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Introduction
Spinal cord injury (SCI) refers to insult of the spinal cord or cauda equina caused
by fracture or dislocation of the vertebrae, with or without an open wound track.
Approximately 14% of spinal fracture victims suffer from SCI. SCI often occurs
among people aged 30–40 years old. In recent years, the mortality rate of spine injury
and SCI has reduced from 4.42% to 0.44% due to the progress of prehospital first
aid, treatments in acute stage, and nursing techniques, resulting in improved quality
of life of the patients, and most of the patients now show only little difference in life
span compared with common people. There are more than one million patients with
spine injury and SCI in China, and the number is still growing with 120,000 cases
per year.1–6
Restoring function in people with SCI is one of the most challenging tasks in
clinical practice. Recently, neurorestorative strategies have been translated to clinical practice, and patients have benefited and their quality of life has improved.7 The
following clinical neurorestorative guideline focuses on therapeutic methods that can
be used in acute, subacute, and chronic phase. This document is based on scientific
and professional information available before the May of 2016, which is concerned
with the latest clinical advances and the reasonable evidences available for efficacy
of SCI treatments.
This guideline is recommended to the Chinese and global medical/scientific
communities for clinical treatment and further research on the SCI. We especially
emphasize that although the methods listed in this guideline can restore some
functions in SCI patients to some extent, they may not benefit those with higher
expectation.
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Abstract: Restoring functions following spinal cord injury (SCI) was the most challenging task
in clinical practice in the past. Fortunately, some effective neurorestorative methods have been
exploited in acute, subacute, and chronic phase of SCI. There were no clinical neurorestorative
therapeutic guidelines available before this document which can be followed by physicians to
manage patients with acute, subacute, and chronic SCI. This guideline will be a helpful reference to physicians to implement their neurorestorative strategies that can help to improve the
neurological functions in patients with SCI and their quality of life.
Keywords: clinical therapeutic guideline, neurorestorative strategies, spinal cord injury, cell
therapy, cordotomy, neurotization
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Physical examinations

The neurological examinations that are performed 1–2 days
after injury are not reliable; therefore, comprehensive neurological examinations should be done 3 days after injury
to assess its severity and to estimate the possible outcomes
of treatment. It must be emphasized that about one-fourth
of the cervical spinal cord-injured patients may also suffer
from head injury, while thoraco-lumbar SCI may also be
accompanied by chest injury, abdominal injury, pelvic injury,
and limb injury, and thus, complete physical examinations
are critically necessary to avoid misdiagnosis.3,8,9
The most commonly used quantitative diagnostic method
is the American Spinal Injury Association (ASIA) neurological score (Figure 1), which includes motor, pinprick,
and touch scores. The ASIA motor scores (100 points) are
obtained by grading ten muscle groups on each side of the
body, and each muscle is scored on a scale of 0–5 (0=no voluntary movement, 1=slight movement, 2=definite movement,
3=movement against gravity, 4=movement against manual
resistance, 5=normal). Pinprick and touch sensations are
separately scored on a scale of 0–2 in each dermatome, and
then the scores are summed to obtain 56-point sensory scores
for each side of the body, adding up to a total of 112 points.10
The International Association of Neurorestoratology SCI
Functional Rating Scale (IANR-SCIFRS) (Table 1) can be
utilized to assess the daily-life functional capacities of spinal
cord-injured patients.11

