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Preface

Spinal cord injury with consequent catastrophic sequelae of tetraplegia and/or
paraplegia is among the most debilitating medical conditions. Paraplegia is a con-
sequence of injury to the thoracic or lumbosacral cord and/or cauda equina. The
etiology of paraplegia is very important for understanding the course and prognosis
of the disease and for planning treatment and rehabilitation strategies. Trauma is
the most common cause of paraplegia; physical assault, car accidents, and falling
are among the most frequently occurring traumatic causes. Non-traumatic causes of
paraplegia are medical conditions such as multiple sclerosis, infection, nutritional
deficiency, congenital processes and degenerative or inflammatory processes.

Among the concomitant and/or consequent disorders of paraplegia is pain syndrome,
and for some patients, severe and intractable pain may be their main problem. Pain
after paraplegia presents mainly in the lower limbs, although upper-limb pain is not
uncommon in the paraplegia population. Overuse injury and repetitive traumatic
injury to upper limbs during wheelchair and/or assistive device ambulation can cause
upper-limb pain syndrome in paraplegia victims. In some geographic regions and
countries, specific and known causes of paraplegia are present. Pott’s disease is a
known cause of paraplegia with a very well-documented history. Syndromes such

as anterior cord syndrome, transverse myelitis and cauda equina syndrome are very
common in paraplegia. Cauda equina is the involvement of multiple lumbosacral
roots asymmetrically. This syndrome occurs in many circumstances such as degenera-
tive disc disease and/or thoracolumbar acute soft disc herniation. Early detection

and prompt treatment are very important in handling this potentially treatable and
catastrophic condition. Like the rest of the central nervous system, the spinal cord
has no post-injury regeneration capacity and tissue loss compensation. Rehabilitation
medicine as a holistic approach to disability is at the heart of managing spinal cord
injury and paraplegic victims.

Seyed Mansoor Rayegani, MD

Physical Medicine and Rehabilitation Research Center,
Shahid Beheshti University of Medical Sciences,
Teheran, Iran






Chapter1

Current Etiological Profile of the
Spinal Cord Injury

Maria José Alvarez Pérez

Abstract

The causes of spinal cord injury are multiple; classically they can be divided into
two large groups: those of medical origin (tumor, infectious, vascular, by compres-
sion, sclerosis, and congenital) and those of traumatic origin (traffic accidents,
accidental falls, work accidents, sports accidents (dives), attempts of autolysis, and
violence). Its incidence and prevalence by sex, age, occupation, leisure activities, and
geographic location are variable. The objective of this chapter is to review the differ-
ent causes of spinal cord injury, especially traumatic ones, according to the different
variables mentioned. The analysis of these data will allow strategies for the prevention
of new injuries to be focused on the best direction.

Keywords: spinal cord injury, etiology, risk factors, SCI of medical origin, traumatic SCI

1. Introduction

Spinal cord injury (SCI) remains one of the most tragic disabilities that can
happen to a person, for which there is still no regenerative or reconstructive cure. The
holder of a SCI is affected with paralysis at different levels and degrees of extension,
loss of sensation, and bowel, bladder, and sexual dysfunction. To this, the psycho-
logical, social, and economic consequences that this permanent physical disability
involves must be added.

Spinal cord injuries are currently defined and classified according to the ASIA
(American Spinal Injury Association) scale, in which a sensory and motor assessment
is carried out, and a sensory, motor, and neurological level is established. This allows
for homogenization of patient assessment and follow-up worldwide. It also allows to
establish a prognosis, since neurological recovery is better in incomplete spinal cord
injuries than in complete spinal cord injuries. Thus, different types of SCI can be
distinguished according to the level, extent, and symptoms:

According to level: tetraplegia, if the paralysis affects both upper and lower limbs
and paraplegia, if the paralysis only affects the lower limbs.

According to the extent: complete, when the lesion affects completely the spinal
cord, and incomplete when there is a partial lesion of the spinal cord.

According to symptoms: spastic, when spasticity predominates below the level of the
lesion, and flaccid, where flaccid musculature predominates below the lesion.

On the other hand, several incomplete clinical syndromes are distinguished
according to their location and clinical features, such as Brown-Séquard syndrome
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(spinal cord hemisection), conus medullaris syndrome (sacral cord injury), and
cauda equina syndrome (lumbosacral nerve root injury).

The incidence of SCI varies from country to country and among different regions.
Likewise, the causes of SCI also differ from one country to another. It is therefore
interesting to know these differences so that each country can work both, on treat-
ment measures more adapted to the type of injury, above all, on prevention measures
focused on working on those areas where they are most vulnerable.

1.1 Etiology of SCI

The etiology of SCI can be classically divided into two main groups: medical
(or non-traumatic) and traumatic etiology.

1.2 SCI of medical origin

These represent a much lower frequency of reported cases of traumatic SCI;
however, this proportion may not exactly correspond to reality due to the difficulty in
recording them, which are often overlapped by the primary diseases that cause them.
Thus, in Alito’s study [1] with a sample of 112 patients, 76% were of non-traumatic
cause, with age being significantly higher than in those of traumatic origin. With
regard to age, it has been observed that in industrialized countries, the percentage of
non-traumatic injuries increases together with age [2].

Something remarkable is that there is no internationally accepted term for spinal
cord damage not due to trauma. Many different terms have been used in the literature
to describe these conditions, including non-traumatic spinal cord injury, spinal cord
damage, spinal cord dysfunction, spinal cord lesion, medical paraplegia, myelopathy,
and spinal cord myelopathy [3].

The following are some of the causes of non-traumatic SCI.
1.2.1 Tumor pathology

The tumor pathology that can induce a SCI can be a primary tumor in spinal cord
(ependymomas are the most common glial tumor in adults, whereas astrocytomas
are the most common intramedullary tumor in children) or a metastasis. Metastatic
lesions are responsible for about 85% of neoplastic spinal cord compression cases,
with the other 15% due to primary neoplastic lesions of the spine [4].

Spinal cord tumors may be classified as one of two different types depending on
where they occur relative to the protective membranes of the spinal cord. These are
the main types of intradural tumors: intramedullary tumors (begin in the cells within
the spinal cord itself, such as gliomas, astrocytomas, or ependymomas) and extra-
medullary tumors (grow in either the membrane surrounding the spinal cord or the
nerve roots that reach out from the spinal cord, such as meningiomas, neurofibromas,
schwannomas, and nerve sheath tumors). Tumors from other parts of the body can
spread (metastasize) to the vertebrae, the supporting network around the spinal cord
or, in rare cases, the spinal cord itself [4].

In a retrospective evaluation in a Rehabilitation Unit in the USA, between
2003 and 2014, in which they included all the patients with SCI and a diagnosis
of primary or metastatic spinal cancer, most tumors were located in the thoracic
region (65.4%) and were primary central nervous system in origin (21.0%),
including meningioma (7.4%), schwannoma (3.7%), and ependymoma (2.5%).
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The next most common origins of the spinal tumors were metastases from the
lung (17.3%), prostate (9.9%), kidney (8.6%), lymphoma (7.4%), and multiple
myeloma (7.4%) [5].

1.2.2 Infectious pathology

SCI of infectious origin can be caused by various etiological agents such as bacteria
(tuberculosis, Mycobacterium spp), viruses (Cytomegalovirus (HCMV), Human
Immunodeficiency Virus (HIV), Herpes Simplex Virus, Varicella Zoster Virus, polio-
virus, HTLV-1, Zika virus), fungi (cryptococcus spp), and parasites (Toxoplasma
gondii, Schistostoma mansoni).

At the National Paraplegic Hospital in Toledo (Spain), Morillo et al. [6] carried out
a retrospective study of patients with SCI admitted to their center from 1997 to 2003:
in the sample, infections accounted for 8% of neuropathies of medical cause, a higher
figure than those reported in the classical literature. In this sample the most frequent
cause of spinal cord injury was spondylodiscitis in 51% of cases followed by epidural
abscesses (22.2%) and arachnoiditis (18.5%); the most frequent etiological agent was
Staphilococcus Aereus in 51.9% of cases followed in frequency by Mycobacterium
tuberculosis in 35.7% and brucellosis in 7.4%.

Other less frequent etiologies of SCI of infectious origin are viral infections and
parasitosis, which represent 3.7% of the aforementioned sample, a figure that could
increase in the coming years due to the migratory changes being experienced in
Europe.

1.2.3 Rheumatological and degenerative diseases

Some rheumatological diseases such as Paget’s disease, rheumatoid arthritis,
osteoporosis, or the ossification of the posterior longitudinal ligament could lead to
medically induced SCI.

Cervical spinal cord compression (SCC) due to degeneration of the cervical spine
is a frequent finding on magnetic resonance imaging. Degenerative changes include
spondylosis, degenerative disc disease, ligamental hypertrophy, and ossification of
the posterior longitudinal ligament. SCC mainly occurs during later stages of life
and in most cases remains asymptomatic. Nevertheless, a subset of individuals will
develop symptoms, causing a condition that has recently been termed degenerative
cervical myelopathy, which is the most common non-traumatic, progressive spinal
cord disorder with an estimated 2% prevalence [7].

1.2.4 Inflammatory diseases

Inflammatory diseases of the nervous system, such as Multiple Sclerosis or trans-
verse myelitis, can cause damage at different levels of the central nervous system,
including the spinal cord. The exact reason for transverse myelitis is unknown, some-
times there is no known cause, and sometimes it is associated autoimmune disease. In
2021, Yu-Ting Hsiao team published a case of acute transverse myelitis after vaccina-
tion against COVID-19 with the ChAdOx1 nCOV-19 vaccine (AZD1222), which was
the first case reported in Taiwan [8].

In Multiple Sclerosis, the immune system destroys the myelin that surrounds the
nerves in the spinal cord and brain, and this can lead to SCI at different levels and of
varying severity.
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1.2.5 Neurodegenerative diseases

Degenerative diseases of the nervous system are a term used to encompass any of
the diseases or disorders that are due to a loss in the function or structure of neurons
of the brain or spinal cord; examples of this kind of diseases, which could cause SCI,
include Lateral Amyotrophic Sclerosis (LAS), hereditary spastic paraparesis, or spinal
muscular atrophy.

1.2.6 Congenital origin

There are some congenital diseases that can damage the spinal cord; some of them
are cerebral palsy, diastematomelia, spinal dysraphism, Arnold-Chiari malformation,
or skeletal malformations.

1.2.7 latrogenesis

Iatrogenesis is unintended and unwanted damage to health caused as an unavoid-
able side effect of an active medical act, whether diagnostic or therapeutic. SCI
secondary to iatrogenesis is common, and it is expected to grow, due to the increasing
life expectancy of the population, which leads to an increase in the number of elderly
patients with vascular risk factors undergoing invasive interventions. It is important
to take into account whether the patient with SCI has required surgery to improve
their prognosis or if, on the contrary, the SCI has been produced as a consequence of a
surgical act.

In the study carried out by Montalva Iborra [9], the 18.18% of a sample of 265
patients with acute SCI were caused by iatrogenesis; the most frequent level of injury
was the thoracic level (48%), and the main etiology was surgery for degenerative
spine disease, where patients under the age of 30 were treated with intrathecal
chemotherapy. The SCI rising during anesthetic practice is a rare event, which could
be produced by direct (e.g., spinal nerve root damage due to incorrect pedicle screw
placement) or indirect (e.g., cord ischemia following aortic surgery) factors [10].

1.2.8 Other causes of non-traumatic SCI

Other non-traumatic causes of SCI are vascular causes (spinal cord infarction),
post-injury sequelae, such as Syrigomyelia, toxic causes, as radiation or chemo-
therapy, and genetical and metabolic disorders, such as vitamin B12 deficiency or
abetalipoproteinemia.

The medical causes of SCI are included in Table 1 [11].

1.3 Traumatic SCI

Traumatic cause is the most epidemiologically significant etiology, with a fre-
quency ranging from 66 to 87% of all reported cases of SCI, according to ASPAYM
(Table 2) [11].

It should be noted that the etiology of the injury is usually associated with the
level, so that the majority of sports injuries, falls, and approximately 50% of traffic
accidents correspond to the cervical level [12].
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Tumor pathology Primary tumor or metastases (intra and extramedullary).

Infectious pathology Bacterial cause: Pott’s disease (tuberculosis), mycobacterium

spp.
Myelitis of viral etiology: Cytomegalovirus (HCMV), Human
Immunodeficiency Virus (HIV), herpes simplex virus,
varicella zoster virus, poliovirus, HTLV-1.

Mycosis: cryptococcus spp.

Parasite: toxoplasma gondii, Schistostoma mansoni.

Rheumatological and degenerative diseases Spondylosis, stenosis, disc pathology, Paget’s disease,
rheumatoid arthritis, osteoporosis, ossification of the posterior

longitudinal ligament.

Inflammatory diseases

Multiple Sclerosis, transverse mielitis.

Neurodegenerative disorders

Lateral Amiotrophic Sclerosis; Hereditary spastic paraparesis;
Spinal muscular atrophy.

Congenital origin

Cerebral palsy, diastematomelia,...

Vascular

Spinal cord infarct

Iatrogenesis

Spinal taps, epidural catheter placement, aortic repair...

Post-injury sequelae

Syringomyelia

Toxic causes

Radiation, chemotherapy.

Genetical and metabolical disorders

Vitamin B12 deficiency, abetalipoproteinemia.

Table1.
Medical causes of SCI.

Traffic accidents

Car accidents, motorcycle accidents, collision/knocking
down.

Casual falls

From great height, from own height.

Accidents at work

Accidents with heavy machinery, falls...

Sports accidents /Recreative activities

Diving. Skiing. Horse riding.
Contact sports (rugby, American football).
Extreme sports (skydiving, paragliding).

Attempted self-injury Suicide attempted
Others Violence (firearms injuries, stab wounds, direct traumas).
Electrical injuries.
Table 2.

Traumatic causes of SCI.

On the other hand, there are factors that increase the risk of SCI related to living
conditions [12]; thus, the type of work activity, its category and the sector where
it is carried out have a great influence on the incidence of SCI. Some jobs carry a
higher risk of traumatic SCI. This is to some extend related to socioeducational
variables, as some of the jobs with the highest risk of injury are often those with
the lowest educational requirements. In relation to the socioeconomic situation of
the place where the person lives as well as their particular conditions, the type of
transport they use, the sport activities they do, and the climate of violence they may
be exposed will differ.
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Socioeconomic and occupational variables imply the emergence of a new profile of
SCI worldwide, which takes into account the different development of each country
as well as population movements, which deserve a detailed analysis.

2. Materials and methods
2.1 Design

This is a literature review in which a search for publications on etiology of trau-
matic and non-traumatic SCI worldwide has been carried out.

2.2 Selection criteria

Inclusion criteria: those dealing with the etiology of SCI publications within the
last 30 years (due to the scarcity of publications in some geographic areas of the
world) and those in English or Spanish.

Exclusion criteria: excluded epidemiological studies that did not provide a com-
prehensive analysis of the etiology of traumatic or non-traumatic SCI, studies without
full text available and those found in other languages.

2.3 Search strategy

A bibliographic search was carried out from January 1989 to August 2022 in the
following database: PubMed and Cochrane. The following keywords were used: spinal
cord injury, traumatic, non-traumatic, etiology, epidemiology. A combination of
these terms was used thanks to the Boolean operator “and” and “or.”

3. Results and discussion

A total of 58 documents were reviewed, of which 50 were scientific articles according to
the inclusion and exclusion criteria mentioned in the previous section. In addition, a doctoral
thesis, a paper of a conference, a reference of three books, two web pages, and an informative
guide were included, all of which were referenced in one of the articles reviewed.

The results found are collected discussed below, separated by non-traumatic and
traumatic etiology as well as by geographical area.

3.1 Non-traumatic SCI
3.1.1 Results

The etiology of non-traumatic SCI was reviewed worldwide by New PW®, which
included the abstracts of 377 publications and 45 reports from 24 countries in 12 of
the 21 WHO global regions. The results were the following:

3.1.1.1 Asia

Pacific Asia presented a high rate of degenerative deformity of the spine (59%)
and tumors (19%). South Asia (India) showed a high rate of tuberculosis (38-25%),
followed by tumors.
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3.1.1.2 Australia

Tumors, degenerative and vascular conditions were the main causes of non-
traumatic SCI.

3.1.1.3 Europe

Western Europe presented high rates of tumors and degenerative conditions (25%
and 32% medians, respectively), quite likely influenced by the age profile of the
western European population. Spina bifida was reported as a cause of non-traumatic
SCI in Spain, Italy (both 5%), and Denmark (2%). Myelitis was lower in Israel (7%)
and higher in Denmark (14%) and Italy (23%).

3.1.1.4 Africa

In north Africa/middle east, spinal tumors and degenerative causes of non-
traumatic SCI were the most commonly diagnosed conditions. Tumors and degenera-
tive conditions were slightly higher in Ankara (29% for both causes) than in Istanbul
(22% and 25%, respectively). Inflammatory conditions were common in Ankara
(23%) and in Istanbul (20%). Six percentage of non-traumatic SCI cases reported in
Istanbul were spina bifida.

In east sub-Saharan Africa, tuberculosis was a major cause: this etiology was high-
est in Kenya and Malawi (33% in both countries) and lower in Ethiopia (20 and 27%).
HIV-related non-traumatic SCI was common in Ethiopia (17%) and was not reported
in Kenya or Malawi. Tumor-related non-traumatic SCI cases were highest in Kenya
(33%), Malawi (25%), and Ethiopia (22%). Myelitis was low in Ethiopia (4%) and
Malawi (7%).

In southern sub-Saharan Africa, tumors and tuberculosis-related non-traumatic
SCI cases were high (28% and 27%, respectively). Transverse myelopathy accounted
for 11% of the non-traumatic SCI cases.

In west sub-Saharan Africa, tuberculosis was relatively common in both Ghana
and Nigeria (30% and 25%, respectively), and the proportion of neoplastic SCI and
myelitis was similar in both countries (about 15% and 12%, respectively).

3.1.1.5 America

According to literature, in North America, spinal stenosis and tumors were com-
mon (54% and 26%, respectively) and myelitis was low (5%).

3.1.1.6 Oceania

In Oceania, the most frequent cause of non-traumatic SCI was infection (32%),
and tumors only represented 9%.

An overview of the etiology of non-traumatic SCI can be seen in Figure 1,
extracted from New PW [13].

3.1.2 Discussion

There tended to be more reports of better quality from high-income countries
compared with medium- and low-income countries [13]. Developed countries tended

7
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Figure 1.
Global maps of NTSCI epidemiological outcomes (1959—2011) by WHO global regions [13].

to have a higher proportion of cases with degenerative conditions and tumors causing
SCI [11]. Developing countries, in comparison, tended to have a higher proportion

of infections, particularly tuberculosis and HIV;, although it was interesting that a
number also reported tumors as a major cause [13].

3.2 Traumatic SCI
3.2.1 Results

The different causes of traumatic SCI vary greatly in incidence and prevalence
from country to country and are discussed in detail below according to the various
published studies.

In developing countries, motor vehicle collisions were the cause of traumatic SCI
in 41% of cases, followed by falls in 34.8%, although there are differences between
countries that will be discussed below, according Rahimi-Movaghar’s review
(Table 3) [14].

In countries such as Bangladesh, where urbanization and motorization are
less developed, falls remain the leading cause (63%), related to fruit picking and
loading as part of agricultural practice, rather than osteoporosis as in developed
countries. This is also the case in Pakistan (82% due to falls from trees or roofs) and
Nepal (61%) [15]; in both countries road traffic accidents account for around 7% of
traumatic SCI [16-18].

However, in Vietnam and Thailand, transport accidents are the leading cause
(47%), most of them involving motorbikes, as they are the main means of transport
[15]. In 31 of the studies analyzed by Rahimi-Movaghar [14], road traffic crashes were

8



Current Etiological Profile of the Spinal Cord Injury
DOI: http://dx.doi.org/10.5772/intechopen.108397

Country First author Motor Fall Gunshot Violence Sport
vehicle wound
Bangladesh Hoqueetal,, 18 63
1999
Brazil Brito et al., 414 426 36,.7 79
2011 269 224
Barros Filho
etal., 1990
China Ning et al., 341 56.9 14 0.2
2011
India Manjeet 30.3 50 2.7 0.7
etal., 2009
Russia Kondakov 16 34 2
etal., 2002
Sudéfrica Velmahos 30 3 61
etal., 1995 28 62
Harty
Williams,
1994
Irdn Rahimi- 64 12
Movaghar
etal., 2009
Nigeria Obalum 774 94 73 21 17
etal., 2009
Table 3.

Etiology of traumatic SCI in developing countries (table extracted from Rahimi-Movaghar et al., 2013) [14].

more frequent, and in one, both causes had similar percentages. Thus, in two studies
from Nigeria and one from Saudi Arabia, motor vehicle collision accounted for more
than 80% of cases [14].

In two studies from South Africa, with more than 50% of the cases, and in one
from Brazil, violence was the first cause. In South Africa, the etiology has shifted
from stab wound (38% in 1998 to 17.5% in 1992) to firearm (28.5% in 1988 to 47% in
1992) as the most frequent cause, with only 3% fall injuries [19].

In the Nigerian city of Plateau, in contrast, tunnel collapse in illegal mines was the
most prevalence cause [14]. However, in a hospital in Enugu, Nigeria, the most cause
of traumatic SCI in their sample was car accident (55.3%), with a decrease in injuries
caused by falling from a palm tree from 40.2% of SCI in 1988 to 3.5% [20].

