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Abstract
Spinal cord injury (SCI) is a severe central nervous system injury that can cause sensory 
or motor dysfunction. Although mortality rates for people with spinal cord injuries have 
dropped dramatically with advances in medicine, chronic long-term sequelae after SCI 
persist. The most bothersome problems reported by patients include pain, spasticity, urinary 
dysfunction, and loss of motor function. Thus, quality of life (QoL) is an essential issue in 
chronic SCI. Spinal cord stimulation (SCS) applies an adjustable, nondamaging electrical 
pulse that can reduce uncomfortable comorbidities and improve mobility, thus enhancing 
the QoL of patients with SCI. This review summarizes pivotal breakthroughs from SCS 
for individual clinical impairment from SCI. We conclude that careful evaluation of SCS 
can help improve neuropathic pain, spasms, motor symptoms, and voiding dysfunction in 
patients with SCI, thus improving QoL.
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stimulation, and epidural spinal cord stimulation (SCS) are 
warranted [8].

SCS is achieved through the use of an adjustable electrical 
pulse applied by a skilled physician who is trained to avoid 
inflicting further damage. SCS gives rhythmic electrical current 
to the spinal cord via electrodes inserted into the epidural 
space to activate central circuits that mediate locomotion and 
pain. Thus, epidural stimulation has also been confirmed to 
modulate medication efficacy for refractory neuropathic pain 
and improve patients’ locomotion [9,10].

These clinical studies suggest that medical advances have 
improved treatment of SCI. The goal of comprehensive 
rehabilitation of individuals with SCI is to extend their 

Introduction

Spinal cord injuries (SCIs) are severe central nervous 
system (CNS) injuries resulting in motor or sensory 

dysfunction and can cause physiological, psychological, and 
socioeconomic problems [1]. The incidence rate of traumatic 
SCI in the United States is 54 per 1 million people [2]. The 
annual incidence rate of SCI is 17.2 per 1 million people 
in Taiwan [3]. People with SCI experience significant 
impairments in many parts of their lives, including impacts 
on their families, socialization, economic issues, and quality 
of life (QoL) [4]. SCI-related morbidity and mortality are 
often caused by complications such as pneumonia, pressure 
ulcers, or other issues that can lead to increased rates of 
rehospitalization and decreased QoL [1]. SCI patients usually 
have several coexisting disabilities, including respiratory 
dysfunction, cardiovascular complications, neurogenic 
bladder, impaired autonomic dysregulation, spasticity, 
and medical refractory neuropathic pain [5-7]. Current 
treatments for chronic SCI include rehabilitation and limited 
medications. Therefore, studies exploring the safety and 
effectiveness of stem cell treatments, functional electrical 
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life expectancy and help patients attain an optimal level 
of independent living and QoL, which is regarded as a key 
outcome of SCI [11,12]. In this review, we describe the QoL 
of patients with SCI and present clinical reports to support 
the effectiveness of SCS in individual domains of impairment 
in patients with severe SCI, such as pain, spasticity, urinary 
dysfunction, and motor impairment.

Quality of life after spinal cord injury
SCI is a devastating condition that commonly causes 

incomplete or complete loss of motor or sensory function 
below the level of the injury [13]. Functional impairments 
associated with SCI and the risk of several progressive 
secondary health conditions such as neuropathic pain or 
spasticity can result in restrictions in daily activities and social 
participation. This can further increase the risk of depression 
and anxiety and reduce QoL [14,15]. Boakye et al. reported 
that patients with SCI experience decreased QoL, compared 
to healthy controls and normative data. The most salient 
symptoms involve pain, deficiencies in physical functioning, 
and movement disorders [16,17].

Neuralgia and depression are tightly connected; there is 
evidence that depression often exists simultaneously with 
pain. Patients with SCI have been reported as having a more 
depressed mood than healthy individuals [18]. Thus, the 
association between depressive mood and pain denotes that the 
presence of pain significantly affects the long-term emotional 
distress experienced by patients with SCI. In addition, SCI 
patients with high pain severity have a significantly lower 
QoL than those with lower pain severity [18,19]. Therefore, 
managing chronic pain may improve the QoL of these 
patients.

Pain and spasticity often coexist in patients with SCI [6]; 
spasticity may additionally lead to musculoskeletal pain. 
One study found that spasticity indicators were consistently 
negatively correlated with life satisfaction and QoL [20]. 
Another QoL study evaluated spasticity severity in patients 
with SCI, demonstrating adverse effect of spasticity severity 
on the World Health Organization QoL Instrument assessment 
scores, especially on parameters assessing physical health and 
social relation [21].

