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Abstract
Spinal cord injury (SCI) is a serious medical condition 
that causes functional, psychological and socioeconomic 
disorder. Therefore, patients with SCI experience 
significant impairments in various aspects of their 
life. The goals of rehabilitation and other treatment 
approaches in SCI are to improve functional level, 
decrease secondary morbidity and enhance health-related 

quality of life. Acute and long-term secondary medical 
complications are common in patients with SCI. However, 
chronic complications especially further negatively impact 
on patients’ functional independence and quality of life. 
Therefore, prevention, early diagnosis and treatment 
of chronic secondary complications in patients with SCI 
is critical for limiting these complications, improving 
survival, community participation and health-related 
quality of life. The management of secondary chronic 
complications of SCI is also important for SCI specialists, 
families and caregivers as well as patients. In this 
paper, we review data about common secondary long-
term complications after SCI, including respiratory 
complications, cardiovascular complications, urinary and 
bowel complications, spasticity, pain syndromes, pressure 
ulcers, osteoporosis and bone fractures. The purpose of 
this review is to provide an overview of risk factors, signs, 
symptoms, prevention and treatment approaches for 
secondary long-term complications in patients with SCI.
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Core tip: Spinal cord injury (SCI) is a important clinical 
condition that can lead to lifelong disability. Additionally, 
the secondary complications following SCI, especially 
long-term complications, increase morbidity and 
decrease community participation and health-related 
quality of life. Improving functional level and quality of 
life are essential goals of rehabilitation in patients with 
SCI. Therefore, it is important to be aware of chronic 
complications of SCI and learn how to manage these 
complications for the recovery and rehabilitation process. 
The purpose of this review is to provide an overview of 
chronic complications of SCI.
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INTRODUCTION
Spinal cord injury (SCI) is a serious medical condition 
that causes functional, psychological and socioeconomic 
disorder[1]. Long-term, secondary medical complications 
are common and play an important role in the continuum 
of  care for patients with SCI[2,3]. Complications are a 
frequent cause of  morbidity and mortality and lead to 
increased rates of  rehospitalization, loss of  employability 
and decreased quality of  life[3].

The purpose of  this review is to provide an overview 
of  chronic complications of  SCI, whether due to trauma 
or different conditions. 

RESPIRATORY COMPLICATIONS
Respiratory complications associated with SCI are the 
most important cause of  morbidity and mortality in both 
acute and chronic stages[4,5]. The extent of  respiratory 
complications depends on the level of  SCI and the degree 
of  motor impairment[4]. Linn and colleagues presented a 
large investigation assessing pulmonary function in 222 
adult outpatients with chronic SCI. They reported that 
forced vital capacity and forced expired volume (FEV1) 
were normal in patients with low-level paraplegia who 
had never smoked but they found that both decreased 
with rising SCI level more prominently in patients with 
tetraplegia[6]. 

Besides these essential determinants, the effect of  
duration of  injury, smoking history, age and body mass 
index (BMI) on pulmonary function were also evaluated 
in various studies in patients with SCI[6,7]. For example, 
Stepp and colleagues reported that they found a significant 
decrease in all lung volumes with increasing BMI[7]. Similar 
results were reported for duration of  injury[6,7]. 

As seen through the literature, SCI often leads to 
respiratory dysfunction[6,8-10], including insufficiency of  
respiratory muscles, reduction in vital capacity, ineffective 
cough, reduction in lung and chest wall compliance and 
excess oxygen cost of  breathing[10]. Due to these problems, 
atelectasis, pneumonia and respiratory failure are the most 
common respiratory complications in patients with SCI[4,9].

Pleural effusion, pneumothorax and hemothorax are less 
common respiratory complications of  SCI[9]. Additionally, 
it is reported that SCI patients have a high prevalence of  
sleep-related respiratory disorders, particularly obstructive 
sleep apnea syndrome, which can adversely affect quality 
of  life and rehabilitation[4]. The number of  studies of  
patients with SCI have shown that the syndrome occurs in 
25%-45% of  those with long-term follow-up[4,11,12].

Patients with cervical and high thoracic SCI are at 
higher risk for developing atelectasis and pneumonia due 
to paralysis of  the respiratory muscles below the level of  

injury, resulting in a weak cough mechanism and difficulty 
mobilizing lung secretions[13]. 

Respiratory failure occurs most frequently in the acute 
period. Atelectasis and pneumonia are mainly seen in the 
acute stage of  SCI but they also can appear as an important 
chronic respiratory problem in SCI. Chen et al[14] reported 
that individuals with complete tetraplegia are clearly at 
greatest risk for the development of  atelectasis/pneumonia. 
McKinley et al[13] reported that the incidence of  atelectasis 
and/or pneumonia at the first annual follow-up year was 
3.5% and there was no significant decrease in follow-up 
years 2, 5, 10, 15 and 20. Pneumonia/atelectasis was also 
seen more frequently in persons older than 60 years of  age 
in same model analysis study[3]. Pneumonia is also cited as 
the primary cause of  death during chronic SCI[13,15,16]. 

In the literature, various recommendations were reported 
about the management of  respiratory complications 
associated with SCI. They include positioning and postural 
changes, breathing techniques, spontaneous cough and 
cough assistance, suctioning, respiratory muscle training, 
ventilation techniques and education, vaccination agents for 
influenza and pneumococcal infections and pharmacological 
interventions. Furthermore, the modifiable risk factors 
(obesity, smoking, etc.) must be addressed, particularly in 
patients with tetraplegia and of  older age[3,7,8,10].

CARDIOVASCULAR COMPLICATIONS
Individuals with SCI have a high risk of  cardiovascular 
complications and their long-term effects such as 
thromboembolism and autonomic dysreflexia[17]. Common 
cardiovascular complications in the chronic stage of  SCI 
are orthostatic hypotension (OH), autonomic dysreflexia, 
impaired cardiovascular reflexes, reduced transmission 
of  cardiac pain, loss of  reflex cardiac acceleration, cardiac 
atrophy with tetraplegia due to loss of  left ventricular mass 
and pseudo-myocardial infarction[17-19]. 

Orthostatic hypotension
OH is usually seen in both acute and chronic stages 
following SCI[20,21]. It is defined as a decrease in systolic 
blood pressure of  20 mmHg or more, or a reduction in 
diastolic blood pressure of  10 mmHg or more, when the 
body position changes from supine to upright, regardless of  
whether symptoms occur[22]. 

Krassioukov et al[23] reported that the low level of  
efferent sympathetic nervous activity and the loss of  reflex 
vasoconstriction after SCI are among the major causes 
of  OH. OH is particularly common in cervical and high 
thoracic lesions[24-26]. It is also reported that the prevalence 
of  orthostatic hypotension was 21% and cervical injuries 
had the highest prevalence in a large cohort study with 
incomplete SCI[27]. 

The symptoms associated with orthostatic hypotension 
include dizziness, light headedness, headache, pallor, 
yawning, sweating, muscle weakness, fatigue and occasionally 
syncope[23,28,29]. It is reported that management of  OH 
includes application of  pressure stockings and abdominal 
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binders, adequate hydration, gradual progressive daily head-
up tilt and administration of  pharmacological agents (salt 
tablets, midodrine, fludrocortisone, dihydroergotamine, 
ephedrine or L-DOPS)[23,29].

Autonomic dysreflexia
Autonomic dysreflexia (AD) is a well-known medical 
emergency. It generally occurs in patients with SCI at levels 
of  T6 and above[30]. AD is characteristic for the chronic 
stage but may appear any time after SCI[28]. It is reported 
that the life time frequency among patients with SCI is 
19%-70%. It is more common in patients with cervical and 
complete lesions[17]. 

