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Epidemiology of traumatic spinal cord injury in New Zealand (2007–2016) 
Dr John Mitchell1, Dr Joanne  Nunnerley3, mrs tracey croot2, Mr Rowan schouten2, Mr  Alpesh Patel1 

1middlemore hospital, Auckland, New Zealand, 2Christchurch hospital, Christchurch, New Zealand, 3University of otago, 
Dunedin, New Zealand 

AIM: To investigate the epidemiology of traumatic spinal cord injury (TSCI) in New Zealand over a 10-year 
period. 
METHODS: Ambispective data of all new patients admitted to New Zealand’s two spinal rehabilitation 
units between January 2007 and December 2016 (n=929) were collated. Variables assessed included age at 
injury, gender, ethnicity, date of injury, aetiology, length of hospital stay, injury level, neurological status on 
discharge and discharge destination. 
RESULTS: The incidence of TSCI averaged 22 (95% CI 21–24) per million, increasing 6% a year. The average 
incidence for Māori (29 per million people (95% CI 25–34)) was 1.8 times higher than New Zealand 
European 
(16 per million people (95% CI 15–18)), and show an increase of 14% a year. The median age of TSCI 
increased from 43 to 48 years. Overall falls (32%), transport (32%) and sports (22%) were the most common 
causes of TSCI. Cervical TSCI (54%) were most common, particularly in older adults (70% over 75 years) and 
Māori (61%) and Pacific Island (72%) patients. Surgical rates remained stable (77%) but length of stay in 
hospital decreased over the study period. 
CONCLUSIONS: The demographic of TSCI is changing in New Zealand. The median age of patients is 
increasing, as is the incidence, particularly for women, older adults and Māori patients.
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Defining Baseline Blood Pressure in Persons with Spinal Cord Injury 
Dr Sungchul Huh1, Dr Eun-Ho Yu1, Dr So Jung Lee1, Dr Hyun-Yoon Ko1 

1Department of Rehabilitation Medicine, Pusan National University Yangsan Hospital, Yangsan, South Korea 

Introduction 
There are several possible factors that affect blood pressure (BP) in people with spinal cord injury (SCI). 
These factors include position, orthostatic and postprandial hypotension, diurnal hormonal change, 
neurologic level of injury (NLI), circadian rhythm and autonomic dysreflexia (AD). It is questionable when to 
measure baseline BP in SCI people especially in people with tetraplegia, but there are only few reports. The 
purpose of the current study is to define the optimal condition or timing for measuring baseline BP of SCI 
patients. 
 
Method 
Fourteen people with SCI (12 males and 2 females) with NLI above C8 showing AD symptoms were included. 
Real-time changes in BP during filling and emptying the bladder using the urethral catheterization were 
monitored using FinometerTM. To exclude the effects of orthostatic and postprandial hypotension, all 
participants were examined in the supine position 2 hours after meals. Because BP in people with 
tetraplegia dropped at night and increased at dawn, BP was measured during daytime. The saline infusion 
rate was set strictly as 24 mL/hr to avoid overactivity by rapid filling the bladder. We defined the duration of 
BP to be completely normalized from the peak BP point as Resolution Time (RT). We measured RT in all the 
subjects and analyzed using descriptive statistics. 
 
Results 
The demographic and descriptive data are listed in Table 1. As the patient’s bladder filled with normal 
saline, BP gradually increased to peak, and stabilized over time by emptying the bladders. Regardless of the 
clinical severity of AD or detrusor overactivity, all participants reached baseline BP after a certain period of 
time. RTs in the SCI people with detrusor overactivity showed an average of 9.41 ± 4.13 minutes. But people 
with non-overactive detrusor showed an average of 3.49 ± 2.40 minutes. The difference between two 
groups was statistically significant. 
 
Conclusion 
According to previous studies, BP measurement in patients with SCI is recommended in supine position, in 
daytime, more than 2 hours after the meal, and when the patient is free from AD symptoms. As AD 
symptoms are frequently mostly caused by bladder filling, we designed the study to determine when to 
measure BP after the onset of bladder emptying. Based on the results of the current study, we suggest 
measuring the baseline BP after at least 14 minutes from the start point of emptying the bladder in 
overactive detrusor group, and 6 minutes in non-overactive detrusor group. In the study, RT appeared to 
increase depending on detrusor overactivity. To determine the mean and maximum RT, according to the 
factors that may influencing the value, including AD severity or detrusor type, further studies with a larger 
sample size are needed. 
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Severity of Neurogenic Bowel Dysfunction and its Management in Patients 
with Spinal Cord Injury 
Dr So Jung Lee, Dr Sungchul Huh1, Dr Hyun-Yoon Ko1 

1Pusan National University Yangsan Hospital, Yangsan, South Korea 

Introduction 
Bowel dysfunction is a significant consequence of spinal cord injury (SCI), leading to fecal incontinence and 
constipation. Bowel management and its associated problems have increasingly been considered as 
important factors for community reintegration and quality of life after injury. The purpose of the study is to 
describe the severity of neurogenic bowel dysfunction and its management in patients with SCI. 
 
Methods 
The questionnaire consisted of two sections, neurogenic bowel dysfunction (NBD) score of Krogh et al. and 
bowel management proposed by Coggrave et al. The survey was conducted inpatient and outpatient with 
SCI. A correlation between severity, satisfaction, and limitation of daily life was analyzed using a chi-square 
test.  
 
Results 
A total of 38 subjects of SCI were enrolled. Clinical characteristics of the subjects were as follows (30 men, 8 
women, mean age 54 ± 15.7 years). The distribution of neurological level of injury in patients was as follows: 
C-level 17 (44.7%), T-level 13 (34.2%), and L-level 8 (21.1%). A complete injury was 14 (36.9%). The NBD 
score was 12.84 ± 7.83 in all subjects, and the severity score was 8 (21%) in very minor, 7 (18.4%) in minor, 9 
(23.7%) in moderate, and 14 (36.9%). The reported interventions for bowel management are shown in 
Figure 1. Many responders said more than one intervention were performed. Suppositories were used in 
52.6% and they often used in combination with abdominal massage or manual evacuation. Major problems 
related to bowel care were constipation (17%) and the abdominal distension (15%). Fifty percent of 
respondents were dissatisfied or very dissatisfied. The effect of bowel management on daily activities were 
as follows. More than 60% of respondents said they had limitations in their daily life. In order to examine 
the effect of severity and satisfaction on daily activities, we evaluated the correlation between severity, 
satisfaction, and limitation of daily life. There was no significant correlation between satisfaction and 
severity (p = 0.14). The level of satisfaction was related to the part of the “It's a problem” (p = 0.04) and the 
“Prevents staying away from home” (p=0.01) in daily life, but the severity was not correlated with the 
limitation of daily life. 
 
Conclusion 
For effective bowel management and quality of life improvement in patients with SCI, the management 
status and main problem of the SCI population must be better known and taken into account. This will 
provide basic data for the development of rehabilitation programs that can positively affect the bowel 
management and quality of life in individuals with SCI. 
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Reversing 21 years of chronic paralysis via non-invasive spinal cord 
neuromodulation: A case study 
Dr Monzurul Alam1, Ms Yan To  Ling1, Ms Lee Ning  Wong1, Dr Arnold  Wong2, Dr Hui  Zhong3, Dr Reggie  
Edgerton3, Dr Yong-Ping  Zheng1 

1Department of Biomedical Engineering, The Hong Kong Polytechnic University, Hung Hom, Hong Kong, 2Departiment of 
Rehabilitation Scienes, The Hong Kong Polytechnic University, Hung Hom, Hong Kong, 3Deptment of Integrative Biology 
and Physiology, University of California, Los Angeles, United States., Los Angeles, United States of America 

Introduction: Spinal cord neuromodulation via epidural electrical stimulation (eES) has recently 
demonstrated remarkable functional recoveries (e.g., voluntary movements of paralyzed limbs, full-weight 
bearing standing, and over-ground stepping) of patients with chronic spinal cord injury (SCI) years after their 
trauma. The eES however requires surgical procedure for implantation of a neurostimulator, which may 
limit its potential usage in a large population, worldwide. In the current study, we investigated if a non-
invasive spinal cord neuromodulation modality could achieve similar results in patients with chronic SCI. 
 
Methods: Transcutaneous electrical stimulation (tES), a non-invasive neurostimulation approach was used 
to modulate the spinal cord neurocircuit of a paralyzed patient who had a traumatic cervical cord (C7) injury 
21 years ago. At the beginning of the study, the patient had very limited volitional movements on her right-
leg, but the left-leg was completely paralyzed. Significant spasticity was noted in both legs. tES parameters 
were optimized in 8 stimulation sessions prior to the treatment. The therapeutic stimulation involved 
biphasic (50 µs negative pulse followed by 50 µs positive pulse) tES, applied to T11 and L1 spinal levels with 
common references to the iliac crests during 2 hours of lower-extremity training, 3-4 times per week, for 16 
weeks. Each training session comprised 15 minutes of stretching, followed by 30 minutes of assisted 
standing with 20 Hz tES, and 5-10 minutes of 20-30% body weight supported treadmill walking with 30 Hz 
tES. 
 
Results: Our pre-treatment results indicated that a shorter burst duration (100 µs) of tES was more effective 
than the longer burst duration on enabling functional movements. After just 32 training sessions with tES, 
the patient regained significant left-leg volitional movements (motor score increased from grade 0 to grade 
10 according to the International Standards for Neurological Classification of SCI: ISNCSCI worksheet). Right-
leg motor scores also increased from 17 to 21 (ISNCSCI scale). Upon completion of the treatment (total 52 
sessions), the patient’s standing ability also noticeably improved, and she could lock her knee to stand 
without any manual assistance. She could also squat while holding on to a hand-bar. The patient, however, 
still required assistance to prevent inversions of her ankles due to poor distal muscle control. The tES 
treatment also improved her pin prick sensation (from 73 to 79, ISNCSCI score). 
 
Conclusions: These data demonstrate the beneficial effects of non-invasive tES to the spinal cord on 
regaining the volitional control of paretic lower-limbs in a patient with long chronic SCI. Our results further 
suggest that future clinical and/or mechanistic studies should be directed toward defining the effective 
burst duration of tES in attempts to recover sensorimotor functions.
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More than just SCI: Sexual Confounders & How to Handle Them  
 
Sexual responsiveness after SCI has potential for improvement through use of medications, devices and 
therapies. Sexuality after SCI is often affected by preexisting, iatrogenic or psychosocial factors which 
complicate efforts at improving satisfaction and responsiveness. Moreover, providers are often unaware of 
how to determine the cause of the problems. Providers may feel uncomfortable addressing client’s cultural, 
religious, gender or sexual orientation concerns. Providers may be unaware that the way the way they 
speak to their clients or that the medications they are prescribing to clients are detrimental to their client’s 
sexual functioning. Furthermore, providers may be unaware of their clients’ concerns about loneliness or 
that their partners are the real reason for their lack of sexual satisfaction. On top of these concerns, 
providers may not know the most important aspects of the physical examination to consider regarding 
sexual concerns and they may be unaware of the tools that are available to assist with effective diagnosis 
and treatment of their clients with SCIs.  
 
In this practical workshop, 4 well-known experts on sexuality and SCI and a woman with a long standing SCI 
will discuss complicating issues related to communication and evaluation of sexual concerns after SCI. We 
are specifically including 5 separate presenters, from 4 different continents and are including a consumer in 
order to provide a multicultural, international viewpoint. In this workshop, participants will learn how to use 
the neurologic examination to confirm sexual potential and how to use the newest revision of the 
autonomic standards to help document and determine if the individual has unanticipated sexual concerns. 
To understand the varying ways that sexual dysfunctions can be treated, each of the providers will describe 
their own most effective techniques for discussing and addressing sexual concerns after SCI. Finally, there 
will be five case presentations at the end of the session where providers and audience members will discuss 
diagnosis and management of sexual concerns after SCI.         
 
 
2 min introduction-Alexander 
 
8 min-The view from the field-Living and Still Loving with an SCI     
Faustina Urassa-Consumer from Tanzania 
 
12 min Roadblocks: Medications, Misinformation and Marriage? 
Alexander 
 
8 min-The wiring: Sci and sexual response and using the New Autonomic Standards to Document   
Previnaire  
 
12 min-Bedtime stories:  Culture, religion, gender & and sexual orientation impacts on sexuality   
New 



 
28 minutes: Pearls for Evaluation and Treatment of Sexual Concerns:   
10 min -Elliott 
6 min- Previnaire 
6 min-Alexander 
6 min-New 
 
20 min:  The experts 
Four educational cases will be discussed; At least one of these cases will include a demonstration of ideal 
versus inappropriate ways to discuss sexual concerns with clients.    
 
Learning Objectives: 
 
Participants will be able to indicate which levels of neurologic function are most important to assess to 
understand an individual’s sexual potential after SCI.  
 
Participants will be able to identify three commonly used medications that can impact sexual responses 
after SCI.  
 
Participants will be able to identify three psychosocial issues that can impact on a person’s sexual activities 
after SCI.    
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Neuropathic pain in spinal cord injury: Topical analgesics as a possible 
treatment 
Mr Tim Crul1, Dr Janneke Stolwijk-swuste1, drs David Kopsky3, prof Anne Visser1, prof Marcel Post2 

1Centre of Excellence for Rehabilitation Medicine, UMC Utrecht Brain Centre, University Medical Centre Utrecht, and De 
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Introduction: Neuropathic pain (NP) is a common condition among people with spinal cord injury (SCI) and is 
known to have a negative effect on quality of life. Clinical practice shows a positive effect of the use of 
topical analgesics for SCI-related NP. The aim of this study is to explore the possible use of topical analgesics 
for the treatment of NP in SCI. 
Methods: A review was performed of studies on topical analgesics for SCI-related NP published up to May 
2019. In addition 8 persons with SCI-related NP who were treated with topical analgesics were interviewed 
in a semi-structured interview on their experience with topical analgesics. 
Results: Seven studies (five case reports and two case series) were found that evaluated the use of topical 
analgesics for SCI-related NP. None of the studies used a control treatment. Topical analgesics included 
baclofen, ketamine, lidocaine, capsaicin and isosorbide dinitrate. All studies reported a decrease in NP over 
time. Persons interviewed were 49 to 72 years of age and all but one had an incomplete SCI.  They used 
topical agents containing phenytoin, amitriptyline, baclofen, ketamine or loperamide. All showed a decrease 
in pain of at least 3 points on the 11-point numeric rating scale during this treatment. 
Conclusions: Evidence on the use of topical analgesics in SCI is scarce. Case reports, case series and 
interviews suggest that the use of topical analgesics can be beneficial in treating SCI-related NP. Placebo-
controlled studies are required to investigate the effect of topical analgesics on SCI-related NP. 
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Urodynamic changes by mirabegron in neurogenic bladder due to spinal 
cord disease 
Dr Tomohiko Kamasako1, Dr Kanya Kaga1, Dr Mayuko Kaga1, Mrs Chiharu Shibata1, Dr Miki Fuse1, Dr Mitsuru 
Ishizuka1, Prof Tomonori Yamanishi1 

1Dokkyo Medical University, Mibu, Japan 

Introduction 
There were few reports that examined the effects of β3-agonists using urodynamic study in neurogenic 
bladder due to spinal cord disease. The purpose of this study was to evaluate the efficacy of β3-agonists for 
neurogenic bladder due to spinal cord disease by urodynamic study. 
 
Methods 
This study was a 12-week single-arm prospective study to evaluate the efficacy of mirabegron 50 mg/day on 
neurogenic bladder due to spinal cord disease through urodynamic study. Patients underwent a urodynamic 
test at baseline and at 12 weeks. The primary endpoint variable was change from baseline to end of 
treatment in the maximum cystometric capacity. The secondary endpoints were number (percent) of 
patients whose neurogenic detrusor overactivity disappeared after treatment, and changes in the following 
urodynamic parameters between pre- and post-treatment: bladder capacity at the first desire to void, 
bladder volume at the first involuntary contraction, maximum detrusor pressure, and bladder compliance. 
The Wilcoxon matched pairs signed ranks test was used to determine the statistical significance of changes 
in parameters between before and after the treatment. p-values of less than 0.05 were considered 
statistically significant. 
 
Results 
Thirty patients (23 males, 7 females), with a median age of 71 (24-84) years were included in this study. 
Adverse events were noted in 3 patients; acute cystitis, exacerbation of nocturnal incontinence and dysuria 
were included. One patient (3.3 %) dropped out because of adverse events, and 8 (26.7%) patients dropped 
out for unknown reasons. Finally, 21 patients completed the study. The background diseases were 11 
patients with spinal stenosis, 6 patients with spinal cord injury, 2 patients with spina bifida, and 2 patients 
with spinal cord tumor. There were 17 patients with neurogenic detrusor overactivity in the completion 
group. Six patients were on clean intermittent self-catheterization. 
Maximum cystometric capacity was increased by 34.6 mL (P=0.2052). Bladder capacity at the first desire to 
void and maximum detrusor pressure increased by 16.6 mL, 0.3 cmH2O, respectively (P=0.4660 and 
P=0.2929). Bladder capacity at the first involuntary contraction and bladder compliance decreased by 16.7 
mL and 8.5 mL/cmH2O, respectively (P=0.2659 and P=0.3686). In 17 patients with neurogenic detrusor 
overactivity, detrusor overactivity disappeared in 3 patients (17.6 %).  
 
Conclusions 
In our study, mirabegron did not show significant urodynamic changes in neurogenic bladder associated 
with spinal cord disease. Although it was not completely ineffective for neurogenic bladder because 
neurogenic detrusor overactivity disappeared in some cases, its effectiveness was limited. However, the 
large number of studies is awaited due to the small number of cases in this study. 
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Myokine response to 40 minutes robotic-assisted walking in individuals 
with spinal cord injury 
Dr Kazunari Furusawa1, Dr Akihiro  Tokuhiro1, Dr Atsushi   Ikeda1, Dr Miwa  Hayata1, Dr Tatsuya  Yoshikawa1, 
Dr Yasutoshi  Iwai1, Yoshio  Tanimoto1, Yoshinori  Yamada1, Dr Futoshi  Wada2, Prof Fumihiro  Tajima3 

1Kibikogen Rehabilitation Center For Employment Injuries, Kaga-gun, Okayama, Japan, 2Department of Rehabilitation 
Medicine, Tokyo Women’s Medical University, Tokyo, Japan, 3Department of Rehabilitation Medicine, Wakayama 
Medical University, Wakayama, Wakayama 

Introduction 
Following improvements in medical care and survival, atherosclerotic cardiovascular disease is now the 
leading cause of death in patients with spinal cord injury (SCI). There is consensus among researchers and 
rehabilitation scientists that engaging in an active life style including daily exercise are highly recommended 
for persons with SCI to reverse several of the negative adaptations.  
It is well known that several neuroendocrine and immunological parameters change after acute exercise. 
Pedersen et al. demonstrated that myocytes per se are the source of interleukin-6 (IL-6) produced during 
muscle contraction in able-bodied persons and that IL-6 released into the circulation after exercise also has 
anti-inflammatory properties. The magnitude of increase in plasma IL-6 is related to exercise duration, 
intensity, muscle mass involved in the mechanical work, and the endurance capacity. In general, persons 
with chronic SCI develop muscle atrophy and muscle mass involved in exercise is small compared with able-
bodied persons. It is important for us to explore whether acute exercise induce the elevation of plasma IL-6 
in persons with SCI. 
In individuals with SCI, robotic walking exercise or training leads to not only improvement of ambulatory 
function but also improved bowel function, improvement in cardiorespiratory fitness, and reducing pain and 
spasticity. To our knowledge, however, there is no information on the immunological responses to robotic-
assisted walking in persons with SCI. The purpose of this study was to investigate IL-6 response to robotic-
assisted walking exercise in persons with SCI. 
 
Methods 
The study included eight persons with SCI (31.9±9.76 years old) between Th6 and L1 who were involved in a 
regular physical training program. The selection criteria for the study were as follows: 1) chronic injury state 
(7-16 months); 2) ASIA Impairment Scale A; and, 3) excellent current health and on no medications that 
would affect the immune and endocrine responses. 
Among exoskeleton robots, the ReWalk is one of the most frequently reported about medical effects in 
persons with SCI. All subjects indicated that they had avoided intensive exercise for at least 24 h before the 
test and they were healthy and free of symptoms associated with respiratory and urinary tract infections. 
After resting in a quiet room for 45 min, subjects started to walk with ReWalk for 40 minutes at the most 
comfortable speed. Blood samples were collected before exercise, immediately after exercise and 2 h 
following completion of exercise. Total blood cell count, plasma IL-6 concentration, tumor necrosis factor-
alpha (TNF-α), catecholamines and cortisol levels was measured. 
 
Results 
The plasma adrenaline concentration increased significantly immediately after the exercise (P<0.01) and 
returned to the baseline level at 2 h after exercise. The plasma IL-6 level increased significantly immediately 
after the exercise (P<0.05) and remained increased until 2 h after exercise. The concentration of plasma 
cortisol and TNF-α did not change throughout the study. 
 



Conclusions 
We demonstrated that 40-min robotic walking exercise produced IL-6, but not with any change in cortisol 
and TNF-α in SCI. These findings mean that robotic-assisted walking might improve general health condition 
in individuals with SCI. 
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Proposed waist circumference cut-off may identify risks of obesity, 
metabolic syndrome, and cardiovascular disease after spinal cord injury 
Dr Ashraf Gorgey1, Dr Satinder  Gill1 

1Hunter Holmes McGuire VA Medical Center, Richmond, United States 

Study design: Cross-sectional trial 
Objectives: To apply spinal cord injury (SCI) specific waist circumference (WC) cut-off point to identify risks 
of 1) obesity, 2) metabolic syndrome (MetS), 3) cardiovascular disease (CVD). 
Setting: VA medical center in the United States 
Methods: Thirty-six men with chronic SCI underwent anthropometric measurements, dual-energy x-ray 
absorptiometry (DXA) and magnetic resonance imaging to measure central adiposity. An SCI specific WC 
cut-off point of 86.5 cm was applied to the existing general population criteria. Pearson chi-square (ꭓ2) 
analyses tested the difference in the number of participants classified as obese using the SCI specific cut-off 
point compared to the general population criteria. The interrater reliability for four definitions of MetS was 
assessed using Cohen’s Kappa (κ) values. Linear regression analyses were utilized to propose SCI specific 
Framingham Coronary Heart Disease Risk Score (FRS) cut-off point.  
Results: Using SCI specific WC cut-off point of 86.5 cm, 38% of participants were classified as obese 
compared to only 3% when using WC of 102 cm (P < 0.001) . The Kappa (κ) values indicating interrater 
reliability improved substantially when SCI specific (0.75 ± 0.21) was used compared to the general 
poulation citeria (0.5 ± 0.27) for different definitions of MetS. The SCI specific FRS cut-off point of 6 was 
obtained using WC cut-off point of 86.5 cm. 
Conclusions: Using the existing general population criteria underestimated persons with SCI who are at risk 
of developing obesity, MetS, and CVD. The recommended SCI specific criteria are likely to distinguish those 
at risks and allow healthcare providers to intervene in a timely manner.  
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stimulation cycling by neuromuscular electrical stimulation training: Case 
Reports 
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Introduction: Spinal cord injury (SCI) may cause impairments of the motor, sensory and autonomic nervous 
systems that then result in adverse changes in body composition and cardiovascular health. Functional 
electrical stimulation (FES) cycling may provide an effective alternative approach to perform exercise and 
improve cardiovascular health after SCI. Persons with an injury at, or above T6 level are at high risk of 
developing a life-threatening complication of autonomic dysreflexia (AD). 
Case Presentation: Two participants with motor-complete C6 SCI completed either 12 weeks of passive 
range of motion or surface neuromuscular electrical stimulation (NMES) resistance training, followed by 12 
weeks of functional electrical stimulation (FES) lower extremity cycling for both participants. Systolic and 
diastolic blood pressures (BP) were measured to determine the effects of NMES resistance training and FES-
lower extremity cycling during rest and exercise. 
Discussion: The difference between mean value of BP during FES-LEC exercise and resting BP averaged for 
24 sessions was smaller for participant A (31.25 mmHg for systolic BP and 10.44 mmHg for diastolic BP) who 
received NMES-resistance training, as compared to participant B (58.62 mmHg for systolic BP and 35.07 
mmHg for diastolic BP). The results of these case reports suggest that 12 weeks of NMES resistance training 
preceding FES lower extremity cycling may attenuate the development of AD after SCI. Risk of AD, triggered 
by noxious stimuli, may be dampened with FES-lower extremity cycling training in persons with SCI.
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Introduction: Patients with mobility challenges and physical disabilities can appear challenging to manage in 
the primary care setting. We can often feel underprepared to manage their myriad of complex issues (eg. 
bladder and bowel dysfunction, spasticity, pain, equipment and personal care issues). As a result, many 
patients do not receive the care they require and family physicians often feel overwhelmed. The objective 
of this work was to create a resource for primary care providers to build capacity to enhance care for 
individuals with spinal cord injury (SCI) 
 
Methods: Case-based learning modules (CBLMs) for common medical complications secondary to SCI were 
developed based on a review of research and current best practices. The CBLM content was reviewed by 
family physicians, family medicine residents, physiatrists and other specialists with and without experience 
in SCI. Advice on the clinical application of virtual health tools (eg. e-Consult, personal computer 
videoconferencing [PCVC]) was based on experience from a specialized community-based clinic for 
individuals with SCI. 
 
Results: CBLMs developed around common complications secondary to SCI (e.g. bladder and bowel 
dysfunction, spasticity, osteoporosis, and autonomic dysreflexia) provided evidence-based and best practice 
clinical pearls for the approach and management of these conditions in the primary care setting. Additional 
review of PCVC with patients with SCI based on a trial within a specialized community-based clinic for 
individuals with SCI revealed benefits of increased accessibility and patient satisfaction and challenges of 
building technical capacity among patients and limitations of the Ontario Telehealth Network. 
 
Conclusions: CBLMs and clinical experiences implementing PCVC presented here provide an effective means 
to translate evidence-based and best practice approaches in managing medical complications secondary to 
SCI. As advances in medicine help individuals with SCI achieve improved quality of life within the 
community, it is increasingly important for primary care physicians to anticipate and manage the healthcare 
needs of those individuals with SCI within their care. 
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Background 
   International research has revealed that the incidence and causes of traumatic spinal cord injury differ 
among regions and suggested that preventive strategies must be tailored to reflect regional trends. As the 
prevalence of aging populations increases worldwide, proportions of elderly patients having spinal cord 
injuries are also increasing. 
 
Purpose 
   The purpose of this study was to identify avoidable factors of traumatic spinal cord injury in an aging 
society in Japan. 
 
Methods 
   We conducted a retrospective multicenter observational study using a questionnaire. We sent the 
questionnaire to 18 emergency hospitals with departments of orthopedics or neurosurgery that were 
situated in an aging society in Japan (approximately 30% of people aged 65 or older among a population of 
970,000). Patients who experienced a traumatic spinal cord injury and required hospitalization in 2018 were 
included. 
   The questionnaire included the following assessments: patient age at injury, sex, diagnosis, alcohol 
consumption, and neurological status at admission. Additionally, we collected categorical data such as the 
cause of injury and place/time of injury. The causes of injury were categorized as follows: fall on a level 
surface, fall from stairs, fall from <3 m (low fall), fall from >3 m (high fall), struck by an object, road traffic 
accident, sports, and others. Places of injury were categorized as follows: indoor (entrance, corridor, living 
room, kitchen, bedroom, toilet, stairs, work site, unknown, or other) and outdoor (road/sidewalk, 
gutter/waterway, field, garden, pool/sea, forest/cliff, work site, unknown, or other). Time of injury was 
divided as follows: day (from sunrise to sunset) and night. 
   Patients were classified into an elderly group (aged 65 years or older) and younger group (less than 65), 
and each parameter was analyzed. 
 
Results 
   There were 40 patients in the elderly group and 27 patients in the younger group. The main cause and 
place of injury were different between each group. The elderly group had injury mainly caused by a fall on a 
level surface or a low fall, while the younger group had injury mainly caused by a fall on a level surface or 
road traffic accident (cars in particular). Regarding the place of injury, spinal cord injury in the elderly group 
predominantly occurred on the road/sidewalk (20%), gutter/waterway (15%), or garden (15%). Spinal cord 
injury in the younger group mainly occurred on the road/sidewalk (41%). Focusing on the cause of injury 
occurring at the road/sidewalk, 63% of injuries in the elderly group were caused by a fall on a level surface, 
while 64% of those in younger group were caused by road traffic accidents (cars in particular).  
 
Conclusions 
   We found that the majority of spinal cord injuries in elderly patients were caused by falls and occurred on 
the road, sidewalk, and on a rough terrain such as gutters, waterways, or gardens. Hazard awareness based 
on regional trends may be useful for preventing spinal cord injuries in the elderly. 
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Introduction 
Consumer engagement in spinal cord research is growing in recognition amongst the research community; 
however, there is limited access to training and information to build consumer confidence and experience 
to contribute to the research process. Spinal cord injury (SCI) researchers themselves face a paucity of 
frameworks to guide consumer engagement in their research. One single source for relevant tools and 
resources for SCI researchers and consumers does not exist.  
Despite broadly focused consumer and community engagement tools being in circulation for many years, 
they are little known by consumers and researchers.  
 
Methods 
An extensive internet search was conducted and concluded in December 2019 using keywords: consumer 
engagement in spinal cord injury; consumer engagement in research; community engagement in research; 
community engagement in spinal cord injury. 
Scoping review frameworks for standard literature reviews were not used due to the primary focus of the 
review being guidance resources of various types, such as tools, fact sheets, and videos, rather than 
publications. No relevant resources were found before 2012.  
A lack of relevant published literature on Google Scholar and PubMed, using the keywords: consumer 
engagement in research; consumer engagement in spinal cord injury research, also supported the departure 
from standard scoping review methods. Publication searches were restricted to 2016 onwards.  
 
Results 
Forty-four English language resources were found and reviewed for their relevance to consumer 
engagement in research. Only four were publications. Each publication and resource was then reviewed as 
to its SCI focus and whether it could be adapted for SCI consumer engagement.  
  
