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Abstract The impact of traumatic spinal cord injury (TSCI)
on function and quality of life (QOL) is substantial, and the
incidence of people living with complete TSCI is increasing
over time as our emergent and critical care capabilities im-
prove. Much of TSCI treatment and prognosis is based on
initial assessment of the neurological level of injury (NLI),
which is followed throughout the continuum of rehabilitation.
Medical treatment and surveillance of the patient’s vulnerable
organs begins in the intensive care unit and continues into
acute rehabilitation, with pulmonary, cardiovascular, integu-
mentary, genitourinary, and gastrointestinal as priority sys-
tems. The multidisciplinary rehabilitation team collaborates
to help patients achieve specific functional goals. Determining
outcome and prognosis for ambulation in TSCI is based upon
completeness of injury and NLI, as well as other variables.
Traditional TSCI rehabilitation techniques when done in
concert with new methods, i.e., augmentative motor de-
vices and novel neuromedical treatments such as stem

cell work, continues to expand the possibilities for QOL
for this challenging patient population.
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Introduction

The functional, psychological, and financial impacts of
traumatic spinal cord injury (TSCI) are broad [1]. Trau-
ma centers utilize multidisciplinary expertise in both
acute surgical and medical management and bridge these
complicated patients to specialized rehabilitation centers
following early stages of recovery and mobilization. The
principles of projection of specific functional goals or
realistic forecasting of patient’s abilities upon home tran-
sition following weeks to months of inpatient rehabilita-
tion remain largely unchanged, in that much of what we
know about prognosis is dictated both neurological level
of injury (NLI) and the completeness of injury [2•].

There has indeed been progress in neurological reha-
bilitation of TSCI with the advances in assisted ambula-
tion, functional electrical stimulation, assistive technolo-
gy, and medical management of associated systems and
complications of immobility. The goal of this report is to
provide an overview of the acute to subacute journey for
those with TSCI as they transition toward a functional
Bnew normal^ with respect to mobility, activities of daily
living (ADLs), and community and social reintegration.
A recovery continuum emphasizing diagnosis, rehabilita-
tion treatment, prognostic education, and realistic goals
for patients with TSCI is discussed.
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Defining the Population

Affected patients with TSCI are typically in school and early
career-aged, and as of 2010, the average age has increased to
42, with about 80 % male predominance. Patients are surviv-
ing polytrauma of higher severity in larger numbers due in
large part to advances in neurotrauma critical care is improv-
ing, and overall this patient population is older that it was even
10 years ago. Roughly 10,000 people in the USA sustain
TSCI each year and currently it is estimated that about 300,
000 people live in our communities following TSCI. Motor
vehicle-related TSCI makes up 37 %, which has slowly de-
creased over the past three decades due to prevention efforts
and technology, and falls have increased over time to 29 %
with perhaps a more functional, yet aging population. Vio-
lence (majority from gunshot wounds) amounts to 13 %, and
sports-related injury 9 %, with 11 % Bother or unknown^
mechanism. Sixty percent of all TSCI is classified as incom-
plete injury and 30% complete injury, with 53% of all injuries
affecting all four limbs, classified as tetraplegia [3].

Recovery and the Initial Patient Evaluation

The American Spinal Injury Association (ASIA) exam should
be completed within 72 h post injury, and has been developed
and validated with high inter-rater reliability (Figs. 1 and 2).
Subsequent exams are often repeated throughout the recovery
process [4••]. With an appropriate mental status, the initial
exam is performed with a safety pin and a cotton-tipped swab.
The exam defines the NLI and the completeness of the injury,
offering prognostic information regarding current and future
functional goals (typically at 1 year). The patient is always
examined supine and with the same systematic approach to
all dermatomes and myotomes in both upper and lower ex-
tremities, with the NLI determined by the most caudal level
possessing both intact sensory and 3/5 (antigravity) or greater
motor strength bilaterally. With any preservation of sensation
in the S4-5 segments (ano-rectal) and/or motor function man-
ifested by voluntary external anal sphincter contraction, the
TSCI is deemed Bincomplete^ [4••].

