced towards elucidating 
a specific issue or problem; It explicate gross 
statements through right justification, measure 
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and extend, or constitute a theory, doing such 
things, furnish the significance for practice and 
policy [37].

D.	  Research Design
	 To conduct this qualitative systematic 
review study, a strong review protocol 
developed by PICO mnemonic concept with 
clearly research questions and inclusion 
criteria which will give a solid foundation for 
this review study. The following steps have 
designed to carry out the research to a possibly 
expected result. 

1)	 Step: 1 - Identification of Research Question

	 To identify the research problem we have 
developed some research question based on 
PICO mnemonic concept:

i.	   What is reversing paralysis technology? 
ii.	   How reversing paralysis works?
iii.	   Is it effective in treatment of paralysis?
iv.	   Is this technology safe for patients?

2)	 Step: 2 - Data Search Method 
	 a)	 Keyword Search

	 For analysis of above research questions 
followed PICO concept regarding Reversing 
Paralysis technology and its successful clinical 
trial cases, a better conceptualized keyword 
based search strategy has been developed and 
employed to broaden the search results which is 
the core of any systematic review study. TABLE 
I represents the initial keywords logic grid for 
searching scientific literature’s [38]. 

TABLE I.    KEYWORDS CONCEPTS ALIGNED WITH  
PICO ELEMENTS
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Electrical 

Stimulation (FES) 
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movement 
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movement 
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Weight bearing 
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b) Data Sources 
For collecting of specific research papers or literature's based 

on genuine experimental data and clinical trial data’s based on 
keywords database presented in Table-1, to find out answers of 
research questions we have carefully searched databases named 
as - MEDLINE Database, PubMed database, Google Scholar 
database, and Google Search.  

3) Step: 3 - Inclusion, Exclusion, & Data Extraction 
From searching of above mentioned databases researchers 

primarily identified 132 research papers related with keywords, 
from which after performing a comprehensive analysis, finally 52 
research materials has been selected consisted of thirty Seven 
(36) peer reviewed literature’s, twelve (12) scientific/tech based 
news review sources and four (4) authentic clinical trial results 
performed in the context of as whole Reversing Paralysis Theory.  
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E. Clinical Trial Case Study-1:  
The clinical trial report published in May 2011 in the British 

medical journal The Lancet. One (1) paralyzed male volunteer 
Rob Summers was involved in the trial. He was totally paralyzed 
below the chest since year 2006 before experiment. Through the 
clinical trial of 26 months, 170 locomotor training sessions given 
and a 16-electrode array was surgically placed on the dura 
(L1–S1 cord segments) to ensure a chronic electrical stimulation. 
Each stimulation session lasted up to 250 minutes, 29 
experiments combined with several stimulation combinations and 
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E.	 Clinical Trial Case Study-1: 
	 The clinical trial report published in May 
2011 in the British medical journal The Lancet. 
One (1) paralyzed male volunteer Rob Summers 
was involved in the trial. He was totally 
paralyzed below the chest since year 2006 
before experiment. Through the clinical trial 
of 26 months, 170 locomotor training sessions 
given and a 16-electrode array was surgically 
placed on the dura (L1–S1 cord segments) to 
ensure a chronic electrical stimulation. Each 
stimulation session lasted up to 250 minutes, 29 
experiments combined with several stimulation 
combinations and parameters employed on 
patient to make him able to reach a standing 
position, supplying the muscular push by 
himself. He can remain standing, and bearing 
weight, for up to four minutes at a time, patient 
can also willfully move his knees, ankles, toes,   
and hips on command [39]. 
	 The experiment was done through a 
continual epidural electrical stimulation given 
to patients lower spinal cord as same as how the 
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brain send signals to spine to initiate movement. 
Once signal is given by implant, the research 
shows, the neural network of spinal cord 
combined with the sensory input created from 
the legs to the spinal cord, is being capable to 
guide the muscle and joint motility necessary 
to stand and foot-step with assistance on a 
treadmill, “Fig. 1”. 
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This clinical trial by BCI implants regain the lost connection 

