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Systematic literature review. To review the evidence from high-quality studies regarding the treatment of neuropathic pain originating
specifically from spinal disorders. In general, treatment guidelines for neuropathic pain cover all its various causes, including medical
disease, peripheral neuropathy, and cancer. However, the natural history of neuropathic pain originating from spinal disorders may
differ from that of the pain originating from other causes or lesions. An expert research librarian used terms related to neuropathic
pain and spinal disorders, disc herniation, stenosis, and spinal cord injury to search in MEDLINE, Embase, and Cochrane CENTRAL for
primary research from January 2000 to October 2015. Among 2,313 potential studies of interest, 25 randomized controlled trials (RCTs)
and 21 systematic reviews (SRs) were included in the analysis. The selection was decided based on the agreement of two orthopedic
surgeons. There was a lack of evidence about medication for radiculopathy arising from disc herniation and stenosis, but interven-
tion procedures, including epidural block, showed positive efficacy in radiculopathy and also limited efficacy in spinal stenosis. There
was some evidence based on the short-term follow-up regarding surgery being superior to conservative treatments for radiculopathy
and stenosis. There was limited evidence regarding the efficacy of pharmacological and electric or magnetic stimulation therapies
for neuropathic pain after spinal cord injury. This review of RCTs and SRs with high-quality evidence found some evidence regarding
the efficacy of various treatment modalities for neuropathic pain related specifically to spinal disorders. However, there is a need for
much more supportive evidence.
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Introduction pain, which should be specific to each patient, has proven

difficult [2]. Many different treatments have been investi-

Neuropathic pain can occur following a lesion or a disease gated; however, the literature is sizable, rapidly evolving,
of the somatosensory nervous system and can result in and lacks practical information about clinical aspects of
problems of poor physical, cognitive, and psychosocial managing patients [3]. Neuropathic pain can be caused
health [1]. The appropriate management of neuropathic by a number of different diseases (e.g., diabetes mellitus,
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herpes zoster, cancer, spinal disorders, and human immu-
nodeficiency virus infection) as well as by interventions
(e.g., chemotherapy and surgery) and trauma (e.g., spinal
cord injury). The treatment varies according to the etiol-
ogy and chronicity.

Spinal disorders, including radiculopathy due to disc
herniation, spinal stenosis, or spinal cord injury, are com-
mon causes of neuropathic pain. However, most treat-
ment guidelines [3,4] have included all etiologies that can
cause neuropathic pain, and it has been rare for a review
article to deal with neuropathic pain related only to spinal
disorders. The purpose of the present review was to con-
sider high-quality evidence from extensive reviews on the
treatment for neuropathic pain, focusing only on spinal
disorders, including radiculopathy due to disc herniation,
spinal stenosis, and spinal cord injury. The treatment mo-
dalities investigated were pharmacological treatment, in-
tervention procedures, including nerve block procedures
and physiotherapy, and surgical treatment.

Materials and Methods

1. Search strategy

We used a range of sources to identify relevant literature,
undertaking a comprehensive literature search of major
medical, health-related, scientific, and health economic
electronic bibliographic databases. We paralleled the
comprehensive searches through a clearly defined search
strategy using the MEDLINE, Embase, and Cochrane
CENTRAL databases. The search included MeSH terms,
Embase data, and free text. Only studies published in
English were included. The main search was performed in
January 2000 and updated in October 2015.

2. Inclusion criteria

Studies were eligible for inclusion if they were full text
reports of systematic reviews (SRs) or randomized con-
trolled trials (RCTs). The studies could include partici-
pants of any age and in any setting who were treated for
neuropathic pain or chronic pain related only to spinal
disorders (using the search terms “spine,” “spinal,” “cord,”
“cord injury,” “radiculopathy,” “stenosis,” “disc hernia-
tion,” and “myelopathy”) and could involve any surgi-
cal, non-surgical, or interventional treatment (using the

» <«

search terms “medical,” “drug,” “conservative treatment,”

“intervention,” “block,” “epidural,” “intrathecal,” “nerve,’
“steroid,” “injection,” and “surgery; alone or in combina-
tion). The outcomes assessed included pain intensity,
pain-related disability, analgesic use, function, mobility,
activities of daily living, characteristic symptoms or indi-
cators of disease, patient satisfaction, quality of life, views/
themes pertaining to qualitative data, adverse events, and

mortality.