In Rahimi’s systematic review [14], an annual increase of 0.9% in the relative
frequency of traumatic SCI-related falls was detected during the study period
between 1975 and 2009. Male gender, age, or type of complete or incomplete injury
and neurological damage (tetraplegia or paraplegia) showed no association with
mechanism of injury in these countries [14]. Etiologies were also studied by groups
or seasons; in India, an increase in injuries was detected during the summer period,
related to an increase in population movements during this period, with injuries
being more frequent in natives than in visitors to the country, and Nigeria recorded
the highest peaks of SCI during the celebration of the most important festivals [20].

Other articles published between 2011 and 2013 that were not included in the
Rahimi-Movaghar systematic review are listed below. In the Emergency Unit of
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Haydarpasa Hospital in Ankara, falls from height (50.6%) represent the first cause of
traumatic SCI, associated with lumbar injuries, followed by falls from small heights
(20.8%), more related to thoracic injuries [21]. On the other hand, a clear relation-
ship was observed between traffic accidents and cervical (p = 0.00001) and lumbar
injuries (p = 0.004) and sports accidents and cervical injuries (p = 0.014). The season
with the highest number of injuries was summer [21].

In Anhui province in China [22], the leading cause in the sample of 761 traumatic
SCI patients analyzed was fall from height (52.6%) in both men and women, followed
by road traffic accidents (21.2%), something also observed in Tianjin [23], where
areview of cervical SCI was conducted, with 49.7% of injuries caused by falls (an
increase in incidence in low falls and a decrease in high falls with age), and 36.4% by
traffic, while in Mainland [24], in the same country, in a review of 82.720 patients,
the majority of traumatic SCI was caused by motor vehicle accidents (33.61%), closely
followed by falls from height (31.25%) and trivial falls (23.23%). A subsequent study
in Guangdong province (China) has shown an increase in the number of people
suffering from SCI and a rising trend; the leading causes were falls and motor vehicles
collisions. The low-falls (height < 1 m) group has expanded over this period, related
to population aging [25].

In contrast, in Malaysia, in the review conducted at Kuala Lumpur Hospital
between 2006 and 2009, 66% of traumatic SCI cases were caused by motor vehicle
accidents and 28% by falls [26].

In Jordan, the leading cause is four-wheeled vehicle accidents, related to high
speed and lack of seat belts, but not alcohol, given the high percentage of Muslims; in
this country, accidental gunshots account for 26% [15].

In Turkey, road traffic accidents account for almost half of the cases (49%), fol-
lowed by falls (37%) from trees and roof (more in the summer months, when people
sleep on roofs), mainly among children and elderly people [15].

In Central and South America, information is only available from Brazil: road acci-
dents account for 35% of traumatic SCI, more frequent in cars than on motorbikes;
those related to violence, specifically gunshot wounds, account for 30% of cases [15].
However, in the study conducted at the UFMA University Hospital in the state of
Maranhao in Brazil, between January 2008 and June 2009, falls accounted for 42.6%,
traffic 41.4%, gunshot wounds 12.6%, and dives 3.4% [27].

In developed countries, road traffic accidents continue to be the most frequent cause
of traumatic SCI, although their proportion, especially in young men, has decreased
in recent years with respect to falls, especially in older people, and even non-trau-
matic SCI. The results are broken down by continent.

3.2.1.1 Asia

The review carried out at the Yunsel University College of Medicine Hospital in
Seoul between 2004 and 2008 places car accidents as the leading cause of traumatic
SCI, with a statistically significant increase in injuries caused by falls, and a decrease
in those caused by firearm or penetrating wounds. Likewise, there is a decrease in
traumatic SCI with an increase in non-traumatic SCI (traumatic causes represented
between 1987 and 1996 91.2% and between 2004 and 2008 76.5% [28]).

In Japan, falls account for 42% of cases, which is probably related to an aging
population [29, 30].
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3.2.1.2 North America

In the 2005-2011 review of SCI of any etiology collected in NSCID and NSSCID,
two SCI databases in the USA, the most frequent causes of SCI were car accidents
(31.5%) and falls (25.3%), followed by firearms injuries (10.4%), motorbike accidents
(6.8%), diving accidents (4.7%), and those due to medical or surgical complica-
tions (4.3%) [31]. Road traffic accidents remain the leading cause of SCI in the USA,
although the percentage of injuries caused by falls increased from 17% in the 1970s to
28% in 2005-2011 [32]. There has been a little change in SCI caused by motor vehicle
accidents: in the 1970s, the motor vehicle etiology accounted for 47.6% and in 2000
48.3% [33]. In a review conducted at a major trauma center in California between
1996 and 2008, 32.6% of traumatic SCI cases were caused by motor vehicle accidents;
although traffic accidents were also the leading cause in this study, a decrease was
noted, which was related to improved vehicle safety and traffic regulations [34].

In the United States, SCI caused by violence increase by 29% between 1973 and 1999,
with a significant decrease (14%) after 2000, values that are well above those reported in
Western Europe and Australia, being a frequent etiology in urban settings in developed
countries [30]. DeVivo [33, 35], analyzing NSCISC data, notes that acts of violence,
specified as firearm injuries, constitute the third leading cause of SCI globally, at 17%.

Sport or recreationally motivated SCI is on the other hand decreasing (from
14% in 1970s to 8% between 2005 and 2011 [31] and from 14.2% in 1970s to 10% in
2000 [33]. Injury prevention initiatives have reduced cases of SCI, such as diving,
American football, or trampoline jumping; however, they are increasing in relation
to winter sports [33]. In the USA, diving ranks fourth in frequency with 7.3%, behind
violent acts [34]. These percentages are very variable when comparing different
countries [22, 36-38]: Russia with 23%, Poland with 19.8%, Australia 10.4%, Brazil
with 9.3%, or the state of Florida in the USA with 8.5%.

In Canada [39], very similar percentages were found for motor vehicle collision
(35%) and falls (31%), the latter being the leading cause in people over 60 (57%) and
even more so in those over 80 (89%), which is consistent with other publications where
falls are the leading cause of traumatic SCI in women over 60 and men over 70 [40].

3.2.1.3 Europe

Data on traumatic SCI in Europe also varies from one country to another.

In Estonia, according to Saber’ study [41], 41% of traumatic SCI cases were caused
by falls, which were the most frequently recorded etiology in the over 30 age group
(thus, above the age of 60, accounting for 72.4% of traumatic SCI) and only 29%
were caused by road traffic accidents, which proved to be the most frequent cause
below the age of 30. Alcohol consumption preceded such injuries in 43.2% of cases.

In a study conducted in Oslo [42], in which only traumatic cervical fractures were
studied, 60% of them were caused by falls, more associated with older people, 21%
were caused by car accidents, 8% were associated with cycling, and 4% with diving,
the latter being more frequent in younger people.

In Iceland, the most frequent cause of SCI is traffic accident: Knutsdottir et al.

[43] reported 42.5% of traumatic SCI caused by road traffic accidents, most of which
were associated with non-use of seat belts; the second cause was falls with 30.9% with
an increase in falls from height in the elderly group, associated with cervical injuries
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and incompleteness. Sports accounted for 18.8%, related to horse riding and winter
sports, especially in the female group [42].

In Poland [44] and Romania [45], road traffic accidents are the first cause, as in
the rest of Western European countries.

Bicycle accidents are highly representative in the Netherlands, Greece, Denmark,
and Ireland [15]; motorbike accidents are more frequent in Greece and Italy compared
with other European countries.

Given that Europe has a high proportion of people over 60 years of age, falls
account for 32% of traumatic SCI in Western Europe.

SCI related to self-harm attempts varies from 1 to 26% with an average of 8%:
thus, Scandinavian countries have a high suicide rate, where only intentional precipi-
tation accounts for 8% of all cases of traumatic SCI [36]. Greenland (Denmark) has
the highest rate of all: 15% of traumatic SCI cases are caused by accidental shooting,
according to Pedersen et al. [46]; on the other hand, transport accidents, especially
motorbike accidents, account for 4%, the lowest figure of all articles reviewed, as do
skiing accidents (4%); 50% of all SCI occur under the influence of alcohol [46].

Riding-related SCI cases are highest in Ireland, Switzerland, and Iceland [15].

In Spain, between 2000 and 2008 (Working Group of the Spanish Society of
Epidemiology, 2011), 50% of cases were caused by a traffic accident, 20-30% by a
casual fall, 8% by an accident at work, 4-11% by sport or leisure activity, and 1% by
violence. Traffic accidents are therefore the leading cause of traumatic SCI in this
country, and of these, those produced in four-wheeled vehicles are the most com-
mon. Mazaira’s team [47] related it to 52.4% of the total traumatic etiology and Garcia
Reneses [48, 49] to 45%. According to the latter author, 84% occur in four-wheeled
vehicles, 9.6% in two-wheeled vehicles, and 6.4% in pedestrians. In those produced
in four-wheeled vehicles, 58.2% affected drivers and 41.8% affected passengers,
although it was not differentiated whether the passengers occupied the front or rear
passenger seat. There was a significant increase in the incidence of traumatic SCI
with road traffic accident etiology and a predominance of males, with a Male/Female
ratio greater than 4 [47]. During the last decades, safety measures have been imple-
mented, many of them aimed at increasing the severity of traffic laws. The second
most frequent cause was falls from height, casual falls, and falls at work. In the study
carried out in eight Spanish autonomous communities [47], casual falls accounted
for 22.8%, more related to advanced age, and work-related falls accounted for 13.6%;
these data coincide with those found in the Canary Islands [50], where the occupa-
tional accident was also assessed in isolation and related to the etiology. In Aragon
[51], falls account 24.6% of traumatic SCI, a figure that is increasing while traffic
accidents causing this type of injury are decreasing, with the highest number of cases
found in the second decade of life in women, and fifth and eighth in both sexes. In
terms of sporting etiology, most of them occur in people under 30 years of age. In Van
den Berg’s study [52], it accounted for 1.9% behind violent causes, while Mazaira and
his team [47] put it at third place with 5.3%, with diving being the main etiology in
all the studies reviewed, a figure that coincides with those provided for the Canary
Islands (10.4% of all traumatic etiologies are due to diving) [50]. The study by Alén
Garabato [53] examines diving as a significant etiology in this country between 1974
and 1995; it is the fifth cause of SCI, with 3.4% of all injuries. Of all those affected,
87.7% were under 30 years of age, with a distribution of 76.5% on beaches, 21.5% in
swimming pools, and 2% in lakes. Cervical injuries accounted for 98% of the injuries,
with summer being the season with the highest incidence. Data on SCI secondary to
violence are scare with ranging from 0.95% [39], 1.3% [47], 1.8% [50] to 3.9% [53].
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All these results are below those found in other studies in developed countries, such as
the United States. The data found for international falls from height, or precipitation,
are variable: in the Canary Islands, it is 2.8% [51]; in the ASPAYM’s study; it is 2.5%
[13]; and in the Mazaira study [47], it is 2.3%, all of them below 8% of the Nordic
countries, which have the highest figures in Europa.

3.2.1.4 Oceania

In Australia [54] and New Zealand [55], the leading cause of traumatic SCI is road
traffic accidents due to motor vehicles; SCI of sporting etiology is approximately 3%
more frequent in New Zealand, with rugby accounting for 8% of all those in this cat-
egory. In both, falls account for a quarter and a third of all traumatic SCI, respectively.

In the Fiji Islands, falls account for 39% followed by sports (28%); road accidents
account for no more than 25% [56].

3.2.2 Discussion

The most common etiologies in developing countries are road traffic accidents and
falls from height. Both of them are increasing due to urbanization and increased use
of motor vehicles; the WHO foresees a further growth in traumatic SCI due to road
traffic accidents if preventive measures are not put in place. In contrast, in developed
countries, although road traffic accidents continue to be the most frequent cause of
traumatic SCI, this proportion is decreasing due to an increase in falls, especially in
older people, as well as an increase in non-traumatic etiology.

Figure 2 provides an overview of the etiology of both traumatic and non-trau-
matic SCI worldwide from the Lancet 2019 [57].

3.3 Analysis of the etiology in terms of age

The etiology profile was analyzed by age group by Price [58]: motor vehicle col-
lision is the leading cause in the USA up to the age of 45 years, and above this, falls
(75% of the cases recorded in people aged 76 years and over, are caused by falls).
Between the ages of 16 and 30, firearm injury ranks second (19%) and third between
the ages of 10 and 15 (8.1%), with this etiology declining as the age of the persons
affected increases. Motorbike accidents represent the third most frequent cause
between 31 and 45 years (10.9%) and 46-60 years (71%). Medical-surgical complica-
tions are the second most frequent cause under the age of 16 (12.8%) and the third
most frequent cause over the age of 60 (10.9%).

If one looks only at what happens in childhood [3], non-traumatic SCI was mostly
due to tumors (30-63%) and inflammatory/autoimmune causes (28-35%), and
traumatic SCI was mostly caused by land transport (46-74%), falls (12-35%), and
sport or recreation (10-25%) .

3.4 Analysis of the etiology in terms of sex

Analyzing the etiology according to sex, the two main causes of SCI, car accidents
and falls, accounted for 53.5% of the total among males and 68.6% among females,
while firearm injuries (11.7% in males and 5.8% in females), motorbike accidents
(8% in males and 2.4% in females), or dives (5.3% in males and 2.4% in females)
were more numerous among males. In contrast, medical-surgical complications
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Cause of SCI

Bl Falls B Conflict and terrorism [ Other transport injuries 2] Motor vehicle road injuries
[ Other unintentional injuries  Hl Environmental heat and cold exposure
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Figure 2.
An overview of the etiology of SCI [57].

represent the third cause of SCI in women (7.6%) and the sixth among men (3.3%),
according to Price [58].

3.5 Analysis of the etiology in terms of ethnicity

Price et al. pointed out that the largest differences in the etiological profile
were found in the ethnicity: firearm injuries caused 33% of SCI in blacks, 14.6% in
Hispanics, 9.5% in other races, and only 3% in whites [58].

3.6 Analysis of the etiology in terms of temporality

There are notable differences between the days of the week and the season
in which most traumatic and non-traumatic SCIs occur. On the one hand, most

14



Current Etiological Profile of the Spinal Cord Injury
DOI: http://dx.doi.org/10.5772/intechopen.108397

traumatic SCI takes place on weekends: Price et al. [58] found that most SCI occurred
on Saturday (18.9%) and Sunday (17.3%), which is explained by the higher number of
motorbike accidents and dives during the weekend; in contrast, medical-surgical com-
plications are more frequent on Monday or Tuesday (19.8% and 21% respectively).

On the other hand, the month with the highest number of SCI was July (10.9%),
compared with February (6.3%), which was the lowest, which is also related to the
increased use of water sports and motorbikes in the warmer months [58].

3.7 Relationship between etiology and type of SCI

The level and complexity (complete and incomplete) of the injury were associ-
ated with the etiology: firearms injuries and medical-surgical complications result
in paraplegia, especially at the D7-S3 level [58]. In contrast, falls generally result in
tetraplegia [57]. A large number of falls and medical-surgical complications result
in incomplete injuries, while firearm and motorbike injuries result in complete
injuries [58].

4. Conclusions

A more comprehensive understanding of the epidemiology of SCI is required
to better plan health services that can meet the future demand for prevention and
rehabilitation of people with spinal cord damage from any cause.
4.1 Limitations

A limitation of this review is that there is a scarcity of quality research in the field
of SCI epidemiology; most studies are single-center, with the potential for selection
bias to influence the results. Furthermore, there was no internationally accepted clas-
sification of non-traumatic SCI available at the time that the studies included in this

review were carried out. This limited the ability to report and compare the etiology
across many countries and regions.
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Abstract

Cauda equina syndrome is a relatively rare clinical syndrome caused by
compression of cauda equina and can result in significant morbidity if not treated. In
this chapter, we describe briefly the anatomical background of the lumbar spine and
the nerve supply of the urinary bladder, as the urinary symptoms play a crucial role in
diagnosis of this syndrome. Then, we move on to discuss the etiology, symptoms, and
signs of cauda equina syndrome. We also describe the different modalities to make the
diagnosis including the CT scan, MRI, nerve conduction studies, and electromyogram.
Finally, the management of this syndrome including the surgical procedures, compli-
cations, and prognosis. We enclosed five real-life cases of different causes of CES from
our practice briefly describing the clinical background of the patients as well as CT
and/ or MRI images of each case.

Keywords: CES: Cauda Equina Syndrome, CESI: Incomplete cauda equina syndrome,
CESR: cauda equina syndrome retention, CNS: central nervous system, NCS: Nerve
conduction studies, EMG: Electromyogram, MIS: Minimal Invasive Surgery, CSF:
Cerebral Spinal Fluid

1. Introduction

Cauda equina syndrome (CES) is a relatively rare clinical condition caused
by compression of the nerve roots forming the cauda equina (the tail end of the
spinal cord). CES produces a characteristic set of clinical features and is a surgical
emergency requiring urgent intervention to prevent permanent neurological deficits. In
this chapter, we will discuss the anatomical background of the lumbar spine as well as
clinical manifestations, causes, differential diagnosis, and management of this condition.

2. Anatomical background

Lumbar and sacral spine: Human body has five lumbar and five sacral vertebrae.
Each vertebra consists of body and neural element which in turn composed of pedi-
cles, laminae, spinous process, and two articular facets, namely superior and inferior.

An intervertebral disc is found between two successive vertebrae. The disc is
formed by central nucleus pulposus and peripheral anulus fibrosis. The neural exit
foramen is the space between two adjacent pedicles in the sagittal plane, and this
space is normally filled with fat (Figures 1-6).
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Figure 1.
1. Conus medullaris, 2. L1 vertebral body, 3. L1-L2 Intervertebral disc, 4. Cauda equina, 5. CSF within thecal sac.

Figure 2.
6. Dorsal epidural fat.
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Figure 3.

7. Pedicle, 8. Fat within neural exit foramen, 9. Exiting nerve root, 10. Neural exit foramen

Figure 4.

11. CSF within thecal sac, 12. Cauda equina, 13. Ligamentum flavum, 14. Facet joint, 15. Pedicle.
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Figure 5.
Normal anatomy of lumbar vertebra with the neural elements and related structures.
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Figure 6.
16. Lamina, 17. Spinous process, 18. Dorsal epidural lipoma.

Spinal cord with the brain forms the central nervous system. The spinal cord starts
at the cervicomedullary junction at the foramen magnum to the conus medullaris
which is the terminal part of the cord, and this usually is seen at L1 level. Thirty-one
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pairs of nerve roots are seen arising from spinal cord as follows: 8 cervical, 12 thoracic,
5 lumbar, 5 sacral, and one coccygeal. In axial section, the spinal cord is formed of
central gray and peripheral white matter.

Cauda equina: The name of cauda equina came from Latin language and
means horse tail. Cauda equina is the collection of nerve roots within the thecal
sac extending from conus medullaris to the sacral canal through the lumbar spine
(Figure 7). As we go down two nerve roots, one on each side, leave thecal sac through
the exit foramen which is located between the two successive pedicles in the sagittal
plane, we call these nerves exiting nerves. At the same time, another nerve root
(transiting nerve) on each side starts to go peripherally preparing itself to leave the
thecal sac in the next level. Like a train, in each station, two passengers are leaving
from doors on each side of the train, and at the same time, two passengers carry their
baggage and start to approach the doors to prepare themselves to leave the train in the
next station.

The exiting nerve roots of the lower lumbar (L4 and L5) and sacral (S1, S2, S3, and
S4) spine interconnect together to form the lumbosacral plexus which serves motor
and sensory functions to the pelvis and lower limbs. Pudendal nerve is a branch of the
sacral plexus formed by S2-S4 sacral nerve roots. It plays an important role in urinary,
anal, and sexual functions. It has three branches, namely:

* Perineal nerve: motor to muscles of the urogenital triangle and sensory to the
perineal region.

Spinal cord

%

S
\J -

=

U

\

Conus medullaris

|

Cauda equina

—— "

~
1]5
)y

~——— Filium terminale

- Sciatic nerve

Figure 7.
Anatomy of the lumbosacral spine and the related cauda equina.
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* Dorsal nerve of the penis (or clitoris): sensory.

* Inferior rectal nerve: motor to the external anal sphincter and sensory to perineal
region.

The urinary symptoms are crucial in diagnosis and prognosis of the cauda equina
syndrome as discussed later, and the nerve supply of the urinary bladder should be
explained particularly.

The urinary bladder has normally autonomic and sensory blood supply as follows;

* Autonomic nerve supply:

Sympathetic supply from L1 and L2. The effect of this type inhibits

the contraction of the detrusor muscle which forms the wall of the
urinary bladder and compress the internal urethral sphincter to prevent
micturition.

Parasympathetic supply from S1, S2, S3, and S4. The parasympathetic supply
antagonizes the sympathetic effect leading to contraction of the muscle and
relaxation of the sphincter.

* Sensory nerve fibers from the urinary bladder to spinal cord [1].

