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Objective. To analyze the literature on rehabilitation of patients in late period after spinal cord injury from the standpoint of evidence-

based medicine.

Material and Methods. The study design is a meta-analysis of publications with levels 1a, b, c, and 2a evidence and a level A recommen-

dations. An electronic search was conducted in the PubMed, Web of Science, Scopus, Cochrane Library, CrossRef, AO Spine, Eurospine, 

ResearchGate, eLIBRARY, and MEDLINE databases, and in references of key articles. Inclusion criteria were systematic reviews, random-

ized controlled studies, multicenter cohort studies with a level 1a, b, c, and 2a evidence and level A recommendations for adult patients with 

long-term sequelae of spinal cord injury (more than 4 months after injury). Exclusion criteria were topic articles, clinical cases, observa-

tions, cohort uncontrolled studies, experimental articles, reports, articles with levels 2b, c, 3a, b, 4, and 5 evidence and level B, C, and D rec-

ommendations, pediatric patients, early period after spinal cord injury (less than 4 months), and non-traumatic lesions of the spinal cord.

Results. The search returned 108 articles with publication date within 1997–2019. The inclusion criteria was met by 65 publications: 

33 systematic reviews, 12 randomized controlled studies, 19 multicenter studies; and one open prospective study was included in the re-

view due to the particular treatment method used. The greatest evidence base for the rehabilitation of patients in the long-term period 

after spinal cord injury is presented for physical methods of rehabilitation. The most effective are locomotor training to develop skills of 

movement. Auxiliary verticalization and robotic devices are needed to restore and improve proprioceptive innervation. In case of violation 

of the spinal tracts, the restoration of motor functions occurs due to the activation of supraspinal interneuronal connections. Epidural 

electrical stimulation of the lumbar thickening of the spinal cord activates a generator of voluntary movement of the limbs and, in com-

bination with training of proprioceptive sensitivity, leads to a regression of movement disorders. The constant use of electrostimulation 

blocks proprioceptive sensitivity and inhibits the recovery of spinal conductivity. Parameters of clinical application are not defined for ar-

eas of regenerative medicine.

Conclusion. The main problem in rehabilitation of patients in late period after spinal cord injury is the lack of a unified concept, developed 

strategies of rehabilitation technologies, and criteria for assessment of the initial status and treatment efficiency.

Key Words: late period after spinal cord injury, rehabilitation in late period after spinal cord injury, treatment in late period after spinal 

cord injury.
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Despite the great number of publications, 
the main trends in rehabilitation of patients 
in the late period after spinal cord injury 
have not been defined from the standpoint 
of evidence-based medicine. Many of them 
are either at the experimental stage or have 
not been defined for the clinical study or 
describe individual clinical cases.

The aim of the study is to analyze the 
literature on rehabilitation of patients in 
the late period after spinal cord injury 
from the standpoint of evidence-based 
medicine.

The study design is meta-analysis of 
publications with levels 1a, b, c, 2a evi-
dence and level A recommendations.

Material and Methods

An electronic search was conducted in 
the PubMed, Web of Science, Scopus, 
Cochrane Library, CrossRef, AO Spine, 
Eurospine, ResearchGate, eLIBRARY, 
and MEDLINE databases, as well as in 
the references of the key articles.

Inclusion criteria were as follows: 
systematic reviews, randomized con-
trolled studies, multicenter cohort stu-
dies with a level 1a, b, c, and 2a evi-
dence and level A recommendations for 
adult patients with long-term sequelae of 
spinal cord injury (more than 4 months 
after injury).

Keywords for the search were: chron-
ic spinal cord injury, rehabilitation of 
patients with chronic spinal cord injury, 
treatment of patients with chronic spinal 
cord injury.

Exclusion criteria were topic articles, 
clinical cases, observations, uncontrolled 
cohort studies, experimental articles, 
reports, articles with levels 2b, c, 3a, b, 4, 
and 5 evidence and level B, C, and D rec-
ommendations, pediatric patients, early 
period after spinal cord injury (less than 
4 months), and non-traumatic lesions of 
the spinal cord.