3. Exclusion criteria

Studies on animals and back pain related only to arthritic
changes were excluded, as were any that included the
following search terms: “post spinal surgery syndrome,’

» <

“failed back surgery syndrome,” “herpes zoster;” “posther-

» « » « » « » «

petic,” “cancer,” “oncology,” “metastatic,” “metastasis,”

“chemotherapy;,” “malignancies,” “malignancy;” “diabetic

» <«

neuropathy,” “diabetic,” “trigeminal neuralgia,” “neuralgia,’
Y;

» <«

“arthritis-related pain,” “postamputation,” “amputation,”
“phantom limb,” “peripheral neuropathic pain,” “inherited
neuropathies;” “occipital neuralgia,” “headache,” “complex
regional pain syndrome,” “multiple myeloma,” “multiple
sclerosis,” “sickle cell disease;,” “AIDS,” “stroke,” and “post-

stroke”

4. Evidence and recommendation assessment

New and additional evidence was appraised using the
Scottish Intercollegiate Guidelines Network protocol for
SRs and the Agency for Healthcare Research and Quality
methodology checklist for RCTs [5,6]. The recommenda-
tions were classified as A, B, C, or D based on the results
of the evidence (Table 1). The final decision on the recom-
mendation grade for each method was attained based on
agreement among four raters.

5. Study selection

Only articles with evidence rated as 1++ (high-quality
meta-analyses and SRs based on RCTs or RCTs with a
very low risk of bias) and 1+ (well-designed meta-analyses
and SRs based on randomized or non-randomized clinical
trials or RCTs with a low risk of bias) were included. Two
independent reviewers applied the inclusion/exclusion
criteria to the studies identified through the searches and
screened the titles and abstracts followed by the full text
of any reports that appeared to fulfill the inclusion crite-
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Table 1. Recommendation grade

A - One or more meta-analysis or systematic review or 1++ randomized, controlled trials and if it is applicable to target the population

directly

- Mainly 1+ studies are included, it is directly applicable to the target population, and the result shows overall consistency

B - Mainly 2++ studies are included, it is directly applicable to the target population, and the result shows overall consistency

- If the evidence is presumed by 1++ or 1+ studies

C - Mainly 2+ studies are included, it is directly applicable to the target population, and the result shows overall consistency

- If the evidence is presumed by 2++ studies

D - Evidence 3 or 4
- If the evidence is presumed by 2+ studies

ria. Any disagreement over the inclusion of reports was
resolved through a discussion.

Results
1. Search results

The database searches identified 2,313 potential stud-
ies of interest. Of these, 111 articles were retrieved for
evaluation of the full text. Seven of these articles were
excluded because they were treatment guidelines rather
than SRs. So, 45 RCTs and 59 SRs were included. Of the
45 RCTs, one article in Spanish, 13 articles not related
to spinal disease, one article about assessing fusion out-
come, and four articles about postoperative assessment
were excluded. Another trial was excluded because it was
covered in an SR that we had already included. Of the 59
SRs, 21 articles were excluded because they were protocol
designs rather than SRs, 16 articles because they were not
related to spinal disorders, and one because its literature
search was not comprehensive. Finally, 25 RCTs and 21
SRs were included and reviewed. All selections through-
out this process were based on an agreement between
two orthopedic surgeons. Fig. 1 presents a flowchart of
the selection process, and the results are summarized in
Table 2 [7-53].

2. Results of spinal disorders

1) Radiculopathy

(1) Drugs

The systemic short-term use of losmapimod, which acts
as a selective inhibitor of the enzyme family known as
p38 mitogen-activated protein kinases, at a dose of 7.5 mg
twice a day for 28 days could not be differentiated from

placebo in terms of an acceptable quality of analgesia [7].
A single systemic injection (intramuscular or intravenous)
of methylprednisolone could not be differentiated from
the use of placebo in terms of analgesia for acute (within
6 weeks) discogenic sciatica, and its effects showed insuf-
ficient evidence to recommend its use for acute sciatica
despite a suggestion of its use in a young population with
radiculopathy being beneficial [8,9]. The result of a short-
term trial showed that 15 mg of oral morphine, 25 mg of
nortriptyline, and their combination may be ineffective
in the treatment of lumbar radiculopathy compared with
an active placebo (benztropine); these results suggest that
nortriptyline, morphine, and their combination has lim-
ited effectiveness in the treatment of chronic sciatica [10].
The long-term follow-up results of one SR provided mod-
erate quality evidence that in comparison with a placebo,
oxcarbazepine could neither significantly relieve pain nor
improve patients’ global impression scale [11]. The result
of a short-term RCT provided low-quality evidence that
70 mg of adalimumab via two subcutaneous injections at
7-day intervals resulted in a small decrease in leg pain and
significantly fewer surgical procedures [12].

(2) Interventions
The results of two RCTs provided high-quality evidence
that the 42°C radiofrequency therapy applied to dorsal
root ganglia over 120 seconds for radiculopathy could
not be differentiated from placebo in terms of analgesia
[13,14]. In comparison with a transforaminal epidural
injection alone, the application of radiofrequency therapy
in conjunction with a transforaminal epidural injection
achieved higher treatment efficacy [14].