 
Conclusion 
A large volume of guidance tools, fact/support sheets, and training videos focused broadly on consumer 
engagement in healthcare and medical research exists and has general relevance to the SCI research 
community. Many tools are comprehensive, too complex for everyday usage, highlighting the need for 
concise consumer guidelines for all stakeholders in the SCI clinical research field.  A summary guide of the 
resource review matrix used for this project will be made available on the SRI’s website. The resource 
review matrix is also intended to identify gaps and requirements for new SCI-specific consumer engagement 
resources. 
 
Organisations such as Burwood Academy of Independent Living (BAIL) in New Zealand, Praxis Spinal 
Institute in Canada and the North American Spinal Cord Injury Consortium (NASCIC) are leading the way in 
establishing consumer engagement practices for people with the lived experience of SCI to be involved early 
and throughout the research process. The Spinal Research Institute (SRI) is building a Consumer 
Engagement Program that will provide a central doorway to all pertinent resources for SCI researchers and 



consumers to engage throughout the research process.  Newly released public content provided through 
other programs, such as those above, will be made available collegially on the SRI website.  
 
Working with these organisations, the SRI plans to make these resources more concise and more accessible 
to researchers and those with SCI.  
 
Anyone interested in being a further part of this program’s development, please  contact the SRI, we would 
love to hear from you: emma.peleg@thesri.org 
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Introduction 
To explore the feasibility of mouthpiece ventilation (MPV) use in the intensive care unit (ICU) for patients 
who are extubated after suffering a cervical spinal cord injury (CxSCI) and the barriers and enablers from a 
practice perspective. 
The secondary aims were to determine; 
1) the nature/amount of assistance required to adequately implement MPV, 
2) patient experience and clinicians’ views on the practice i.e., time involved; feasibility from a 
clinician/patient perspective; knowledge skills acuity issues 
3) if any baseline characteristics are likely to influence the use of MPV  
4) preliminary data to inform a power analysis for the design of a definitive study to examine whether MPV 
has an impact on incidence of reintubation and ICU length of stay (LOS). 
 
Methods 
Patients with CxSCI who were intubated and admitted to our ICU were included. Inclusion commenced at 
the time of extubation, and finished in the event of a tracheostomy or on discharge from ICU. Participants 
utilised on demand MPV prophylactically from the time they were extubated with settings titrated to 
individual need in addition to standard care. MPV was delivered by the Philips Trilogy 100 portable 
ventilator. Feedback from participants and clinicians was collected in addition to physiological data and 
support required to implement use for each participant. 
 
Results 
Fourteen participants with a traumatic cause of CxSCI have utilised MPV.  Pre and post extubation data have 
been collected. Patient and clinician participants have reported positive benefits. The use of MPV has 
extended to the orthopaedic wards on transfer from ICU to assist with breathing support in the acute 
transition phase. Barriers and enablers to MPV use have been identified. 
 
Conclusions  
MPV is a promising non-invasive ventilation technique for this patient group at the time of extubation with 
it being feasible to utilise in ICU. 
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Introduction: 
Singing and music can impact mood, voice and respiratory outcomes in people with a spinal cord injury. This 
pilot study investigated whether a peer-led group singing program improved respiratory function, breath 
support for voice, and quality of life and mood outcomes for people with newly acquired, and also chronic 
cervical spinal cord injury. 
 
Methods: 
Ten people with spinal cord injury at the neck level were included. Five were current inpatients undergoing 
primary rehabilitation within the spinal injury rehabilitation unit of the Princess Alexandra Hospital, 
Brisbane Australia, and five attended from home locally having suffered their injury years ago. The 3 month, 
twice weekly program covered a structured program of voice/breathing education and practical skills in 
addition to singing songs. Voice loudness, sustained phonation, voice quality, voice handicap index, vocal 
glide, forced vital capacity, forced expiratory volume in 1 second, maximal inspiratory and expiratory 
pressure, sniff nasal inspiratory pressure, profile of moods state, self-determined goal attainment and 
ratings of performance and satisfaction were collected prior to and post program to allow evaluation of the 
intervention. 
 
Results: 
Ten participants started the program with half completing it. The five participants all undergoing inpatient 
rehabilitation were unable to complete the 24 sessions over the 3 months. Two were unable to complete 
the program due to the need for upper limb surgery and a period of immobility. Two were discharged home 
prior to program completion and were unable to attend due to distance. One was unable to complete the 
program due to need for further medical involvement. Based on the five participants who completed the 3 
month intervention, voice loudness and sustained phonation time was significantly improved after the 
program. There was no impact on respiratory outcomes. Four of these participants wished to continue 
being involved in group singing with two joining a local choir/singing group within a month of program 
completion. 
 
This is the first ever research study of this kind carried out with the team led by someone who has a spinal 
cord injury.  
 
In addition to the research findings being presented, Tim will share the experience navigating through 
ethics, governance and what the team has learned through this novel program. 



 
Conclusion: 
Peer led group singing is able to be incorporated into the rehabilitation setting with an open-door/attend as 
you wish style delivery. Structured sessions which incorporated respiratory mechanics, vocal coaching and 
techniques to enhance voice were the most valued. All participants reported the enjoyment of “singing for 
pleasure” to be high on their priority preference. 
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Introduction: People with spinal cord injury (SCI) experience barriers to their participation in society such as 
negative attitudes towards disability and potential misunderstandings of their lived experience. 
Acknowledging that media can potentially shape societal attitudes and understanding of disability, this 
study aimed to identify how Australian media frames SCI and whether framing has changed over-time. 
 
Method: A search for eligible articles in an Australian newspaper dating 1950 to 2018 was performed, with 
1,049 articles retrieved. Data analysis comprised two phases. First, each article was sorted into one of 12 
predetermined (a priori) codes, developed from a literature review and familiarisation with media content. 
This deductive coding of articles was determined according to overall motif (content) of the article; year 
published; and if mentioned, reported mechanism of SCI (traumatic or non-traumatic). The second phase of 
analysis involved inductively assigning a code to each article according to story line (context). Inductive 
codes were grouped by topic (categories) within each a priori code. Key themes were drawn from the 
categories using a theoretical framework that considered a medical model of disability (traditional frame) 
and a social context to disability (progressive frame). 
 
Results: The three most commonly used a priori codes were: ‘cause and injury’, ‘participation’ and 
‘socioeconomic factors’, all peaking in the 1980s and trending similarly over-time. Articles where the 
content’s main motif was the voice of a person with SCI, coded as ‘personal account’, comprised only 3% of 
all articles retrieved; however, number of articles of this type increased over-time. The emergence of 
content based on ‘personal account’ and ‘participation’ aligns with progressive framing of SCI. However, 
closer inspection of the articles coded in ‘participation’ revealed presence of the traditional supercrip (over-
achievement) frame. Inductive coding of articles revealed two dominant, contrasting narratives: tragedy 
and over-achievement, and a third, financial burden. Over half of all articles reported a mechanism of SCI, 
with the majority reporting a traumatic injury (n=542). Non-traumatic SCI was rarely mentioned (n=38).   
 
Conclusion: This print media content analysis showed that progressive framing of SCI emerged over-time, 
however traditional framing was persistent throughout, heightened by an emphasis on reporting traumatic 
spinal cord injury. Traditional framing, dominance of contrasting stories relating to tragedy and over-
achievement, and the exclusion of stories in between has the potential to perpetuate negative attitudes and 
stigma towards SCI, along with misunderstandings of SCI and the lived experience. 
∷
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Introduction and Aim 
Pressure injuries (PI) are common in the spinal cord injury (SCI) population, leading to worse mortality and 
morbidity rates and increased associated healthcare costs.  PI can be prevented by identification and 
management of risk factors.  The Royal North Shore Hospital Spinal Plastics Clinic (RNSH SPC) is a state-wide 
multidisciplinary specialist service for managing PI in the SCI population, including: spinal physician, plastic 
surgeon, wound nurse, occupational therapist, dietitian, social worker and others as required.  The aim of 
this study was to identify risk factors for recurrent PI in this population. 
 
Methods 
A retrospective analysis of medical records from 2017-2018 was performed for all patients who were seen 
at RNSH SPC.  Inclusion criteria were patients with PI assessed by the multidisciplinary team.   
 
Results 
108 patients were included, after 10 patients removed for alternative diagnoses e.g. sebaceous cyst, or 
assessed by an incomplete team.  44 new patients were seen in the clinic; of these 9 had previous PI and 35 
(32.4%) presented with their first-ever PI.  64 patients re-presented to the clinic, giving a total of 73 patients 
(67.6%) with recurrent PI.   
 
Those with recurrent PI presented sooner after spinal cord injury than those with first-ever PI (21.2 vs 28.6 
years, p=0.0116).  Patients with recurrent PI had significantly insufficient community care supports 
compared to those with first-ever PI (32.9% vs 14.3%, p=0.0414).   
 
There were no significant differences between the recurrent PI vs first-ever PI groups regarding paraplegia, 
age, rurality, pressure injury stage, location, or other risk factors for PI formation.  The majority of recurrent 
and first ever PI groups presented with a single PI (61.6% vs 77.1%), deep wounds (82.2% vs 74.3% were 
stage 3 or 4), located at the ischial tuberosity (56.2% vs 54.3%) or sacrum (12.3% 14.3%).   Both groups had 
3 or more identified risk factors for PI formation (93.2% vs 91.4%).  The most common risk factors for PI 
formation were: medical (90.4% vs 82.9%), equipment issues (53.4% vs 65.7%), lifestyle (64.4% vs 54.3%), 
malnutrition (61.6% vs 51.4%), ageing (41.1% and 48.6%), psychological or cognitive impairment (32.9% vs 
22.9%) and poor transfer or pressure relieving technique (21.9% vs 28.6%). 
 
Conclusion 
New and recurrent pressure injuries in the SCI population have multiple risk factors, and often occur many 
years after spinal cord injury.  Those with recurrent pressure injuries present sooner after spinal cord injury, 
and have significantly insufficient care support in the community.  Prevention of pressure injuries in the SCI 
population requires a lifelong, multidisciplinary approach addressing all risk factors, patient and carer 
education, and additional community care supports to prevent recurrence.  Further research is required to 
implement evidence-based prevention strategies. 
 



 

70 

Sarcopenia with Special Insight into SCI 
Dr Ali Otom1 

1Royal Specialty Center, Amman, Jordan 

Sarcopenia with special insight into SCI 
 
 
Ali Otom MD, DMR (RCP london)  
Royal Speciality Center for Spine and Musculoskeletal Disorders. 
Amman- Jordan 
 
Sarcopenia is defined as the presence of low skeletal muscle mass with either low muscle strength or 
performance. The sequela of sarcopenia often contributes to frailty, decreased independence, and 
subsequently increased health care costs. 
Sarcopenia is determined by two factors: the initial amount of muscle mass and the rate at which it declines 
with age. The rate of muscle loss with age appears to be fairly consistent, approximately 1%–2% per year 
past the age of 50 years. A clear relationship exists between loss of muscle strength and loss of 
independence, contributing to falls, fractures, and nursing home admissions. 
Biology of sarcopenia remains elusive. Two key observations associated with sarcopenia include a loss of 
skeletal muscle fiber number and a change in the cross-sectional area of the remaining fibers.  
In CNS diseases, mainly stroke and spinal cord injury, different and specific patterns of muscle loss and 
muscle changes have been described, due to denervation, disuse atrophy, spasticity and myosteatosis. 
The primary treatment for sarcopenia is exercise, specifically resistance training or strength training 
exercise. Resistance training has been reported to positively influence the neuromuscular system, hormone 
concentrations, and protein synthesis rate. Although drug therapy is not the preferred treatment for 
sarcopenia, a few medications have been used in clinical trials. These include: Urocortin II, HRT, 
testosterone, and growth hormone. Prevention strategies should be considered for all risk groups. 
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Neurogenic osteoporosis occurring as a result of decreased muscular activity is a well-known complication 
after SCI.  More than 50% of individuals with SCI will develop osteoporosis in the first year of injury. That 
number exceeds 80% in later years. Mechanical loading has been shown to attenuate deterioration in the 
cancellous bone, providing hope for mitigation of bone loss after SCI.  A list of non-pharmacological studies 
indicated the role of NMES/FES-cycling and rowing on bone health after SCI. However, the dose as far as 
duration, frequency and intensity requires significant attention to establish an effective clinical guidelines. 
Recently published International Society for Clinical Densitometry (ISCD) guidelines may gauge our future 
clinical trials on establishing effective rehabilitation interventions that can attenuate bone loss after SCI. 
Furthermore, closed-kinematic chain exercise similar to FES-cycling and rowing or NMES training with 
weight bearing and loading of specific muscle groups are effective approaches for trabecular bone health in 
persons with SCI. Contrary, the use of open-kinematic chain exercise remains unstudied, partially because 
the concern against development of supracondylar fractures. Electrically evoked resistance training (RT) 
induced by surface neuromuscular electrical stimulation (NMES)  resulted in a robust muscle hypertrophy 
with and without androgen replacement therapy. Despite the short intervention for 16 weeks, NMES-RT 
resulted in improvement of trabecular bone quality in persons with chronic complete SCI.  
 
The current symposium will address the evidence and current research findings for different paradigms of 
electrical stimulation exercise on bone health after SCI. As FES and NMES are being used clinically with 
people with SCI, this information can be translated into the rehabilitation setting. Furthermore, the 
workshop will highlight the current ISCD guidelines as far as evaluating and preventing bone loss after SCI.   
 
Course Outline 
1) Effective Electrical Stimulation Dose in Attenuating Bone Loss after SCI (25 minutes). 
Dr. David Dolbow will review the existing literature regarding the dose of electrical stimulation on bone 
health. 
 
2) Current ISCD guideless and the role of closed kinematic chain electrical stimulation exercise on bone 
health. (25 minutes). 
Dr. Johnston will highlight the major points of the recently published ISCD guidelines and she will highlight 
the role of FES-cycling and rowing on cortical and trabecular bone outcomes in adults with SCI. 
 
3) Potential changes in trabecular bone parameters following 16 weeks of NMES-open chained 
exercise in adults with SCI. ( 25 mins) 
Dr. Gorgey  will present on the effects of 16-week resistance training combined with testosterone 
replacement therapy (TRT) on trabecular bone parameters, bone marrow adiposity and non-contractions.  
 
4) Discussion/Questions: All (15 minutes)  
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Introduction 
Research suggests that spinal cord injury (SCI) is associated with depression; however, predictors of suicidal 
ideation (SI) are less well-examined (1,2). The objective of this study is to assess factors associated with 
endorsing SI in this population.  
 
Methods 
Participants included 247 (193 male, 54 female) individuals with traumatic SCI who participated in the 
Northern California SCI Model Systems (SCIMS) National Database study between April 2017 to December 
2019. Twenty-seven participants (10.9%) endorsed SI and 3 did not respond to probes of SI on the PHQ-9, 
triggering triage to a physiatrist or psychologist for risk assessment and further outreach.  Outcome 
measures included the Patient Health Questionnaire 9 (PHQ-9), Satisfaction with Life Scale (SWLS), and 
Craig Handicap Assessment and Reporting Technique (CHART) short form.  
 
Results 
Among all participants, the median[IQR] time from injury was 25[20, 40] years (range=15-45). Most 
participants were Caucasian (76.9%); 30% were employed and 61.9% had Medicare/Medicaid. The 
median[IQR] PHQ-9 total was 4[2,8] (range=0-27), higher PHQ-9 totals were observed in the SI group 
(median[IQR]= 10[7, 19]; Mann-Whitney U= 812.00, p<.001). The SI group did not differ from those who did 
not endorse SI in terms of sex, marital status, education, income, rate of private insurance, tetraplegia, and 
CHART mobility, occupation, and social integration. Individuals endorsing SI reported significantly lower 
physical independence (Median [IQR] = 76[46, 96] vs. Median [IQR] = 96[76, 100]); U=1480.00, p=.013), 
SWLS (Mean(SD)=17.32(7.75) vs Mean(SD)=24.40(6.96); t(231)=4.75,p<.001), and perceived health 
(Mean(SD)=2.31(1.09) vs Mean(SD)=3.20(1.06); t(239)=4.03,p<.001) than participants without SI. Perceived 
pain and rates of rehospitalization were marginally higher among participants that endorsed SI.  
 
Conclusions 
Individuals who endorsed SI reported greater levels of depression and lower levels of physical 
independence, life satisfaction, and perceived health. Identifying risk factors associated with SI can help 
early detection and improve psychological interventions for supporting individuals with SCI.  
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Introduction - Transverse myelitis (TM) is an inflammation of the spinal cord which is characterised by 
neurological deficit in motor, sensory and autonomic pathways. In 60% of cases the origin is unknown but 
presumed to be post viral infection. In a further 40% of cases it is associated with autoimmune disorders 
such as neuromyelitis optica spectrum disorder (NOSD), MS and SLE. It is equally prevalent across age, 
gender and ethnicity. There is no cure, but it is usually treated in the acute phase with steroids or plasma 
exchange. Some people can make a full recovery, however many are left with a degree of long term 
neurological deficit including tetra or paraparesis and neurogenic bladder and bowel dysfunction. 
Methods - We identified all the patients at our orthopaedic hospital with a diagnosis of TM and reviewed 
the notes of all those who had been treated under the Department of Neuro-Urology in the Spinal Cord 
Injury Centre (SCIC). We have classified patients by their method of bladder emptying, medication, surgical 
treatment and urodynamic results. 
Results - A total of 79 patients were identified of which 48 (61%) were male and 31 (39%) were female. The 
average current age was 41 years (range 5-80 years). The average age at onset of TM was 29 years (range 0-
77 years) and the average time since TM was 12 years (range 1-51 years). 5 were documented to have 
NOSD, 1 SLE and 3 ADEM (acute disseminated encephalomyelitis). There was a wide spectrum of motor and 
sensory deficit from cervical to lumbar and from complete to incomplete spinal cord injury. 
Of these 79 patients, 59 (75%) had received neuro-urological management within the SCIC. With regards to 
bladder management , 29 (45%) patients perform intermittent self-catheterisation (ISC) to empty their 
bladder, 14 (22%) have a supra-pubic catheter (SPC), 12 (19%) void on urge, 2(3%) reflex void and 4 (6%) do 
a combination of ISC and voiding.  
Of the patients who have received Neuro-urology management 15 (25%) take some form of anti-muscarinic 
medication, 33 (56%) have had intra-detrusor botulinum toxin injections and 3 (5%) have had a bladder 
augmentation. Urodynamic and renal ultrasound results were also reviewed. 
Conclusions - TM can have a long term effect on the lower urinary tract. Therefore, we recommend that 
once diagnosed all patients receive on-going neuro-urological follow up as is the case with any other 
neurological disease. 
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Background: Sleep-disordered breathing (SDB) is a detrimental secondary complication of tetraplegia, with 
prevalence estimates ranging from 15-97%. A precise measure of the prevalence of SDB in tetraplegia is 
critical for service and research planning. Heterogeneity in study design has previously hindered synthesis of 
data, however several studies published in the last decade have employed more rigorous and comparable 
methodologies making data synthesis more feasible. This is the first systematic review with meta-analysis to 
provide pooled prevalence estimates of SDB in tetraplegia. 
 
Aim: To determine the prevalence of SDB in people with tetraplegia.  
 
Methods: A systematic literature search using Medline, EMBASE, Cochrane Central Register of Controlled 
Trials (CENTRAL) and grey literature sources was conducted using a combination of SCI and SDB related 
terms. Articles were restricted to publication dates between 1/1/2000 and 30/4/2019 and studies that 
objectively measured SDB with an overnight sleep study. Risk of bias was evaluated using the Joanna Briggs 
Institute critical appraisal checklist for studies reporting prevalence data. The frequency of SDB stratified by 
disease severity (as defined by apnoea hypopnea index (AHI)) was extracted and weighted averages, using a 
random-effects model, were calculated with 95% confidence intervals. Time since injury was examined as a 
sub-group analysis.  
  
Results: A total of 576 articles were generated from the initial search. Following title/abstract and full text 
screening, 11 articles were included for qualitative synthesis and nine for meta-analysis (pooled participant 
sample of 630). Reported SDB prevalence rates in tetraplegia ranged from 53-97%. Meta-analysis estimated 
the prevalence of least mild SDB (AHI≥5) to be 83% (95%CI 73-93), and at least moderate SDB (AHI≥15) to be 
59% (46-71). Sub-group analysis found no difference in prevalence between acute (<1 year since injury) and 
chronic (>1 year) populations. 
 
Conclusion: Our results confirm that SDB is extremely common in people with tetraplegia. Given the 
detrimental impact of SBD on health and well-being, these findings highlight the importance of routine 
screening and treatment for the disorder in this population.  
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Introduction: Studies have shown that neuropsychological dysfunction, defined as deficits in cognitive 
function and psychological wellbeing, is common following acute tetraplegia. Although the etiology is 
unknown, theories proposed include neuroinflammation and obstructive sleep apnea. Previous research has 
found that lower age and greater premorbid intelligence are associated with milder deficits, which has been 
attributed to a greater cognitive reserve.  
 
Aims: To describe changes in neuropsychological function following acute tetraplegia and investigate what 
baseline factors are associated with this change.  
 
Methods: Retrospective analysis of data collected for a multicenter randomized controlled trial of treating 
obstructive sleep apnoea (OSA) in acute tetraplegia, where neuropsychological function were assessed at 
baseline and after three months. Data were extracted for patients who did not receive OSA treatment, and 
changes in neuropsychological measures between baseline and three months were calculated. Multivariable 
linear regression analysis was used to identify baseline factors associated with change in the primary 
outcome measure, Paced Auditory Serial Addition Test (PASAT), a measure of attention and information 
processing.  
 
Results: The sample consisted of 86 people with acute, traumatic tetraplegia (90% male, mean age of 46 
years (SD±15)). Baseline neuropsychological function was assessed at an average of 90 days (SD±56) post-
injury. PASAT improved by 16% during the three-month period (p<0.01). Shorter time between injury and 
baseline testing (β=-0.13, p<0.05) and opiate prescription at baseline (β=18.6, p<0.01) were associated with 
a greater improvement in PASAT. Age, gender, premorbid intelligence and sleep apnoea severity were not 
associated with change in neuropsychological function.  
 
Conclusions: The results indicate a significant recovery of neuropsychological function following acute 
tetraplegia. Shorter time since injury and initial opioid treatment were associated with a greater 
improvement in PASAT after three months. Further research is needed to understand the natural history of 
neuropsychological recovery post-injury and whether modifiable causes could be targeted to improve 
outcomes for people with tetraplegia.  
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Introduction: Obstructive sleep apnoea (OSA) is extremely common in tetraplegia, with prevalence rates 
estimated to be over 80% at three months post traumatic injury. Diagnosing OSA with gold-standard 
polysomnography (PSG) is complicated because sleep laboratories are rarely equipped to manage people 
with physical disabilities As an alternative to PSG, previous research has demonstrated moderate accuracy 
from a questionnaire followed by overnight oximetry to detect moderate to severe OSA in people with 
chronic (>1 year post injury) tetraplegia. As yet, no studies have investigated the accuracy of overnight 
oximetry in acute tetraplegia, although anecdotally many units report using this clinically to screen for OSA. 
Aims: To establish thresholds for oximetry derived 3% oxygen desaturation index to predict mild, moderate 
and severe OSA, and to examine whether these thresholds can accurately predict OSA compared to gold-
standard PSG.  
Methods: Baseline sleep studies from 180 people with acute tetraplegia collected for a multisite 
randomised controlled trial were divided into development (n=90) and validation (n=90) cohorts. Receiver 
operating characteristic (ROC)-curve analysis was conducted in the development cohort to determine the 
ability of the 3%ODI to discriminate OSA. The associated sensitivity and specificity tables were used to 
establish threshold scores for predicting mild, moderate and severe OSA. These were then tested in the 
independent validation cohort. 
Results: In the development cohort, 3%ODI was predictive for mild, moderate and severe OSA with ROC 
area under the curve of; 0.84 (95% CI 0.70–0.98), 0.85 (95% CI 0.77–0.93) and 0.93 (95% CI 0.88–0.98) 
respectively. The associated 3%ODI cut-off values were >3 (mild), >7 (moderate) and >13 (severe).  In the 
validation cohort, sensitivity and specificity for these thresholds in mild, moderate and severe OSA were; 
85.5% & 57.1%, 74.5% & 66.7%, 70.8% & 76.3% respectively.  
Conclusions: Overnight oximetry demonstrated “fair” accuracy at detecting OSA in acute tetraplegia. It 
could be considered for the detection of severe OSA in settings where PSG is unavailable or inaccessible.  
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[Background and aims] 
Passive rise in core temperature achieved by head-out hot water immersion (HHWI) results in acute 
increases in serum interleukin (IL)-6 instead of no responses of plasma adrenaline in patients with cervical 
spinal cord injury (CSCI). The purpose of the present study was to detect the major factor of increase in 
serum IL-6 during lower body heat stress. 
[Methods] 
The study subjects were 9 with CSCI, 10 with thoracic and lumbar spinal cord injury (TLSCI) and 8 able-
bodied (AB) subjects. Time since injury was 16.1years in TLSCI and 16.4 years in CSCI. Subjects were lower-
body heat stress (LBH) by wearing a hot water-perfused suite until 1degree increase in core temperature. 
The levels of serum IL-6, plasma adrenaline, tumor necrosis factor (TNF), C-reactive protein (CRP), and 
counts of blood cells were measured at normothermia and after LBH.  
[Results] 
Serum IL-6 concentrations increased significantly immediately after LBH in all the three groups. IL-6% was 
lower in CSCI subjects compared with AB subjects. Plasma adrenaline concentrations significantly increased 
after LBH in AB and TLSCI subjects, but did not change throughout the study in CSCI subjects.  
[Conclusions] 
Regardless of same increase in core temperature among all group, IL-6% of the CSCI subjects were lower 
than those of the subjects with AB. These findings suggested that IL-6 elevation during hyperthermia would 
involve adrenaline. 
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Introduction: Spinal cord injury (SCI) is a rare injury that often leads to permanent neuromotor impairment 
and sudden disability. Currently, there are no Food and Drug Administration (FDA)-approved treatments for 
SCI. Surgical decompression, high quality critical care, and post-injury rehabilitation remain the established 
standard of care. Repulsive guidance molecule A (RGMa) is an inhibitor of neurite outgrowth and is 
recognized as an important factor in inhibiting neuronal regeneration and functional recovery following 
central nervous system damage. Elezanumab (formerly ABT 555) is an investigational monoclonal antibody 
that neutralizes RGMa and has the potential to enhance recovery from SCI by promoting neurorestoration 
that, in addition to standard of care, may improve functioning and impact patients’ overall quality of life. 
Experiments with elezanumab in preclinical models of spinal cord injury in two species indicate biological 
activity as well as consistent improvement in physical performance with no evidence of drug-related 
toxicity. Here we present the design for a phase 2 study evaluating the safety and efficacy of elezanumab in 
patients with acute traumatic cervical SCI. This study will incorporate the best available clinical assessments 
to determine a potential benefit in cervical spinal cord injury patients. 
 
Methods: This 52-week, randomized, double-blind, placebo-controlled proof of concept study will assess 
the safety and efficacy of elezanumab in patients with acute traumatic cervical SCI. An estimated 54 
patients will be enrolled and randomized to receive elezanumab or placebo in a 2:1 ratio every 4 weeks for 
52-weeks. Study participants must be between 18 and 70 years of age, with a clinical diagnosis of acute 
traumatic cervical SCI, neurological level of injury of C4, C5, C6 or C7 (cervical lesion as defined by first 
International Standard for Neurological Classification of Spinal Cord Injury [ISNCSCI], and imaging upon 
admission with a maximum screening Upper Extremity Motor Score [UEMS] of 32) with an American Spinal 
Injury Association Impairment Scale (AIS) grade of A or B.  The study will consist of a Screening period (up to 
24 hours since SCI), a 52-week Treatment period, and a safety Follow-up period. 
 
Results: The primary endpoint is the UEMS during the treatment period. Key secondary endpoints are the 
Spinal Cord Independence Measures (SCIM III) self-care score and the change in UEMS from baseline. Safety 
evaluations will include, but are not limited to, adverse event (AE) and serious AE monitoring. 
 
Conclusions: This phase 2 study is designed to evaluate the safety and efficacy of elezanumab in patients 
with acute traumatic cervical SCI.
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Introduction 
Acute traumatic spinal cord injury (TSCI) causes significant mortality and morbidity. The primary injury is 
caused by rapid spinal cord compression by bone displacement from a spine fracture, which is irreversible. 
However, the secondary injury resulting from a cascade of mechanisms caused by the persistent 
compression of the spinal cord is very well defined to be reversible. Therefore, surgical decompression has 
proven to be beneficial in the treatment of TSCI by preventing secondary injury. Despite the well-known 
benefit of surgical decompression of spinal cord injury, the timing of surgery remains controversial. Early 
surgical intervention may be beneficial by reducing the progression of edema and hematoma formation, so 
that may improve neurologic recovery. In contrast, delayed surgical intervention may give practitioners time 
to maximally stabilize the patient while also reducing the cord swelling in the acute setting, considerably 
reducing the potential of complication. This study aimed to identify the effects of early surgical 
decompression in TSCI regarding neurological recovery outcomes and complication rates. 
 
Methods 
A systematic review of English and non-English articles using PubMed and the Cochrane CENTRAL without 
year restriction. Additional studies were searched manually in Google scholar and Google search engine. 
Search terms included “early surgical intervention” and “traumatic spinal cord injury”. Only prospective 
studies were included, including RCTs, quasi-experimental studies, and prospective cohorts. 
 
Results 
Twelve studies were included, comprised of three RCTs (25%), two quasi-experimental studies (16.67%), 
and seven prospective cohorts (58.33%). These studies had evaluated 2136 patients undergoing surgery 
(826 subjects in the early surgery group and 1310 subjects in the late surgery group). Early surgical 
decompression was defined as performing the operation within 8 hours in three studies (25%), 24 hours in 
seven studies (58.33%), 48 hours in one study (8.33%), and 72 hours in one study (8.33%). The authors could 
not conduct meta-analysis because of the heterogeneity of the data. All studies had compared the 
neurological recovery outcome with different methods, with eight studies (66.67%) reported positive 
outcomes in the early surgery group, three studies (25%) reported no difference, and one study (8.33%) 
reported negative outcome. Ten studies had compared American Spinal Injury Association Impairment Scale 
(AIS) grade improvement, with eight studies (80%) reported a statistically significant improvement in the 
early surgery group, and two studies (20%) reported no significant difference. Seven studies had compared 
the complication rate between the groups, with two studies (28.57%) reported a statistically significant 
decrease in complication rate in the early surgery group, while five others (71.43%) reported a trend of 
decrease in complication rate in the early surgery group but were statistically not significant. 
 