The period of search was April 2016 – 
March 2019.
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Results and Discussion

The search returned 108 articles with 
publication date within 1997–2019. 
Among those, the inclusion criteria were 
met by 65 publications: 33 systemat-
ic reviews, 12 randomized controlled 
studies, and 19 multicenter studies. In 
addition, one open prospective study 
(long-term 48-month follow-up period) 
was included in the review due to the 
particular treatment method used. The 
topics of the publications are presented 
in Table.

Regarding the consequences of the 
spinal cord injury, it is one of the most 
disabling types of trauma for the patient 
and expensive in terms of treatment and 
rehabilitation among other types of inju-
ries. More than 2 million people in the 
world live with the consequences of spi-
nal cord injury, including physical, social, 
psychological and emotional disorders 
that affect the victim’s family, friends, 
employers, the society, and the health-
care system as a whole [2].

Studies of the effects of spinal cord 
injury highlight various aspects. Now-
rouzi et al. [2] analyzed papers on the 
problems of long-term spinal cord inju-
ry. The most published and cited topics 
are pathology/medical history, treatment 
and epidemiology.

A bibliometric review study by Liu et 
al. [3] revealed 5,607 articles on rehabili-
tation of patients with spinal cord injury 
in 1997–2016 with an annual increase in 
their number. The most active country is 
the USA. Publications of the last 20 years 
can be divided into three stages: until 
2005 is the initial period, publications on 
the current situation; 2005–2011 is the 
period of rapid development, it includes 
papers on solutions to the posed prob-
lems; after 2011 is the period of slow 
development, the decline in publication 
activity due to the development crisis, 
the search for effective technical means, 
such as artificial intelligence, the brain-
computer interface, stem cell therapy, 
breakthrough in reformation of the 
existing technologies [3].

Rehabilitation of patients with spinal 
cord injury is based on pathomorpho-
logical changes in both the nervous sys-
tem, i.e. the spinal cord substance, and 

the organism as a whole and is divided 
into phases starting from the moment of 
injury: acute, subacute, and chronic stag-
es. The acute and subacute phases are 
combined into one neurorecovery stage 
(12–18 months after injury), the stage 
after neurorecovery is called the chronic 
phase [4]. In the domestic literature, the 
corresponding (in terms of time charac-
teristics) division is the classification of 
the periods of the traumatic disease of 
spinal cord (TDSC) by O.A. Amelina [5]: 
acute (from several days to 3–4 months), 
intermediate (1–2 years), and late (indef-
inite in duration).

Rehabilitation in the acute and sub-
acute stages is aimed at stimulating and 
enhancing neurorecovery processes, 
maximal restoration of lost functions, 
prevention of secondary complications 
and creation of optimal conditions 
for the long-term maintenance of the 
patient’s health [6].

The late period of the spinal cord 
injury is characterized by persistent neu-
rological disorders and altered functional 
status of the patients.

Currently, there are no generally 
accepted approaches to the condition 
assessment, care, and rehabilitation 
methods for patients with traumatic spi-
nal cord disease in both acute and late 
periods of the disease [7–10].

Results of a systematic review by 
Burns et al. [4] show that the evidence 
base on many key issues of rehabilita-
tion after spinal cord injury is limited. 
There is not enough information on the 
time of rehabilitation, its nature, volume 
(intensity, frequency, duration), the role 
and impact of the physical and psycho-
logical characteristics of the patient, the 
type of injury, profitability and efficience 
of alternative methods. The methods of 
recovery from spinal cord injury are 
not systematized, and the term “reha-
bilitation” includes surgical, physical and 
mechanical methods without evaluating 
the results and effectiveness and, in most 
cases, it presents a “black box” or a “Rus-
sian nesting doll” [11].

In recent years, attempts were made 
to systematize and classify the main reha-
bilitation technologies: Van Langeveld et 
al. [10] analyzed the methods of 10 reha-
bilitation centers in Holland and Germa-

ny [10]; there is the SCIRehab project in 
the USA [8], Rapidi et al. [12] assessed the 
work of European rehabilitation centers. 
The main conclusions in organizing care 
for patients with the consequences of 
spinal cord injury are the following: assis-
tance provided by doctors experienced 
in the rehabilitation of such patients, 
conducting programs that include mul-
tidisciplinary teams, patient-orient-
ed approach taking into account the 
patient’s functional status, his needs, the 
period after injury, and life-time moni-
toring with periodic hospitalizations.