One SR with high-quality evidence showed strong
evidence of a short-term benefit and moderate evidence
of a long-term benefit of transforaminal epidural steroid
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Potential studies of interest
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[
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Spanish article: 1
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Protocol: 21
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n=21

n=46

Articles considered for inclusion

Fig. 1. Flowchart illustrating the selection process for the published literature. RCT, randomized controlled trial; SR,

systematic review.

injections in comparison with a placebo [15]. Two trials
with acceptable evidence demonstrated that using steroids
in transforaminal epidural injections was not superior to
using local anesthetics alone [16,17]. One RCT did not
show a significant difference between dexamethasone, a
nonparticulate corticosteroid, and betamethasone, a par-
ticulate corticosteroid, in reducing radicular pain [18].
One trial on the use of local anesthetics showed that using
0.125% lidocaine with dexamethasone achieved satisfac-
tory effects similar to those using 1% lidocaine with dexa-
methasone, concluding that the use of low-dose lidocaine
in cervical transforaminal injection may reduce the inci-
dence of rare but fatal complications [19].

Another route for epidural injections is an interlaminar
epidural block. One SR with high-quality evidence showed
strong evidence of a short-term benefit and moderate
evidence of a long-term benefit pertaining to interlaminar
and caudal epidural steroid injections for radiculopathy
compared with those pertaining to placebo [15]. Lumbar

interlaminar epidural injections of local anesthetics with
or without steroids may be effective in lumbar discogenic
sciatica, with steroids shown to be potentially superior
to local anesthetics alone based on a long term follow-
up [20]. One RCT and one SR with high-quality evidence
showed that cervical interlaminar epidural injections of
local anesthetics with or without steroids may be effective
but presented evidence that steroids were not superior
to local anesthetics alone [21,22]. One trial found no
significant difference between betamethasone and triam-
cinolone in reducing radicular pain in the lumbar spine,
but both steroids resulted in significant improvement in
the reduction of radicular pain in the short term (within 6
weeks) [23]. One trial found no significant difference be-
tween fluoroscopy-guided and ultrasound-guided lumbar
interlaminar epidural injections [24].

In physiotherapy, one SR showed inconclusive favor-
able evidence for spinal manipulation and mobilization in
treating sciatica and back-related leg pain. However, there
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Table 2. Summarization of enrolled studies

Radiculopathy
Drugs
Losmapimod

Methylprednisolone

Morphine and nortriptyline

Oxacarbazepine
Adalimumab

Intervention
Radiofrequency

TFEB

Interlaminar epidural injection

Caudal epidural injection

Manipulation

Evidence

No superiority for placebo (7.5 mg bid for 28
days).

No superiority for placebo (IV 500 mg bolus or
IM 160 mg).

Morphine (15-90 mg), nortriptyline (25-100 mg),

and their combination: no superiority for
a benztropine (0.25-1 mg).

No superiority for placebo (300-1,800 mg).

A small decrease in leg pain and in significantly
fewer surgical procedures (two subcutaneous
injections of 40 mg at 7-day intervals).

No superiority for placebo, can be applied in
conjunction with transforaminal epidural block,
achieve higher treatment efficacy compared
with TFEB alone.

Positive results in short-term and long-term
improvement compared with placebo.

Local anesthetic with or without steroids
might be an effective therapy and the lack of
superiority of steroids compared with local
anesthetic alone.

No difference between dexamethasone and
betamethasone.

0.125% lidocaine with dexamethasone
achieved similar effects as 1% lidocaine with
dexamethasone.

Positive results with short-term and long-term
improvement compared with placebo.

In lumbar sciatica, local anesthetic with or
without steroids might be effective, with
potential superiority of steroids compared with
local anesthetic alone at 1 year follow-up.

In cervical radiculitis, local anesthetic with or
without steroids might be effective.

But, the lack of superiority of steroids compared
with local anesthetic alone.

No significant difference between
bethamethasone and triamcinolone and

Both steroid showed significant improvement in
reduction radicular pain.

No significant difference between fluoroscopy-
guided group and ultrasound-guided group.

Positive results with short-term and long-term
improvement compared with placebo.

Inconclusive, but favorable evidence.