3. Micturition reflex

The stretch receptors in the wall of the urinary bladder are stimulated when the
volume of urine in the bladder reaches around 300 ml. The generated impulses reach
CNS, and the body starts to feel the desire to pass urine. The coming impulses reach
the second, third, and fourth sacral segments of the spinal cord via pelvic splanchnic
nerves. The sympathetic nerves send impulses to the first and second lumbar seg-
ments of the spinal cord through hypogastric plexuses. From the second, third, and
fourth sacral segments of the spinal cord, the parasympathetic impulses pass through
pelvic splanchnic nerves and the inferior hypogastric plexus to urinary bladder wall.
As a result, there is contraction of the detrusor muscle and relaxation of the sphincter,
which also receives some signals from pudendal nerve for relaxation. When the urine
reaches urethra, additional afferent signals from the urethra are sent to the spinal cord
to reinforce the reflex. The contraction of the abdominal muscles can also help in
micturition by increasing the intraabdominal and pelvic pressures and therefore com-
press bladder to evacuate the contents [1].

4. Cauda equina syndrome
4.1 Definition

Although there is no consensus definition for cauda equina syndrome, this
lower motor neuron condition occurs when there is dysfunction of cauda equina,
precisely S2 and below nerve roots [2]. This usually occurs due to mechanical
compression.
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4.2 Epidemiology

It is considered a rare entity with a prevalence estimated by approximately 1 in
65,000 in one study [3]. It is seen in around 3% of lumbar spine disc herniation.

4.3 Etiology

Cauda equina syndrome occurs when there is significant spinal canal stenosis and
mechanical compression on cauda equina enough to produce symptoms. The
commonest cause is disc herniation. Other less common causes are neoplasms,
trauma, hematoma, abscess, and inflammation (Table 1) [3].

4.4 Disc disease

This is the commonest cause for spinal canal stenosis and cauda equina syn-
drome [2-5]. Disc herniation is displacement of disc material like nucleus
pulposus, parts of the annulus fibrosus, and cartilage, beyond the limits of the
intervertebral disc space (Figure 8). This can be either diffuse (disc bulge) or
focal (herniation). Focal disc herniation can be further subdivided into protrusion
(broad base at parent disc), extrusion (narrow or no base at parent disc), and
extrusion with sequestration (extruded disc without contiguity to parent disc) [6],
(see Case 1).

MRI shows disc extrusion at L4-L5 compressing cauda equina.

Had surgical laminectomy and microdiscectomy, 2 months after surgery patient
still complains of weakness in the lower limbs with urinary incontinence and consti-
pation (Figures 9 and 10).

The central spinal canal stenosis and cauda equina compression by degenerative
disc disease are commonly associated by other risk factors like hypertrophic facet joint
arthropathy and ligamentum flavum thickening as well as spondylolisthesis [6] and
epidural lipomatosis [7, 8].

Disc herniation

Trauma

Spinal stenosis

Tumors: primary and secondary
Infection

Arteriovenous malformation
Hemorrhage (subarachnoid, subdural, epidural)
Ankylosing spondylitis
Iatrogenic causes

Continuous spinal anesthesia
Postsurgery

Postintradiscal therapy
Postchiropractic manipulation

Table 1.
Causes of Cauda Equina syndrome.
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Disc bulge

Figure 8.

Classification of degenerative disc disease.
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Figure 9.
Sagittal T2 showing disc extrusion (!), compressed cauda equina (*).
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Page: 14 of 26 IM: 14 SE: 6

Figure 10.
Axial T2 showing extruded disc (1), compressed cauda equina (*).
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4.5 Neoplasms
Primary:
* Myxopapillary ependymoma: intradural extramedullary tumor arises from
ependymal glia of the filum terminale. It is usually seen below conus

medullaris [9].

* Schwannoma: benign intradural extramedullary tumor. It is the commonest
nerve sheath tumor of the spine (Figure 11).

* Meningioma: intradural extramedullary spinal canal tumor arises from spinal
meninges. It is more common in female [3].

Figure 11.

a: Sagittal T1; (1: epidural metastatic lesion, 2: prevertebral metastatic lesion, 3: bone metastasis), b: sagittal T2;
(1: epidural metastatic lesion, 2: prevertebral metastatic lesion), ¢ and b: axial T2; (1: epidural metastatic lesion,
*: cauda equina, !: S1 exiting nerve root, @: S2 transiting nerve root).
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Page: 96 of 194

Figure 12.
CT scan showing multiple sclevotic bone metastasis.

Secondary (metastasis): can be either from CNS through drop metastasis (where
the primary tumors usually high grade glioma, germinoma, medulloblastoma, and
choroid plexus tumors), or hematogenous metastasis from outside the CNS commonly
lung and breast primaries [4, 10]. Metastasis can be from outside CNS commonly lung
and breast malignancies (see Case 2) (Figures 12 and 13).

4.6 Trauma

Burst fracture of lumbar and/or sacral vertebral bodies with retropulsion of
fractured fragments or vertebral subluxation may encroach on the spinal canal and
compress cauda equina causing this syndrome (see Case 3) (Figures 14 and 15).
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Figure 13.
Burst fracture of L4 vertebral body with retropulsion encroaching on the spinal canal.
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Figure 14.
(a) Sagittal STIR showing 1: compressed cauda equina, 2: fractured vertebral body (b) Axial T2 showing
compressed cauda equina 1 and the fractured vertebral body.
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This can be also sometimes associated with significant hematoma adding to cauda
equina compression and spinal canal stenosis.

4.7 Infection

* Tuberculous spondylodiscitis: Inflamed soft tissue (phlegmon) with abscess can
compress the cauda equina and cause significant spinal canal stenosis.

* Pyogenic spondylitis: Sizable pyogenic abscess can compress cauda equina and
produce symptoms (see Case 4).

MRI Exam showed anterior epidural collection along the lumbar spine
compressing cauda equina. It also showed enhancement of L5 and S1 vertebral body
suggesting spondylitis. Surgical drainage of spinal abscess was done. There was sig-
nificant improvement with almost complete recovery after surgical drainage and full
course of bacterial antibiotics (Figure 15).

(c)

Figure 15.
a: Sagittal T1 post contrast and b: axial T1 post contrast: shows epidural collection with marginal enhancement. c:
axial T2: shows bright collection compressing cauda equina.
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4.8 Inflammatory

A rare cause of CES is ankylosing spondylitis [11, 12]: This is a chronic progressive
inflammatory disease of the joints which can cause ligamentous calcification and
osteophyte formation, and this may result in significant spinal canal stenosis and
cauda equina compression.

4.9 Degenerative

Synovial cysts, spondylolisthesis, facet joint arthropathy, and hypertrophy of
ligamentum flavum can cause canal stenosis; however, these more commonly add to
spinal canal stenosis in the presence of other factors like disc herniation (Figure 16)
[3, 13, 14].

Hematoma: can be due to trauma, bleeding tendency, or iatrogenic this can be a
cause.

Epidural lipomatosis: This can rarely alone cause CES [15]. This is usually related
to prolonged use of corticosterioids, obesity, or idiopathic [16].

4.10 Symptoms and signs
Symptoms depend grossly on the degree of compression and the nerve roots being

compressed.
The following are the symptoms seen in cauda equina syndrome:

1.Lower back pain.

2.Unilateral or bilateral leg pain (sciatica). Bilateral sciatica should be always taken
seriously.

3.Unilateral or bilateral lower limb weakness.

4.Saddle anesthesia: This includes perineal and perianal areas as well as inner
thighs, and the severity of the sensory disturbance correlates with the number of
the involved nerve roots.

5.Bladder, bowl or sexual dysfunction; the later two are only rarely seen.

Although all these symptoms can be seen in cauda equina syndrome, the latter two
[4 and 5] are the hallmarks for definite diagnosis [2, 3].

4.11 Presentation

The onset of symptoms can be either acute (rare), acute on top of chronic
(commonest presentation) or chronic [2].
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Synovial
cyst

—_—
4
arthrosis

hypertrophy

Spinal stenosis

Figure 16.
@: Protruding disc, $: Compressed cauda equina within thecal sac, *: Thickened ligamentum flavum, !: Joint
effusion, #: Hypertrophied facet joint.

4.12 Classification of CES
This widely used classification to assess the severity of the damage and predict

the outcome of CES was proposed by Gleave and Macfarlane, and accordingly CES is
classified to incomplete CES (CESI) and CES with painless bladder retention/ CES (CESR).
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In CESI, the patient has urinary difficulties of neurogenic origin such as altered
urinary sensation, loss of desire to void, poor stream or the need to strain, but there is
still executive control of bladder function and voiding is possible even if difficult.

Meanwhile CESR occurs when the bladder is no longer under executive control
and there is painless retention of urine with overflow [2, 5].

Another less commonly used classification was proposed by J Shi and et al.
based on the clinical presentation and physiological disability, where CES
is classified into four stages, namely preclinical, early, middle, and late.

However, this classification has not been widely adopted by the neurosurgeons
community [17].

4.13 Differential diagnosis

The main differential diagnosis is conus medullaris syndrome (see Case 5), the
main difference between the two syndromes is that CES presents only with lower
motor neuron deficit, meanwhile conus medullaris syndrome will present with signs
of both upper and lower motor neuron lesion.

MRI with IV contrast was done. It showed extramedullary lesion at T12-L1 level
compressing conus medullaris (Figure 17). This was surgically resected. In histopath-
ological examination the lesion was proved to be schwannoma. Patient showed sig-
nificant improvement after surgical resection.

Figure 17.
*: Lesion, #: Conus medullaris.

4.14 Investigation

Cauda equina syndrome is a clinical condition. Imaging plays an important role in
detecting the cause of this condition. MRI is the best modality and is enough in most
patients. In case of CES, MRI will reveal the cause in most of the patients, which can be
large disc herniation, tumor, or collection (which can be either hematoma or abscess)
compressing cauda equina nerve roots. There will be usually significant spinal canal
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stenosis. From the radiological point of view, central spinal canal stenosis of the lumbar
spine can be classified based on the cauda equina nerve root aggregation. Grade 1 (mild
stenosis) is when the anterior CSF space is mildly obliterated, but all the nerves in the
cauda equina can be clearly separated from each other. Grade 2 or moderate stenosis
indicates cauda equina aggregation, while grade 3 signifies severe stenosis with the
entire cauda equina appearing as a one bundle (Figures 18 and 19) [6].

CT is a good alternative when the MRI is contra indicated, and it is very good in
assessing bony tissues and bony spinal canal stenosis. CT scan can highly exclude
cauda equina impingement if the thecal sac is effaced by less than 50%, as one study
concluded [18]. The possibility of CT to identify soft tissue lesions can be sometimes
limited by artifacts. Myelogram is another modality; however, it is considered rela-
tively invasive as it requires intrathecal injection of contrast.

(c) (d)

Figure 18.
Degrees of central spinal canal stenosis: (a) no stenosis (b) mild canal stenosis (c) mild canal stenosis (d) severe
canal stenosis.
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Figure 19.
Summary of the management pathway for suspected cauda equina syndrome cases in the Charing Cross Hospital
(CXH) ED. NHS, National Health Service UK.

Nerve conduction studies (NCS) and electromyogram (EMG): These are two
electrodiagnostic tests frequently done together to assess the functional integrity of
the targeted nerve and therefore the degree and extent of nerve damage (which
cannot be achieved by imaging). When done together, they have high specificity and
sensitivity regarding the involved nerve root. Electrodiagnostic tests are usually com-
plementary to MRI, especially when there is mismatch between the MRI and clinical
findings. These exams can be also used to assess prognosis [19].

They are more helpful in patients with chronic rather than acute onset. This is
because abnormality in EMG needs at least two weeks from the clinical onset to be
detected (Figure 19) [10].
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4.15 Treatment

Indications of surgery:
Absolute indications to the surgical decompression include.

» Compressive etiologies.

* Acute to subacute progression of neurologic deficits including lower limb
weakness and bladder disturbances.

The surgical intervention is the only option for preventing further deterioration
and for recovery, either open microdiscectomy or MIS.

Surgical issue: Some advise a bilateral laminectomy (but this is not mandatory).

Time of surgery: Most evidence supports within 24 hours is desirable if possible,
some evidence supports that surgery within 48 is acceptable, and after that the chance
of recovery is less and less. The Standard surgery is open microscopic lumbar
laminotomy/ laminectomy and discectomy [20] microdiscectomy similar to standard
procedure, but a smaller incision is utilized.

Advantages may be cosmetic, shortened hospital stay, and lower blood loss. Over-
all efficacy is similar to standard discectomy.

4.16 Steps of the procedure

Great care should be taken to position the patient correctly on the operating table
to avoid pressure sores and neural peripheral nerve compression. As known, excessive
abdominal compression during the prone position can result in excessive epidural
bleed due to venous congestion. Landmarks for skin incision are the spinous pro-
cesses, posterior superior iliac spine, and iliac wings.

A line that is drawn between the posterior superior iliac spines usually projects to
the disk level of L4-15. However, this is unreliable, and image intensifier control is
necessary in every case.

For CES secondary to lumbar stenosis, the principal surgical option is decompres-
sion +/— fusion.

The aim of decompression is to create more room for nerves and thecal sac and
release the compression from soft tissue structures as the following disk herniation,
hypertrophic ligamentum flavum, hypertrophic facet joints, osteophytes, and
narrowed bony canal [21].

Performing complete laminectomies in the past was the standard method for
decompression in central spinal stenosis. But from other hand found that complete
laminectomies may increase chances of instability at those levels. Recently inter-
laminar approaches involve leaving intact portions of the lamina and the connection
between the facet joints, laminae, and pedicles, and pars interarticularis approach
significantly reduces the chance of instability.

A midline approach exposes the inter-laminar windows at L3-L4 and L4-L5 as well
as the facet joints to decompress a spinal stenosis at these levels.

The decompression inter-lamina is opened with a Kerrison rongeur half of lami-
nae, ligamentum flavum, and hypertrophy facet. It is important to release that the
narrowest part of the stenosis is typically under the lamina. The remaining part needs
to be undercut from the superior and inferior sides, respectively. In some cases,
decompression and fusion are necessary where the spine is deemed unstable. In the
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case of tumor or inflammation, decompressive laminectomies alone are rarely indi-
cated. The goals of surgical intervention are better accomplished by combining
decompression of neural structures, debulking of tumor mass, realignment of spinal
deformity, and spinal reconstruction with instrumentation and bone grafting.

4.17 Post-operative actions

Several therapeutic options are available for patients with CES post operation,
according to its underlying cause.

* Anti-inflammatory agents including corticosteroids (especially
methylprednisolone) can be effective in patients with inflammatory processes,
including ankylosing spondylitis.

* Patients with CES caused by an infection should receive appropriate antibiotic
therapy.

* Patients affected by CE neoplasms confirmed by tissue [22].
Sampling should be evaluated for chemotherapy and radiation therapy.

¢ In most cases, treatment with medications alone is not indicated because of a
need for emergency release of nerve compression.

o If CES is due to tumors, traumas, metabolic diseases (i.e., lipomatosis), or chronic
inflammation, a staged surgery with initial decompression and subsequent
operation to correct the underlying cause may be the best approach. This can
provide the greatest chance of resolution of CES, without compromising the
treatment of the underlying pathology [23].

4.18 Contraindications

* Patients not suitable for surgery due to significant comorbidities or advanced age.

4.19 Complications
Complications can be classified into two groups:

* Procedure-specific complications (i.e., problems related to surgical approach or
spinal implants)

* General postsurgical complications (may involve the neuro-logic, pulmonary,
cardiovascular, and gastrointestinal systems).

Potential causes of neurologic deficits diagnosed after spine procedures include
* Direct intraoperative trauma to neural structures

* Acute vascular etiologies (including intraoperative hypotension, disruption of crucial
segmental vessels supplying the spinal cord during anterior surgical approaches)
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* Patient malpositioning during surgery (including brachial plexus injuries,
compressive neuropathy involving the peroneal nerve)

* Post-operative bleeding with resultant epidural hematoma and neuronal
compression

* Persistent pain
* Bone graft migration with resultant neurologic compromise

* Deep venous thrombosis (DVT)

* Instrumentation failure and/or persistent instability (e.g., due to nonunion or
pseudoarthrosis).

4.20 Outcomes and prognosis
The prognosis for CES has traditionally been determined by multiple factors including

* Etiology

* Speed of onset and progression of symptoms: It seems that a more rapid onset
corresponds to a poorer outcome

* Duration of compression: Immediate surgical decompression is often
recommended to minimize the chances of permanent nerve injury

* Degree of neurologic deficit [20]

* Symptoms and signs: Bladder and/or anal sphincter disturbances or perianal
anesthesia seems to be correlated with poor prognosis

* Levels of spinal involvement

5. Rehabilitation program

CES is one of the most common pathology post-surgeries need extensive rehabili-
tation programs. It is an emergency and needs to be managed by a multidisciplinary
team. Rehabilitation programs are the most important part of multidisciplinary team
after surgery of CES [24].

A proper rehabilitation results in making the patient functionally able in
performing activities of daily living with ease.

Following 4-6 weeks of rehabilitation given significant improvement in move-
ment, muscle strength, pain reduction, and functional sphincters.

6. Conclusions of CES

* CES is a complex of symptoms, and signs need urgent intervention.
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The surgery interventions are a mandatory option for CES to save lower limbs
and sphincter function.

Early intervention within 48 hours from onset will be good results.

Delay intervention, the lower-extremity motor weakness that occasionally
progresses to paraplegia or not improvement after surgery.

Patients with CES should have undergone rapid radiologic evaluation and diagnosis.

Lumbosacral trauma: It is important to maintain a high index of suspicion for the
diagnosis of CES and its implications both diagnostically and prognostically.

If the clinician has suspicious, this is a cauda equina syndrome,should obtain a
post-void residual urine volume. In addition, trauma patients often receive an
indwelling catheter at the time of admission to the emergency department.

A rectal examination and evaluation of perianal sensation is mandatory when
assessing any patient with acute onset of severe back pain or significant
lumbosacral trauma.

If an MRI is inadequate or contraindications, a CT-myelography) is alternative.

For good results the rehabilitation after surgery is the key point for recovery or
improvement.

7. Case reports of Cauda equina syndrome

44

* Case 1: 39 year old male patient complaining of more than one year history of

back pain, presented to ED complaining of tingling sensation in the pelvis and
thighs, with acute urinary retention since one day.

Case 2: 34 year old patient with lung cancer with 2 weeks history of back pain,
presented to ED complaining of new onset of saddle anesthesia ,urinary and stool
incontinence. Physical exam shows lower limb weakness (Figures 12 and 13).

Case 3: 35 year old male patient sustained multiple fractures after full from height
complaining of severe back pain and urinary retention. CT Showed burst fracture
of L4 vertebral body encroaching on the spinal canal. MRI revealed compression of
cauda equina by the displaced bone fragment (Figures 14 and 15).

Case 4: 50-year-old diabetic and hypertensive male patient presented to

ED complaining of acute back pain and lower limb weakness with urine retention
and perianal paresthesia. Patient was febrile. Blood test showed significant
leukocytosis.

Case 5: 38 year old male patient presented with progressive right sciatica,
decreased sensation over the right lower limb as well as urine and stool
incontinence of the last one month. Deep tendon reflexes were increased in
physical examination. Diagnosed as conus medullaris syndrome.
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Chapter 3

Prevalence of Upper Limb Pain in
Spinal Cord Injury: A Systematic
Review

Adprienne McCann, Daniel Kerr
and Mary P.A. Hannon-Fletcher

Abstract

A systematic review was undertaken to evaluate and critically appraise literature
pertaining to prevalence and treatment of upper limb pain in the spinal cord injured
(SCI) population using manual wheelchair. Data extraction tables were compiled, then
an in-depth data on the types of injury, level of injury, type of wheelchair used, type of
treatment sought and the impact on Activities of Daily Living were recorded. A Quality
Assessment Tool for Observational Cohort and Cross-Sectional Studies tool was used to
critically appraise the quality of studies included in this review. 994 papers in total were
screened, 46 full text studies were assessed with 14 studies included in the final synthe-
sis: four cohort studies and ten cross-sectional studies. Shoulder pain was the most
common type of pain reported (30-71%) followed by wrist, hand, and elbow. Functional
limitations reported because of upper limb pain included interference with mobilizing,
transferring, and Activities of Daily Living, primarily personal care tasks. There is clear
evidence that upper limb pain is prevalent in the SCI manual wheelchair using popula-
tion which impacts on functional tasks. Further research is required to explore the
perceptions of those with upper limb pain and techniques used to manage pain.

Keywords: spinal cord injury, upper limb pain, manual wheelchair users,
Musculoskeletal (MSK) pain, upper limb pain management

1. Introduction

Participant with Spinal cord injury (SCI) have been reported to experience pre-
mature or accelerated aging in several organ systems in the SCI population compared
to the aged matched general population [1]. In addition, they report that chronic pain
and other health conditions increases with the duration of SCI. The primary compli-
cations that can occur in the short and long term after SCI include musculoskeletal
(MSK) pain, muscle atrophy, pressure sores, infections, and respiratory issues [2].

The scope of this review is in relation to Musculoskeletal (MSK) pain, specifically
of the upper limb (Figure 1). For the purpose of this study, upper limb pain refers to
pain or inflammation of the neck, shoulder, elbow, wrist, or fingers as well as the
corresponding muscles, ligaments and tendons. There is a substantial amount of
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Figure 1.