AD is caused by spinal reflex mechanisms initiated 
by a noxious stimulus entering the spinal cord below 
the level of  injury. This afferent stimulus generates a 
sympathetic overactivity leading to vasoconstriction 
below the neurological lesion, along with involvement of  
splanchnic circulation that causes vasoconstriction and 
hypertension. The excessive parasympathetic activity (and 
lack of  sympathetic tone) leads to vasodilation above the 
level of  the lesion and is thought to be responsible for 
headache, flushing, sweating and nasal congestion. The 
reflex bradycardia is secondary to vagal stimulation[31,32]. 

Bladder distension is the most common triggering 
factor for AD. The distension can result from urinary 
retention or catheter blockage and accounts for up to 
85% of  cases[33]. The second most common triggering 
for AD is bowel distension due to fecal impaction. Other 
potential factors include hemorrhoids and anal fissures, 
gastrointestinal precipitants (appendicitis, cholecystitis, 
etc.), pressure ulcers, ingrown toenails, heterotopic 
ossification, fractures, menstruation, pregnancy or labor, 
deep vein thrombosis, pulmonary embolism and sexual 
activity. Medications, especially nasal decongestants and 
misoprostol, may also induce AD[31]. 

An important part of  the succesful management 
of  AD is prevention. It is reported that education of  
the patient, caregivers and family members regarding 
autonomic dysreflexia is vital to prevent AD and to 
recognize its occurrence without delay[34]. If  AD occurs, 
the initial management involves non-pharmacological 
therapeutic interventions. These interventions include 
placing the patient in an upright position to take advantage 
of  any orthostatic reduction in blood pressure. The next 
step must be to loosen tight clothing and/or constrictive 
devices. Blood pressure is controlled at least every 5 min 
until the patient is stable. It is also necessary to find and 
eliminate the triggering stimulus which in 85% of  patients is 
related either to bladder distension or bowel impaction[30,35]. 
These steps will resolve the problem in most patients. 
It is reported that if  non-pharmacological measures 
fail and arterial blood pressure is 150 mmHg or greater, 
pharmacological management should be initiated[35]. In 
general, the predominant medications are antihypertensive 
agents that have a rapid onset and short duration of  
action. Nifedipine and nitrates appear to be the most 
commonly used medications[31]. Additionally, various 
pharmacological agents (e.g., captopril, terazosin, prazosin, 

phenoxybenzamine, Prostaglandin E2 and Sildenafil) have 
been proposed for the management of  AD episodes[30,35]. 
The management goals are normalization of  the heart rate 
and blood pressure and clearing the  symptoms of  AD[19]. 

URINARY AND BOWEL COMPLICATIONS
One of  the most important complications following 
SCI is the loss of  genitourinary and gastrointestinal 
function[36]. 

Bladder dysfunction 
As with other complications, urological dysfunctions after 
SCI also increase the risk of  long-term complications 
and decrease psychological and social well-being of  the 
patient[19]. SCI may lead to disturbances of  the urinary 
system. It especially causes bladder dysfunction, often 
referred to as the neurogenic bladder. 

Bladder function is mainly controlled by three areas 
of  the central nervous system: the cerebral cortex, the 
pontine micturition center and the sacral micturition 
center[19]. Central lesions can interrupt the pontine and 
sacral micturition centers. Peripheral lesions also can affect 
the parasympathetic supply to the detrusor muscle or the 
sympathetic supply to the bladder neck as well as somatic 
innervation to the external urethral sphincter in SCI[36]. 

There are different types of  clinical conditions in 
terms of  detrusor and sphincter activity in neurogenic 
bladder in patients with SCI: (1) hypereflexia of  detrusor 
and sphincter with involuntary contractions, sphincter 
dyssynergia, reflex incontinence and residual urine; 
(2) detrusor areflexia with sphincter areflexia. Patients 
experience stress incontinence and residual urine due 
to injury to sacral (S2-S4) anterior horn cells or their 
associated axons, which leads to impaired motor output to 
the bladder and decreased or absent detrusor contractility 
(flaccidity); (3) detrusor areflexia with sphincter hyperreflexia 
with overflow incontinence and urinary retention; and (4) 
detrusor hyperreflexia with sphincter areflexia with reflex 
incontinence[36]. 

It has been reported that the ultimate goals of  bladder 
management after SCI are to preserve upper tract function 
with low intravesical pressure through adequate bladder 
drainage and to maintain urinary continence. In patients 
with SCI, it is generally agreed that urodynamic evaluation 
is essential to provide a precise diagnosis and treatment 
options for bladder dysfunction[37]. The urodynamic 
evaluation is also strongly recommended according to 
the Autonomic Standards Assessment Form[38]. Time-
dependent changes are seen in the level of  bladder 
dysfunction after SCI. Because of  that, detailed therapy 
management should be individualized to the type of  
voiding dysfunction, level of  injury, extent of  disability and 
level of  care available to the patient[37]. 

Treatment methods for neurogenic bladder can be  
categorized into two groups: therapy to facilitate bladder 
emptying and therapy to facilitate filling or storage of  
urine[39]. 

Weld and Dmochowski reported clean intermittent 
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of  NB in patients with SCI[46]. 
A neurogenic bowel occurs when there is a dysfunction 

of  the colon due to lack of  nervous control[36,44]. Two 
main types of  neurogenic bowel presented as upper motor 
neuron (UMN) bowel syndrome and lower motor neuron 
(LMN) bowel syndrome, reported by Stiens et al[47]. 

The UMN bowel syndrome or hyperreflexic bowel 
results from a lesion of  the spinal cord above the conus 
medullaris. The defecatory maneuver cannot be performed 
due to lack of  functioning abdominal musculature. There 
is increased colonic wall and anal tone. The voluntary 
control of  the external anal sphincter is interrupted and the 
sphincter remains tight, thereby retaining stool. The UMN 
bowel syndrome leads to constipation and fecal retention, 
at least in part due to the external sphincter activity. The 
LMN bowel syndrome or areflexic bowel results from 
a lesion affecting parasympathetic cell bodies at the 
conus, cauda equina or the pelvic nerve. This syndrome 
is characterized by the lack of  spinal cord-mediated 
reflex peristalsis and slow stool propulsion. There is an 
increased risk of  incontinence because of  the denervated 
external anal sphincter. The LMN bowel syndrome is 
correlated with constipation and a significant risk of  
incontinence due to the atonic external anal sphincter 
and lack of  control over the levator ani muscle[36,44,47,48]. 

It is reported that bowel dysfunction caused major 
restrictions in social activities and in the quality of  life 
in 39% of  patients with SCI. The management of  this 
problem is fairly important because it can be a greater 
problem than both bladder and sexual dysfunction[45]. 

There are various interventions used for management 
of  bowel dysfunction in patients with SCI. The non-
surgical treatment methods include high dietary fiber 
intake[49], abdominal massage[50], digital rectal stimulation[51], 
manual evacuation[52], oral laxatives[52], transanal irrigation[53], 
rectal suppository[54] and other pharmacological agents 
(stool softeners, colonic stimulants, contact irritants, 
bulk formers)[46] and functional electrical and magnetic 
stimulation of  skeletal muscles[44].

Conservative or pharmacological interventions are 
successful in the management of  neurogenic bowel 
dysfunction in 67% of  the SCI population and when 
conservative management is ineffective, surgical interventions 
provide an option. Surgical treatments include sacral nerve 
stimulation with implantation of  electrical stimulation 
systems, colostomy and Malone antegrade continence 
enema[44].

SPASTICITY
Spasticity is a common secondary impairment after SCI 
characterized by hypertonus, increased intermittent or 
sustained involuntary somatic reflexes (hyperreflexia), 
clonus and painful muscle spasms[55]. Spasticity affects 
70% of  patients with SCI and causes considerable 
disability for many[56,57]. 