Regarding motor function, patients with paraplegia had 
higher QoL scores than those with tetraplegia [22]. Skevington 
et al. reported that higher levels of injury led to decreased 
whole-body muscle strength and more severe muscle loss, 
which are strongly associated with lower QoL scores [23]. 
Moreover, another study found a significant and moderately 
strong positive relationship between the degree of motor 
activity and QoL in adults with SCI [24].

Furthermore, voiding dysfunction observed in the most 
SCI patients has been reported to be associated with increased 
complications and decreased QoL [25]. Hicken et al. reported 
that patients with poor bowel or bladder control after spinal 
cord injury (SCI) had a lower QoL than patients who could 
control their bowel and bladder voluntarily. Such reports 
indicate that bladder management is an essential part of SCI 
treatment [26].

Individuals who experience additional symptoms associated 
with SCI must cope with challenges at the physical, social, 
environmental, and psychological levels. Many studies have 
shown that SCS can reduce pain and spasms, improve voiding 
disorders, and improve motor function, as shown in Table 1. 
Therefore, improving these uncomfortable symptoms may 
facilitate the recovery of a good QoL. We discuss how SCS 
might improve the individually impaired system and disability 
after chronic SCI below.

Applications of spinal cord stimulation
Spinal cord stimulation for neuropathic pain

The traumatic SCI universal consequences are pain and 
spasticity. Neuropathic pain was rated as more severe and 
more intrusive than skeletal pain and was associated with 
lower QoL scores [6]. Such evidence shows that a complex 
relationship exists between depression and chronic pain and 
that symptoms can interact [27]. Therefore, developing a 
nondrug program to relieve chronic pain and ameliorate the 
QoL of patients with SCI is worthy of attention. SCS has 
been shown in many studies to improve various types of pain 
symptoms and reduce opioid use in patients. SCS is a possible 
treatment modality that is particularly relevant in light of 
current opioid addiction and abuse trends [28].

Electrotherapy began to gain traction in 1965 when 
Melzack and Wall proposed the gate control theory, which 
paved the way for the development of SCS and supported its 
underlying mechanisms [29]. The theory is that a mechanism 
in the dorsal horn of the spinal cord acts like a gate in 
which nerves that carry painful stimuli, vibrations, and touch 
terminate. Activation of large myelinated A-fibers inhibits the 
transmission of pain stimulation to the brain through the spinal 
integration center [30].

Clinically, electrodes are inserted percutaneously into 
the epidural space in the thoracic or thoracolumbar region 
of the spine and then advanced with radiological guidance. 
The optimal target site which produces paresthesia in the 
areas of the trunk or lower extremities experiencing pain 
can be determined during a trial period, with the electrodes 
externalized and attached to a current generator. After a period 
of testing time, usually 2–3 days, the optimal site where pain 
is replaced with paresthesia is determined. The electrodes are 
then completely internalized or replaced with surgical leads 
and attached to a subcutaneous internal pulse generator [9].

In a previous study, 30 patients with chronic, intractable 
pain associated with SCI received SCS to relieve their pain. 
The best range of stimulation parameters for relieving pain 
was from 0.5 to 3V, with a 200 s pulse and a frequency of 
40–50 Hz. Patients reported the most relief from burning 
pain originating from damage to the CNS, but chronic bone, 
joint, and disk pain responses were relatively poor [31]. In a 
later study, 25 patients with intractable pain from chronic SCI 
received percutaneous SCS. At the end of the testing, 40.9% 
of patients reported an average of 65% remission of pain, 
with the patients experiencing pain spasms or constrictive pain 
with incomplete chest lesions reporting overall improvement, 
despite not achieving complete relief [32]. Furthermore, a 
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recent study recruited 15 SCI patients with upper extremity 
neuropathic pain, who underwent SCS implantation. At a 
12-month follow-up, most patients obtained ≥50% pain relief, 
compared to baseline. They were also able to reduce opioid 
use and had significantly improved Short Form-36 QoL 
scores [33].

Spinal cord stimulation for spasticity
Spasticity is a symptom term that includes velocity-

dependent increases in muscle tone, increased tendon 
reflexes, muscle spasms, and clonus. Severe spasticity 
may cause functional impairment and decreased QoL [6]. 
Currently, several spasticity management techniques are 
available, including physiotherapy, pharmacotherapy, and 
surgical management. Surgical options fall into three major 

categories: implantation of a device to deliver a steady dose 
of medication; physically severing nerves; or implantation of 
electrical stimulation devices [34].

