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Diagnostics and Treatment of Pain 
in Spinal Cord Injury

Steffen Franz and Nanna Brix Finnerup

Abstract
Pain has various manifestations in spinal cord injury (SCI) that depend on multiple 
factors such as the affected tissue. Neuropathic pain is common, and nociceptive pain 
is frequently seen as a consequence of complications like overstraining of joints or 
bowel dysfunction and mainly presents as musculoskeletal and/or visceral pain.

Both, peripheral neuropathic pain, as a result of lesions to nerve roots, and 
central neuropathic pain, due to lesions of the spinal cord occur in SCI. It is clas-
sified as at-level or below-level pain. Neuropathic pain, which is not or indirectly 
related to SCI, such as carpal tunnel syndrome, is termed “other” neuropathic 
pain. There is limited knowledge of the underlying mechanisms in SCI-related 
neuropathic pain. It often develops into a chronic condition, having a crucial 
impact on the patients’ quality of life.

Therapy of neuropathic pain includes antidepressants and anticonvulsants. 
Some patients experience insufficient pain relief and may experience undesirable 
side effects. Promising non-pharmacological therapeutic approaches beyond 
psychological support/therapy, like neurostimulation, are being investigated.

For treatment of nociceptive pain, it is important to identify the underlying 
causes and to tailor the treatment individually. Its therapy may involve different 
approaches comprising physiotherapy, medical treatment, including spasmolytic 
drugs, as well as interventional treatment.

This chapter will focus on the most relevant aspects of SCI-related pain, 
including epidemiology, impact on physical and psychosocial functioning, 
potentially underlying mechanisms, and important diagnostics. We will discuss 
the latest scientific knowledge and discuss the prediction, prevention, and treat-
ment of pain in SCI.
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12.1  Background

Pain is one of the most challenging complications of spinal cord injury (SCI), with 
serious consequences for the patients [1–3]. Once pain has developed, it has a long- 
term negative impact on the patients’ quality of life [3, 4]. The onset of pain is usu-
ally within the first year after the injury. The pain frequently increases over time, 
and more than 50 % of SCI patients develop chronic pain during the course of dis-
ease [5, 6]. Three to five years following injury, musculoskeletal pain is present in 
about 60 % and neuropathic pain in 50–60 % of SCI patients [7, 8]. Depending on 
the study design and based on considerable heterogeneity in assessing pain in SCI, 
its prevalence is reported with a wide variance between 26 and 96 % [9, 10]. Patients 
suffering from cauda equina lesions more frequently complain of severe pain com-
pared with paraplegic patients having a thoracic level of injury or tetraplegic patients 
[11–13]. Nevertheless, the predictive relevance of aspects such as the level or com-
pleteness of injury is still the subject of discussion, especially in neuropathic pain 
types [7, 10].

12.2  Characterization and Classification of Pain 
Following SCI

Pain has different qualities or descriptors. The word “aching” is commonly used to 
describe musculoskeletal pain, whereas “burning” is typically associated with neu-
ropathic pain [11, 14–16]. Nevertheless, this approach is not enough to capture the 
complex nature of the pain presentation in SCI and cannot be used to differentiate 
between nociceptive and neuropathic pain, especially since nociceptive pain is rep-
resented not only by musculoskeletal but also by visceral pain and other pain sub-
types. Furthermore, an overlapping of different pain types and subtypes in SCI 
patients is a common phenomenon [17–19]. Meanwhile, numerous diagnostic tools 
have been developed, including questionnaires, physical examination, or even 
instrument-based tools, addressing a more sophisticated and accurate evaluation of 
the different pain types (for details please see Sect. 13.5).

Recently, an international consensus classification of pain after SCI “the 
International Spinal Cord Injury Pain (ISCIP) Classification” was published [20, 
21]. The classification is based on three tiers: “pain type,” “pain subtype,” and 
“pain source” or “pathology,” respectively (Table 12.1). The first tier classifies 
pain into nociceptive, neuropathic, other, and unknown pain. Other pain is pain 
that cannot be classified into the categories nociceptive or neuropathic, e.g., irri-
table bowel syndrome or fibromyalgia. In contrast, unknown pain can neither be 
assigned to any of the above-listed categories nor be related to a specific pain 
syndrome. The second tier subdivides nociceptive pain into musculoskeletal, vis-
ceral, and other nociceptive pain, and neuropathic pain into SCI-related pain (at 
level or below level) and other neuropathic pain. Possible underlying causes of all 
subtypes of pain are accordingly summarized within the third tier.
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12.3  Nociceptive Pain

Painful stimuli to body tissue, whether mechanical, thermal, or caused by ongoing 
pathological processes within specific organ structures (e.g., inflammation), activate 
nociceptors and generate nociceptive pain. For a detailed overview of the neurobiol-
ogy of pain and peripheral mechanisms of cutaneous nociception in particular, 
please see [22].

12.3.1  Clinical Characteristics of Nociceptive Pain

Nociceptive pain is the most frequent type of pain in individuals with SCI [7]. It is 
possible to differentiate between the types of pain by determining pain quality/

Table 12.1 The International Spinal Cord Injury Pain (ISCIP) Classification [23]

Tier 1 Tier 2 Tier 3

Nociceptive pain Musculoskeletal pain For example
Articular trouble/joint pain
Fracture-associated pain
Spasm-related muscle pain
Back pain/lumbago
Pain related to heterotopic ossification

Visceral pain For example
Angina pectoris
Constipation/ileus
Cystitis/pyelonephritis

Other nociceptive pain For example
Pressure sore-related pain
General wound pain
Headache due to migraine or autonomic 
dysreflexia

Neuropathic pain SCI-related pain For example
Spinal cord contusion/compression
Spinal ischemia
Nerve root compression
Cauda equina compression

At-level SCI pain

Below-level SCI pain

Other neuropathic 
pain

For example
Brachial plexus injury
Entrapment syndromes (i.e., carpal tunnel 
syndrome, ulnar nerve entrapment)
Generalized nerve damages (i.e., metabolic nerve 
damages, inflammatory polyneuropathies)

Other pain For example
Fibromyalgia
Complex regional pain syndrome (CRPS)

Unknown pain Pain that can neither be assigned to any of the above-listed categories nor 
be related to a specific pain syndrome
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characteristic, distribution, clinical course, and responsiveness to any therapeutic 
approach. Nociceptive pain may respond well to a variety of different therapy strate-
gies including surgical/interventional, pharmacological, and physical therapy. Its 
etiology can be assigned to three different subtypes:

 1. Musculoskeletal pain is a leading cause of nociceptive pain in the chronic 
phase of SCI. It is described as either above, at, or below the neurological 
level of injury, i.e., the most caudal segment with fully preserved neurological 
function [23]. This type of pain has various causes and thus could accrue from 
overuse of joints, ligaments, and tendons, as well as be due to a reduced func-
tional use of joints resulting from a lack of muscular stabilization and/or mus-
cular imbalance in tetraplegic patients [24–27]. It can also present as 
fracture-related pain, as pain resulting from heterotopic ossification, or as a 
consequence of spasticity [28]. The perception of musculoskeletal pain is 
often restricted to the involved body region and lesioned tissue, respectively. 
This type of pain can usually be provoked by manipulation of the affected 
region. A related example would be the tenderness on palpation of a 
fracture.

 2. Visceral pain is also a common cause of nociceptive pain in the late chronic 
phase of SCI and is typically located within the chest (thorax) or in abdominal/
pelvic structures, as it is attributed to either disinhibited/increased or inhibited/
attenuated activation of the circuitries within the autonomous nervous system 
[3, 23]. Although evidence-based insights in the underlying mechanisms of 
abdominal pain are still sparse, recent reports support the already existing 
notion that constipation is a leading factor [29]. This goes in line with the find-
ing that visceral pain has a late onset, often many years after the SCI [7, 30]. 
Its clinical presentation is generally diffuse and can be highly unspecific after 
SCI. While individuals with paraplegia may describe visceral pain as “cramp-
ing,” “dull pressing,” or “causing nausea” similar to nondisabled persons, 
patients with tetraplegia and visceral pain might in contrast present with com-
plaints that are hardly referable [28]. Thus, symptoms may diminish to nonspe-
cific clinical signs like a general feeling of discomfort/malaise. Important 
information could be derived from instrument-based or laboratory proof of 
usual triggers of visceral pain, such as the involvement of the bowels (e.g., 
constipation/ileus) or the urinary tract (e.g., cystitis) [3], but also a temporal 
link of pain to increased activity of visceral organs (e.g., postprandial pain) 
could lead the way to the accurate classification. If there are no clear indica-
tions of visceral involvement, another type of pain, such as neuropathic pain, 
could be present. Here, a permanent presence of pain may support the diagno-
sis of neuropathic pain.