The pathogenesis of  spasticity in patients with SCI 
remains uncertain. An alteration in the excitability of  
various supraspinal inhibitory nerve paths used to be the 

catheterization (CIC) as the safest bladder emptying method 
for SCI patients in terms of  urological complications[40]. 
It was also shown to be the optimal method for assisted 
bladder voiding after SCI by Shen et al[41]. CIC requires 
education and support, particularly during the initial stages 
and follow-up. Patients with sufficient hand function using 
CIC are able to empty the bladder regularly, with a lower 
urinary tract infection rate and good continence between 
catheterization[39]. 

Emptying the bladder with a permanent indwelling 
urethral or suprapubic catheter or reflex voiding may 
be an option for some patients with SCI[19]. Indwelling 
urethral catheters are used in the acute phase of  injury 
but they are not recommended for long-term use because 
of  the high risk for urinary complications (e.g., urinary tract 
infection, calculi, urethral damage, renal dysfunction and 
bladder cancer)[42]. Singh et al[43] reported an indwelling 
catheter as the most prevalent risk indicator of  urinary 
tract infection in SCI patients. The risk of  urinary tract 
infection increases with the increasing duration of  
catheterization. 

In spite of  the risks, there are times when the use of  
an indwelling catheter is necessary. For example, it may 
be used transiently to assist wound healing and prevent 
contamination in patients with stage 3 or 4 perineal 
pressure ulcers. Long-term indwelling catheterization may 
be used for tetraplegic patients who do not have adequate 
upper limb function and assistance of  a caregiver[37,42].

The Crede maneuver is not recommended for bladder 
emptying in the long-term because it raises intravesical 
pressures against a closed bladder outlet, raising the risk 
of  vesicoureteral reflux, hernia, rectogenital prolapse 
and hemorrhoids[42]. Reflex voiding is not recommended 
in SCI patients with AD, voiding with high pressure, 
incomplete emptying and in female patients[37]. It may 
be a viable option for tetraplegic men who are unable to 
self-catheterization[42]. 

The other treatment options for bladder management in 
SCI include pharmacological interventions (anticholinergic 
medications, α-blockers, botulinum toxin) and surgical 
procedures (urethral stents, transurethral sphincterotomy, 
electric stimulation and posterior sacral rhizotomy, bladder 
augmentation, continent urinary diversion, cutaneous 
ileovesicostomy)[2]. 

Regular monitoring and suitable management for 
bladder dysfunction are important to prevent long-term 
complications (e.g., infections, vesicouretheral reflux, renal 
failure, renal calculi, bladder cancer) and provide a better 
quality of  life in patients with SCI.

NEUROGENIC BOWEL 
Neurogenic bowel (NB) is a major problem in terms of  
physical and psychological aspects for people with SCI[44]. 
Liu et al[45] reported NB as a very common complication 
in patients with SCI, affecting nearly half  of  those with 
SCI (46.9%). It has also been shown that a high level 
of  cord lesion, completeness of  cord injury and longer 
duration of  injury (≥ 10 years) can predict the severity 
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main explanation[57]. Although spasticity has often been 
viewed as a factor that can negatively affect functional level 
after SCI[56], light to moderate spasticity may have a positive 
impact on functional activities, including standing, transfers 
and ambulation. Additionally, it contributes to better 
peripheral circulation, thereby avoiding edema and reducing 
the risk of  deep vein thrombosis[56,57]. 

Severe spasticity may contribute to increased functional 
impairment, contractures, ulcers, posture disorders and pain. 
Treatment should start as soon as possible to prevent such 
negative effects [57]. 

Management options of  spasticity involve the elimination 
of  exacerbating factors (such as urinary tract infection, 
constipation, ingrown nails, pulmonary infection, pressure 
ulcers, etc.) and the use of  physical agents (heat, cold) and 
physical techniques, systemic medications, chemical 
neurolysis, intrathecal agents, electrical stimulation and 
surgical interventions[13,57,58]. 

Commonly used antispastic medications are baclofen, 
tizanidine, botulinum toxin, benzodiazepine, dantrolene 
sodium, gabapentin and pregabalin. Baclofen is a 
gamma-aminobutyric acid (GABA) agonist. It inhibits 
the excitatory activity at the spinal reflexes. In addition to 
an oral form, baclofen has been reported to effectively 
manage spasticity when used intrathecally. The use of  
baclofen can be limited because of  its adverse effects 
(e.g., sedation, fatique, drowsiness, ataxia and mental 
confusion)[55,59]. 

Tizanidin is a centrally acting α2-adrenergic agonist 
involved in presynaptic inhibition[13]. Mirbagheri et al[60] 
reported that tizanidine acts to reduce reflex mechanical 
responses substantially without inducing comparable 
changes in intrinsic muscle properties in individuals with 
SCI. 

Botulinum toxin is an injectible medication that acts 
on the neuromuscular junction to inhibit the release 
of  acetylcholine. A chemical denervation occurs with 
botulinum toxin in intrafusal and extrafusal muscle 
fibers and its effect is reversible. The major side effect 
is excessive weakness of  the treated muscle. Another 
antispastic medication is benzodiazepine. The presumed 
action mechanism of  benzodiazepines is to enhance the 
binding efficacy of  GABAA receptors. Dantrolene sodium 
is a unique agent that affects the level of  skeletal muscles 
directly but it tends to cause generalized weakness of  
muscles, which can affect the patient’s participation in a 
rehabilitation program[55]. 

Gabapentin and pregabalin were developed for the 
treatment of  epilepsy but are widely used for the treatment 
of  neuropathic pain. Their mechanisms of  action require 
the binding to the high affinity α2- delta subunit protein of  
the voltage gated Ca2+ channels, thereby decreasing release 
of  excitatory neurotransmitters in the central nervous 
system[55]. 

Chemical neurolysis is usually used for localized 
spasticity. In this intervention, phenol or ethanol solution is 
used to constitute a nonselective destruction of  the nerve 
axon or motor point that can decrease spasticity. Poor 
localization of  the nerve or an inadequate dose causes 

treatment failure[13,58]. 
Surgical approaches include many orthopedic procedures 

(e.g., tendon extension, tendon plasty or osteotomy) and the 
ablation of  motor nerves and/or rhizotomy of  sensory spinal 
roots. Surgical treatment of  spasticity leads to irreversible 
changes and can often be avoided if  other methods are used 
at an early stage[57,58]. 

PAIN SYNDROMES
Chronic pain is one of  the frequent secondary complications 
for individuals with SCI, with up to 80% of  patients with 
SCI reported to suffer from it[61]. Chronic pain may lead 
to functional disability and emotional discomfort and may 
impact negatively on community participation and quality of  
life[13,62]. 

The International Association for the Study of  Pain has 
proposed a taxonomy of  pain with a tiered classification of  
pain related to SCI in which pain types are divided into two 
main groups: nociceptive (musculoskeletal or visceral) and 
neuropathic (either above level, at level or below level of  
injury)[63].

Nociceptive pain
After SCI, chronic musculoskeletal pain, a type of  
nociceptive pain, may occur with abnormal posture, gait 
and overuse of  structures such as the arm and shoulder. 
For example, using a manually operated wheelchair 
increases the risk of  developing shoulder pain. Carpal 
tunnel syndrome and ulnar nerve entrapment at the 
cubital tunnel and Guyon canal are also seen. Muscle 
spasm pain is another type of  musculoskeletal pain that is 
often seen in patients with incomplete SCI[2,13,61,63].

Visceral pain is a less distinct category of  SCI-related 
pain. It arises from damage, irritation or distention of  
internal organs. This type of  pain is reported in 15% of  
patients with chronic SCI[2,13].