between brain and spinal cord and established the brain - spinal 
cord communication that leads the patients move again. Here 
scientists claim for effectiveness of this theory proved. The 
research centre name was University of Louisville, UCLA, The 
California Institute of Technology & The Pavlov Institute of 
Physiology in St. Petersburg, Russia and was funded by The 
Christopher and Dana Reeve Foundation and The National 
Institutes of Health. Lead researchers was Susan Harkema 
(University of Louisville's Department of Neurosurgery, 
Kentucky Spinal Cord Research Center and Frazier Rehab 
Institute) & V. Reggie Edgerton (Division of Life Sciences and 
the David Geffen School of Medicine of University of Louisville, 
UCLA) [39 - 40].  
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same as the previous trial - epidural electrical stimulation, which 
implanted on spinal cord as a BCI interface. After receiving 

stimulation, four patients were able to perform voluntary 
movements instantly next to the implantation and activation of 
the stimulator. The observation was, four paralyzed patients 
started to move toes after the stimulation given. So the claim here 
that scientists made for effectiveness of this theory has proved 
successfully that BCI interfaces between brain and injured spinal 
cord of paralyzed patient can reverse the paralyzed condition, 
“Fig. 2”.  

 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 

Fig. 2. Four patients of clinical trial. Source University of Louisville, UCLA 
 
The Research Centre Name: University of Louisville, UCLA, 

& the Pavlov Institute of Physiology, St. Petersburg, Russia. This 
research funded by: The Christopher and Dana Reeve Foundation 
and The National Institutes of Health. Lead Researchers: Susan 
Harkema (University of Louisville's Department of 
Neurosurgery, Kentucky Spinal Cord Research Center and 
Frazier Rehab Institute) & V. Reggie Edgerton (Division of Life 
Sciences and the David Geffen School of Medicine of University 
of Louisville, UCLA) [42]. 

G. Clinical Trial Case Study-3:  
The clinical trial report published in Nature Journal in May 

2016.  Two (2) Rhesus macaque monkey was employed in the 
clinical trial. Research said spinal cord injury interrupts the 
connection between the brain and the spinal networks that 
initiates movement. Brain–computer interfaces (BCIs) able to 
connect to muscles by bypassing the lesion give electrical 
stimulation to create cortical activity therefore can restored the 
grasping ability of a hand paralyzed patient. Theoretically, this 
method could also able to restore the lost control over leg muscle 
activity for walking. [43] 

An Intracortical microelectrode array were used as implant in 
Rhesus monkeys (Macaca mulatta) leg motor cortex area with a 
spinal cord stimulation system composed of an epidural implant 
and a pulse creator with real-time initiation capabilities. A 
wireless connection joined the two electronic devices of epidural 
implant integrated in the brain–spine interface connected for 
neural decoding of extension and flexion motor states with 
stimulation protocols arises these movements, “Fig. 3”. These 
total brain computer interfaces allowed the monkeys to act freely 
with no limitation or restricting tethered electronics.   
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standing position, supplying the muscular push by himself. He 
can remain standing, and bearing weight, for up to four minutes at 
a time, patient can also willfully move his knees, ankles, toes,   
and hips on command [39].  

The experiment was done through a continual epidural 
electrical stimulation given to patients lower spinal cord as same 
as how the brain send signals to spine to initiate movement. Once 
signal is given by implant, the research shows, the neural network 
of spinal cord combined with the sensory input created from the 
legs to the spinal cord, is being capable to guide the muscle and 
joint motility necessary to stand and foot-step with assistance on a 
treadmill, “Fig. 1”.  
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G.	 Clinical Trial Case Study-3: 
	 The clinical trial report published in 
Nature Journal in May 2016.  Two (2) Rhesus 
macaque monkey was employed in the clinical 
trial. Research said spinal cord injury interrupts 
the connection between the brain and the spinal 
networks that initiates movement. Brain–
computer interfaces (BCIs) able to connect to 
muscles by bypassing the lesion give electrical 
stimulation to create cortical activity therefore 
can restored the grasping ability of a hand 
paralyzed patient. Theoretically, this method 
could also able to restore the lost control over 
leg muscle activity for walking. [43]
	 An Intracortical microelectrode array were 
used as implant in Rhesus monkeys (Macaca 
mulatta) leg motor cortex area with a spinal cord 
stimulation system composed of an epidural 
implant and a pulse creator with real-time 
initiation capabilities. A wireless connection 
joined the two electronic devices of epidural 
implant integrated in the brain–spine interface 
connected for neural decoding of extension and 
flexion motor states with stimulation protocols 
arises these movements, “Fig. 3”. These total 
brain computer interfaces allowed the monkeys 
to act freely with no limitation or restricting 
tethered electronics.  