Conclusion 
The findings of this study indicate that early surgical decompression in acute traumatic spinal cord injury 
events is favorable in neurological recovery outcomes and reduction in complication rates. Therefore, 
surgical decompression should be done as soon as possible.
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BACKGROUND: Spinal cord high-grade glioma has poor prognosis. Especially, no treatment protocols have 
been established for recurrent cases. 
OBJECTIVE: To apply a novel treatment method, convection-enhanced delivery (CED), for recurrent high-
grade glioma. CED can deliver chemotherapeutic agents directly into the intramedullary lesion and possibly 
lead to remarkable regression of enlarging tumors that are, otherwise, di cult to control. 
METHODS: Two patients developed high-grade glioma in the thoracic spinal cord. Partial resection and 
chemotherapy and radiotherapy induced remission of the disease. However, following the initial treatment, 
recurrence was noted in the spinal cord at 6 and 12 mo, respectively. No e ective treatment was available 
for these recurrent lesions. Therefore, the authors decided to use CED to infuse nimustine hydrochloride 
(ACNU) directly into the spinal cord. During the procedure, the infusion cannula was inserted into the spinal 
cord lesion under intraoperative computed tomography scan. 
RESULTS: After ACNU CED, successive magnetic resonance imaging con rmed remarkable shrinkages of the 
tumors in both cases. However, the patient’s preinfusion symptoms, including bilateral lower extremity 
weakness, did not change after the treatment. Impor- tantly, overall survivals of the 2 patients were as long 
as 67 and 33 mo. 
CONCLUSION: The authors report the  rst 2 cases of recurrent spinal cord high-grade glioma. ACNU CED 
dramatically regressed enhanced mass lesions and provided local tumor controls in the spinal cord.
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Introduction:  
Paired associative stimulation (PAS) is a non-invasive neuromodulation technique combining transcranial 
magnetic stimulation (TMS) and peripheral nerve stimulation (PNS). Repeated interaction of TMS- and PNS-
induced volleys is thought to lead to synaptic plastic response at preserved corticospinal connections after 
spinal cord injury (SCI) and therefore to enhance motor output of paretic muscles. In conventional PAS 
protocols consisting of single TMS and single PNS pulses, the exact timing of these pulses (interstimulus 
interval, ISI) is crucial for the induction of long-term potentiation-like effect. Exact determination of ISI in SCI 
patients is sometimes challenging due to altered conductivity of their corticospinal tract. We previously 
modified PAS protocol to make it more feasible for clinical application. In our PAS protocol, PNS is delivered 
as high-frequency trains, which allows PAS to remain effective at a wide range of ISIs. In the study presented 
here we further investigated PAS protocol properties in healthy subjects in order to find the most effective 
settings.  
  
Methods:  
We explored in which way the frequency of PNS would affect PAS outcome. We tested PAS protocols with 
five different PNS frequencies of 25, 50, 100, 200 and 400 Hz in 20 healthy subjects. We also applied two 
different frequencies of PAS (0.2 and 0.4 Hz). Thereafter, we investigated how does our protocol work 
under conditions where detection the optimal TMS target in the motor cortex of SCI patients is not possible 
due to altered conductivity and spasticity: we tested our PAS protocol with suboptimal TMS target 
administered for 3 days. 
 
Results:  
Comparison of PAS protocols with PNS of 25, 50 and 100 Hz revealed that 100 Hz protocol was the most 
effective. Motor evoked potential (MEP) potentiation for 100 Hz was 158±25% stronger than for 50 Hz 
(p=0.009) and 151±17% stronger that for 25 Hz (p=0.016). Additionally, we discovered that further 
increasing PNS frequency to 200 and 400Hz did not improve PAS outcome: PAS with 400-Hz PNS induced 
significantly weaker MEP potentiation than 100-Hz (p=0.023) and 200-Hz (p=0.013), while PAS with 100-Hz 
yielded the strongest potentiation (189±28%, p=0.009). Furthermore, increasing the frequency of PAS 
weakened the extent of MEP potentiation (0.4 Hz PAS: 120±10% at 30 min (p=0.066) and  103±11% at 60 
min (p=0.77); 0.2 Hz PAS 177±24% at 30 min (p=0.008) and 147±10% at 60 min (p= 0.008)). We also 
demonstrated that our PAS protocol showed significant MEP potentiation after three consecutive PAS days 
(311±141%, p=0.043) even with suboptimal TMS target.  
 
Conclusion:  
0.2 Hz PAS with 100-Hz PNS component is the most effective PAS protocol with high-frequency PNS tested 
thus far, while higher or lower frequencies lead to less efficient MEP potentiation. Our PAS protocol works 
even when it is not possible to detect the TMS target with high precision in clinical setting.  We have already 



successfully applied the PAS protocol with 100-Hz PNS to SCI patients, obtaining meaningful clinical results. 
Since the protocol is not sensitive to inaccuracies in ISI calculation and TMS target detection, its long-term 
application is feasible for clinical practice.  
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[Introduction] Cervical myelopathy presents with numbness of the limbs, impaired dexterity of the fingers, 
and gait disorder, and surgical treatment is typically provided as the symptoms progress. Recently, some 
reports have found that stabilometry is useful for evaluating standing balance in patients with cervical 
myelopathy and the results suggest that the severity of cervical myelopathy may affect the sway of the 
center of gravity. Therefore, we performed stabilometry as a preoperative and postoperative evaluation of 
patients with cervical myelopathy who underwent surgical treatment and compared the clinical symptoms 
before and after surgery. 
[Methods] The subjects were 16 patients (10 males and 6 females) with a mean age of  71.7 years who 
underwent surgery for cervical mylopathy between 2017 and 2019.  The patients underwent preoperative 
and postoperative stabilometry (Gravicorder, ANIMA Co.). The postoperative evaluation was performed 3 
months after surgery. We also took the same measurements in 10 healthy individuals, matched for sex and 
age, without spinal or otorhinolaryngologic diseases. The parameters measured were total locus length, 
which measures the moving distance, and outer peripheral area (OPA), indicative of the spread of the 
center of gravity. In addition, the Japanese Orthopaedic Association Cervical Myelopathy Evaluation 
Questionnaire - lower extremity functional evaluation (JOACMEQ) was used preoperatively and 3 months 
postoperatively for clinical outcome assessment.  
[Results] The JOACMEQ (lower limb function evaluation) significantly improved in 9 cases (60%) except one 
case that was ineffective before and after surgery. The total locus length of healthy individuals was 74.9 ± 
26.2 cm, and the OPA was 3.8 ± 1.6 cm². The total locus length before and after surgery was 260.6 ± 131.7 
cm and 197.1 ± 110.4 cm, respectively, indicating improvement (p=0.07). The OPA before and after surgery 
was 25.8 ± 22.9 cm² and 14.5 ± 11.1 cm², respectively, also showing improvement (p=0.03). The 
preoperative OPA was 14.8 ± 4.2 cm² and 41.1 ± 30.3 cm² when the preoperative OPA was divided 
according to the pre-and postoperative effect on lower limb function assessment, respectively, indicating 
that the preoperative value of the OPA was associated with the improvement of clinical symptoms in the 
lower limbs (p=0.04).  
[Conclusions] Clinical symptoms showed more improvement in healthy individuals than in patients with 
cervical myelopathy, although the stabilometry variables demonstrated improvement in the early 
postoperative stage. Furthermore, as the clinical results for the lower limbs tend to be poor if the 
preoperative OPA is large, surgical intervention as early as possible is necessary for this disease when 
affected patients present with standing and walking disorders.
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Introduction  
Subarachnoid haemorrhage (SAH) secondary to a spinal etiology is rare, with a less than 1% incidence in all 
SAH cases. Spinal cord arteriovenous malformations (AVMs) and intraspinal tumors are more frequently 
associated with spontaneous, non-traumatic bleeding within the spinal canal. Spinal artery aneurysms are 
rare with a reported incidence of less than 1 in 3000 spinal angiograms. Spinal artery aneurysm is usually 
associated with spinal cord AVMs, dural arteriovenous fistulas, coarctation of the aorta, bilateral vertebral 
artery occlusion and Moya-Moya disease. Isolated spinal artery aneurysm without any associated AVMs are 
extremely rare.  We describe a case of conservatively managed spinal SAH caused by rupture of isolated 
posterior spinal aneurysm and the rehabilitation management in an elderly patient. 
  
Case report  
A 83-year-old male with a history of benign prostate hyperplasia was admitted to the Emergency 
Department for sudden flaccid paraparesis associated with acute urinary retention. 
Initial clinical findings indicated flaccidity of bilateral lower limbs, left lower limb strength of 0/5 and right 
lower limb strength of 3/5 based on Medical Research Council grading, and a preserved anal tone. 
MRI thoracic and lumbar spine showed diffuse subarachnoid haemorrhage in the thoracolumbar spine, an 
extramedullary focal haematoma at the level of T12-12 and a small hyperintense focus at the level of T7 
within the thoracic spinal cord. Spinal angiogram showed two small aneurysms arising from the left 
posterior spinal artery opacified from the left common T6-T7 intercostal branch. He was conservatively 
managed by the neurosurgeon as the aneurysm was deemed inaccessible to surgical clipping and the risks 
of surgery outweighed the benefits. He was started on antihypertensives to ensure optimal blood pressure 
control and commenced on intravenous dexamethasone which was gradually tapered over a 9-day period. 
He was transferred to inpatient rehabilitation 2 weeks after his acute admission. He required minimum to 
moderate assistance in his activities of daily living (ADLs) due to decreased activity tolerance and fair 
standing balance. He underwent aerobic, strengthening, balance and flexibility exercises as well as 
functional task retraining. He was discharged after 2 weeks of inpatient rehabilitation as he regained motor 
recovery in his lower limbs and was able to ambulate 160 meters with a roller frame and able to perform 
standing ADLs with supervision. A repeat MRI of the thoracic and lumbar spine 4 weeks post-SAH showed 
temporal evolution of the SAH. After several months of outpatient rehabilitation, he was eventually able to 
ambulate in the community with a single point walking stick and resume his recreational activities. He could 
successfully void without the need of an indwelling catheter after trans-urethral resection of his prostate. 
Two years post-SAH, he was functionally well and could travel. He continues to be on follow-up with the 
neurosurgeon and rehabilitation medicine specialist annually.  
 
Conclusion 
Most reported cases of ruptured isolated posterior spinal artery aneurysms are either surgically managed or 
endovascularly embolized. Our case report demonstrated good functional recovery in an elderly patient 
with conservatively treated posterior spinal artery aneurysm after rehabilitation.  
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Introduction 
A holistic practice, yoga can be readily adapted to meet the physical limitations of individuals and shows 
promise as a therapeutic intervention. While the specifics of the relationship between yoga and health are 
being explored, there is a paucity of studies considering yoga and spinal cord injury (SCI). This exploratory 
evaluation aimed to examine how, why and in which contexts an adaptive yoga program impacts people 
with SCI. 
 
Method 
Using principles of realist evaluation, a study was conducted with 13 people who have a SCI and practise 
yoga. An initial rough program theory (IRPT) was developed from the literature and experiences of the yoga 
teacher prior to the commencement of the program, building explanatory accounts of how the program 
would work, with whom and under what circumstances.  
 
Data consisted of two semi-structured interviews; the first explored participants’ perceptions, experiences 
and reported outcomes of the yoga program. The second interview examined reasoning, choices, and 
motivation behind participation. Interview transcripts were repeatedly reviewed by two researchers, 
capturing key phrases and concepts to identify and code resources, contexts, mechanisms and outcomes.  
 
Results 
Original findings suggest an adapted yoga program provides a number of meaningful physical, psychological 
and social benefits for people with a SCI. Yoga is beneficial for decreasing pain, improving emotional health, 
increasing activity and participation, improving sleep, decreasing muscle spasm and increasing self-
awareness.  
 
This study found unanticipated mechanisms not considered in the IRPT. Before buying into the program 
these included a willingness to try yoga, valuing being on the floor, trusting the teacher, accepting help, 
discovering the power of breath, rediscovering the power of touch and realising my body can do this.  This 
initial experience at the commencement of the program, positioned the participant as an ‘outsider’, 
unfamiliar with yoga and cautious with regards to outcomes. Consistent positive experiences led to 
consolidation of thoughts about yoga: realising I have some control over symptoms, buying into yoga and 
incorporating yoga into my life. This solidified motivational changes to become an ‘insider’ of the adapted 
yoga program. 
 
A number of relationships were identified with the emergence of seven key features. These features, which 
were recurring in the data or played a part in the positive feedback loops, were practising yoga out of the 
wheelchair, inclusion of all four components of yoga (asana, pranayama, meditation and philosophy), prop 
use, availability of in class assistants with specialist training, teacher with specialist training and extensive 
experience, group classes and the use of essential oils such as lavender.  
 
Conclusion  



This study produced evidence-based support for the optimisation of a yoga program for people with a SCI. 
Further research on mechanisms underlying and measurement of outcomes of a yoga practice would be 
extremely worthwhile and be used to better inform the design and evaluation of similar programs. 
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【Introduction】 

 Dens fracture with Anderson type Ⅱ have high risks to be pseudoarthrosis. 
 Generally, Surgery is recommended to get good outcome. 
 Although, there are some reports to show the advantage of surgery to elderly people with Type Ⅱ 
fracture, some papers described complications of surgery for elderly and recommended to perform 
conservative therapy. 
We investigated treatment outcomes for dens fracture with Anderson typeⅡ fracture. 

【Methods】 

 We investigated 9 patients over 70 years with dens fracture Anderson typeⅡ. 
  Patients include 3 males and six females; their average age was 82.6 years old  
( 72～94 years ). 
 Seven cases had conservative therapy with using sternal occipital mandibular immobilizer as an initial 
treatment. 
 Two cases had surgical treatments with C1/2 fixation using Harms methods. Two patients having had 
conservative treatment were converted surgery because of uncontrollable neck pain.  
One surgery case got bone union; the other patients died after surgery because of brain infarction. 
Although, five cases selected conservative therapy had pseudoarthrosis, All patients had got pain relief and 
enough physical activity and did not have any neurological deflects.  
[Conclusion] 
Most cases had conservative therapy and got good outcomes regardless of having pseudoarthrosis. 
Considering complications after surgery for elderly people, Conservative therapy may be a better choice of 
for dens fracture Anderson typeⅡ.  
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Background: recent studies demonstrated that a significant percentage of spinal cord lesion patients are 
admitted to a rehabilitation ward with complications. Aim of the study is to evaluate the effect of the 
presence of complications at admission on the functional status of spinal cord lesions patients. 
Patients and methods: 101 patients with complications (mostly pressure sores) at admission were matched 
for age, distance from the lesion, level and AIS level with 101 patients without complications. Measures: 
American Spinal Injury Association standards, Spinal Cord Independence Measure, Rivermead Mobility 
Index, and Walking Index for Spinal Cord Injury, discharge destination.  
Results: patients with complications at admission were more often males (M/F ratio = 62/39 in the group 
without complications and 79/22 in the group with complications, p<0.05) and suffered more often from a 
traumatic lesions (T/NT ratio = 42/59 in the group without complications and 63/38 in the group with 
complications, p<0.05). The functional status at admission and discharge of the patients with complications 
was significantly worse than the functional status of patients without complications. Length of rehabilitation 
stay was significantly higher in patients with complications. Patients with complications at admission were 
more often discharged to other hospitals or institutionalized (27/74 vs 9/92, p<0,01). 
Conclusions: complications seems to be more frequent in male patients and in patients with patients 
traumatic lesions. The presence of complications negatively affect patients’ functional status at admission 
and discharge and length of stay, and determine a higher risk of being institutionalised.  
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Background: Diaphragm Pacing (DP) continually demonstrates benefits over mechanical ventilation for 
spinal cord injured (SCI) patients. Phrenic nerve conduction studies (PNCS) have long been consider a 
mainstay in the preoperative evaluation when considering placement of DP yet they are difficult to perform 
with high reported false positive/negative results.  Intact phrenic nerves are necessary for diaphragm 
stimulation but there is significant variability on the cervical nerve roots that provide innervation to the 
diaphragm so cervical injury level alone cannot predict failure of diaphragm stimulation.   
  
Methods: Retrospective review of a prospective database of all DP patients at single institution. Review of 
other published data of DP patients. PNCS results, level of cervical injury and surgical evaluations and 
outcomes were analyzed.  
 
Results: PNCS results showed that EMG latencies for the populations that could be stimulated (n=44) and 
those that could be not be stimulated (n=6) overlapped (7.8+/- 2.5ms vs 9.4 +/- ms) and the null hypothesis 
(that the means are equal) cannot be rejected (p-value>0.05). The range of amplitudes also overlapped as 
well (0.4 +/- 0.2mV vs 0.2+/- 0.2mV) and the null hypotheses cannot be rejected (P-value >0.05). In our 
database of 167 implanted patients who had diaphragm paralysis from other etiologies, 125 had PNCS. 
There were 78 (62.4%) false negative studies. These patient did not have an amplitude or a latency yet at 
laparoscopic surgery the diaphragm could be stimulated and DP led to recovery of function. Three recent 
publications show pacing success in patients with lower cervical injuries. In a 2014 report(Posluszny et al, J 
Trauma) of 29 SCI patients, 18 had injury involvement at C3-5 with 11 (61%) having successful diaphragm 
stimulation. A 2018 report (Kerwin et al J Trauma) of 40 DP patients had 65% with injuries below C4. A 2018 
review of 92 traumatically injured DP patients had 29 with C3 or lower level injury (Onders et al Surgery). 
This paper demonstrated level of injury had no bearing on DP success.  
 
Conclusions: Results of PNCS testing indicate that EMG data are not sufficient to determine candidacy for 
DP.  Using cervical level as a factor in determining DP appropriateness does not correlate to DP success. 
Utilizing PNCT or cervical injury level as a criterion to undergo DP surgery could significantly eliminate 
patients who would benefit from DP placement. The only dependable and reliable method to verify the 
integrity of the phrenic nerve lower motor neuron  and determine if the diaphragm responds to the 
electrical charge is by direct stimulation with the mapping techniques as part of DP implantation or as a 
stand-alone diagnostic laparoscopy. A move toward direct visualization in the OR would preclude the 
exclusion of patients based on testing that is only 37.6% sensitive.  Additionally, this allows for the maximal 
amount of patients to be eligible for the benefits of DP which would decrease the need for tracheostomy 
mechanical ventilation and its associated morbidity and mortality.  
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[Introduction] Patients with cervical spinal cord injury (CSCI) have difficulties in performing activities of daily 
living (ADL) due to upper extremity dysfunction. Moreover, implementing the rehabilitation intervention for 
patients with CSCI is difficult because of various disabilities. However,  CSCI upper extremity function 
evaluation in Japan often uses the International Standards for Neurological Classification of SCI upper 
extremity motor score (UEMS) and evaluation for stroke patients. There are difficult to evaluate patients 
with CSCI in detail. Several recent reports have used the Capabilities of Upper Extremity Test (CUE-T) to 
evaluate the upper extremity function specialized for CSCI. This study was conducted to verify the clinical 
usefulness and characteristics of CUE-T in Japan. 
[Method] Research 1 verified the validity of CUE-T in Japan based on the correlation between CUE-T and 
conventional evaluations. Research 2 verified the clinical features of CUE-T in a case study. Research 1: A 
total of 19 patients with CSCI (average age: 62.3 ± 13.0 years, 18 men, 1 woman, ASIA Impairment Scale 
[AIS]: A 4,B 2,C 4,D 9) in the recovery and chronic phases were included. Correlation between CUE-T and 
UEMS, Action Research Arm Test (ARAT) (for the evaluation of the upper extremity function in stroke 
patients), and Japanese version of Spinal Cord Injury Independence Assessment (SCIM) was examined using 
Spearman’s rank correlation coefficient. Research 2: A total of 4 patients with CSCI (AIS: A(C5), B(C5), C(C4), 
D(C5) on admission) were evaluated. The clinical characteristics of CUE-T were verified according to CUE-T, 
UEMS, and ARAT changes every month. 
[Conflicts of interest, ethical considerations]  No conflict of interest exists. This research was conducted in 
accordance with Chiba Rehabilitation center’s ethical rules based on Declaration of Helsinki. 
[Results] Research 1: The correlation coefficient between CUE-T and UEMS, between CUE-T and SCIM total 
score, and between CUE-T and SCIM self-care score was 0.956 (p < 0.01), 0.927 (P < 0.01), and 0.913 (P < 
0.01), respectively, indicating strong correlation Research 2: CUE-T detected upper extremity function 
changes in all cases. The AIS C case showed changes over time in all upper extremity function evaluations. 
As a characteristic change, AIS A and AIS B cases with severe upper extremity dysfunction could detect 
smaller changes than ARAT. AIS D case with high upper extremity function could detect Detailed 
changes.Further, various movement patterns such as reach movements, skillful use of hands and fingers, 
and bilateral movements could also be evaluated. However, these results did not reach the ceiling effect. 
[Consideration] CUE-T was strongly correlated with conventional neurological, upper extremity function, 
and ADL evaluations. We demonstrated that CUE-T had a good validity in Japan. In addition, it was 
suggested that CUE-T could detect more detailed changes in upper extremity function that compared to the 
conventional upper extremity function evaluation. In the future, the number of cases should be increased 
and the relevance of CUE-T to other evaluation methods and detailed clinical characteristics should be 
evaluated.
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【INTRODUCTION】 
In Japan, the age at injury of patients with traumatic spinal cord injuries has been increasing; moreover, the 
morbidity rates of diabetes and coronary artery diseases are growing. However, there remains, as of yet, no 
specific exercise index for individuals with spinal cord injuries. This study measured resting oxygen uptake as 
the basis to create an exercise index for individuals with spinal cord injuries and investigated uptake 
differences by age. 
【METHODS】 
This study included 69 inpatients (61 male and 8 female) at our hospital who had experienced a spinal cord 
injury at least three months before the commencing of the study. Oxygen uptake for three minutes was 
measured twice after two hours of bed rest post-breakfast, followed by 15 minutes in a resting sitting 
position. Heart rate was measured simultaneously to confirm the steady state. A VO2000 Gas Analyzer 
(MedGraphics, Minnesota, USA) was used for expiration gas analysis, while activity was measured using an 
A360 Fitness Tracker (Polar, Kempele, Finland), Inspection room was set at room temperature 25 ° C and 
humidity 50% .The subjects were divided into older (65 years and older) and younger (younger than 65 
years) age groups and their mean values were compared by t-tests. All statistical analyses were performed 
with EZR (Saitama Medical Center, Jichi Medical University, Saitama, Japan), the significance level was p 
<0.05. 
【RESULTS】 
The mean age of all subjects was 53±17 years, and 72±6 and 45±14 years in the older and younger groups, 
respectively. No significant differences were observed between the two measurements of oxygen uptake. 
Therefore, the analysis used the lower value of the two measurements. The resting oxygen uptake was 
3.10±1.03 mL/kg/min in all subjects, 2.82±1.03 mL/kg/min in the older group, and 3.23±1.03 mL/kg/min in 
the younger group, showing a decreasing tendency in the older group. 
【CONSIDERATIONS】 
The results of the current study showed a resting oxygen uptake of 3.10±1.03 mL/kg/min, which was higher 
than that reported by Collins, et al. (2.7 mL/kg/min). The reason for this difference could be that the 
subjects in our study were in the rehabilitation phase, with high exercise volumes. A study in China showed 
significantly lower resting oxygen uptake in healthy individuals aged 65 years and older. Our study also 
showed that the older group tended to have lower resting oxygen uptake. The resting oxygen uptake of 
individuals with spinal cord injuries is currently set at 3.1±1.0 mL/kg/min. However, the differences values 
across age groups in the present study suggest the need for an exercise index that varies by age group. 
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Introduction:  Transanal irrigation (TAI), which seems to reduce the risk of urinary tract infection, is an 
alternative and relatively safe approach for managing neurogenic constipation. Recent studies using 16S 
rRNA-based microbiota profiling have demonstrated dysbiosis of gut microbiota in patients with neurogenic 
constipation. Gut microbiota and their metabolites have a crucial role of modulating the immune system. 
Therefore, the aim of this study is to investigate the structural changes in gut microbial composition after 
TAI in patients with neurogenic constipation. 
Methods:  A prospective study with 16S rRNA sequencing was performed to compare fecal microbial 
composition before and three months after TAI using Persteen® in fifteen patients with spina bifida (13), 
spinal cord injury (1) and disc herniation (1). The 100 different types of gut microbiota at the genus level 
were used for the comparison analysis. 
Results:  Gut microbiota of the constipated patients whose average age was 17.0 years old were dominated 
by Bacteroides (20.51%), Ruminococcus (9.58%), Faecalibacterium (7.95%), Blautia (7.38%) and 
Bifidobacterium (5.55%). Significant increased abundance in Bacteroides, Roseburia and Anaerostipes and 
significant decreased abundance in SMB53, Turicibacter and Eggerthella were observed after TAI. 
Conclusions:  Bacteroides and Lactobacillus can enhance mucosal IgA production to prevent infection by 
pathogenic microorganisms. Roseburia and Anaerostipes belong to the Lachnospiraceae family, which 
degrade polysaccharides to short chain fatty acids such as butyrate, resulting in the induction of regulatory 
T cells in the colon. Therefore, TAI may contribute to enhance the host immune system in patients with 
neurogenic constipation.
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Introduction: Functional independence is one of the vital outcomes for spinal cord injury (SCI) patients. In 
China, most SCI patients in long term live at home. However, it is difficult to collect the data about their 
functional independence because most of the instruments in the field such as Spinal Cord Independence 
Measure (SCIM) are required to be rated by health professionals, but China's current medical human 
resources in communities are far from enough. A self-report version of the SCIM Ⅲ (SCIM-SR) in German, 
was developed in 2013, and has been translated into different languages. It has been proved to be reliable 
for reflecting the functional status of SCI patients. Comparing with the instruments administered by medical 
staff, the SCIM-SR is more suitable for discharged patients. This study aimed to translate and validate the 
Chinese version of the Spinal Cord Independence Measure Self-Report (SCIM-SR). 
 
Methods: The translation of Chinese version of the SCIM-SR was conducted according to Brislin guidelines. 
After forward and back translations, the final version was evaluated by eight experts on SCI for the content 
validity index (CVI). Then the Chinese version were examined employing a cross-sectional study. A total of 
147 hospitalized SCI patients were recruited from four rehabilitation centers. They were required to 
complete the SCIM-SR by themselves. For the patients with hand dysfunctions, it could be finished with the 
help of their caregivers. Forty of the patients in one center were rated by the nurses at the same time using 
the SCIM Ⅲ independently for testing the criterion-related validity between the SCIM-SR and SCIM Ⅲ. The 
40 patients were also required to fill the SCIM-SR for twice in two weeks for examining the test-retest 
reliability. The following psychometric properties were tested: content validity, criterion-related validity, 
internal consistency reliability and test-retest reliability. 
 
Results: The scale CVI of the SCIM-SR was 0.99 and the item CVI was ranged 0.88-1. The intraclass 
correlation coefficients (ICC) between the total scores of the SCIM-SR and SCIM III was high (0.935), and 
were 0.899, 0.760 and 0.942 for the three subscales. By Bland-Altman analysis, the nurses rated functioning 
slightly higher than the patients. The mean difference between SCIM-SR and SCIM III for the total score was 
2.35 (point estimate 95% CI -0.58–5.28), and were 0.75 (-0.51–2.01), 1.30 (-0.63–3.23) and 0.30 (-0.80–1.40) 
for the three subscales. The Cronbach’s α coefficient were satisfied for the total scale, self-care subscale and 
mobility subscale (0.908, 0.913, 0.895), but relatively lower (0.581) for the respiration and sphincter 
management subscale. Regarding test-retest reliability, the Spearman coefficient for the total scale 
between two surveys in two weeks was high (0.876), and were 0.837, 0.736, 0.877 for the three subscales 
respectively.  
 
Conclusions: Our results supported that the validity and reliability of the Chinese version of SCIM-SR were 
acceptable. This scale could be used for assessing the functional independence of the Chinese SCI patients in 
communities and families via patients’ self-reports.
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Introduction: Research has shown increased risk of mental health difficulties in people who have sustained a 
spinal cord injury (SCI, Kennedy & Garmon-Jones, 2017; Post et al., 2012), with increased anxiety and 
depression approaching discharge from rehabilitation.  Recent research has found 4 trajectories with a 
group experiencing delayed symptom elevation for anxiety and depression between one and two years post 
injury (Bonnano et al, 2012; Craig et al 2019). However, whilst previous studies have examined adjustment 
difficulties and effective coping strategies post injury (Kennedy, Taylor & Duff, 2005; Hanson et al., 1993; 
Kennedy et al., 2000), comparatively little research has taken place into the psychological impact of 
transition from rehabilitation, the supportive factors that may be protective and aid transition, despite best 
practice guidance (Middleton et al., 2014). Screening for psychological health, at and after discharge would 
aid identification of individuals with significant needs and referral for psychological support, and protect 
against feelings of social isolation and system abandonment (Guilcher et al., 2013). This study sought to 
investigate the transition from inpatient rehabilitation into the community for individuals with an SCI in 
terms of coping and emotional wellbeing. 
 
Methods: 42 patients admitted to the National Spinal Injuries Centre (NSIC), Stoke Mandeville Hospital 
between 2017 and 2018 who had been subsequently discharged and were living in the community took part 
in a telephone or face to face assessment with a Clinical Psychologist. This assessment explored the 
psychological and emotional well-being of patients through coping, psychological health and risk factors, 
hobbies and valued activities. Personal circumstances were also assessed (relationship/sexual needs, social 
situation, employment). Participants additionally completed a range of psychometric measures of coping 
and adjustment. These were the Appraisals of DisAbility: Primary and Secondary Scale (ADAPSS) (Dean & 
Kennedy, 2009) and the Perceived Manageability Scale (PMnac) (Kennedy, Scott-Wilson & Sandhu, 2009). 
Finally, a physical health assessment measuring their confidence in managing their SCI, skin, bladder and 
bowel care, and in turn, transition for these since discharge was included as part of the assessment. 
Interview transcripts were analysed using grounded theory methods. Further, matched t-tests were utilised 
to assess changes in anxiety, depression and adjustment between admission to rehabilitation, pre-discharge 
and post-discharge. A mixed-method analysis was adopted. 
 