Evidence source

Ostenfeld et al. [7]
Finckh et al. [8]

Friedman et al. [9]
Khoromi et al. [10]

Zhou etal. [11]
Genevay et al. [12]

Shanthanna et al. [13]
Koh et al. [14]

Abdi et al. [15]

Tafazal et al. [16]
Manchikanti et al. [17]

Denis et al. [18]

Woo et al. [19]

Abdi et al. [15]

Manchikanti et al. [20]

Manchikanti et al. [21]
Manchikanti et al. [22]

Cocelli et al. [23]

Evansa et al. [24]

Abdi et al. [15]

Clar et al. [25]

Recommendation

RCT

RCT
RCT

RCT

RCT

RCT
RCT

RCT
RCT

RCT

RCT

RCT

RCT

SR

RCT

RCT

1+
1++

1++
1++

1++

1+
1+

1++

1++
1++

(Continued to the next page)
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Table 2. Continued

Evidence Evidence source Recommendation

Low intensity permanent magnet The relative positive trends (200 G magnets >50 G Khoromi et al. [26] RCT 1+ B

magnets), but no placebo group.
Surgery

Spinal stenosis

Drugs
Prostaglandins

Gabapentine

Methylcobalamin (vit B12)

Calcitonin injection

Intervention
Epidural steroid injection

Caudal and transforaminal
epidural steroid injection

Surgery

Surgery including decompression with/without
fusion, provides better outcomes over physical
activity at short-term follow-up for radiculopathy.

Compared open discectomy with microscopic
discectomy, micro-discectomy results in a longer
duration of surgery, equal length of hospital
stay and a statistically significant but clinically
irrelevant lower-leg-pain intensity.

Compared conventional microscopic discectomy
with endoscopic approach, none of the studies
demonstrated added value of endoscopic
approaches over microscopic discectomy.

Compared minimal invasive alternatives
(percutaneous laser disc decompression,

APLD sequestrectomy, nucleoplasty or coblation),
none of the above techniques showed any
benefit compared with conventional microscopic
discectomy.

Low-quality evidence that improved walking
distance and leg pain in the short-term compared
with etodolac (an NSAID).

Very low-quality evidence for improved walking
distance and pain intensity compared with
placebo in the intermediate and long-term
follow-up.

Very low-quality evidence that methylcobalamin
(vitamin B12) improved walking distance
compared with conservative treatment alone in
the intermediate and long-term (0.5 mg tid).

Low-quality evidence, no better than placebo or
paracetamol.

Very low-quality evidence, single trial
interlaminar-epidural steroid injections improved
pain, function, and quality of life, up to 2 weeks,
compared with home exercise or inpatient
physical therapy.

Caudal and transforaminal epidural steroid
injection did not support sufficient evidence.

Decompression with/without fusion provides
clinically significant outcomes for spondylolisthesis
and spinal stenosis at short-term, long-term and
greater than 2-year follow-up.

Fernandez et al. [27]

Jacobs et al. [28]

Jacobs et al. [28]

Jacobs et al. [28]

Ammendolia et al. [29]

Ammendolia et al. [29]

Ammendolia et al. [29]

Ammendolia et al. [29]

Ammendolia et al. [29]

Manchikanti et al. 2015
(22]
Abdi et al. [15]

Fernandez et al. [27]
Slatis et al. [30]
Jacobs et al. [28]
Ammendolia et al. [29]

SR

SR

SR

SR

SR

SR

SR

SR

SR

SR

SR

SR
RCT
SR
SR

T++ A

1+ A

1+ A

1+ A

T++ A

T++ A

T++ A

1++ A

1++ A

T++ A

1++

T+ A
1+
T++
T++

(Continued to the next page)
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Table 2. Continued

Evidence Evidence source Recommendation

Compared interspinous device (X-Stop) with Lonne et al. [31] RCT 1+ B
minimally invasive decompression, both led

to significant symptom improvements with no

significant clinical differences, but, interspinous

device had significant higher risk of secondary

surgery.
Compared interspinous device vs conservative Jacob et al. [28] SR 1+ B
intervention, surgery with interspinous device

result in better clinical symptom , but insufficient

evidence for the comparison between other

surgical interventions.

Spinal cord injury
Drug

Anticonvulsants

the first week of the ketamine infusion up to
the third week of follow-up (80 mg of ketamine
infusion).

Levetriacetam No superiority for placebo (2,000 to 3,000 mg Wiffen et al. [32] SR T++
daily).

Oxacarbazepine No superiority for placebo (300—1,800 mg). Zhou et al. [11] SR T++

Lamotrigine No significant difference from placebo (up to Wiffen et al. [33] SR T++
400 mg daily).

Zonisamide A lack of evidence (200 to 600 mg daily). Moore et al. [34] SR 14+

Carbamazepine Decreased neuropathic pain incidence at the Salinas et al. [35] RCT T++
1-month but not at the 3- and 6-month Wiffen et al. [36] SR T+
follow-ups and an early intervention may
decrease neuropathic pain (up to 600 mg/day).

Gabapentinoid Gabapentin (at doses of 1,200 mg or more) and Moore et al. [37] SR 14+
pregabalin (at dose 150—160 mg) appear useful Mehta et al. [38] SR T++
for treating pain and other secondary conditions,
but the effectiveness comparative to other
analgesics has not been studied.