International Journal of Human and Technology Interaction (IJHaTI), Vol. 2, No. 1, 1 April 2018 

6 
 

ISSN: 2590-3551 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 3. Rhesus macaque monkey Clinical trial 
With Wireless Brain Implant and Spinal Implant. Source: EPFL 

 

After validation of brain-spine interface in uninjured monkeys 
an unilateral corticospinal tract lesion created at its thoracic level. 
After six days of post-injury, researchers found that the 
brain–spine interface restored fully load-bearing mobility of the 
paralyzed Rhesus monkeys leg on a treadmill and over ground 
without any early training and its achieved by wireless implant 
integrated in in brain-spine interface. 

All components integrated to the implant in the brain–spine 
interface have all been authorized for similar research 
investigational applications in human. This trial suggesting a 
practical translational pathway for proof-of-concept studies in 
human subjects with spinal cord injury. Research Centre Name: 
École polytechnique fédérale de Lausanne (EPFL) Swiss Federal 
Institute of Technology Lausanne, Lead Researchers:  Jocelyne 
Bloch & Gregoire Courtine [44]. 

H. Clinical Trial Case Study-4: 
The clinical trial report published in Nature Journal in August 

2016. The Research Centre Name is Duke University Medical 
Center. The researchers, led by neuroscientist Miguel Nicolelis, 
director of the Duke University Center for Neuroengineering. In 
this clinical trial eight paralyzed people were participated who 
got paralyzed due to spinal cord injury. They have retrieved 
muscle control over their lower limbs and partial sensation after 
training with brain-controlled robotics, reported to a new study.  

The patients gone through a brain-machine interfaces (BMIs) 
as a part of trial, including a virtual reality system that used their 
own brain activity to simulate full control of their 
legs. Brain-machine systems established direct connection 
between the patients brain and computers and the robotic limbs.    

Researchers working of this trial offers prospect to people of 
stroke, spinal cord injury, and other conditions to regain mobility, 
strength, and independence. Among the patient participators of 
this trial five participants had been paralyzed at least five years; 
two had been paralyzed for more than a decade and one patient 
was paralyzed for 13 years who have experienced possibly the 
most dramatic changes [45].  

Following 12 months of training in the clinical trial with setup, 
all eight patients experienced satisfactorily neurological 
betterment in pain determination, touch sensation, and 

proprioceptive sensing in multiple organs. Patients also retrieved 
voluntary motor control in key muscles of paralyzed areas, 
resulting in marked improvement in their walking index. As a 
consequences, 50% of these patients were improved to an 
incomplete paraplegia stage.  

Neurological recovery was paralleled by the emergence of 
lower limb motor imaging at cortical level. Researchers 
hypothesize that this unexampled neurological recovery results 
from both spinal cord and cortical sensitivity induced by 
long-term brain-machine interface usage, “Fig. 4” [46].  

 
 
 
 
 
 
 
 
 
 
 
 
 
 

Fig. 4. Clinical Trial Lab Images, Duke University Medical Center. 

 

II. RESULTS & DISCUSSION 

A. Results  
 Researchers have been able to achieve a clear understanding 

about the hypothesis of Reversing Paralysis Technology. From 
reviewing of the case based medical research literature's and 
clinical trials positive results, it has established primarily the 
fundamental proof-of-concept for Reversing Paralysis 
Technology as research question answers found satisfactory.  

 Results Summary:  
Number of Successful Clinical trials presented in the study: 04 
Success Rate: All hypothesis have proved successfully  
Research Remarks: Clinical trial results are Successful 
Evidence of effectiveness: Evidence of effectiveness and safety of 
hypothesis established.  