Prevalence of upper limb pain in the spinal cord injured (SCI) population using manual wheelchair. Adapted
from: incountryvalueoman.net. Reproduced with the kind permission of Leda Bug (@art_and_spacecrafts). 1:
Shoulder; 2: Wrist; 3: Hand; 4: Elbow.

literature in the area documenting the prevalence of these conditions. Injuries
such as shoulder, neck and back pain resulting from poor wheeling practice in the
long-term are documented in both those who began wheeling as adults and as
children [3-5]. Between 49% and 73% of SCI manual wheelchair users develop
carpal tunnel syndrome and between 31% and 71% report shoulder pain [6]. This
may have serious implications for functional mobility, sleep and living life
independently [7].

Management of upper limb pain may prove difficult due to the nature of the
treatment. In many cases relative rest may be required for the upper limb to
recover however this may prove problematic as the upper extremity is used for
mobility on a daily basis [8]. Pain can contribute to overall poorer health in the SCI
population and has been shown to have a negative effect on both physical and psy-
chological aspects of a person’s wellbeing [9]. Further long-term pain that is chronic in
nature has also been associated with low mood and depressive symptoms in the SCI
population [10].
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2. Aim

The overall aim of this review is to examine the literature in relation to prevalence
of upper limb pain, pain sites reported, treatments availed of and causation of injuries.
This review follows the Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) guidelines [11].

3. Methods
3.1 Search and study selection

A search was conducted between January-February 2019 for studies reporting on
the prevalence of upper limb injuries or pain, in manual wheelchair users with an SCI.
Medline (1966 — February 2019), CINAHL (1982 - February 2019), OVID (1966 —
February 2019) and PubMed (1971 to February 2019) databases were searched using
the terms “spinal cord injur* or SCI” combined with “wrist”, “elbow”, “shoulder”,
“neck”, “upper limb”, “carpal tunnel”, “rotator cuff”, “parapleg*”, and “mobil*”,
“ambulation”, “propel”, and “pain”. Further literature was obtained by exploring
reference lists of papers identified in this search. Each title was screened by a single
reviewer for relevance and added to the shortlist if it met the inclusion criteria or if
further clarification was required, the abstract or entire paper was reviewed.

3.2 Inclusion and exclusion criteria

Studies were included if they were peer reviewed research studies written in the
English language, that directly reported on prevalence of upper limb pain in SCI.
Studies were required to include participants with a traumatic SCI only and use a
manual wheelchair full time. Other causations of SCI were excluded such as infection
or insufficient blood flow, as in these cases participants may regain function and
therefore fluctuating prevalence rates of upper limb pain may be observed. Any
prevalence rates reported in these studies may be skewed by a participant regaining
function or not requiring a wheelchair for mobility purpose therefore would not be an
accurate reflection of the true prevalence rates. Studies primarily including wheelchair
athletes were also excluded as it is common for athletes to have higher level of
activities compared to a sedentary population and may therefore report higher levels
of prevalence rates that could not be generalized to the wider SCI population.

3.3 Data collection process

Data extraction tables were compiled (Appendix 1) and included study design,
objective, sample size, classification of SCI, type of injury/pain reported, outcome
measures used and results of each article. Further in-depth data on the types of injury
recorded, level of SCI, type of wheelchair used, type of treatment sought (if applica-
ble) and the impact on ADLs, were also recorded.

3.4 Study quality appraisal

The National Heart, Lung, and Blood Institute (NHLBI) Quality Assessment Tool
for Observational Cohort and Cross-Sectional Studies tool was used to critically
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appraise the quality of studies included in this review. The tool is a widely accepted
tool used for appraising observational studies and is particularly useful in identifying
methods applied to minimize bias in research literature [12]. The tool itself is a 14-
item scale, with each question scored as “yes” or “no”. If an item on the checklist
cannot be clearly identified, the scorer can assign “cannot determine”, “not applica-
ble” or “not relevant”. The tool has been designed as a checklist rather than a scoring
scale specifically, however, can be used as guidance in determining the methodologi-
cal quality of studies. All studies were retrieved and reviewed by a single researcher
(AMC).

4, Results

The systematic search returned 994 papers in total (Figure 2: PRISMA Flow Dia-
gram). Two additional papers were found via hand search and review of relevant
reference lists in the subject area. Forty-six studies were selected for further reading.
After reviewing the full text studies, 31 studies were excluded after not meeting one or
more of the inclusion criteria. The most common inclusion criteria not met was the
involvement of part time manual wheelchair users, elite wheelchair athletes or studies
not specific to upper limb or extremity injury in the SCI population. The total number
of studies included in this review was 15 papers.

Key results for all studies are summarized in Appendix 1. Four studies comprised
of cohort methodologies [3, 13-15] following patients for 3 years, 5 years, 18 months
and 1-year post SCI rehabilitation respectively. The remaining 11 studies were cross-
sectional in design [16-26]. Five studies investigated the prevalence of upper limb
pain alone and the remaining 10 studies, included the impact on functional activities.

4.1 Demographic results

Demographic details from each study are outlined in the appendix (Appendix 1).
Studies are discussed in further detail below.

4.2 Recruitment

Studies were primarily conducted in the United States of America (USA), (n =9),
two studies conducted in the Netherlands, two in Australia, one in Sweden and one in
Israel. Recruitment of participants was primarily conducted via hospital discharge lists
(n = 7). Ballinger et al. [13], additionally advertised their study with local radio stations
and Boninger et al. [17], advertised with known wheelchair vendors to improve
recruitment. 19 Eriks-Hoogland et al. [19], Silfverskiold & Waters [15] and Van
Drongelen et al. [3], recruited participants while they were undergoing initial inpatient
rehabilitation. Pentland & Twomey [22, 23] stated participants were recruited from the
community however it is not clear whether this may have been via discharge lists,
advertisements in the media or any other approach. Escobedo et al. [20] and Sie et al.
[25] recruited participants directly on attending a routine medical examination at an
outpatient appointment as part of their SCI rehabilitation. The remaining studies
[16, 18] do not state explicitly where participants were recruited from.

Research study settings refers to where the study took place. Settings were classi-
fied as either inpatient, outpatient or community based. Five studies were community
based [21-24, 26]. Four studies were outpatient based [18-20, 25]. Two studies were
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PRISMA flow diagram.

inpatient based [3, 15], and three availed of a combination of community and
outpatient settings [13, 17, 19]. Recruitment methods and setting were unclear for
one study [16].

4.3 Response rates

Response rates were detailed in five studies: 76.5% [18], 86%, [19], 46% [21], 63%
[24] and 66% [26]. Ballinger et al. [13], reported an oversubscription to their study;
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661 participants responded with the authors choosing a sample of 140 participants.
Escobedo et al. [20] and Sie et al. [25] used a sample of convenience from patients
attending routine outpatient appointments and therefore all patients who met the
inclusion criteria were included. The remaining studies did not list response rates
specifically, however Eriks-Hoogland et al. [19] reported 60 patients were lost to
follow up: 43% dropout rate at the end of the five- year study. The remaining cohort
studies do not list details relating to dropout rates or participant retention.

4.4 Sample sizes

Sample sizes ranged from 11 participants [22] to 669 participants [21] in a cross
sectional study. Sample sizes for each individual study are outlined in Appendix.

4.5 Age

The youngest participant in all studies was aged 17 years [15], with the oldest
participant aged 78 years [20]. Eight studies included age range and mean, six studies
reported mean age and one study to record age range [19]. The breakdown of
reporting methods for age are outlined below in Table 1.

4.6 Gender

Two of the older studies did not provide data relating to gender of participants
included in their studies [25, 26]. Three studies used a sample composed of male
participants only [16, 20, 22]. The remaining studies all reported a higher percentage
of male participants compared to female participants as is reflected in the wider

Reporting method Author Age
Studies reporting age range and mean  Aljure et al. [16] Range = 20-73 years, mean = 47.8
Ballinger et al. [13] Range = 19-73 years, mean = 37

Eriks-Hoogland et al. [14] Range = 18-66 years, mean = 34

Escobedo et al. [20] Range = 40-78 years, mean = 59
Gironda et al. [21] Range = 20-65 years, mean = 50.6
Sie et al. [25] Range = 17-71 years, mean = 37.4

Silfverskiold & Waters [15] =~ Range = 17-40 years, mean = 25

Subbarao et al. [26] Range = 21-77 years, mean = 53
Studies reporting mean age only Boninger et al. [17] 35 years
Dalyan et al. [18] 42.2 years £ 12

Pentland & Twomey [22] 44.3 years

Pentland & Twomey [23] 42.9 years

Samuelsson et al. [24] 49 years + 18
van Drongelen et al. [3] 59.6 years
Study reporting age range only El-Essi et al. [19] Range = 18-59 years

Table 1.
Reporting of age across studies.
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population of SCI patients, where males are twice as likely to suffer an SCI compared
to females [27]. This is primarily attributed to the fact men are more likely to take part
in high-risk activities such as high-speed driving or dangerous sports [28]. The higher
percentage of males in this review may also be attributed to the study design of several
studies included. Three studies were conducted as part of the Veterans Affair medical
centers in the USA. A higher percentage of males enroll in the military in the USA and
therefore the potential cohort of participants recruited from may have been male
dominated [29]. Pentland & Twomey [22], were the only study to include a female
only sample. Apart from this study, the highest percentage of female participants was
32% [17], albeit a small sample size (n = 32).

4.7 Level of injury

The reporting of level of injury varied widely between studies. The terms quadri-
plegia and tetraplegia both refer to the same classification of injury and are based on
the terminology used by individual authors and reflects differences in language used
around the world. For the purpose of this study, the term tetraplegia will be used. Six
studies referred to participants as either patients with paraplegia or tetraplegia. Four
of these studies included participants with paraplegia only [16, 17, 19, 24]. Sie et al.
[25] and Silfverskiold & Waters [15] included participants with tetraplegia and para-
plegia; 57% tetraplegia, 43% paraplegia and 66.6% tetraplegia and 33.3% paraplegia
respectively.

Ballinger et al. [13] and Eriks-Hoogland et al. [14] both reported level of injury
using a combination of the terms high/low paraplegia/tetraplegia and the American
Spinal Injury Association (ASIA) Impairment Scale (AIS) levels A-D. Ballinger et al.
[13] range included; 5% high tetraplegia, 39% low tetraplegia, 45% paraplegia, 11%
ASIA class D. 14 Eriks-Hoogland et al. [14] included 34.1% tetraplegia and AIS class A
or B. Escobedo et al. [20] and van Drongelen et al. [3] both list level of injury as
ranges; T3-L2 and C2-S5 respectively. The remaining five studies also list level of
injury as ranges however provide further details on the percentage of participants
within each range.

Dalyan et al. [18] provided the most in-depth detail regarding level of injury; C2-
C4 = 14.5%, C5-C8 = 35.5%, T1-5 = 7.9%, T6-T10 = 19.7%, T11-L2 = 21.1% and L3-
L4 = 1.3%. Gironda et al. [21] grouped participant level of injury into three ranges: T2-
T6 = 34%, T7- T12 = 56.1% and L1-L2 = 9.9%. Similarly, Pentland & Twomey [22, 23]
used three ranges, however ranges differ by one level of injury within their groups. In
1991 [23], they reported level of injury as; T1-T5 = 9%, T6-T10 = 18% and T11-

L3 = 73%. In 1994 [22], injury level was reported as; T2-T5 = 20%, T6-T10 = 40% and
T11-L2 = 40%. Finally, Subbarao et al. [26] grouped the reporting of level of injury
into four ranges: C1-C4 = 9.2%, C5 - T1 = 34.6%, T12-L1 = 37.9% and L2 and

below = 13.1%. The full range of reporting measures for level of injury can be found
below in Table 2.

4.8 Time since injury

Time since injury was reported either as the mean years since injury or the range of
years since injury. One study only [13] reported time since injury as the age that SCI
occurred; mean = 27 years, range = 14-68 years. Four studies reported time since
injury as the mean number of years since injury only: mean = 11.5 years [17], 11.8 years
+ 8.5 years [18], 26 years [20], 20.3 years & 11.1 [21]. Three studies included time
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Author (year)

Level of SCI

Aljure et al. [16]

Boninger et al. [17]

El-Essi et al. [19]

Samuelsson et al. [24]

All participants with paraplegia

Sie et al. [25]

57% tetraplegia, 43% paraplegia

Silfverskiold and Waters [15]

66.6% tetraplegia and 33.3% paraplegia

Ballinger et al. [15]

5% high tetraplegia, 39% low tetraplegia, 45% paraplegia,
11% ASIA class D

Eriks-Hogland et al. [14]

34.1% tetraplegia and AIS class A or B

Escobedo et al. [20]

T3-L2

van Drongelen et al. [3]

C2-S5

Dalyan et al. [18]

C2-C4 = 14.5%, C5-C8 = 35.5%, T1-5 = 7.9%, T6-T10 =
19.7%, T11-L2 = 21.1% and L3-L4 = 1.3%

Gironda et al. [21]

T2-T6 = 34%, T7-T12 = 56.1% and L1-L2 = 9.9%

Pentland & Twomey [23]

T1-T5 = 9%, T6-T10 = 18% and T11-L3 = 73%

Pentland & Twomey [22]

T2-T5 = 20%, T6-T10 = 40% and T11-L2 = 40%

Subbarao et al. [26]

C1-C4 = 9.2%, C5-T1 = 34.6%, T12-L1 = 37.9% and L2 and

below = 13.1%

Table 2.
Reporting measures for level of injury.

since injury as range, 3 months — 42 years [16] and 6-18 months’ post SCI [3, 15]. Four
studies included both range and mean time since injury; 1-45 years, mean = 17.4 [22],
5-21 years, mean = 15.2 [23], 1-42 years, mean = 12.1 [25] and 21-77 years, mean = 22.8
[26]. Two studies did not report any details regarding time since injury [14, 19].

4.9 Area of upper limb pain

The most common site of pain investigated was the shoulder alone (n = 7). Of
these, Boninger et al. [17] aimed to gain insight into the prevalence of shoulder
injuries, however the study was primarily focused on identifying rotator cuff tears in
patients with paraplegia. Six studies investigated the prevalence of pain on all the
upper extremities; [3, 18, 21-23, 25] while 26 Subbarao et al. [26] investigated pain at
both the shoulder and wrists. Both Aljure et al. [16] and 20 Escobedo et al. [20] were
distinctive in that they investigated the occurrence of an injury rather than a pain site
alone. Aljure et al. [16] investigated the prevalence of carpal tunnel syndrome (CTS),
while Escobedo et al. [20] investigated the prevalence of RCTs in patients with
paraplegia.

4.10 Outcome measures

The primary outcome measure used in all studies was a self-reported questionnaire
establishing prevalence and location of pain (n = 11). Interviews were utilized in six
studies, either by telephone or face to face, to gather demographic data and data
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relating to prevalence of upper limb pain and injury. Eleven studies also conducted
physical exams to establish prevalence and location of pain. Postal questionnaires
were utilized in five studies [18, 19, 21, 24, 26]. Of these, Samuelsson et al. [24] and
Subbarao et al. [26] used postal questionnaires as an identification method to invite
participants to attend a physical exam to further investigate upper limb pain. Nine
studies formulated their own questionnaire; four studies used these to collect data
relating to prevalence and location of pain [14, 17, 18, 21] and five studies used these
to collect demographic data [3, 22, 23, 25, 26]. No standardized outcome measures
were used solely to report prevalence of pain.

4.11 Functional outcome measures

The relationship between upper limb pain and functional limitations was formally
assessed in eleven studies [3, 13-21, 26]. Of these, six studies used standardized
outcome measures to report functional limitations [3, 13, 14, 19, 21, 24]. An additional
two studies formulated their own functional questionnaire based on standardized
outcome measures and pilot tested these with steering groups to ensure content and
consensual validity was reached [23, 26]. The most commonly used measures were the
Functional Impact Measure (FIM) (n = 3), and the Wheelchair User Shoulder Pain
Index (WUSPI) (n = 3); both are reliable and valid tools [30, 31]. The FIM is an 18-
item questionnaire designed to assess level of disability and patient’s change in health
status in response to further disability such as pain or medical intervention. The FIM is
a well- documented assessment of functional ability and has been used across a wide
range of disability cohorts. In comparison, the WUSPI has been designed specifically
for the wheelchair using population, however, is only specific to shoulder pain, not the
upper extremity in its entirety.

A wide variety of additional standardized outcome measures were used across all
studies including; the Craig Handicap Assessment and Reporting Technique
(CHART) (n = 1), the Shoulder Rating Questionnaire (SRQ) (n = 1), the Sickness
Impact Profile 68 (SIP68) (n = 1), the Physical Activity Scale for Individuals with
Physical Disabilities (PASIPD) (n = 1), the Klein and Bell Activities of Daily Living
Scale (n = 1), the Canadian Occupational Performance Measure (COPM) (n = 1), and
the Constant Murley Scale (n = 1). Of these, the SRQ and Constant Murley Scale are
both specific to shoulder pain, while the remainder are generic tools assessing func-
tional tasks. None of the standardized outcome measures are specifically designed for
use with patients with an SCI.

4.12 Physical assessments

Physical assessments of dysfunction were utilized in twelve studies. Of these, eleven
studies utilized a standardized method of assessment [3, 13-17, 20, 22, 23, 25].

Radiographic imaging was utilized in three studies [13, 17, 20]. Radiographic
images were taken following clinical protocols for identification of RCTs [13, 17].
Shoulders were x-rayed in anteroposterior position only [13], while Boninger et al.
[17] used additional positions of scapular anteroposterior position and supraspinatus
position.

Ballinger et al. [13] also conducted a physical assessment of participants using
manual muscle testing and range of movement (ROM). ROM was assessed in three
additional studies [14, 22, 23]. Eriks-Hoogland et al. [14] assessed physical ROM via
manual muscle testing and completion of the Wheelchair Skills Test. Biomechanical
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measures were taken using peak power output (POpeak) requiring participants to
complete a maximal wheelchair exercise test on a motor-driven treadmill.

Transfers were also assessed using the FIM. Pentland & Twomey [22], assessed
ROM at both the shoulder and elbow. Bilateral upper limb function was assessed using
concentric isokinetic torque using KinCom II isokinetic dynamometer and Smedley’s
handheld dynamometer, both which are valid and accurate tools for measuring mus-
cle strength [32, 33]. In comparison, van Drongelen et al. [3] measured muscle
strength subjectively as scored by the research assistant. Aljure et al. [16] focusede-
cifically on the incidence of CTS and assessed this by utilizing electrophysiological
studies of the median and ulnar nerves following a standardized protocol [34].

4.13 Prevalence

All studies reported various areas and levels of upper limb pain or injury. Detailed
prevalence rates by setting have been outlined in Table 3. The most common area of
pain reported in the upper limb was the shoulder and the highest prevalence of
shoulder pain was 71% [18], unspecified upper limb pain reported was 81% [21],
however it is not aligned to any particular structure of the upper limb.

Setting’ Measure Shoulder Elbow Wirist Hand
Inpatient setting N = 2 Median 33% N/A N/A N/A
Mean 33% N/A N/A N/A
Highest 56.5% N/A N/A N/A
Lowest 39% N/A N/A N/A
Outpatient setting N =4 Median 66% 25.5% 33.5% 28%
Mean 61% 25.2% 33.5% 28%
Highest 71% 35% 53% 43%
Lowest 41% 15.5% 14% 13%
Community setting N = 4~ Median 39% 20% 40% 45%
Mean 54.3% 20% 33.8% 45%
Highest 73% 31% 55% 45%
Lowest 35.6% 9% 6.6% 45%
Community and Median 31% N/A N/A N/A
outpatient N = 2 Mean 31% N/A N/A N/A
Highest 32% N/A N/A N/A
Lowest 30% N/A N/A N/A
Range and mean of combined Shoulder Elbow Wrist Hand

1 timates:
prevaience estimates Range = 35.6% - Range = 9% - Range = 6.6% - Range = 13% -

73% 35% 55% 45%
Mean = 44.8% Mean = 22.6% Mean = 33.6% Mean = 36.5%

"[16] did not detail the setting of their study and no specific percentages of pain per area weve reported in [3], both have
therefore been excluded from this table.

Table 3.
Prevalence of upper limb pain by setting.
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Prospective cohort studies were undertaken in 5 studies [3, 13, 14, 18] and they
recorded the level of upper limb pain. Ballinger et al. [13], reported an increase of
shoulder pain over the 3-year study, and this was more prevalent in men who were
older, reported poorer health and had acromioclavicular (AC) joint narrowing as
determined by X-ray on first admission to rehabilitation. In contrast to this, van
Drongelen et al. [3] reported a decrease in shoulder pain (30%) at the second test
point. Muscle strength was significantly inversely related to shoulder pain at the
beginning of rehabilitation and body mass index (BMI) was a strong predictor for
pain, one year after in-patient rehabilitation. Both [13, 14] reported 32% of partici-
pants had limited shoulder ROM and 39% reported pain at the shoulder on discharge
from rehabilitation.

Aljure et al. [16] and Escobedo et al. [20] both investigated the prevalence of a
specific injury, CTS and RCT respectively. Aljure et al. [16] reported 63% of partici-
pants had electrical nerve abnormalities confirming the presence of CTS, while 44.7%
also had ulnar nerve neuropathy. Escobedo et al. [20] reported 70% of participants
were symptomatic of RCT, with MRI imaging showing 62% full RCTs and 12% partial
RCTs. Samuellson et al. [24] was the only study to associate pain with a diagnosis of a
condition. Thirty seven percent of participants reported shoulder pain, with findings
of muscular atrophy, pain, impingement, and tendinopathy described. The estimated
mean prevalence of upper limb pain by outcome measure has been detailed below in
Table 4.