There is no doubt that the nature 
and content of rehabilitation methods 
should vary depending on many factors: 
the period of the disease, injury level, 
neurological status, and social aspects. 
In addition, the time, type, intensity and 
duration of treatment are determined 
not only based on the medical report but 
also depending on the health care policy 
and financing [4].

The problem for assessing both the 
initial state of patients and the rehabili-
tation results is the lack of uniform scale 
and questionnaires. The most common 
are the ASIA scale for assessing neuro-
logical status, SCIM and FIM scale for 
assessing functional status, and a 10- or 
15-meter walk test for gait assessment.

The later rehabilitation begins from 
the moment of injury, the worse its 
results and the quality of the patients’ 
life [13–17]. The effectiveness of rehabili-
tation is also affected by the patient’s age, 
education level [13], body weight [18, 19], 
marital status, and repeated hospitaliza-
tions (dynamic observation by a team of 
specialists) [8, 10, 12].

Reviews by Hyun et al. [20] and Huang 
et al. [21] demonstrate the key objective-
ly confirmed areas of neurorehabilita-
tion therapy for patients with complete 
spinal cord injury. Patients in the late 
period after spinal cord injury are no 
longer told that there is nothing that 
can be done. The mechanisms of neu-
rorehabilitation therapy include neuro-
modulation, neuroprotection, remyelin-
ation or neurorestoration, neuroplasti-
city, axonal regeneration, modulation of 
anti-inflammatory responses, neurogen-
esis, angiogenesis, and neuronal replace-
ment. Partial functional recovery and an 
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improvement in the quality of life was 
noted after stem and embryonic cell 
transplantation, intrathecal administra-
tion of neurotrophic factors at the conus 
medullaris and intramuscular injection of 
cell suspension. Electrical stimulation of 
denervated muscles is effective for main-
taining the muscle mass, blood perfu-
sion, and the cosmetic effect. Limb neu-
roprosthetic interfaces help patients to 
adapt to certain types of daily activities. 
Robotic simulators are based on sensory 
afferent activity and feedback. Neuro-
tization techniques offer such options 
as transplantation of a peripheral nerve 
into the spinal cord above and below 
the injury level, transplantation of the 
anterior spinal nerve roots to improve 
the innervation of the bladder [20]. Neu-
rorehabilitation includes complexes of 
locomotor training in combination with 
robotic devices. A promising approach 
is a combination of several techniques 
taking into account the functional state 
of the patient in the late period after spi-
nal cord injury. However, the possibili-
ties of these processes in relation to the 
spinal cord injury, as well as their effec-
tiveness, are limited [21]. According to 
the authors, no clinical trials for patients 
in the late period after spinal cord injury 
showed functional improvements. The 
most effective delivery method and 
the amount of the required substance 
have not been determined for stem 
cell implantation. Experimental devel-

opments (pluripotent stem cells, neu-
rotrophic factors, anti-inhibitors, bio-
polymers) and their combination with 
physical methods have also not been 
determined for clinical use [20, 21].

The possibilities and prospects of 
regenerative medicine in the chronic 
phase of the traumatic spinal cord inju-
ry were presented by Dalamagkas et al. 
[22]. Late period of the injury is charac-
terized by termination of inflammatory 
processes, neuroplasticity and spontane-
ous regeneration. Promising regenerative 
technologies that can be introduced into 
clinical practice include neurospheres 
(populations of human nerve stem cells 
capable of renewal and differentiation 
into the main types of CNS cells after 
several generations); a line made of bio-
material and neuronal stem cells to cre-
ate a drawbridge at the level of damage; 
transplantation of Schwann cells and 
cord blood mononuclear cells; bacte-
rial enzyme acting on scar tissue; gene 
therapy using a modified chondroitin-
ase gene; nanostructured matrices based 
on graphene oxide, fibrin, and hydrogel; 
chitosan- and laminin-based biomaterial. 
Currently, these technologies are at the 
experimental stage with single clinical 
cases; indications and methods of their 
application have not yet been defined 
[22].