Neuropathic pain
Neuropathic pain can occur above the level, at the level 
or below the level of  injury. Above the level neuropathic 
pain may arise from complex regional pain syndromes and 
compressive mononeuropathies. At the level neuropathic 
pain may be due to damage to either nerve roots or the 
spinal cord itself. In the presence of  late onset neuropathic 
pain, post-traumatic syringomyelia must be considered[61,63]. 

Below the level neuropathic pain is also referred to 
as central dysesthesia syndrome or deafferentation pain 
and often presents diffusely caudal to the level of  SCI. It 
is generally characterized as a burning, aching, tingling or 
stabbing sensation[63]. 

Identifying the characteristic features of  pain is 
important for determining suitable treatment. 

Pain treatment
The use of  simple analgesics, non-steroidal anti-inflammatory 
drugs and opioids are frequently reported for treatment of  
patients with musculoskeletal pain after SCI[2,61,63,64]. Pain 
relief  medication combined with non-pharmacological 
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treatment such as physiotherapy is also reported[61]. 
Neuropathic pain relief  in patients with SCI can be 

complex and requires a multifaceted approach. Medications, 
surgical interventions, the use of  modalities and psychoth-
erapy are included in this approach[2]. 

In the literature, the use of  anticonvulsants[65-67], 
antidepressants[68,69], opioid and other analgesics[64,70-72] and 
antispasticity medications[73] were reported with different 
effects on neuropathic pain relief  of  SCI patients. It is 
also reported that nonpharmacological treatment such as 
transcutaneous electrical nerve stimulation, acupuncture, 
spinal cord stimulation and surgical procedures may be 
effective for some patients with SCI-related neuropathic 
pain[63]. 

PRESSURE ULCERS
Pressure ulcers are an important and potentially life-
threatening secondary complication of  SCI. They can lead 
to further functional disability and fatal infections and 
surgical interventions can be required[74]. Diseases of  skin 
(including pressure ulcers) were reported as the second 
most common etiology for rehospitalization at most time 
intervals (years 1, 10, 15, 20) in a multicenter analysis with 
SCI patients[75]. 

Pressure ulcers have been defined as a localized 
injury to the skin and/or underlying tissue, usually over 
a bony prominence, as a result of  pressure or pressure in 
combination with shear[76]. 

A common classification system for pressure ulcers has 
been developed by the National Pressure Ulcer Advisory 
Panel (NPUAP) and European Pressure Ulcer Advisory 
Panel (EPUAP). They have agreed on four levels of  injury 
which range in severity from category/stage Ⅰ (intact 
skin with non-blanchable erythema) to category/stage 
Ⅳ (full thickness tissue loss). Recognizing that the terms 
unclassified/unstageable and deep tissue injury are 
generally graded as “Ⅳ” in Europe, NPUAP has agreed 
to put them separately (table 1)[76]. 

It is reported that the most common locations for 
pressure ulcers after 2 years of  SCI are the ischium (31%), 
trochanters (26%), sacrum (18%), heel (5%), malleolus 
(4%) and feet (2%)[3]. Hoff  et al[77] also reported that 
risk factors for pressure ulcers are immobility, reduced 
activity, lack of  sensibility, moisture due to urinary and 
fecal incontinence, muscle atrophy, prolonged time since 
injury, depression, smoking and poor nutrition. 

Prevention of  pressure ulcers begins at the time of  
injury and is a lifelong commitment for those living with 
SCI or their caregivers[74]. Pressure ulcer management 
includes daily inspection of  skin, keeping skin clean 
and dry, avoidance of  excessive pressure or shearing, 
proper pressure relief  techniques, individually prescribed 
equipment (e.g., wheelchair cushions), well-balanced 
nutrition, early recognition and treatment[74,75]. 

A treatment plan for pressure ulcer following SCI 
outlined in the Consortium Guideline includes cleansing, 
debridement (autolytic, enzymatic, mechanical, sharp, 

  Category/stageⅠ: Non-blanchable erythema
     Intact skin with non-blanchable redness of a localized area usually over a bony prominence. Darkly pigmented skin may not have visible blanching;  
     its color may differ from the surrounding area. The area may be painful, firm, soft, warmer or cooler as compared to adjacent tissue. Category I may be   
     difficult to detect in individuals with dark skin tones. May indicate “at risk” persons
  Category/stage Ⅱ: partial thickness
     Partial thickness loss of dermis presenting as a shallow open ulcer with a red pink wound bed, without slough. May also present as an intact or open/
     ruptured serum-filled or sero-sanginous filled blister. Presents as a shiny or dry shallow ulcer without slough or bruising1. This category should not be 
     used to describe skin tears, tape burns, incontinence associated dermatitis, maceration or excoriation
  Category/stage Ⅲ: Full thickness skin loss
     Full thickness tissue loss. Subcutaneous fat may be visible but bone, tendon or muscle are not exposed. Slough may be present but does not obscure 
     the depth of tissue loss. May include undermining and tunneling. The depth of a Category/Stage Ⅲ pressure ulcer varies by anatomical location. The 
     bridge of the nose, ear, occiput and malleolus do not have (adipose) subcutaneous tissue and Category/Stage Ⅲ ulcers can be shallow. In contrast, areas 
     of significant adiposity can develop extremely deep Category/Stage Ⅲ pressure ulcers. Bone/tendon is not visible or directly palpable
  Category/Stage Ⅳ: Full thickness tissue loss
     Full thickness tissue loss with exposed bone, tendon or muscle. Slough or eschar may be present. Often includes undermining and tunneling. The depth 
     of a Category/Stage Ⅳ pressure ulcer varies by anatomical location. The bridge of the nose, ear, occiput and malleolus do not have (adipose) 
     subcutaneous tissue and these ulcers can be shallow. Category/Stage Ⅳ ulcers can extend into muscle and/or supporting structures (e.g., fascia, tendon 
     or joint capsule) making osteomyelitis or osteitis likely to occur. Exposed bone/muscle is visible or directly palpable
  Additional categories/Stages for the United States
  Unstageable/unclassified: Full thickness skin or tissue loss - depth unknown
     Full thickness tissue loss in which actual depth of the ulcer is completely obscured by slough (yellow, tan, gray, green or brown) and/or eschar (tan, 
     brown or black) in the wound bed. Until enough slough and/or eschar are removed to expose the base of the wound, the true depth cannot be 
     determined but it will be either a Category/Stage Ⅲ or Ⅳ. Stable (dry, adherent, intact without erythema or fluctuance) eschar on the heels serves as “the 
     body’s natural (biological) cover” and should not be removed
  Suspected deep tissue injury - depth unknown
     Purple or maroon localized area of discolored intact skin or blood-filled blister due to damage of underlying soft tissue from pressure and/or shear. The
     area may be preceded by tissue that is painful, firm, mushy, boggy, warmer or cooler as compared to adjacent tissue. Deep tissue injury may be difficult 
     to detect in individuals with dark skin tones. Evolution may include a thin blister over a dark wound bed. The wound may further evolve and become 
     covered by thin eschar.  Evolution may be rapid exposing additional layers of tissue even with optimal treatment

Table 1  Classification of pressure ulcers[76]

1Bruising indicates deep tissue injury.
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surgical), dressing (transparent films, hydrocolloids, 
hydrogels, foams, alginates, gauze dressings), nutritional 
support, management of  tissue loads (bed positioning, 
using pressure-reducing bed and wheelchair support 
surfaces, avoiding the individual’s postural alignment) and 
surgery[78]. 

Furthermore, Regan et al[74] reported that there was 
level 1 evidence to support the use of  electrical stimulation, 
ultrasound/ultraviolet light C and non-thermal pulsed 
electromagnetic energy treatment as adjunctive therapies to 
standard wound management. 