4.14 Relationship of pain with participant characteristics

The relationship between pain and wheelchair user’s characteristics was investi-
gated in thirteen studies. Significant results were reported in nine of these studies.
Time since injury was a significant factor in predisposing participants to the develop-
ment of upper limb pain. More specifically, [15, 21, 22] reported the development of
unspecified upper limb pain was significantly associated with length of time since
injury and Aljure et al. [16] reported significant incidence of CTS increased with
length of time since injury. Level of SCI was significantly related to upper limb pain in
two studies [2, 22]. Pentland & Twomey [22] reported pain is significantly associated
with participants with paraplegia compared to the able-bodied population, while van
Drongelen et al. [3] reported participants with tetraplegia are significantly
predisposed to developing upper limb pain compared to participants with paraplegia.

Two studies reported significant relationships between upper limb pain and age
[18, 20] although this contradicts findings from three studies who reported no signif-
icant correlation between pain and age [22, 24, 26]. Additionally, radiographic results
from Boninger et al. [17] found a significant relationship between imaging abnormal-
ities and Body Mass Index (BMI), but not pain.

Questionnaire Physical Exam Radiographic Electrophysiological
element N = 6 N=3 element N =3 element N =1
Mean 52.6% 50.3% 50% 63%
Highest 71%% 73% 70% 63%
Lowest 35.6% 39% 30% 63%

Table 4.
Estimated mean prevalence of upper limb pain by outcome measure.

59



Paraplegia — New Insights

4.15 Relationship of pain with functional activities

Of the studies reviewed, eight assessed the impact of upper limb pain on functional
activities. Dalyan et al. [18], reported the highest level of pain was associated with
pressure relieving, transfers, and wheelchair mobility. Gironda et al. [21] similarly to
Dalyan et al. [18], reported wheelchair mobility and transportation as the activities
resulting in the greatest amount of pain in the upper limb. Further to this, El Essi et al.
[19] examined wheelchair mobility to include pushing a wheelchair, propulsion up
ramps and outdoor inclines as the primary contributors to upper limb pain. Seventy-
four percent reported no limitation during recreational or athletic activities, while the
remainder agreed that pain had limited function to varying degrees. Few participants
reported seeking treatment for this issue, only 23-35% made changes to their
routines and 6-16% had sought assistance from a carer or friend with ADLs due to
upper limb pain.

Samuellson et al. [24], used the Canadian Occupational Performance Measure
(COPM) to assess the impact on ADLs. From this, issues in 52 areas of occupational
performance were associated with upper limb pain, with 54% of these related to self-
care. Furthermore, van Drongelen et al. [3] found upper limb pain to be significantly
inversely related to functional outcome. Eriks-Hoogland et al. [14] reported limitations
of shoulder ROM were significantly associated with the ability to transfer, FIM motor
scores and participants returning to work. Pentland & Twomey [22] devised their own
questionnaire based on the Barthel Index. Although functional limitations were not
formally assessed, participants with pain reported tasks most impeded by pain included
work/school, sleep, wheelchair transfers, outdoor wheeling, and driving.

One study included a female only sample [23], participants reported outdoor
wheeling as the most difficult task to complete while experiencing pain. Additionally,
Ballinger et al. [13] reported men with shoulder pain scored lower CHART and FIM
scores, however, this was not statistically significant.

4.16 Study quality appraisal

Appendix 2 provides details on the quality of the studies. There were four cohort
studies and eleven cross-sectional studies. The cohort studies scored moderately well
on the checklist with all scoring positively on over half of the criteria [3, 14, 15, 18].
The remaining cross-sectional studies scored lower overall due to several biases relat-
ing to study design and analysis of data. In relation to the studies composed of a
radiographic element, only one study blinded the reporting radiographer to partici-
pants [17]. Escobedo et al. [20] stated three observers interpreted the MRI results
however it is unclear if they were blinded or what level of expertise they held. Four
studies did not include any standardized outcome measures therefore questioning the
validity and reliability of their results [18, 22, 23, 25]. Self-reporting questionnaires are
also a limitation as they are likely to present an over endorsement bias, where partic-
ipants answer questions relating to their health in an enthusiastic manner, often over
reporting the extent of their pain or injury [35].

Physical assessments were conducted in twelve studies with five of these studies
following standard protocols for the reporting of muscle strength and ROM [3, 15,

16, 24, 26]. Although, van Drongelen et al. [3] used a standardized protocol to conduct
manual muscle testing, muscle force was subjectively measured by the research assis-
tant therefore impacting the quality and objectivity of results reported. Pentland &
Twomey [22, 23], were the only two studies to use mechanical devices to measure
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muscle strength via use of a dynamometer. Dynamometers are well documented as
accurate devices in reporting grip strength and therefore add to the methodological
quality of these studies [36].

Sample size varied greatly across all studies. A larger sample size increases the
validity of results as it reduces the chance of error that results occurred because of
another reason and not the hypothesis in question. Four sample sizes included over
one hundred participants however it was unclear if power calculations were
conducted to ensure generalizability of results. The smallest sample sizes were
observed in [23] 11 participants and [17] 28 participants. A smaller sample size
increases the risk of error in applying results to the wider SCI population and there-
fore these results should be interpreted with caution.

Recruitment bias refers to the methods utilized by studies for inclusion of partici-
pants. Several studies recruited participants from specific hospitals catering for differ-
ent diseases or conditions. Five studies recruited participants from Veteran Affairs
Hospitals [13, 17, 20, 21, 26] who provide care specifically to Veterans and their fami-
lies. Recruitment bias may exist where participants may not be an accurate representa-
tion of the wider SCI population, or it may result in an uneven representation of the
wider population as the hospital caters to a specific population of SCI patients.

4.17 Causation of secondary musculoskeletal (MSK) injuries

The etiology of upper limb pain was primarily attributed to the overuse of the
upper limb during wheelchair propulsion and transfers in twelve studies. Functional
activities which exacerbated pain the most included outdoor wheeling, ramps/
inclines, wheelchair transfers and domestic ADLs (DADLSs). Gironda et al. [21] con-
cluded that although the overuse of the upper limb contributed to injury or pain, it
was not sufficient in explaining the development of pain itself. They stated the devel-
opment, persistence and exacerbation of pain is further aggravated by functional
activities; however, injuries would be best understood in the context of a theoretical
model to understand the person as a whole.

Similarly, Subbarao et al. [26] reported that not all pain can be attributed to the
overuse of the upper limb alone. They reported that acute trauma to a joint or structure
in the upper limb could cause early pain, while cumulative trauma may result in late
onset of injuries. Incorrect loading of joints or abnormal movement patterns were
viewed as the primary causation factors of upper limb pain in two studies [15, 24].

Samuelsson et al. [24] discussed the anatomical positioning of wheelchair users
during wheelchair propulsion. He concluded the kyphotic position wheelchair users
adopt while propelling places further strain on the shoulder joint, depressing the
acromial process, and changing the facing of the glenoid fossa, thus resulting in pain
and injury. Similarly, Silfverskiold & Waters [15] attributed the causation of injury to
abnormal glenohumeral motion during active or passive ROM of the shoulder joint.
Boninger et al. [17] was the only study to attribute the causation of pain to increased
BMI in SCI participants. They reported an increased BMI resulted in increased weight
for participants during wheelchair propulsion and transfers, thus placing further
strain on the upper limb joints and structures.

Distinctly, only two studies attempted to distinguish the type of pain experienced
by participants. Neuropathic pain is a common occurrence in the SCI population
where pain occurs below or surrounding the level of injury. Both Eriks-Hoogland et al.
[14] and van Drongelen et al. [3] attempted to distinguish between neuropathic pain
and upper limb pain. Both used self-reporting questionnaires advising participants to
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report only pain they experienced because of trauma or injury, not directly related to
their injury. It is not always possible to distinguish between both types of pain and the
use of self-reported questionnaires placed the onus on participants to decipher this
individually. It is therefore difficult to confirm if pain that was neuropathic in origin
was included in their analysis.

4.18 Treatments sought

Only four studies reported on treatments availed of by participants experiencing
upper limb pain [18, 21, 22, 25]. Dalyan et al. [18] provided the most in-depth detail
relating to treatments, stating 63% sought medical intervention on experiencing pain.
Of this, 90% received either physiotherapy, pharmacological treatment or massage,
and home modifications or joint protection education was sought by 27% of partici-
pants. Joint protection education was reported to be most beneficial by 63.3% of
participants, however it is unclear when, or who delivered this. Twenty-six percent of
participants also found home modifications useful.

Both Gironda et al. [21] and Sie et al. [25] detailed how 43% and 30% of partici-
pants respectively used opiate medications daily, which provided only moderate
relief. Pentland & Twomey [22] discussed treatment options availed of by partici-
pants and found that many participants were fearful of seeking treatments such as
steroid injections, surgery, or hospital admission due to the invasive nature of such.
The final treatment option which was discussed was that of resting the upper limb,
however participants felt this was unachievable.

5. Discussion

The results from this systematic literature review highlight varying prevalence
rates of upper limb pain across 15 studies. The shoulder was the primary pain site
investigated by studies, with three studies investigating prevalence of pain of the
upper limb in its entirety.

Prevalence rates ranged from 11-81% and differed by reporting measures, outcome
measures utilized, recruitment methods, level of injury of participants, time since injury
and age. Little is currently known regarding prevalence rates of upper limb pain in SCI,
however it is anticipated this review will highlight the variety of research undertaken
and gaps in knowledge relating to upper limb pain in the SCI population.

There was considerable variation in the method of data collection across all studies.
The heterogeneity of studies implies difficulty in drawing overall conclusions from the
studies included [37]. The reported pain values vary from 11% -81%; no clustering of
prevalence rates was noted suggesting the samples are heterogeneous. The varying
levels of SCI were not consistently recorded. Some studies used the ASIA scale, some
studies stated either participants with tetraplegia or paraplegia, and some studies
stratified participants based on the medical level of injury reported. The lack of
standard criteria defining level of injury in each study offers minimal help in
explaining between-sample differences thus making it difficult to report results
applicable to the wider SCI population.

The use of self-reported questionnaires was the most prevalent methodology uti-
lized on the basis that they are cost effective and easy to administer. Self-reported
questionnaires have been used widely across healthcare research to obtain prevalence
rates, health status and health services accessed [38]. Self-reported questionnaires are
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useful when the data required is not normally collected via audits or medical practice
or when database analysis is deemed too expensive or time consuming to conduct
[39]. Despite the widespread use of these, there is little consensus regarding the
accuracy of information reported and the validity of findings [40]. Potential bias lies
in the over or under-reporting by participants such as recall timeframe where partic-
ipants may suffer memory decay. Literature shows an increased number of hospital or
healthcare visits results in an under-reporting of the number of visits; the more often
they occur, the less memorable they are to participants [41-43]. Over endorsement
bias may also exist where participants may under or over-report pain to please their
healthcare professional or as an incentive to be included in a research study. Although
this questions the validity of results, self-reported questionnaires are often the only
option to obtain data when it is not recorded elsewhere.

A systematic review investigated prevalence of pain in cancer patients [44]. They
found the use of self-reported measures were more reliable than medically documented
symptoms, as pain was only recorded by 10% of oncologists, resulting in the underesti-
mation of the prevalence of pain. This is in part due to the complex nature of cancer
where pain may not have been a priority for the physician to assess. It is reasonable to
draw comparisons between the recording of pain in cancer populations and SCI
populations as both conditions are complex in nature and potentially have more critical
issues associated with their condition to report. Individuals who are diagnosed with a
condition or illness are also less likely to report abnormal sensations or health related
issues as they attribute these to the disease itself [45].

Mubhajarine et al. [46] conducted a study on individuals with hypertension and
compared the efficacy of self-reporting questionnaires to that of an able-bodied popula-
tion. They reported that participants with hypertension were less likely to report abnor-
mal issues via use of a self-reported questionnaire in comparison to attending a physical
assessment by a healthcare professional. Similarly, to patients with an SCI, it could be
argued that they felt this complaint was not significant enough to formally report in a
questionnaire, however a face-to-face consultation may identify pain via a physical
assessment or may allow healthcare professionals to probe further during consultations.

Within this current review, three studies utilized radiographic imaging to explore
the pathology of pain and three studies also invited participants to attend for a physical
assessment of their pain. The variance in methodology may have contributed to the
variance in prevalence rates reported. A physical exam by a trained healthcare profes-
sional may provide objective reporting of injuries however a lack of standardized out-
come measures utilized by studies resulted in data lacking validity and reliability.

Physical assessments of pain may also be deemed as invasive for participants who
experience pain, and an additional burden lies on the participant in attending
appointments and undergoing tests for the purpose of a research study. For the
research team, both the use of physical assessments and radiographic imaging are time
consuming and require expert knowledge and a number of assessors in order to ensure
reliability and validity of results. Taking all of the above literature into account, the
use of a self-reported questionnaire in the SCI population is feasible and cost effective,
however may not be sufficient in accurately reporting the prevalence of pain or
treatments availed of. Therefore, it could be argued that participant reported preva-
lence rates could be confirmed by accessing patient medical notes to determine spe-
cifically what pain they reported, how often it was reported, and treatments
prescribed for the management of their pain.

The reporting of pain may also lead to questions around the validity of results in this
review. Research evidence shows that of those with SCI who have experienced chronic
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pain, 40% of patient’s pain is neuropathic in origin [47]. Neuropathic pain (NP) can
occur above, at, or below the level of SCI and is commonly described as sensations of
“burning”, “stabbing”, or “electric shock like” [2, 48]. Given the expressed unsettling
and untreatable nature of the pain by the patients themselves, it is not surprising that
NP is one of the most frequently reported and most difficult to treat secondary health
conditions associated with SCI [49]. The chronicity and prevalence of pain is strongly
associated with an increase in hospital visits and utilization of medical services [50, 51]
NP is also quite difficult to distinguish from musculoskeletal pain. NP can occur at or
below the level of injury, however in incomplete SCI, MSK pain can also occur at these
sites thus making it difficult to determine the origin of pain.

Within this review, only two studies defined the origin of the type of pain experi-
enced. Although some studies linked pain experience to functional activities, it is
difficult to decipher whether the pain experienced is related to the level of injury or
whether the pain is from functional activity alone [52]. The use of self-reported
outcome measures further confounds this, putting the onus on participants them-
selves to make this distinction, which may prove difficult.

The causation of pain was attributed to the overuse of the upper limb in twelve
studies. Wheelchair users rely on the upper limb for mobilizing on a daily basis so it is
unsurprising that this plays a role in the development of pain. Two studies referred to
the development of pain stemming from anatomical positions adopted during specific
wheelchair related activities. With such a small number of studies reporting this, it is
difficult to determine if this is the sole source of pain or if there are other variables
involved. Further research relating to the biomechanical movement patterns of wheel-
chair use may help explore the etiology of injuries. Furthermore, wheelchair skills
training could play a role in educating patients on joint protection during activities [26].

Pain was most exacerbated by outdoor wheeling, propelling up ramps or inclines
and wheelchair transfers. Education around energy efficient propulsion techniques or
use of assistive technology to aid transfers may prove beneficial, however there is little
literature to confirm this. Only four studies discussed the type of treatments the partic-
ipants availed of. Only one study [22] further investigated the use of treatments and
found participants were fearful of seeking invasive treatments for relief, and rest was
deemed unachievable. The question remains, what treatments are available, what are
the advantages/disadvantages of each and how effective are they at relieving pain?
Further research is also required to understand the implications of pain for participants.
How does pain affect their day to day lives with work/school activities, sleep, personal
care tasks, domestic ADLs, childcare, or other psychosocial elements of their lives.

To the author’s knowledge, only one study from the United Kingdom (UK) has
addressed the prevalence of upper limb pain in the SCI population. Nichols et al. [53]
was one of the earliest studies to document the phenomenon of overuse injuries in the
SCI population, however, was excluded from this review on the basis that powered
wheelchair users were included in the sample. Statistics relating to wheelchair use in
Northern Ireland are limited, with the most recent figures estimating approximately
30,000 of the 1.8 million population of Northern Ireland classified as wheelchair users
[54]. This equates to 1.3% of the Northern Ireland population which is below the UK
National average of 2%. It is not clear how accurate the regional figures are, and they
may not reflect the true situation. Northern Ireland has a strong history of conflict,
most noticeably “The Troubles” which lasted from 1960 to 1998, resulting in over
47,000 individuals injured and 500 severely injured [55].

Indeed, a similar country with a history of conflict (but on a greater scale) took
place in the Gaza Strip, Israel [19]. They hypothesized that the number of persons
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with an SCI in the Gaza Strip increased due to the conflict during the Al Asqa Intifada
(2000-2005). Excessive force and the use of explosive devices was prevalent in war
torn areas resulting in widespread casualties. Similar to El-Essi et al. [19], it is reason-
able to argue that the number of wheelchair users or those with an SCI is potentially
under-reported in Northern Ireland. From 1960 to 1998 there were 36,923 shootings,
16,209 bombings and approximately 47,541 people were injured in Northern Ireland
(Conflict Archive on the Internet last modified 1/02/18). Those who may have been
injured during the troubles 10-50 years ago are now long-term wheelchair users. With
length of time since injury significantly associated with the development of upper
limb pain, and a potential greater sample of wheelchair users in Northern Ireland as a
result of The Troubles, it is reasonable to hypothesize that Northern Ireland will have
a higher SCI population and specifically a higher percentage of upper limb pain as
documented in long-term wheelchair users. There is currently no literature
documenting the prevalence of upper limb pain in the SCI population of Northern
Ireland, a significant gap in knowledge considering the history of the country.

5.1 Review limitations

This review was limited in that only studies specifically referring to upper limb pain
were included. Studies reporting on generalized pain in the SCI population were
excluded as they were not directly relevant to the research question. Other limitations of
the study were due to the exclusion of studies not written in the English language.
Studies specifically focused on wheelchair athletes were also excluded as this population
experience a higher level of physical activity and the potential for sporting injuries may
skew results rather than reporting of injuries sustained by manual wheelchair use alone.

6. Conclusion

The increasing number of people with an SCI living longer and healthier lives comes
with a consequence of secondary musculoskeletal impairments. The most common site
of pain investigated was the shoulder. Varying reporting measures of age, time since
injury, level of injury and standardized outcome measures hampered the comparison of
the overall prevalence rates of upper limb pain. Little is currently known of the etiology
of upper limb pain, treatments available for upper limb pain or how pain affects
sufferers on a daily basis. A uniform measurement of upper limb pain specific to the SCI
population would be useful in comparing prevalence rates, however none currently
exist. A basic pain data set (International Spinal Cord Injury Basic Pain Data Set,
ISCIPDS) has been developed within the framework of the International Spinal Cord
Injury data sets with the purpose of facilitating consistent collection and reporting of
pain in the SCI population [56, 57] however, it is not specific to the reporting of upper
limb pain. Future research should focus on what treatments are available and most
effective at treating upper limb pain in SCI, specifically in Northern Ireland where an
underestimated population of long-term wheelchair users may exist.
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Appendix 1: Study Characteristics.