Recognizing Early TSCI Review of Systems

Whether in the intensive care unit (ICU) or the inpatient reha-
bilitation facility (IRF), recovery in TSCI is a continuum, and
goals are based on patient stability and how far along the
patient is from injury. Three major categories of focused reha-
bilitative efforts during early recovery are pulmonary
management, mobilization (as relates to skin protection, spas-
ticity, and thromboembolic phenomena), and neurogenic
bowel/bladder care.

In terms of weaning the patient from the ventilator,
tetraplegia is not synonymous with dependency on mechani-
cal ventilation. The patient with a complete C4 tetraplegia has
roughly an 80 % chance of weaning from the ventilator. Even
a complete C3 patient potentially has a 60 % chance of
weaning after the first 2–4 weeks of acute care [5]. During
the initial days to weeks, secretions develop from the para-
sympathetic surge, and cough is absent or significantly weak.
Therefore, cough-assist or mechanical insufflator-exsufflator
(M-IE) devices, Bquad-cough^ with clinician assistance, and
abdominal binders all support pulmonary toilet and clearance.
Vital capacity is markedly reduced due to respiratory fatigue
in all complete cervical patients, and due to the combination of
secretions and inefficient ventilation, 85 % of complete C1–
C4 and 50 % C5–C8 patients develop pneumonia and/or atel-
ectasis within the first month from injury [6, 7].

Complete C1 and C2 patients will be apneic. For
these patients, the option of a diaphragmatic pacing sys-
tem (DPS) has become possible, provided that the
phrenic nerve is determined to be intact. The DPS has
been tested in both chronic high cervical tetraplegia as
well as with acute patients prior to rehabilitation. Al-
though variable reports in efficacy, the majority of
paced patients have the ability to be partially (several
hours per day) or completely ventilator-free. Given that
electrodes are placed directly at the motor unit junction
of the bilateral hemidiaphragm as opposed to the tradi-
tional direct-to-phrenic nerve placement, this is a less
invasive (laparoscopic), well-tolerated approach [8].

Mobilization in the ICU for all patients is essential for
both deconditioning and building cardiopulmonary re-
serve. The TSCI population specifically benefits from
early mobility exercises to prevent contractures from
spasm [9, 10]. Especially for patients with flaccid
tetraplegia, the risk of ischial and sacral decubitus ulcers
is significant from day 1 of injury and therefore frequent
turning and positioning is vital in the ICU [11]. Basic
goals of communication for high and mid-cervical pa-
tients (i.e., Bsip and puff^ call light proficiency and head
control communication systems) are difficult initial hur-
dles but essential for care and recovery. High level motor
goals of sitting up and chair transfers enable patients to
achieve confidence in their unique needs, articulating to
providers and family the steps required to move and be
moved. Neurogenic bladder is treated immediately with
indwelling catheter regardless of completeness of injury.
Once fluid management is stable, intermittent straight
catheterization is instituted. BBowel programs^ or regular
bowel medications along with non-pharmacological regi-
mens are typically formalized in SCI rehabilitation. Once
a patient is eating and/or tolerating tube feeding and
forming stools, standing AM or PM suppositories and
stool softeners are introduced.
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Preparation and Beginning the Conversation

The acute change in functioning after TSCI, even in those with
excellent functional outcomes, is something that the patient
may not adjust to for an extended period of time. Education
regarding impairments that indicate eventual disability is a
process that begins early in recovery. Initial discussions with
patients and caregivers are best introduced with the surgical
and rehabilitation medicine specialist. Asking what the patient
and/or family may already know about the TSCI is essential
for formulating a presentation. There are a myriad of differ-
ences in personality, cultural beliefs, and intellectual abilities
that may affect how information is received. Retaining vital
information at this stage is very often not optimal for both
patient and family, and given that roughly 28 % of TSCI
patients have sustained some degree of traumatic brain injury,
it is important to take into account possible concomitant

cognitive impairment [12]. In this light, the initial conversa-
tion should be seen as a gateway and not a closed chapter.