OSTEOPOROSIS AND BONE FRACTURES
Osteoporosis, a condition characterized by low bone 
mass and deterioration of  the skeletal microarchitecture, 
is a well-known complication of  SCI[79]. It occurs rapidly 
in the first 12-18 mo but continues for several years[62]. 
A significant decrease in bone mineral density has been 
reported in chronic SCI patients[80-82]. 

The mechanism involved in the development of  
SCI-induced osteoporosis is complex and multifactorial. 
Disuse may play an important role in the pathogenesis of  
osteoporosis but non-mechanical factors also appear to be 
important. These factors may include insufficient nutritional 
support, disordered vasoregulation, hypercortisolism (either 
therapeutic or stress-related), alterations in gonadal function 
and other endocrine disorders[79]. 

Bone loss after SCI leads to increased risk of  low 
impact fractures (those occurring spontaneously or from a 
transfer from bed to chair)[83]. The most common fracture 
sites appear to be those around the knee, such as the distal 
femur or proximal tibia[82-85]. A number of  factors appear to 
have an influence on bone mass in patients with SCI. The 
level of  the lesion, the extent of  functional impairment, 
muscular loading of  the bones, the duration of  injury and 
aging are included in these factors. The degree of  bone 
loss may be more severe in patients with complete SCI 
than with incomplete SCI[79,84]. The bone mass tends to 
reduce with increasing time post-injury and age in patients 
with SCI[79,86]. Muscular loading of  the bones has been 
considered to play a role in the maintenance of  bone 
density[79]. 

There is generally no standardized treatment guidelines 
for management of  osteoporosis in patients with SCI[83,87]. 
In the literature, pharmacological and rehabilitation-
oriented approachs were reported[79,84]. 

Pharmacological interventions for osteoporosis after 
SCI have focused on reversing bone resorption[88]. The 
bisphosphonates, the most studied pharmacological agents 
in the treatment of  SCI-induced osteoporosis. They 
strongly inhibit bone resorption (79). The efficacy of  
bisphosphonates to decrease bone loss has been reported 
in both the acute and chronic period[85]. 

Gilchrist et al[88] concluded that alendronate 70 mg 
orally per week for 1 year initiated soon after acute SCI 
prevents bone loss. Zehnder et al[89] also reported that 
SCI bone loss was stopped at all measured cortical and 
trabecular infralesional sites over 2 years with alendronate 

10 mg daily in a group of  paraplegic men. 
In a recent study, zoledronic acid, the newest generation 

of  bisphosphonates, was reported to be an effective and 
well-tolerated treatment to prevent bone mineral density 
loss at the total hip and trochanter for up to 1 year following 
SCI[90]. 

Non-pharmacological treatment methods such as 
standing-up, orthotically aided walking, weight - bearing 
physical exercises, functional electrical stimulation and 
pulsed electromagnetic fields have been studied in the 
literature. Charmetant et al reported that mechanical and 
rehabilitational approach aimed at stimulating sublesional 
bone segments may be a useful adjunct to drug treatment. 
In various studies standing-up and orthotically-aided 
walking seem to have a favorable effect during the early 
phase of  SCI[79,84,91,92].

REFERENCES
1	 Myers J, Lee M, Kiratli J. Cardiovascular disease in spinal 

cord injury: an overview of prevalence, risk, evaluation, and 
management. Am J Phys Med Rehabil 2007; 86: 142-152 [PMID: 
17251696 DOI: 10.1097/PHM.0b013e31802f0247]

2	 Chiodo AE, Scelza WM, Kirshblum SC, Wuermser LA, 
Ho CH, Priebe MM. Spinal cord injury medicine. 5. Long-
term medical issues and health maintenance. Arch Phys Med 
Rehabil 2007; 88: S76-S83 [PMID: 17321853 DOI: 10.1016/
j.apmr.2006.12.015]

3	 McKinley WO, Jackson AB, Cardenas DD, DeVivo MJ. 
Long-term medical complications after traumatic spinal cord 
injury: a regional model systems analysis. Arch Phys Med 
Rehabil 1999; 80: 1402-1410 [PMID: 10569434]

4	 Tollefsen E, Fondenes O. Respiratory complications associated 
with spinal cord injury. Tidsskr Nor Laegeforen 2012; 132: 
1111-1114 [PMID: 22614314 DOI: 10.40451/tidsskr.10.0922]

5	 Garshick E, Kelley A, Cohen SA, Garrison A, Tun CG, 
Gagnon D, Brown R. A prospective assessment of mortality 
in chronic spinal cord injury. Spinal Cord 2005; 43: 408-416 
[PMID: 15711609 DOI: 10.1038/sj.sc.3101729]

6	 Linn WS, Adkins RH, Gong H, Waters RL. Pulmonary 
function in chronic spinal cord injury: a cross-sectional 
survey of 222 southern California adult outpatients. Arch 
Phys Med Rehabil 2000; 81: 757-763 [PMID: 10857520 DOI: 
10.1016/S0003-9993(00)90107-2]

7	 Stepp EL, Brown R, Tun CG, Gagnon DR, Jain NB, Garshick E. 
Determinants of lung volumes in chronic spinal cord injury. 
Arch Phys Med Rehabil 2008; 89: 1499-1506 [PMID: 18674986 
DOI: 10.1016/j.apmr.2008.02.018]

8	 Zimmer MB, Nantwi K, Goshgarian HG. Effect of spinal cord 
injury on the respiratory system: basic research and current 
clinical treatment options. J Spinal Cord Med 2007; 30: 319-330 
[PMID: 17853653]

9	 Winslow C, Rozovsky J. Effect of spinal cord injury on the 
respiratory system. Am J Phys Med Rehabil 2003; 82: 803-814 
[PMID: 14508412]

10	 Brown R, DiMarco AF, Hoit JD, Garshick E. Respiratory 
dysfunction and management in spinal cord injury. Respir 
Care 2006; 51: 853-868; discussion 869-870 [PMID: 16867197]

11	 Short DJ, Stradling JR, Williams SJ. Prevalence of sleep 
apnoea in patients over 40 years of age with spinal cord 
lesions. J Neurol Neurosurg Psychiatry 1992; 55: 1032-1036 
[PMID: 1469399]

12	 Ayas NT, Epstein LJ, Lieberman SL, Tun CG, Larkin EK, 
Brown R, Garshick E. Predictors of loud snoring in persons 
with spinal cord injury. J Spinal Cord Med 2001; 24: 30-34 
[PMID: 11587432]

Sezer N et al . Chronic complications of SCI



31 January 18, 2015|Volume 6|Issue 1|WJO|www.wjgnet.com

13	 McKinley WO, Gittler MS, Kirshblum SC, Stiens SA, Groah 
SL. Spinal cord injury medicine. 2. Medical complications 
after spinal cord injury: Identification and management. Arch 
Phys Med Rehabil 2002; 83: S58-S64, S90-S98 [PMID: 11973698]

14	 Chen D ,  Apple DF, Hudson LM, Bode R. Medical 
complications during acute rehabilitation following spinal 
cord injury--current experience of the Model Systems. Arch 
Phys Med Rehabil 1999; 80: 1397-1401 [PMID: 10569433]

15	 DeVivo MJ, Krause JS, Lammertse DP. Recent trends in 
mortality and causes of death among persons with spinal 
cord injury. Arch Phys Med Rehabil 1999; 80: 1411-1419 [PMID: 
10569435]

16	 DeVivo MJ, Black KJ, Stover SL. Causes of death during the 
first 12 years after spinal cord injury. Arch Phys Med Rehabil 
1993; 74: 248-254 [PMID: 8439250]

17	 Hagen EM ,  Rekand T, Grønning M, Færestrand S. 
Cardiovascular complications of spinal cord injury. Tidsskr 
Nor Laegeforen 2012; 132: 1115-1120 [PMID: 22614315 DOI: 
10.4045/tidsskr.11.0551]