Accessory examinations
X-ray plain film
The film includes frontal, lateral examination; however,
the lateral film should be examined first to avoid moving
the patient much. Sometimes, a double oblique examination should be performed. The main aspects of observation
should include alignment of the vertebrae, type of fracture or
dislocation, appendix of vertebra fracture, and intervertebral
space narrowing or broadening.
Computed tomography (CT)
Axial and three-dimensional CT scans could reveal the shape
of spinal canal and vertebral facet joints. For combined injuries, CT scan should be performed.
Magnetic resonance imaging (MRI)
MRI is the preferred examination for SCI patients, by which
the location, severity, and extent of the injury of the cord can
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be observed clearly. Usually, the damaged disc and ligament
or its displaced debris in the canal can be observed through
MRI.
Somatosensory evoked potential (SEP)
When SCI occurs, SEP examination can be performed for
checking the function and integrity of the cord. If SEP
cannot be detected 24 hours after injury, and there were no
signs of regaining observed through continuous examinations for several weeks, the injury of the spinal cord must
be complete; otherwise, the injury is incomplete. However,
the SEP examination could only test the sensory function,
and not the locomotor function.

Diagnosis
The SCI diagnosis should include the level and severity of the
injury of the spinal cord, the level and type of fracture or/and
dislocation of the injured vertebrae, and the stability of the
spinal column. The severity of the SCI is classified according to the ASIA Impairment Scale.10 An injury is assigned
ASIA grade A if both perianal sensation and voluntary anal
sphincter contraction are absent. ASIA grade B indicates that
some sensation is preserved but motor score is zero below
the injury level. ASIA grade C indicates that some motor
function is present but motor scores below the injury level
add up to less than 50% of normal. ASIA grade D indicates
that motor scores below the injury level add up to 50% or
greater than normal.

Treatments
The SCI therapeutic outcome partly depends on the number
of surviving axons – the more the number of surviving axons,
the more the neurological functions might be restored. Therefore, SCI therapy is critical as it alleviates the secondary acute
or subacute SCI. The principles of SCI treatments include
early reduction and fixation, combined extramedullary and
intramedullary decompression, cell transplantation, early
rehabilitation treatment, and complication prevention.3,8,9,12,13

Prehospital first aid
About 25% of the neurological function impairment following spine injury is caused by improper handling; thus,
first-aid management for SCI patients should be taken more
seriously. The optimal way to handle an SCI patient is that
three or more people from both sides or one side should lift
the patient horizontally and place him/her on a flat board or
a special stretcher, for transporting to specialized hospital by
ambulance or helicopter.3
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Figure 1 The ASIA neurological scores sheet. Revisions of the ASIA/IMSOP classification were published in 1997, 2000, and 2013.
Note: Reprinted from Ditunno JF Jr, Young W, Donovan WH, Creasey G. The international standards booklet for neurological and functional classification of spinal cord injury. American Spinal Injury Association. Paraplegia.
1994;32(2):70–80.77
Abbreviations: ASIA, American Spinal Injury Association; IMSOP, International Medical Society of Paraplegia.
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Table 1 International Association of Neurorestoratology Spinal Cord Injury Functional Rating Scale
1. Upper limb movement
(1) Eating and drinking
3 Normal
2 Finish independently with difficulty
1 Some assistance
0 Total dependence
(2) Grooming
3 Normal
2 Finish independently with difficulty
1 Some assistance
0 Total dependence
(3) Writing
3 Normal
2 Slow or sloppy; most words legible
1 Many words not legible
0 Unable to grip pen
2. Lower limb movement
(4) Standing without brace
3 Normal
2 Stand independently but unsteady
1 Some assistance
0 Cannot do
(5) Walking without brace
3 Normal
2 Walk independently but slow or unsteady
1 Some assistance
0 Cannot do
3. Trunk movement
(6) Sitting
3 Normal
2 Stable when still, but unstable when moving
1 Unstable when still
0 Cannot do
(7) Turning body over
3 Normal
2 Finish independently with difficulty
1 Some assistance
0 Total dependence
4. General movement
(8) Transfers: bed to chair/wheelchair
3 Normal
2 Finish independently with difficulty
1 Some assistance
0 Total dependence
(9) Bathing
3 Normal
2 Finish independently with difficulty
1 Some assistance
0 Total dependence