 3. Other nociceptive pain is pain that cannot be allocated to the aforementioned 
subtypes. They may be related or unrelated to SCI, but should fulfill the criteria 
of nociceptive pain [23]. Those, for instance, include pain due to pressure ulcer 
or headache as a consequence of autonomic dysreflexia.
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12.4  Neuropathic Pain

Neuropathic pain represents a significant socioeconomic burden – both at individual 
and societal levels, as it is associated with high levels of morbidity and large direct 
and indirect costs [9, 31]. Neuropathic pain is not a term applied to a single underly-
ing mechanism or disease, but describes a syndrome of various sensory symptoms 
and signs (e.g., spontaneous ongoing pain, allodynia, and painful attacks). Allodynia 
is pain due to a stimulus that does normally not provoke pain (e.g., pain evoked by 
light touch or cold) [32]. Hyperalgesia, which is an increased response to a stimulus 
that is normally painful [32], may also be present on examination and is differenti-
ated according to the test stimulus (e.g., cold, warm, punctuate, or static mechani-
cal). In general, neuropathic pain is defined as pain caused by a lesion or disease of 
the somatosensory nervous system [33]. It is divided into peripheral and central 
neuropathic pain depending on whether the lesion or disease is in the peripheral 
(nerve root or nerve) or central (brain or spinal cord) nervous system.

Following SCI, patients may experience central neuropathic pain due to the spi-
nal cord lesion or peripheral neuropathic pain due to a lesion or compression of the 
nerve roots, including cauda equina. Because of the difficulty in distinguishing 
between peripheral and central pain in some cases, neuropathic pain following SCI 
is classified into at-level and below-level neuropathic pain [23]. Patients with SCI 
may have other neuropathic pain, which is pain that is not caused by the SCI but 
instead by, e.g., thoracotomy due to intercostal nerve injury or carpal tunnel syn-
drome due to wheelchair use. Other neuropathic pain can be located at, above, or 
below injury level.

12.4.1  Clinical Characteristics of Neuropathic Pain

At-level neuropathic pain is located anywhere within the dermatome of the neuro-
logical level of injury and/or three dermatomes below this level [23]. Pain caused by 
damage to the cauda equina is always classified as at-level pain, also in cases where 
it extends more than three dermatomes below the neurological level. Below-level 
neuropathic pain is located in the region more than three dermatomes below the 
neurological level of injury, but may extend to the at-level area. Neuropathic pain is 
often described as shooting, pricking, squeezing, or burning. Allodynia – most often 
to touch or cold stimuli and hyperalgesia to pinprick or thermal stimuli – may be 
present.

Neuropathic pain following SCI may occur immediately at the time of injury but 
may also have a delayed onset up to several months. At-level neuropathic pain often 
has an earlier onset than below-level pain [7]. Neuropathic pain may diminish or 
resolve during the first year [34], but often becomes chronic, and patients who expe-
rience neuropathic pain at 6 months are likely to have neuropathic pain with the 
same intensity 5 years after their SCI [7]. Paresthesia, which is described as abnor-
mal sensations that are not painful or unpleasant, and dysesthesia, which is described 
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as unpleasant abnormal sensations, are often present following SCI, e.g., an ongo-
ing tight sensation or a tingling sensation occurring either spontaneously or evoked 
by, e.g., touching the area.

Recent studies have found that early sensory hypersensitivity predicts later 
development of central pain [8, 35]. In one study in incomplete SCI, sensory hyper-
sensitivity (mechanical allodynia and temporal summation of pain) and hyperpathia 
in the first months after SCI preceded ongoing below-level SCI pain [35], whereas 
in another study, early (1 month) sensory hypersensitivity (particularly cold-evoked 
dysesthesia) was a predictor of the development of below-level SCI pain [8]. 
Interestingly, sensory hypersensitivity did not predict at-level SCI pain, supporting 
that these two pain types are two different pain phenomena, presumably with differ-
ent underlying mechanisms [7].

12.4.2  Mechanisms of SCI Neuropathic Pain

The mechanisms involved in SCI neuropathic pain are multiple and only incompletely 
understood. A SCI allegedly causes irreversible functional changes in the vicinity of 
the lesion site. These include neuronal hyperexcitability, impaired modulation from 
interrupted supraspinal control, and destroyed spinal circuitries. Insights from animal 
models indicate the presence of regenerative processes that are characterized by struc-
tural adaptions (e.g., rewiring of axonal connections) and changes in signal transmis-
sion on cellular level [36–39]. Besides its assumed linkage to spontaneous recovery 
after SCI, this so-called plasticity may also cause fundamental changes in the trans-
mission of pain signals and therefore lead to detrimental effects with neuropathic pain 
as a possible consequence. Such neuronal changes include an increased sensitivity to 
sensory stimuli and a disturbed balance between excitation and inhibition. Ongoing 
spontaneous activity in central pain pathways rostral to the site of injury are thought 
to cause spontaneous pain, and neuronal hyperexcitability may cause increased pain 
to painful stimuli, decreased pain thresholds, aftersensations, and spread of pain. 
Central sensitization is defined as increased responsiveness of nociceptive neurons in 
the central nervous system to normal or subthreshold afferent input [32]. Several 
molecular changes seem to be involved, including changes in the N-methyl-D-
aspartate (NMDA) and other glutamate receptors [40], sodium, calcium, and potas-
sium channel expression [41, 42], glia cell activation and release of pro-inflammatory 
cytokines [41, 43–45], degeneration of inhibitory dorsal horn interneurons containing 
γ-aminobutyric acid (GABA) [46], and loss of inhibition from descending pathways, 
dependent on monoamines such as noradrenaline, serotonin (5-HT), and dopamine. 
Significant structural changes lead to reorganization, such as intraspinal sprouting of 
calcitonin gene-related peptides and substance P containing fine primary afferents and 
Rac1-regulated remodeling of dendritic spines on dorsal horn neurons [47–50].

There is evidence from human studies to support that the changes occurring at the 
injury site of the spinal cord are important for both at- and below-level pain. In some 
cases, spinal transection and dorsal root entry zone (DREZ) lesions may relieve both 
at- and below-level pain, suggesting that the area around the spinal lesion acts as a 
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pain generator. However, these procedures also carry the risk of development of cen-
tral pain [51–53]. It has also been shown that sensory hypersensitivity at the level of 
injury and that the percentage of rostral gray matter lesions are highest in patients 
with below-level pain [54, 55]. It is hypothesized that ectopic activity arising at the 
rostral part, transmitted via multisynaptic propriospinal pathways, may also play a 
role in SCI pain [54]. Activity in residual spinothalamic tract neurons may addition-
ally contribute to the generation of pain after SCI [56]. In addition to changes in 
neuronal excitability at the spinal cord level, changes can be demonstrated in differ-
ent brain areas following SCI, e.g., the thalamus [57, 58], anterior cingulate cortex, 
right dorsolateral prefrontal cortex [59], and the somatosensory S1 cortex [60]. 
Furthermore, pain may be associated with a specific electroencephalography (EEG) 
signature with increased power in the theta and alpha bands in the relaxed state [61]. 
The specific role of these changes in generation or modulation of pain is unknown. 
In summary, neuronal hyperexcitability at the level of injury, spared polysynaptic 
pathways, and partially spared spinothalamic tract neurons, together with deafferen-
tation resulting in abnormal neuronal brain activity, are possible mechanisms that are 
involved in the development and manifestation of SCI neuropathic pain.

Experimental models are crucial for improving our understanding of molecular 
SCI pain mechanisms and for testing new drugs. Assessing pain-like behavior in 
animals is, however, challenging [62], particularly after central nervous system 
lesions [63, 64]. Due to the development of the spastic syndrome, the specific 
assessment of pain-like behavior in rats with SCI cannot rely on the evaluation of 
simple reflexes and withdrawal thresholds but requires tests that involve brainstem- 
dependent responses such as licking, guarding, and escape or more complex, cere-
brally mediated behaviors.

12.5  Diagnosis of Pain and Its Clinical Distinction

Considering its different manifestations and bearing in mind the potential overlap-
ping of their symptoms, diagnostics of pain related to SCI are challenging [17–19]. 
Substantial impairment of sensory function below the level of lesion renders the 
interpretation of symptoms even more difficult.

Assessing the medical history of patients with pain should comprise an exact 
evaluation of all aspects of the symptoms including the course, impact, and multidi-
mensional aspects of pain. The distribution of pain should be mapped on body 
charts. The pain intensity can be assessed using a categorical scale, such as mild, 
moderate, or severe. Other one-dimensional scales are often used, e.g., an 11-point 
numeric rating scale (NRS) from 0 to 10, where 0 indicates “no pain” and 10 “worst 
possible pain” or “most intense pain imaginable.” Average and worst pain is often 
assessed. Since not all sensory symptoms that could occur in neuropathic pain are 
constantly rated as pain (e.g., tingling), it may be useful also to assess unpleasant-
ness. The character and quality of pain, its onset and time course, aggravating and 
alleviating factors, and associated symptoms should be included in the evaluation. 
The impact of pain on daily life refers to its impact on quality of life, function, 
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sleep, mood, and social relations. The International Spinal Cord Injury Core Data 
Set has been developed to assist physicians in collecting relevant data related to pain 
in a standardized way. The dataset includes classification, location, temporal 
aspects, intensity, impact, and treatment of pain [65].