Antidepressants

Amitriptyline No first-tier or second-tier evidence, has to Moore et al. [39] SR T++
be balanced against decades of successful Saarto et al. [40] SR 1+
treatment in many people with neuropathic pain.

So, amitriptyline should continue to be used as
part of the treatment of neuropathic pain.

Nortriptyline No evidence as first line drug. Derry et al. [41] SR T++

Velafaxine XR The effect of venlafaxine XR on neuropathic Richards et al. [42] RCT 1+
pain was similar to that of placebo, however,
resulted in clinically meaningful reductions in
nociceptive pain site intensity and interference
even after controlling for anxiety, depression.

Others

Lithium carbonate No change of the neurological outcomes, Richardson et al. [45] RCT 1+
but the treatment reduced neuropathic pain
(0.6—1.2 mmol for serum lithium level, 6-weeks).

Ketamine The VAS score was significantly lower within Chaparro et al. [43] SR T++

(Continued to the next page)
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Table 2. Continued

Evidence Evidence source Recommendation
Lidocaine Significant analgesia on spontaneous pain for Challapalli et al. [44] SR 1+ A
the first 45 min post-injection, but, no difference
in pain between lidocaine (5 mg/kg) and placebo.
Mexiletine No superiority for placebo (450 mg po daily). Challapalli et al. [44] SR T++ A
Nicotine Whereas nonsmokers showed a reduction in Richardson et al. [45] RCT 1+ B
mixed forms of pain following nicotine exposure,
smokers showed a converse increase in pain
with regard to both mixed and neuropathic
forms of pain.
Opioids Short-term studies (a day) provide only equivocal McNicol et al. [46] SR T++ A
evidence but, intermediate-term (withing
12 weeks) studies demonstrated significant
efficacy of opioids over placebo.
Intervention
Low frequency transcutaneous May effectively complement pharmacological Vitalii et al. [48] RCT 1+ B
electrical nerve stimulation treatment, pulse frequency 4 Hz, pulse duration Celik et al. [47] RCT T+
200 ms and pulse amplitude 50 Ma.
Transcranial direct current Moderate effect of transcranial direct current Mehta et al. [49] SR T++ B
stimulation stimulation in reducing neuropathic pain. Ngernyam et al. [50] RCT 1-
Self-hypnosis training and EMG The possibility that patients with neuropathic Jensen et al. [51] RCT 1+ B
biofeedback relaxation training pain may respond to hypnotic-analgesia
treatment.
Others No evidence in reducing chronic pain. Boldt et al. [52] SR T++ A
(transcranial magnetic stimulation, Yilmaz et al. [53] RCT 1+

CES, exercise programs,
acupuncture, TENS, cognitive
behavioral program [one trial])

RCT, randomized controlled trial; SR, systematic review; (1++), high quality meta-analysis and SR conducted by RCTs or RCTs with a very low risk
of bias; (1+), well-designed meta-analysis and SR conducted by randomized or non-randomized clinical trials or RCTs with a low risk of bias; TFEB,
transforaminal epidural block; APLD, automated percutaneous mechanical lumbar discectomy; NSAID, nonsteroidal anti-inflammatory drugs; VAS,
visual analog scale; EMG, electromyography; CES, cranial electrotherapy stimulation; TENS, transcutaneous electrical nerve stimulation.

was only limited high-quality evidence for the effective-
ness of manual therapy, with most evidence being low-to-
moderate quality and inconsistent because of substantial
methodological and clinical diversity [25].

The use of low-intensity permanent magnets has been
studied in patients with chronic neck and osteoarthritic
joints, showing a relative treatment effect of 200 G mag-
nets, which appeared to exhibit a positive trend of benefit
for lumbar radicular pain [26]. However, that study did
not include a placebo group.

(3) Surgery

Two SRs involving a short-term follow-up showed that
surgery, including decompression with or without fusion,
provided better outcomes for radiculopathy than physical
activity [27,28]. When open discectomy and microscopic
discectomy were compared, there was moderate-quality
evidence pertaining to minimally invasive discectomy
resulting in a longer duration of surgery, equal length of
hospital stay, and a statistically significant but clinically
irrelevant improvement in the intensity of lower leg pain.
No studies demonstrated any added value of endoscopic



SR for NP related with spinal disorders [{:{sf) I

approaches over microscopic discectomy [28]. One RCT
with moderate-quality evidence compared minimally
invasive alternatives (percutaneous laser disc decom-
pression, automated percutaneous mechanical lumbar
discectomy sequestrectomy, nucleoplasty, and coblation
neucleoplasty) and concluded that none of these tech-
niques showed any long-term benefit in comparison with
conventional microscopic discectomy [54].