Prognosis, reviewed in detail below, will be discussed at
several points in time, including into the rehabilitation phase.
Communicating prognosis in TCSI should be done with direct
eye contact while seated close to the patient and in the pres-
ence of supportive family or friends. Being forthcoming with-
out negating hope is essential. The statement BWe cannot do
anything more for you^ is not necessarily accurate, in that
goals for less dependence and a good quality of life exist more
than the individual likely will realize [13].

Principles of Rehabilitation

Spinal cord injury rehabilitation provides disease-specific care
to optimize quality of life, foster independence, and

Figs. 1 and 2 ASIA exam sheet and scoring sheet for the International
Standards for Neurological Classification of Spinal Cord Injury. (Used
with permission American Spinal Injury Association: International

Standards for Neurological Classification of Spinal Cord Injury, revised
2013; Atlanta, GA. Reprinted 2015)
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reintegrate patients into the community. Care is delivered
through a multidisciplinary team including Physical Medicine
and Rehabilitation physicians and allied health professionals
including occupational, speech, physical, respiratory, and rec-
reational therapists; rehabilitation nurses; psychologists; and
social workers. Well-equipped centers can also provide cus-
tom wheelchair fitting, assistive technology, specialized
wound care, sexuality/reproductive education, and opportuni-
ties for adaptive sports. Peer volunteers, community support
groups, and vocational counseling are vital components of
comprehensive rehabilitation in this population.

Rehabilitation for patients with TSCI has evolved over the
years and is undergoing a paradigm shift. Historically, therapy
was focused on learning compensatory strategies; however,
with our increasing understanding of neuroplasticity, goals
have shifted toward neuromuscular reeducation and recovery
of lost function.

In the acute care hospital, patients with acute SCI are gen-
erally seen two to five times per week by therapists in one or
more disciplines for 15–60 min sessions. In the acute phase,
early goals include upright position tolerance, which can be

introduced with sitting exercises, raising the head of the bed,
and utilizing a tilt table or standing frame (Fig. 3). These
interventions promote early weight-bearing, improved trunk
and head control, and vascular compliance in light of the high
risk of orthostatic hypotension (OH) and deconditioning/
muscle atrophy in this population. Staff also initiates a passive
range of motion stretching program in which family can ac-
tively participate. Bed mobility, endurance training, and trans-
fer training (bed to chair and chair to commode) are also
central components of early SCI rehabilitation.

Given the high risk of pressure sores and likelihood of
bowel and bladder incontinence, SCI teaching includes help-
ing patients understand the need for weight-shifting maneu-
vers as well as learning to self-catheterize and insert suppos-
itories to promote bowel and bladder care independence [14].
Therapists and nursing staff play a key role in this process.

During acute rehabilitation, the attention soon shifts to uti-
lization of advanced equipment and emphasis on neuromus-
cular reeducation. Patients typically receive therapy 3 h per
day, 6 days per week by specialized SCI therapists. Functional
goals can be set based onNLI (Table 1) [15], though clinicians

Figs. 1 and 2 (continued)
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must be careful not to limit expectations given patient vari-
ability. To achieve these goals, there are a number of treatment
tools available to the therapist.

Occupational therapists (OT) focus on ADLs with a range
of goals from full independence to establishing compensatory
strategies tasks. They utilize equipment to assist with transfer-
ring from one surface to another, dressing, bathing, grooming,
eating, and preparing food. They often coordinate with nurs-
ing to train patients to self-catheterize and perform bowel pro-
grams. OTs assist in wheelchair training and often lead the
charge for home accessibility modifications including ramps,
shower chairs, and other accommodating equipment. Upper
extremity strengthening and endurance training and driving
adaptations fall under OT treatments as well and are key for
wheelchair and vehicle-based mobility.