Reliable and valid differentiation and classification of pain types are needed. 
Positive diagnostic criteria and a grading system of definite, probable, and possible 
presence of neuropathic pain have been published [66]. Four criteria need to be 
fulfilled for the definite presence of neuropathic pain: (1) a history of a relevant 
nervous system lesion, (2) at least one test confirming such a lesion, (3) pain located 
in an area of the body consistent with the location of the lesion, and (4) negative 
(e.g., hypoaesthesia) and/or positive (e.g., allodynia) sensory perception in the pain-
ful area. If the pain is not a primary consequence of movement, inflammation, or 
other local tissue damages and if it is described as burning, shooting, squeezing, 
painful cold, or electric shock-like or is associated with allodynia, it is likely to clas-
sify the pain as neuropathic pain [23]. Nevertheless, a careful examination to 
exclude other causes of pain is obligatory, and the correct classification of pain into 
neuropathic and nociceptive pain may still be challenging.

The neurological examination is essential for the diagnosis of neuropathic pain. 
The International Standards for Neurological Classification of Spinal Cord Injury 
(ISNCSCI) serves as a reliable and valid basis for clinical examination of sensory 
and motor function [67], but it is recommended to perform additional sensory 
examinations including sensory thresholds to touch, vibration, pinprick, and ther-
mal stimuli. Dynamic mechanical allodynia can be assessed by brushing the skin 
lightly using a small brush or cotton wool. Aftersensations, i.e., pain continuing 
after the stimulation has ceased, may be observed. More sophisticated assessments 
such as quantitative sensory testing (QST); electrophysiological examination using, 
e.g., laser evoked or contact heat evoked potentials (LEPs and CHEPS); and imag-
ing (e.g., X-ray, CT, MRI) may provide additional insights [68].

Simple questionnaires have been developed for identifying patients with neuro-
pathic pain. The Leeds Assessment of Neuropathic Symptoms and Signs (LANSS) 
scale [69], the Neuropathic Pain Questionnaire (NPQ) [70], the 10-item question-
naire DN4 [71], IDPain [72], painDETECT [73], and the Pain Quality Assessment 
Scale (PQAS) [74] are simple patient-based screening questionnaires partially with 
a short sensory examination that may help to detect the presence of neuropathic pain 
[75]. Recently, a spinal cord injury pain instrument (SCIPI) has been developed 
[76]. In most of the questionnaires, pricking pain, electric shocks, burning, numb-
ness, and increased pain to touch are defined as indicators for neuropathic pain. 
These screening tools seem to have lower psychometric properties when applied to 
SCI patients than to the general population [77].

12.6  Psychological Aspects of Pain

Psychosocial factors may influence the patients’ pain perception and subjective 
grading of pain. For example, affective disorders, level of independence from care-
givers, level of social support, and a lack of efficient coping strategies are of 
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relevance in this respect and are reported to be associated with greater severity of 
pain [78–80]. These factors may cause a deterioration of pain or may result in 
greater psychological distress. It is therefore important to evaluate psychological 
functioning and the impact of pain on its clinical development. There is also exist-
ing evidence for effective psychotherapeutic therapy approaches in complementary 
treatment and coping of pain, respectively. Such strategies comprise self-hypnosis 
and biofeedback relaxation training, as well as cognitive behavioral therapy, gener-
ally embedded in a multimodal therapy approach [81–84].

12.7  Therapy

Treatment approaches in SCI-related pain range from physiotherapeutic measures 
through unspecific and specific pharmacotherapy to instrument-based approaches, 
all with significantly varying levels of evidence for the given indication. The diag-
nosis of pain type is the first important step. If possible, the underlying cause of pain 
should be treated, and when this is not possible, symptomatic treatment of the pain 
and the related disability should be offered. Realistic expectations about the out-
come of a given treatment should be discussed with the patient. During the course 
of pain treatment, the level and character of the pain and side effects should be care-
fully monitored. When the pain has become chronic and is associated with disabil-
ity, a multidisciplinary approach is preferred, and it is important to evaluate and 
treat any associated depression, sleep disturbance, and psychological distress. 
Disciplines, for instance, could comprise psychologists, physiotherapists, neurolo-
gists, and orthopedists/trauma surgeons and, if necessary, specialized pain 
therapists.

12.7.1  Treatment of Nociceptive Pain

Nociceptive pain is considered to be amenable to certain therapeutic strategies, 
including interventional but also nonsurgical and instrument-based therapies. The 
level of evidence for these approaches is varying to a large degree and sometimes it 
is very low.

Whenever possible, therapy should primarily focus on the elimination of the 
underlying causes, such as administration of laxatives, fracture treatment, wound 
care, or reduced stress on overused joints [85]. Surgical interventions addressing 
arthrosis or ankylosis of the shoulder joint in patients with paraplegia are subject to 
controversial discussions. Even though reported to be effective following a careful 
risk-benefit analysis and in consideration of the time and costs for the post- 
interventional rehabilitation period, such complex interventions should only be con-
sidered with caution in SCI patients due to a high risk for recurrent articular 
complaints [86–89].

The second mainstay of routinely applied therapy strategies is represented by mostly 
temporary pharmacological treatment. This approach includes nonsteroidal anti-
inflammatory drugs (NSAID), such as ibuprofen or diclofenac, as well as other 
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non-opioid pain drugs, such as metamizole [85]. In markedly severe cases, opioids 
could also be an option for symptomatic pain therapy. The “WHO Treatment Guidelines 
on chronic nonmalignant pain in adults” are currently being developed, but not yet 
published [90]. Until then, the “WHO’s cancer pain ladder for adults” may be used as 
orientation guideline, since it is a widespread clinical tool that is also commonly used 
in nociceptive pain management [91, 92]. However, there are still no evidence-based 
treatment recommendations based on randomized clinical trials in SCI, as well as in 
general pain therapy of adults. Individualized pain management concepts, based on the 
underlying pathology, should be considered in given cases [92].

Both aforementioned approaches should always be embedded in a multimodal 
therapy setting that comprehensively addresses the patient’s complaints. Such sup-
portive therapies primarily involve physical therapy, including general or symptom- 
oriented exercise programs [93–98]. Numerous further non-pharmacological and 
nonsurgical therapy approaches have already been tested in various studies and/or 
trials. Among them, acupuncture was found to have beneficial effects on musculo-
skeletal pain in SCI [99, 100]. However, it does not seem to be superior to the control 
interventions consisting of physical activity and sham acupuncture, respectively. 
Instrument-based therapies such as transcranial electrical stimulation (TCES) or 
transcutaneous electrical nerve stimulation (TENS) have also been tested, especially 
for their effect on general pain relief, which also includes musculoskeletal pain inten-
sity. Thus, TCES and TENS admittedly delivered indications for efficacy in this con-
text, yet existing clinical trials are few, methodically heterogeneous or not focused on 
SCI pain [101–108]. Furthermore, low or insufficient evidence of efficacy in SCI-
related musculoskeletal pain has yet to be stated for conservative methods, such as 
massage, heat therapy, or behavioral management (e.g., hypnosis or cognitive behav-
ioral therapy) [81, 109–112]. In consequence, if and to what extent such a therapeuti-
cal regimen should be added has to be decided on an individual basis.

12.7.2  Treatment of Neuropathic Pain

If possible, the underlying causes should be treated, but often symptomatic treat-
ment is the only option. So far, no treatment has proven successful in preventing 
neuropathic SCI pain. It is important to exclude other causes of pain such as muscu-
loskeletal pain and to consider factors that may aggravate neuropathic pain such as 
pressure sores, spasticity, or bladder infection. It is also important to evaluate the 
impact of pain on daily life, sleep and mood, psychological factors, and risk of sui-
cidal ideation.