B. Observations: 
While analyzing the research literature’s and news sources, 

and expert reviews regarding the overall BCI technology facts 
and findings, researchers have observed some censorious issues 
those must need to settle by BCI researchers before doing further  
research on Reversing Paralysis theory. Some issues are : 

1) Brain Computer Interface Vs Brain Machine Interface 
One issue regarding to the Clinical Trial Case Studies 

presented in this paper need more clarification. Among the four 
clinical trials first three clinical trials were performed by Brain 
Computer Interface technology where brain stimulation sent from 
brain implant and received by spinal implant in paralyzed 
individuals to re-establish the lost brain - spine communication 
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bearing mobility of the paralyzed Rhesus 
monkeys leg on a treadmill and over ground 

without any early training and its achieved by 
wireless implant integrated in in brain-spine 
interface.
	 All components integrated to the implant 
in the brain–spine interface have all been 
authorized for similar research investigational 
applications in human. This trial suggesting a 
practical translational pathway for proof-of-
concept studies in human subjects with spinal 
cord injury. Research Centre Name: École 
polytechnique fédérale de Lausanne (EPFL) 
Swiss Federal Institute of Technology Lausanne, 
Lead Researchers:  Jocelyne Bloch & Gregoire 
Courtine [44].

H.	 Clinical Trial Case Study-4:
	 The clinical trial report published in Nature 
Journal in August 2016. The Research Centre 
Name is Duke University Medical Center. 
The researchers, led by neuroscientist Miguel 
Nicolelis, director of the Duke University Center 
for Neuroengineering. In this clinical trial eight 
paralyzed people were participated who got 
paralyzed due to spinal cord injury. They have 
retrieved muscle control over their lower limbs 
and partial sensation after training with brain-
controlled robotics, reported to a new study. 
	 The patients gone through a brain-
machine interfaces (BMIs) as a part of trial, 
including a virtual reality system that used their 
own brain activity to simulate full control of 
their legs. Brain-machine systems established 
direct connection between the patients brain 
and computers and the robotic limbs.   
	 Researchers working of this trial offers 
prospect to people of stroke, spinal cord 
injury, and other conditions to regain mobility, 
strength, and independence. Among the patient 
participators of this trial five participants had 
been paralyzed at least five years; two had 
been paralyzed for more than a decade and 
one patient was paralyzed for 13 years who 
have experienced possibly the most dramatic 
changes [45]. 
	 Following 12 months of training in the 
clinical trial with setup, all eight patients 
experienced satisfactorily neurological 
betterment in pain determination, touch 
sensation, and proprioceptive sensing in multiple 
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organs. Patients also retrieved voluntary motor 
control in key muscles of paralyzed areas, 
resulting in marked improvement in their 
walking index. As a consequences, 50% of 
these patients were improved to an incomplete 
paraplegia stage. 
Neurological recovery was paralleled by the 
emergence of lower limb motor imaging at 
cortical level. Researchers hypothesize that this 
unexampled neurological recovery results from 
both spinal cord and cortical sensitivity induced 
by long-term brain-machine interface usage, 
“Fig. 4” [46]. 
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VII.   RESULTS & DISCUSSION

A.	 Results 
 	 Researchers have been able to achieve 
a clear understanding about the hypothesis 
of Reversing Paralysis Technology. From 
reviewing of the case based medical research 
literature's and clinical trials positive results, 
it has established primarily the fundamental 
proof-of-concept for Reversing Paralysis 
Technology as research question answers found 
satisfactory. 

Results Summary: 
Number of Successful Clinical trials presented 
in the study: 04
Success Rate: All hypothesis have proved 
successfully 
Research Remarks: Clinical trial results are 
Successful
Evidence of effectiveness: Evidence of effectiveness 
and safety of hypothesis established. 