(10) Dressing
3 Normal
2 Finish independently with difficulty
1 Some assistance
0 Total dependence
5. Sphincter control
(11) Bladder control
3 Normal
2 Reflex voiding with partial sensation or control
1 Reflex voiding without sensation or control
0 Total incontinence or urethral catheterization/cystostomy needed
(12) Bowel control
3 Normal
2 Partial control with sensation
1 Partial control without sensation or no control with partial sensation
0 Total incontinence
6. (13) Muscular tension (refers to the amount of tension or resistance
to movement in a muscle)
3 Normal
2 Slight increase/decrease or mild spasm
1 Large increase/decrease or significant spasm
0 Extreme stiffness or spasticity
7. (14) Sweating
3 Normal
2 Slight decrease
1 Significant decrease
0 Absent sweating
8. (15) Skin condition
3 Normal
2 Partial breakdown
1 Significant breakdown, often associated with edema
0 Enduring bedsore or skin damage; severe edema
9. (16) Pain
3 No pain
2 Mild pain, ordinary pain killer effective
1 Severe pain, narcotics required
0 Extreme pain, uncontrolled
10. (17) Sexual function (rate for males only; do not include in overall
score)
3 Normal
2 Can achieve erection and sexual penetration, but problems with
sensation or ejaculation
1 Can achieve erection, but no sexual penetration, sensation or ejaculation
0 Unable to achieve erection

Notes: This scale includes nine categories with 16 items in total (plus one optional category). The maximum possible score is 48; the lowest possible score is 0. Explanation
of the functional rating scale scores: 48: normal functioning across all categories; 35–47: slight degree of functional handicap (mostly independent); 18–34: medium degree of
functional handicap (some dependency indicated); 0–17: severe degree of functional handicap (significant impact on daily life).

Pharmacologic therapy
Neuroprotection is essential which aims at minimizing
and even preventing secondary medullary lesion extension
through medical measures which prevent apoptosis and cellular death, and promote neural survival.
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Corticosteroid
High-dose methylprednisolone (MP) therapy at early stage
was once considered to be positive for neurological restoration in acute phase of SCI.14–16 The results of the National
SCI Study (NASCIS I and II) carried out in human were
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modest, with possible severe complications. MP intravenous
injection, in the course of 8 hours after the SCI (preferably
in the first 3 hours), of a 30 mg/kg bolus followed by a continuous injection of 5.4 mg/kg hourly, for the next 23 hours,
demonstrates certain efficiency. So far, no undeniable proof
supports its routine application. In fact, the American Association of Neurological Surgeon and the Congress of Neurological Neurosurgeons concluded in March 2002 that MP
use in SCI for 24–48 hours is recommended as an option.
Latest research revealed that there was not enough medical
evidence supporting that high-dose MP certainly improves
neurological restoration in acute SCI; however, complications
such as infection, respiratory impairment, gastrointestinal
bleeding, and even death can happen more likely in patients
who undergo high-dose MP therapy. Hence, high-dose MP
therapy has no longer been used routinely in acute SCI, but
it is still an optional therapeutic method.17–19
MP can still be used in incomplete cervical medullary
lesions, and especially in patients with a cervical spondylitis
myelopathy which requires a decompression, but caution
should be paid on the following factors: (a) Time window
(less than 8 hours): infusion speed should be controlled
strictly in the application of high-dose MP with accurate
measurement of body weight and dose.20 MP should be given
as a bolus dose of 30 mg/kg over 15 minutes, followed by a
continuous 23-hour infusion of 5.4 mg/kg/hour. (b) Administration of MP should be stopped as soon as possible for
patients whose prior neurologic symptoms have resolved
to reduce deleterious side effects. (c) Contraindications for
high-dose MP treatment include spinal injury without neurological deficits, penetrating and gunshot injury of spinal cord,
gastrointestinal bleeding, and diabetes; also, this treatment
should not be given up to 8 hours after injury, and in older
patients at a higher risk of pneumonia.