The earliest treatment of SCS for spasticity dates back to 
1973, when Cook and Weinstein demonstrated a significant 
improvement in spasticity in patients with multiple sclerosis 
who were experimentally treated with SCS for the management 
of pain [35]. Subsequently, the percutaneous epidural stimulation 
became a preferred method. Of the initial 166 patients in their 
study, 99 reported improvements. Others have also tested the 
efficacy of percutaneous SCS on reducing spasticity, expanding 
treatment application; however, these studies did not focus 
on patients with SCI alone [36]. Future efforts should focus 
on spinal spasticity. Barolat et al. found improvements when 

Table 1: A summary of clinical studies of spinal cord stimulation for spinal cord injury patients, including patients’ injury level, 
treatment type, and outcome
Author/year Level of spinal 

cord injury
ASIA 
Impairment Scale

Method Parameters Treatment 
type

Outcome

Nashold Jr. 
and Friedman, 
1972 [31]

Lumbar (10)

Other (20)

N/A Bilateral dorsal column 
stimulation

Intensity: 0.5-3 V

Frequency: 40-50 Hz

Pulse width: 200 µs

Pain Relief of the burning pain caused 
by central nervous system damage

Cioni et al, 
1995 [32]

C1-7 (5)

T1-11 (9)

T12-L1 (11)

Complete (6) 
incomplete (19)

Epidural electrode Pulse width: 210 µs

85 cycles/s

Pain Reduced of burning pain (28.6%), 
painful spasms (75%), 
constriction (50%), tearing (33%), 
and allodynia (28.5%)

Levine et al, 
2017 [33]

Neuropathic pain N/A Boston Scientific’s Clik 
electrodes

Intensity: <2 mA

Pulse width: 250-700 µs

Pain Most patients obtained ≥50% pain 
relief

Cook and 
Weinstein 
1973 [35]

N/A N/A Subdural extra arachnoid 
space electrode

Intensity: 0.4-4 V

Frequency: 150-200 Hz

Pulse width: 200 µs

Spasticity Significant modification of 
abnormal neurological signs and 
dysfunction

Barola et al, 
1995 [37]

C4

T7-8

N/A Medtronic electrode Intensity: Usually 2-130 
Hz

Spasticity Rapid decrease in spasms in 3 out 
of 6 patients

Biktimirov 
et al, 2020 [38]

n/a N/A SCS was performed in 
18 patients, ITB was 
used in 15 patients

N/A Spasticity Improvement in spasticity index in 
both groups, but the SCS patients 
had better results

Herman et al, 
2002 [44]

C5-6 C 5-6-5 specify, medtronic, 
progressive training

Frequency: 20–60 Hz Motor Better stamina, less effort, and 
lighter legs

Angeli et al, 
2014 [45]

C7 (2)

T5 (2)

A (2)

B (2)

5-6-5 specify, 
medtronic; 6 months 
local motor training

Intensity: 0.5-7.5 V

Frequency: 25 Hz or 30 Hz

Pulse width: 450 µs

Motor Participants’ ability to voluntarily 
move improved

Rejc et al, 
2015 [46]

C7 (1)

T2 (1)

T4 (2)

A (2)

B (2)

5-6-5 specify, 
medtronic; stand 
training (1 h, 5 sessions/
week)

Intensity: 1-5 V

Frequency: 5-50 Hz

Pulse width: 450 µs

Motor Two participants were able to 
stand, using minimal external 
assistance for hip extension

Walter et al, 
2018 [51]

C5 (1) B (1) 5-6-5 specify, medtronic Intensity: 4-7 V

Frequency: 25-45 Hz

Pulse width: 300-450 µs

Voiding Increased external anal sphincter 
and pelvic floor muscle tone and 
detrusor pressure

Herrity et al, 
2018 [52]

C5 (1) B (1) 5-6-5 specify, medtronic

Step and stand training

Intensity: 0.8 V

Frequency: 30 Hz

Pulse width: 450 µs

Voiding Improved reflexive voiding

Herrity et al, 
2021 [53]

C (6)
T (4)

A (6)
B (4)

5-6-5 specify, medtronic
Step and stand training

N/A Voiding Experimental group with 
significant improvement in bladder 
capacity, 4 participants were able 
to voluntarily void with intent