12.8  Pharmacological Treatment

The Neuropathic Pain Special Interest Group (NeuPSIG) of the International 
Association for the Study of Pain (IASP) has recently updated the evidence-based 
treatment recommendations for neuropathic pain [34]. Based on the Grading of 
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Recommendations Assessment, Development, and Evaluation (GRADE) system, 
pregabalin, gabapentin, serotonin-noradrenaline reuptake inhibitors (SNRIs), and 
tricyclic antidepressants (TCAs) have strong recommendations for use in neuro-
pathic pain. Opioids and a combination of selected first-line agents have weak rec-
ommendations, whereas there are weak recommendations against the use of 
cannabinoids and valproate and strong recommendations against the use of leveti-
racetam and mexiletine. No studies have examined the efficacy of nonsteroidal anti- 
inflammatory drugs (NSAID) and paracetamol in neuropathic pain. Certain topical 
agents are also recommended for peripheral neuropathic pain. Thus, NeuPSIG rec-
ommends pregabalin, gabapentin, SNRIs, and TCAs as first-line drugs, tramadol as 
second-line, and other opioids as third-line treatments for central neuropathic pain 
[34]. Data for other drugs such as NMDA antagonists and other anticonvulsants 
were inconclusive. However, a trial of such drugs, e.g., oxcarbazepine or lamotrig-
ine, may be indicated in certain conditions and by pain specialists.

Randomized controlled trials (RCT) in SCI neuropathic pain support these rec-
ommendations (Table 12.2). Patients with SCI may, however, be particularly vul-
nerable to CNS-related side effects, including dizziness and somnolence, which 
may be due to their frequent use of spasmolytic drugs [113, 114]. It is also important 
to be aware that pain relief is moderate and only effective in a subgroup of patients.

Table 12.2 Summary of randomized double-blind, placebo-controlled trials with at least ten 
patients and with a treatment of at least 3 weeks

Study Drug, final daily dose, number randomized Outcome NNT

Antidepressants

[129] Amitriptyline 150 mg, 38 p ns

[130]a Duloxetine 60, 120 mg, n

Anticonvulsants

[113] Pregabalin 600 mg, 137 p 7.0 (3.9–37)

[131]a Pregabalin 600 mg, 40 p 3.3 (1.9–14)

[115] Pregabalin 600 mg, 220 p 7.0 (3.9–31)

[132] Gabapentin 3600 mg, 20 p NA

[129] Gabapentin 3600 mg, 38 n

[133] Levetiracetam 3000 mg, 36 n

[134] Valproate 2400 mg, 20 n

[135] Lamotrigine 400 mg, 30 n

Miscellaneous

[114] Tramadol 400 mg, 36 p ns

NCT01606202b Sativex spray, 111 n

[136] Mexiletine 450 mg, 11 n

NNT numbers needed to treat to obtain one patient with a 50 % pain reduction, CPSP central post-
stroke pain, SCI spinal cord injury, p positive, n negative, NA dichotomous data not available, ns 
no significant difference in numbers of patients with 50 % pain reduction during active and placebo 
treatment
aIncluded both SCI pain and central poststroke pain
bData from clinicaltrials.gov
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Pregabalin and gabapentin, including gabapentin extended release and enacarbil, 
are structurally related compounds. Their analgesic effect in neuropathic pain is 
thought to be mediated through antagonism of the α2δ subunit of voltage-dependent 
calcium channels at presynaptic sites. The most common side effects are somno-
lence and dizziness, which seem particularly bothersome in SCI [113, 115]. Other 
side effects include peripheral edema, nausea, and weight gain. Gabapentin is 
administered three times daily with slowly increasing dosage, e.g., starting with 
300 mg the first day and increased by 300 mg every 1–7 days. The final daily dose 
is between 1800 and 3600 mg. Pregabalin is administered twice daily and slowly 
titrated from 75 or 150 mg daily to 600 mg daily. In SCI individuals with renal 
impairments, lower doses are used.

Antidepressants have a comparatively weaker body of evidence with regard to 
RCT but are also used in neuropathic pain treatment. These include TCAs (e.g., ami-
triptyline, imipramine, and nortriptyline) and SNRIs (duloxetine and venlafaxine), 
whereas the effect of selective serotonin reuptake inhibitors (SSRIs) is even less cer-
tain [34]. Antidepressants block the reuptake of noradrenaline and serotonin, and 
TCAs also have other actions such as a blockade of sodium channels. Side effects to 
TCAs include dry mouth, somnolence, constipation, urinary retention, orthostatic 
hypotension, and sweating. TCAs are contraindicated in patients with epilepsy, heart 
failure, and cardiac conduction blocks, and an electrocardiogram (ECG) is needed 
before initiating treatment. There is a large pharmacokinetic variability in the meta-
bolic pathways of TCAs, and the final dose varies considerably among patients. TCAs 
should be slowly titrated stating with 10 or 25 mg daily up to 50–150 mg daily. Side 
effects to SNRIs include nausea, somnolence, dizziness, constipation, and sexual dys-
function. Duloxetine can be initiated with 30 mg and increased to 60 mg daily, while 
venlafaxine can be started at 37.5 mg and increased slowly up to 150–225 mg daily. If 
treatment with a single drug is only partly effective, combination therapy can be tried. 
Side effects, e.g., somnolence and dizziness, need to be carefully monitored, and it is 
important to be aware of specific side effects, e.g., the serotonin syndrome, which, for 
example, can occur when combining SNRIs such as antidepressants and tramadol. It 
is characterized by flu-like symptoms, rapid heart rate, high blood pressure, nausea/
vomiting, and heavy sweating and can lead to agitation, confusion, hallucination, and 
muscle rigidity. High fever, irregular heartbeat, seizures, and unconsciousness are 
eventually symptoms in severe cases of the serotonin syndrome.

In severe refractory neuropathic SCI pain, intrathecal treatment with clonidine 
and morphine [116] or with ziconotide or morphine, either alone or added to 
baclofen treatment, may be considered, but there is limited knowledge about long- 
term efficacy and safety, and usually the effect is unpredictable with only a small 
percentage of patients responding [117, 118].

12.9  Non-pharmacological Treatment

Neurostimulation techniques such as transcranial direct current stimulation and 
repetitive transcranial magnetic stimulation or invasive procedures such as motor 
cortex stimulation and spinal cord stimulation are being tested, but results are 
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conflicting with very few data on long-term efficacy and safety [119–125]. In a 
recent study, the combination of transcranial direct current stimulation and visual 
illusion reduced SCI pain, but the treatments given alone had no or limited effect 
[126]. Dorsal root entry zone (DREZ) is not recommended [125].

Cognitive behavioral programs have been shown in RCTs to improve the sense 
of coherence and depression [83] and to reduce anxiety and increase participation in 
activities [127], although no effect on pain intensity was seen. An exploratory study 
also found an effect on pain intensity and pain-related disability of a multidisci-
plinary cognitive behavioral program for coping with neuropathic SCI pain [128]. 
Such programs as well as other psychological treatments, e.g., hypnosis [84], may 
thus be valuable additions to the treatment.

Summarizing, although certain non-pharmacological treatment approaches in 
SCI-related chronic neuropathic pain are believed to be beneficial, a convincing 
basis of evidence is still lacking [108].

 Conclusion

Pain is a common and relevant complication in SCI. Its assessment and therapy 
can be major challenges. Musculoskeletal pain is common in the acute phase, 
and musculoskeletal, neuropathic, and visceral pain are the most common types 
of pain in the chronic phase.

Assessment of pain in SCI, including its characterization and assignment to 
specific pain types (nociceptive vs. neuropathic), is still being optimized with 
respect to reliability and validity. While most of the currently established ques-
tionnaires have not been developed to specifically assess pain in SCI, recent pub-
lications increasingly focus on the verification of appropriate SCI-specific 
assessments to account for particularities in manifestation of different SCI pain 
types.

Pain can have a severe impact on the patients’ rehabilitation, sleep, mood, 
and quality of life. A multidisciplinary approach to treatment on an individual 
basis is thus needed. A better understanding of the underlying mechanisms is 
needed to develop more promising therapy strategies and to be able to prevent 
the development of chronic pain. Yet, in all aforementioned SCI-related pain 
types, clinically established therapy approaches comprise non-pharmacologi-
cal and/or pharmacological treatments. While interventional and pharmaco-
logical therapies of nociceptive and visceral pain are mainly aiming for 
identification of causalities and their resolution, therapeutic approaches for 
neuropathic pain are largely focused on an assumed modulation of neuronal 
hyperexcitability and decreased inhibition. A lot of these options are mainly 
applied on empirical basis, like the application of laxatives in neurogenic 
bowel dysfunction to relieve visceral pain. Others, like the administration of 
antidepressants in SCI-related neuropathic pain, are based on partially scarce 
evidence. Given this fact, therapeutic decisions should admittedly be made in 
accordance with current guidelines or, if not applicable, at least be based on 
publications of national or international associations/societies, which are rep-
resenting the field of SCI.