Guideline for neurorestoration in spinal cord injury

been drawn due to the insufficient number of the subgroups
of patients. In addition, clinical trials of minocycline, naloxone, and tirilazad have shown limited therapeutic effects
on patients with SCI. Mannitol could alleviate secondary
spinal cord edema, which supports its early application in
the absence of contraindications.22

Local hypothermia treatment
Local hypothermia treatment can decrease the metabolism of
the injury site, reducing oxygen consumption, which could
be performed in an open or a closed environment through an
epidural or subdural coolant lavage (6°C)23 or an intravascular
route (at 34°C).24
Surgical management
Early decompression and stabilization
Rebuilding the stability of the spinal column with reduction
and fixation of the vertebrae could restore the volume of the
spinal canal with laminoplasty or laminectomy. Acute SCI
with spine alignment restoration and stabilization (within
24 hours) can be performed safely, which is associated with
improved neurological outcome, shorter hospitalization
time, and less complications. Decompression of the spinal
cord after acute SCI attenuates secondary injury, preserving
neurological functions of the survived axons and preventing
further spinal cord tissue destruction.

GM-1 (ganglioside)
There is not enough clinical evidence supporting that GM-1
certainly improves neurological restoration and lowers mortality in acute SCI; therefore, GM-1 is not recommended for
routine use in acute SCI.17,21

Time window of surgery
According to massive clinical researches and specialist investigations, the decompression operation and internal fixation
should be performed as soon as possible (less than 24 hours)
in the absence of life-threatening complications in patients
with obvious neurologic deficit, no matter the injury is complete (ASIA A) or incomplete (ASIA B–D).25–30 However,
in the actual situation, there are a few patients who undergo
operation within 24 hours due to transportation, preoperative examinations, and preparations. A largest clinical study
of almost 5000 SCI patients who underwent early surgical
interventions (less than 3 days) showed that earlier surgical
treatment appeared to provide better effect.3,31

Other medicines
Erythropoietin (EPO) has glioprotective and neuroprotective
properties, which reduces medullary cavitation, cellular infiltration, and neuronal apoptosis. The use of human EPO following spinal cord injury, by injecting a dose of 5000 units/kg
through either a single intraperitoneal injection or a daily
injection over a period of 7 days, has beneficial effects on the
neurological recovery. However, no definite conclusion has

Cordotomy or myelotomy
Decompression of the extradural elements is the primary
focus in the management of patients with acute SCI. Little
attention has been given to the potential deleterious secondary
injury from spinal cord necrosis and hemorrhage. Following
SCI, the resulting spinal cord swelling and any sustained
external pressure may block normal cerebrospinal fluid flow
and further increase spinal cord edema. Myelotomy and
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early debridement of necrosis may be beneficial in preventing complete paralysis by stopping further expansion of
secondary injury, reducing the pressure of spared tissue and
cerebrospinal fluids, preserving survived axons and spared
spinal cord tissue, delaying the glial cell death in white matter,
and providing conduction basis for neurological recovery.
Some data have showed that decompression of dura may
limit the level of secondary injury in human and animal SCI.
Clinical studies have reported the neurological improvement
in acute SCI patients with myelotomy.3,12,31,32 However, prospective randomized clinical trials are still lacking.

acute or subacute SCI, with33 or without positive outcome.34
An acute SCI leads to obvious edema and inflammatory
reaction in damaged area, and cell injections may exacerbate injury at this period; so, the spinal cord with an acute
injury may not be suitable for direct cell transplantation into
injured area.
The mechanisms of cell therapies for SCI include axonal
remyelination and regeneration, neuroplasticity, neuroprotection, neuromodulation, neurorepair, anti-inflammatory
response, neurogenesis, angiogenesis, reducing scar and
cavity formation, and cell replacement.22