In order to assess the effectiveness 
and safety of acidic fibroblast growth fac-
tor aFGF, an open prospective clinical 

study was conducted with a long-term 
result of 48 months. According to the 
authors of [23], aFGF is a safe and afford-
able treatment method although with 
slight functional improvement.

Among the physical methods of reha-
bilitation, locomotor training, treadmill 
walking and exercises on robotic and 
visually oriented devices are the most 
often analyzed.

Systematic reviews devoted to the 
analysis of the effectiveness of training 
on robotic devices in comparison with 
other musculoskeletal training strategies 
(treadmill, body support, electrical mus-
cle stimulation, training in orthoses, gait 
training) did not find statistically signifi-
cant differences in assessing the level of 
independence of movement, distance 
and speed [24–29]. A randomized con-
trolled trial by Galea et al. [30] revealed a 
better result when teaching the patients 
with chronic traumatic disease of the 
spinal cord to walk using conventional 
locomotor training than robotic devices.

Comparative analysis of the effective-
ness of exercises on robotic devices for 
patients with incomplete spinal cord 
injury demonstrated their higher effec-
tiveness in improving movement than 
that for conventional training but only 
in the acute period of the disease [17, 31].

Dobkin et al. [32] and Lucareli et al. 
[33] have not obtained evidence of the 
higher efficiency of the treadmill exer-
cises than gait training alone.

Table

Distribution of articles on research topics and study design

Publication topic Study design Number of publications

Bibliographic reviews systematic reviews 2

Problems of classification, areas of rehabilitation, 

outcomes

– systematic reviews;

– multicenter studies

5

15

Physical rehabilitation methods – systematic reviews;

– multicenter studies;

– randomized controlled studies

8

1

7

Epidural electrical stimulation – systematic reviews;

– multicenter studies;

– randomized controlled studies

13

2

5

Neuronal regeneration, cell technologies – systematic reviews;

– multicenter studies;

– prospective study

5

1

1
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Visually oriented exercises and tread-
mill training equally improve endurance 
and gait [34, 35]. The effectiveness of 
feedback training aimed at activating 
dysfunctional neural networks of the spi-
nal cord is shown in a review by McDon-
ald et al. [36].

A randomized controlled study by 
Boswell-Ruys et al. [37] demonstrated 
efficiency of conventional “sitting with-
out support” type of training compared 
to the untreated control group.

An actively used method for treating 
patients in the late period of spinal cord 
injury is epidural electrical stimulation 
(EES).

Motor neurons are the only channel 
through which motor commands reach 
the muscles. Conductivity of motor neu-
rons is controlled by the brain stem 
through a system of interneurons and 
supraspinal connections. Both the con-
ductivity of motor neurons and the neu-
romodulatory effect of the brain stem 
are impaired in spinal cord injury [38]. 
If the spinal cord is damaged, a critical 
number of motor neurons survive, but 
they cannot carry action potentials and 
are electrically unresponsive. They can 
become electrically active due to neuro-
modulatory factors acting through the 
system of supraspinal connections. Thus, 
the neural networks of the brain and the 
spinal cord can be the main factor the 
functional activity of which determines 
the restoration of active voluntary move-
ments of the limbs. Modulation of the 
supraspinal connection system results in 
a gradual restoration of spinal excitability 
and the appearance of muscle contrac-
tions [39, 40]. Another mechanism of EES 
action is considered to be the stimulation 
of interneuronal connections through 
the activation of proprioceptive inner-
vation [41].

In 1911, a generator of voluntary limb 
movements was described as accumu-
lation of interneurons localized in the 
lumbar enlargement of the spinal cord. 
The generator is activated by mediators 
of the supraspinal neural network and 
initiates sequential activation of the thigh 
and lower leg muscles, then flexion of 
the foot, knee and thigh [40]. The reha-
bilitation effects of spinal cord stimula-

tion have been widely shown in animal 
studies, which demonstrated the ability 
to move independently when applying 
EES during a treadmill walk despite the 
complete loss of function without EES 
[42–45]. The performed experiments 
indicate that the motor pattern in EES 
requires a combination with the sensory 
information. Restoration of the walking 
ability must be combined with a vertical 
load on the limbs; this factor plays a criti-
cal role in the rehabilitation of people 
with spinal cord injury using EES [46–49].