12 Diagnostics and Treatment of Pain in Spinal Cord Injury



296

References

 1. Budh CN, Osteraker AL (2007) Life satisfaction in individuals with a spinal cord injury and 
pain. Clin Rehabil 21(1):89–96

 2. Kennedy P, Lude P, Taylor N (2006) Quality of life, social participation, appraisals and cop-
ing post spinal cord injury: a review of four community samples. Spinal Cord 44(2):95–105

 3. Finnerup NB, Faaborg P, Krogh K, Jensen TS (2008) Abdominal pain in long-term spinal 
cord injury. Spinal Cord 46(3):198–203

 4. van Leeuwen CM, Post MW, van Asbeck FW, Bongers-Janssen HM, van der Woude LH, de 
Groot S, Lindeman E (2012) Life satisfaction in people with spinal cord injury during the first 
five years after discharge from inpatient rehabilitation. Disabil Rehabil 34(1):76–83

 5. Turner JA, Cardenas DD (1999) Chronic pain problems in individuals with spinal cord inju-
ries. Semin Clin Neuropsychiatry 4(3):186–194

 6. Turner JA, Cardenas DD, Warms CA, McClellan CB (2001) Chronic pain associated with 
spinal cord injuries: a community survey. Arch Phys Med Rehabil 82(4):501–509

 7. Siddall PJ, McClelland JM, Rutkowski SB, Cousins MJ (2003) A longitudinal study of the 
prevalence and characteristics of pain in the first 5 years following spinal cord injury. Pain 
103(3):249–257

 8. Finnerup NB, Norrbrink C, Trok K, Piehl F, Johannesen IL, Sorensen JC, Jensen TS, 
Werhagen L (2014) Phenotypes and predictors of pain following traumatic spinal cord injury: 
a prospective study. J Pain 15(1):40–48

 9. van Gorp S, Kessels AG, Joosten EA, van Kleef M, Patijn J (2015) Pain prevalence and its 
determinants after spinal cord injury: a systematic review. Eur J Pain 19(1):5–14

 10. Dijkers M, Bryce T, Zanca J (2009) Prevalence of chronic pain after traumatic spinal cord 
injury: a systematic review. J Rehabil Res Dev 46(1):13–29

 11. Ragnarsson KT (1997) Management of pain in persons with spinal cord injury. J Spinal Cord 
Med 20(2):186–199

 12. Nepomuceno C, Fine PR, Richards JS, Gowens H, Stover SL, Rantanuabol U, Houston R 
(1979) Pain in patients with spinal cord injury. Arch Phys Med Rehabil 60(12):605–609

 13. Botterell EH, Callaghan JC, Jousse AT (1954) Pain in paraplegia; clinical management and 
surgical treatment. Proc R Soc Med 47(4):281–288

 14. Siddall PJ, Taylor DA, McClelland JM, Rutkowski SB, Cousins MJ (1999) Pain report and 
the relationship of pain to physical factors in the first 6 months following spinal cord injury. 
Pain 81(1-2):187–197

 15. Bloch RF, Basbaum M (1986) Management of spinal cord injuries. Williams and Wilkins, 
Baltimore

 16. Fenollosa P, Pallares J, Cervera J, Pelegrin F, Inigo V, Giner M, Forner V (1993) Chronic pain 
in the spinal cord injured: statistical approach and pharmacological treatment. Paraplegia 
31(11):722–729

 17. Widerstrom-Noga EG, Felipe-Cuervo E, Yezierski RP (2001) Relationships among clinical 
characteristics of chronic pain after spinal cord injury. Arch Phys Med Rehabil 
82(9):1191–1197

 18. Bowsher D (1996) Central pain: clinical and physiological characteristics. J Neurol Neurosurg 
Psychiatry 61(1):62–69

 19. Eide PK (1998) Pathophysiological mechanisms of central neuropathic pain after spinal cord 
injury. Spinal Cord 36(9):601–612

 20. Bryce TN, Ivan E, Dijkers M (2012) Proposed international spinal cord injury pain (ISCIP) 
classification: preliminary validation data. Top Spinal Cord Inj Rehabil 18(2):143–145

 21. Bryce TN, Biering-Sorensen F, Finnerup NB, Cardenas DD, Defrin R, Ivan E, Lundeberg T, 
Norrbrink C, Richards JS, Siddall P, Stripling T, Treede RD, Waxman SG, Widerstrom-Noga 
E, Yezierski RP, Dijkers M (2012) International spinal cord injury pain (ISCIP) classification: 
part 2. Initial validation using vignettes. Spinal Cord 50(6):404–412

 22. McMahon SB, Wall PD (2013) Wall and Melzack’s textbook of pain, 6th edn. Elsevier 
Saunders, Philadelphia

S. Franz and N.B. Finnerup



297

 23. Bryce TN, Biering-Sorensen F, Finnerup NB, Cardenas DD, Defrin R, Lundeberg T, 
Norrbrink C, Richards JS, Siddall P, Stripling T, Treede RD, Waxman SG, Widerstrom-Noga 
E, Yezierski RP, Dijkers M (2012) International spinal cord injury pain classification, part 
I. Background and description. March 6-7, 2009. Spinal Cord 50(6):413–417

 24. Akbar M, Brunner M, Balean G, Grieser T, Bruckner T, Loew M, Raiss P (2011) A cross- 
sectional study of demographic and morphologic features of rotator cuff disease in paraplegic 
patients. J Shoulder Elbow Surg 20(7):1108–1113

 25. Dalyan M, Guner A, Tuncer S, Bilgic A, Arasil T (1999) Disability in ankylosing spondylitis. 
Disabil Rehabil 21(2):74–79

 26. van Drongelen S, de Groot S, Veeger HE, Angenot EL, Dallmeijer AJ, Post MW, van der 
Woude LH (2006) Upper extremity musculoskeletal pain during and after rehabilitation in 
wheelchair-using persons with a spinal cord injury. Spinal Cord 44(3):152–159

 27. Irwin RW, Restrepo JA, Sherman A (2007) Musculoskeletal pain in persons with spinal cord 
injury. Top Spinal Cord Inj Rehabil 13(2):43–57

 28. Wrigley PJ, Siddall P (2013) Pain following spinal cord injury. In: McMahon SB, Koltzenburg 
M, Tracey I, Turk DC (eds) Wall and Melzack’s textbook of pain, 6th edn. Elsevier Saunders, 
Philadelphia, pp 978–989

 29. Faaborg PM, Finnerup NB, Christensen P, Krogh K (2013) Abdominal pain: a comparison 
between neurogenic bowel dysfunction and chronic idiopathic constipation. Gastroenterol 
Res Pract 2013:365037

 30. Kogos SC Jr, Richards JS, Banos JH, Ness TJ, Charlifue SW, Whiteneck GG, Lammertse DP 
(2005) Visceral pain and life quality in persons with spinal cord Injury: a brief report. J Spinal 
Cord Med 28(4):333–337

 31. Margolis JM, Juneau P, Sadosky A, Cappelleri JC, Bryce TN, Nieshoff EC (2014) Healthcare 
resource utilization and medical costs of spinal cord injury with neuropathic pain in a commercially- 
insured population in the United States. Arch Phys Med Rehabil 95(12):2279–2287

 32. IASP (2011) Taxonomy. Available: http://www.iasp-pain.org/AM/Template.
cfm?Section=Pain_Defi…isplay.cfm&ContentID=1728

 33. Jensen TS, Baron R, Haanpaa M, Kalso E, Loeser JD, Rice AS, Treede RD (2011) A new 
definition of neuropathic pain. Pain 152(10):2204–2205

 34. Finnerup NB, Attal N, Haroutounian S, McNicol E, Baron R, Dworkin RH, Gilron I, Haanpaa 
M, Hansson P, Jensen TS, Kamerman PR, Lund K, Moore A, Raja SN, Rice AS, Rowbotham 
M, Sena E, Siddall P, Smith BH, Wallace M (2015) Pharmacotherapy for neuropathic pain in 
adults: a systematic review and meta-analysis. Lancet Neurol 14(2):162–173

 35. Zeilig G, Enosh S, Rubin-Asher D, Lehr B, Defrin R (2012) The nature and course of sensory 
changes following spinal cord injury: predictive properties and implications on the mecha-
nism of central pain. Brain 135(Pt 2):418–430

 36. Schwab ME (2002) Repairing the injured spinal cord. Science 295(5557):1029–1031
 37. Ghosh A, Haiss F, Sydekum E, Schneider R, Gullo M, Wyss MT, Mueggler T, Baltes C, 

Rudin M, Weber B, Schwab ME (2010) Rewiring of hindlimb corticospinal neurons after 
spinal cord injury. Nat Neurosci 13(1):97–104

 38. Ballermann M, Fouad K (2006) Spontaneous locomotor recovery in spinal cord injured rats 
is accompanied by anatomical plasticity of reticulospinal fibers. Eur J Neurosci 
23(8):1988–1996

 39. Franz S, Weidner N, Blesch A (2012) Gene therapy approaches to enhancing plasticity and 
regeneration after spinal cord injury. Exp Neurol 235(1):62–69