Results: Emergent themes included patient’s limited knowledge around how to seek psychological help and 
support after discharge from primary rehabilitation, as well as their desire for support for difficulties in 
adapting, coping, acceptance, emotional well-being, strictures on social activities and independence and 
relationships. Patients highlighted the value of peer interaction and support from other individuals with 
lived experience of SCI, as well as positive coping behaviours and approaches including accessing 
community services and family support acting as protective factors. Participants also highlighted they felt 
there was limited knowledge of SCI in community services and in turn, the required specialist support. 
 
Conclusions: The results of this study highlight the psychosocial needs of individuals transitioning to live and 
re-establish their lives in the community following SCI, and emphasize the importance of accessible support 
throughout the transition period.
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1. Introduction: Epidemiology of spinal TB (10 min, Alexander Moran): This session aims to describe 
the history of extrapulmonary TB, including spinal TB, and to discuss the epidemiology of spinal TB. The 
session will begin with a brief introduction of extrapulmonary TB (TB occurring outside of the lungs) and will 
continue with an epidemiologic overview of the disease. Questions will be taken and discussions 
encouraged during the session. 
2. Pathophysiology of spinal TB (15 min, Nassib Tawa):This session will describe the pathophysiology of 
spinal TB. The session will begin with a brief introduction of the anatomy of the spinal column and will 
continue with a discussion on the pathophysiology of spinal TB. Questions will be taken and discussions 
encouraged during the session. 
3. Associated factors and clinical presentation of spinal TB (30 min Marisa Coetzee): This session will 
build on sessions 1 and 2 by describing risk and associated factors for developing spinal TB. Additionally, the 
session will introduce the clinical presentation of spinal TB and provide information on subjective and 
physical assessments for individuals with suspected spinal TB. The session will focus on a primary health 
care center setting. Questions will be taken and discussions encouraged during the session. 
4. Detection, management and treatment of spinal TB (30 min, Nassib Tawa and Sjan-Mari Van 
Niekerk) This session will present essential concepts of decision-making in a resource constraint setting, 
basic concepts of management (conservative and surgical) strategies and the importance of monitoring 
spinal TB in a primary health context. A clinical decision-making algorithm will be introduced as an aid to 
assist clinicians in early detection strategies. Questions will be taken and discussions encouraged during the 
session. 
5. Further reading and conclusions (5 min, Jacques Lloyd): This session will summarize the major 
concepts discussed during the workshop and will provide additional academic and clinical references for 
further reading and learning. 
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Introduction: In patients with spinal cord injury, the recovery rate on the ASIA Impairment Scale (AIS) A is 
low, and most of these patients have been reported to remain in complete paralysis. However, even though 
their AIS score does not change, we often observe an improvement of motor level in patients with motor 
complete paralysis in clinical practice. Improvement of upper limb function, especially in patients with a 
cervical spinal cord injury (CSCI), is important because it directly leads to changes in their activities of daily 
living. This type of recovery may change the rehabilitation goal for a patient's social return. The objective of 
this study was to elucidate the recovery process for both the Upper Extremity Motor Score (UEMS) and 
motor level (ML), and its related factors, in patients with motor complete paralysis due to CSCI. 
 
Methods: Patients who were registered with the Japan single-center study for spinal cord injury database 
from 2005 to 2019 were extracted according to the following criteria: (1) ML was C4 to C8 at three days 
after injury, (2) a motor complete paralysis rating of AIS A or B at three days after injury, and (3) no 
improvement in AIS at 1 year after injury. We included the sex, age, presence or absence of cervical spinal 
fracture, the UEMS, ML, and motor zone of partial preservation (mZPP) from 3 days to 12 months after 
injury to demonstrate the process of recovery. We evaluated the difference between the UEMS among the 
MLs at three days after injury from C4 to C8 using the Kruskal–Wallis test. Evaluation of factors affecting the 
improvement of ML was performed using binomial logistic regression analysis. 
 
Results: Sixty-four patients were followed up at 6 months after injury, and 44 patients were followed up at 1 
year after injury. The median of the UEMS increased significantly up to 6.0 points (interquartile range: 2.8–
9.3) at 1 year after the injury. No significant difference was found in UEMS improvement among MLs 
evaluated at 3 days after injury, indicating that motor scores had similar recovery in each ML. The rate of 
ML recovery of one or more levels was 36% at 6 months after injury (1 level, 22%; 2 levels, 14%), and 50% at 
1 year after injury (1 level, 27%; 2 levels, 23%). Two factors that significantly affected the improvement of 
ML was the presence of an mZPP (1 level: OR = 10.1, p = 0.01; 2 levels: OR = 45.4, p = 0.002) and age (OR = 
0.12, p = 0.045). 
 
Conclusions: We demonstrate that both UEMS and ML significantly improved in patients with motor 
complete paralysis at 1 year after injury, even though their AIS score did not. In addition, both the presence 
of an mZPP and young age significantly affected the improvement of ML at1 year after injury. This results 
indicates that the evaluation of an mZPP in the early phase is very important for predicting improvement of 
the ML at 1 year after injury. 
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Introduction: Spinal cord diseases, both traumatic spinal cord injury (SCI) and non-traumatic spinal cord 
dysfunction (SCDys) have an estimated global incidence of between 250,000 and 500,000 cases per year, 
however, the quality of most studies in this field are less than ideal. Given the impact of spinal cord diseases 
on individuals, their families and society, it is surprising that there are relatively few quality studies 
regarding the incidence of these conditions. This lack of quality epidemiological studies hampers prevention 
and health care planning. The aims of this study were: a) to determine the incidence of both SCDys and SCI 
in Australia (2007-2018) and New Zealand (2012-2018); b) compare the rates between and within these two 
countries (only 2018 reported here), and c) determine if there was a significant changes in the incidence 
rates over the study periods.  
 
Methods: The Australasian Rehabilitation Outcome Centre (AROC) maintains a prospective database of 
inpatient rehabilitation discharges, including SCI and SCDys, in Australia and New Zealand (>95% all 
rehabilitation units in each country). Data from AROC and National population estimates were collected for 
each year in both countries and used to calculate estimates of incidence rate. Patients with SCI or SCDys 
discharged following their initial primary rehabilitation admission and aged 16 years or older were included. 
Poisson regression was used to determine if there was significant change over the study period and the 95% 
confidence interval (CI) of the incidence rates per million population, and chi-squared test were used to 
compare incidence rates for 2018. 
 
Results:  
Incidence rates for 2018 were: SCDys Australia 36.3 (95%CI 33.8 – 39.0), New Zealand 17.8 (95%CI 14.2 – 
21.9); SCI Australia 15.0 (95%CI 13.4 – 16.8), New Zealand 27.9 (95%CI 23.4 – 33.0). There was a statistically 
significant difference between the incidence of SCDys and SCI in 2018 in both Australia (χ2=180.1, P<0.0001; 
SCDys higher) and New Zealand (χ2=10.9, P=0.001; SCI higher). In 2018, the incidence of SCDys was 
significantly higher in Australia than New Zealand (χ2=41.1, P<0.0001) while the incidence of SCI was 
significantly higher in New Zealand than it was in Australia (χ2=37.3, P<0.0001) 
 
There was a significant increase over the study period in the incidence of SCDys in Australia (P=0.001); 
annual increase of 3.8%, and a significant increase in the incidence of SCI in New Zealand (P=0.001); annual 
increase of 4.5%. There was no significant change in the incidence rates of SCI in Australia (P=0.8) or SCDys 
in New Zealand (P=0.5).  
 
Conclusions: The incidence of SCDys is much higher in Australia than New Zealand, while that of SCI is much 
higher in New Zealand. The differences were unexpected. The results are consistent with those previously 
reported for Australia. This is the first study to demonstrate the expected increase in SCDys incidence in 
Australia, presumably related to the aging population. The New Zealand findings are difficult to explain and 
warrant further study. 
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Introduction 
Athletes such as wheelchair marathons are pursuing the ideal form for rowing. The foam and racing gloves 
are closely related. Athletes using hard gloves made their own using thermoplastic resin. However, athletes 
were stressed by the time costs of making their own and the risks that could not be completely reversed. 
Our hospital has been using 3D printers to support the gloves of five discharged patients aiming for the 
Paralympics since 2018. Furthermore, I teach college students studying design how to make thermoplastic 
gloves. 
 
Method 
In order to extract events considered to be effective for cooperation, we created a stakeholder map 
showing the characters involved in this study and their relationships. In addition, I interviewed 13 college 
students with subjective assessments of emotional undulations (-10 to +10 points) along a timeline of all 15 
educational programs and mapped them as a customer journey map. And I created a map of the emotional 
changes of one athlete as well. 
 
Result 
(Between Athlete and Hospital) Data conversion of prototype gloves was an issue in reproduction, but it was 
solved using CT scans utilizing hospital equipment. Complete in-house production, which can execute all 
processes from data conversion to printing in the hospital. 
(Between Hospital and College Students) I taught college students three main topics: physical characteristics 
of people with spinal cord injuries, the use of thermoplastics, and basic forms using unique hands-on 
teaching materials. Athletes were invited as guests to hear what they thought about the effect of glove 
shape on foam. 
(Between Athletes and College Students) The athlete advised the college students and invited them to 
practice. As college students proposed new gloves, 12 out of 13 students became interested in the Para-
Sports. The college student's first sentiment averaged -3.5 points, and "I don't understand" was a typical 
comment. When completed, the average score was 6.2, with comments such as "I was interested in the 
competition," "I would like to watch the Paralympic Games by focusing on gloves," and "I learned that shape 
affects function." 
 
Conclusion 
With the conversion to data, the globe can be flipped horizontally. In the past, athletes were handcrafted 
left and right, which was suspected to be a factor in the imbalance of foam. In addition, it has become 
possible to reduce the weight and compare the differences in shape by superimposing data. We aim to 
create original gloves in the future. The shape of the thermoplastic resin used by athletes is deformed by 
heat such as hot water. At room temperature, it hardens to a practically usable strength. Focusing on that 
attractive material, thermoplastic resin, I transferred technology to college students studying design and 
produced a deepening mutual understanding with athletes. As a result of sharing the lessons learned from 
athletes without monopoly, the relationship between the three was good and contributed to increasing the 
number of supporters of young people.
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Introduction 
In our hospital, we have developed a passive stepping device "Step Master" for lower limbs, targeting 
walking exercises for people with paralysis of spinal cord injury. A simple passive device will be needed to 
practice the repetition of walking for as long as possible. Exoskeleton robots have motors at each joint, but 
this device is only one. The device passively and alternately slides the lower limb diagonally forward. While 
participating in the rhythm, we are instructed to spontaneously perform a walking exercise. However, it is 
unknown how the lower limb muscles are activated at this time. Therefore, the study compared the limb 
muscle activity patterns of "Step-based Gait" versus "Treadmill-based Gait (1km/h)" and "Step-based Gait 
(estimation 0.85km/h)" versus effortful "Knee-extended Standing (10s)". 60% of the body weight was 
relieved under all terms. Here, we focused on three cases where ASIA IMPARIRMENT SCALE is common in C.  
In all three cases, body weight- supported treadmill training (BWSTT) required minimal human assistance 
during the swing phase. 
 
Method 
We measured the more paralyzed side using surface electromyography (EMG). The measurement points 
were "Tibialis Anterior (TA)", "Medial Gastrocnemius (GM)", "Vastus Lateralis (VL)" and "Biceps Femoris 
(BF)". Measurement was started from the sixth step, and three walking cycles were obtained. Muscle 
activity patterns were classified from the obtained raw waveforms and moving images. Subject A (178cm / 
54.6kg) had a LEM score of 12. Subject B (180 cm / 58 kg) had a LEM score of 12. Subject C (165 cm / 56.7 
kg) had a LEM score of 8. 
 
Result 
The muscle activity patterns were roughly classified into "Sustained", "Peak during Swing", "Peak during 
Stance", and "Peak during Stance and Swing". Muscle activity patterns of "Knee-extended Standing" were 
"Sustained" in all. In the “Step-based Gait” and the “Treadmill-based Gait”, periodic muscle activity patterns 
were observed in 2 to 4 muscles, respectively. Regarding the TA, the “Treadmill-based Gait” had a “Peak 
during Swing” in all three cases. However, in the "Step-based Gait", "Sustained" was 2 cases (B, C), and 
"Peak during Swing" was 1 case (A). Regarding GM, in the subject C,   Patterns of "Step-based Gait" were 
"Peak during Stance and Swing". According to the video of subject C, he was exercising while standing on his 
toes in the “Step-based Gait”. By the utterance at that time, spasticity had occurred. Regarding BF, "Peak 
during Swing (A, B)" or "Peak during Stance (C)" appeared according to the subject, not for each base. 
 
Conclusion 
In three cases, the “Step-based Gait” was a periodic muscle activity pattern relatively similar to that of the 
“Treadmill-based Gait”. This is different from "Knee-extended Standing". There is no need to support 
swinging on a step-based, so this can be an option for lack of manpower or self-training. However, as a 
result of the forced swing, it is possible that the two cases (B, C）were more concentrated on knee 
extension when during stance than swing.
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Background: Bone density loss is a common complication following spinal cord injury (SCI). A decline in bone 
density following SCI is associated with decreased mechanical loading resulted from reduced weight-bearing 
activities. A potential benefit of improving bone health using powered exoskeleton has been proposed; 
however, studies were limited in short-term treatment which might not be sufficient to detect 
improvement. This case report was to demonstrate the potential of long-term ambulatory training with an 
exoskeleton to improve bone density in an individual with complete paraplegia. 
Methods: The participant was a 45-year-old male with complete thoracic SCI (T10, AIS A) and has been using 
exoskeleton (FREE Walk) as his ambulatory training tool since 2015. FREE Walk is a wearable, powered 
lower-limb exoskeleton robot designed to assist individuals with lower-limb weakness/paralysis to stand 
and walk. The participant received ambulatory training using exoskeleton twice a week for 30 min/session 
from 2015 to 2016. The training intensity increased to 30-60 min/session, 2-3 times/week between 2017 
and 2019. He did not receive any other ambulatory training while using the exoskeleton. Bone mineral 
density (BMD) at bilateral femoral necks was evaluated once a year using dual-energy X-ray absorptiometry 
(DXA). 
Results: An improvement in bone density, especially for the right femoral neck, was observed. The T-scores 
for the right femoral neck increased from -1 in 2015 to -0.3 in 2019. The T-score for the left femoral neck 
increased from -1.2 in 2015 to -0.6 in 2018 but slightly decreased to -1.1 in 2019. No injuries or severe 
adverse events were reported during training. 
Conclusion: The results showed that long-term ambulatory training with exoskeleton could have the 
potential to improve the bone density of an individual with complete paraplegia. Ambulatory training using 
exoskeleton could be a practical training tool to provide effective mechanical stimulation to mitigate bone 
loss in individuals with SCI. 
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Introduction 
Data from the United States indicate that incidence rates, demographic and injury characteristics of 
traumatic spinal cord injury (TSCI) change over the years. Such knowledge is important to inform effective 
prevention strategies and improve the preparedness of the healthcare systems to support people with TSCI 
during in-patient care and community life. In Nordic countries, scholars and clinicians have observed similar 
changes, but these notions have not been based on a systematic search and analysis of available scientific 
literature. The objectives of this systematic review were to describe the incidence rate, demographic and 
injury characteristics of TSCI in Nordic countries and explore how these fluctuate over the years.  
Methods 
We identified and included data sources that met the following inclusion criteria: (1) cohort studies and grey 
literature; (2) published in English, Swedish, Finnish, Danish, Norwegian, Icelandic; (3) providing 
epidemiological data for TSCI; (4) in Sweden, Finland, Denmark, Norway and Iceland. Data were organised in 
one or more of the following time periods: <1960; 1961-80; 1981-00; 2001-20. Pooled estimates were 
calculated using random effects meta-analysis. Stratification of data into 20-year intervals allowed 
comparison between data.  
Results  
16 data sources that met the inclusion criteria were identified and included, out of which we were able to 
extract full data from 14 sources (12 research studies and 2 technical reports). In total, these sources 
presented data for 26 cases for the period 1941-60 (Norway), 832 cases for 1961-80 (all countries except 
Sweden), 1950 cases for 1981-00 (all countries) and 1673 cases for 2001-20 (all countries). The combined 
estimate for all studies together was 18,04 cases/million/year (CI 95% 13,45-22,64). Heterogeneity was high 
among all studies, even when stratified by country.  
Over time, there was a lower proportion of injuries reported for the age group 15-29 years; 51% in 1960-80 
versus 21% in 2001-20. There was an increase in the rate of injuries for the age group >60 years - from 9% in 
1961-1980 to 31% in 2001-20. Transportation related injuries represented 44% in 1960-80 and 29% in 2001-
20. Falls accounted for 33% in 1961-80 and 46% in 2001-20. The ratio for level and completeness of injury 
were largely stable between the 20-year intervals. The only noticeable change was the decrease in the rate 
of complete tetraplegia (20% in 1961-80 to 12% in 2001-20) and the increase in the rate of incomplete 
tetraplegia (31% in 1960-80 to 41% in 2000-20).  
Conclusions  
During the last 80 years, the epidemiology of TSCI in the Nordic countries has changed primarily in terms of 
the incidence rate, the age at injury and the causes of injury. Higher standardisation and quality of reporting 
could have a positive impact on monitoring changes in the epidemiology of TSCI in Nordic countries and 
around the world. The results also indicate the need for research, prevention strategies, legislation, 
rehabilitation and services specifically designed for individuals above 60 years old and fall-related injuries. 
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Introduction & objective:  
Persons with spinal cord injury (SCI) often suffer secondary health conditions like pressure sores, respiratory 
or urinary infections and fractures for which in-hospital treatment is needed. For adequate health services 
planning and prevention of (secondary) health conditions (SHC), knowledge of etiologies that need inpatient 
treatment and their outcome is needed. The objective of this study is to get an overview of medical causes 
for admission?, length of stay (LOS) and discharge destination and factors associated with prolonged LOS.   
 
 
Method:  
Prospective data assessment of all acute admissions in a specialized SCI clinic between in the period 
01.01.2017-31.6.2018. Descriptive analysis of diagnosis of the acute medical problem, LOS, discharge 
destination, demographic data (age, gender) and lesion characteristics (level and severity of lesion, cause of 
SCI), relevant non-SCI co-morbidities and complications during in-hospital stay. First a univariate analysis 
was performed for prolonged LOS (>14 days), significant determinants were then tested in a multi-variate 
analysis.   
 
 
Results;  
176 patients were admitted, 83% Male with a mean age of 57 years (SD 14 years) Lesion level and AIS was: 
19% C1-C4, 31% C5-T1, 48% T2-L2 und 2% L3-S4/5, AIS: 67% AIS A, 13% AIS B, 12% AIS C und 7% AIS D. In 
88% the cause of SCI was traumatic. Etiology of acute admissions were pressure sores (n=23, 13%), 
urological infections (n= 32, 18%), respiratory infections (n= 19, 10%), Fractures (n=22, 12%), other 
urological causes (n=14, 8%), autonomic dysregulation (n=4, 2%), other infections (n= 26, 15%) other causes 
(n= 38, 21%). oder Mean LOS was 30 days (SD 32days, 0-183 days. During admission, 62% of the patients 
developed a relevant complication. Three patients died, 164 patients could be discharged home   
 
Associated with a prolonged stay were: older age (p= 0,033, CI 0,0361-0,8397), , having a fracture (p=0,001 
CI 7,9639-32,8423) or pressure sore (p=0,000, CI 34,838 – 67,578), or other urological causes (p=0,024 CI -
17,524- -1,256) and other infections (p=0,015 CI 3,627-32,453) and medical complications during stay. 
p=0,05 CI -0,0023 – 15.1988) (comment: but if CI includes zero never significant)   
 
 
Conclusion:  
Main etiology for acute admission in a specialized SCI clinic were pressure sores, infections and fractures. 
Main LOS was 30 days, however range was broad from 0-183 days. Having a pressure sore or a facture, 
older age or (having a complication) during inpatient stay were associated with prolonged LOS.   
 
This information is relevant for health care services planning, including need for acute inpatient medical 
care, as well as target for prevention.   
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Introduction: The aim of this study was to identify intra-personal and inter-personal sociodemographic, 
injury-related and psychological factors measured at admission of inpatient rehabilitation that predict 
psychological distress among dyads of persons with spinal cord injury (SCI) or acquired brain injury (ABI) and 
their significant others six months after discharge. Differences in predictors were investigated for persons 
with SCI/ABI and significant others, and between diagnoses. 
Methods: A prospective longitudinal study was conducted in twelve Dutch rehabilitation centers. In total, 
157 dyads of adult persons with SCI/ABI admitted to inpatient rehabilitation and their adult significant 
others participated in the study. The main outcome was psychological distress measured with the Hospital 
Anxiety and Depression Scale. 
Results: Sociodemographic and injury-related variables did not add to the prediction of psychological 
distress. Higher baseline psychological distress, lower scores on adaptive psychological characteristics 
(combination of self-efficacy, proactive coping, purpose in life, resilience) and higher scores on maladaptive 
psychological characteristics (combination of passive coping, neuroticism, appraisals of threat and loss) 
were related to higher psychological distress six months after discharge, also (although less strongly) 
crosswise between persons with SCI/ABI and significant others. At the level of the dyad, diagnosis (SCI/ABI), 
baseline psychological distress of both, and maladaptive psychological characteristics of the person with 
SCI/ABI were significant predictors of psychological distress. At individual level, educational level of the 
significant other, own baseline psychological distress and own maladaptive psychological characteristics 
were found to be significant predictors of psychological distress among persons with SCI/ABI (explained 
variance: 41.9%). Among significant others, only their own baseline psychological distress predict 
psychological distress (explained variance: 40.4%). The results were comparable across diagnoses. 
Conclusions: Although a dyadic connection was shown, primarily one's own baseline psychological distress 
and psychological characteristics are important in the prediction of later psychological distress among both 
individuals with SCI/ABI and significant others. Screening based on these variables could help to identify 
persons at risk for psychological distress.



 

169 

Verification of reliability and validity of the Graded Redefined Assessment 
of Strength, Sensation and Prehension (GRASSP) in Japan 
Mr Kousuke Takahama1, Mr Kazumasa Jinbo1, Mr Tomohiro Yoshimura1, Ms Tomoko Koshida1, Mr Taichi 
Yasumori1, Mr Takashi Murayama1, Dr Naohisa Kikuchi1, Dr Katsunori Yoshinaga1 

1Chiba Rehabilitation Center, Chiba-shi, Japan 

【Introduction】 
The Graded Redefined Assessment of Strength, Sensation and Prehension (GRASSP) is used worldwide as an 
evaluation measure of upper limb function mainly used in patients with cervical spinal cord injury (CSCI). 
However, in Japan, the upper extremity motor score (UEMS) by the ISNCSCI is mainly used. Therefore, 
detailed evaluation of function is difficult. Further, there have been many reports on the evaluation of 
upper limb function in CSCI patients using the Action Research Arm Test (ARAT) and the Fugl-Meyer 
Assessment (FMA) in Japan. However these evaluation methods are for stroke patients. In this study, we 
examined whether GRASSP can be used for CSCI patients in Japan. 
【Methods】 
This cross-sectional study included 23 patients (22 men and 1 woman) with CSCI who were evaluated 
between April and December 2019. The average age was 63.7 years. The ASIA Impairment Scales A, B, C and 
D included 4, 2, 4 and 13 patients, respectively.  
GRASSP was used to evaluate bilateral upper limb and finger functions in these CSCI patients. UEMS, ARAT, 
and FMA were conducted simultaneously. GRASSP was conducted by two examiners on each patient. 
The following three items were assessed:  
A) inter-rater reliability;   
B) internal consistency; and  
C) concurrent validity. 
A) Two evaluators  scored the same subjects and calculated the weighted kappa coefficient (weighted K) for 
the score of "Qualitative Prehension Testing" (QlG) and "Quantitative Prehension Testing" (QtG). In 
addition, the intra-class correlation coefficient (ICC) was calculated. 
B) Internal consistency was verified by calculating Cronbach's α coefficient for each subtest. 
C) Spearman's rank correlation coefficient between GRASSP and UEMS, ARAT, and FMA was calculated. 
No conflict of interest exists. This study was conducted in accordance with Chiba Rehabilitation Center's 
ethical rules based on the Declaration of Helsinki. 
【Results】 
A) The weighted K values in QlG were 0.795-0.970. Similarly, for QtG, the values were 0.935-0.989. The ICC 
was 0.986 for the total QlG and 0.995 for the total QtG. 
B) Cronbach's α coefficient for each subtest exceeded 0.7. The internal consistency of these subtests for the 
entire GRASSP was 0.822. 
C) The correlation coefficient, rho between GRASSP and UEMS was 0.953 (p <.01); and between GRASSP and 
ARAT  0.931 (p <.01); and between GRASSP and FMA 0.948 (p <.01). 
【Discussion】 
The weighted K exceeded 0.7 and the ICC exceeded 0.9 in the two GRASSP subtests. Thus, the inter-rater 
reliability of GRASSP is considered generally good.  
Cronbach's α coefficient for each subtest exceeded 0.7 in all cases and that for the entire GRASSP exceeded 
0.8. Therefore, it is considered that the internal consistency of each subtest and that of  the entire GRASSP 
were good.  



GRASSP evaluation results showed a high correlation with those obtained in UEMS, ARAT and FMA, 
indicating that they support the concurrent validity of the existing upper limb function evaluation.  
Based on the results obtained, GRASSP is considered valid in Japan as a basic evaluation of upper limb 
function. GRASSP was found usable as a test for for upper limb function in CSCI patients in Japan.
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Introduction 
Cauda Equina Syndrome (CES ) is a rare syndrome with the potential for significant patient morbidity. 
Clinicians are aware of serious health problems in patient with Spinal Cord Injury ( SCI).  On the other hand 
clinicians may be underestimate the impact of CES in daily life.   
The goal of this study was two-fold: 
What is the prevalence of secondary health problems in people with CES? 
Do these problems differ from secondary health problems in people with a SCI? 
 
Methods 
A total of 847 people with a SCI or CES who had been treated in one of  3 Rehabilitation Centers in The 
Netherlands with a specialized SCI department were invited to fill out a questionnaire concerning their 
secondary health problems. An adapted version of the InSCI Secondary Condition Scale ( SCI-SCS: questions 
24-37) was used to measure secondary health problems. 
 
Results 
A total of 261 people were included, of them 42 patients with CES and 219 with SCI. The top 4 most 
frequently reported health problems in people with CES were: pain (78%), sexual problems (76%), bowel 
problems (76%) and sleeping problems (66%). People with SCI most often reported pain (79%), spasticity 
(70%), sexual problems (69%) and bowel problems (66%). Sleeping problems in the SCI group was reported 
in 61%. No significant differences in the presence of secondary health problems between participants with 
CES and participants with SCI were found. 
 
Conclusions 
The most frequently reported secondary health problems in people with Cauda Equina Syndrome are pain, 
sexual problems, problems with bowl management and sleeping problems. The chance of having these 4 
secondary health problems is the same for people with CES as for people with SCI. 
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Introduction. The Physical Activity Scale for Individuals with Physical Disabilities (PASIPD) has been one of 
the tools often used in scientific literature to measure the Physical Activity (PA) of people with any kind of 
physical disabilities (visual, hearing or motor impairment). In regard to people with spinal cord injury (SCI) 
this questionnaire has been used both in individuals with paraplegia and tetraplegia. Concerning the spanish 
version, there have been few studies that have used it and have made any correlation with the physical 
capacity of subjects with SCI. There are also papers that question its reliability to measure the PA in people 
with SCI, arguing that it overestimates the PA. The aim of this study was to find if the data obtained by the 
spanish version of PASIPD show correlation with the physical capacity variables in subjects with complete 
thoracic SCI. Methods. The study sample consisted of a total of 27 subjects with complete spinal cord injury 
at the thoracic level with at least 1 year of evolution. These subjects completed the PASIPD scale to assess 
their level of weekly PA. Subsequently, they performed a stress test under incremetal loads (10 watts / 
minute) with gas analysis and connected to a telemetry monitor, executed with an arm ergometer. Finally, 
the data collected from both tests were analyzed and Pearson correlations were made between the PASIPD 
scores and the variables resulting from the stress test. Results. PASIPD scores had a moderate correlation 
with the Oxygen Pulse (VO2max / HRmax) (r = .458; p = 0.01) and the Maximum Oxygen Consumption [(ml / 
min) / kg] (r = .414; p = 0.03). Conclusions. Although some studies have questioned the reliability of the 
spanish version of PASIPD for the measurement of PA in people with SCI, the results found in this study 
suggest that the scoring of this scale may be related to aerobic and functional capacity of patients affected 
by complete thoracic SCI.