18	 Phillips WT, Kiratli BJ, Sarkarati M, Weraarchakul G, Myers 
J, Franklin BA, Parkash I, Froelicher V. Effect of spinal cord 
injury on the heart and cardiovascular fitness. Curr Probl 
Cardiol 1998; 23: 641-716 [PMID: 9830574]

19	 Hagen EM, Faerestrand S, Hoff JM, Rekand T, Gronning M. 
Cardiovascular and urological dysfunction in spinal cord 
injury. Acta Neurol Scand Suppl 2011; (191): 71-78 [PMID: 
21711260 DOI: 10.1111/j.1600-0404.2011.01547.x]

20	 Sidorov EV, Townson AF, Dvorak MF, Kwon BK, Steeves J, 
Krassioukov A. Orthostatic hypotension in the first month 
following acute spinal cord injury. Spinal Cord 2008; 46: 65-69 
[PMID: 17420772 DOI: 10.1038/sj.sc.3102064]

21	 Harkema SJ, Ferreira CK, van den Brand RJ, Krassioukov 
AV. Improvements in orthostatic instability with stand 
locomotor training in individuals with spinal cord injury. 
J Neurotrauma 2008; 25: 1467-1475 [PMID: 19118454 DOI: 
10.1089/neu.2008.0572]

22	 Consensus statement on the definition of orthostatic 
hypotension, pure autonomic failure, and multiple system 
atrophy. The Consensus Committee of the American 
Autonomic Society and the American Academy of 
Neurology. Neurology 1996; 46: 1470 [PMID: 8628505]

23	 Krassioukov A, Eng JJ, Warburton DE, Teasell R. A 
systematic review of the management of orthostatic 
hypotension after spinal cord injury. Arch Phys Med 
Rehabil 2009; 90: 876-885 [PMID: 19406310 DOI: 10.1016/
j.apmr.2009.01.009]

24	 Mathias CJ, Frankel HL. Autonomic disturbances in spinal 
cord lesions. In Mathias CJ, Bannister R (eds). Autonomic 
failure: a textbook of clinical disorders of the autonomic 
nervous system. Oxford: Oxford University Press, 2002

25	 Krassioukov AV, Karlsson AK, Wecht JM, Wuermser LA, 
Mathias CJ, Marino RJ. Assessment of autonomic dysfunction 
following spinal cord injury: rationale for additions to 
International Standards for Neurological Assessment. J 
Rehabil Res Dev 2007; 44: 103-112 [PMID: 17551864]

26	 Illman A, Stiller K, Williams M. The prevalence of orthostatic 
hypotension during physiotherapy treatment in patients 
with an acute spinal cord injury. Spinal Cord 2000; 38: 741-747 
[PMID: 11175374]

27	 Sisto SA, Lorenz DJ, Hutchinson K, Wenzel L, Harkema SJ, 
Krassioukov A. Cardiovascular status of individuals with 
incomplete spinal cord injury from 7 NeuroRecovery Network 
rehabilitation centers. Arch Phys Med Rehabil 2012; 93: 1578-1587 
[PMID: 22920455 DOI: 10.1016/j.apmr.2012.04.033]

28	 Popa C, Popa F, Grigorean VT, Onose G, Sandu AM, Popescu 
M, Burnei G, Strambu V, Sinescu C. Vascular dysfunctions 
following spinal cord injury. J Med Life 2010; 3: 275-285 [PMID: 
20945818]

29	 Bryce TN, Ragnarsson KT, Stein AB. Spinal Cord Injury, 
In: Randall L. Braddom, editor: Physical Medicine and 

Rehabilitation. 3th edition. USA: Elsevier Inc, 2007: 1285-1349
30	 Krassioukov A, Warburton DE, Teasell R, Eng JJ. A systematic 

review of the management of autonomic dysreflexia after spinal 
cord injury. Arch Phys Med Rehabil 2009; 90: 682-695 [PMID: 
19345787 DOI: 10.1016/j.apmr.2008.10.017]

31	 Blackmer J .  Rehabilitation medicine: 1. Autonomic 
dysreflexia. CMAJ 2003; 169: 931-935 [PMID: 14581313]

32	 Somani BK. Autonomic dysreflexia: a medical emergency 
with spinal cord injury. Int J Clin Pract 2009; 63: 350-352 
[PMID: 19222620 DOI: 10.1111/j.1742-1241.2008.01844.x]

33	 Shergill IS, Arya M, Hamid R, Khastgir J, Patel HR, Shah PJ. 
The importance of autonomic dysreflexia to the urologist. 
BJU Int 2004; 93: 923-926 [PMID: 15142138 DOI: 10.1111/
j.1464-410x.2003.04756.x]

34	 Vaidyanathan S, Soni B, Oo T, Hughes P, Singh G, Pulya 
K. Autonomic dysreflexia in a tetraplegic patient due to a 
blocked urethral catheter: spinal cord injury patients with 
lesions above T-6 require prompt treatment of an obstructed 
urinary catheter to prevent life-threatening complications 
of autonomic dysreflexia. Int J Emerg Med 2012; 5: 6 [PMID: 
22296914 DOI: 10.1186/1865-1380-5-6]

35	 Paralyzed Veterans of America/Consortium for Spinal Cord 
Medicine: Acute management of autonomic dysreflexia: 
Individuals with spinal cord injury presenting to health 
carte facilities. 2nd ed. Washington DC: Paralyzed Veterans of 
America (PVA), 2001: 29

36	 Benevento BT, Sipski ML. Neurogenic bladder, neurogenic 
bowel, and sexual dysfunction in people with spinal cord 
injury. Phys Ther 2002; 82: 601-612 [PMID: 12036401]

37	 Jeong SJ, Cho SY, Oh SJ. Spinal cord/brain injury and the 
neurogenic bladder. Urol Clin North Am 2010; 37: 537-546 
[PMID: 20955905 DOI: 10.1016/j.ucl.2010.06.005]

38	 Alexander MS, Biering-Sorensen F, Bodner D, Brackett NL, 
Cardenas D, Charlifue S, Creasey G, Dietz V, Ditunno J, 
Donovan W, Elliott SL, Estores I, Graves DE, Green B, Gousse 
A, Jackson AB, Kennelly M, Karlsson AK, Krassioukov A, 
Krogh K, Linsenmeyer T, Marino R, Mathias CJ, Perkash I, 
Sheel AW, Schilero G, Schurch B, Sonksen J, Stiens S, Wecht 
J, Wuermser LA, Wyndaele JJ. International standards to 
document remaining autonomic function after spinal cord 
injury. Spinal Cord 2009; 47: 36-43 [PMID: 18957962 DOI: 
10.1038/sc.2008.121]

39	 Ku JH. The management of neurogenic bladder and quality 
of life in spinal cord injury. BJU Int 2006; 98: 739-745 [PMID: 
16978269]

40	 Weld KJ, Dmochowski RR. Effect of bladder management 
on urological complications in spinal cord injured patients. J 
Urol 2000; 163: 768-772 [PMID: 10687973]

41	 Shen L, Zheng X, Zhang C, Zeng B, Hou C. Influence of 
different urination methods on the urinary systems of 
patients with spinal cord injury. J Int Med Res 2012; 40: 
1949-1957 [PMID: 23206478]

42	 Fonte N. Urological care of the spinal cord-injured patient. J 
Wound Ostomy Continence Nurs 2008; 35: 323-331; quiz 332-333 
[PMID: 18496090 DOI: 10.1097/01.WON.0000319132.29478]

43	 Singh R, Rohilla RK, Sangwan K, Siwach R, Magu NK, 
Sangwan SS. Bladder management methods and urological 
complications in spinal cord injury patients. Indian J Orthop 
2011; 45: 141-147 [PMID: 21430869 DOI: 10.4103/0019-51413.7
7134]