 40. Leem JW, Kim HK, Hulsebosch CE, Gwak YS (2010) Ionotropic glutamate receptors con-
tribute to maintained neuronal hyperexcitability following spinal cord injury in rats. Exp 
Neurol 224(1):321–324

 41. Hains BC, Waxman SG (2007) Sodium channel expression and the molecular pathophysiol-
ogy of pain after SCI. Prog Brain Res 161:195–203

 42. Boroujerdi A, Zeng J, Sharp K, Kim D, Steward O, Luo ZD (2011) Calcium channel alpha- 
2- delta-1 protein upregulation in dorsal spinal cord mediates spinal cord injury-induced neu-
ropathic pain states. Pain 152(3):649–655

12 Diagnostics and Treatment of Pain in Spinal Cord Injury

http://www.iasp-pain.org/AM/Template.cfm?Section=Pain_Defi…isplay.cfm&ContentID=1728
http://www.iasp-pain.org/AM/Template.cfm?Section=Pain_Defi…isplay.cfm&ContentID=1728


298

 43. Gwak YS, Kang J, Unabia GC, Hulsebosch CE (2012) Spatial and temporal activation of 
spinal glial cells: role of gliopathy in central neuropathic pain following spinal cord injury in 
rats. Exp Neurol 234(2):362–372

 44. Knerlich-Lukoschus F, von der Ropp-Brenner B, Lucius R, Mehdorn HM, Held-Feindt 
J (2011) Spatiotemporal CCR1, CCL3(MIP-1alpha), CXCR4, CXCL12(SDF-1alpha) 
expression patterns in a rat spinal cord injury model of posttraumatic neuropathic pain. 
J Neurosurg Spine 14(5):583–597

 45. Putatunda R, Hala TJ, Chin J, Lepore AC (2014) Chronic at-level thermal hyperalgesia fol-
lowing rat cervical contusion spinal cord injury is accompanied by neuronal and astrocyte 
activation and loss of the astrocyte glutamate transporter, GLT1, in superficial dorsal horn. 
Brain Res 1581:64–79

 46. Gwak YS, Hulsebosch CE (2011) GABA and central neuropathic pain following spinal cord 
injury. Neuropharmacology 60(5):799–808

 47. Detloff MR, Smith EJ, Quiros Molina D, Ganzer PD, Houle JD (2014) Acute exercise pre-
vents the development of neuropathic pain and the sprouting of non-peptidergic (GDNF- and 
artemin-responsive) c-fibers after spinal cord injury. Exp Neurol 255:38–48

 48. Tan AM, Chang YW, Zhao P, Hains BC, Waxman SG (2011) Rac1-regulated dendritic spine 
remodeling contributes to neuropathic pain after peripheral nerve injury. Exp Neurol 
232(2):222–233

 49. Christensen MD, Hulsebosch CE (1997) Spinal cord injury and anti-NGF treatment results in 
changes in CGRP density and distribution in the dorsal horn in the rat. Exp Neurol 
147(2):463–475

 50. Gwak YS, Nam TS, Paik KS, Hulsebosch CE, Leem JW (2003) Attenuation of mechanical 
hyperalgesia following spinal cord injury by administration of antibodies to nerve growth 
factor in the rat. Neurosci Lett 336(2):117–120

 51. Druckman R, Lende R (1965) Central pain of spinal cord origin: pathogenesis and surgical 
relief in one patient. Neurology 15:518–522

 52. Falci S, Best L, Bayles R, Lammertse D, Starnes C (2002) Dorsal root entry zone microco-
agulation for spinal cord injury-related central pain: operative intramedullary electrophysio-
logical guidance and clinical outcome. J Neurosurg 97(2 Suppl):193–200

 53. Chun HJ, Kim YS, Yi HJ (2011) A modified microsurgical DREZotomy procedure for 
refractory neuropathic pain. World Neurosurg 75(3-4):551–557

 54. Finnerup NB, Gyldensted C, Fuglsang-Frederiksen A, Bach FW, Jensen TS (2004) Sensory 
perception in complete spinal cord injury. Acta Neurol Scand 109(3):194–199

 55. Finnerup NB, Gyldensted C, Nielsen E, Kristensen AD, Bach FW, Jensen TS (2003) MRI in 
chronic spinal cord injury patients with and without central pain. Neurology 61(11):1569–1575

 56. Wasner G, Lee BB, Engel S, McLachlan E (2008) Residual spinothalamic tract pathways 
predict development of central pain after spinal cord injury. Brain 131(Pt 9):2387–2400

 57. Lenz FA, Kwan HC, Martin R, Tasker R, Richardson RT, Dostrovsky JO (1994) Characteristics 
of somatotopic organization and spontaneous neuronal activity in the region of the thalamic prin-
cipal sensory nucleus in patients with spinal cord transection. J Neurophysiol 72(4):1570–1587

 58. Gustin SM, Wrigley PJ, Youssef AM, McIndoe L, Wilcox SL, Rae CD, Edden RA, Siddall 
PJ, Henderson LA (2014) Thalamic activity and biochemical changes in individuals with 
neuropathic pain after spinal cord injury. Pain 155(5):1027–1036

 59. Stanwell P, Siddall P, Keshava N, Cocuzzo D, Ramadan S, Lin A, Herbert D, Craig A, Tran 
Y, Middleton J, Gautam S, Cousins M, Mountford C (2010) Neuro magnetic resonance spec-
troscopy using wavelet decomposition and statistical testing identifies biochemical changes 
in people with spinal cord injury and pain. Neuroimage 53(2):544–552

 60. Wrigley PJ, Press SR, Gustin SM, Macefield VG, Gandevia SC, Cousins MJ, Middleton JW, 
Henderson LA, Siddall PJ (2009) Neuropathic pain and primary somatosensory cortex reor-
ganization following spinal cord injury. Pain 141(1-2):52–59

 61. Vuckovic A, Hasan MA, Fraser M, Conway BA, Nasseroleslami B, Allan DB (2014) 
Dynamic oscillatory signatures of central neuropathic pain in spinal cord injury. J Pain 
15(6):645–655

S. Franz and N.B. Finnerup



299

 62. Percie du Sert N, Rice AS (2014) Improving the translation of analgesic drugs to the clinic: 
animal models of neuropathic pain. Br J Pharmacol 171(12):2951–2963

 63. Baastrup C, Maersk-Moller CC, Nyengaard JR, Jensen TS, Finnerup NB (2010) Spinal-, 
brainstem- and cerebrally mediated responses at- and below-level of a spinal cord contusion 
in rats: evaluation of pain-like behavior. Pain 151(3):670–679

 64. Yezierski RP, Vierck CJ (2010) Reflex and pain behaviors are not equivalent: lessons from 
spinal cord injury. Pain 151(3):569–570

 65. Widerstrom-Noga E, Biering-Sorensen F, Bryce TN, Cardenas DD, Finnerup NB, Jensen MP, 
Richards JS, Richardson EJ, Siddall PJ. The International Spinal Cord Injury Pain Extended 
Data Set (Version 1.0). Spinal cord 2016

 66. Treede RD, Jensen TS, Campbell JN, Cruccu G, Dostrovsky JO, Griffin JW, Hansson P, 
Hughes R, Nurmikko T, Serra J (2008) Neuropathic pain: redefinition and a grading system 
for clinical and research purposes. Neurology 70(18):1630–1635

 67. Kirshblum S, Waring W 3rd (2014) Updates for the international standards for neurological 
classification of spinal cord injury. Phys Med Rehabil Clin N Am 25(3):505–517, vii

 68. Haanpaa M, Attal N, Backonja M, Baron R, Bennett M, Bouhassira D, Cruccu G, Hansson P, 
Haythornthwaite JA, Iannetti GD, Jensen TS, Kauppila T, Nurmikko TJ, Rice AS, Rowbotham 
M, Serra J, Sommer C, Smith BH, Treede RD (2011) NeuPSIG guidelines on neuropathic 
pain assessment. Pain 152(1):14–27

 69. Bennett M (2001) The LANSS pain scale: the Leeds assessment of neuropathic symptoms 
and signs. Pain 92(1-2):147–157

 70. Krause SJ, Backonja MM (2003) Development of a neuropathic pain questionnaire. Clin 
J Pain 19(5):306–314

 71. Bouhassira D, Attal N, Alchaar H, Boureau F, Brochet B, Bruxelle J, Cunin G, Fermanian J, 
Ginies P, Grun-Overdyking A, Jafari-Schluep H, Lanteri-Minet M, Laurent B, Mick G, Serrie 
A, Valade D, Vicaut E (2005) Comparison of pain syndromes associated with nervous or 
somatic lesions and development of a new neuropathic pain diagnostic questionnaire (DN4). 
Pain 114(1-2):29–36

 72. Portenoy R (2006) Development and testing of a neuropathic pain screening questionnaire: 
ID Pain. Curr Med Res Opin 22(8):1555–1565