The use of an electric field in the dor-
sal epidural space activates the neuro-
nal structures both inside and outside 
the spinal canal. The spinal canal and its 
content present a heterogeneous con-
ductor with several neuronal structures, 
which cause various reactions upon elec-
trical stimulation. The cerebrospinal fluid 
has the highest conductivity followed 
by the white matter of the spinal cord. 
In addition, the orientation of the fibers 
(longitudinal or transverse), the descend-
ing angle from the spinal cord, and the 
internal distribution of intraspinal fibers 
and the gray matter have an impact on 
conductivity. The most important fac-
tor determining the current distribution 
during EES is the width of the cerebro-
spinal fluid space between the electrode 
and neuronal structures. Other important 
factors are the size and orientation of the 
nerve fibers: larger fibers are the first to 
be stimulated, since they cross the elec-
tric field in the transverse direction and 
have a lower threshold than the fibers 
extending in the longitudinal direction. 
Therefore, when the electrode is placed 
close to the spinal cord, the transverse 
segmental part of the afferent system is 
the one that is mainly stimulated. The 
location of an electrode should be at the 
level of cerebrospinal fluid accumula-
tion for stimulation of the anterior motor 
neurons and intraspinal neurons and at 
the level of all dural sac structures for the 
distribution of excitation [50].

Lumbosacral EES allows one to 
improve the motor and sensory func-
tions, pelvic organ function in patients 
with long-term consequences of spinal 
cord injury. In most cases, implanta-
tion of devices for chronic stimulation 

is used after test stimulation. Chronic 
EES requires constant placement of the 
implantable electrode on the dural sac, 
laminectomy, implantation of a pulse 
generator device with its subsequent 
connection and adjustment [44]. The 
operation of such devices is not always 
convenient for patients [47]. In addition, 
the authors mention the risks of surgical 
infection, postoperative instability, and 
spinal deformity. The electronic stimula-
tor under development, which is made of 
soft materials and capable of simultane-
ously conducting electrical and neuro-
chemical stimulation of the spinal cord, 
has not yet passed clinical trials. The 
configuration of the electrodes, as well 
as the parameters necessary to stimu-
late motor activity, depend on the anat-
omy of the spinal cord, the severity of 
the injury and the electrode placement. 
The strategy of selecting individual EES 
parameters for each patient is laborious 
[44]. Transcutaneous stimulation of the 
lumbar spinal cord and temporary EES 
may serve as an alternative [42, 43, 45]. 
These techniques are more functional for 
patients when combined with locomo-
tor training courses. The use of periodic 
(course) temporary targeted stimulation 
of the spinal cord for selective activation 
of the sensorimotor network in order to 
improve motor characteristics seems to 
be promising in people with spinal cord 
injury [48, 51].

EES efficiency depends on the elec-
trode location, disease duration, and 
residual functions. However, in general, 
it has a positive effect on the gait speed, 
endurance, and tolerance of physical 
activity [52, 53].

Jones et al. [17] conducted a random-
ized controlled study of patients with 
incomplete spinal cord injury in the late 
period after injury in order to evalu-
ate the effectiveness of early or delayed 
motor training in combination with EES 
and showed its greater efficiency com-
pared to intrathecal administration of 
neurotransmitters.

A multicenter study by Wenger et al. 
[54], which involved 16 clinics, deter-
mined the EES protocols for the lumbar 
segments of the spinal cord reproducing 
the natural activation of the motor neu-
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ron during movement. The combination 
of selective spinal implants and software 
modulates the movements of the exten-
sor and flexor in real time, which allows 
training the patient’s gait.

The effectiveness of EES for improv-
ing the function of the upper limbs in 
patients with tetraparesis in incomplete 
spinal cord injury has been confirmed 
[55]. Normal functioning of the hand is 
the most important problem for people 
with spinal cord injuries at the cervical 
level.