Speech and language pathologists and respiratory thera-
pists have an important role especially in the treatment of
patients with cervical SCI. The goals of these therapies are
voice production, secretion clearance, ventilator weaning, re-
sistive expiratory muscle training, and utilization of assisted
communication devices. There are a number of communica-
tion devices beyond the scope of this review including eye-
gaze technology-based systems, type and speak devices, and
point and press communication.

Physical therapists are directly engaged in gait training.
The rationale for specific gait training following TSCI is to
provide the injured nervous system with task-specific sensory
input to stimulate the remaining spinal cord networks even
when supraspinal input (above the lesion) is compromised
[16, 17]. Gait training typically includes some combination
of Body Weight Supported Treadmill Training (BWSTT) or
robotic-assisted gait training (Fig. 4). In BWSTT, the patient
is connected to a harness and placed on a treadmill on which
limb stepping movements are assisted by a therapist. Robotic-
assisted gait training uses the same principle, except the power
for locomotion is driven mechanically by a device attached
externally to the patient’s legs. To compliment gait training,
electrical stimulation-equipped devices such as bicycles or
rowing machines (Fig. 5) are utilized as they promote reten-
tion of muscle bulk and improved lower extremity strength.

No clinically significant difference in walking outcome
(speed, capacity, independence, safety) has been found upon
comparing BWSTT vs. robotic training [18]. Clinically, the
decision to utilize one method over another is made based on
the safety and physical support the therapist can provide. In-
crease in corticospinal tract connectivity from training follow-
ing 3–5 months of daily BWSTT has been demonstrated. The
percentage increase of motor-evoked potential was signifi-
cantly correlated with the degree of locomotor recovery noted
byWalking Index for Spinal Cord Injury II (WISC II) score, 6-
min walk test distance, and electromyography (EMG), thus
demonstrating promising results for intensive walking pro-
grams for SCI [19].

Fig. 3 Patient in standing frame with abdominal belt (loose) and tibial
support. (Courtesy of Nancy Kelly)

Table 1 Goals for the first 5 months of rehab based on NLI in patients
with complete TSCI

Level Goals

C4 Independent with power wheelchair mobility
(sip and puff vs. head array)

Partial or full assist ventilation
Dependent ADLs

C5 Independent with power wheelchair mobility
(joystick/arm control)

Can assist with transfers
May need extra respiratory care
Can assist with some ADLs
Adapted driving possible

C6 Independent with manual wheelchair, but may need
power for efficiency

Assist or independent with transfers using slide board
Independent weight shifting
Perform some ADLs with equipment
Adapted driving possible

C7 Independent community mobility in a manual
wheelchair

Independent transfers without board
Drives car with adaptations

C8–L2 Advanced wheelchair skills—wheelies, curbs,
escalator negotiation

Transfers without board including floor and
Independent ADLs
Drives car with adaptations

L3 and below Possible household and community ambulation with
braces and equipment. Independent ADLs

Drives car with/without adaptations

Adapted from Field-Fote [15]
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Exoskeletal systems are wearable battery-powered de-
vices that attach to the limbs to provide the power
needed for movement. They have recently become
available to facilitate gait training for patients with
TSCI as well as for home and community use. Aach
et al. performed a pilot study of eight patients with

traumatic complete and incomplete TSCIs to assess exo-
skeletal locomotor training and identify beneficial ef-
fects on functional mobility. Preliminary results demon-
strate statistically significant improvements in timed
walk tests, number of steps, Timed Up and Go (TUG)
test, and distance covered from pre- to post 90-day
training. [20].

Wheelchairs

For patients withminimal or no ambulatory capacity, a custom
wheelchair is essential. Power wheelchairs can be highly spe-
cific to patients’ needs and include those with head control,
Bsip and puff^ breath control (Fig. 6), tongue control (for C1–
C4 injuries), and joystick control (for ASIA C5 and below).
Power-assist manual wheelchairs are manual chairs with
available powered assistance for propulsion (for ASIA C5
and below). Manual wheelchairs (for ASIA C6 and below)
are lighter-weight but also customizable. Patients with high
cervical injuries who are unable to shift their own bodyweight
for pressure relief will use manual Btilt-in-space^ wheelchairs
that rotate on a sagittal axis. For the athletic patient, sport-
specific wheelchairs are available as well.