C: Cervical, T: Thoracic, ASIA: American Spinal Injury Association grading, SCS: Spinal cord stimulation, NA: Not available, 
SCI: Spinal cord injury, ITB: Intrathecal baclofen therapy
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initially testing 6 patients with SCI implanted with an SCS 
system; it was found that stimulation rapidly decreased spasms 
in 3 of the 6 patients. Electrodes are placed below the injury 
level but do not affect above the injury level function, unaffected 
by stimulation. Researchers have concluded that this treatment 
outperforms other invasive techniques in treating incomplete 
SCI [37]. Further, Biktimirov et al. analyzed the surgical 
treatment report of 66 patients with severe spasticity after SCI. 
All patients underwent temporary implantation using an SCS 
system. If SCS improved spasticity, the patients underwent 
SCS surgery and permanent implantation. Otherwise, patients 
received intrathecal baclofen therapy. Fifteen patients received 
intrathecal baclofen. After the first 3 months of observation, the 
spasticity index improved significantly in both the groups, but 
the results were better in patients who underwent SCS [38].

Most patients have reported moderate or marked 
improvement, but there have also been some contradictory 
results, showing that SCS was not helpful in relieving 
spasticity. Therefore, it is likely that the frequency of electrical 
stimulation and the location of the leads are significant in 
determining patient outcomes and the outcomes of future 
clinical studies [39].

Spinal cord stimulation for functional motor control
SCI disrupts the communication between the spinal cord 

neuronal centers and muscles, causing different degrees 
of paralysis that dramatically affect a person’s functional 
ability and QoL [40]. A study found that physically active 
individuals with SCI could manage their new lifestyles 
independently. The study shows that SCS could help patients 
increase functional independence, autonomy, self-worth, and 
efficacy. On the other hand, those who were inactive felt 
that they had little to no choice for self-determination about 
their lives [41]. Recently, many practices to improve motor 
function after SCI have been proposed in clinical trials, 
such as cell-based therapies, pharmacological approaches, 
electrical stimulation, and rehabilitation [40,42]. Among 
these techniques, SCS is a new method to directly stimulate 
muscle activity.

When electrical stimulation is applied to the lumbar 
spinal cord, the patient can experience brief motor-like 
lower extremity activity, also known as segmental muscle 
twitches. These are directly activated as monosynaptic 
reflexes initiated in large-diameter afferent nerves within the 
posterior (dorsal) root. Segmental muscle twitches suggest that 
human spinal cord circuits can generate motor-like activity 
even when not controlled by the brain, and that externally 
controlled continuous electrical stimulation of the spinal cord 
can possibly replace the brain-generated tonic drive [43]. 
With SCS, it may be possible to specifically place epidural 
electrodes over the thoracolumbar region to control lower 
limb spasticity following SCI. Minimally invasive SCS is 
a promising approach to harness the motor capacity of the 
lumbar spinal cord. This could help apply tonic stimulation to 
target spinal cord segments that are important to movement, 
especially when combined with other complementary 
interventions to restore sensory and motor function, such as 
partial weight-bearing therapy [9].

Herman et al. It was further evidence that for patients with 
SCI apart, from exercise rehabilitation, SCS could help them 
restore the ability to walk on exercise-assisted treadmills. 
After 1.5 months of continual training, SCS patients report 
better endurance, less effort, and a feeling of lighter legs. 
After 4 months of rehabilitation training, participants can 
walk 270 m [44]. Similar findings were reported in other 
studies; neuromodulation with a lumbosacral epidural spinal 
cord stimulator can allow four fully paralyzed individuals 
to recover lower extremity movement. With daily epidural 
stimulation and training, the ability of all four participants 
to voluntarily move their lower extremities improved over 
time. All participants exercised at the optimal frequency of 
25 Hz or 30 Hz. They also received stand or step training. 
These results suggested that repetitive epidural stimulation 
and training can improve motor function to promote force 
production and accuracy, using task-specific learning [45]. 
Rejc et al. showed that the synergistic effects of stand training 
with lumbosacral SCS improved motor function and standing 
in four participants with complete paralysis. This study shows 
that it is possible for people with complete loss of sensory 
and motor function to recover the ability to stand if both 
active rehabilitation and personalized epidural stimulation are 
provided. That not only improves daily functioning but also 
combats the secondary health consequences of inactivity [46].