B.	 Observations:
While analyzing the research literature’s and 
news sources, and expert reviews regarding 
the overall BCI technology facts and findings, 
researchers have observed some censorious 
issues those must need to settle by BCI 
researchers before doing further  research on 
Reversing Paralysis theory. Some issues are :

1)	 Brain Computer Interface Vs Brain Machine 
Interface

	 One issue regarding to the Clinical Trial 
Case Studies presented in this paper need 
more clarification. Among the four clinical 
trials first three clinical trials were performed 
by Brain Computer Interface technology where 
brain stimulation sent from brain implant 
and received by spinal implant in paralyzed 
individuals to re-establish the lost brain - spine 
communication and movements. 
	 On the other side the forth clinical trial 
stated here were performed by Brain Machine 
Interface technology where extracellular brain 
activity recording (EEG signal) by computer 
and computers then sent control command 
to controlled robotic limbs that covered the 
paralyzed legs of patient and patients retrieved 
muscle control and sensation again. 
	 Both idea connecting the human brain and 
artificial intelligence and working as supportive 
theory for reversing paralysis. One is wireless 
device (BCI), another is machine (BMI) to 
produce a successful connection between 
human brain . Brain–computer interfaces 
(BCIs) and Brain–machine interfaces (BMIs) 
both are potent ways to restore lost motor or 
sensory function. However, through Brain–
computer interfaces (BCIs) technology  several 
patients have been benefited till to date. Further 
extensive research required for both technology 
[47]. 

2)	 BCI Technology Is Challenging in Human 
than Monkeys 

	 Applying the technology to humans 
will bring many more challenges than using 
it in monkeys. Because in BCI interfaces the 
signals stimulation need to travel a long way 
to go reach to brain implant because the exact 
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position of the brain area engaged in motor 
cortex or body movements is a is difficult to 
isolate in humans. The leg movement control 
region of the brain is much deeper inside the 
human brain in compared to monkeys. Since 
the body movement is not only controlling legs, 
but also a complex combination of brain with 
proper visualization for meaningful movement 
therefor enabling motility in the legs is also 
much more complex. Need advanced extensive 
study on this to resolve this [48 - 49]. 

3)	 Protests against Animal Use in Scientific 
Experiments 

	 Experts agree on the need to acquaint 
more ethical standards for the use of animals 
as scientific experiments. The use of primates 
in scientific experiments still remains a major 
topic for discussion and litigious issue that 
raises serious ethical and practical concerns. 
Numerous animal rights activists groups are 
actively trying to enforce a ban on such scientific 
experiments in the united states and in Europe 
[50].

4)	 Ethical Issues for Legal Use of BCI
   BCI researchers has been encountered 
some critical questions that go beyond strict 
regulatory matters, such as BCIs usage whether 
admissible to treat patients when their informed 
consent cannot be obtained. 
A	 nother censorious issue is a student could 
use the BCI device for communication or think 
the answers of a quiz or exam and breach the 
role of public examination by letting other 
students hear the answers.  
	 In addition with all issues presented above, 
BCI researchers also need to combat with this 
legal issue. BCI technology can be unfairly used 
in sports. Any person could also use this BCI 
device sports running by sending information’s 
to players regarding plays or moves of other 
players giving them an apparent advantage in 
game-play [51 - 52]. 

VIII.   DISCUSSION
C.	 Evidence of Effectiveness & Safety Ensured
	 Reversing paralysis theory has not 
established by one or few scientific research. 

After a huge investment in clinical trials and 
limitless research efforts by world renowned 
neurosurgeons the evidence of effectiveness 
and safety of reversing paralysis technology 
has been established through Brain Implants 
- Brain Computer Interface experiments. By 
using brain computer interfaces as implants 
to brain and spinal cord, paralegics can move 
again after many years passing with spinal cord 
injuries [53]. This research of reversing paralysis 
showing lights of millions hope. Still it it highly 
needed to do further researches to bring this 
technology service in easy health-care access for 
millions of paralegic patients worldwide.

IX.   CONCLUSION
	 Conducting a systematic review highlights 
the usefulness of bringing together a summary 
of many reviews in one place, where more than 
one review takes place foe a fixed important 
topic. The research method delineated here will 
avail health-care professionals to evaluate and 
review published literatures systematically, 
and assist them in evidence based treatment 
purpose. Future research should address 
several unresolved issues. This review has been 
developed on very limited clinical data’s though 
it can be said undoubtedly that these clinical 
trial data’s are extracted from authentic sources 
research papers and clinical trials. 
	 Therefore this theory is going to be an 
extraordinary invention to treat paralysis 
within next 10-15 years. Though it would might 
be take another decade to be complete the 
technology and to come in full active treatment 
phase, but scientists are making consistent 
progress in this clinical research using wireless 
brain implants which are being used for the 
restoration of motion that lost by any injury to 
spinal cord. This qualitative systematic review 
study primarily establishes the efficacy and 
evidence of effectiveness of Reversing Paralysis 
Technology for the possible future treatment of 
Paralysis. More extensive scientific research are 
necessary in this context to achieve the research 
purpose completely and to establish the 
supreme efficacy of this treatment as if people 
can be befitted from this Reversing Paralysis 
Technology. 