Reference Design N = Aims Follow Method Outcome ADLs
up measures
[16] Cross 47 (91 To assess the N/A Electro Standardized No
sectional hands) prevalence of physiological protocol for
carpel tunnel studies of the  conducting tests
syndrome in median and according to
patients with ulnar nerves Johnson 1980
paraplegia Physical exam
[15] Cohort 89 To determine if 3years Radiographic FIM CHART Yes
shoulder pain and assessment of
ROM problems can shoulders in
be predicted by anteroposterior
demographic, position
injury related, Questionnaires
body weight and Physical exam
radiographic data
over 3 years
[17] Cross 28 To use magnetic N/A MRI MRI clinical No
sectional resonance imaging X-ray protocol for
(MRI), plain Questionnaire  identification of
radiographs, Physical exam rotator cuff
questionnaire and tears (RCT)
physical exam to X-rayed in AP,
gain insight into scapular AP and
the prevalence supraspinatus
of shoulder position
disorders
[18] Cross 130 To determine the N/A Postal Non-validated  Yes
sectional frequency and questionnaire questionnaire
severity of UE pain
and its association
with functional
activities
[19] Cross 80 Examine the N/A Interview WUSPI Yes
sectional prevalence of Questionnaires  Shoulder Rating
shoulder pain Questionnaire
and its effects (SRQ)
on ADLs
[14] Cohort 138 Examine whether 5years Questionnaire Physical Yes

MSK shoulder pain

at first discharge

are associated with
ADL restriction at

5 years

Physical exam
3 wheelchair
related tests

Activity Scale
for Individuals
with Physical
Disabilities
(PASIPD)

2 subscales from
the sickness
Impact Profile
68 (SIP68)
(mobility range
and
social behavior
scales)
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[20] Cross 37 Touse MR imagingto N/ MRI (3 observers to MRI machine No
sectional evaluate the A interpret results) (Gyroscan ACS-2)
prevalence and extent Scanned patients in
of rotator cuff tears in supine position with
patients with arms adducted and
paraplegia the humerus head in
neutral
[21] Cross 669 Examine the N/ Questionnaire of WUSPI Yes
sectional prevalence and A medical history
intensity of pain and Questionnaire
associated patient
characteristics in
paraplegia
[53] Cross 517 N/ Postal survey No
sectional A
[22]  Cross 52 Describe the effects of N/ Physical exam — Upper extremity Yes
sectional longterm paraplegia A physical performance  isokinetic and grip
and wheelchair use on and parameters of strength, pain and
upper limb function upper limb function active ROM using
Interview KinCom II isokinetic
Questionnaire dynamometer
[23]  Cross 11 To compare upper limb N/ Physical exam — Upper extremity Yes
sectional function and painin A physical performance  isokinetic and grip
wheelchair using and parameters of strength, pain and
women with paraplegia upper limb function active ROM using
to a matched able Interview KinCom II isokinetic
bodied sample Questionnaire dynamometer
Smedley’s hand held
dynamometer
[24] Cross 56 To describe the N/ Questionnaire WUSPI Yes
sectional consequences of A WUSPI Interview  Constant Murley Scale
shoulder pain on Klein and Bell ADL
activity and index
participation in SCI Constant Murley COPM
wheelchair users Scale Klein and
with paraplegia Bell ADL index
COPM
Physical exam
[25] Cross 239  To determine the N/A Questionnaire 2 point No
sectional prevalence of upper Interview Physical ~ discrimination and
extremity pain in exam Semmes- Weinstein
outpatients with SCI (Pts offered monofilament
physical exam testing
following pain)
[15] Cohort 60 To determine the 18 months Physical exam Own questionnaire Yes

incidence of non-
traumatic shoulder
pain and associated
functional disability
during the first
18 months after SCI

following standard
protocol at
6 months and then
between 6 and
18 months
following this

Physical exam
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participation in SCI
wheelchair users

Constant Murley
Scale Klein and

COPM

with paraplegia Bell ADL index
COPM
Physical exam
Functional
disability
questionnaire
[26]  Cross To identify the N/A Review of medical Own questionnaire Yes
sectional prevalence of chronic records Postal previously pilot
wrist and shoulder survey tested
pain, to determine Physical exam If pain reported in
which activities (n = 30) questionnaire
caused or Interviewed prior ~ participants were
exacerbated pain and to physical exam interviewed and
assess functional and Included then physical exam
emotional responses completing using standardized
and how pain might functional tasks evaluation sheet
be reduced. transferring,
propelling and
dressing
upper bodies
[3]  Cohort To study MSK UE 1 year 4 test occasions  Lesion and personal Yes
pain during and after Physical exam characteristics
rehabilitation in MSK pain assessed by
wheelchair using questionnaire physician
participants with SCI Manual muscle Used standardized

and its relationship
with lesion

testing (MMT)

questionnaire MMT
conducted in

characteristics, standardized
muscle strength and positions
functional Muscle force
outcome measured
subjectively by
research assist.
FIM

ROM = Range of Movement; FIM = Functional Index Measure; CHART = Craig Handicap Assessment and Reporting
Technique; MRI = Magnetic Resonance Imaging; RCT = Rotator Cuff Tear; AP = Anteroposterior; UE = Upper
Extremity; ADLs = Activities of Daily Living; SRQ = Shoulder Rating Questionnaire; PASIPD = Physical Activity Scale
for Individuals with Physical Disabilities; SIP68 = Sickness Impact Scale; WUSPI = Wheelchair Users Shoulder Pain
Index; SCI = Spinal Cord Injury; COPM = Canadian Occupational Performance Measure; MSK = Musculoskeletal;
MMT = Manual Muscle Testing.
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Abstract

Spinal tuberculosis (TB) is a worldwide public health issue which is one of the
main causes of disability. In regions with high TB incidence, Pott’s disease, also known
as spinal tuberculosis, is also highly prevalent. Osteoarticular tuberculosis, which
affects 1-2% of people with tuberculosis, is always a secondary infection that
individuals with primary TB elsewhere in the body have. The most serious kind of
bone TB is Pott’s paraplegia. The spinal cord is compressed, there is a gradual neurologic
loss, and there may be deformity as the infection often starts from the vertebral body
with noticeable damage and creation of a cold abscess. The management and treat-
ment of spinal TB is challenging and intricate. Despite the availability of cutting-edge
surgical techniques, imaging modalities, and anti-tubercular chemotherapy, manag-
ing Pott’s paraplegia can be challenging, particularly for those strains having multi-
drug resistant capacity. In order to achieve the desired neurological outcome, therapy
should be tailored to each patient’s unique needs. Early diagnosis and prompt therapy
are the main initial challenges in the management. The pathophysiology, imaging
differential diagnosis, neuroimaging characteristics, surgical choice, and neurological
prognosis of Pott’s paraplegia patients from previous literatures have been highlighted
in this chapter.

Keywords: Pott’s paraplegia, tuberculosis, neuroimaging, surgery, disability

1. Introduction

A typical manifestation of extrapulmonary tuberculosis or osteoarticular tuberculosis
is Pott disease, commonly referred to as tuberculous spondylitis. It can cause substantial
functional impairment and is associated with a significant morbidity. Since ancient times,
TB has been recognized and Indian medical writings from about 1000 and 600 BCE have
descriptions of it. Sir Percival Pott first identified the clinical symptoms of tuberculosis of
the spinal column in 1779, including kyphotic deformity and neurological deficiency in
patients from Europe [1-4].

During the nineteenth and twentieth centuries, the identification of the causative
pathogenic microorganism (Mycobacterium tuberculosis), improvements in diagnostic
techniques, the development of the Bacillus Calmette-Guerin (BCG) vaccine, chemo-
therapeutic drugs, and surgical techniques had given humanity significantly better
defense against the condition. Since the beginning of time, M. tuberculosis has shared
the planet with birds, fish, animals, and people [1, 5].
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Through the hematogenous pathway and spine, M. tuberculosis enters the bone,
joints and for 50% of cases, spinal involvement is found. Around 90-95% of the
vertebral body can have M. tuberculosis, and 5-10% of the posterior vertebral arch’s
numerous components. The radiological manifestations of anterior spinal TB are so
well-known that plane radiographs are the primary tool used to diagnose the majority
of cases. Additional helpful tools include imaging techniques like computed tomogra-
phy (CT scan) and magnetic resonance imaging (MRI) [6-10].

Due to international migration, particularly among the immunosuppressed popu-
lation, the Pott’s illness has lately exhibited a substantial resurgence in industrialized
countries. The global community has faced a significant difficulty as a result. Over
the past few decades, there has been a concerning rise in the incidence of multidrug-
resistant bacterial strains of TB in underdeveloped countries. These factors explain
why the illness is still a serious threat to global public health [11-14].

1.1 Epidemiology

Pott’s illness is particularly prevalent in nations with high rates of TB and HIV/
AIDS, but a firm diagnosis is still challenging to make. Osteoarticular tuberculosis,
which affects 1-2% of people with the disease, is always a secondary infection
that individuals with primary TB elsewhere in the body have. In the vast majority
of instances (80%), it may be challenging to identify the illness’s initial location,
although the sickness is always present. Osteoarticular tuberculosis is a localized
symptom of a disease that affects the entire body [1-4, 15].

The microorganism M. tuberculosis is mostly found in the lung and causes
TB in around one-third of the world’s population. Recently, the World Health
Organization’s (WHO) reported the global prevalence and mortality rates of
TB based on the data of 200 countries, which indicates a decrease of prevalence
since 1990, suggesting significant progress of TB control. According to a previous
conducted study of 2013, between 1990 and 2010, TB-related fatalities has been
reduced by almost 40% [16-18]. Despite significant attempts to prevent TB infec-
tion, there have been recent increases of TB cases immigration from endemic areas
to non-endemic regions of the world. The increase of poverty, unemployment, AIDS
infections, and resistance to anti-TB chemotherapeutic medicines also made the TB
control measures challenging [16, 17].

1.2 Pathogenesis

The most frequent cause of TB in humans is M. tuberculosis. Mycobacterium
microti, Mycobacterium bovis, and Mycobacterium africanum are other mycobacteria
that cause human TB. Mycobacterium is a meticulous, aerobic bacteria that grows
slowly. Mycobacterium-containing droplets travel through the air and land on the
lungs, where alveolar macrophages consume them. Most of these microorganisms are
eliminated. Few are capable of surviving and proliferating in macrophages, which
causes a type IV inflammatory response that causes granulomas to develop. In this
granuloma, bacteria can remain latent and persist for decades [19].

Whether an infection is managed or not depends on how well the host cell-
mediated immune response functions. Mycobacterium may escape from granuloma if
the immune response against the pathogen is insufficient. A mycobacterium that has
escaped can either cause an active lung infection or it can enter other organs through
hematogenous and lymphatic routes. With hematogenous spread of infection from
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a primary location, spinal involvement is typically subsequent. Spinal involvement
originates from the lungs or the genitourinary system [20, 21].

Since the intervertebral disc lacks a blood supply of its own, the infection travels
there from the vertebra next to it. Mycobacterium enters the highly vascular cancel-
lous bone of the vertebral body through the venous or arterial pathway. Paradisal
involvement results from the transmission of infection through the vascular plexus
formed by the arterial arcade produced from the posterior and anterior arteries. The
valveless Batson’s paravertebral venous plexus system allows for a free flow of blood
which is dependent on pressure [22-24].

1.3 Clinical features

There are several early signs of tuberculosis include night sweats, fever, weight
loss etc. whereas, spread to the spine would be determined by a severe back pain, this
Patients may face difficulty in standing and walk. Severe back pain is the most frequent
symptom of Pott’s disease, however, systematic symptoms such as anorexia, fever,
fatigue, night sweats, weight loss etc. are also common. The swelling of infection site
might cause weakness or numbness in legs. In complicated tubercular spine disease
patient may present with rest pain, deformity, bone destruction, instability and some-
times radicular pain would be main symptom. In Pott’s paraplegia, presence of neuro-
logic deficit is not quite common and percentage of incidence greatly varies (5-100%)
due to stages of disease. Pott’s illness can therefore result in a significant curvature of
the spine and limb paralysis. Spinal cord involvement in Pott’s illness can be caused by
direct pressure from abscess development and/or bone sequestrum [25-27].

1.4 Neuroimaging features

The majority of tuberculomas were numerous and dispersed across the cerebral hemi-
spheres. Additional spinal cord imaging may be helpful in determining the entire degree
of the illness in patients with quadriparesis or paraparesis. Worse prognosis is linked to
spinal cord involvement and it is clear that CNS TB is complex. Studies has identified
some difference between baseline scans and follow-up scans for majority of cases though
only for less than 5% of patients second follow-up scan performed. These follow-up scans
usually performed within 3 months of primary scans. After 3 months, we could presume
the stabilization of disease process, which is why patients did not get follow-up scans later
period such as after 6 month or annually. On subsequent scans, the size and number of
tuberculomas either stayed the same, changed, or rose or decreased [28-31].

According to previous studies, cerebral infarction is an independent predictor of
poor prognosis of CNS TB those are mostly acute in nature. On subsequent imaging,
several patients had additional infarcts form. There are also some contradictions
regarding the infarction’s location. Therefore, in the future, it’s important to strive for
avaried and extensive TB distribution in research and intervention studies. In order
to connect the site of the infarction with a worse outcome, some studies suggested CT
scans in a pediatric population [32, 33].

1.5 Progressive neurological deficit in Pott’s paraplegia

During the active Pott’s paraplegia stage of or after recovery there might be some
neurological deficit. The vertebral collapse due to TB would result in the involvement
of anterior spinal tract. Later, the posterior column deficiency is followed by a gradual
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involvement of the lateral spinal pathways. Scores such as Frankel and ASIA ratings
would also be used to categorize the neurological deficit in spinal tuberculosis. The
most helpful classification for Pott paraplegia with spinal cord involvement is the
modified version of Tuli classification [34-38]. Motor fibers are crushed initially
because they are not located similarly, as seen in the typical Pott’s paraplegia or
anterior spinal TB. As a result, the sensory fibers are only implicated later [39-42].

When compression occurs due to anterior or posterior spinal tuberculosis, pres-
sure is initially applied to the column of cerebrospinal fluid around the cord before
being conveyed to the ligamentum denticulatum. The claims made by Bosworth
et al. that the tubercular pus contains a chemical that prevents the spinal cord from
conducting properly appear speculative. The classification of Pott’s disease, whether
brought on by anterior or posterior spinal TB, should primarily be based on the level
of motor involvement to represent the severity of cord compression. As the degree
of compression rises, sensory and autonomic functional loss is increased. Sensory
recovery comes before the motor recovery (Figure 1) [34, 43].

A previous study has documented 100 instances of TB spine with neurological
consequences and among them 33% were reported before 4 weeks, majority (40%)
were after 4 weeks and within 3 months, and remaining 27% after 3 months of the
neurological deficit first appeared. When an intraspinal tuberculous granuloma is ini-
tially observed, it frequently exhibits compressive myelopathy or a cauda equina lesion
with sphincter involvement. They are diagnosed with “spinal tumor syndrome,” which
covers both tumorous and non-tumorous disorders of the spinal cord and meninges,
because they exhibit no clinical spinal deformity upon inspection [44-46].

1.6 Diagnostic studies

Mycobacterium culture is the gold standard for diagnosing tuberculosis, however
as it’s a fastidious microorganism relying solely on positive cultures for diagnosis might

Figure 1.

Schematic picture demonstrates the pattern of involvement of musculoskeletal and soft tissue structures in Pott’s
disease leads to progressive paraplegia; (A) showing only paradiscal VB involvement with preservation of the
disc, vertebral arch and no compression on spinal cord; (B) showing paradiscal VB involvement as well as
intervertebral disc with formation of abscess by stripping the ALL and (C) demonstrates huge epidural abscess
which is vesponsible for significant compression on spinal cord with local kyphotic deformity. At this stage, patient
develops paraparesis followed by paraplegia.
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have low sensitivity. To confirm the diagnosis, further laboratory reference standards
such as microbiological, immunological, hematological, serological, and other diagnostic
resources should be employed. MRI is most frequently used for the diagnosis and cold
abscess by using ultrasound. Myelography’s has important role diagnosis of patients who
do not recover neurologically and in situations where there are multiple skipped multifo-
cal spinal lesions to identify which lesion is causing compression [47-49].

2. Imaging modalities
2.1 Radiography

With a 15% sensitivity, plain radiographs were proposed previously as an imag-
ing modality for Pott’s disease. As a first stage diagnosis process, conventional lateral
radiographs are used to look for TB infection. These radiographs typically show
osteolysis affecting the entire vertebral body with diffuse osteopenia [7, 50-52].

2.2 Computed tomography (CT) scan

With great sensitivity, computed tomography (CT) can assist in the diagnosis at a
far earlier stage than ordinary x-rays (100%). CT is a valuable and common diagnos-
tic tool, in cases with Pott’s disease which would able to demonstrates the extension of
soft tissue involvement clearly. For the purpose of making a diagnosis, CT scans can
also help in image-guided biopsy [7, 50-53].

2.3 Magnetic resonance imaging (MRI)

With a 100% sensitivity and an 80% specificity, magnetic resonance imaging
(MRI) is the most helpful modality in the diagnosis of spinal TB. The location of the
abscess, the degree of soft tissue enhancement, and spinal canal impairment are all
best detected with MRI. MRI with gadolinium enhancement might offer more details
on the diagnosis. We can also identify non-contiguous vertebral involvement by
doing screening sequences that include the whole spine. MRI can be used to evaluate
therapy response [54-56]. MRI can also demonstrate the number of lesion and their
locations in cold abscesses. Recently published report demonstrates that the early
detection of inflammatory oedema could be ensured by T2 STIR images [16].

2.4 Nuclear imaging

Nuclear imaging can provide descriptive evidences of the activities in the affected
tissues. These techniques are unable to assist distinguish between cancer or other
pyogenic diseases and tubercular infections [57].

2.5 Laboratory tests

Laboratory test such as Erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) are less common test. ESR has a sensitivity of 90% and CRP a sensitiv-
ity of 71%, however has more specificity than ESR [58]. The serological tests have a
round of limitations. IgG and IgM (antibody test) levels is not effective to determine
the difference of natural TB infection, vaccinated person, active disease, or healed
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person [59, 60]. Traditional TB culture, Acid-fast bacilli staining, BACTEC assay are
some common laboratory techniques [61]. Isolation of Mycobacterium tuberculosis
with a computed tomography (CT)-guided needle biopsy or open surgical interven-
tion can yield an accurate diagnosis. In cases receiving anti-T'B chemotherapy in the
lead up to surgery, it is difficult to show typical acid-fast bacilli on staining with
hematoxylin-eosin, and results of TB cultures are typically negative in such cases.
Histological examination of formalin-fixed and paraffin-embedded tissue specimen
blocks typically provides granulomatous pattern with caseating necrosis and giant-
cell granuloma [25, 26, 62].

2.6 Molecular diagnosis

Various types of molecular techniques are useful for the diagnosis with high
sensitivity and specificity. Polymerase chain reaction (PCR) with a sensitivity of
75% and specificity of 97%) is used in paucibacillary, extrapulmonary TB infec-
tions. Fully automated Gene Xpert MTB/RIF help in the diagnosis of resistance
towards antibiotics with high sensitivity and specificity [12, 63]. In between 72%
and 97% of patients, specific features such Langhans large cells, epithelioid cell
granuloma, and caseating necrosis can be detected through histopathological
examinations [64, 65].

2.7 Tests to detect latent tuberculosis

The skin hypersensitivity test has been advocated as a low-cost test; however, it
is not a reliable test in areas where patients are immunocompromised. Some stud-
ies also suggest the use of the enzyme-linked immunosorbent test (ELISA) and the
interferon-gamma release assay [66, 67].

3. Treatment of Pott’s paraplegia

Before treatment of Pott’s paraplegia, it is important determine the severity of the
spinal TB disease, based on presentation and symptoms. Uncomplicated disease is
treated with antitubercular treatment (chemotherapy) and complicated cases usually
need surgical intervention with chemotherapy [68].

The most helpful classification for Pott paraplegia with spinal cord involvement is
the modified version of Tuli’s classification which consist of five stages. The First stage
includes intense tendon reflexes, ankle clonus, plantar or Babinski extensor. During
the second stage patient face a motor deficit (UMN-type) with spasticity. In the stage
three patient become spastic and bedridden (motor crore: around 0-30). Patient
become bedridden including a severe sensory deficit/pressure sores in the 4th stage.
The final or 5th stage is similar to 4th stage bladder or bowel involvement [34, 35].

Oguz et al. proposed a new classification system for Pott’s disease named Gulhane
Askeri T1p Akademisi widely known as GATA. Where they divided Pott’s Paraplegia
based on clinical and radiological status into three categories (IA/B, I, and III). GATA
suggested surgical treatment for patients with Type IB (no neurological deficit), Type
IT and Type III (with or without neurological deficit). M. Turgut et al. (2017) pre-
sented we a new simple modified classification system from GATA system. The modi-
fied system is a simple guide for treatment planning in patients with Pott’s disease for
young spinal surgeons [69, 70].
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3.1 Conservative treatment and chemotherapy

The cornerstones in the treatment of spinal TB are antitubercular medications
(Isoniazid, Rifampicin, Ethambutol, and Pyrazinamide). It addresses both the main
tubercular foci present elsewhere in the body as well as the spinal TB. Also recom-
mended is higher-dose, shorter-course intermittent chemotherapy that is adminis-
tered three times each week [71].

Recently established protocols recommends anti-TB chemotherapy with 2 months of
isoniazid (INH) (5-15 mg/kg), pyrazinamide (PZA) (30-40 mg/kg), rifampicin (RIF)
(10-20 mg/kg), and ethambutol (EMB) (15-25 mg/kg), followed by INH and RIF (next
4 months) [16]. According to the British Medical Research Council, combined che-
motherapy should be used to treat tuberculous spondylitis of the thoracolumbar spine
for 6-9 months. A 4.5-month ultra-short course of chemotherapy has been suggested,
although bigger trials and longer follow-up studies are still needed [71].

In addition to latent and quickly growing forms, tubercle bacilli can also exist
in intracellular and extracellular forms. In order to combat the bacilli in their many
phases or forms and decrease the occurrence of medication resistance, a multi-drug
therapy is required. The WHO advises a six-month course of multidrug anti-tuber-
cular therapy, which includes 2 months of “initiation” phase therapy with a four/five-
drug regimen and 4 months of “continuation” phase therapy with a two-drug regimen
containing isoniazid and rifampicin. The American thoracic spine society (ATSS)
advises a 9-month therapy plan using the same medications. When there is resistance
to or poor tolerance to first-line treatments, additional second-line anti-tubercular
therapies, such as kanamycin, capreomycin, pyrazinamide, and amikacin, among
others, are often recommended. Beside some contradiction, the WHO has continued
to recommend DOTS therapy for optimum results [72-75].

Research conducted in in the pre-chemotherapeutic period observed that, up to
66% of patients with Pott’s paraplegia demonstrated neurological improvement by
strictly conservative therapy. The idea was bolstered in the post-chemotherapeutic
period by the observation that pure conservative treatment with chemotherapy
resulted in neurological improvement in 60-80%of patients [47, 76-79].

4. Surgical management
4.1 Principles

The phrase “middle route regimen” was first used in the context of treating TB by
Tuli et al. This protocol suggested medical management for all patients together with
surgical management when it was necessary, such as in cases of chemotherapy failure,
neurological weakness, recurrent illness, instability, neuro deficiency, incapacitating
pain, or deformity. Because tubercle bacilli do not create a biofilm, implants can be
used to stabilize tubercular infections [12, 80-82].