Prognosis

Recovery of ambulation is often the most important self-
reported goal of rehabilitation after SCI [21] and has therefore
become an increasingly attractive focus of pharmacological
and rehabilitative approaches and outcome studies. For refer-
ence, functional ambulation in this paper is defined as the
ability to walk independently in the community, with or with-
out the use of devices and braces.

Fig. 4 Patient using Lokomat ©
over a treadmill. Patient wears a
body weight support harness
around the trunk and straps
around the groin that attach to
ceiling suspension. This
suspension rises allowing
unweighting of lower extremities.
The Lokomat can control for hip,
knee, and ankle range of motion
andmovement. The patient is able
to actively or passively take steps
using the system. (Used with
permission of Spaulding
Rehabilitation Network)

Fig. 5 Patient using rowing system attached to a functional electrical
stimulator (FES). The FES uses leads placed at key muscles to facilitate
muscle contraction for lower extremity movement during rowing. (Used
with permission of Spaulding Rehabilitation Network)
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Neurologic Level of Injury and AIS Grade

The NLI and ASIA Impairment Scale (AIS) impairment level
in the acute stage are generally agreed upon as the most im-
portant prognostic factors for functional recovery. Patients
with AIS grade A (motor and sensory complete) on initial
evaluation are unlikely to recover function below the NLI.
In fact, only 20 % of these patients Bconvert^ to AIS B or C
though conversion from any grade has not been proven to
predict outcomes [22, 23]. If the ASIA examination is per-
formed after 72 h, the percentage of patients improving drops
to 2.5 % [24]. AIS A patients with cervical lesions have es-
sentially no chance of functional walking. However, in tho-
racic and lumbar injury, up to 8 % of patients recover the
ability to ambulate, though assistive devices are required and
distances are limited [25].

Typically, one third of AIS B (motor complete, sensory
incomplete) patients recover ambulatory function but out-
comes can vary dramatically [23]. Recent studies have vali-
dated older research that showed a relationship between pre-
served pinprick sensation (in addition to light touch) and re-
covery of ambulation in this group. This is anatomically rea-
sonable given the proximity of the spinothalamic tracts to the
corticospinal tracts in the spinal cord [26].

For AIS C (motor incomplete), the prognosis for functional
ambulation is better than sensory incomplete with an overall
rate of 80–90 % [22, 23], though age is an extremely impor-
tant prognostic factor. Patients over age 50 only become suc-
cessful ambulators 30–40 % of the time [22, 27].

Virtually all patients with AIS D recover ambulatory func-
tion, but as those with grade C injuries, age is a poor prognos-
tic factor, decreasing the odds by 20 % [22, 23, 27].

Other Prognostic Factors

Several studies have found that motor scores [especially the
lower extremity motor score (LEMS)], younger age, and the
presence of pinprick sensation were correlated with better out-
comes [28, 29, 30••, 31]. One group found that all incomplete
paraplegics with initial LEMS of at least 10 ambulated by
1 year; for paraplegics, this number approached 65 %. More
specifically, all patients with initial iliopsoas or quadriceps
strength of at least 2 were ambulatory at 1 year follow-up
[32, 33]. Timing of strength return is important as well; if
quadriceps strength did not show improvement by month 2,
chance of ambulation decreased to 25 % [34].

Magnetic resonance imaging (MRI) is now routinely ac-
quired with prognostic relevance in TSCI. In general, hemor-
rhagic lesions are almost always associated with complete
injuries (Ramón et al. 1997). On the other hand, cord edema
is usually a positive prognostic sign, typically associated with
milder, incomplete injuries. Further, if edema is limited to only
one level, most patients convert to less severe AIS grades
[35–37].