Reversing Paralysis Technology - Remarkable Breakthrough for the Treatment of Incurable Paralysis

93ISSN: 2590-3551     eISSN: 2600-8122            Vol. 2     No. 1    April 2018

ACKNOWLEDGEMENT
	 The authors would like to thank Universiti 
Teknikal Malaysia Melaka (UTeM) & University 
of Asia Pacific Bangladesh (UAP) for their 
supports. 

REFERENCES
[1]	 Lloyd Price of Healthcare Digital, “Neural 

Implants And The Race To Merge The Human 
Brain With Artificial Intelligence,” October, 2017. 

[2]	 World Health Organization, “Neurological 
Disorders - public health challenges,” ISBN 92 4 
156336 2. (NLM classification: WL 140). ISBN 978 
92 4 156336 9, 2006. 

[3]	 European Brain Council (EBC), “Value of 
Treatment for Brain Disorders, Discussion 
Paper,” February, 2018

[4]	 F. Bukachi and N.Pakenham-Walsh, “Information 
Technology for Health in Developing Countries,” 
Chest Journal, 132; 1624-1630), DOI 10.1378/
chest.07-1760, 2007.

[5]	 LTH Tan and KL Ong, “The impact of medical 
technology on healthcare today,” Hong Kong j. 
emerg. med. Vol. 9(4) Oct 2002.

[6]	 M. Capogrosso, T. Milekovic, D. Borton, F. 
Wagner, E.M. Moraud, J.B. Mignardot, N. Buse, 
J. Gandar, Q.Barraud, D. Xing, and E. Rey, “A 
brain–spine interface alleviating gait deficits after 
spinal cord injury in primates,” Nature Journal, 
539(7628), p.284, 2016. 

[7]	 C. Ethier, E.R. Oby, M.J. Bauman, and L.E. Miller, 
“Restoration of grasp following paralysis through 
brain-controlled stimulation of muscles,” Nature 
Journal, 485(7398), p.368, 2012. 

[8]	 J.L. Collinger, B. Wodlinger, J.E. Downey, 
W. Wang, E.C. Tyler-Kabara, D.J. Weber, A.J. 
McMorland, M. Velliste, M.L. Boninger, and A.B. 
Schwartz, “High-performance neuroprosthetic 
control by an individual with tetraplegia,” The 
Lancet, 381(9866), pp.557-564,  2013. 

[9]	 MIT Technology Review, 10 Breakthrough 
Technologies 2017. 

[10]	 L.R. Hochberg, D. Bacher, B. Jarosiewicz, N.Y. 
Masse, J.D. Simeral, J. Vogel, S. Haddadin, J. Liu, 
S.S. Cash, P. van der Smagt, and J.P. Donoghue, 
“Reach and grasp by people with tetraplegia 
using a neurally controlled robotic arm,” Nature 
Journal, 485(7398), p.372, 2012. 

[11]	 S. Blumenthal, “How Science Is Crucial To 
Improving Health Worldwide”, Huffingtonpost 
Blog, May 25, 2011. 

[12]	 E. Strickland, “One Small Step for a Paraplegic, 
One Big Step Toward Reversing Paralysis”, IEEE 
Spectrum: Technology, Engineering, and Science 
News, May 2017.

[13]	 Government Office for Science. UK, Technology 
and innovation futures 2017. 

[14]	 W. Jeremy, "Air pollution and brain health: an 
emerging issue." Lancet 390: 1345-422, 2017.

[15]	 World Health Organization, WHO global 
disability action plan 2014-2021, 2017

[16]	 The Deloitte Centre for Health Solutions, 
Connected Health. How digital technology is 
transforming health and social care, 2015. 