2) Spinal stenosis

(1) Drugs

One SR with high-quality evidence reported that the
use of prostaglandins improved walking distance and
leg pain in the short term compared with an active pla-
cebo (etodolac, a nonsteroidal anti-inflammatory drugs
[NSAIDs]), but the trial provided only low-quality evi-
dence [29]. In addition, intermediate and long-term
follow-up results showed that gabapentin and methyl-
cobalamin could improve walking distance and leg pain
compared with placebo, but the two studies were graded
as providing very low-quality evidence. A calcitonin injec-
tion could not be differentiated from placebo in terms of
analgesia [29].

(2) Interventions

Epidural steroid injections may improve pain, function,
and quality of life for up to 2 weeks compared with home
exercise or inpatient physical therapy [29]. Another SR
reported that caudal epidural steroid injections showed
only limited evidence of benefit for low back pain and ra-
diculopathy [15]. One RCT showed positive results of the
usefulness of these injections for cervical spinal stenosis,
but this was a preliminary report [22].

(3) Surgery

Three high-quality SRs and one RCT showed that surgery,
including decompression with or without fusion, provided
better clinical outcomes for spondylolisthesis and spinal
stenosis than physical activity at the short-term and long-
term follow-ups and at a follow-up after more than 2 years
[27-30]. One RCT compared the effect of an interspinous
process device (X-Stop) with that of minimally invasive
decompression in patients with neurogenic intermittent
claudication due to lumbar spinal stenosis, demonstrating
no significant clinical differences between them in terms
of pain relief or functional improvement, although the in-
terspinous process device posed a significantly higher risk

of secondary surgery [31]. Another SR reported that the
interspinous process device appeared to result in better
Zurich Claudication Questionnaire scores and a greater
mean improvement of symptom severity compared with
conservative interventions, but there was insufficient
evidence pertaining to comparisons with other surgical
interventions [28].

3) Spinal cord injury

(1) Drugs

One SR with high-quality evidence reviewed the efficacy
of anticonvulsant drugs, concluding that levetiracetam
[32], oxcarbazepine [11], and lamotrigine [33] were not
more effective in reducing neuropathic pain than placebo
and that zonisamide [34] also lacked evidence indicating
pain relief in patients with neuropathic pain. One RCT
demonstrated that an early intervention with carbam-
azepine for a group of patients with acquired spinal cord
injury reduced the incidence of neuropathy found at the
1-month but not the 3- or 6-month follow-up; it did not
reduce the incidence or intensity of neuropathic pain for
long term in comparison with a placebo [35]. One SR
concluded that carbamazepine is probably effective for
some people with chronic neuropathic pain, although
there were caveats and caution was needed when using it
[36]. Recently, gabapentinoids, a type of anticonvulsant,
have been widely used. Two SRs showed that gabapentin
at doses of 1,200 mg or more was effective for some people
with some painful neuropathies OR painful conditions,
even potentially important residual biases [37], and that
gabapentin (at doses up to 3,600 mg/day) and pregabalin
(up to 300 mg/day) appeared to be useful for treating pain
and other secondary conditions after spinal cord injury,
although their effectiveness compared with other analge-
sics has not been studied [38].

Antidepressants can be used to treat neuropathic pain
in patients with spinal cord injury. However, two SRs
found that there was a lack of evidence regarding amitrip-
tyline successfully treating any neuropathic pain condi-
tion [39,40]. The lack of supportive unbiased evidence
for a beneficial effect is disappointing, but this should be
balanced against decades of successful treatment in many
people with neuropathic pain, and amitriptyline should
continue to be used as part of the treatment of neuro-
pathic pain. The results of one SR did not support the use
of nortriptyline as a first-line treatment. Effective medi-
cines with much greater supportive evidence are available
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[41]. One RCT of adequate quality showed that the effect
of venlafaxine XR on neuropathic pain was similar to that
of placebo; however, its use resulted in statistically signifi-
cant and clinically meaningful reductions in the intensity
of nociceptive pain and interference even after controlling
for anxiety and depression [42]. Venlafaxine XR could,
therefore, complement current medications and proce-
dures for treating pain after spinal cord injuries with noci-
ceptive features.

Other drugs may be available for neuropathic pain af-
ter spinal cord injury. One trial with adequate evidence
showed that the use of lithium carbonate did not change
neurological outcomes but reduced neuropathic pain [55].
One SR on the systemic injection of analgesics showed
that intravenous injections of 80 mg ketamine showed
positive analgesic results for neuropathic conditions, but
intravenous injections of lidocaine and mexiletine (an
anti-arrhythmic medicine that is a non-selective voltage-
gated sodium channel blocker) were not more effective
than placebo. Lidocaine exhibited significant analgesic ef-
fects on spontaneous pain for the first 45-minute post-in-
jection; however, there was no difference when compared
with placebo [43,44]. One interesting RCT demonstrated
the usefulness of nicotine in patients with spinal cord
injuries [45]. Following nicotine exposure, non-smokers
showed a reduction in mixed forms of pain; conversely,
smokers showed an increase in both mixed and neu-
ropathic forms of pain, indicating the need of smoking
cessation counseling among smokers with a spinal cord
injury [45]. However, the small population and the results
in just one article need for attention to interpretation.