Electrophysiologic tests can also be helpful prognostically.
As might be expected, motor-evoked potentials (MEPs) are
more predictive of ambulatory potential than sensory-evoked
potentials (SSEPs) given that they can better detect motor
tract. One group found that all patients with initial MEPs pres-
ent recovered at least antigravity strength in the muscles tested
[38].

Medical Issues in Acute Rehabilitation

In the SCI rehabilitation setting, chronic medical complica-
tions are common and can negatively affect health, functional
independence, and quality of life (QOL). Prevention, early
diagnosis, and prompt treatment of these issues are key in
maximizing patient outcomes [39•].

Pulmonary

Respiratory complications associated with SCI are the most
important cause of morbidity and mortality in this population
[40, 41]. After TSCI, a variety of respiratory function deficits
develop including reduced vital capacity and chest wall com-
pliance, insufficient respiratory muscles, ineffective cough,
and excess oxygen cost of breathing [42]. Obesity, smoking,
and duration of injury may further contribute to compromised
respiratory function [43, 44]. Higher level SCI and lower mo-
tor scores place patient at risk for increasingly serious

Fig. 6 Power wheelchair with head support, custom cushion, and sip and
puff attachment at level of mouth. (Used with permission of Spaulding
Rehabilitation Network)
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respiratory complications including atelectasis, pneumonia,
respiratory failure, and sleep-related breathing disorders, most
commonly obstructive sleep apnea. Of note, pneumonia is
cited as the primary cause of death during chronic SCI [45].
Every effort should be directed at prevention of respiratory
complications including proper positioning and postural
changes, breathing techniques, spontaneous cough and cough
assistance, secretionmanagement, respiratorymuscle training,
ventilation techniques and education, vaccinations, and phar-
macological interventions.

Cardiovascular

Individuals with SCI also are at high risk of multiple cardio-
vascular complications including thromboembolism, auto-
nomic dysreflexia, OH, impaired cardiovascular reflexes and
sensation of cardiac pain, and loss of and cardiac atrophy
[46–48].

Autonomic dysreflexia (AD) typically occurs in complete
SCI with lesions at T6 and above. Symptoms are due to a
spinal reflex mechanism typically initiated by noxious stimu-
lus (e.g., bladder distention) below the level of injury. The
stimulus leads to sympathetic overactivity with vasoconstric-
tion below the neurological lesion, particularly in the splanch-
nic circulation. Subsequent vasoconstriction yields hyperten-
sion which triggers reflexive vasodilation above the lesion
with resultant headache, flushing, sweating, and nasal conges-
tion. Eliminating noxious stimuli and ensuring prompt blood
pressure control are key in management [49, 50].

Up to 80% of patients with tetraplegia and 50% of patients
with paraplegia develop OH [51]. The condition may be re-
lated to excessive pooling of blood in the abdominal viscera
and lower extremities due to decreased sympathetic nervous
system activity and loss of reflexive vasoconstriction [52].
Arm exercises during tilt table use, body weight support tread-
mill training, abdominal binders or compression stockings,
and use of salt tablets have not been proven effective in the
treatment of OH [51].

Bowel and Bladder

Bowel and bladder dysfunction are expected after most TSCIs
and can affect the psychological and social well-being of pa-
tients in ways other medical issues do not. Detrusor or sphinc-
ter hypereflexia and/or areflexia are the etiologic basis for most
forms of neurogenic bladder. Urodynamic studies are the gold
standard to diagnosing the precise etiology of neurogenic blad-
der but are not readily available in the acute and subacute
stages of injury. Independent of cause, the ultimate goal of
bladder management is to adequately drain the bladder to pre-
serve upper tract function and maintain continence. Clean in-
termittent catheterization (CIC) is the safest bladder emptying
method for SCI patients who cannot void independently but

indwelling catheters, medications, and additional surgical op-
tions are also utilized [53].