[17]	 R. Vargas, and J. Ponce-Canchihuamán, 
“Emerging various environmental threats to 
brain and overview of surveillance system with 
zebrafish model. Toxicology reports, 4, pp.467-
473, 2017. 

[18]	 M.H. Forouzanfar, A. Afshin, L.T. Alexander, 
H.R. Anderson,  Z.A. Bhutta, S. G. Biryukov, 
“Regional, and national comparative risk 
assessment of 79 behavioural, environmental 
and occupational, and metabolic risks or clusters 
of risks, 1990–2015: a systematic analysis for 
the global burden of disease Study,” Lancet, 
388(10053):1659–1724, 2016. 

[19]	 M. Okur, H. Geylani, H. Caksen, O. Tuncer, B. 
Atas, C. Yilmaz, “Chronic mercury poisoning: 
report of two siblings,” Indian J. Occup. Environ, 
Med, 14(1):17, 2010.

[20]	 J.J. Daly, and J.R. Wolpaw, “Brain–computer 
interfaces in neurological rehabilitation. The 
Lancet Neurology,” 7(11), pp.1032-1043, 2008. 

[21]	 J.L. Contreras-Vidal, A. Presacco, H. Agashe, and 
A. Paek, “Restoration of whole body movement: 
toward a noninvasive brain-machine interface 
system. IEEE pulse,” 3(1), pp.34-37, 2012.

[22]	 A. Burns, H. Adeli, and J.A. Buford, “Brain–
computer interface after nervous system injury,” 
The Neuroscientist, 20(6), pp.639-651, 2014. 

[23]	 H.S. Anupama,  N.K. Cauvery, and  G.M. 
Lingaraju, “Brain computer interface and its 
types-a study. International Journal of Advances 
in Engineering & Technology,”3(2), p.739, 2012. 



International Journal of Human and Technology Interaction

94 ISSN: 2590-3551     eISSN: 2600-8122            Vol. 2     No. 1    April 2018

[24]	 S.N. Abdulkader, A. Atia, and M.S.M. Mostafa, 
“Brain computer interfacing: Applications and 
challenges. Egyptian Informatics Journal,” 16(2), 
pp.213-230, 2015. 

[25]	 N. Birbaumer, A.R. Murguialday, and L. Cohen, 
“Brain–computer interface in paralysis,” Current 
opinion in neurology, 21(6), pp.634-638, 2008.

[26]	 D.C. Mariano, C. Leite, L.H. Santos, R.E. Rocha, 
and R.C. de Melo-Minardi, “A guide to performing 
systematic literature reviews in bioinformatics,” 
arXiv preprint arXiv: 1707.05813, 2017. 

[27]	 W. Ham-Baloyi, and P. Jordan, “Systematic 
review as a research method in post-graduate 
nursing education,” health sa gesondheid, 21, 
pp.120-128, 2016. 

[28]	 F. Dochy, “A guide for writing scholarly articles 
or reviews for the Educational Research Review,” 
Educational Research Review, 4, pp.1-2, 2006. 

[29]	 BrainandSpinalCord.org, “Is there a cure for 
paralysis, and will my loved one ever walk 
again?”  

[30]	 K Nas, L Yazmalar, V Şah, A Aydın, 
“Rehabilitation of spinal cord injuries”, World 
journal of orthopedics, 6 (1), p.8, 2015.

[31]	 T. Acharya, “Science and technology for wealth 
and health in developing countries,” Global Public 
Health, 2(1), pp.53-63, 2007.

[32]	 G. Sharma, N. Annetta, D.A. Friedenberg, and M. 
Bockbrader, “Advances in BCI: A Neural Bypass 
Technology to Reconnect the Brain to the Body,” 
In Brain-Computer Interface Research, Springer, 
Cham, (pp. 9-20), 2017. 

[33]	 C. Willyard, “How It Works: A System That 
Reverses Paralysis,” Popular Science, July, 2014.

[34]	 H.S. Chhabra, S. Batra, “Spinal Cord Injury 
and its Impact on the Patient, Family, and the 
Society,” Int J Recent Surg Med Sci, 2(1):1-4, 2016.

[35]	 E. U. Medina, and R.M. Barría Pailaquilén, 
“Systematic review and its relationship with 
evidence-based practice in health,” Revista latino-
americana de enfermagem, 18(4), pp.824-831, 2010. 