 73. Freynhagen R, Baron R, Gockel U, Tolle TR (2006) painDETECT: a new screening question-
naire to identify neuropathic components in patients with back pain. Curr Med Res Opin 
22(10):1911–1920

 74. Jensen MP, Gammaitoni AR, Olaleye DO, Oleka N, Nalamachu SR, Galer BS (2006) The 
pain quality assessment scale: assessment of pain quality in carpal tunnel syndrome. J Pain 
7(11):823–832

 75. Bennett MI, Attal N, Backonja MM, Baron R, Bouhassira D, Freynhagen R, Scholz J, Tolle 
TR, Wittchen HU, Jensen TS (2007) Using screening tools to identify neuropathic pain. Pain 
127(3):199–203

 76. Bryce TN, Richards JS, Bombardier CH, Dijkers MP, Fann JR, Brooks L, Chiodo A, Tate 
DG, Forchheimer M (2014) Screening for neuropathic pain after spinal cord injury with the 
spinal cord injury pain instrument (SCIPI): a preliminary validation study. Spinal Cord 
52(5):407–412

 77. Hallstrom H, Norrbrink C (2011) Screening tools for neuropathic pain: can they be of use in 
individuals with spinal cord injury? Pain 152(4):772–779

 78. Summers JD, Rapoff MA, Varghese G, Porter K, Palmer RE (1991) Psychosocial factors in 
chronic spinal cord injury pain. Pain 47(2):183–189

 79. Widerstrom-Noga EG, Felix ER, Cruz-Almeida Y, Turk DC (2007) Psychosocial subgroups in 
persons with spinal cord injuries and chronic pain. Arch Phys Med Rehabil 88(12):1628–1635

 80. Wollaars MM, Post MW, van Asbeck FW, Brand N (2007) Spinal cord injury pain: the influ-
ence of psychologic factors and impact on quality of life. Clin J Pain 23(5):383–391

 81. Perry KN, Nicholas MK, Middleton JW (2010) Comparison of a pain management program 
with usual care in a pain management center for people with spinal cord injury-related 
chronic pain. Clin J Pain 26(3):206–216

12 Diagnostics and Treatment of Pain in Spinal Cord Injury



300

 82. Flor H, Hermann C (2007) Kognitiv-behaviorale Therapie. In: Kröner-Herwig B, Frettlöh J, 
Klinger R, Nilges P (eds) Schmerzpsychotherapie. Springer, Heidelberg, pp 603–616

 83. Norrbrink Budh C, Kowalski J, Lundeberg T (2006) A comprehensive pain management 
programme comprising educational, cognitive and behavioural interventions for neuropathic 
pain following spinal cord injury. J Rehabil Med 38(3):172–180

 84. Jensen MP, Barber J, Romano JM, Hanley MA, Raichle KA, Molton IR, Engel JM, Osborne 
TL, Stoelb BL, Cardenas DD, Patterson DR (2009) Effects of self-hypnosis training and 
EMG biofeedback relaxation training on chronic pain in persons with spinal-cord injury. Int 
J Clin Exp Hypn 57(3):239–268

 85. Baastrup C, Finnerup NB (2012) Pain in spinal cord injury. Pain 2(1):87–94
 86. Escobedo EM, Hunter JC, Hollister MC, Patten RM, Goldstein B (1997) MR imaging of 

rotator cuff tears in individuals with paraplegia. AJR Am J Roentgenol 168(4):919–923
 87. Goldstein B, Young J, Escobedo EM (1997) Rotator cuff repairs in individuals with paraple-

gia. Am J Phys Med Rehabil 76(4):316–322
 88. Popowitz RL, Zvijac JE, Uribe JW, Hechtman KS, Schurhoff MR, Green JB (2003) Rotator 

cuff repair in spinal cord injury patients. J Shoulder Elbow Surg 12(4):327–332
 89. Fattal C, Coulet B, Gelis A, Rouays-Mabit H, Verollet C, Mauri C, Ducros JL, Teissier 

J (2014) Rotator cuff surgery in persons with spinal cord injury: relevance of a multidisci-
plinary approach. J Shoulder Elbow Surg 23(9):1263–1271

 90. World Health Organization (2008) Scoping document for WHO Treatment Guidelines on 
chronic non-malignant pain in adults. Available: http://www.who.int/medicines/areas/qual-
ity_safety/Scoping_WHOGuide_non-malignant_pain_adults.pdf

 91. World Health Organization (1996) Cancer pain relief. World Health Organization, Geneva
 92. Harris DG (2014) Management of pain in advanced disease. Br Med Bull 110(1):117–128
 93. Ditor DS, Latimer AE, Ginis KA, Arbour KP, McCartney N, Hicks AL (2003) Maintenance 

of exercise participation in individuals with spinal cord injury: effects on quality of life, stress 
and pain. Spinal Cord 41(8):446–450

 94. Hicks AL, Martin KA, Ditor DS, Latimer AE, Craven C, Bugaresti J, McCartney N (2003) 
Long-term exercise training in persons with spinal cord injury: effects on strength, arm 
ergometry performance and psychological well-being. Spinal Cord 41(1):34–43

 95. Ginis KA, Latimer AE, McKechnie K, Ditor DS, Hicks AL, Bugaresti J (2003) Using exer-
cise to enhance subjective well-being among people with spinal cord injury: The mediating 
influences of stress and pain. Rehab Psychol 48:157–164

 96. Nawoczenski DA, Ritter-Soronen JM, Wilson CM, Howe BA, Ludewig PM (2006) Clinical 
trial of exercise for shoulder pain in chronic spinal injury. Phys Ther 86(12):1604–1618

 97. Serra-Ano P, Pellicer-Chenoll M, Garcia-Masso X, Morales J, Giner-Pascual M, Gonzalez 
LM (2012) Effects of resistance training on strength, pain and shoulder functionality in para-
plegics. Spinal Cord 50(11):827–831

 98. Curtis KA, Tyner TM, Zachary L, Lentell G, Brink D, Didyk T, Gean K, Hall J, Hooper M, 
Klos J, Lesina S, Pacillas B (1999) Effect of a standard exercise protocol on shoulder pain in 
long-term wheelchair users. Spinal Cord 37(6):421–429

 99. Dyson-Hudson TA, Shiflett SC, Kirshblum SC, Bowen JE, Druin EL (2001) Acupuncture 
and Trager psychophysical integration in the treatment of wheelchair user’s shoulder pain in 
individuals with spinal cord injury. Arch Phys Med Rehabil 82(8):1038–1046

 100. Dyson-Hudson TA, Kadar P, LaFountaine M, Emmons R, Kirshblum SC, Tulsky D, Komaroff 
E (2007) Acupuncture for chronic shoulder pain in persons with spinal cord injury: a small- 
scale clinical trial. Arch Phys Med Rehabil 88(10):1276–1283

 101. Tan G, Rintala DH, Thornby JI, Yang J, Wade W, Vasilev C (2006) Using cranial electro-
therapy stimulation to treat pain associated with spinal cord injury. J Rehabil Res Dev 
43(4):461–474

 102. Capel ID, Dorrell HM, Spencer EP, Davis MW (2003) The amelioration of the suffering 
associated with spinal cord injury with subperception transcranial electrical stimulation. 
Spinal Cord 41(2):109–117

S. Franz and N.B. Finnerup

http://www.who.int/medicines/areas/quality_safety/Scoping_WHOGuide_non-malignant_pain_adults.pdf
http://www.who.int/medicines/areas/quality_safety/Scoping_WHOGuide_non-malignant_pain_adults.pdf


301

 103. Moreno-Duarte I, Morse LR, Alam M, Bikson M, Zafonte R, Fregni F (2014) Targeted thera-
pies using electrical and magnetic neural stimulation for the treatment of chronic pain in 
spinal cord injury. Neuroimage 85(Pt 3):1003–1013

 104. Wilson RD, Gunzler DD, Bennett ME, Chae J (2014) Peripheral nerve stimulation compared 
with usual care for pain relief of hemiplegic shoulder pain: a randomized controlled trial. Am 
J Phys Med Rehabil 93(1):17–28

 105. Wilson RD, Harris MA, Gunzler DD, Bennett ME, Chae J (2014) Percutaneous peripheral 
nerve stimulation for chronic pain in subacromial impingement syndrome: a case series. 
Neuromodulation 17(8):771–776

 106. Nnoaham KE, Kumbang J (2014) WITHDRAWN: transcutaneous electrical nerve stimula-
tion (TENS) for chronic pain. Cochrane Database Syst Rev (7):CD003222

 107. Nnoaham KE, Kumbang J (2008) Transcutaneous electrical nerve stimulation (TENS) for 
chronic pain. Cochrane Database Syst Rev (3):CD003222