Another pharmacological drug option is opioids. One
SR of high quality showed that short-term studies pro-
vided only equivocal evidence regarding the efficacy of
opioids in reducing the intensity of neuropathic pain. In-
termediate-term studies demonstrated significant efficacy
of opioids over placebo, but these results were likely to be
subject to significant bias because of the small size and
short duration of the studies and their potentially inad-
equate handling of dropouts. The analgesic efficacy of opi-
oids for chronic neuropathic pain was subject to consider-
able uncertainty. Adverse events related to opioids were
commonly reported, but these were not life-threatening
[46].

(2) Interventions
Two RCTs showed that low-frequency transcutaneous
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electrical nerve stimulation may effectively be used to
complement pharmacological treatment in patients with
spinal cord injury and neuropathic pain [47,48]. However,
a low number of participants and the lack of investigation
of long-term effects could be constraints of these stud-
ies. One RCT and one SR showed that transcranial direct
current stimulation exhibited a moderate effect in reduc-
ing neuropathic pain among individuals with spinal cord
injury; however, this effect was not maintained at follow-
up. Because of the limited number of studies and lack of
follow-up, more evidence is required before treatment
recommendations can be made [49,50]. One RCT showed
the effectiveness of 10 sessions of self-hypnosis training
and EMG biofeedback relaxation training, suggesting that
patients with neuropathic pain respond to hypnotic anal-
gesia treatment alone; however, the improvement was not
maintained at the 3-month follow-up [51]. One SR and
one RCT investigated other interventions (transcranial
magnetic stimulation, cranial electrotherapy stimulation,
repetitive transcranial magnetic stimulation, exercise pro-
grams, acupuncture, and cognitive behavioral programs)
and concluded that none of these techniques showed any
benefit over the use of placebo [52,53].

Discussion

This comprehensive literature review included RCTs and
SRs of high (1++) or acceptable (1+) quality that consid-
ered treatments for neuropathic or chronic pain related to
spinal disorders. Because all the reports were of high or
acceptable quality, our levels of recommendation for treat-
ment modalities about them were all graded A or B ac-
cording to the grading system used [5]. Our search terms
about spinal disorders causing neuropathic pain were
divided into three categories: radiculopathy due to disc
herniation, spinal stenosis, and spinal cord injury. How-
ever, the treatment modalities were not evenly distributed
across these three spinal disorder categories in our search
results, and we were unable to compare each treatment
modality between the three spinal disorders. Neverthe-
less, this review provided evidence of a high quality and
was specifically focused on the evidence regarding treat-
ment for neuropathic pain caused by spinal disorders.
Most treatment guidelines for neuropathic pain cover all
of its various causes, including medical diseases (diabetic,
infectious, etc.), peripheral neuropathic pain, and cancer.
The natural history of neuropathic pain originating from
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these causes may differ from that of the pain originating
from spinal disorders; thus, this review may be more spe-
cific for neuropathic pain of the spinal origin.

All the selected medications for radiculopathy were not
commonly used and lacked evidence for their efficacy in
managing neuropathic pain. This means that evidence
supporting commonly used drugs for radiculopathy,
including NSAIDs, anticonvulsants, antidepressants,
and opioids, has not been demonstrated and effective
medicines with much greater supportive evidence are not
available until now. In case of spinal stenosis, one SR [29]
reported that prostaglandin, gabapentin, and methylco-
balamin (vitamin B12) showed some improvement in
pain and functional outcomes, but each article was graded
as providing low-quality or very low-quality evidence.
However, even with only low-quality evidence, these
could provide medical treatment options for spinal steno-
sis to improve pain and function. Patients with spinal cord
injury commonly suffer from chronic neuropathic pain.
This pain has been treated pharmacologically, but long-
term medication could often be refractory and associated
with adverse effects. In our review, most of the traditional
anticonvulsant drugs showed no evidence of treatment
efficacy in patients living with spinal cord injury [32-
34,36]. One anticonvulsant, carbamazepine (at up to 600
mg/day), was able to reduce the incidence of neuropathic
pain for up to 1 month; thus, early intervention for pa-
tients with spinal cord injury reduces their pain [36].
However, the benefits and risks of carbamazepine should
be considered, especially with regard to its long-term use.
Recently, gabapentinoids have increasingly been used and
evidence of their effectiveness for neuropathic pain has
been increasing. Two SRs [37,38] with high-quality evi-
dence demonstrated the effectiveness of gabapentin and
pregabalin and showed that these were well-tolerated with
fewer adverse effects compared with those of traditional
anticonvulsants and could be used as first-line medica-
tion. Antidepressant drugs could also be a good option
for treating neuropathic pain, but there was a lack of evi-
dence regarding their effectiveness over that of a placebo.
However, some drugs have shown some effects even when
evidence is lacking; based on our results, amitriptyline
[39] and venlafaxine XR [42] could be considered for use
as part of multimodal medication to treat neuropathic
pain in spinal cord injury. Another option for treating
neuropathic pain after spinal cord injury is to use opioids
and strong pain killers, especially for severe and chronic