Neurosurgeons and orthopedic surgeons that specialize in spine surgery usually
treat Pott’s paraplegia. In individuals with Pott’s illness who have signs of spinal cord
or nerve root compression, researchers advise surgical decompression in addition to
medicinal care. In order to achieve decompression in individuals with spinal instabil-
ity, percutaneous needle aspiration of the caseous necrosis has been recommended.
Due to the severe state of the disease in the majority of patients, a meta-analysis
recommended treating the condition with anti-TB chemotherapy and surgery. For
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high-risk Pott’s disease patients, minimally invasive interventional radiology proce-
dures, open or percutaneous internal fixation techniques, and anti-TB chemotherapy
have recently been introduced [16, 25, 26, 83, 84].

4.2 Anterior approach, posterior approach and combined approach

Debridement using an anterior approach have historically been employed to treat
the diseased tissues directly since TB spine mostly affects the anterior spinal compo-
nents. However, the anterior approach has reportedly been linked to significant side
effects, including death, graft-related problems, and method-related issues. Patients
without any involvement of the posterior spinal structures, without panvertebral
illness, are the best candidates for anterior surgery [85-87].

For a variety of reasons, including ease of use and familiarity, posterior techniques
are more frequently used in contemporary spine surgery for TB spondylitis. The
advantage include, less morbidity, strong pedicle screw system, and the capacity for
circumferential decompression [88-92].

As the combination method is usually linked with major morbidities and prob-
lems, it should only be used for severe destructive lesions with severe deformities or
fundamentally unstable spines. The methods might be applied in a single stage or
many stages [93, 94]. Based on the aforementioned reasons, majority of surgeons
propose combined anterior and posterior operation which enables sufficient focus
debridement and stabilization after kyphosis correction (Figure 2) [95-97].

4.3 Surgery in healed tuberculosis

Age, the degree of the deformity, concomitant conditions, the region of the spine
involved, the number of levels involved, and the surgeon’s choice should all be taken
into account before deciding whether to operate on a patient with an unstable illness.
In the thoracic and thoracolumbar levels at the peak of kyphosis, anterior approach
might be particularly challenging. The most common posterior techniques are closing
opening wedge osteotomy, pedicle subtraction osteotomy/closing wedge osteotomy,
posterior vertebral column resection, transpedicular decancellation, and Ponte’s
osteotomy. In more severe abnormalities, diseases affecting two or three vertebrae,
or complicated revision procedures, both anterior and posterior techniques may be
necessary [98-102].

4.4 Management during pregnancy

Pott’s disease during pregnancy reported to be rare & can be associated with
destruction of the intervertebral disc & adjacent vertebrae that can lead to cord
compression. The effects of extrapulmonary tuberculosis infection during pregnancy
depend on the site of involvement, the severity and duration of disease, and the
occurrence of pregnancy-related complications. The safety of the first-line drugs
for the management of active tuberculosis in pregnancy has been established, and
therapy improves both maternal and neonatal outcomes. There is no malformation
or teratogenicity identified in pregnant patients taking these drugs. Streptomycin
should be avoided in pregnancy as it is ototoxic to the fetus. The WHO recommends
ATT for 9 months but most experts prefer to continue ATT for one to 2 years. Some
experts advocate early surgical decompression in all while others prefer to operate
after delivery [103-105].
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Figure 2.

A g;-yem’-old male presented with progressive spastic paraparesis for 2 months with intact autonomic function.
MRI, midsagittal T2WI-whole spine screening film demonstrated hyperintense signal change sporadically
involved the spinal column. Variable stages of VB and disc involvement, prevertebral and epidural abscess
formation, kyphotic deformity, significant spinal covd compression and proximal syrinx formation present
(A). After administration of gadolinium, there is heterogenous contrast enhancement (B). Patient underwent
percuatenous drainage of the presacral abscess and received antitubercular chemotherapy, follow up MRI after
1 month demonstrated resolution of the syrinx, improvement of abnormal signal changes, as well as extent of
spinal cord compression and (C). Later on, decompression and fixation done on D3,4,6,7 in second sitting to
decompress the spinal cord and to correct the deformity.

As per general guidelines for spinal surgery in pregnant women with progressive
neurological deficit, delivery should be induced or cesarean section is performed
before spinal surgery at 34-36 weeks of gestation or later. In cases earlier than
34-36 weeks of gestation, prepartum spinal surgery should be performed. Surgery
and anesthesia during advanced pregnancy are associated with increased risk of
spontaneous abortion, preterm labor, prematurity and low birth weight. Pregnant
women with paraplegia have increased incidence of urinary tract infection, decubitus
ulcer, preterm labour & autonomic hyperflexia [104-106].

4.5 Management of children

Children are one of the most vulnerable group for being affected by the Pott’s paraple-
gia. Hematogenous spread from the original site of infection is the major method of infec-
tion in children. Children with spinal TB frequently experience symptoms in the dorsal
spine; only around 5% of kids experience symptoms in the cervical spine [107-110].

The mainstay of the care of pediatric spinal TB continues to be conservative
therapy, which includes chemotherapy and orthopedic immobilization. The American
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Thoracic Society and the Centers for Disease Control and Prevention made it obvi-
ous that a minimum of 12 months of treatment is necessary for bone and joint TB.
However, some recent findings claimed that a shorter duration would be suitable for
those with spinal TB [111-113].

Large abscesses, especially those in the psoas muscle, should be treated surgically.
In addition, children who exhibit or acquire neurological deficiency during follow-up
must have surgery to stop permanent paralysis or deteriorating deformities. In chil-
dren with spinal TB, a severe kyphosis of more than 60° occurs in around 3 percent
of cases. Children under the age of 10, the involvement of three or more vertebral
bodies, and the location of the lesion in the thoracic spine are risk factors for severe
kyphotic deformity. A severe kyphosis compromises one’s appearance and causes
cardiac malfunction and compression of the spinal cord. The surgical method is also
not uniform globally. To describe the surgical method, processes, surgical stages,
challenges, and difficulties for correcting the kyphosis of 60° or more, prospective
studies are required [111, 114, 115]. One-stage posterior instrumentation combined
anterior debridement and fusion were demonstrated to be a safe and effective method
to achieve spinal decompression and kyphosis correction in children with thoracic
and lumbar spinal TB.

In treatment of children with multiple-level tuberculosis causing evident kyphosis
and with extensive abscesses, posterior screw instrumentation prior to anterior
approach usually applied. Posterior instrumentation enabled best correction of the
sagittal profile, restoration of vertebral height and reconstruction of segmental stabil-
ity by appropriate distraction in active stages of spinal TB. Ponte osteotomies usually
performed to increase flexibility and facilitate correction. For patients with seriously
compressed spinal cord, laminectomy is performed before deformity correction.
Furthermore, combined anterior and posterior fusions can prevent the imbalanced
spinal growth of children, and maintain long-term correction [116, 117].

4.6 Rest, braces and traction

Braces have importance and are still frequently required. Forcing people to
slumber for more than 6-9 months on a hard bed or a plaster-of-Paris bed may even
be detrimental, leading to skin, lung, gastrointestinal, and metabolic issues. Braces
are frequently more torment and pseudo-satisfaction tools than actual tools. Due to
the significant deforming pressures, braces cannot stop the progression of kyphotic
deformity. Therefore, braces are typically not very helpful. Any brace that a patient
often removes for personal care, a bath, or pain loses its intended function. The only
brace which may be useful is trauma cervical brace for cranio-occipital and few cases
of cervical spine tuberculosis. Halo frames are used for stabilization, not for traction
or distraction [71, 118].

4.7 Future research on Pott’s Paraplegia

During the last two decade a significant improvement has been made in terms
of diagnosis and treatment of Pott’s Paraplegia. However, more research is required
regarding the improvement management and treatment especially surgical procedure
in various conditions. Research is required for development of more prompt diagno-
sis, management and treatment to reduce severe consequences and complications.
Extensive study is required on the preventive treatment and quick screening of Pott’s
disease among children. Now a days, MDR is bothering all countries as it requires
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more investigations for proper treatments. Early identification of drug resistance and
prescription of suitable drugs for appropriate duration is the key to manage Pott’s
spine. We also recommend more research in the area rehabilitation as it is a crucial
component to improve the quality of life of patients. There is also a lack of research in
the area of kyphosis correction.

5. Conclusion

The treatment of spinal TB illness is difficult and intricate. Spinal tuberculosis
can be treated by anybody who can cure TB. The contributions of all levels of health
service provider are highly important for the management of Pott’s paraplegia, even
though the treating surgeon plays the majority of the patient management role. When
there is a neurological deficiency or deformity, orthopedic surgeons are typically
needed. With very few exceptions, managing Pott’s spine and paraplegia based on
paraplegia grading is straightforward, rational, effective, and simple to remember.
Early diagnosis and prompt therapy are the main initial challenges in the management
of the condition. The next significant step is determining the disease-related conse-
quences and making the right choice regarding whether long-term treatment is neces-
sary in addition to surgical procedures. The difficulties in administering long-term
chemotherapy, such as side effects and complications from the medication, problems
with compliance, socioeconomic variables, and others, are also very important.
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Abstract

Spinal cord injury (SCI) is a debilitating condition that affects millions of people
worldwide and results in a remarkable health economic burden imposed on patients
and the healthcare system annually. The most common causes of SCI are the trauma
caused by falls, traffic accidents, or violence. The course of SCI is associated with
several complications that severely impair the patient’s quality of life, including
sensory and motor dysfunction, pain, neurogenic bladder and bowel, autonomic
dysreflexia, cardiovascular and pulmonary dysfunction, spasticity, urinary tract
infection, and sexual dysfunction. Despite great strides that have been made in the
field of regenerative medicine and neural repair, the treatment of SCI still mostly
revolves around rehabilitative strategies to improve patients’ quality of life and func-
tion. Rehabilitation following the SCI is a multidisciplinary process that requires the
involvement of multiple disciplines. Moreover, recent advances in the field of neuro-
rehabilitation following SCI, are changing the face of this field. Therefore, we decided
to review various aspects of rehabilitation following the SCI, including the goals and
different modalities whereby we could achieve them.

Keywords: spinal cord injury, rehabilitation, paraplegia, restoration of function,
quality of life

1. Introduction

Spinal cord injury (SCI) results from damage to the spinal cord, which could lead to
significant temporary or permanent functional impairment. As a debilitating condition,
SCI affects millions of people worldwide and imposes a considerable economic burden
on patients and the healthcare system each year [1, 2]. Traumatic etiologies, such as
traffic accidents, falls, and violence constitute the most common causes of SCI [2].
Throughout the course of SCI, various complications could severely impair the patients’
quality of life (QoL) and activities of daily living (ADL) over the long term. These
complications include sensory and motor dysfunction, pain, neurogenic bladder and
bowel, autonomic dysreflexia, cardiovascular and pulmonary dysfunction, spasticity,
urinary tract infection, and sexual dysfunction [3].

In recent decades, great strides have been made in the field of neuroregenera-
tion to provide functional recovery through neural repair and axonal regrowth [4].
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However, at present, there exists no definitive treatment modality to effectively restore
spinal cord structural integrity following SCI with subsequent functional recovery.
Therefore, the treatment of SCI still mostly revolves around rehabilitative strategies

to improve patients’ QoL and function [5, 6]. Rehabilitation following the SCI is a
multidisciplinary process that requires the involvement of multiple disciplines, such as
physiatrists, nurses, psychologists, dieticians, physical therapists, social workers, occu-
pational therapists, orthotists and speech therapists [6, 7]. The rehabilitation process
in SCI mostly centers around restoring the lost functions or augmenting the remaining
intact functions while minimizing the associated complications. Holistic approach
derived from biopsychosociospiritual model of health is essential for rehabilitation
management of SCI. Functional restoration measures including mobility, strength,
stretch and coordination training as well as cardiovascular and pulmonary rehabilita-
tion constitute the main aspects of the rehabilitation process following SCI [6, 8].

In addition to current rehabilitation programs, recent advances in the field of neu-
rorehabilitation for functional recovery, are changing the face of this field. Therefore,
the focus of this chapter is on the goals of rehabilitation in SCI, current rehabilitative
strategies, and recent advances in neurorehabilitation that have opened new horizons
for patient management.

2. Goals of rehabilitation in spinal cord injury

The American Spinal Injury Association (ASIA) Impairment Scale (AIS) isa
standardized tool for the classification of SCI patients based on injury severity and
the level of sensorimotor impairment [9]. The AIS ranges from A (complete injury
with no sensorimotor function preserved below the level of injury) to E (a normal
sensorimotor function without neurological deficit). Table 1 demonstrates details of
AIS grading. Given its strong correlation with the functional status of the patient, AIS
grade is one of the major factors in determining the functional goals of SCI patients
following rehabilitation. In this regard, patients with complete SCI have a poorer
prognosis for neurological recovery and improvement in functional outcomes com-
pared to those with incomplete injury [10-13].

The neurological level of injury is another factor that affects the prognosis of
SCI patients [14, 15]. In terms of motor recovery, patients with the cervical level of
injury generally have a higher potential for functional improvement in comparison
with those who have thoracic SCI. Moreover, among patients with cervical SCI,
those who have an injury at lower cervical levels (C6-C8) show the greatest reha-
bilitation potential [6]. This is due mostly to remarkable functional impairment
in upper cervical injuries and functional independence in many ADLs in thoraco-
lumbar SCI patients, which reduces their potential for recovery. Concerning this,

a number of patients with a high cervical level of injury (C3-C4) are ventilator-
dependent and almost all of them are dependent to perform their ADLs. Patients
with a C5 level of injury, although dependent on assistance for transferability, could
perform ADLs, such as nutrition, dressing, and hygiene with assistance, given the
preserved strength of elbow flexion in this group. Lower levels of cervical injury
are generally associated with enough muscle strength for wrist extension, elbow
extension, or finger flexion, which make patients in this group independent in

most self-care ADLs and also transferring using assistive devices [6]. Patients with
thoracic SCI, however, are totally independent in ADLs and transferability using a
manual wheelchair. Thus, the main aim of rehabilitation in this group of patients
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Grade A No sensorimotor function

Grade B Preserved sensory function with no motor function below the level of injury, which
includes S4-S5 level

Grade C Preserved motor function in more than half of the key muscles below the level of
injury with a strength <3/5

Grade D Preserved motor function in at least half of key muscles below the level of injury
with a strength >3/5
GradeE Normal sensorimotor function
Table 1.

The American spinal injury association (ASIA) impairment scale (AIS).

is ambulation. Patients with lower levels of injury (L1 or lower) show complete
independence in ADLs and transferability in addition to an adequate degree of
ambulation [6].

In addition to neurological recovery, early rehabilitation is necessary to prevent
potential long-term complications [6]. As mentioned earlier, various complications
affect the QoL in SCI patients, especially over the long term. Many interventions
and strategies have been utilized in SCI rehabilitation to reduce the risk of chronic
complications in patients with SCI. Recent advances in the field of SCI rehabilitation
with the existing evidence have been discussed in the forthcoming paragraphs of this
chapter based on different areas of rehabilitation.

3. Rehabilitation interventions

Multidisciplinary team approach is mainstay of SCI rehabilitation. In this model
of rehabilitation an organized team including physician with expertise in rehabilita-
tion that is usually a physical medicine and rehabilitation specialist (physiatris) as
the team leader, physical therapist, occupational therapist, rehabilitation nurses,
social worker, clinical psychologist, orthotists and dietician has the responsibility
of planning, executing and follow up of rehabilitation measures. The team benefits
from expertise skills of neurospine surgeon and other medical specialties as needed.
Followings are more related and mostly used rehabilitation medicine measures that
are used in management of SCI.

3.1 Sensorimotor dysfunction
3.1.1 Physical therapy

Physical therapy is one of the major measures of the post-SCI rehabilitation
program and begins early in the course of SCI [6, 8, 16]. By targeting various aspects
of impairment, such as strength, joint mobility, muscle extensibility, spasticity,
pain, and cardiovascular fitness, physical therapy could improve patients’ functional
independence and prevent long-term complications. Range of motion and stretching
exercises could prevent the development of contractures and protect the unwanted
tenodesis effect [6]. Moreover, passive muscle stretching exercises could reduce
muscle tone and help in maintaining the range of motion and joint mobility, which in
turn decrease spasticity-related side effects.
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3.1.2 Orthoses and assistive devices

Orthoses could also be used to position the joints and prevent contracture forma-
tion [6, 17, 18]. Strengthening exercises for intact regions are of great importance,
particularly in patients with complete paraplegia during the early period of rehabilita-
tion, to provide adequate strength for independent mobilization and transferability.
Assistive devices, such as a wheelchair, walker, or crutch might also be utilized
depending on the functional status of patients for ambulation during the chronic
rehabilitation period [6].

3.1.3 Transcranial divect curvent stimulation

Transcranial direct current stimulation (tDCS) is a noninvasive modality that is
used to modify cortical excitability by delivering weak electrical currents (1-2 mA).
The tDCS consists of anodal and cathodal electrodes, which following their applica-
tion, could increase and suppress cortical excitability [19, 20]. The main concept
behind the use of tDCS in SCI is modulation of the excitability of residual cortical
motor pathways to enhance functional recovery. Previous individual studies have
demonstrated promising potential for tDCS combined with various rehabilitative
strategies in improving motor cortex excitability and muscle power [21-24]. However,
a meta-analysis including six studies and 78 patients with SCI found no significant
efficacy for tDCS in increasing muscle strength in comparison with sham tDCS [25].
Moreover, based on their findings, the effect of tDCS on motor functional improve-
ment was marginally significant with a small effect size. In addition, their subgroup
analyses failed to demonstrate any significant association between cortical area (hand
or leg motor cortex), additional interventions (tDCS alone or tDCS combined with
other interventions), or tDCS intensity (1 or 2 mA) the impact of tDCS on outcomes
observed in patients. Nevertheless, the limited number of studies, as well as the
heterogeneity in methods and protocols among existing investigations have mostly
resulted in inconclusive results regarding the efficacy of tDCS in SCI. Therefore,
future high-quality studies are highly demanded to show the potential effectiveness
of tDCS in improving motor outcomes in SCI patients. Further, some of character-
istics, such as non-invasiveness and cost-effectiveness, make tDCS a great potential
therapeutic option for SCI.

3.1.4 Repetitive transcranial magnetic stimulation

Transcranial magnetic stimulation (TMS) is another safe and non-invasive
cortical stimulation method for modulating neuronal excitability. In this technique,
following the passage of the electrical current through a coil, which is placed on the
scalp, short magnetic fields are generated. These magnetic fields subsequently induce
electrical pulses in neurons, which act as secondary coils [26]. One single TMS pulse
over the primary motor cortex elicits action potentials in a group of neurons, which
induce motor evoked potential (MEP) in the corresponding muscle group, depend-
ing on the topographic area stimulated [26]. Considering this effect, the delivery
of several pulses using TMS in a sequential order could exert long-term changes in
neuroplasticity-related mechanisms, such as long-term potentiation or depression
[27, 28]. This specific TMS modality is known as repetitive TMS (rTMS). Based on
stimulation parameters, rTMS could either increase (facilitatory) or decrease (inhibi-
tory) cortical excitability [26]. The therapeutic efficacy of rTMS is well-established in
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some psychological disorders, such as depression. Moreover, a huge body of evidence
has demonstrated significant effects of rTMS on motor recovery following stroke
[29]. With respect to SCI, however, limited evidence exists especially on the effects

of r'TMS on sensorimotor recovery [30]. Previous investigations have demonstrated
significant improvements in lower extremities motor scores following the use of high-
frequency rTMS compared with the sham stimulation in patients with SCI [31-35].
One study also demonstrated an average increase of 40-50% in the amplitude of
corticospinal responses and magnitude of maximal voluntary contractions in targeted
muscles after paired stimulation using both rTMS and peripheral nerve stimulation
in patients with SCI [36]. In addition to sensorimotor recovery, the effects of rTMS
on SCI-induced spasticity and neuropathic pain have also been evaluated. Two recent
meta-analyses and systematic reviews, one including 10 randomized controlled

trials (RCTs) and one evaluating 6 RCTs, demonstrated a significant reduction in
SCI-induced neuropathic pain intensity in patients who received rTMS compared
with the control group [37, 38]. Some prior studies have also reported significant
improvements in spasticity following the SCI in patients receiving rTMS [31, 33, 34].
However, as mentioned earlier, given the existing heterogeneity among these studies
regarding the rTMS parameters, further evidence is highly demanded.

3.1.5 Deep brain stimulation

Deep brain stimulation (DBS) is a minimally invasive neurosurgical procedure,
which includes adjustable stimulation of specific target parts of the brain through
implanted electrodes, and is widely implemented for the treatment of movement
disorders [39]. Recently, however, DBS has received attention as a potential option for
motor functional recovery in SCI. The electrical activation of preserved sublesional
descending motor pathways such as the reticulospinal tract forms the rationale behind
the potential use of DBS in SCI. In this regard, previous preclinical investigations have
demonstrated significant improvement in deficient gait due to SCI and stroke follow-
ing the stimulation of the mesencephalic locomotor region (MLR) in animal models
[40-42]. In a previous study, acute excitatory DBS of the MLR resulted in remarkably
improved motor function of the paretic hindlimb in a rat model of chronic incom-
plete SCI [40]. Moreover, significant improvements in dynamic gait parameters and
walking speed have also been reported with high-frequency DBS of the MLR in the
rat stroke model [41]. An ongoing clinical trial (NCT03053791) is currently recruiting
patients to evaluate the potential effects of MLR-DBS in SCI patients for the first time
[43]. This therapeutic modality with its application in SCI is still at its initial stages,
and further research is required to elucidate various aspects of it, especially underly-
ing mechanisms, and translate it to the clinical setting.