Injury type and decompressed procedure
Since complete transection of the spinal cord is quite rare in
clinic, intramedullary decompression should be performed
under microscope, while combining with findings of CT and
MRI, to preserve survived axons in neurologically impaired
patients. Here are four types of surgical interventions for
injured spinal cord and their effects:

Electrical stimulation therapy

(a) Arachnoid adhesion, fluctuation disappearance of spinal
cord, obstruction of cerebrospinal fluid (CSF), and pale
and swollen spinal cord. Intervention: releasing adhesion
of the arachnoid, restoring the CSF flow, and pulsation of
the cord.
(b) Intramedullary hematoma, bony fragments, or foreign
matter. Intervention: removing hematoma, bony fragments, or foreign matter and exploring the cord.
(c) The spinal cord is partly disrupted. Liquefied tissues
might gush out as soon as the dura mater is opened. Intervention: exploring the injury site, removing the necrotic
tissues, and washing the region gently with normal saline.
(d) Intramedullary softening region is found. Intervention:
making a 0.3–0.5 cm longitudinal incision at the softening region, removing the softening tissue, and washing
the cavity gently with normal saline.
Since the border between contusion and normal spinal
cord is not clear at early stage, the range of the intramedullary
decompression should not be extended too much.
Neurophysiological assessment
Intraoperative neurophysiological evaluation of acute or
subacute SCI patients can provide information about spinal
cord function that is not retrievable by other clinical methods
and can correctly predict neurological outcome.

Cell therapy
Cell therapy is a promising therapeutic option for acute and
subacute SCI. There are a few clinical trials of cell therapy for
78
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The neurologic system relies on biological electricity for
information transfer, and local electric stimulation may
improve and induce nerve axon regrowth.35

Rehabilitation therapy
Passive rehabilitation therapy
Postoperatively, passive rehabilitation therapy such as massage and pressure therapy can not only reduce incidence of
pressure sore and deep venous thrombosis but also restore
neurological functions.
Positive rehabilitation therapy
As soon as patient’s condition allows to do exercise after
surgery, he/she with the assistance of a halo or vest can
begin positive rehabilitation therapy such as occupational
training, locomotion training, and hydrotherapy. The recommended positive training method is active movement-target
enhancement-neurorehabilitation therapy, which can help
patients to maximize functional neurorestoration.11

Others
Acupuncture36 and laser puncture37 may promote functional
recovery for patients with acute or subacute SCI with rare
risks.

Complications and managements
Circulatory complications
Hypopiesis

After cervical SCI, activities of sympathetic nerves are suppressed, while parasympathetic nerves are not affected; as
a result, the patient would have more sputum, slower heart
rate, and decreased blood pressure. At this point, anisodamine
could be applied through intravenous drip (20 mg added into
500 ml normal saline) at a speed of 11–15 drops per minute
for an adult, while the speed should be modified according to
Journal of Neurorestoratology 2017:5
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body surface area for a child. The symptoms usually would
be improved including increased heart rates and mean arterial
pressure, and reduced sputum.
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Hyponatremia
Hyponatremia is a common and severe complication after
cervical SCI with an incidence of 45–100%. Hyponatremia
often occurs at 6.4–8.9 days postinjury, and the lowest serum
sodium concentration is detected at 8.7–17.3 days after
injury, while serum sodium concentration begins to rise at
21.8±10.2 days after the lowest level. In general, hyponatremia would disappear after 30.4±6.0 days. Factors related to
hyponatremia are level of cervical SCI, infections, use of
ventilator, and medications (such as dehydrating agent and
diuretic). At this point, refined carbamide could be used (oral
administration, 30 mg/day) for inappropriate antidiuretic
hormone syndrome, while fludrocortisone could be used (oral
administration, 0.1–0.2 mg/day) for cerebral salt wasting
syndrome. However, these two types of syndromes are difficult to distinguish, and fludrocortisone (added into normal
saline) is safe and effective for agnogenic hyponatremia.