 

173 

SCIENTIFIC ANALYSIS OF THE LITERATURE AROUND SPINAL CORD INJURY 
BASED ON TEXT MINNING 
Dr. Lluïsa Montesinos-Magraner1, Dr. Luis-Millan González2, Dr. Maite  Pellicer-Chenoll2, Dr. Alberto Pardo-
Ibañez2, Dr. Xavier García-Massó3, Mr Adrià Marco-Ahulló1 

1Spinal Cord Injury Unit. Hospital Universitari Vall D'hebron , Barcelona, Spain, 2Departamento de Educación Física y 
Deportiva. Universidad de Valencia, Valencia, España, 3Departamento de Didáctica de la Expresión Musical, Plástica y 
Corporal. Universidad de Valencia,, Valencia, España 

Introduction. The scientific literature on spinal cord injury has increased exponentially over the past few 
years. Summarizing and understanding the main findings have become increasingly difficult. Natural 
language processing (NLP) systems can help in this task. The main objective of our work is to compare 
different text mining techniques in the analysis of the papers (titles) published on spinal cord injury over the 
last few years. Methods. In order to achieve this objective, all the documents published in the Scopus 
database were download using this equation: (AUTHKEY ("spinal_cord_injur*" OR "SCI" OR "parapleg*" OR 
"tetrapleg*" OR "quadripleg*")) OR (TITLE ("spinal_cord_injur*" OR "SCI" OR "parapleg*" OR "tetrapleg*" 
OR "quadripleg*")) AND (LIMIT-TO (DOCTYPE, "ar")) AND (LIMIT-TO (LANGUAGE, "English")) AND (EXCLUDE 
(PUBYEAR, 2018)). The field TI (Title) was used for the analysis. A script was written for the present work in 
the Matlab programming environment. The analysis was performed in the following order: 1. Preprocessing: 
Tokenize the text, remove stop words, lemmatize the words, erase punctuation, remove words with fewer 
characters.  2. Word and N-Gram Counting. 3. Topic Modeling and Dimension Reduction: Latent Dirichlet 
allocation (LDA) model, Word embedding. Results. 30.349 titles were analysed. Once the words that were 
used in the search had been eliminated, the five most common words in TI were "patient" (4443), "rat" 
(2649), "study" (1903), "follow" (1712), "acute" (1675). The most common N-Gram was "spastic & 
paraplegia" (886). The two methods of dimension reduction showed 3 clusters (topics) of words. The most 
important topics were: SCI-rat-model; paraplegia-wheelchair-exercise; SCI-acute-traumatic. Conclusions.The 
methodology employed shows that rat-based models are one of the main topics of research in spinal cord 
injury. Also physical exercise for rehabilitation and primary prevention are preponderant topics in the 
scientific literature. Finally, we have detected that the acute phase of the injury is another of the areas of 
research with more presence. The two methods used in the analysis showed similar results.
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Introduction. In the last decades, great technological advances have been made worldwide, which has 
produced changes in various areas of society. In the field of medicine, tools have emerged to improve the 
patient’s health and quality of life. A specific type of APP focused on the promotion of healthy habits 
(mHealth) [quitting smoking, losing weight, promotion of physical activity (PA)], can be very helpful for 
people with physical disabilities such as with spinal cord injury (SCI) who are wheelchair users, for whom the 
practice of PA is essential. Currently there is no specific mHealth available to promote PA addressed to 
people with SCI in the main digital distribution platforms of APP (GooglePlay and AppStore). Therefore, the 
aim of this study was to design a mHealth to promote the practice of PA in people with SCI (classified as AIS 
A and B), full-time manual wheelchair users, encouraging them to perform the recommended level to 
achieve health benefits and improve their quality of life. Methods. A structured search of scientific literature 
in the SCOPUS database was carried out. Furthermore, several meetings with a group of experts in SCI and 
physical exercise were held, in order to plan and decide the physical exercises to be implemented in the 
mHealth. Results. The designed mHealth will launch 5 daily reminders for physical exercise, patients will be 
provided with 3 physical exercises (for each reminder). In addition, users will be able to demand physical 
exercises, choosing the type (strength, resistance or flexibility exercises) and the material (weights, elastic 
bands or nothing). Depending on the physical exercises performed through the mHealth and the 
smartphone accelerometer records, the user will receive a feedback the next day on whether or not he has 
reached the minimum PA. Conclusions. This study has managed to design a mHealth that aims to increase 
the level of PA in people with SCI who are wheelchair users, trying to offer a new tool to improve their 
health and quality of life.
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Introduction:  
The self-catheter with an extension tube (SCEx) was developed mainly for cervical cord injured patients in 
1989 by an occupational therapist in our institute, Hosoya M. Using this catheter, these patients could 
abandon urine directly to the toilet, which enables intermittent self-catheterization (ISC) on the wheelchair 
at going out. Since 2008, this catheter has been made to marketing (Self-cath EX®, Fuji Systems co., Tokyo, 
Japan) and now, it is possible to use it in nationwide in Japan. Therefore, this presentation is to introduce 
the usefulness of SCEx especially for cervical cord injured patients from our institute outcomes.   
Outline of SCEx and Results:  
The structure of SCEx: A silicone rubber extension tube is connected to a reused silicone catheter (12Fr. or 
15Fr. in outer diameter and 28cm or 33cm in length) though the cap, and the tube is able to be cut to an 
appropriate length by each patient.  
The way to use: After the catheter is inserted to the urethra in a routine way, the extension tube ahead is 
put on the edge of toilet and urine is abandoned. After that, the catheter and tube is washed in every time 
by the stream of water service.  
Outcomes of our institute: Among cervical cord injured male patients doing ISC, 88% and 83% of them were 
capable of doing it independently on the wheelchair at home and at going out, respectively. The highest 
level of the tetraplegia was C5B in Zancolli classification and the degree was grade B in Asia Impairment 
Scale, and this case could complete all the procedure within about 5 minutes. The frequency of the 
symptomatic urinary tract and genital infection was 0.18 times every 12 months in the description 
frequency in 20 cases, and in addition, the cultivation test of the preservation solution for the catheter 
randomly carried out in 20 outpatients indicated the result of ‘no growth’ in all samples.         
Conclusions:  
SCEx is useful especially for cervical cord injured male patients, which could be operated safely and promote 
an independency of their ISC also at going out.  
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Introduction: Deficiency of vitamin D is common in patients with spinal cord injury (SCI), which can result 
osteomalacia, osteopenia, osteoporosis and eventually fractures. The purpose of our study was examining 
serum 25 (OH) vitamin D levels in patients with SCI and to evaluate the association between vitamin D 
values with demographic and functional properties. 
Methods: In this cross-sectional study 51 SCI patients were evaluated. Demographic characteristics, time 
since injury and ambulation status were recorded. Blood tests of 25 hydroxy vitamin D, parathyroid 
hormone, calcium, phosphorus, alkaline phosphatase were recorded. The association between vitamin D 
values with demographic factors, disease duration and functional status were evaluated. Descriptive 
statistic, Chi square and t tests, Spearman correlation analyses were used. 
 
Results: The mean age was 44,5 ± 15,2 years and mean injury duration was 11 ± 11,5 years. 30 (58.8%) of 
the patients were male. 35 (68,6%) patients had traumatic etiology. 32 (62,7%) of them were paraplegic and 
19 (37,3%) were tetraplegic. 21(41,2%) of them had motor complete spinal cord lesions (AIS A-B). 37 
(72,5%) patients were wheelchair dependent, 9 (17,6%) of them were household ambulator and 5 (9,8%) of 
them were community ambulator. Only 8 (16%) of the patients had adequate 25-hydroxy vitamin D (20-50 
ng/ml), 28 (56%) patients had inadequate levels (12-20 ng/ml) and 15 (28%) of them had vitamin D 
deficiency (<12 ng/ml). Mean parathyroid hormone was 44,2 ± 32,9 pg/ml, calcium was 9,4 ± 0,5 mg/dl, 
phosphorus was 2,6 ± 4,6 mg/dl, alkaline phosphatase was 83,4 ± 44,4 U/l. There was no association 
between vitamin D levels with age, gender, etiology, ASIA stage or ambulation status (p >0,05). Spearman 
correlation analyses revealed a positive association between vitamin D levels with disease duration 
(p:0,004). 
 
Conclusions: More than a quarter of the patients with SCI had vitamin D deficiency in our study. In the 
literature the main factors of vitamin D deficiency are low physical activity, bedrest, and therefore not 
enough exposure to sunlight. Our study didn’t reveal an association between vitamin D levels with 
functional status in patients with SCI. Vitamin D levels were higher in patients with longer disease duration. 
The reason may be follow-up and awareness of the patients.
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Cardiovascular and heart disease mortality among spinal cord injuries population: Systematic review 
Mohammad AlTurk BSc PT, MSc Cardiovascular health & rehabilitation, Hamad Medical Corporation, Qatar.  
Prof. Stephen Fallows, Department of Clinical Sciences & Nutrition, University of Chester, UK. Hassan 
AlRabbaie BSc PT, MSc Clinical rehabilitation science, AlTamayuz PT centre, Jordan.  
Abstract 
Objective: Investigating the effects of neurological disturbance after spinal cord injury (SCI) on 
cardiovascular disease (CVD) and heart disease mortality. 
Introduction: Autonomic cardiovascular control differs among SCIs categories (Biering-Sørensen et al., 
2018). Therefore, it may be hypothesized that specific SCI neurological classifications or injury levels have 
different CVD health outcomes such as mortality rates. 
Methods: A systematic review based on the Preferred Reporting Items for Systematic reviews and Meta-
Analysis (PRISMA) guideline performed electronic search of PubMed, CINAHL, ProQuest and Science Direct 
databases using terms such as (spinal cord injury), (heart disease), (cardiovascular), (mortality) and their 
derivatives. Then refined for English language and human cohort studies. 
Results: Out of 719 articles detected, only nine papers discussed cardiovascular and heart disease mortality 
among SCI population. Cause-specific mortality in tetraplegia was comparable to that in paraplegia if due to 
CVD (39%:41%), conversely, was lower if due to IHD (2%-13% vs 9%-13%) or non-IHD (1-1.6% vs 2.5-5%). 
Moreover, CVD mortality reached 41% in incomplete SCI vs 27% in complete SCI, moreover, was higher 
among women when compared to men; risk ratio = 5.2. 
Conclusion: People with SCI have increased mortality rates, nevertheless, this increase may not be related 
directly to the cardiovascular system. Different from what we normally know about SCI mortality from large 
publications such as Frankel et al. (1998) and Savic et al. (2017), people with SCI have more cardiovascular 
and heart related mortalities if they were women, with incomplete SCI injury or with lower SCI level. There 
might be different neuro-pathophysiology interaction that contribute to CVD health among SCIs. The small 
number of studies that discussed cardiovascular and heart disease mortality limited the results from this 
systematic review, therefore, results should be considered with caution. Future studies discussing SCI 
mortality should present information regarding remaining autonomic control without the use of mixed AIS 
class groups that may complicate autonomic control qualities for certain groups. 
Keywords: Tetraplegia. Paraplegia. Death. 
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[Background] Japan is one of the world's leading super-aged nations, and at present, the problems of the 
health of the elderly and the problems of the social security system are highlighted. Such a change in social 
structure shows the same tendency in the field of spinal injury medicine, and the number of elderly cervical 
cord injury patients is increasing year by year. The purpose of this study is to investigate the circumstances 
of cervical spinal cord injury patients in Japan and clarify the problems. 
[Subjects and Methods] For patients with traumatic cervical spinal cord injury 60 years or older who were 
admitted to our institute within 14 days after an injury from January 2000 to December 2019. A 
retrospective research was conducted for patient age, paralysis severity (ASIA Impairment Scale: AIS), ASIA 
Motor Score (MS) and SCIM were examined at the time of admission and discharge. From 2000 to 2004, 
data were based on the medical record, and since 2005, data were extracted from our original spinal cord 
injury database. We investigated the discharge destination. Also, the change in the proportion of over 80s 
within the subject patient group in the first 10 years from 2000 to 2009 and the last 10 years from 2010 to 
2019, and effect of age on the improvement of each item was examined. 
[Results] The total number of patients was 485 (391 males: 94 females), of which 16.3% accounted for 
super-elderly (over 80s). In the first half of the target period, the ratio of super-elderly was 17.5%, and in 
the latter, it was 15.4%. AIS at the time of admission was A: 142, B: 62, C: 159, and D: 122 cases. The ratio of 
improvement at least one grade of AIS was 33.9% in over 80s and 56.9% in under 70s group. Regarding the 
degree of improvement in MS and SCIM, the average improvement at discharge was 42% and 45% in under 
the 70s, but 26% and 18% in over 80s.  46% of patients under the 70s were discharged to their homes, 
compared with 18% in those in over 80s, which is significantly lower. It is indicating that it is extremely 
difficult to accept very old patients with cervical spinal cord injury at home. 
[Discussion] There are very few reports on the actual condition of very elderly patients with cervical spinal 
cord injury, and no studies and investigations such as this study. In super-elderly people, in addition to the 
decrease in basic physical ability and motivation, the presence of systemic complications due to the 
underlying disease is considered to significantly hinder rehabilitation. Also, the aging of the family and lack 
of social resources for welfare seemed to make it extremely difficult to return home once quadriplegia had 
occurred. 
[Conclusion] We investigated the actual condition of super-elderly cervical cord injury patients in Japan. The 
super-elderly cervical spinal cord injured patients returned to their homes at a very low rate, suggesting that 
the social security system should be reviewed in the future.
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Introduction: 
Neurogenic fever due to thermodysregulation can present after spinal cord injury as a potentially fatal 
complication, known as 'quad fever'. This often occurs in the immediate post injury period and is usually 
seen in patients with complete tetraplegia. However, little is known about neurogenic fever in the subacute 
inpatient setting and its implications on rehabilitation. 
 
Method:  
Case Series    
 
Results: 
Patient A was a 62 year old male with an incomplete (AIS D) C6-7 cervical cord injury from a road traffic 
accident. On day 33, he became febrile and antibiotics were administered for suspected urosepsis. Fever 
persisted for 1 week despite normal inflammatory markers and cultures.  
 
Patient B was a 65 year old male with incomplete C6-7 cervical cord injury (AIS C) from head trauma. He 
developed febrile episodes on day 53 for 2 weeks, without localising symptoms. He did not respond to 
empirical antibiotics.   
 
Patient C was a 55 year old male with an incomplete C3-4 cervical cord injury (AIS B) following a motorbike 
accident. CAUTI was initially suspected when he became febrile on Day 29 and empirical antibiotics were 
administered. However, his fever persisted for a week, with negative inflammatory markers and cultures.  
 
The persistent nature of fever in all 3 patients posed challenges in rehabilitation management, including 
unnecessary antibiotic use and delays in the rehabilitation process. A high degree of suspicion and a 
systematic workup were required before the diagnosis of neurogenic fever could be made. An individualised 
approach involving the patients, their families and the rehabilitation team was successful in managing 
neurogenic fever with conservative non-pharmacological measures. 
 
Conclusion: 
Neurogenic fever in the subacute rehabilitative setting is rare and can lead to a delay in diagnosis. This case 
series illustrate how prior infections may mask the diagnosis of neurogenic fever,  and how early recognition 
of this condition is crucial for timely management and optimal rehabilitation. 
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Proteus syndrome is a rare disease that is sporadic and hamartomatous, manifesting multifocal overgrowth 
of tissues. As a result, some patients suffer from scoliosis with abnormal vertebral bodies. However, 
vertebral overgrowth with severe spinal canal stenosis is uncommon. In this report, we present the case of a 
32-year-old woman with Proteus syndrome that resulted in thoracic myelopathy by severe bony canal 
stenosis. She was diagnosed with Proteus syndrome at the age of 5 years. 
She began experiencing numbness and muscle weakness of the legs at the age of 30 years. 
Three years after the onset of leg symptoms, she was referred to our hospital, complaining of worsening of 
gait disturbance. She was unable to walk despite any form of assistance. A neurological examination 
revealed hyperreflexia and myelopathy of bilateral lower extremities. 
X-ray demonstrated remarkable spinal bone deformity, whereas computed tomography revealed laminar 
and vertebral enlargement. The cervical and thoracic vertebrae had merged, and the enlargement resulted 
in bony spinal stenosis. Stenosis from the C7 to T4 level was severe, as detected by magnetic resonance 
imaging. 
Therefore, the diagnosis was myelopathy of thoracic spinal stenosis associated with Proteus syndrome. 
We performed laminectomy from T1 to T4. Massive hemorrhage occurred intraoperatively, and the spinous 
process and lamina had remarkable abnormality with bone growth malformation. Thus, performing surgery 
was difficult. Postoperatively, the patient had severe both legs paralysis and had massive epidural 
hematoma but without spinal cord compression. The patient was under observation. Her surgical wound 
ruptured due to an enlarged hematoma at 2 weeks after initial surgery; therefore, the hematoma was 
removed. Additional laminectomy was also performed at C7 lamina. 
After the second surgery, her leg paralysis recovered gradually. Two years later, her muscle weakness from 
preoperative condition recovered, and she could walk with a cane or with the help of a walker. 
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【Introduction】Some cervical spondylosis cases shows chest discomfort including angina-like pain and 
dyspnea. We experienced two cases of chest discomfort which resolved after decompression surgery, and 
report with some literature review.【Case 1】82-year-old-man. He suffered dyspnea and visited other 
emergency hospital, but cause was remaining unclear with examinations including electrocardiogram and 
labo test. He was referred to our service for having radiculopathy. His dyspnea disappeared after 
laminectomy. 【Case 2】89-year-old man. He suffered frequent chest pain in daily life especially while 
walking and some labor. He was consulted to our service after revealing none of definite coronary artery 
disease by cardiologist. His symptom disappeared after cervical laminectomy. 【Discussion】Some cervical 
angina cases have been reported in  literature. The etiologies were estimated radicular compression to the 
cord or roots, deactivation of the descending inhibitory system, sympathetic pain and sinovertebral pain. 
Our cases were thought to be occurred with myelopathy and radiculopathy by same mechanisms. 【

Conclusion】Some cervical spondylosis cases have angina-like syndrome, and treatments were considered if 
cardiac examinations could not elucidate any coronary artery problems.
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Introduction 
Japan is facing an increasing number of elderly patients with spinal cord injuries (SCI). Although the elderly 
patient requires longer treatment and experience more complications, prolonged rehabilitation leads to 
better outcomes to achieve a better quality of life at home (when possible), as opposed to an institution. 
  
Purpose 
The purpose of this study is to expose the improved ‘quality of life’ of elderly patients of SCI, with longer 
rehabilitation treatment. 
 
Methods 
In this study, a cohort of twenty-eight patients with cervical SCI was 75 years old or over and had no 
dementia affecting treatment.  Neurological conditions including AIS and Motor Score, SCIM, and the 
outcome of discharge, were evaluated.    Patients’ initial evaluation of their neurological status were 
examined approximately 72 hours after injury and followed-up upon discharge, treatment averaged 157 
days.  The patients’ average age was 79, and 92% were male.  All cases were hospitalized within 24hrs after 
injury and received surgery, acute care and rehabilitation.  Our facility provides comprehensive treatment 
from the initial acute phase, rehabilitation, and finally, reintegration back into the community. 
 
Results 
Neurological improvement was noted in the majority of patients. The number of cases of AIS in the initial 
evaluation was as follows: A3 B1 C10 D14, and at discharge: A3 C4 D20 E1. The condition of the AIS A 
patients was unchanged and the lone AIS B patient improved to C. 80% of AIS C improved to D, and one AIS 
D patient improved to E. 
 
At discharge, all 12 patients discharged home (Group1) were AIS D or E. Eleven cases were transferred to 
long-term hospital (Group 2).  Of this group, 2 of 3 of AIS A, 3 of 10 AIS C, and 6 AIS D.  
Comparing the neurological outcomes in Groups 1 and 2, Motor Score and SCIM of Group 1 are significantly 
higher than Group 2, ( P=0.002 and 0.01), Group 1 were hospitalized longer and received more 
rehabilitation than Group 2(P=0.01).  
There is no significant difference in age between both groups. 
 
Conclusions 
We found elderly patients are able to achieve a higher level of ADL than anticipated if they were provided 
the opportunities for long-term rehabilitation.  
The Japanese national health care system enables tetraplegic patients in specialized hospitals like ours, to 
stay for up to one year or more. Nursing-care insurance programs for the elderly (age of 65 or older) also 
covered during their lifetime. 
We provide the treatment for as long as possible for patients who are eager to return home.  



Half of the patients in Group 2 were AIS D and were able to be included in Group 1, but were transferred to 
other hospitals due to other circumstances. 
I ponder the inconsistency between the benefits offered by the national healthcare system and the less self-
reliant attitude of Japanese society, not relying on the scientific evidence of better outcomes with longer 
rehabilitation treatment. 
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Introduction 
We will discuss risk factors for atlas (C1 vertebra) Jefferson fractures in sumo wrestling. This injury is 
common where head-first impacts cause axial compression of the cervical spine e.g. American football and 
diving. Atlas fractures are acknowledged in sumo, though incidence is difficult to quantify due to the stoic 
nature of rikishi (wrestlers), known to compete while suffering Jefferson fractures to preserve their rank 
which diminishes with inactivity. Cervical spinal cord injuries associated with sumo are rare; only 5 cases 
have been reported. 
 
Methods 
A literature review was performed. 
 
Results 
We suggest risk factors for c-spine injuries include: 
 
- Variants of tachi-ai (initial charge and collision) 
Rikishi “engage” following a crouched start, accelerating towards each other from 1-1.5 metres.  Due to the 
tactical advantage of a low centre of mass with maximal vertical (Z-axis) velocity (as well as the greater 
horizontal velocity in the sagittal plane i.e. Y-axis) at impact, participants collide with spines horizontally 
aligned, not “upright”. Sumo has no set manner of engagement, therefore tachi-ai biomechanics vary 
widely, but direct, head-first collision causes abrupt deceleration of anterior head movement while the 
torso temporarily retains forward momentum, reinforced by sustained push. The cervical spine including 
the atlas is subject to compressive force. Seminati, 2017 demonstrated that neck flexion at impact during 
rugby-tackling lead to a 13% increase in compressive force, measured at the atlas. Illegalising certain 
techniques has had a positive effect in other sports e.g. spear-tackling in American football. 
 
- Muscle strength 
In spite of this seeming an obvious protector, a literature search has not convincingly shown that stronger 
neck muscles reduce chances of Jefferson fractures. Muscle strength is robustly linked to decreases in other 
cervical injuries and concussion. Current understanding suggests initial injury occurs within 20 milliseconds 
of impact; faster that muscles can react. Pre-emptive “bracing” muscle tension was not studied. 
 
- Kinematics and Kinetics 
Biomechanical data for sumo are sparse due to the sport’s traditional-steeped nature, and the language 
barrier pertaining to publications. We approximate using known masses of athletes and typical 
acceleration/deceleration values seen in rugby-scrums.  Average rikishi weigh 150kg with many over 200kg. 
Studies of rugby-scrummaging demonstrate Y-axis impact acceleration of ~15 m/s/s and velocity of ~2.75 
m/s. Rikishi therefore produce a force of 2250 N before engagement. Assuming inelastic collision, and 
deceleration to standstill in ~0.1 s, we estimate that one rikishi subjects another to a decelerating Y-axis 
force of 4125 N, equally and oppositely reciprocated. 
 
Conclusion 



From the above literature review, we know neutral posture of C2-occiput minimises atlas fracture risk from 
compression in head-first impact.  We lack experimental data regarding effect of muscle contraction on 
axial-load bony injury.  
Testing to define the rikishi’s high cervical spine angle at impact and additionally, further experimentation 
defining whether “braced” cervical musculature can dissipate forces following impact or reduce progression 
from single to burst atlas fracture could inform training and technique. We should acknowledge that 
combat techniques aim to “surprise” and eliminate pre-emptive bracing.
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OBJECTIVES; 
The need for upper limb surgery for tetraplegic patients was identified at a large spinal rehabilitation centre. 
A clinic dedicated to the care of these patients was established in 2013 focusing on a team approach 
including surgeons, occupational and physiotherapist. This study is a retrospective review of the first 21 
patients treated surgically at our unit. 
 
METHODS: 
Tetraplegic patients seen once a month at a dedicated clinic for evaluation and possible upper limb 
reconstruction was included in the study. Surgical procedures consisted of either posterior deltoid to 
triceps, or biceps to triceps transfer for restoration of elbow extension. Grasp and pinch reconstruction was 
performed according to the principled described as the Alphabet procedure. Nerve transfers limited to the 
supinator nerve to the posterior interosseous nerve in selected early cases were included in the evaluation. 
 
RESULTS: 
Patients in the biceps to triceps group improved an average of 2 MRC grades of elbow extension. Grasp 
reconstruction patients exhibited an improvement in pinch grip and finger flexion power. all surgeries were 
evaluated according to the Canadian Occupational Performance Measure (COPM). nerve transfers 
performed end to end showed encouraging early results in finger extension. 
 
CONCLUSIONS: 
Surgical reconstruction of the upper limb in tetraplegia is of benefit to the patients. Patients express a high 
level of satisfaction following procedures performed for elbow extension and grasp and pinch 
reconstruction. We hope to continue to offer this to this vulnerable population and to improve our 
technique. 
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Introduction 
Since November 2014, the Ministry of Labor, Family, Social Affairs and Equal Opportunities of the Republic 
of Slovenia (Ministry) covers up to 85% of the cost of vehicle adaptation for drivers or passengers in 
accordance with the adopted regulations. Vehicle adaptation is entitled to mobility impaired persons who 
are citizens of the Republic of Slovenia or foreigners with permanent residence in the Republic of Slovenia 
who can enforce their rights under the regulations of pension and disability insurance and health care 
insurance and they can operate the adapted vehicle themselves  
or they need adaptation as a passengers or entry in to the vehicle and safe driving. The plan for a simple 
adaptation of the vehicle to an estimated value of EUR 500 is prepared by an individual expert, and in the 
case of more demanding adaptation of the vehicle, the estimated values of which can reach up to EUR 
60,000 the expert team at the University Rehabilitation Institute, Republic of Slovenia (Rehabilitation 
Institute) prepares the expert opinion. 
 
Methods 
The Vehicle Adaptation Clinic at the Rehabilitation Institute deals with persons with permanent 
consequences of illnesses or injuries that make them unable to operate the vehicle enter into it or travel as 
a passenger according to their functional abilities. The plan for demanding adaptation is done by a team 
which consists of a physician specializing in physical medicine and rehabilitation, a graduate occupational 
therapist, and a technical engineer or technician. 
 
Results 
In the period 2015-2019, we made 1,178 plans for the adaptation of the vehicle, 329 (28%) were simple and 
849 (72%) more demanding. All together there were 2.434 different vehicle adaptations approved out of 
the 52 possible different adaptations. The largest number of claims was for eligibility for portable folding 
ramps (294) and hand operation devices for accelerator and brake (267). Requests for eligibility for to 
manual controlled wheelchair ramps (179), a special child car seat (161), an automatic transmission (142) 
and an electric lift systems for wheelchairs (59) were followed. The five most demanding vehicle 
adaptations for complete or partial electronic control of the vehicle were also approved. The estimated cost 
of vehicle adaptations over the five years charged to the Ministry is approx. EUR 2,650,631. Among 1,178 
plans for the adaptation of the vehicles five plans (0.4% off all) stands out where the costs for adaptation of 
the vehicles covered by the Ministry were 240,846 EUR, or 9% of all funds spent. 
 
Conclusions 
The existing Regulation is a great gain for people with disabilities in Slovenia, as it enables them to cover up 
to 85% of the costs of adaptation of the vehicle, and even to the full extent for the socially weaker 
beneficiaries and enables them the possibility to integrate fully into the wider social environment, assuming 
that provide the vehicle themselves. 
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Over activity in several spinal neural pathways develops after a spinal cord injury (SCI) and challenge the 
rehabilitation, e.g. spasticity, central nervous pain and a spastic urinary bladder. To effectively develop 
treatments or direct the over activity in a useful direction it is important to understand the underlying 
physiology. Is there a common factor for spasticity and central nervous pain or do they develop 
independently? Does the segmental level influence the occurrence? Is the prevalence of spasticity and CNS 
pain dependent on damage to the lower thoracic or lumbar spine or to lumbar spinal cord segments in 
patients with a more rostral SCI? 
Methods: A retrospective chart review was made covering years 2014-2019 and included 269 patients with 
SCI from C1 to T11 spinal cord segments and a radiological evaluation of vertebrae T11 to S1 or the lumbar 
and sacral spinal cord segments. 31% of the patients had a complete, 58% a cervical and 73% a traumatic 
SCI. The mean time since the injury was 15 years. The patients were interviewed and examined during the 
regular follow up visits. Spasticity included any involuntary muscle activity in the lower trunk or legs. Pain 
was considered as of CNS origin if it was constant and located in an area below the lesion level with 
decreased pain sensitivity and not following a nerve or nerve root area. A vertebral fracture, severe spinal 
stenosis, narrow spinal foramina or magnetic resonance imaging evidence of damage to lumbar or sacral 
spinal cord segments were considered as suspected damage to the motor neurons or its axons. 
Results: 74% of the patients experienced spasticity and 28% complained of CNS pain. Signs suggesting motor 
neuron damage was found in 108 patients. In this group, 57% of those who had a cervical SCI experienced 
spasticity compared to 87% in the group without these signs. The corresponding figure for patients with a 
thoracic injury was 52% and 85%. Binary logistic regression showed that spasticity, but not CNS pain, had a 
significant and strong association with absence of suspected damage to motor neurons. Sex, age, traumatic 
injury or not, segmental level and completeness had no significant association with spasticity. Age showed a 
weak negative association with spasticity. A Chi2 test showed no significant association between spasticity 
and CNS pain in the patients with no signs of damage to motor neurons.  
Damage to lumbar segments might not only reduce spasticity but may also be an important factor for motor 
function in patients with more rostral SCI. The lack of rostro-caudal dependency for spasticity suggests that 
the neural mechanisms are restricted to segments slightly rostral or/ and at the motor neuronal level. The 
lack of association between spasticity and CNS pain, suggest separate neural mechanisms. 
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Introduction 
Mothers of children with spinal cord injury (SCI) often assume the role of informal caregiver for their 
children’s SCI-related needs.  Informal caregivers are at risk for experiencing stress, anxiety, and other 
health concerns that can impede participation in daily life. Health Coaching in Context is a skillful, 
constructive dialogue that involves client-centeredness, coach presence, active listening, and use of 
powerful questioning to create awareness, action plans, and solutions to everyday challenges. It is grounded 
by positive psychology, appreciative inquiry, and health coaching to support optimal health, wellness, and 
participation in required and desired daily activities. The purpose of this pilot study was to examine the 
outcomes of Health Coaching in Context with caregivers of children with SCI. 
 