3.1.6 Epidural spinal covd stimulation

One form of spinal cord stimulation (SCS) is epidural SCS (eSCS), which includes
surgical implantation of an array of electrodes over the dorsal surface of the spinal
cord in the epidural space with direct stimulation of dorsal nerve roots. Initially, eSCS
was evaluated for its impact on chronic pain due to its neuromodulatory effects on
nociceptive afferent. Subsequent investigations showed that eSCS could also improve
motor functional independence in chronic SCI patients through stimulating dorsal
nerve roots and activating interneuronal pathways associated with locomotion [44].
Initial reports demonstrated that eSCS could restore independent standing with
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volitional control of lower limb activity and independent stepping in patients with
complete SCI [45-47]. In another report including four patients, following multiple
sessions of eSCS with gait training, all patients achieved independent standing and
trunk stability, and two could walk on the ground [48]. Wagner et al. showed that
spatiotemporal stimulation of the lumbosacral spinal cord using an implanted pulse
generator in patients with chronic SCI could restore adaptive control of muscles and
improve locomotion following rehabilitation [49]. In a recent study, the same research
group demonstrated the restoration of a number of activities, including standing,
walking, cycling, swimming, and trunk control, in three patients with complete
sensorimotor paralysis using eSCS, as part of a clinical trial (NCT02936453) [50]. In
this study, the optimal position of the paddle lead was determined using a computa-
tional framework to allow for the restoration of various motor activities using differ-
ent activity-specific programs. In addition, there is preclinical evidence regarding the
improvements in upper limb function, such as reaching and grasping following the
use of cervical eSCS in cervical SCI [51]. A prior study, including two patients with
chronic cervical SCI, also demonstrated improved hand strength and volitional hand
control using cervical eSCS [52].

3.1.7 Transcutaneous spinal cord stimulation

Similar to eSCS, transcutaneous spinal cord stimulation (tcSCS) activates spinal
motor pathways through stimulating dorsal root afferents, yet in a non-invasive man-
ner [53]. In tcSCS, electrodes are generally placed on the skin overlying lower thoracic
or lumbar vertebrae. The increase in excitability of local interneuronal pathways
following the use of tcSCS facilitates the activity of previously spared nonfunctional
supraspinal pathways [54]. This could lead to significant functional improvement,
particularly in combination with other conventional rehabilitation strategies. Some
previous reports have indicated improved postural control and ankle motility in
patients with complete or incomplete SCI [55, 56]. A previous study showed improve-
ments in weight loading capacity and reduced gait asymmetry in 19 patients who
received exoskeleton-based training with tcSCS [57]. There are other studies reporting
significantly enhanced volitional lower extremity movement, walking speed, endur-
ance, and symmetry using tcSCS combined with walking and locomotion training
[58-60]. In regard to the upper limb, similarly, a number of studies have demonstrated
significant durable improvements in upper extremity function, such as grip force and
dexterity following tcSCS with training [61, 62]. Based on prior findings, tcSCS results
in a functional recovery sustained over periods without stimulation. Therefore, given
the speed of acquisition, it has been proposed that tcSCS might be associated with a
broader modulatory effect on neuronal pathways compared with eSCS, which merely
causes a transient increase in excitability [53]. Despite being non-invasive and inex-
pensive, tcSCS has a remarkably lower spatiotemporal precision than eSCS. Current
literature on the utility of tcSCS in SCI is heterogeneous, especially in terms of stimu-
lation parameters, study design, and outcome measures. Hence, future high-quality
clinical trials with larger sample sizes are highly needed in this regard.

3.1.8 Functional electrical stimulation

Functional electrical stimulation (FES) is a widely used neurorehabilitation modal-
ity in which electrical stimulation of the paralyzed muscles is performed to achieve
functional improvement. During FES sessions, generally, neuromuscular stimulation
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is contemporaneous with specific tasks, such as cycling [63]. Previous studies have
demonstrated that FES is associated with improved circulation, muscle strength,
range of motion, and reduced spasticity [64]. Various activities have been evaluated
in previous studies on FES, including cycling, walking, grasping, reaching, and stair
climbing [63]. FES-evoked cycling is one of the most frequently used FES training
modalities in the clinical setting [64, 65]. In this rehabilitation method, patients with
no or reduced volitional lower extremity control can perform cycling using an exercise
bicycle. The pedaling motion is produced by computer-generated electrical pulses that
are transmitted to leg muscles through surface electrodes. Several benefits have been
previously reported for FES cycling, including significant improvements in motor
scores, functional independence, spasticity, and cardiopulmonary function in SCI
patients [63, 64, 66, 67]. A recent systematic review evaluated 99 studies, including
999 SCI patients, and suggested that FES cycling exercise could improve lower-body
muscle health, power output, and aerobic fitness in SCI patients [64]. With respect

to the upper limb, prior studies have also reported better recovery in hand function

in cervical SCI patients receiving FES, especially when combined with conventional
occupational therapy [68, 69]. Electrical pulses in FES are defined mainly based on
three parameters, including pulse frequency (typical values, 20-50 Hz), amplitude
(typical values, 0-100 mA), and width (typical values, 300-600 ps) [63]. Differences
in parameter adjustments significantly change the effects of FES on muscle contrac-
tion and fatigue. Therefore, depending on the rehabilitation goals and the patient’s
functional status, parameters could be individualized.

3.1.9 Transcutaneous electrical nevve stimulation

Transcutaneous electrical nerve stimulation (TENS) is a non-invasive and safe
rehabilitation modality whereby electrical pulses are delivered to the skin to stimulate
nerves and reduce pain subsequently. Based on prior findings, a remarkable increase in
blood circulation following TENS results in pain improvement [70-73]. Various clinical
conditions could be targeted through differences in electrode placement and stimula-
tion parameters, including frequency and intensity [73, 74]. The frequency of stimula-
tion could be high (>50 Hz) or low (<10 Hz). The stimulation intensity is also classified
based on the response achieved, which could be sensory or motor. The use of TENS in
pain treatment is well-studied and mostly consists of delivering low-frequency electri-
cal pulses to the affected area. A recent meta-analysis, including six RCTs with 165
patients, indicated that visual analog scale (VAS) for pain and short-form McGill pain
questionnaire scores were significantly reduced in SCI patients who received TENS
compared with the control group [75]. In addition to pain, prior evidence supports the
use of TENS in improving spasticity [76]. Regarding this, a previous systematic review
and meta-analysis demonstrated a significant association between the TENS applied
for more than 30 minutes and reduction in lower limb spasticity in patients with
chronic stroke [77]. Similarly, a number of previous studies have reported significant
improvements in SCI-induced spasticity using TENS [78-80]. Given its safety profile
and low cost as well as effects on pain and spasticity, TENS is regarded as a great
adjunct to physical therapy and conventional SCI rehabilitation program.

3.1.10 Robotic-assisted gait training

In addition to reduced functional independence, immobility due to SCI could
lead to a variety of secondary problems, including cardiopulmonary complications,
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bowel and bladder dysfunction, osteoporosis, pressure ulcers, and obesity [81-83].
Accordingly, recovery of ambulation is of crucial importance in the rehabilitation
program of patients with SCI [84]. Locomotor rehabilitation training following the
SCl is performed either in a conventional manner, in which the therapist assists
manually, or by using rehabilitation robots, which are also known as exoskeletons.

In comparison with the former, robotic-assisted gait training is associated with a less
physical burden for the therapist while also allowing for quantitative evaluation of the
patient’s progression [85-92]. Since the introduction of Lokomat, as the first exoskel-
eton, different types of gait rehabilitation robots have been developed [92, 93]. Many
prior studies have evaluated the effects of robotic-assisted gait training in SCI reha-
bilitation. Several beneficial impacts for this modality have been reported previously,
including improvements in musculoskeletal, urinary, cardiopulmonary, somatosen-
sory, and neural plasticity [87, 89, 94, 95]. Based on a previous systematic review,
including 13 RCTs, body weight-supported treadmill training and robotic-assisted
gait training increase the walking speed no more than overground gait training and
other forms of physical therapy in patients with SCI [90]. However, the results were
not clear regarding the changes in walking distance. Another systematic review and
meta-analysis, including 10 RCTs, found that robotic-assisted gait training results in
significantly greater improvement in mobility-related outcomes, such as gait distance,
functional level of mobility and independence, and leg strength compared with con-
ventional overground training in incomplete SCI patients [87]. Nevertheless, poten-
tial differences in response to therapy between different individuals with SCI should
also be considered. Concerning this, patients with incomplete lesions or a recent
injury might show a better response to therapy with robotic-assisted gait training
than those with complete or chronic injuries [90]. Thus, future trials are warranted to
allow for further subgroups analyses in this regard. Furthermore, recently, wearable
exoskeletons, as emerging therapeutic devices are receiving much attention since they
require active participation from the patient and could also be utilized as assistive
devices in the community [92]. Additionally, wearable exoskeletons seem to address
limitations associated with grounded exoskeletons by providing more freedom during
gait and the ability to perform complex motions and more activities of daily living.
However, since there is a paucity of data regarding various aspects of wearable exo-
skeletons and their effectiveness in patients with SCI, future clinical trials are highly
warranted to evaluate the utility of different robots and also compare them with other
types of gait therapy in this population [92].

3.1.11 Occupational therapy

One of the important disciplines in rehabilitation team of SCI is occupational
therapy.

A person’s functional independence has a major impact on their quality of life, and
consequential social participation. Some people with a spinal cord injury (SCI) will
have the ability to achieve a high level of independence while others, limited by their
physical ability, will be able to achieve a level of independence through directing their
care and by using technology options. Whilst it is reasonable to expect that the degree
of functional independence achievable is dependent on a person’s level of injury, a per-
son’s neurological level should not be viewed as strictly predictive but rather as indica-
tive of potential function. Adjustment of SCI with post injury functional limitation
and activity of daily living (ADL) copping is very essential for victims of SCI. Transfer
activities, transportation from and to different environments, home adjustments and
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copping to new adjusted work are among professional activities of occupational thera-
pist in rehabilitation team. In addition, neurorehabilitation facilitations techniques
such as anti-spasticity manures are carried out by occupational therapists.

3.2 Cardiopulmonary dysfunction

Recent advances in the care and rehabilitation of SCI patients have changed the
pattern of SCI morbidity and mortality with a shift from septicemia, pneumonia, and
renal failure to cardiovascular complications as one of the major causes of death in
this group of patients [96, 97]. Many risk factors for cardiovascular disease are associ-
ated with SCI, including physical inactivity due to the non-ambulatory state, extreme
fluctuations in blood pressure, dyslipidemia, abnormal glycemic control, and chronic
inflammation [98, 99]. With respect to this, a previous survey with a large sample of
60,000 SCI patients showed a significant association between SCI and increased odds
of heart disease and stroke [96].

In addition, numerous previous investigations have reported a high prevalence
of orthostatic hypotension in SCI [100, 101]. Similar to acute injury, orthostatic
hypotension could be persistent throughout the course of chronic SCI and remarkably
interfere with the rehabilitation process and patient’s QoL [100]. Improvements in
orthostatic hypotension have been reported previously through a variety of measures,
including pressure interventions (e.g., pressure stockings and abdominal binders),
increasing fluid and salt intake (volume augmentation), lower limb FES, exercise, and
pharmacotherapy using different agents, such as midodrine, fludrocortisone,
ephedrine, dihydroergotamine, and droxidopa [100].

Autonomic dysreflexia is also an urgent cardiovascular condition associated with
SCI, which is characterized by acute episodes of hypertension with either bradycardia
or tachycardia [102, 103]. Most patients with a T6 level of injury or higher are at risk
of autonomic dysreflexia. Various noxious and non-noxious stimuli below the level of
injury, such as pressure sores, and bladder or bowel irritation, could lead to autonomic
dysreflexia mainly by triggering massive sympathetic discharge. The clinical manifes-
tation of autonomic dysreflexia is variable and ranges from mild discomfort to severe
acute hypertension with ominous consequences [102, 103]. Prior reports have shown
a significant correlation between the severity of autonomic dysreflexia and the level
of injury, as well as the completeness of the SCI with higher and complete injuries are
associated with more severe manifestations [102, 104]. Prevention plays a crucial role
in the management of autonomic dysreflexia and mainly aims at resolving the underly-
ing triggers through several non-pharmacologic measures, such as regular bladder
and bowel care. Depending on the severity, pharmacologic therapy with rapid-onset
antihypertensive drugs is also used in acute cases of autonomic dysreflexia [102].

Pulmonary dysfunction also noticeably complicates the course of SCI, particularly
in patients with cervical and upper thoracic injuries. Functional impairments in
respiratory muscles, including the diaphragm, intercostal, and accessory respira-
tory muscles, substantially reduce lung capacity and increase respiratory demand.
Moreover, atelectasis ensues when the dysfunction of respiratory muscles leads to
reduced compliance of the lung and chest wall. Impaired function of expiratory
muscles also causes ineffective cough, which in turn negatively affects airway clear-
ance. Consequently, many severe complications could occur as a result of pulmonary
dysfunction, such as mucus retention, pleural effusion, pneumonia, and respiratory
failure [105, 106]. Therefore, pulmonary rehabilitation is a vital part of the SCI
rehabilitation program to prevent respiratory complications in patients [106]. Prior

103



Paraplegia — New Insights

investigations have shown that respiratory muscle training effectively improves
respiratory muscle strength and subsequently reduces respiratory complications in
SCI patients [107-113]. Among subgroups of SCI patients, greater improvement in
respiratory function following the rehabilitation has been reported in patients with
tetraplegia and subacute injury [109]. Respiratory muscle training involves increasing
the load on respiratory muscles, and different types of it have been reported previ-
ously, such as the use of resistive and threshold trainers, singing training, and normo-
capnic hyperpnoea [107].

3.3 Bladder and bowel dysfunction

Bladder and bowel dysfunction involves a significant proportion of patients
following SCI and remarkably impairs their QoL. Genitourinary infections constitute
the most common cause of re-hospitalization in SCI patients with about 30% of them
being hospitalized annually. Moreover, the fifth most common cause of mortality in
SCI patients, is genitourinary infection. Bowel dysfunction is the fourth leading cause
of re-hospitalization and the second most common complication according to SCI
patients [114-116]. Therefore, bladder and bowel care comprise a notable part of the
SCI rehabilitation program.

Based on a prior report, about 77% of SCI patients lack the ability to void volun-
tarily, which makes them dependent on assistance [117]. The most common bladder
drainage method for neurogenic bladder management with the lowest risk of compli-
cations and urinary tract infection in SCI patients is clean intermittent catheteriza-
tion [114, 118]. Tetraplegic patients, however, might use indwelling or suprapubic
catheters, which could increase the risk of complications, such as infection. Other
techniques, such as Credé and Valsalva maneuvers might also be helpful in addition to
primary drainage methods. Pharmacological therapy using anticholinergics or beta-
3-agonists is also effective in reducing the intravesical pressure in cases with hyper-
reflexic detrusor. In refractory cases or patients with renal impairment, a number of
procedures, such as intravesical botulinum-A toxin injection, surgical interventions
(e.g., bladder reconstruction and diversion procedures), and sacral neuromodulation,
might also help in improving the symptoms [114].

According to SCI patients, about 95% of them have chronic constipation, and
75% have experienced fecal incontinence, which could significantly affect various
aspects of QoL and the social life of patients. Further, several complications might
occur as a result of chronic constipation, including anal fissures, rectal bleed-
ing, hemorrhoids, autonomic dysreflexia, and urinary tract infection [114, 119].
Therefore, SCI rehabilitation should include an individualized bowel management
program aimed at regular bowel emptying, maintaining functional continence,
and preventing potential complications [114, 119]. Conservative management in
neurogenic bowel includes diet, abdominal massage, drinking a warm liquid before
bowel care, digital rectal stimulation, and using stimulant suppositories. Further,
there might be an additional need for pharmacological therapy using oral or rectal
laxatives, especially in older patients or those with longstanding SCI [114, 120, 121].
For maintenance of stool consistency, bulking agents and stool softeners might also
be used regularly. In addition, prucalopride is a prokinetic agent, which is used for
chronic constipation due to neurogenic bowel [114]. In case of inadequate response
to conservative therapy, invasive procedures, such as intestinal diversion (e.g.,
ileostomy or colostomy), Malone anterograde continence enema could significantly
improve the patients’ QoL [114, 122].
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3.4 Neuropathic pain

Pain is one of the most common disabling complications following the SCI, which
could significantly impair the patient’s QoL [123-125]. According to prior informa-
tion, the prevalence of pain among patients with SCI is about 65 to 85%, and approxi-
mately one-third of them report severe pain [126]. Based on International Spinal Cord
Injury Pain (ISCIP) classification and underlying mechanisms, SCI-related pain is
classically divided into nociceptive and neuropathic categories [127]. Nociceptive pain
originates from nociceptors with preserved sensory innervation and could be either
musculoskeletal or visceral. Analgesics, such as nonsteroidal anti-inflammatory drugs
(NSAIDs) or opioids, could significantly improve nociceptive pain [127]. Neuropathic
pain, however, is the most common type of pain in SCI patients with no definitive
therapy due to its more complex etiology, which is still not well understood [128].
Neuropathic pain mainly arises from the disease of the somatosensory system and
could occur either at the level of injury or below it. Relative to the neurological level
of injury, the former type is defined as the pain within the distribution of one rostral
and three caudal dermatomes. The below-level pain, however, is localized below the
three dermatomes caudal to the neurological level of injury. Neuropathic pain might
also be associated with sensory phenomena in the painful area, such as allodynia,
which is defined as pain triggered by non-noxious stimuli (e.g., light touch), espe-
cially in the at-level pain category [127]. Given the complexity of neuropathic pain,
many pharmacological and non-pharmacological therapeutic interventions have been
utilized previously with variable efficacy and safety profiles. Pharmacological therapy
using antiepileptics, tricyclic antidepressants, opioids, and cannabinoids has been
reported. In refractory cases, non-pharmacological interventions, such as intrathe-
cal drug administration, nerve blocks, dorsal root entry zone (DREZ) ablation
procedures, SCS, tDCS, transcranial electrical stimulation (TES), and TMS might be
beneficial [129].

3.5 Spasticity

Spasticity is one of the most common complications following injuries to upper
motor neurons, such as SCI. Approximately 65% of SCI patients show symptoms of
spasticity following their discharge from the acute rehabilitation program, and about
93% of those in the community are affected [130, 131]. As a sensorimotor control
disorder due to upper motor neuron lesion, spasticity is presented as a velocity-
dependent increase in tonic stretch reflex with clonus, spasms, and hyperreflexia
[18]. About 35% of chronic SCI patients have problematic spasticity, which is defined
as spasticity leading to functional limitation or requires antispasticity treatment
[131, 132]. SCl-related spasticity shows a gradual course, which begins following
the areflexia associated with the spinal shock period. Incomplete SCI and preserved
sensorimotor function below the level of injury are associated with severe spasticity.
SClI-related spasticity could significantly affect the patient’s QoL and limit ADLs.
Moreover, poorly treated spasticity results in pain, contractures, and skin breakdown,
which interferes with the rehabilitation process and could also prevent neurologi-
cal recovery [18, 130, 131]. Due mainly to the more diffuse pattern of SCI-induced
spasticity in comparison with other pathologies, such as stroke or traumatic brain
injury, regional or systemic therapies are preferred in SCI [18, 130]. Initial therapy for
SCI-induced spasticity consists of physical therapy and pharmacological treatment.
However, often the approaches fail to manage spasticity in SCI patients, or intolerable
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side effects due to pharmacological therapy occur, and further treatment modali-

ties might be required. Intrathecal administration of baclofen using an implantable
pump has been significantly effective in reducing intractable SCI-induced spasticity.
However, this method is associated with some limitations, such as surgical com-
plications, pump failure, and infections [133, 134]. Depending on the status of the
patient, other modalities might also be used, such aslocal chemodenervation using
phenol, ethanol, or botulinum toxin. Surgical interventions, such as selective dorsal
rhizotomy, tenotomy, tendon lengthening and transfers might also be used in selected
severe cases [18, 130].

4, Conclusions

This chapter reviewed different modalities and strategies used in the field of
neurorehabilitation for SCI and various aspects of it, specifically. The process of
rehabilitation is time-consuming and requires the participation of multiple disciplines
as well as the patients and their family. In addition, in many cases, the use of each
modality individually might not result in a discernible improvement. Therefore, it is
of paramount importance to consider a combinatorial approach to SCI rehabilitation
with the aim of improvement in patients’ function and QoL using all the available
options. Moreover, a notable number of strategies for neurological recovery in SCI
were not covered, mainly because they were beyond the scope of this chapter. Recent
advances in different fields, such as brain-machine interface, stem cell therapy, tissue
engineering, gene therapy, exosomes, and optogenetics, have shown promising results
in various aspects of SCI, both preclinically and clinically. However, still, further
research is needed to translate these potentially effective modalities into the clinical
arena and use them as part of the rehabilitation plan.
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