 108. Boldt I, Eriks-Hoogland I, Brinkhof MW, de Bie R, Joggi D, von Elm E (2014) Non- 
pharmacological interventions for chronic pain in people with spinal cord injury. Cochrane 
Database Syst Rev (11):CD009177

 109. Chase T, Jha A, Brooks CA, Allshouse A (2013) A pilot feasibility study of massage to 
reduce pain in people with spinal cord injury during acute rehabilitation. Spinal Cord 
51(11):847–851

 110. Norrbrink Budh C, Lundeberg T (2004) Non-pharmacological pain-relieving therapies in 
individuals with spinal cord injury: a patient perspective. Complement Ther Med 
12(4):189–197

 111. Jensen MP, Gertz KJ, Kupper AE, Braden AL, Howe JD, Hakimian S, Sherlin LH (2013) 
Steps toward developing an EEG biofeedback treatment for chronic pain. Appl Psychophysiol 
Biofeedback 38(2):101–108

 112. Burns AS, Delparte JJ, Ballantyne EC, Boschen KA (2013) Evaluation of an interdisciplinary 
program for chronic pain after spinal cord injury. PM R 5(10):832–838

 113. Siddall PJ, Cousins MJ, Otte A, Griesing T, Chambers R, Murphy TK (2006) Pregabalin in 
central neuropathic pain associated with spinal cord injury: a placebo-controlled trial. 
Neurology 67(10):1792–1800

 114. Norrbrink C, Lundeberg T (2009) Tramadol in neuropathic pain after spinal cord injury: a 
randomized, double-blind, placebo-controlled trial. Clin J Pain 25(3):177–184

 115. Cardenas DD, Nieshoff EC, Suda K, Goto S, Sanin L, Kaneko T, Sporn J, Parsons B, Soulsby 
M, Yang R, Whalen E, Scavone JM, Suzuki MM, Knapp LE (2013) A randomized trial of 
pregabalin in patients with neuropathic pain due to spinal cord injury. Neurology 
80(6):533–539

 116. Siddall PJ, Molloy AR, Walker S, Mather LE, Rutkowski SB, Cousins MJ (2000) The effi-
cacy of intrathecal morphine and clonidine in the treatment of pain after spinal cord injury. 
Anesth Analg 91(6):1493–1498

 117. Saulino M, Burton AW, Danyo DA, Frost S, Glanzer J, Solanki DR (2009) Intrathecal 
ziconotide and baclofen provide pain relief in seven patients with neuropathic pain and spas-
ticity: case reports. Eur J Phys Rehabil Med 45(1):61–67

 118. Saulino M (2012) Simultaneous treatment of intractable pain and spasticity: observations of 
combined intrathecal baclofen-morphine therapy over a 10-year clinical experience. Eur 
J Phys Rehabil Med 48(1):39–45

 119. Defrin R, Grunhaus L, Zamir D, Zeilig G (2007) The effect of a series of repetitive transcra-
nial magnetic stimulations of the motor cortex on central pain after spinal cord injury. Arch 
Phys Med Rehabil 88(12):1574–1580

 120. Previnaire JG, Nguyen JP, Perrouin-Verbe B, Fattal C (2009) Chronic neuropathic pain in 
spinal cord injury: efficiency of deep brain and motor cortex stimulation therapies for neuro-
pathic pain in spinal cord injury patients. Ann Phys Rehabil Med 52(2):188–193

 121. Lagauche D, Facione J, Albert T, Fattal C (2009) The chronic neuropathic pain of spinal cord 
injury: which efficiency of neuropathic stimulation? Ann Phys Rehabil Med 52(2):180–187

12 Diagnostics and Treatment of Pain in Spinal Cord Injury



302

 122. Yilmaz B, Kesikburun S, Yasar E, Tan AK (2014) The effect of repetitive transcranial mag-
netic stimulation on refractory neuropathic pain in spinal cord injury. J Spinal Cord Med 
37(4):397–400

 123. Ngernyam N, Jensen MP, Arayawichanon P, Auvichayapat N, Tiamkao S, Janjarasjitt S, 
Punjaruk W, Amatachaya A, Aree-Uea B, Auvichayapat P (2015) The effects of transcranial 
direct current stimulation in patients with neuropathic pain from spinal cord injury. Clin 
Neurophysiol 126(2):382–390

 124. Wrigley PJ, Gustin SM, McIndoe LN, Chakiath RJ, Henderson LA, Siddall PJ (2013) 
Longstanding neuropathic pain after spinal cord injury is refractory to transcranial direct cur-
rent stimulation: a randomized controlled trial. Pain 154(10):2178–2184

 125. Dworkin RH, O’Connor AB, Kent J, Mackey SC, Raja SN, Stacey BR, Levy RM, Backonja 
M, Baron R, Harke H, Loeser JD, Treede RD, Turk DC, Wells CD; International Association 
for the Study of Pain Neuropathic Pain Special Interest G (2013) Interventional management 
of neuropathic pain: NeuPSIG recommendations. Pain 154(11):2249–2261

 126. Soler MD, Kumru H, Pelayo R, Vidal J, Tormos JM, Fregni F, Navarro X, Pascual-Leone A 
(2010) Effectiveness of transcranial direct current stimulation and visual illusion on neuro-
pathic pain in spinal cord injury. Brain 133(9):2565–2577

 127. Heutink M, Post MW, Bongers-Janssen HM, Dijkstra CA, Snoek GJ, Spijkerman DC, 
Lindeman E (2012) The CONECSI trial: results of a randomized controlled trial of a multi-
disciplinary cognitive behavioral program for coping with chronic neuropathic pain after 
spinal cord injury. Pain 153(1):120–128

 128. Heutink M, Post MW, Luthart P, Schuitemaker M, Slangen S, Sweers J, Vlemmix L, 
Lindeman E (2014) Long-term outcomes of a multidisciplinary cognitive behavioural pro-
gramme for coping with chronic neuropathic spinal cord injury pain. J Rehabil Med 
46(6):540–545

 129. Rintala DH, Holmes SA, Courtade D, Fiess RN, Tastard LV, Loubser PG (2007) Comparison 
of the effectiveness of amitriptyline and gabapentin on chronic neuropathic pain in persons 
with spinal cord injury. Arch Phys Med Rehabil 88(12):1547–1560

 130. Vranken JH, Hollmann MW, van der Vegt MH, Kruis MR, Heesen M, Vos K, Pijl AJ, 
Dijkgraaf MG (2011) Duloxetine in patients with central neuropathic pain caused by spinal 
cord injury or stroke: a randomized, double-blind, placebo-controlled trial. Pain 
152(2):267–273

 131. Vranken JH, Dijkgraaf MG, Kruis MR, van der Vegt MH, Hollmann MW, Heesen M (2008) 
Pregabalin in patients with central neuropathic pain: a randomized, double-blind, placebo- 
controlled trial of a flexible-dose regimen. Pain 136(1-2):150–157

 132. Levendoglu F, Ogun CO, Ozerbil O, Ogun TC, Ugurlu H (2004) Gabapentin is a first line 
drug for the treatment of neuropathic pain in spinal cord injury. Spine (Phila Pa 1976) 
29(7):743–751

 133. Finnerup NB, Grydehoj J, Bing J, Johannesen IL, Biering-Sorensen F, Sindrup SH, Jensen 
TS (2009) Levetiracetam in spinal cord injury pain: a randomized controlled trial. Spinal 
Cord 47(12):861–867

 134. Drewes AM, Andreasen A, Poulsen LH (1994) Valproate for treatment of chronic central 
pain after spinal cord injury. A double-blind cross-over study. Paraplegia 32(8):565–569

 135. Finnerup NB, Sindrup SH, Bach FW, Johannesen IL, Jensen TS (2002) Lamotrigine in spinal 
cord injury pain: a randomized controlled trial. Pain 96(3):375–383

 136. Chiou-Tan FY, Tuel SM, Johnson JC, Priebe MM, Hirsh DD, Strayer JR (1996) Effect of 
mexiletine on spinal cord injury dysesthetic pain. Am J Phys Med Rehabil 75(2):84–87

S. Franz and N.B. Finnerup


	12: Diagnostics and Treatment of Pain in Spinal Cord Injury
	12.1	 Background
	12.2	 Characterization and Classification of Pain Following SCI
	12.3	 Nociceptive Pain
	12.3.1	 Clinical Characteristics of Nociceptive Pain

	12.4	 Neuropathic Pain
	12.4.1	 Clinical Characteristics of Neuropathic Pain
	12.4.2	 Mechanisms of SCI Neuropathic Pain

	12.5	 Diagnosis of Pain and Its Clinical Distinction
	12.6	 Psychological Aspects of Pain
	12.7	 Therapy
	12.7.1	 Treatment of Nociceptive Pain
	12.7.2	 Treatment of Neuropathic Pain

	12.8	 Pharmacological Treatment
	12.9	 Non-pharmacological Treatment
	References