Methods 
Nine female caregivers consented and enrolled in the study from four pediatric SCI practices across the 
United States.  Each caregiver participated in up to 10 coaching sessions over a 10-week period, via face-to-
face (N=4) or phone (N=5), by one of four trained coaches. The Canadian Occupational Performance 
Measure (COPM) was administered at baseline and after the coaching program. The COPM is a self-reported 
measure administered using a semi-structured interview to prompt discussion about challenges in activities 
related to self-care, productivity, and leisure. Each participant identified 3-5 goals that were rated on a scale 
ranging from 1 to 10 (1= “cannot perform”, “very unsatisfied”; 10= “performs well”, “very satisfied”). 
Frequency distributions were calculated for sample characteristics.  Changed performance and satisfaction 
scores were calculated for each COPM goal (N=31). A 2-point change in COPM scores reflects clinically 
meaningful change. A Wilcoxon signed-rank test was used to determine if there was a statistically significant 
change between baseline and post-coaching performance and satisfaction scores. 
Results 
Caregivers were 38.5 (r=32-45) years of age with children, ages 7-13 years (mean=9.5) who had paraplegia 
(N=5) and tetraplegia (N=4) due to SCI sustained an average of 5.9 years (r=1-13) prior to the study. Two of 
nine caregivers dropped out for unspecified reasons before completing follow up assessments.  Six 
caregivers completed 7-10 coaching sessions, and one completed three sessions. Each COPM goal was 
associated with one of three domains: leisure (N=11), self-care (N=4), and productivity (N=16). 
Improvements in performance and satisfaction were clinically meaningful and statistically significant. Mean 
performance scores increased by 2.48 (SD= 2.01) and mean satisfaction scores increased by 2.81 (SD= 1.33). 
Leisure-related goals demonstrated greatest improvements where mean performance scores increased by 
3.27 and mean satisfaction scores increased by 2.91. Statistically significant improvements were evidenced 
by higher post coaching median performance (Z= -4.057=, p < 0.001) and satisfaction (Z= -4.812, p < 0.001) 
scores.   
Conclusions 
This study shows preliminary evidence in support of Health Coaching in Context as an approach that has 
potential to support caregivers of children with SCI. Further work is needed to examine coaching fidelity, to 
determine optimal number of coaching sessions, and to evaluate how positive changes due to coaching are 
sustained over time.  
 
This study was funded by the Craig H. Neilsen Foundation. 
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Introduction:  
 
Decompression sickness (DCS), is caused by inert gas bubbles in tissues. According to ISCOS DCS can evolve 
to Non-Traumatic Spinal Cord Injury (NT-SCI). Little of epidemiology of NT-SCI is known. Following U.S. Navy 
medical definitions, the DCS is divided into mild-Type I and serious-Type II manifestations. This study was 
performed to describe epidemiology of this condition in Sardinia. 
 
Methods:  
 
A retrospective cohort study was performed in cooperation between, Unipolar Spinal cord Unit (USU) and 
Hyperbaric medical center (HMC) Marino Hospital (Sardinia) from  2008 to 2019. Those facilities cover a 
population of about 1,5 million of inhabitants and about 3 million tourists in summer. Data collection 
included demographic information, neurological involvement and level of injury, sphincteric impairment, 
admission to specific rehabilitation unit, length of stay, ASIA motor subscale score on admission and 
discharge. 
 
Results: 
 
154 Type II DCS events were rendered, admitted at the hyperbaric local facility in charge for severe 
neurological symptoms, average (12,8 cases/year). Non locals, brain or fatal insults were excluded. 
6 patients were reported with spinal cord DCS presenting severe spinal neurologic symptoms (4 tetraplegic, 
2 paraplegic, all showed sphincteral impairment) and were admitted at the local USU for specific 
rehabilitation program (median stay: 22 days). 
 
Conclusions:  
 
ASIA motor subscale score, neurological level of injury, sphincteric involvement are parameters to take in 
consideration for the admission to specific rehabilitation of DCS type II with spinal involvement. 
Close collaboration between HMC and USU is recommended in order to get a better outcome for those 
patients. 
DCS can lead to non traumatic acute vascular spinal cord injury, but its epidemiology has still to be 
investigated more precisely on wider level, setting up a national registry of NT-SCI. 
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[Introduction]  
Constraint-induced movement therapy (CIMT), a treatment modality for upper limb paralysis after stroke, 
which improves upper limb function and restores the use of the upper limbs on the affected side . CIMT is 
indicated in people with incomplete cervical cord injury(CSCI); however, few reports of this exist. This report 
aimed to present the clinical outcomes of modified CIMT (mCIMT) performed in two stages in a patient with 
central CSCI (cCSCI). 
[Method] 
Subject: Sixty-year-old man diagnosed with cCSCI and disorder level of C5 (American Spinal Injury 
Association (ASIA) impairment scale; D) underwent  
Method: mCIMT was conducted 5 hours a day for 3 weeks. Before mCIMT initiation, normal training was 
provided with a baseline period of 3 weeks. During the first and second stages, normal training was 
conducted for 3 weeks. The non-paralyzed side was not restrained. 
Evaluation: The following evaluations were conducted for the upper limb before and after the baseline 
period and before and after mCIMT in the first and second periods: Graded Redefined Assessment of 
Strength, Sensibility and Prehension Ver 2.0 (GRASSP), Wolf Motor Function Test (WMFT), Fugl-Meyer 
Assessment (FMA), and Action Research Arm Test (ARAT). Activities of Daily Living (ADL) were evaluated 
using the Japanese versions of Spinal Cord Independence Measure (SCIM) and Motor Activity Log (MAL) and 
the Functional Independence Measure(FIM).  
[Conflict of interest, ethical considerations]  
No conflict of interest exists. This study was conducted in accordance with Chiba Rehabilitation Center 
ethical guidelines based on the Helsinki Declaration. 
[Result] 
The GRASSP scores of the upper limb before and after the baseline period were 56 and 54 points, 
respectively. In ADL, SCIM self-care was unchanged at 12 points, MAL was unchanged at amount of use 
(AOU), and quality of movement (QOM) was unchanged at 0.25 points. The GRASSP scores before and after 
the first mCIMT, were 54 and 60 points, respectively. In ADL, the SCIM self-care changed from 12 to 14 
points, MAL AOU changed from 0.25 to 2.5 points, and QOM changed from 0.25 to 2.1 points. The GRASSP 
score changed from 59 to 68 points after the second mCID. In ADL, SCIM self-care changed from 14 to 17 
points, MAL AOU changed from 1.8 to 3.0 points, and QOM changed from 2.0 to 3.0 points. 
 [Conclusion] 
The results indicated improvement in upper limb function before and after mCIMT in the first and second 
periods. In ADL, the change in MAL score was 0.5 points for AOU and 0.5-1.1 for QOM in the Minimal 
Clinically Important Difference (MCID) in the stroke area. In this case, both AOU and QOM exceeded MCID, 
suggesting improvement in the frequency and quality of use of the left upper limb in daily life. These results 
suggest that improvement  in left upper limb function and frequency and quality of use of the left upper 
limb in daily life was achieved using a task-oriented approach similar to mCIMT for hemiplegic stroke 
patients.
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Introduction 
It has been demonstrated that longer duration of stay in spinal cord injury (SCI) is associated with decreased 
functional outcomes and increased healthcare costs. To date, there have been very limited studies 
describing length of stay in the population of acute traumatic SCI patients in the Philippine setting. The 
study aimed to determine the mean and median length of stay of acute traumatic SCI in adult patients in a 
specialized tertiary hospital, and to identify predictors of length of stay. 
 
Methods    
Adult acute traumatic SCI patients admitted and discharged from January 1, 2016 to December 31, 2018 
were identified through a database search. Variables were extracted via chart review and included length of 
stay, demographic data, etiology of injury, presence of vertebral injury, neurological level, ventilatory 
assistance, management approach, secondary complications, and non-clinical factors including acquiring a 
place to live, products and technology for mobility, and moving around. Cox’s regression analysis was 
utilized to assess association of different variable to length of stay. 
 
Results 
A total of 82 subjects were included in the study, majority of which were male (93%) with a median age of 
39.5 years. The mean length of stay was 81.48±40.69 days with a median of 84.5 days. Transport activities 
as etiology of injury and social classification were found to be predictors of length of stay (p < 0.04 and p < 
0.02, respectively). 
 
Conclusion 
Results reveal different predictor variables previously identified by majority of the literature, suggesting that 
more attention should be given to patients injured from vehicular accidents and that socioeconomic factors 
may have a larger effect on length of stay in lower resource settings. This study is one of the first to quantify 
length of stay in adult traumatic SCI patients in the study institution and will help make way for future 
research to improve reporting and monitoring of local healthcare delivery.
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Introduction 
The employment status of people with disabilities in Japan has recently improved; however, the 
employment rate of individuals with spinal cord injury (SCI) is still unsatisfactory. The purpose of this study 
is to assess the reemployment of SCI patients from our facility. 
  
Methods 
As a specialized SCI hospital, we provided the return-to-work program to patients, in which we admit 
around 100 new patients annually. In this study, 181 patients who were employed at the time of their injury 
were enrolled, from 2014 to 2019. We screened the patients according to age, mobility level, and 
classification of occupation.   
   
Results 
At the age of the injury, 91 patients were under 60 years old, and 90 patients were 60 years old or older, 
including 58 cases of over the age of 65. In the last five years, the rate of patients 60 years old and older has 
increased, from 50% to 57%. 
66 of 181 cases (36%) returned to work, the average age of 55 years old. For patients under the age of 60, 
48% returned to work. Of these, 76% returned to their previous position of employment. In the group of 60 
years old and over, the return-to-work ratio was 25%, with all 100% returned to their last post. These rates 
were the same for 65 and over a range. The entire group of 66 patients who returned to work, also returned 
to live in their own home. The whole group also returned to work in their prior environment with no 
telecommuting. There is no significant difference in the return-to-work ratio between the categories of 
occupations. The average treatment time to reemployment was three months of ambulatory individuals and 
eight months of wheelchair users. 
  
Conclusions 
Results reveal that all patients who returned to work also live in their own homes. We assessed that return-
to-home is a significant factor of return-to-work. Unfortunately, there were no examples of work-at-home 
telecommuting because of negative attitudes in our society. In Japan, living independently is a requirement 
for a patient to return to work. If a person is on government assistance and works for pay, they put 
themselves in danger of losing benefits. Japan is a rapidly aging society. The number of elderly SCI patients 
is increasing, as is the ratio of return-to-work patients. Japan, as a Super-aged society, is experiencing 
workforce shortages. The government, in its efforts to combat this shortage, should repeal the current 
mandatory retirement statues. These return-to-work elderly patients can significantly contribute to the 
deficient labor pool. Achievement to a high level of mobility, up to independent or assisted ambulation, is 
one of the essential factors to determine reemployment potential. It is also a recommended occupational 
therapist should maintain contact with discharged patients and encourage them to return regularly to 
outpatient therapy to return to work if that is the patient’s ambition.
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Introduction: The population of children requiring home mechanical ventilation (MV) has grown in number 
and complexity over the last 40 years. Over 90% of healthcare professionals involved in pediatric MV report 
inadequate home nursing which is the primary delayer of hospital discharge. Once home, there is risk for 
complications including accidental disconnection and even tracheostomy decannulation. Diaphragm pacing 
(DP) has been shown to be effective in replacing or decreasing mechanical ventilation in multiple adult 
conditions.  This is an updated report on lessons learned from the world’s largest group of pediatric patients 
implanted with DP.   
Methods: This is a retrospective review of all prospective IRB databases at a single institution of all patients 
that underwent laparoscopy for the possibility of diaphragm pacing to help with improving respiration.  
Results: From 2000 to 2020 over 600 patients had laparoscopic diaphragm evaluation. The first pediatric 
evaluation (age less than 18) occurred in 2009. Since then until 2020, 29 children were implanted while 5 
did not have stimulatable diaphragms at surgery and were not implanted.  DP implantation indications 
included: shrinking lung syndrome 1, pulmonary hyperplasia/diaphragm dysfunction 1, brittle bone disease 
1, forceps delivery 1, unknown neuromuscular disease 1, brain stem tumor 2, brain stem CVA 1, Bacterial 
Meningitis 1, Transverse Myelitis 2, Acute Flaccid Myelitis(AFM) 2, traumatic spinal cord injury(SCI) 16. Their 
ages ranged from 14 weeks to 17 years and weights ranged from 5.6 to 86 kg. Age at time of injury or need 
for positive pressure ventilation (PPV) occurred from birth to 17 years.  The average time spent on PPV was 
24 months (11 days to 7.65 years). Twenty-seven were dependent on full time invasive PPV with 27 having 
tracheostomy. Pediatric evaluation of the diaphragm by phrenic nerve EMG, fluoroscopy or ultrasound is 
difficult; therefore, we have shown that diagnostic laparoscopy should be offered on all of these patients.  
We have performed this with 3mm port sites in our smallest candidates. DP can be performed in patients 
with multiple other procedures such as gastrostomies, baclofen pumps, VP shunts and cardiac pacemakers. 
The greatest success was in SCI in which all patients could go over 4 hours of DP with over 50% 24 hours a 
day. Three recovered spontaneous breathing and were weaned from pacing with electrode removal. One of 
these patients had very weak diaphragms at surgery and no spontaneous diaphragm EMG activity at the 
time of implant. One patient implanted early avoided tracheostomy. Both AFM patients were implanted 
greater than one year from onset and had minimal contractions at surgery neither were able to achieve 4 
consecutive ventilator free breathing. 
Conclusions: The causes of prolonged PPV in children are complex. DP can significantly help a subset of 
these patients giving them significant improvements in quality of life. Diagnostic laparoscopy should be 
performed early to assess the diaphragm.  This is of critical importance when the diaphragm may have been 
denervated by injury or in AFM because a nerve transfer should be done within 6 months of onset. 
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Introduction: Members of the spinal cord injury (SCI) research community, including people with SCI, 
representatives from SCI community organizations, clinicians and SCI researchers, have indicated the 
importance of conducting and disseminating research in partnership with research users (e.g., people with 
SCI, decision-makers, clinicians, research funders). While such a research partnership approach has the 
potential to enhance the usefulness and impact of SCI research findings, evidence-based guidance to 
support these research partnerships remains limited. Therefore, this study aimed to identify research 
partnership principles (i.e., norms or beliefs) and strategies (i.e., observable actions) that could be used to 
support future SCI research partnerships.  
 
Methods: Principles and strategies were identified from two data sources: a scoping review and semi-
structured interviews. In the scoping review, we included studies that described and/or evaluated a type of 
research partnership approach in SCI health research projects, in which SCI research users were engaged in 
the research process. Four electronic databases (CINAHL, PsycInfo, Medline, Embase) were searched from 
inception to March 2019. We conducted semi-structured interviews (n=10) with SCI research partnership 
champions (researchers and research users). The interviews focused on participants’ experiences with SCI 
research projects that were conducted or disseminated in partnership, as well as related research 
partnership principles and strategies. These data were analyzed using direct content analysis. 
 
Results: The scoping review included 13 papers describing different types of research partnership 
approaches (e.g., community-based participatory research (n=3), participatory action research (n=1), 
participatory design process). Thirteen overarching principles were synthesized from 11 different papers.  
Principles related to “building and maintaining a relationship” were the most frequently identified from the 
literature. Participants in the interview study mainly talked about principles related to the following three 
areas: 1) the relationship between researchers and research users (e.g., respect each other, avoid tokenism, 
acknowledge and value the diverse expertise of the partnership), 2) co-production of knowledge (e.g., 
research user engagement early and throughout the research process), and 3) meaningful engagement 
(e.g., allow flexibility in the engagement process, ensure the research is relevant and important for the 
community). Both data sources (scoping review and interviews) provided a variety of examples of strategies 
related to collaborative research activities (e.g., research user engagement in the refinement of research 
questions, engagement strategies related to data collection, training in research methods, and hiring people 
with SCI as part of the research team).  
 



Conclusions: This study identified overarching principles and example strategies that could be used by 
researchers and research users who want to conduct and/or disseminate their SCI research in partnership. 
The findings of this study will be used to co-develop the first integrated knowledge translation guiding 
principles for conducting and disseminating SCI research in partnership and will inform the development of 
supporting evidence-based resources to guide future SCI research partnerships.   
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INTRODUCTION 
In 2017, the National Academies of Sciences, Engineering, and Medicine (NASEM) published a 
comprehensive review of the literature on the current state of evidence of the health effects of cannabis 
and cannabinoids (CBD). The Report noted evidence of the efficacy of cannabis and CBDs in treating 
neuropathic pain and spasticity, two conditions common after spinal cord injury (SCI).  Other studies have 
indicated efficacy for movement disturbances, nausea, and mental health. However, a 2019 scoping review 
noted an inability to draw any significant conclusions due to inconsistent findings, lack of high quality 
evidence, and lack of rigor.  Despite this dearth of evidence for the efficacy of cannabis and CBDs, they are 
widely used by people with SCI for a variety of reasons, with use ranging from 22.5% to 53% of people with 
SCI. The purpose of this presentation is to characterize cannabis and CBD use in a sample of people with SCI.  
 
METHODS 
After obtaining IRB approval from all participating sites, participants from five SCI Model Systems centers 
completed a comprehensive self-report survey on complementary and integrative healthcare (CIH) that 
includes detailed questions on current and past cannabis and CBD use, and reasons for use, dosage, out-of-
pocket costs, and helpfulness. 
 
RESULTS 
A total of 411 people responded to the survey, with 69.3% of participants currently using at least one type 
of CIH, and 80.3% who had at least tried CIH since their injury.  Over a quarter of CIH users were current 
users of cannabis and/or CBDs (23.9%); after massage, cannabis and CBDs were the 2nd and 3rd most 
frequently reported CIH.  
 
Cannabis users were primarily male (81.0%), white, non-Hispanic (81.0%), and an average age of 42.3 years 
old.  Over half of the sample was injured at the cervical level (54.1%), AIS grade A (48.6%), and injured for an 
average of 12.5 years. 
 
General health and wellness was cited as the reason for use by 23.0%; 59.5% used cannabis/CBDs for pain 
relief, 32.4% for stress management, 28.4% for spasticity, 24.3% for sleep, and 21.6% for anxiety.  A majority 
reported daily use of cannabis/CBD (63.9%) with an average use of 3.22 times per day, ranging from one to 
10 times per day.   
 
CONCLUSIONS 
Therapeutic cannabis use is becoming more accepted in the United States and around the globe. Indeed, 
people with SCI are using cannabis and/or CBDs for a wide variety of uses. With the documented risks of 
opioid medications to treat pain, the use of cannabis and CDBs must be an option for discussion between 
patient and provider.   
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Background: There have been calls from members of the SCI research community to conduct and 
disseminate SCI research in partnership with research users as “there should be nothing about us without 
us”. However, there is limited evidence-based guidance and resources to support integrated knowledge 
translation (IKT) SCI research partnerships (i.e. meaningfully engaging research users throughout the 
research process). Therefore, a multidisciplinary team of researchers, research users, and funders have 
been working together to systematically co-develop the first IKT guiding principles for SCI research. One 
step in the process was to establish consensus among the SCI research community on principles (i.e. 
fundamental norms, rules, or values that represent what is desirable and positive and help in determining 
the rightfulness or wrongfulness of actions) that should guide SCI research partnerships. Therefore, the aim 
of this study was to reach agreement among SCI researchers and research users on which principles should 
be used to guide IKT SCI research partnerships.  
Methods: SCI researchers and research users (i.e., people with lived experience of SCI, policy- or decision-
makers, clinicians, research funders, industry partners) who were involved in more than one research 
partnership completed three online-Delphi survey rounds. In each round, participants were presented with 
a list of principles (n=107) and overarching principles (n=18) of research partnerships that were 
systematically identified through a review of reviews, scoping review, and interview study. In Rounds 1 and 
2, participants were asked to indicate their level of agreement on an 11-point Likert scale that each principle 
should be used to guide SCI research partnerships. Following each round, principles that met the consensus 
criteria were retained (i.e. received a mean score of ≥ 8.0 OR ≥ 70% of participants rated the principle ≥ 8.0). 
Intraclass Correlation Coefficient (ICC) was calculated after Round 2 to asses the consistency of ratings. In 
Round 3, participants categorized principles as “essential”, “desirable”, irrelevant”, or “unsure”. 
Results: Across rounds, an average of 44.1% (SD=7.0%) of participants were researchers, 36.6% (SD=3.0%) 
were research users (i.e., people with lived experience of SCI, policy- or decision-makers, clinicians, research 
funders, industry partners), and 19.3% (SD=6.0%) held both roles. In Round 1 (n=20 participants), 86 
principles and 17 overarching principles were retained based on the consensus criteria. In Round 2 (n=21 
participants), 72 principles and 14 overarching principles were retrained based on the consensus criteria 
(ICC = .97). In Round 3, ≥ 70% of participants (n=23) categorized 21 principles and seven overarching 
principles as “essential”, and eight principles and no overarching principles as “desirable”. Principles that 
met the consensus criteria reflected purposeful collaboration, open communication, and equity within the 
partnership. Principles that did not meet the consensus criteria reflected social justice, empowerment, and 
real-world impact.  
Conclusions: These findings suggest that principles that emphasize meaningful engagement in a research 
partnership may be applicable across the continuum of SCI research disciplines, from basic sciences to social 
sciences and humanities. Overall, this research will inform the co-development of the IKT guiding principles 
for conducting and disseminating SCI research in partnership with research users.  
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Introduction: There is an established interest in the role of early intervention vocational rehabilitation (EIVR) 
following spinal cord injury (SCI). This paper explores development of a program logic that links influencing 
activities to intermediate outcomes and describes a new tool developed by In-Voc, an EIVR service, to 
measure these intermediate outcomes.  
Methods: Development and refinement of the program logic was informed by a review of the literature and 
in-depth engagement with the four In-Voc consultants about the nature of their work, the rationale for 
particular interventions and the need for measures to capture the journey towards work, study or 
volunteering.  
This led to the development and pilot of a new tool to track participant readiness for work, study or 
volunteering. A sample of cases was analysed to compare the consultant’s rating of readiness with the 
participant’s self-rating, together with an audit of the types of interventions offered at different stages of 
the program.  
Results: Review of the literature found no published theoretical frameworks or program logic for EIVR 
following SCI and an over-reliance on return to work as the primary outcome measure.  
Engagement with the consultants revealed that In-Voc service delivery is strongly informed by the trans-
theoretical model of change, with comments commonly voiced by clients and interventions used by the 
consultants mapping easily across to the various stages of change. This information was used to draft a 
theoretical framework for the service, to refine an earlier version of the program logic and to develop the 
tool. Tool development began after a pilot of the Readiness for Return-To Work Scale for workers with 
musculoskeletal conditions deemed it inappropriate for the SCI population.  
Piloting the new tool showed promise in relation to the matching of consultant assessments of readiness 
with participant self-rating. In addition, review of interventions documented in a sample of case notes found 
that interventions usually matched with the influencing activities ascribed in the program logic to the 
identified stage of readiness. 
Conclusion: This work provides an important window for understanding the day to day work of EIVR 
following SCI services. While increasing the return to work rate of people with SCI is a desired outcome of 
EIVR, measuring the steps on that journey is more helpful when seeking to tailor these services to meet the 
needs of those who use them This new tool shows promise in measuring outcomes at both a participant 
level and a service level whilst supporting consultants to use interventions known to influence particular 
stages of readiness. 
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Introduction 
Patients with Spinal cord injury (SCI) are highly dependent on their shoulder function for their daily living. 
Shoulder pain due to overuse and high load is common. Between 30-70% of SCI patients report shoulder 
pain, which affect their daily living.  
Shoulder abduction and internal rotation during propelling manual wheelchair is known as risk factors for 
shoulder pain. Without an active grasp ability the hand has to be pushed against the push rim. The shoulder 
is then often abducted to facilitate force against the push rim. This risk factor has the potential to decrease 
with an active grip of the push rim. The aim of the study is to investigate if 3D kinematic analyse can detect 
differences in wheelchair propelling depending on active grip ability in people with SCI. 
 
Methods 
The pilot study included four patients (8 arms) with different shoulder functions and grip ability after SCI. 
Patient A: high paraplegia with full innervated upper extremity but limited trunk stability. Patient B: C7 
tetraplegia with bilateral grip reconstructions without passive opening 12 years ago. Patient C: C7 
tetraplegia who underwent bilateral nerve transfer for restoring finger and thumb extension, had a grip 
reconstruction with finger and thumb flexion on right hand and no grip reconstruction on left hand yet. 
Patient D: C7 tetraplegia who underwent grip reconstruction on right hand 30 years ago, left hand do not 
have any grip function.  
Data collection. Kinematic data were registered using reflective markers attached to skin of the patients’ 
head, trunk, shoulder, hand and at the wheelchair.  The reflective markers position was registered in three 
dimensions (3D) using 16 synchronised high-speed cameras (Oqus QualisysTM). Muscle activity in key 
shoulder muscles during propelling was recorded with EMG. Different manoeuvring skills were registered 
and primarily outcome was the kinematic movement pattern of the upper limb. Secondly,  speed and 
acceleration of the wheelchair was calculated. 
 
Results 
The 3D system with use of reflective markers was able to detect differences in propelling wheelchair 
depending on preserved active functions in the upper limb. Patients with active grip ability differed in 
shoulder kinematics from patients without grip ability in less abduction and internal rotation as well as 
stable propeller pattern and faster acceleration.   
  
Discussion 
3D kinematic is able to capture differences in shoulder and arm kinematics during wheelchair propelling and 
has the potential to detect changes pre- and post grip reconstructions.  Currently all patients with 
tetraplegia undergoing grip reconstruction are invited to participate in 3D movement analyse pre- and 6 
months post surgery. So far, 10 patients has been included.   
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Introduction 
Postural hypotension is one of the most common cardiovascular problems in acute and early post-acute 
rehabilitation in tetraplegic patients.  In this case report, we demonstrate an uncommon precipitating factor 
of intractable postural hypotension in a man with tetraplegia. 
Case presentation 
A healthy 34-year-old man was in a motorcycle accident resulting in facet dislocation and fracture.  He 
underwent open reduction C6-C7 facet joints with decompressive laminectomy C6 and pedicle screw 
fixation at C6-C7 levels, then transferred to rehabilitation ward two weeks later.  He was diagnosed with 
complete flaccid tetraplegia C6A with a zone of partial preservation (ZPP) at the C7 level bilaterally. After leg 
bandaging and abdominal binding, he still reported dizziness when sitting up at 30 degrees, his blood 
pressure decreased from 110/70 to 85/60 mmHg.  Fludrocortisone 100 ug once titrating to twice daily and 
pseudoephedrine 60 mg three times daily were administered but postural hypotension persisted.  Six weeks 
after the operation, he reported a fluctuating mass at the posterior neck above the surgical wound without 
inflammation.  Magnetic resonance imaging (MRI) study revealed a large, 7.9x6.8x5 cm, fluid collection in 
deep back muscle and spinous process without extension to the spinal canal. Postoperative fluid collection 
and pseudomeningocele were in differentials. Pseudomeningocele caused by unrepaired dural tear was 
found intraoperatively and surgical site debridement with synthetic dura graft with fat graft with tissue 
fibrin was performed.  The follow-up MRI demonstrated completely resolved fluid collection.  Shortly after, 
he was able to sit at 30 degrees and progressed to 90 degrees without any medication. He was discharged 
three weeks later. 
Conclusion 
Pseudomeningocele can cause several symptoms from postural headache to radicular symptoms but not 
postural hypotension, which is firstly described in this report.  Also, postural hypotension could be due to 
multiple causes.  In SCI patients with postural hypotension, all causes should be thoroughly identified and 
eliminated. 
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INTRODUCTION 
The multi-cell air cushion is found to be the most effective to reduce the risk of pressure ulcers in patients 
with spinal cord injury (SCI). However, this cushion cannot relief pressure at the seating surface sufficiently 
unless it is properly adjusted, and has an adverse effect. We considered that the inflated air pressure can be 
used as an index to adjust this air cushion. Therefore, the relation between body weight and inflated air 
pressure was determined using our original loading device for adding an arbitrary weight to the cushion. If it 
becomes clear, it is considered that an appropriate inflated air pressure of the cushion can be calculated 
from the body weight. The purpose of this study is to create an estimation equation to calculate an 
appropriate inflated pressure of the cushion from the body weight. In addition, patients with spinal cord 
injury have remarkable protrusion of the Ischial tuberosity due to the effect of paralysis, and the buttocks 
shape differs from that of able-bodied person. It is also examined whether the difference in buttocks shape 
affects the adjustment of the cushion. 
 
METHODS 
The cushion was loaded using the load device with buttocks model attached. We used two types of buttocks 
models, able-bodied and SCI. Two types of cushions were used: ROHO middle type and high type. The 
measurement was performed under four conditions: able-bodied/middle (MA), SCI/middle (MS), able-
bodied/high (HA), and SCI/high (HS). The cushion was loaded from 30 kg to 75 kg every 5 kg, and the 
inflated pressure was measured with the pressure gauge connected to the valve of the cushion. 
 
RESULTS 
The relation between applying loads and inflated air pressures was determined, and a regression equation 
was developed. The linear regression equation of MA was : y=0.11585x-1.6274（R=0.9988）. The linear 
regression equation of MS was : y=0.11695x-1.6578（R=0.9971）.  There was a significant difference in 
their slope of the regression line (P> .01). 
The linear regression equation of HA was : y=0.10841x-1.9671（R=0.9975）. The linear regression equation 

of HS was : y = 0.1114x-1.9399（R=0.9940）.  There was a significant difference in their slope of the 
regression line (P> .01). 
 
CONCLUSIONS 
The results of the present study show that the weight of user is substituted for the linear regression 
equation to obtain an optimum value of the internal air pressure. The optimal inflated air pressure can be 
estimated from the body weight by using an estimate equation made by a regression analysis based on 
pressure data and load measurement values. However, because of the difference of buttocks shape, spinal 
cord injuries have to set a higher internal air pressure than able-bodied persons in the case of the same 
body weight. Our data suggested that sufficient effects of the cushion can not be achieved if adjustment is 
made based on the data of able-bodied persons. Especially for spinal cord injuries who have a protruding 
Ischial tuberosity.
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Introduction 
Spinal cord injury (SCI), either traumatic or non-traumatic, often causes limitations to an individual's 
functional status, which comes mainly as sensorimotor dysfunctions, such as paralysis or persistent 
neuropathic pain. These limitations would definitely reduce the patient’s quality of life. Therefore, an 
effective rehabilitation protocol should be executed to mitigate these limitations and enhance their quality 
of life. Recently, virtual reality (VR)-based rehabilitation has emerged as an alternative in 
neurorehabilitation. The use of VR-based technology has somewhat proven to be beneficial in neurological 
and psychological outcomes. In addition, VR-based rehabilitation also has been associated with increased 
motivation and potentially minimizing the number of the training session, which leads to expense reduction. 
Therefore, this study aimed to examine the effect of VR-based rehabilitation in spinal cord injury patients. 
 