[36]	 A. Siddaway, “What is a systematic literature 
review and how do I do one,” University of 
Stirling, (I), p.1, 2014. 

[37]	 E. Aromataris, and D. Riitano, “Constructing a 
search strategy and searching for evidence,” AJN the 
American Journal of Nursing, 114(5), pp.49-56, 2014.

[38]	 A. Silverman, “Paraplegic man stands, steps 
with assistance and moves his legs voluntarily,” 
UCLA News. May 19, 2011.

[39]	 S. Harkema, Y. Gerasimenko, J. Hodes, J. Burdick, 
C. Angeli, Y. Chen, C. Ferreira, A. Willhite, E. Rejc, 
R.G. Grossman, and V.R. Edgerton, “Effect of 
epidural stimulation of the lumbosacral spinal cord 
on voluntary movement, standing, and assisted 
stepping after motor complete paraplegia: a case 
study,” The Lancet, 377(9781), pp.1938-1947, 2011. 

[40]	 E. Rejc, C.A. Angeli, D. Atkinson, and S.J. 
Harkema, “Motor recovery after activity-based 
training with spinal cord epidural stimulation in 
a chronic motor complete paraplegic,” Scientific 
reports, 7(1), p.13476, 2017. 

[41]	 R. Laming and S.Wolpert, “Breakthrough therapy 
allows four paraplegic men to voluntarily move 
their legs,” UCLA News,| April 08, 2014.

[42]	 M. Capogrosso, T. Milekovic, D. Borton, F. 
Wagner, E.M. Moraud, J.B. Mignardot, N. Buse, 
J. Gandar, Q.Barraud, D. Xing, and E. Rey, “A 
brain–spine interface alleviating gait deficits after 
spinal cord injury in primates,” Nature Journal, 
539(7628), p.284, 2016. 

[43]	 V. K. Mushahwar, L. Guevremont, and R. Saigal, 
“Could cortical signals control intraspinal 
stimulators? A theoretical evaluation,” IEEE Trans. 
Neural Syst. Rehabil, Eng. 14, 198–201, 2006.

[44]	 A. R. Donati, S. Shokur, E. Morya, D. S. Campos, 
R. C. Moioli, C. M. Gitti, and F. L. Brasil, “Long-
term training with a brain-machine interface-
based gait protocol induces partial neurological 
recovery in paraplegic patients,” Scientific reports, 
6, 30383, 2016.

[45]	 N. Alexeeva, C. Sames, P.L. Jacobs, L. Hobday, 
M.M. DiStasio, S.A.  Mitchell, and B. Calancie, 
“Comparison of training methods to improve 
walking in persons with chronic spinal cord 
injury: a randomized clinical trial,” The journal of 
spinal cord medicine, 34(4), pp.362-379, 2011. 

[46]	 G.M. Friehs, V.A. Zerris, C.L. Ojakangas, M.R. 
Fellows, and J.P. Donoghue, “Brain–machine and 
brain–computer interfaces,” Stroke, 35(11 suppl 
1), pp.2702-2705, 2004.

[47]	 Actualinfo.website, “Scientists have restored 
motor function of paralyzed monkeys,” Nov 11, 
2016.



Reversing Paralysis Technology - Remarkable Breakthrough for the Treatment of Incurable Paralysis

95ISSN: 2590-3551     eISSN: 2600-8122            Vol. 2     No. 1    April 2018

[48]	 E. Klein, and C. S. Nam, “Neuroethics and brain-
computer interfaces (BCIs),” 2016. 

[49]	 W. Glannon, “Ethical issues in neuroprosthetics,” 
J. Neural Eng, 13(2):021002. doi:10.1088/1741-
2560/13/2/021002, 2016.

[50]	 E.P. Klein, “Redefining the clinical relationship 
in the era of incentives,” Am J Bioeth, 12:26–27, 
2012.

[51]	 R.L. Wilson, “Ethical Issues of Brain Computer 
Interfaces (BCI),” online article, 2013. 

[52]	 J. Howard, “Paraplegics moving again years after 
injuries,” CNN, August 11, 2016