44	 Krassioukov A, Eng JJ, Claxton G, Sakakibara BM, Shum 
S. Neurogenic bowel management after spinal cord injury: 
a systematic review of the evidence. Spinal Cord 2010; 48: 
718-733 [PMID: 20212501 DOI: 10.1038/sc.2010.14]

45	 Liu CW, Huang CC, Yang YH, Chen SC, Weng MC, Huang 
MH. Relationship between neurogenic bowel dysfunction 
and health-related quality of life in persons with spinal cord 
injury. J Rehabil Med 2009; 41: 35-40 [PMID: 19197567 DOI: 
10.2340/16501977-0277]

46	 Liu CW, Huang CC, Chen CH, Yang YH, Chen TW, Huang 

Sezer N et al . Chronic complications of SCI



32 January 18, 2015|Volume 6|Issue 1|WJO|www.wjgnet.com

MH. Prediction of severe neurogenic bowel dysfunction in 
persons with spinal cord injury. Spinal Cord 2010; 48: 554-559 
[PMID: 20065986 DOI: 10.1038/sc.2009.181]

47	 Stiens SA, Bergman SB, Goetz LL. Neurogenic bowel 
dysfunction after spinal cord injury: clinical evaluation and 
rehabilitative management. Arch Phys Med Rehabil 1997; 78: 
S86-102 [PMID: 9084372]

48	 Ebert E. Gastrointestinal involvement in spinal cord injury: 
a clinical perspective. J Gastrointestin Liver Dis 2012; 21: 75-82 
[PMID: 22457863]

49	 Cameron KJ, Nyulasi IB, Collier GR, Brown DJ. Assessment 
of the effect of increased dietary fibre intake on bowel 
function in patients with spinal cord injury. Spinal Cord 1996; 
34: 277-283 [PMID: 8963975]

50	 Ayaş S, Leblebici B, Sözay S, Bayramoğlu M, Niron EA. The 
effect of abdominal massage on bowel function in patients 
with spinal cord injury. Am J Phys Med Rehabil 2006; 85: 
951-955 [PMID: 17117000]

51	 Korsten MA, Singal AK, Monga A, Chaparala G, Khan AM, 
Palmon R, Mendoza JR, Lirio JP, Rosman AS, Spungen A, 
Bauman WA. Anorectal stimulation causes increased colonic 
motor activity in subjects with spinal cord injury. J Spinal 
Cord Med 2007; 30: 31-35 [PMID: 17385267]

52	 Coggrave MJ, Norton C. The need for manual evacuation 
and oral laxatives in the management of neurogenic bowel 
dysfunction after spinal cord injury: a randomized controlled 
trial of a stepwise protocol. Spinal Cord 2010; 48: 504-510 
[PMID: 19949417 DOI: 10.1038/sc.2009.166]

53	 Faaborg PM, Christensen P, Kvitsau B, Buntzen S, Laurberg S, 
Krogh K. Long-term outcome and safety of transanal colonic 
irrigation for neurogenic bowel dysfunction. Spinal Cord 2009; 
47: 545-549 [PMID: 19104513 DOI: 10.1038/sc.2008.159]

54	 Frisbie JH. Improved bowel care with a polyethylene glycol 
based bisacadyl suppository. J Spinal Cord Med 1997; 20: 
227-229 [PMID: 9144613]

55	 Rabchevsky AG, Kitzman PH. Latest approaches for the 
treatment of spasticity and autonomic dysreflexia in chronic 
spinal cord injury. Neurotherapeutics 2011; 8: 274-282 [PMID: 
21384222 DOI: 10.1007/s13311-011-0025-5]

56	 Gorgey AS, Chiodo AE, Zemper ED, Hornyak JE, Rodriguez 
GM, Gater DR. Relationship of spasticity to soft tissue body 
composition and the metabolic profile in persons with 
chronic motor complete spinal cord injury. J Spinal Cord Med 
2010; 33: 6-15 [PMID: 20397439]

57	 Rekand T, Hagen EM, Grønning M. Spasticity following 
spinal cord injury. Tidsskr Nor Laegeforen 2012; 132: 970-973 
[PMID: 22562332 DOI: 10.4045/tidsskr.10.0872]

58	 Elbasiouny SM, Moroz D, Bakr MM, Mushahwar VK. 
Management of spasticity after spinal cord injury: current 
techniques and future directions. Neurorehabil Neural Repair 2010; 
24: 23-33 [PMID: 19723923 DOI: 10.1177/1545968309343213]

59	 Saval A, Chiodo AE. Intrathecal baclofen for spasticity 
management: a comparative analysis of spasticity of spinal 
vs cortical origin. J Spinal Cord Med 2010; 33: 16-21 [PMID: 
20397440]

60	 Mirbagheri MM, Chen D, Rymer WZ. Quantification of the 
effects of an alpha-2 adrenergic agonist on reflex properties 
in spinal cord injury using a system identification technique. 
J Neuroeng Rehabil 2010; 7: 29 [PMID: 20573252 DOI: 
10.1186/1743-0003-7-29]

61	 Rekand T, Hagen EM, Grønning M. Chronic pain following 
spinal cord injury. Tidsskr Nor Laegeforen 2012; 132: 974-979 
[PMID: 22562333 DOI: 10.4045/tidsskr.11.0794]

62	 Middleton JW, Leong G, Mann L. Management of spinal 
cord injury in general practice - part 2. Aust Fam Physician 
2008; 37: 331-32, 335-338 [PMID: 18464962]

63	 Siddall PJ, Middleton JW. A proposed algorithm for the 
management of pain following spinal cord injury. Spinal Cord 
2006; 44: 67-77 [PMID: 16116488]

64	 Cardenas DD, Jensen MP. Treatments for chronic pain in 

persons with spinal cord injury: A survey study. J Spinal Cord 
Med 2006; 29: 109-117 [PMID: 16739554]

65	 Levendoglu F, Ogün CO, Ozerbil O, Ogün TC, Ugurlu 
H. Gabapentin is a first line drug for the treatment of 
neuropathic pain in spinal cord injury. Spine (Phila Pa 1976) 
2004; 29: 743-751 [PMID: 15087796]

66	 Tai Q, Kirshblum S, Chen B, Millis S, Johnston M, DeLisa 
JA. Gabapentin in the treatment of neuropathic pain after 
spinal cord injury: a prospective, randomized, double-blind, 
crossover trial. J Spinal Cord Med 2002; 25: 100-105 [PMID: 
12137213]

67	 Siddall PJ, Cousins MJ, Otte A, Griesing T, Chambers R, 
Murphy TK. Pregabalin in central neuropathic pain associated 
with spinal cord injury: a placebo-controlled trial. Neurology 
2006; 67: 1792-1800 [PMID: 17130411]

68	 Sandford PR, Lindblom LB, Haddox JD. Amitriptyline and 
carbamazepine in the treatment of dysesthetic pain in spinal 
cord injury. Arch Phys Med Rehabil 1992; 73: 300-301 [PMID: 
1543437]

69	 Rintala DH, Holmes SA, Courtade D, Fiess RN, Tastard LV, 
Loubser PG. Comparison of the effectiveness of amitriptyline 
and gabapentin on chronic neuropathic pain in persons with 
spinal cord injury. Arch Phys Med Rehabil 2007; 88: 1547-1560 
[PMID: 18047869]

70	 Norrbrink C, Lundeberg T. Tramadol in neuropathic pain 
after spinal cord injury: a randomized, double-blind, placebo-
controlled trial. Clin J Pain 2009; 25: 177-184 [PMID: 19333166 
DOI: 10.1097/AJP.06013e318180744d]