Methods 
A systematic review of English articles using PubMed and the Cochrane CENTRAL without year restriction. 
Additional studies were searched manually in Google scholar and Google search engine. Search terms 
included “spinal cord injury”, “paraplegia”, “tetraplegia”, “quadriplegia”, “virtual reality” and “randomized 
controlled trial”. Only randomized controlled trial studies were included in this study. 
 
Results 
Seven studies were included in this study. These studies had evaluated 187 patients with SCI that follow a 
set of rehabilitation protocols (113 subjects received any kind of VR-based rehabilitation and 74 subjects 
received strictly only conventional therapy). These studies measured different outcomes, with four studies 
(57.14%) measured motoric outcome, two studies (28.57%) measured sitting balance, and two studies 
(28.57%) measured neuropathic pain (one of these studies measured both motoric outcome and sitting 
balance). The authors observed a large amount of heterogeneity regarding study design, rehabilitation 
protocol, and outcome measures used. However, the trend of efficacy in VR-based rehabilitation can be 
observed. Four studies (57.14%) reported better outcome in VR-based rehabilitation, two studies (28.57%) 
reported no difference, and one study (14.29%) favored another type of neurorehabilitation, which is 
transcutaneous electrical nerve stimulation for neuropathic pain. In addition, one study (14.29%) reported a 
great outcome while combining VR-based rehabilitation with transcranial direct current stimulation for 
neuropathic pain. 
 
Conclusion 
The findings of this study suggest that VR-based rehabilitation produced a positive outcome in SCI patients, 
more as an adjunctive neurorehabilitation protocol rather than an alternative protocol. However, further 
high-quality studies with a larger sample are needed to draw a strong conclusion of VR-based rehabilitation 
protocol in SCI patients.
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Introduction: The nucleus pulposus cell (NPC) remains a largely ambiguous cell type, with still a limited 
consensus on clear markers, in particular in comparison to other chondrogenic cell types. Moreover, the 
transcription factors (TF) regulating specifically NPCs, remain largely unknown. In our study we aimed to 
identify key master regulator TFs needed to maintain and potentially induce an NPC phenotype using an 
array of comprehensive screening approaches.  
Aim: Identifying master regulator transcription factors involved in maintaining an NPC phenotype.  
Materials and Methods: Human NPC were obtained, cultured in 10% aMEM and subsequently separated 
based on Tie2, GD2, and CD24 expression. CD24+ NPC were additionally cultured in 3D-pellet cultures. 
mRNA from sorted samples was isolated and analysed by SurePrint G3 Human GE 8x60K v2 Microarray 
(Aligent Technology). Expression levels were compared to database values of neural progenitor cells (ID 
GSM1608144, GSM1608145), fibroblasts (ID GSM1191059, GSM1191060, GSM1191060, GSM1191061), iPS 
cells (ID GSM1598135, GSM1598136, GSM1598137) and lung cells (ID GSM1700910, GSM1700913) 
expression levels. Subsequently, 120 TF high hitters, were analysed by iPSC interference assay; as published 
by Hikichi et al (1). NPC cultured in 2% O2 were transduced to overexpress the Yamanaka TF plus one 
additional master regulator candidate. NPC were transferred to 21% O2 at 2-days post transfection, as this 
was determined optimal for the induction of iPSCs from NPC (2). iPSC induction rate was assessed by 
counting ALP-positive colonies. All TFs able to interfere iPSC induction were further evaluated by siRNA 
mediated downregulation assay and upregulation assays, assessing their consequential NPC markers 
expression alterations; e.g. ACAN, COL2A1, CD24, PAX1, HIF1A, EPAS1, T, SOX9, and PITX1, on mRNA level.  
Results: Microarray analysis revealed over 120 TFs highly expressed in comparison to other cells types. The 
top 10 involve TF: PAX1, PITX1, T, SIX6, HOXC6, HOXC9, HOXC4, BARX1, HOXB8, FOXQ1. iPSC interference 
showed the ability of 80 of the 120 TF to interfere in iPSC induction; including complete interference by e.g. 
T and PITX1. Subsequent siRNA assay revealed ~20 TFs able to strongly down regulate NPC markers; i.e. (top 
10 siRNA assay) SOX6, EPAS1, T, FOXQ1, HIF3a, RUNX1, SOX9, FOXA2, SIX1, and PITX1. Each of these TF 
were continuously determined as high hitter in each of the assays. 
Conclusion: Our work confirms the importance of established TF for NPC maintenance; e.g. T, SOX6, PAX1, 
HIF-family, and SOX9. However, our screening additionally revealed new TF such as PITX1, FOXQ1, etc. that 
previously have not been reported in connection to NPCs. 
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Introduction. Spinal cord injury (SCI) is a term indicating spinal cord lesion resulting from trauma, disease or 
degeneration. According to the World Health Organization (WHO), annual global incidence can be estimated 
between 40 to 80 cases per million population, resulting in 250.000 to 500.000 new cases of SCI every year 
worldwide. The symptoms of SCI depend on the severity of the damage and the level of the lesion. 
Spasticity is a common complication after SCI, reported in approximately 65% of individuals with SCI. It can 
limit mobility and independence in activities of daily living and cause pain, range of motion limitations and 
sleep disturbances. 
The aim of this study is to investigate the effectiveness of non-pharmacological rehabilitation interventions 
on spasticity in adults with spinal cord injury. 
Methods. An systematic review was carried after being registered on PROSPERO. Pubmed, Embase, Web of 
Science, Scopus, Central and PEDRO, were searched on July 29th, 2019 using the terms “spinal cord injury”, 
“spasticity”, “treatment”, “rehabilitation” and “randomized controlled trial”, adjusted to each database 
thesaurus. The search was systematically conducted using the PICO format: Patients, Interventions, 
Comparisons and Outcomes. Two independent reviewers selected studies to be included; a third reviewer 
was involved in case of disagreement. Randomized Controlled Trials (RCTs) addressing effectiveness of non-
pharmacological and non-surgical rehabilitation interventions in spasticity in adults with traumatic or non-
traumatic spinal cord injury were included. The Cochrane “Risk of Bias Tool” (RoB) was used to assess the 
methodological quality and GRADE approach to assess the quality of evidence of the included studies. The 
synthesis of evidence was performed using both a qualitative and quantitative description. 
Results. Of the 2207 identified studies 1536 studies were screened after duplicates removal. Of these, 11 
studies, with a total of 372 participants with SCI, were selected and included in the analysis. RoB assessment 
showed high risk of bias and the quality of evidence was very low. 
Forty-five% of the studies compared therapy with physical agents, including transcutaneous electrical nerve 
stimulation (TENS), functional electrical stimulation (FES), whole-body vibration (WBV) and repetitive 
transcranial magnetic stimulation (rTMS) with placebo, exercise or sham intervention, 9% compared 
strengthening exercise with usual care exercise, 9% investigated robotics intervention, 27% compared 
continuous passive motion (CPM) with no treatment or routine physical therapy and 9% compared 
hydrotherapy with passive range of motion exercise. TENS, WBV, CPM and hydrotherapy interventions 
showed a significative improvement on spasticity evaluated with the Composite Spasticity Score and the 
Modified Ashworth Scale. 
Conclusions. The results highlight an overall low quality of evidence which does not allow to address any 
definitive conclusion on the effectiveness of non-pharmacological interventions on the management of 
spasticity in adults with SCI. We hypothesize that TENS, WBV, CPM and hydrotherapy interventions might 
improve spasticity in adults with SCI, but further studies are needed to improve the quality of RCTs on the 
topic.
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Introduction. “Spinal cord injury” (SCI) is a term indicating a spinal cord lesion resulting from trauma, 
disease or degeneration. SCI is a high disabling injury; it can lead to damage or loss of motor function and 
sensation, spasticity, pain and disturbed vegetative functions. The symptoms of SCI depend on the severity 
of the damage and the lesion level. The aim of this work is to generally present Cochrane Evidence related 
to rehabilitation of persons with SCI. 
Methods. Cochrane Rehabilitation evidence database has been searched for Cochrane Systematic Reviews 
(CSRs) addressing rehabilitation of people with SCI published from inception to August 31th 2019. No 
specific search has been made regarding the intervention or the outcome addressed in the CSR. 
Results. To date, four CSRs related to rehabilitation of persons with SCI have been produced, investigating 
the effectiveness of: a) pharmacological interventions on spasticity (published in 2000 and updated in 2008, 
with no new studies identified), b) locomotor training on walking ability (2012), c) respiratory muscle 
training (2013) and d) non-pharmacological interventions on chronic neuropathic and nociceptive pain 
(2014). 
One out of four CSRs reported significant results, whereas the remaining three reported inconclusive 
results, reporting the need of randomized controlled trials (RCTs) of larger sample size (100%), with long-
term follow up (75%) and of better methodological quality (75%). Half of the included primary studies also 
advocated RCTs to include Quality of Life outcome measures. 
Conclusions. The CSRs performed on rehabilitation related topics in persons with SCI are highly 
heterogeneous in terms of interventions and outcomes. However, all of them finally came to the same 
conclusion: new and better RCTs on the topic are needed. The small number of CSRs, addressing just a few 
of the possible symptoms a person with SCI is likely to experience, and the fact that they have not been 
recently updated highlight the need for producing new evidence in this field, also in terms of secondary 
studies (i.e. CSRs). The same issue has indeed been raised during the prioritisation exercise performed by 
Cochrane Rehabilitation, in which the topic “spinal cord injury” resulted as one of the top priorities for the 
production of new CSRs according to the professionals involved. This should however been justified by the 
presence of a sufficient number of RCTs to produce a systematic review. 
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【Background】 
Spasticity is a common and long-lasting complication of traumatic cervical spinal cord injury(CSCI). 
Epidemiologically, CSCI recently occupies over 70% of spinal cord injury in Japan. Spasticity  often become 
one of  inhibitors in rehabilitation. Spasticity appears after spinal shock, and then gradually increase in most 
of the individuals with CSCI.  Few previous studies reported the time course of spasticity following CSCI in a 
large group of participants. 
【Objective】 
We aimed to investigate the time course of spasticity comparing to each American Spinal Cord Injury 
Association(ASIA) impairment scale(AIS) grade after traumatic CSCI. 
【Study Design】 
a historical cohort study 
【Setting】 
Spinal Injuries Center , Fukuoka , Japan 
【Material and Methods】 
All data related to this study was extracted from the Japan Single-center Study for Spinal Cord Injury 
database. Of 1189 participants registered between 2005 and 2019, this study included patients who 
admitted within 14 days and could observe over 6months after the injury, C1〜C7 level’s injury and AIS 

grade (A〜D) at 6 months. Spasticity was evaluated using the modified Ashworth Scale(MAS) at 14days, 4・

６ weeks, 2・3・4・5・6 months after the injury. MAS was evaluated at upper limbs(4 movement 
variables of Elbow and Wrist) and lower limbs(8 movement variables of Hip , Knee and Ankle), and 
compared  in each AIS grade at each time point. 
Statistical analyses were performed using the nonparametric multiple comparison tests(Steel-Dwass). A p -
value of 0.05 was considered statistically significant. Statistical analyses were done using the R software 
package version 3.6.2. 
【Results】 
We retrospectively extracted 238 participants  according to inclusion criteria. Regarding basic medical 
information of study participants, mean age at injury was 58.4±17.1 years, and the sex ratio was 199 men to 
39 women. The number of participants in each AIS grade at 6 months after injury was as follows: A/68 cases
・B/15 cases・C/41 cases・D/114 cases. Overall, the median of MAS in AIS C was constantly higher 
compared to those in other grades from 14 days to 6 months. In the upper limb,  that in AIS D was 
significantly higher compared to that in AIS A from 14 days to 6 months except for 4 weeks. The median of 
MAS in AIS C were significantly higher since 2 months after the injury. In the lower limb, the median of MAS 
in AIS C was significantly higher compared to AIS A and D since 14 days after injury, and that in AIS C was 
higher compared to that in AIS D since 4 weeks. In addition, the MAS of AIS A and B tended to increase 
gradually after injury. 
【Conclusion】 



We demonstrated  the time course of spasticity using MAS in participants with CSCI. Individuals with AIS C 
was more spastic than those with other AIS grades, and had constantly higher value up to 6 months, 
suggesting that rehabilitation planning is necessary by each AIS grade.
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Introduction: 
 
Spinal Cord Injury (SCI) may result in a variable loss of physical and functional capacity. In addition to the 
decreased level of activity, persons with SCI also may have ongoing body composition changes that are 
associated with insulin resistance, disorders of carbohydrate as well as lipid metabolism which predispose 
them to premature cardiovascular disease. They are also at risk of developing long-term medical 
complications such as pressure ulcers, autonomic dysreflexia, pulmonary diseases, deep vein thrombosis, 
and fracture. Physical activities and sports participation have been shown to be beneficial to health. Sports 
participation after SCI was found to be associated with increased community integration as well as quality of 
life (QOL). Engagement in sports leads to improvement in strength, coordination, balance, endurance, 
pulmonary function, and weight control. 
 
Study design: Case-control study 
 
Objective: To identify factors that influence sports participation following spinal cord injury (SCI). 
 
Setting: Spinal Rehabilitation outpatient clinic, University Malaya Medical Centre (UMMC), Kuala Lumpur, 
Malaysia. 
 
Methods: Face-to-face interview with a 21-item self-constructed questionnaire which contained four 
domains of variables; socio-demographics, SCI-related, environmental and sports-related factors. Data 
collection was done between June 2017 and May 2018. Thirty-one sports participants (SP) and thirty-four 
non-sport participants (NSP) (N=65) met the inclusion criteria. 
 
Results: Traumatic SCI, pre-injury interest in sports, pre-injury sports participation, ability to drive own 
vehicle, and being employed were significantly associated with sports participation post-SCI (p < 0.05). 
Multiple logistic regression revealed traumatic SCI (p = 0.012, OR 34.704) and pre-injury interest in sports (p 
= 0.046, OR 29.104) to be the independent predictors of sports participation post-SCI.  
 
Conclusion: Traumatic SCI and pre-injury interest in sports were the predictors of sports participation post-
SCI. Pre-injury sports participation, being employed, and the ability to drive own vehicle were the potential 
factors that may influence sports participation in this population. Future studies are necessary to determine 
causative nature of this associations.



 

266 

Supporting Sexuality after a Spinal Cord Injury: A Scoping Review of Non-
Medical Approaches 
Ms Chloe Bryant1, Dr  Louise Gustafsson2, Dr  Tammy Aplin3, Dr  Jenny Setchell4 

1The University Of Queensland, Brisbane, Australia, 2Griffith University, Brisbane, Australia, 3The University Of 
Queensland, Brisbane, Australia, 4The University Of Queensland, Brisbane, Australia 

Introduction:  
Literature discussing interventions to support sexuality after a spinal cord injury appears to be largely 
focused on medical methods to improve function. It is unclear, however, what non-medical approaches are 
used in practice to address sexuality with people with a spinal cord injury. As sexuality is closely interwoven 
with quality of life, it is important to consider how health care approaches may further impact a person’s 
experience of sexuality after a spinal cord injury. This scoping review aimed to identify, analyse, summarise 
and describe existing literature on non-medical approaches to sexuality following a spinal cord injury.  
 
Methods:  
This study followed the five-step methodological framework described by Arksey and O’Malley for scoping 
reviews. Peer reviewed and grey literature was searched across 10 databases (Embase, CINAHL, PsycINFO, 
Scopus, Web of Science, Pubmed, Cochrane, Proquest dissertation, University library database and Google 
Scholar). The key terms, ‘sex, sexual, sexuality, intimate, intimacy, spinal cord injur* and spinal injur*,’ were 
used with Boolean operators, ‘OR’ and ‘AND.’ Reference lists were checked and key journals were hand 
searched to further identify relevant studies. Two members of the research team screened, reviewed and 
selected the studies. Articles which discussed sexuality in the context of health care provision after a spinal 
cord injury were included and those excluded focused on medical interventions or functional issues. 
Findings were thematically analysed.   
 
Results:  
Twenty-nine articles, varying in design, met the inclusion criteria and were examined in the review. 
Fourteen countries were represented and the rate of publication increased over time with 41.4% published 
in the last five years. Four themes were identified, including: the importance of individuality and timing, the 
health care professional role, interventions to support sexuality and recommendations for practice. Analysis 
of the findings from the included literature suggested the importance of providing client and family-centred 
care and utilising a team approach. Many non-medical interventions and strategies were identified such as 
sexual counselling, provision of resources and piloted programs; however, most of the studies discussed 
that information provided and/or access to information about sexuality was limited.  
 
Conclusions:  
Although a number of non-medical approaches are used in healthcare practice, their provision appears to 
be limited with no consistent approach. This study highlights a number of important implications for 
practice such as tailoring therapy to address individualised factors and increasing the availability of 
multifaceted therapy, resources, and training. Further research is required which investigates how sexuality 
can be comprehensively supported in a variety of service settings using both non-medical and medical 
approaches. 
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Introduction  
Our facility provides comprehensive treatment from the initial acute phase, rehabilitation, and finally to 
community reintegration. Rehabilitation programs for spinal cord injury (SCI) were prepared for incomplete 
tetraplegia, which has stepwise progression depending on the functional recovery of paralysis. The purpose 
of this study is to evaluate the validity of the programs.  
  
Methods 
We evaluated 25 patients who had tetraplegia with AIS C at 72hrs after the injury, and the age of 75 or 
younger to reduce the influence of other prior-existed medical conditions for rehabilitation. Twenty-three 
cases were male, and the average age was 60.2+/-11.6 years old. NLI was C1 to C5. 
We assessed neurological status over time and calculated AIS, motor score (MS), and SCIM III(SCIM) at 72 
hrs after the injury as the initial assessment and at the discharge as the final follow-up. 
 
Results 
The average follow-up time was 242+/-97 days. Twenty cases recovered to AIS D at the follow-up. MS 
improved 26.6+/-15.8 at 72hrs to 66.7+/-20.3 points at the final(p<0.001). SCIM also made improvements 
from 9.9+/-2.1 to 47.2+/-26.7 points (p<0.001). SCIM score increased as the program progressed. 28% of 
patients achieved partial assistance level in the Self-care domain on Week 2. On Week 6 in the Mobility 
domain, 48% showed improvement. On Week 8, 36% of them acquired partial independence in Respiration 
and Sphincter management domain  
MS and SCIM at the final follow-up were related to a positive correlation. A linear regression of 
measurement and predicted values yielded an R2 of 0.362. Cases which had lower SCIM than we expected 
were with severe motor deficits of upper extremities, and spasticity and contracture. 
 
Conclusions 
Incomplete tetraplegia patients were provided the rehabilitation according to the program from the early 
stage of injury. Motor function showed improvement synchronically to the independence of the activity. We 
convinced the program, and the way of the application contributed to the advancement and independence 
of patients’ activity. Still, we also confirm that we need further study to evaluate the validity and 
reproducibility.
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Abstract: 
Introduction 
Nerve transfers have revolutionised restorative surgery for upper limb function in tetraplegia spinal cord-
injured (SCI) patients. However, whilst they can provide a higher degree of dexterity and co-ordination of 
finger movement, they often fall short of conventional tendon transfers for grip strength power. We present 
the adjunct nerve to PT to nerve to FDS transfer that provides superior grip strength, comparable to that of 
standard tendon transfers. 
 
Methods 
This is a combined anatomical study, showing the surgical technique, and a prospective case series, 
including patients with early, traumatic spinal cord injuries having this operative technique. Goals included 
restoration of grasp and increased grip strength, as well as restoring hand and overall upper limb function. 
Primary outcome measures include; Action Research Arm Test (ARAT), Grasp Release Test (GRT) and lateral 
pinch. 
 
Results 
Five patients (6 limbs) with mid-level cervical SCI were recruited and six nerve transfers were performed. All 
patients were male with a mean age of 27 years (20-42 years) and mean time of injury to surgery of 8.4 
months (4-11 months). The average post-nerve transfer follow-up time was 14.6 months (3-34 months) 
 
Conclusion 
The adjunct nerve to pronator teres to nerve to flexor digitorum superficialis nerve transfer is shown to be 
an anatomically reliable nerve transfer, with the ability to preserve innervating branches to the pronator 
teres and thus maintain it’s function. The nerve transfer demonstrates the ability to increase grip strength, 
to that similar to that of tendon transfers, but without the tensioning effects seen with tendon transfer 
surgery. 
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Introduction 
The loss of upper limb functions is a devastating consequence for people with SCI at the cervical level for its 
deep impact on daily living activities. Restoring upper limb activities is the objective of traditional surgery 
which uses musculotendineous transfer. In the last few years it has been possible to reach this objective 
also with nerve transfer.  
Despite the well-founded experience of functional surgery in using musculotendineous transfer, the 
importance of upper limb functional recovery in SCI patients led us to use nerve transfer techniques. Here is 
our experience. 
 
Methods 
Since 2014, in our Spinal Unit 36 nerve transfers have been carried out on 15 patients and 19 upper limbs: in 
16 cases the nerve to the supinator muscle was transferred to the posterior interosseous nerve (PIN); in 13 
cases the nerve to the brachialis muscle was transferred to the anterior interosseous nerve (AIN); in 4  cases 
the nerve to the brachialis muscle was transferred to the anterior interosseous nerve and to flexor 
digitorum superficialis muscle (FSD); in 3 cases the nerve to the teres minor muscle was transferred to the 
triceps muscle.  
Fundamental condition was no voluntary activity (MRC = 0) of the receiving muscle evaluated with EMG. 
Preliminarily and at 12-month follow-up, the patients were evaluated with GRASSP test [4]. 
Results 
Follow-up was necessarily long since the recovery occurred with the progressive reinnervation of the donor 
nerve. Here follow the preliminary data of 6 patients and 6 upper limbs (2 transfers for triceps, 5 for PIN, 6 
for AIN).  
In all cases of transfer of teres minor to triceps, a strength of MRC 2 was obtained. As regards the transfer to 
posterior interosseus nerve for finger extension; a strength of MRC 3 was obtained in 3 case and a strength 
of MRC 2 in 2 cases. As regards the transfer to anterior interosseus nerve for finger flexion, a good recovery 
was obtained (MRC 4 and MRC 3) in 4 cases; a strength of MRC 2 was obtained in 1 case and MRC 0 in 1 
case. 
From the GRASSP evaluation at 12-month follow-up the following was evident: 
- Score improvement in qualitative assessment of cylindrical grasp and lateral key pinch; 
- Score improvement and reduction of execution time in activities that required cylindrical grasp in 
quantitative tests; 
- Score improvement from 0 to, at least, 1 in activities that required lateral key pinch, with high 
execution times; 
 
Conclusions 
Nerve transfer represents an additional option for patients with tetraplegia in order to increase the chances 
of recovery. It can be proposed also for higher neurological levels where fewer muscles can be used in 
traditional functional surgery. 
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Is posterior surgery effective for neck pain in patients with cervical 
spondylotic myelopathy? 
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Background & Objectives: One of the chief complaints of cervical spine disease is neck pain and shoulder 
stiffness. In Japan, conservative therapy is the mainstream and surgical treatments are rarely indicated for 
the purpose of improving neck pain. Surgical indications for degenerative cervical spine disease are 
generally for the patients with moderate and severe myelopathy, or severe and long-lasting radiculopathy. 
Usefulness of surgery for neck pain is unclear. The purpose of this study was to evaluate the improvement 
of neck pain and shoulder stiffness by posterior surgery in patients with cervical myelopathy. And we also 
evaluated whether the additional posterior fixation contributes to the improvement of neck pain or not. 
 
Materials & Methods: We selected patients with cervical myelopathy who underwent cervical posterior 
surgery in our institute from 2009 to 2018. Exclusion criteria were cases with radiculopathy only, anterior-
posterior combined surgery, revision surgery, trauma, infection, tumor, involuntary movement, upper 
cervical surgery and instrumented fusion beyond Th2. 219 cases were picked up. Neck pain and shoulder 
stiffness before surgery was referred to medical records, and postoperative neck pain and shoulder stiffness 
was investigated in a mailing questionnaire in July 2019. There were 17 deaths at the time of the survey, 76 
cases that could not be contacted. 126 cases were finally enrolled in this study (follow-up rate was 57.5%). 
We divided those cases into two groups. One was decompression only group (LM group, 89 cases) and the 
other was posterior decompression with instrumented fusion group (PDF group, 37 cases). We also 
evaluated postoperative Neck Disability Index (NDI) in both groups. We also compared preoperative and 
postoperative Visual Analogue Scale (VAS) of neck pain and shoulder stiffness. 
 
Results: Postoperative NDI was 22 in LM group and 30 in PDF group (N.S.). Neck pain VAS in LM group was 
46 ± 32 mm before surgery and 28 ± 27 mm after surgery in average. Shoulder stiffness VAS in LM group 
was 44 ± 33 mm before surgery and 31 ± 27 mm after surgery in average. On the other hand, neck pain VAS 
in PDF group was 46 ± 35 mm before surgery, 31 ± 28 mm after surgery. Shoulder stiffness VAS in PDF group 
were 49 ± 33 mm before surgery and 36 ± 26 mm after surgery. In both groups, neck pain and shoulder 
stiffness improved after surgery (P<0.05). The ratio of patients whose neck pain improved at postoperative 
period was 63.8% in LM group and 55.1% in PDF group. 
 
Discussion: The advantage of this study is that there was no consideration of the presence of neck pain 
preoperatively in the selection of surgical procedures. The limitation of this study was the retrospective 
study design and slightly low follow-up rate. 
 
Conclusions: After cervical posterior spine surgery, neck pain and shoulder stiffness were improved both 
with or without additional fixation. There was no difference between two groups. The superiority of 
additional fixation to the improvement of neck pain and shoulder stiffness was not clear in this study. 
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Introduction 
Studies of renal function in persons with spinal cord injury (SCI) at the level of spinal lesions between T6 and 
L1 are significant physiological issues, because the SCI does not involve severance of the lower sympathetic 
nerve system including renal nerves. In animal models, renal sympathetic nerve activities increase during 
head-up tilt, resulting in decreased urinary sodium excretion. Subjects with cervical SCI and transection of 
the sympathetic system at the cervical level with loss of input from the medulla oblongata to the peripheral 
organs were reported to have attenuated urinary secretion of sodium but no endocrine dysfunction, 
compared with able-bodied (AB) persons, during head-out water immersion, suggesting a dysfunctional 
renal sympathetic nerve system. A recent 20-year study of maximum oxygen consumption (VO2max) in SCI 
suggested that long-term sporting activity improves physical capacity in persons with SCI. However, renal 
responses to exercise depend on the exercise intensity, and AB persons tend to show marked reductions in 
urine flow and glomerular filtration rate (GFR) during leg exercise at 60% of VO2max. The present study 
investigated the physiological effects of exercise on renal function in SCI. 
Methods 
Eleven SCI (spinal lesions between T6 and L1, AIS A) and fourteen AB persons first rested for 1 hour in a 
sitting position, before undergoing two-hour arm-crank ergometer exercise at 60% of VO2max followed by a 
2-hour recovery period. On another day, all subjects participated in a time control study (5 h of rest 
condition in sitting position). Food consumption was restricted throughout the experiment, but all subjects 
were allowed to drink tap water ad libitum. Urine and blood samples were collected hourly. 
Results 
There were no differences in mean blood pressure between the two groups. SCI patients showed an 
attenuated increase in plasma adrenaline and an increase in plasma aldosterone compared with AB 
controls, but similar changes in hANP, PRA, and ADH following the exercise. Creatinine clearance, osmolal 
clearance, free water clearance, and fractional excretion of sodium did not significantly change during 
exercise in any of the subjects. 
Conclusions 
These findings suggested that activated aldosterone and attenuated adrenaline responses during exercise in 
SCI might result from adaptation to a disordered sympathetic nervous system triggered to maintain renal 
function. The results found no exercise-related adverse effects on renal function in subjects with SCI.
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Introduction: Neuropathic pain due to spinal cord damage like spinal cord injury or compression myelopathy 
has been studied most extensively. The recent report has indicated that duloxetine, that is one of the 
serotonin-noradrenaline reuptake inhibitors, is effective against neuropathic pain due to lumbar 
degenerative disorders. Thus, we conducted a retrospective study to examine the therapeutic effect of 
duloxetine for residual neuropathic pain after surgery in patients with compression myelopathy. 
Methods: From 2012 to 2015, 6 patients who underwent surgery for compression myelopathy and had 
residual neuropathic pain after surgery were included in this study. All the patients were diagnosed with 
neuropathic pain by the short form Spine painDETECT questionnaire (SF-SPDQ), and had severe residual 
pain despite the other medication therapies like pregabalin. The administration schedule for duloxetine 
began at 20 mg per day and was increased to 40 or 60 mg per day at 4 weeks interval if the patient hoped. 
The adverse events after the administration of duloxetine were investigated. The clinical outcome was 
measured using Visual Analog Scale (VAS; 100mm) until 6 months after the administration. 
Results: The VAS score was significantly improved from 2 months after surgery compared with the pre-
administration level (p<0.05). No adverse events like nausea or drowsiness occurred after duloxetine 
administration. The improvement of VAS was observed in both at level pain and below level pain patients. 
The improvement of VAS was relatively better in patients with a high score for SF-SPDQ. 
Conclusion: Despite the limitation of open-label retrospective study, duloxetine can be a feasible 
therapeutic option for residual neuropathic pain after surgery in patients with compression myelopathy. SF-
SPDQ may be useful for predicting the effect of duloxetine administration for such residual neuropathic 
pain. 
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Introduction 
It has been demonstrated that transplanted neural precursor cells (NPCs) derived from fetal spinal cord 
exerted tissue regeneration and functional recovery in spinal cord injury (SCI) compared with those from 
other neural regions. Therefore, original identity of the transplanted cells is critically important for spinal 
cord regeneration. We have previously reported a culture system to control the region-specific NPCs from 
human iPSCs. We generated regionalized NPCs with the forebrain (FB) and spinal cord (SC) identity from 
human iPSCs. The aim of this study is to examine the efficacy of these NPCs on spinal cord regeneration.  
 