Deep venous thrombosis (DVT)
According to statistics, the incidence of DVT with clinical
symptom after SCI is about 16.3%, while the incidence of
DVT detected by ultrasonography or venography is up to
79%. Preventive measures for DVT include limb exercise and
wearing elastic stockings. Once DVT occurs, anticoagulant
therapy should be applied. The thrombus may fall off, leading to embolisms of the heart, lung, and brain, and hence,
caution is required.

Respiratory complications
Difficult breathing and pulmonary infection are the main
respiratory system complications after spine injury and SCI.
Patients with cervical SCI up to C4 level or above might
suffer from diaphragm muscular paralysis, and weakened or
even disappeared cough reflex, leading to dyspnea and lung
infection. At this point, it is necessary to apply tracheotomy,
in order to facilitate sputum suction and ventilator support.

Urinary complications
Urinary tract infection is the main complication of urinary
system after spine injury and SCI. It is critical to use urinary
catheter, and to change the catheter every week, as well as
performing bladder washing at regular intervals in order to
avoid hydronephrosis and renal failure.

Journal of Neurorestoratology 2017:5
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Chronic phase
Evaluation

Physical examinations
Neurological functions can be assessed by ASIA, and dailylife functions can be assessed by IANR-SCIFRS.

Magnetic resonance imaging
MRI can clearly show the current condition of the injured
cord, such as atrophy, myelomalacia, cystic cavity, or even
a syringomyelia, formatted scar, and cord compression if
present.

Electrical physiological examination
Paravertebral SEP can assess and judge the sensory level of
injured cord, and electromyography can assess and judge the
motor level of injured section.

Diagnosis
The chronic SCI diagnosis includes the level and severity
of the injury of the spinal cord and judging whether there is
still compression in the injured spinal cord.

Treatments
If patients with chronic SCI still have serious cord compression, decompression might most likely help in neurological
functional recovery.

Neurotization or nerve bridging
Neurotization or nerve bridging can restore some function
for patients (aged nearly 50 years) having complete chronic
SCI,38,39 especially associated with physical rehabilitation
after transferring axons to a deinnervated target. There are
mainly three methods.
(a) Taking a peripheral nerve from above the injury site, such
as the accessory nerve or intercostal nerve, and bridging it
to nerve roots or peripheral nerves for paralyzed muscles
below the injury site.40,41
(b) Taking the ventral root from lumbar 5 or the sacral 1 segment above the injury site and connecting it to the ventral
root of sacral 2 or 3 segments that normally innervate the
bladder.42,43
(c) Taking a peripheral nerve and inserting the central stumps
4–5 mm into the ventral–lateral bundles of the thoracic
cord (the corticospinal tract) just above the complete cord
lesion and the distal stump of the grafts connecting to the
muscle nerve of the lower limb.44,45
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Neurostimulation/neuromodulation and
neuroprosthesis
Task-specific training with epidural stimulation might reactivate previously silent spared neural circuits or promote
plasticity. These interventions could be a viable clinical
approach for functional recovery for patients with complete
chronic SCI.46–48 Transcranial direct current stimulation can
be effective in the management of neuropathic pain following
chronic SCI.49,50 Functional electrical stimulation of permanently deinnervated muscle in patients with complete chronic
lower motor neuron lesions is an effective therapy, which
results in rescue of muscle mass, function, and perfusion.
Additional benefits are improved leg cosmetic appearance
and enhanced cushioning effect for seating.51,52
Brain–machine interfaces with neuroprosthetic limbs
could help patients with long-term paralysis to perform
several of the required activities of daily living.53–55 Sensory
afferentation, feedback input, and related cerebral voluntary
motor commands – the latter by electroencephalography–
brain computer interface – may thus contribute to wireless
informational powering of the respective robotic suit engine
for bionic standing and gait assistance. Recently, a study
showed that muscle activation could be controlled by using
intracortically recorded signals in a paralyzed human.56