Spinal cord stimulation for voiding function
Bowel and bladder dysfunction caused by SCI may 

affect multiple aspects of QoL. In addition to the physical 
function being involved, it reduces self-esteem and the 
ability to maintain social relationships [26]. Two syndromes 
can distinguish bladder dysfunction after SCI into the lower 
motor neuron (LMN) and upper motor neuron (UMN) 
dysfunction. In LMN dysfunction, damage to the anterior 
horn cells of the sacrum (S2-S4) or their associated axons 
results in impaired bladder motor output and reduced or absent 
detrusor contractility, leading to relaxation and incontinence. 
UMN dysfunction is a performance by breaking off the 
descending spinal pathways, which affects and changes the 
input to the sacral voiding center, resulting in increased 
urethral resistance [47]. Neurogenic bladder additionally leads 
to a substantial decrease in QoL and can cause urinary tract 
infections, urinary stones, bladder and renal impairment, and 
rehospitalization [48].

Methods to manage voiding disorders in SCI patients 
include the Valsalva and Crede maneuver, intermittent 
catheterization, indwelling catheterization, medication 
with alpha-blockers, botulinum toxin injection, urethral 
stents, transurethral sphincterotomy, bladder augmentation, 
urinary diversion, posterior sacral rhizotomy, and electrical 
stimulation [49]. Currently, the application of electrical 
stimulation in different locations to restore functional bladder 
control has been investigated, such as the sacral anterior 
root, sacral nerve, pudendal nerve, and percutaneous tibial 
nerve [50]. Walter et al. showed that SCS adjusted detrusor 
pressure and external anal sphincter and pelvic floor muscle 
tone. In addition, the time needed for bowel management was 
significantly reduced [51].
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In addition, Herrity et al. used SCS therapy to improve 
bladder control after SCI in a patient with C5 injury by 
adjusting electrode voltage, stimulating frequency, and 
stimulating pulse and step/stand training. After 4 months, 
bladder function mapping using different electrode 
configurations during repetitive cystometry showed increased 
reflex voiding efficiency. Specifically, a high frequency 
(about 30 Hz) proved to be improved bladder emptying than 
a lower frequency [52]. The researchers further divided 
the participants into experimental and control groups in a 
subsequent study, where the experimental group received 
epidural stimulation and step/stand training. The experimental 
group had a significant improvement in bladder capacity, and 
four participants demonstrated the ability to voluntarily void 
with intent [53].

Since neurogenic bladder is a common and important issue 
impacting the QoL of patients with chronic SCI, it is necessary 
to have a more aggressive attitude toward urinary management 
after SCI.

Conclusion
Compared with the general population, the QoL of 

patients with SCI is generally lower because of the sequelae 
surrounding such injuries. The majority of patients with SCI 
experience pain and movement disorders, which can even 
affect their psychology. Thus, QoL is a significant result in 
SCI practice and research. Recent studies have suggested 
that SCS might provide benefits for pain, spasticity, motor 
function, and voiding in patients with SCI. There is also 
growing evidence that epidural SCS can stimulate parts of 
damaged neural circuits caused by SCI and promote voluntary 
control of the lower extremities. In addition, considering the 
current epidemic of opioid addiction and abuse, SCS is an 
adjustable and reversible treatment option for patients with 
neuropathic pain. Although medication and surgery can treat 
spasticity, these treatments are still suboptimal in practice, 
providing incomplete relief of symptoms, with side effects. 
SCS may be an alternative way to physically relieve disabling 
spasticity.

Epidural stimulation of the lumbosacral spinal cord 
promotes effective lower extremity movement in paralyzed 
patients. These patients not only have improved motor function 
but may also have reduced complications from insufficient 
activity. Although SCS does not result in a great enough 
improvement in voiding function to avoid catheterization, 
voiding function does improve with SCS, which can still 
reduce the frequency of catheterization. This can provide more 
flexibility during daily activities and reduce sleep disruption.

However, the SCS procedure has some risks, such as 
lead migration, lead fracture and malfunction, device-
related discomfort, dural damage, infection, and skin 
erosion [28]. Therefore, careful evaluation is required before 
its implementation. Furthermore, patients with SCI have 
different comorbidities, and the parameters of using SCS 
to treat different symptoms are likewise dissimilar. Thus, it 
is necessary to develop novel strategies using different SCS 
stimulating models to improve the clinical treatment.

Based on the consequences of SCI affecting numerous 
systems, SCS has the potential to improve motor and 
sensory function as an intervention. In particular, if activity-
based rehabilitation is provided in combination with SCS, 
patients with sensory and motor complete SCI may be able 
to incorporate standing as part of their daily routine. We 
can, thus, presume that SCS can effectively improve the 
QoL of patients with SCI. Therefore, future research should 
focus on quantifying the improvement of QoL after SCS 
by multidisciplinary collaborations with clinical experts, 
neurophysiological, and medical engineers.
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