Studies in healthy people and patients 
with spinal cord injury and cerebral palsy 
indicate that even transcutaneous elec-
trical stimulation at the lumbar enlarge-
ment leads to increased excitability of 
the lumbar spinal neural structures, acti-
vation of afferent systems, including 
dorsal roots with their mono- and poly-
synaptic projections to motor nuclei, an 
increase in the speed of impulses along 
nerve conductors and the structures of 
the neuromuscular system [43, 56].

Another aspect of the use of EES in 
the late period of a traumatic spinal cord 
injury is neuropathic pain syndrome [57]. 
Moreno-Duarte et al. [58], when analyz-
ing nine randomized controlled trials, 
noted a reduction in pain in six of them 
without any significant negative effect of 
stimulation.

The disadvantage of EES is that it is 
capable of effectively generating a reli-
able musculoskeletal reaction after spinal 
cord injury in rodents but not humans 
[41, 42, 45, 51, 56]. The main pathophysi-
ological aspect of this is the lack of pro-
prioceptive innervation in rats. Clinical 
and experimental studies show that it 
is the combination of EES with locomo-
tor training that plays a crucial role in 
the activation of spinal neural networks 
and formation of a significant volun-

tary motor response of the muscles [56]. 
Moreover, the effect of using chronic EES 
is observed only during its implementa-
tion and only in combination with train-
ing [41, 45, 49, 56].

Computer simulations, preclinical 
and clinical experiments demonstrated 
that continuous EES blocks proprio-
ceptive innervation by activating the 
inhibitory networks involved in move-
ment and reduces or abrogates the 
conscious perception of the leg posi-
tion. The destruction of proprioceptive 
information during a continuous EES 
impairs the ability of the spinal cord 
to coordinate the formation of a motor 
pattern after injury. It is the mecha-
nism of proprioceptive communication 
that plays a crucial role in the reorga-
nization of residual descending paths 
and the restoration of motor activity in 
traumatic spinal cord disease. Periodic 
stimulation, on the contrary, does not 
allow blocking of proprioceptive infor-
mation thus providing reliable control 
over the motor activity of neurons. This 
demonstrates the importance of defin-
ing stimulation protocols that take into 
account the preservation of propriocep-
tive information [41, 44, 51, 54].

Conclusion

The main problem in rehabilitation 
of patients in the late period after spi-
nal cord injury is the lack of a unified 
concept,  developed strategies of 
rehabilitation technologies and criteria 
for assessment of the initial status and 
treatment efficiency. This is due to the 
fact that there are no protocols for the 
application of known treatment methods, 
many approaches are still at the stage 
of experimental studies and clinical 
observations. In addition, specialists in 

various fields participate in rehabilitation 
of such patients.

The largest evidence base in rehabili-
tation of patients in the late period after 
spinal cord injury is presented for physi-
cal rehabilitation methods. The most 
effective ones are locomotor training for 
developing movement skills. Auxiliary 
verticalisation and robotic devices are 
required for restoration and improve-
ment of proprioceptive innervation.

In case of degeneration of the spinal 
tracts, the restoration of motor functions 
occurs due to the activation of supraspi-
nal interneuronal connections. EES of the 
lumbar enlagement of the spinal cord 
activates a generator of voluntary move-
ment of the limbs and, in combination 
with training of proprioceptive sensitiv-
ity, leads to a regression of movement 
disorders. The constant use of EES blocks 
proprioceptive sensitivity and inhibits 
the recovery of spinal conductivity.

Clinical application parameters have 
not been yet defined for the areas of 
regenerative medicine.

There is a shift in paradigm in rehabil-
itation of patients with traumatic spinal 
cord injury. Historically, the therapy has 
been focused on teaching the compen-
satory strategies, then, with an under-
standing of neuroplasticity, comes the 
neuromuscular technologies for resto-
ration of the lost functions, and robotic 
devices, artificial intelligence, and addi-
tive technologies are being actively intro-
duced. The combination of approaches at 
the stages of treatment with taking into 
account the neurological and functional 
status presents the best choice of a reha-
bilitation program for patients with con-
sequences of the spinal cord injury.

The study had no sponsorship. The authors declare 
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