71	 Kvarnström A, Karlsten R, Quiding H, Gordh T. The 
analgesic effect of intravenous ketamine and lidocaine on 
pain after spinal cord injury. Acta Anaesthesiol Scand 2004; 48: 
498-506 [PMID: 15025615]

72	 Sandford PR, Benes PS. Use of capsaicin in the treatment of 
radicular pain in spinal cord injury. J Spinal Cord Med 2000; 
23: 238-243 [PMID: 17536293]

73	 Herman RM, D’Luzansky SC, Ippolito R. Intrathecal baclofen 
suppresses central pain in patients with spinal lesions. A pilot 
study. Clin J Pain 1992; 8: 338-345 [PMID: 1493344]

74	 Regan MA, Teasell RW, Wolfe DL, Keast D, Mortenson WB, 
Aubut JA. A systematic review of therapeutic interventions 
for pressure ulcers after spinal cord injury. Arch Phys Med 
Rehabil 2009; 90: 213-231 [PMID: 19236976 DOI: 10.1016/
j.apmr.2008.08.212]

75	 Cardenas DD, Hoffman JM, Kirshblum S, McKinley W. 
Etiology and incidence of rehospitalization after traumatic 
spinal cord injury: a multicenter analysis. Arch Phys Med 
Rehabil 2004; 85: 1757-1763 [PMID: 15520970 DOI: 10.1016/
j.apmr.2004.03.016]

76	 European Pressure Ulcer Advisory Panel and National 
Pressure Ulcer Advisory Panel Prevention and Treatment of 
Pressure Ulcers: Quick Reference Quide. Washington DC: 
National Advisory Panel, 2009

77	 Hoff JM, Bjerke LW, Gravem PE, Hagen EM, Rekand 
T. [Pressure ulcers after spinal cord injury]. Tidsskr Nor 
Laegeforen 2012; 132: 838-839 [PMID: 22511098 DOI: 10.4045/
tidsskr.10.0878]

78	 Consortium for Spinal Cord Medicine Clinical Practice 
Guidelines. Pressure ulcer prevention and treatment 
following spinal cord injury: a clinical practice guideline for 
health-care professionals. J Spinal Cord Med 2001; 24 Suppl 1: 
S40-101 [PMID: 11958176]

79	 Jiang SD, Dai LY, Jiang LS. Osteoporosis after spinal cord 
injury. Osteoporos Int 2006; 17: 180-192 [PMID: 16217589 DOI: 
10.1007/s00198-005-2028-8]

80	 Lazo MG, Shirazi P, Sam M, Giobbie-Hurder A, Blacconiere 
MJ, Muppidi M. Osteoporosis and risk of fracture in men 
with spinal cord injury. Spinal Cord 2001; 39: 208-214 [PMID: 
11420736]

81	 Vlychou M, Papadaki PJ, Zavras GM, Vasiou K, Kelekis N, 
Malizos KN, Fezoulidis IB. Paraplegia-related alterations of 

Sezer N et al . Chronic complications of SCI



33 January 18, 2015|Volume 6|Issue 1|WJO|www.wjgnet.com

bone density in forearm and hip in Greek patients after spinal 
cord injury. Disabil Rehabil 2003; 25: 324-330 [PMID: 12745956 
DOI: 10.1080/0963828021000043770]

82	 Zehnder Y, Lüthi M, Michel D, Knecht H, Perrelet R, Neto 
I, Kraenzlin M, Zäch G, Lippuner K. Long-term changes 
in bone metabolism, bone mineral density, quantitative 
ultrasound parameters, and fracture incidence after spinal 
cord injury: a cross-sectional observational study in 100 
paraplegic men. Osteoporos Int 2004; 15: 180-189 [PMID: 
14722626 DOI: 10.1007/s00198-003-1529-6]

83	 Morse LR, Giangregorio L, Battaglino RA, Holland R, Craven 
BC, Stolzmann KL, Lazzari AA, Sabharwal S, Garshick E. 
VA-based survey of osteoporosis management in spinal cord 
injury. PM R 2009; 1: 240-244 [PMID: 19627901 DOI: 10.1016/
j.apmr.2008.10.008]

84	 Giangregorio L, McCartney N. Bone loss and muscle atrophy 
in spinal cord injury: epidemiology, fracture prediction, and 
rehabilitation strategies. J Spinal Cord Med 2006; 29: 489-500 
[PMID: 17274487]

85	 Morse LR, Battaglino RA, Stolzmann KL, Hallett LD, 
Waddimba A, Gagnon D, Lazzari AA, Garshick E. Osteoporotic 
fractures and hospitalization risk in chronic spinal cord 
injury. Osteoporos Int 2009; 20: 385-392 [PMID: 18581033 DOI: 
10.1007/s00198-008-0671-6]

86	 Maïmoun L, Fattal C, Micallef JP, Peruchon E, Rabischong P. 
Bone loss in spinal cord-injured patients: from physiopathology 
to therapy. Spinal Cord 2006; 44: 203-210 [PMID: 16158075 DOI: 
10.1038/sj.sc.3101832]

87	 Phaner V, Charmetant C, Condemine A, Fayolle-Minon 

I, Lafage-Proust MH, Calmels P. Osteoporosis in spinal 
cord injury. Screening and treatment. Results of a survey of 
physical medicine and rehabilitation physician practices in 
France. Proposals for action to be taken towards the screening 
and the treatment. Ann Phys Rehabil Med 2010; 53: 615-620 
[PMID: 21123130 DOI: 10.1016/j.rehab.2010.09.007]

88	 Gilchrist NL, Frampton CM, Acland RH, Nicholls MG, 
March RL, Maguire P, Heard A, Reilly P, Marshall K. 
Alendronate prevents bone loss in patients with acute spinal 
cord injury: a randomized, double-blind, placebo-controlled 
study. J Clin Endocrinol Metab 2007; 92: 1385-1390 [PMID: 
17227802 DOI: 10.1210/jc.2006-2013]

89	 Zehnder Y, Risi S, Michel D, Knecht H, Perrelet R, Kraenzlin M, 
Zäch GA, Lippuner K. Prevention of bone loss in paraplegics 
over 2 years with alendronate. J Bone Miner Res 2004; 19: 
1067-1074 [PMID: 15176988 DOI: 10.1359/JBMR.040313]

90	 Bubbear JS, Gall A, Middleton FR, Ferguson-Pell M, 
Swaminathan R, Keen RW. Early treatment with zoledronic 
acid prevents bone loss at the hip following acute spinal cord 
injury. Osteoporos Int 2011; 22: 271-279 [PMID: 20358358 DOI: 
10.1007/s00198-010-1221-6]

91	 Biering-Sørensen F, Hansen B, Lee BS. Non-pharmacological 
treatment and prevention of bone loss after spinal cord 
injury: a systematic review. Spinal Cord 2009; 47: 508-518 
[PMID: 19172152 DOI: 10.1038/sc.2008.177]

92	 Charmetant C, Phaner V, Condemine A, Calmels P. 
Diagnosis and treatment of osteoporosis in spinal cord injury 
patients: A literature review. Ann Phys Rehabil Med 2010; 53: 
655-668 [PMID: 21094110 DOI: 10.1016/j.rehab.2010.10.001]

P- Reviewer: Lykissas MG, Mori K    S- Editor:  Ma YJ    
L- Editor: Roemmele A    E- Editor: Wu HL

Sezer N et al . Chronic complications of SCI



                                      © 2015 Baishideng Publishing Group Inc. All rights reserved.

Published by Baishideng Publishing Group Inc
8226 Regency Drive, Pleasanton, CA 94588, USA

Telephone: +1-925-223-8242
Fax: +1-925-223-8243

E-mail: bpgoffice@wjgnet.com
Help Desk: http://www.wjgnet.com/esps/helpdesk.aspx

http://www.wjgnet.com


	24
	WJOv6i1-Back Cover