neuropathic pain. However, their long-term use is contro-
versial owing to concerns about addiction and their effec-
tiveness is not always consistent. One high-quality SR [46]
found that intermediate-term (around 12 weeks) studies
demonstrated significant efficacy of opioids over placebo.
This evidence could be helpful in case of long-term us-
ers of opioids, and the adverse effects of their long-term
use, such as abuse, addiction, hormonal abnormalities,
and paradoxical hyperalgesia, should also be considered.
Ketamine, an N-methyl-D-aspartate receptor antagonist,
could also be an option for patients with intractable pain
even proactive medicatin or opioid-induced hyperalgesia.

Among the three treatment modalities, interventions
included nerve block procedures, physiotherapy, exercise,
and electrical or magnetic stimulation. For radiculopathy,
epidural block via transforaminal, interlaminar, and cau-
dal routes showed generally positive results in the short
and long term compared with the effects shown by pla-
cebo [15]. Several reviews concluded that the use of ste-
roids in epidural injections showed no benefit over the use
of local anesthetics alone [16,17,20], although one RCT
demonstrated that their use in epidural injections could
have potential benefits pertaining to lumbar sciatica [20].
Regarding which steroids are better in epidural injections,
the searched studies found no differences for cervical and
lumbar radiculopathy [18,23], but in 2014, the U.S. Food
and Drug Administration warned of rare but serious neu-
rologic problems after epidural corticosteroid injections
for pain and especially the use of particle steroids. Radio-
frequency treatment showed no superiority over placebo,
but higher efficacy was achieved when it was used in con-
junction with block procedures compared with that when
block procedures were used alone [14,23]; however, more
evidence seems to be needed. Epidural block procedures
for radiculopathy lacked evidence of their efficacy in pa-
tients with spinal stenosis, although one SR [29] cited a
single trial with very low-quality evidence, which showed
that interlaminar epidural steroid injections improved
pain, function, and quality of life for up to 2 weeks. There
is a lack of evidence for the efficacy of physiotherapy and
exercise for radiculopathy or for the application of trans-
cutaneous or transcranial electric and magnetic stimula-
tion in patients with spinal cord injury [52].

The articles on surgery for neuropathic pain related to
spinal disorders only covered radiculopathy and stenosis.
Surgery, including decompression with or without fu-
sion, resulted in better outcomes for radiculopathy than
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physical activity at short-term follow-up and significantly
better outcomes for spinal stenosis and spondylolisthesis
over a 2-year follow-up period [27]. Regarding radicu-
lopathy, the main conclusion from these reviews was con-
sistent with the observation that surgery appears to lead
to short-term benefits for leg pain but no short-term ef-
fect on disease-specific functioning and similar outcomes
can be seen in the long term [28]. None of the studies
demonstrated benefits of endoscopic discectomy or alter-
natives including various intradiscal procedures, such as
nucleoplasty, coblation nucleoplasty, and laser decompres-
sion [28]. There was insufficient evidence that surgery for
spinal stenosis using interspinous devices was superior to
other surgical interventions [28]. These findings suggest
that surgery can be helpful for radiculopathy and spinal
stenosis, especially in the short term. However, there was
a lack of evidence demonstrating any long-term benefits.

Conclusions

In conclusion, this review, which included RCTs and SRs
of high and adequate quality, found that some treatment
modalities had variable efficacy. There was lack of evi-
dence for the efficacy of pharmacological treatments for
radiculopathy due to disc herniation and stenosis, but in-
tervention procedures, including epidural block, showed
positive efficacy for radiculopathy but only limited efficacy
for spinal stenosis. There was some evidence that surgery
was superior to conservative treatments for radiculopathy
and stenosis at short-term follow-up, and limited evidence
for pharmacological and electric or magnetic stimulation
therapies for neuropathic pain after spinal cord injury.
This review showed the relative paucity in the literature of
high-quality evidence regarding the treatment of neuro-
pathic pain related only to spinal disorders. Much greater
supportive evidence is needed.
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