Neurogenic bowel (NB) affects up to half of patients with
SCI [54]. Bowel dysfunction is either due to upper
(hyperreflexic; above conus medullaris) motor neuron syn-
drome in which there is increased colonic wall and anal tone
leading to constipation or lower (areflexic; at or below conus
medullaris) motor neuron syndrome in which the anal sphinc-
ter is denervated and risk of incontinence is high. Treatment is
tailored to symptoms and includes a high fiber diet, digital
rectal stimulation and manual evacuation, rectal suppositories,
timed toileting program, laxatives, stool softeners, and electri-
cal stimulation.

Spasticity

Spasticity usually affects patients in the chronic phase of
injury and can cause considerable pain and disability as
well as abnormal postures, contracture, and pressure ul-
cers. It has been reported to affect up to 78 % of pa-
tients, and of those, 41 % report it as a major functional
impairment [55]. The pathogenesis is unclear. Physical
therapy is often the first intervention to address spastic-
ity. Interventions such as prolonged standing on a tilt
table or standing frame may help temporarily reduce
spasticity. Passive range of motion, serial casting, and
electrical stimulation can also be beneficial. Pharmaco-
logic management includes oral, intramuscular, and intra-
thecal agents. Surgical intervention, typically to release
contracture, can be utilized when other methods fail.

Pain

Up to 80 % of patients experience chronic pain. The
International Association for the Study of Pain published
a tiered classification of pain related to SCI in which
pain types are divided into nociceptive (musculoskeletal
or visceral) and neuropathic types [56]. Musculoskeletal
and neuropathic pain are the commonest among these
and are often treated with a combination of analgesics,
NSAIDS, anticonvulsants, opioids, spinal cord stimula-
tion, and physical modalities. A detailed review is beyond
the scope of this article.

Skin

Pressure ulcers and skin diseases were reported as the
second commonest reason for hospital readmission after
SCI [57]. In chronic patients, the ischium, trochanters,
sacrum, and heel are the principle areas where pressure
ulcers develop. Risk factors include immobility, skin
moisture, impaired sensation, poor nutrition, and muscle
atrophy. Diligent skin care is essential to preventing

Curr Trauma Rep (2015) 1:182–192 189



skin breakdown. In advanced ulcers, surgical debride-
ment may be necessary.

Osteoporosis

Bone loss is very common after TSCI and occurs most
aggressively in the first 1–2 years [58]. Disuse as well as
non-mechanical factors including nutrition deficiency, ab-
normal vasoregulation, hypercortisolism, and endocrine
disorders [59] seem to be important. Bisphosponates are
central to pharmacologic therapy as the focus in these
patients is on reversing bone resorption. Weight-bearing
exercises, functional electrical stimulation, and pulsed
electromagnetic fields have also been studied in the
literature.

Horizons

In recent years, regenerative therapy has become the Ho-
ly Grail in spinal cord injury research and has been
largely centered on stem cell transplantation and spinal
cord stimulation. Embryonic stem cells have been central
in research trials due to their pluripotent nature and abil-
ity to differentiate into cells of all three germ layers [60].
Stem cell transplantation aims to replace lost cells (oli-
godendrocytes, motor neurons, etc.) and provide thera-
peutic effects by secreting neuroprotective factors or pro-
moting neuroregeneration (growth factors) [61]. Thus far,
animal studies have shown improved functional recovery
through remyelination of demylenated cells and de novo
growth of neurons and glia, and human trials are gaining
momentum [62••, 63].

Spinal cord stimulators are promising devices that have
been shown to restore motor circuitry and subsequently im-
prove limb movement. Stimulators work through epidural,
intraspinal, and subdural excitation and have been found to
be generally safe and effective in humans [64–66]. Enzymes,
neurotrophic factors, and growth factors have also been inves-
tigated though with mixed results.

Conclusion

Rehabilitation of patients after TSCI is multipronged
and begins with education, followed by implementation
of early rehabilitation intervention. Aggressive preven-
tion and treatment of common secondary complications
is key to reducing morbidity and mortality. Functional
goals can be clearly set soon after a TSCI, and through
multidisciplinary care, patients work to maximize out-
comes. Several neurobiological therapeutic options con-
tinue to be explored.
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