Clinical requirements
The following are the clinical requirements: (a) decreasing
needle trauma: fewer injections would be optimal, especially
in cervical and T11–L1 segment, and incomplete SCI; (b)
decreasing time of operation: 2 hours is the golden time for
cell transferring from the lab to finish transplant; (c) decreasing size of incision will shorten the time of recovery after
surgery; so, minimally invasive operation is required; (d)
decreasing total volume of injection: limited thin needle for
the higher concentration.22

Cell therapy
Cell therapy has become an important therapeutic option
for chronic SCI.57 Increasing clinical evidence suggests that
cell therapy is safe and feasible, while several types of cells
have been confirmed suitable for transplantation in human,
such as olfactory ensheathing cells, Schwann cells, mesenchymal stromal cells, peripheral blood mononuclear cells,
bone marrow hematopoietic stem cells, umbilical cord blood
mononuclear cells, and bone marrow mononuclear cells.
Partial functions and the quality of life have been improved
following transplantation of cells into cord parenchyma,
intrathecal administration of cells (lesion area or lumbar
subarachnoid space), intravascular infusion of cells, and by
multiple routes of administration.11,58–68 Increasing studies
have showed that extracellular vesicles such as exosomes
have recently been suggested to mediate neurorestorative
effects,69–71 and may offer a possible alternative therapeutic
strategy for SCI in future.
Techniques of surgery for cell transplantation
Most cell transplantations for SCI are delivered directly into
the site of or adjacent injury by injecting less than 30 mL of
cell suspension via fine needles or glass capillaries. Several
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attempts have been made to deliver substrates around the
injured cord via intrathecal injection. Intramedullary transplanted cells seem to be optimal for transplantation, which
can directly interact with the host environment to activate
or trigger dysfunctional neurons or axons, help axons to
regenerate and sprout, remyelinate axons, and replace some
kind of lost cells. However, inappropriate cellular injections
can be damaging, which induce technical failure with false
results and conclusion. Risks of intrarparechymal injections
include additional injury due to needle penetration, spinal
cord motion during injection, creation of intraparenchymal
pressure gradients and hydrodynamic dissection, and possible
cord ischemia. Understanding these variables can maximize
the safety of injections and avoid injury to spared structure.23
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Neurorehabilitation
Intensive exercise and biofeedback training can improve
motor functions for patients with chronic incomplete SCI.72–74
Intensive training refers to 6-hours-per-day for 6-days-a-week
over-ground locomotion. While the beneficial effects of intensive exercise alone are limited in people with chronic SCI,
many investigators believe that such exercise may be essential
for motor recovery in people who have received restorative
therapies. A phenomenon called “learned non-use” occurs
after central nervous system injuries, and intensive, repetitive
exercise can reverse atrophy of muscle and nervous tissues.
Substantial recovery of function (two ASIA grades) is possible in a patient with severe C-2 ASIA grade A injury by
“activity-based recovery”. Multimodal intensive exercise
can significantly improve motor function in subjects with
chronic complete SCI, which might have therapeutic value
for these patients as an adjunct to other restorative therapies.
An individual with chronic SCI ASIA grade A improved his
over-ground walking ability following intensive physical
therapy and robotic locomotor training. Yet, these studies
were performed with small sample sizes, and so more studies are necessary.
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Combination therapies
The degree of clinical neurological recovery by a single
neurorestorative therapy is still limited. Preliminary results
of combination therapies for complete chronic SCI are
promising for more functional recovery, which include
identical cell transplantation by two or more routes, two
or three appropriate kinds of cells being transplanted in
synergy, cell therapy with neurorehabilitation, cell therapy
with laser puncture, and neurorehabilitation.11,37,75,76 Combination therapy studies pose major challenges in terms of
logistics and design.

Conclusion
This guideline will be a helpful reference to physicians to
implement their neurorestorative strategies that can help to
improve the neurological functions in patients with SCI and
their quality of life.
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