Materials/Methods 
We induced human iPSC-derived FB- and SC-type NPCs by treating each two signal modulators of IWR1e, 
FGF8 and CHIR, Retinoic Acid, respectively. We evaluated regional identity and differentiation profiles of 
these NPCs. Contusive SCI was induced in immunodeficient mice at the level of Th10. Nine days after injury, 
both FB-type, SC-type NPCs and PBS (Control) were injected into the lesion epicenter. Motor function was 
evaluated until nine weeks after injury. Interaction of grafted cells with host neural circuits were examined 
by tracing analysis. BDA was used to label the host CST fibers. 
 
Results 
In vitro: Wnt-inhibited FB-type cells had a high expression of the forebrain marker FOXG1, and the spinal 
cord marker HOXB4 was upregulated in Wnt/RA-activated SC-type cells. Expression of undifferentiated 
neural marker NESTIN was comparable between the two types of cells. In both types, the differentiated cells 
were exclusively βIII-tubulin-positive neurons, but glial cells were not detected. 
In vivo: After NPC transplantation, FB-type NPCs mainly expressed FOXG1, whereas HOXB4 was 
predominantly expressed in SC-type NPCs. In both cell types, grafted cells mainly differentiated into Hu-
positive neurons, and a small population was glial cells. SC-type NPC transplanted group showed 
significantly better functional recovery than PBS group while FB-type NPC group did not present functional 
improvement. In histological analysis using tracing technique, the connection between FB-type NPCs and 
the host BDA-labeled CST could not be detected. However, the host CST clearly projected into the SC-type 
cells. The pre-synaptic marker SYN1 was colocalized with the bouton-like terminals of CST, contacted with 
STEM121-positive SC-type grafted cells.   
 
Conclusion 
We showed that the SC-type NPCs derived from human iPSCs maintained its original characteristics even 
after transplantation, and contributed to motor functional improvement by forming synapses between 
host-derived CST and transplanted cells. The present study underscores the importance of the regional 
identity of iPSC-derived NPCs for cell therapy towards spinal cord regeneration, and also provides practical 
instructions to develop the complete treatment for SCI. 
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Introduction: Due to injury to the cervical spinal cord, many patients are dependent upon lifelong 
mechanical ventilatory support. High frequency spinal cord stimulation (HF-SCS) is a unique method of 
inspiratory muscle activation which results in coincident activation of the diaphragm and inspiratory 
intercostal muscles via spinal cord pathways and has the potential to provide more physiologic respiratory 
support in ventilator dependent persons with spinal cord injury (SCI).  
 
Objective: The purpose of the present study was to evaluate different patterns of electrical stimulation with 
HF-SCS in attempt to more closely mimic spontaneous breathing (SB).  
 
Methods: In 4 anesthetized dogs, single motor unit (SMU) activity of the diaphragm (D)  and parasternal 
intercostal (P) muscles were assessed during SB and HF-SCS at the T2 level with ramp and non-ramp 
stimulation by measuring a) time of onset (To) and b) time to peak discharge frequency (TTP). Stimulus 
amplitude was adjusted to approximate the magnitude of inspired volume observed during SB. To and TTP 
were determined relative to the onset of inspiratory flow and expressed as a percentage of inspiratory time 
(Ti).  
 
Results: During SB, D was recruited first followed by P; mean onset 7.2±1.0 and 17.3±3.0%Ti, respectively. 
During non-ramp HF-SCS, To was 1.9±0.5 and 2.4±0.3%Ti for D and P, respectively (p<0.05 for each 
compared to SB). During ramp HF-SCS, To was 9.9±0.6 and 5.1±0.6 %Ti for D and P (p<0.05 for P for each 
compared to SB). The discharge frequencies of all SMUs increased during inspiration. Mean peak firing 
frequencies of D and P were not significantly different during SB, non-ramp and ramp stimulation (NS). 
During SB, TTP was 66.9±5.8 and 74.2±4.8%Ti for D and P. During non-ramp HF-SCS, TTP was 10.6±3.1 and 
15.9±3.5 %Ti, for D and P (p<0.05 for each compared to SB). During ramp HF-SCS, TTP was 64.0±3.9 and 
53.5±3.9 %Ti for D and P (NS for each compared to SB).  The pattern of inspiratory flow during ramp 
stimulation more closely resembled that occurring SB. Moreover, in contrast to the non-ramp HF-SCS, the 
relative contribution of rib cage movement (63±2%) to inspired volume production during ramp HF-SCS 
(52±3%) more closely approximated spontaneous breathing (40±1%). 
 
Conclusion: Activation of the inspiratory motoneuron pools via HF-SCS is responsive to different patterns of 
electrical stimulation. Ramp-HF-SCS compared to non-ramp HF-SCS results in a more physiologic method of 
inspiratory muscle activation. HF-SCS has the potential to provide an effective method of inspiratory muscle 
pacing in SCI patients. 
 
 
Support: NIH-NINDS (R01 NS105785)  
 
Disclosure: Dr. DiMarco is a founder of and has a significant financial interest in Synapse BioMedical, a 
manufacturer of diaphragm pacing systems and holds patents for spinal cord stimulation to restore cough 
and respiration (5,678,535; 5,911,218; 5,999,855; 8,751,004). Drs. DiMarco and Kowalski hold the U.S. 
patents for technology related to the content of this manuscript: Respiratory Muscle Activation by Spinal 
Cord Stimulation (8,352,036). 
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【Introduction】 
Laminoplasty is one of widely accepted surgical procedures for cervical myelopathy. But, postoperative 
deterioration of cervical alignment has occasionally been observed after laminoplasty. It has been reported 
that preoperative sagittal imbalance was risk factor for postoperative kyphotic deformity and posterior or 
anterior decompression and fusion has been recommended for such cases. 
 The purpose of the present study was to elucidate the clinical outcome of short segmental instrumented 
fusion with laminoplasty. 
【Methods】 
 The present study included 9 patients (male: female=8: 1) who underwent laminoplasty with one or two 
segmental instrumented fusion at our institute and were followed at least 2 year after surgery. The mean 
age at surgery was 70.6 years old and the average follow-up period was 4.2 years. 
 Clinical outcome was assessed with Japanese Orthopaedic Association (JOA) score for cervical myelopathy. 
The recovery rate was calculated using Hirabayashi’s method. 
 For radiographic evaluation, C2-C7 angle (positive value indicates lordosis and negative value indicates 
kyphosis), CGH (center of gravity of the head)-C7 SVA (sagittal vertical axis) and C7 slope were measured. 
【Results】 
 Pre- and post-operative average JOA score was 8.3 points and was 11.3 points respectively, and the average 
recovery rate was 34.1%. The average C2-C7 angle was 1.9 degree preoperatively and -5.8 degree at last 
visit. The average CGH-C7 SVA was 32.7mm preoperatively and 46mm at last visit. The average C7 slope was 
20.9 degree preoperatively and 18.7 degree at last visit.  
Statistical analyses revealed that CGH-C7 SVA increased significantly at last visit (p=0.04). There were no 
significant correlations between clinical outcome and radiographic parameters. 
【Conclusion】 
In the high risky case of postoperative kyphosis, short segmental instrumented fusion with laminoplasty 
could not prevent postoperative exacerbation of cervical alignment, and we should select posterior 
decompression and fusion with long segmental instrumentation or anterior surgery. 
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Introduction: Patients with complete quadriplegia after high cervical spinal cord injury (SCI) are fully 
dependent on activities of daily living. Neurological recovery for complete SCI patients has been thought to 
be rare; however, regaining limb function is consistently reported as high priority by patients with SCI. 
Assistive technology can improve their quality of life.  
The single-joint-type Hybrid Assistive limb (HAL) for upper limbs is a new portable robot that can provide 
elbow motion support in accordance with bioelectric activation of wearer’s elbow flexor and extensor. The 
purpose of this study is to assess the feasibility and efficacy of the use of HAL for complete quadriplegic 
patients due to cervical SCI patients. 
Methods: Five male patients, 18-34 years old, C4-C6, AIS A-B, were enrolled in this study.  
The HAL intervention includes ten sessions of voluntary flexion-extension training of the elbow with HAL 
and clinical assessment. Surface electromyography (EMG) was used to evaluate the muscle activities of the 
biceps and triceps brachii, trapezius, and infraspinatus, in synchronization with a Vicon motion capture 
system, during elbow flexion-extension test before and after HAL. We chose the trigger muscle for HAL 
elbow motion by the result of the pre-HAL EMG evaluation. 
Results: In the C4 case, EMG before the intervention showed no activation in extremities; however, active 
contraction in both biceps brachii was observed after the intervention and he could drive standard 
wheelchair 10 meters by himself. In 3 cases of C5-6, MMT of triceps brachii changed from 1 to 2 bilaterally, 
even by one side HAL intervention. Then, their transfer abilities improved.  
Conclusion: Voluntary elbow motion training using HAL is performed by voluntary muscle activation driving 
movement practice, focused attention, repetition of desired movements, and training specificity. It may 
have some motor learning effects. Elbow flexion-extension training using HAL might be a feasible option in 
order to improve paralyzed upper limbs in patients with complete quadriplegia due to cervical SCI. 
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Introduction:  Osteoporosis is common in people with spinal cord injury (SCI). It is also a risk factor of 
fragility fracture, which limits activities, restricts participations, as well as reduces the quality of life in 
people with SCI. Previous evidence demonstrated that ethnicity is an influencing factor of osteoporosis and 
fracture. However, there has been no study investigating the prevalence of osteoporosis and fracture, as 
well as their influencing factors, in Thai people with SCI yet.  
Methods: We included Thai people with SCI who had the onset of injury for more than 1 year. We excluded 
people who had a history of any disorders potentially being the cause of other secondary osteoporosis e.g. 
chronic kidney disease, chronic inflammatory disease or malignancy. After informed consent, epidemiologic 
and medical history data of the participants were collected using the International Spinal Cord Injury (ISCI) 
Basic Data Set. Fracture risk was determined by ISCoS Fracture Risks Data Set. Bone mineral density (BMD) 
examination using dual-energy x-ray absorptiometry (DXA) at proximal femur was investigated by Hologic 
Discovery® machine. Then, the FRAX score regarding the data of the Thai population was calculated for each 
participant.  Prevalence of fracture and osteoporosis were described. Multivariate logistic regression 
analysis was used to identify an independent influencing factor of osteoporosis. 
Results: Data from 32 Thais SCI were preliminarily analyzed. 50% of the participants were male. The average 
age was 44.55 years. The average duration of having SCI was 12.9 years. 78.1% of the participants were 
paraplegic AIS A, B, C people. 9.4% were tetraplegic AIS A, B, C, and 12.5% were AIS D people. The 
prevalence of fracture was 15.6%. The most common location of fracture was distal femur (2 times), 
followed by a shaft of femur (1 time), both bones of the leg (1 time) and coccyx (1 time). The prevalence of 
osteoporosis defined by T-score ≤ -2.5 in men, age ≥ 60 years or postmenopausal women or Z-score < -2.0 
with ≥ 3 risk factors in people age < 59 years or a history of prior fragility fracture was 34.4%. Using the 
FRAX tool, the median of the ten-year probability of major osteoporosis-related fracture and hip fracture 
was 5.95% and 1.7%, respectively. Using multivariate regression analysis, only the duration of SCI was an 
independent positive influencing factor of being diagnosed with osteoporosis (p=0.023). 
Conclusions: In Thai people with SCI, the prevalence of fracture and osteoporosis was 15.6% and 34.4%, 
respectively. The only influencing factor of being diagnosed with osteoporosis was the duration of having 
SCI. This study addressed the importance of routine investigating BMD in people with SCI in Thailand to help 
physicians appropriately diagnose, properly prescribe treatments and prevent fragility fracture.
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Background: Pain after spinal cord injury (SCI) is debilitating and has been reported to be difficult to treat. 
Pharmacological intervention is the first-line treatment of SCI-related pain, but provides minimal pain relief, 
with people with SCI (PWSCI) still reporting significant pain relief difficult to achieve. There is a dearth of 
literature on prevalence and individual characteristics associated with pain medication misuse (PMM) 
among PWSCI. Almost 30% of PWSCI are at risk of problematic PMM and 18% at risk of more serious 
aberrant pain medication use behaviors, which may lead to overdose and ultimately death. The aim of this 
study was to determine the risk of PMM in manual wheelchair users (MWUs) with SCI in South Africa. 
 
Methods: Seventy-five community-dwelling MWUs were included in the study from January 2019 to 
December 2019. Socio-demographic and pain profile data capture sheet was used to collect demographic 
data including the number of pain conditions and the type of medication taken where applicable. The Pain 
Medication Questionnaire was used to determine PPM. Frequencies, means and percentages were used for 
descriptive statistics and the chi-square test of association was used to determine relationships between 
the pain characteristics and PPM. Data were analysed using SPSS v26 and testing was done at the 0.05 level 
of significance. 
 
Results: Majority of MWUs reported the presence of pain (79%), with NeP more common than 
musculoskeletal pain (44% vs 11%). The pain was either located in one location (33%), or more (26%); and 
the most common severe pain was located in the lower limbs below the level of injury (25%) with a mean of 
5/10 pain severity level. Only 32% of MWUs who reported the presence of pain were on pain medication, 
but all exhibited more serious drug-taking behavior (p < 0.001), more so MWUs who reported NeP in the 
lower limbs (p < 0.001). Only 25% of MWUs believed that they were receiving enough medication to relieve 
their pain, with 7% of MWUs prescribed with anticonvulsants in isolation or combination with other drug 
groups. Prescription of a combination of drug classes was common (14%), which included combining 
paracetamol, non-steroidal anti-inflammatory drugs or opioids with either anticonvulsants or 
antidepressants. Furthermore, most MWUs were not educated about their pain medications by the 
prescribing health professional (46%).  
 
Conclusion: Pain relief after SCI remains difficult to achieve, with an evident high risk of PMM, which may 
lead to long-lasting side effects, dependency or overdose. Education of the medication is imperative to 
prevent PMM. Literature reports SCI-related to be life-long and the chronic use of may burden PWSCI with 
the cost of pain-relief medication and those with financial constraints may proceed with daily life while 
experiencing pain. Furthermore, it is important to develop and apply cost-effective, low-risk, alternative 
intervention methods to relieve SCI-related pain. 
 
Keywords: Pain, pain medication misuse, people with spinal cord injury 
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1. Introduction 
 Wearable Power-Assist Locomotor (WPAL) is a wearable gait assist robot developed mainly for the 
rehabilitation of spinal cord injury patients. The basic design concept of WPAL is the robotization of the 
medial system orthosis such as Primewalk. By placing the hip joint, lower limb frame, and motor inside both 
lower limbs, WPAL brings about compatibility with a wheelchair and high stability of walking and standing. A 
total of six motors located at the hip, knee and ankle joints on both sides enable standing and walking with 
low load. In previous studies, we reported that WPAL allowed patients to walk a longer distance at a faster 
speed than the medial system orthoses. 
 When using WPAL, the users are required to control the trunk forward / backward and right / left in 
accordance with the movement of the robot. Therefore, it is considered that the user with better trunk 
function acquires the higher walking ability. In this study, we investigated the relationship between the 
neurological level of spinal cord injury patients and their walking ability using WPAL. 
 
2. Methods 
 The subjects of this study were 11 spinal cord injury patients younger than 70 years who were classified as 
either American Spinal Injury Association Classification A or B(10 men, 1 woman; age, 38±12 years; 
posttraumatic period, 9±5 years; neurological level, C5-T12). All subjects performed walking exercises using 
WPAL more than 15 times.  
 Each subject was informed of the purpose of this study and was given written consent. This study was 
carried out with the approval of Fujita Health University Ethics Committee. 
 We compared and examined the relationship between the neurological level and six items: Functional 
Ambulation Categories(FAC), maximum continuous walking distance, maximum continuous walking time, 
walking speed, stride, and cadence. Spearman's rank correlation coefficient was used for statistical 
processing, and the significance level was 5%. 
 
3. Results 
 The final FAC was 3 (surveillance gait) in all 3 patients with C6 or higher neurological levels compared with 4 
(walking independence on flat ground) in all patients with C7 or lower neurological levels. 
 The rank correlation coefficients of neurological level and maximum continuous walking distance, 
maximum continuous walking time, walking speed, stride, and cadence were 0.98, 0.71, 0.86, 0.87, and 
0.85, respectively. All of them recognized the significant positive correlation (p<0.05). 
 
4. Conclusions 
 It was indicated that the spinal cord injury person could acquire higher walking ability using the robot as the 
neurological level is lower. We should make the goal and exercise plan referring to the neurological level.
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Introduction 
 According to the World Health Organisation, every year around 250,000-500,000 people suffer from 
a spinal cord injury (SCI) worldwide. Many exhibit reduced trunk control which can severely compromise the 
use of upper and lower extremities, hindering functional recovery. Current rehabilitation for improving 
trunk function remains complex and time-consuming, highlighting an urgent need to develop an innovative 
rehabilitation programme to improve trunk motor function following SCI. It is well established that 
increasing the excitability of neural pathways can improve function of that muscle in patients with 
neurological disorders. Research shows corticospinal excitability of trunk muscles can increase during arm 
muscle contractions in both healthy and SCI patients. We have recently demonstrated that a single session 
of arm cycling can increase corticospinal excitability of the trunk muscles in healthy subjects. It remains 
unclear whether arm cycling can be used as a treatment to improve trunk function in SCI patients. 
Therefore, the aim of the study was to investigate effects of a six-week arm cycling programme on 
corticospinal excitability and trunk function in people with SCI.  
 
Methods 
 Nine participants with chronic, incomplete cervical or thoracic SCI patients (mean age±SD: 
50.4±16.6 years; cervical SCI; 7) undertook a home-based arm cycling programme for six weeks. The 
programme consisted of 30-minutes of arm cycling for five consecutive days for six weeks. Corticospinal 
excitability of erector spinae (ES) muscles were assessed prior to and following arm cycling using 
transcranial magnetic stimulation (TMS). Motor evoked potentials (MEPs) of the ES induced by TMS were 
recorded using electromyography (EMG). Trunk function was evaluated using multi-directional reaching 
tasks, during which reaching distance, displacement of the trunk, and centre of pressure (CoP) were 
recorded using a 3-D motion capture system and a force plate. Activity of the ES was recorded using high-
density surface EMG (HDEMG) in which amplitude of the activity and entropy were analysed. 
 
Results 
 Our results showed a trend of increased corticospinal excitability following a single session of 30-
minutes of arm cycling. ES MEPs were facilitated compared to baseline by 187.47±77.74%, 141.10±82.27%, 
114.96±26.92%, and 126.94±57.82% at immediately, 10, 20 and 30 minutes following cessation of arm 
cycling, respectively. Participants showed improvements in lateral reaching at completion of the 
programme, with increases in trunk displacement and CoP. HDEMG results demonstrated a trend of 
reduced amplitudes (79±65%) and increased entropy (111±47%) in ES compared to baseline during 
reaching, suggesting improved efficiency and spatial homogeneity of muscle recruitment. 
 
Conclusions 
 We demonstrated that a six-week, home-based arm cycling programme can improve trunk function 
in people with chronic, incomplete SCI. We suggest that the improvements in reaching following this 
programme might be due to increased function of the trunk muscles, resulting from their increased 
corticospinal excitability induced by arm cycling. Our findings provide an innovative and affordable exercise 
programme for trunk rehabilitation following SCI. 
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Introduction  
 
At the West Midlands Rehabilitation Centre (WMRC), Birmingham, UK, we are running a joint MDT clinic 
with Rehabilitation Specialist, Hand Surgeon and Specialist Physiotherapist to provide comprehensive 
assessment and management of upper limb spasticity problems. 
 
Objectives 
 
This is a pilot study to improve the referral and delivery pathways for patients suffering from upper limb 
spasticity following a neurological event who may benefit from surgical intervention. We also wanted to 
identify patients who could benefit from early surgical interventions and evaluate the outcome of this type 
of clinical approach.  
 
Method 
 
It was a retrospective study looking at the management of upper limb spasticity problems. The timeframe of 
the study was from November 2018 to September 2019. The data collection included the age, gender, and 
diagnosis, side of weakness, patient’s symptoms, and clinical examination findings. To assess the impact of 
spasticity, we collected data as follows - ArMA pre-treatment and post-treatment scores, whether 
botulinum toxin injections were administered, goal attainment scale (GAS) outcome scores and outcomes at 
1 year follow up.  
 
Results  
 
During the timeframe of the study, there were 55 appointment slots of which 48 appointments were 
attended. The number of patients seen was 44 of which 4 patients were seen twice. The age range of 
patients was 29-78 years old. 33 patients were male and 11 patients were female.  
 
Most patients suffered from stroke, cerebral palsy, or spinal cord injury and other diagnoses included 
multiply sclerosis, traumatic brain injury, Parkinson and Meningitis.  
 
Of the number of patients seen in the joint upper limb clinic, 10 required surgery, 14 required botulinum 
toxin injections, 10 did not require any surgical intervention or botulinum toxin injections and were referred 
to other means of spasticity management for example orthotist.    
 
The common difficulties reported were difficult to wash and dress, donning splint, spasm, stiffness, flexed 
elbow, clenched fist and flexed fingers.   
 



The functional outcome score included ArMA Score pre and post botulinum toxin injection, active and 
passive range of movements, spasticity score and GAS score.  
 
The following were the range of outcomes from the clinical assessment in this clinic which were either; refer 
for surgery, administer botulinum toxin injection, arrange a nerve test, ongoing surgical review, spasticity 
input no longer required, therapy referral, referral to brain injury specialist clinic and on-going spasticity 
review.  
 
Conclusions  
 
We found that this approach is effective in providing one stop shop treatment plan for patients. It offers 
unique opportunity for the patient to get shared opinion from Rehabilitation Specialist, Hand Surgeon and 
Specialist Physiotherapist. It reduces multiple appointments in different hospitals. This approach reduces 
significant delay in accessing and providing treatments to patients who may benefit from surgical 
intervention, and improves overall patient experience. It also enhanced our mutual learning of managing 
this condition. 
 
A proforma is going to be designed and implemented to facilitate collection and evaluation of the data. 
There is further work in progress to streamline the referral to the clinic, the delivery of this pathway and 
collection of evidence.   
 



 

308 

Changes in Quality of Life among persons with a spinal cord injury. A 
Norwegian SCI registry study. 
Mrs Annette Halvorsen1,2, PhD Kristine  Pape3, Professor Marcel Post4, Professor Fin Biering-Sørensen5, 
Professor Aslak Steinsbekk3 

1Department of medical quality registries, St Olavs hospital, Trondheim, Norway, 2Spinal Cord Injury unit, St. Olavs 
University Hospital., Trondheim, Norway, 3Department of Public Health and Nursing, Norwegian University of Science and 
Technology., Trondheim, Norway, 4Center of Excellence for Rehabilitation Medicine, University Utrecht and De 
Hoogstraat Rehabilitation., Utrecht, The Netherlands, 5Clinic for Spinal Cord Injuries, NeuroScience Centre, Rigshospitalet, 
University of Copenhagen., Copenhagen, Denmark 

Introduction 
Despite research in Quality of Life (QoL) among persons with a spinal cord injury (SCI), little is known about 
factors associated with changes in QoL in the years after SCI. Therefore, the aim was to investigate these 
QoL changes in relation to time since injury, age, gender, neurological level and severity of injury.  
 
Methods 
All persons registered for the first time in the Norwegian Spinal Cord Injury Registry (NorSCIR) between 
2011 and 2017 who were known to be alive and living in Norway were invited to participate in a survey 
performed in 2019.  
The validated International SCI QoL Basic Data Set (SCI-QoL BDS) was used to measure QoL across three 
dimensions: satisfaction with life as a whole, physical health and psychological health, with scores ranging 
from 0-10 for each item. Highest scores suggest better QoL. QoL was measured both at discharge from 
initial rehabilitation and in the follow-up survey in 2019.  A range of variables on sociodemographics, injury, 
life experiences and health were included in the analysis. 
  
Results 
Of the 662 individuals invited for the follow-up survey, 342 participated and 209 had complete SCI-QoL BDS 
data at both discharge and follow-up. The average time since discharge was 3.5 years (range 0.9 to 6.5 
years, SD 1.4 years). The mean age for the cohort in 2019 was 57 (SD 17) years, 72% being male and the self-
reported distribution for paraplegia / tetraplegia was 50% / 40% and for incomplete / complete SCI was 56% 
/ 22 % (rest unknown). 
The mean SCI-QoL BDS scores at discharge were: 6.7 (SD 2.3) for life as a whole, 6.0 (SD 2.4) for physical and 
7.1 (SD 2.4) for psychological health. The mean SCI-QoL BDS scores were lower in all three dimensions at the 
time of the survey: life as a whole (5.8 SD 2.5), physical health (4.9 SD 2.5), and psychological health (6.3 SD 
2.6).  
The reduction in the mean of the SCI-QoL BDS sum score was 2.9 (95%CI 1.9 to 3.8, p=0.000). The first 
preliminary analysis suggests that changes in SCI-QoL BDS scores were larger in the group aged 30-59 
compared with both the younger ones (< 30 years) and the elderly (>60 years), and similar for males and 
females. Further analyses will explore changes in QoL over time in more details. 
 
 
Conclusion 
Preliminary analysis indicates a reduction in QoL in this population based study, which will be investigated 
further. Knowledge about changes in QoL and the factors associated with these changes can be used to 
identify areas to be aware of for both patients, carers and health care professionals. 
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Introduction 
The aim of this retrospective study is to identify clinical features and outcomes in patients with infective 
spondylodiscitis who sustained subsequent spinal cord impairment.  
 
Methods 
All 40 patients with spinal cord impairment secondary to infective spondylodiscitis who were admitted to 
The Princess Royal Spinal Injuries Centre, Sheffield, UK, between 2016 and 2018 for rehabilitation were 
included in this study. Patients were identified via coding, the National Spinal Cord Injury database and local 
Spinal Infection multi-disciplinary team records.  
 
Results 
All patients underwent an inpatient rehabilitation programme.  
 
Only 10 patients initially presented with the “classic triad” of fever, spinal pain and a neurological deficit (6 
unknown). The median number of days between presentation and suspected diagnosis in this group was 
lower, at 0.5 days, in comparison to those without this triad of symptoms (1 day). 
 
15 (37.5%) patients deteriorated neurologically following hospital admission prior to transfer to the spinal 
injuries centre. Of these, 10 had not had surgery before deterioration (5 managed conservatively 
throughout and 5 went on to have surgery after the deterioration). Of those who deteriorated 
neurologically, 8 were already on antibiotics; 5 were not. Pre-deterioration antibiotic status was not clear in 
2 others.  
 
7 patients sustained complete spinal cord injuries (17.5%). The majority of patients were independent for 
activities of daily living on discharge (23, 57.5%). 13 others required assistance and 4 were fully dependent. 
27 (67.5%) were discharged as wheelchair users. 
 
Only 13 patients (32.5%) were able to be discharged directly home self-caring. 8 patients (20%) required a 
care package on discharge. At one year, 3 patients lived in a nursing home and one moved into in sheltered 
accommodation. The remainder (29, 87.9%) were able to return home or to a new address (7 datasets 
unavailable). 
 
At one year post discharge, 6 (15%) patients had died. For deceased patients, mean age at death was 75.8 
years (range 65-87). All of these patients had significant co-morbidities.   
 
Conclusions   
These patients have shown improvements following rehabilitation, however, significant disabilities 
remained. 
 



Misdiagnosis of spinal infection is common. The classic triad of symptoms should not be relied upon for 
diagnosis. Patients appear to frequently deteriorate following diagnosis despite instigation of appropriate 
treatment suggesting urgency of recognition and management.  
 
Our study does not confirm/negate the need for surgery; there were cases of patients who deteriorated 
neurologically both before and after surgery.  
 
The one year mortality rate has previously been reported to be higher in those over 75 years of age, which 
in part may be due to a higher number of co-morbidities. 
 
Recommendations: 
1. Close neurological monitoring of those suspected or confirmed to have a diagnosis of spinal 
infection, whether they are on antibiotics or not. 
2. Not to rely on the classic triad of symptoms. 
3. Emphasise risk factors rather than symptoms to appropriately increase suspicion. 
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Introduction:  
A Nordic Spinal Cord Injury registry (NordicSCIR) was established with support from the Nordic council of 
ministers in 2017. The aim of the registry is to improve care for individuals with Spinal Cord Injury (SCI), both 
traumatic and non-traumatic. NordicSCIR registers data and facilitates comparisons regarding injuries, 
treatment, and outcomes between patients, centers and countries. In this presentation, the first results 
from NordicSCIR are shown. 
 
Methods:  
NordicSCIR is based on the International SCI Data Sets. Registration is done electronically in the Medical 
Registry System (MRS). NordicSCIR includes all patients with SCI, hospitalized in one of the seven SCI units in 
Denmark, Norway, Iceland or in Linkoping, Sweden (included 2018). The other SCI units in Sweden are 
planned to be included in the future. Written informed consent is obtained. Information is sent through the 
Norwegian Health Network, providing efficient, secure electronic exchange of patient information. Data 
controller is St.Olav’s University Hospital, Trondheim, Norway. The MRS platform is adapted to multilingual 
use.  
 
Results:  
In 2017 and 2018, data from 504 individuals with SCI were included (2017 N=230, mean age 52 and 2018 
N=274, mean age 55).We observed predominance of men (69%). An interesting finding was the distribution 
between non-traumatic SCI (NTSCI) and traumatic SCI (TSCI) in the Nordic countries. In 2017, the 
distribution between NTSCI and TSCI was 42%/58%, while opposite in 2018, 58%/42%.  In 2018 five out of 
seven hospital reported dominance of cases with NTSCI. In 2018 the main cause of non-traumatic SCI is 
related to degenerative non-traumatic etiology (34%) and for traumatic SCI to falls (42%).  
The distribution between paraplegia and tetraplegia at discharge was almost equal in both years (2017 
52%/48%, 2018 53%/47 %). 
 
Conclusions: 
The NordicSCIR provides data essential for identifying incidence trends.  
The first results may indicate either an increased incidence or an increased awareness of non-traumatic 
spinal cord injury in the Nordic countries. 
Through a Nordic medical quality registry, we are able to monitor the incidence development. This is 
important for prevention programs and improvement of SCI care in the Nordic countries. 
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Introduction: 
Orthostatic hypotension (OH), defined as a fall in systolic blood pressure (BP) of ≥ 20 mmHg and/or a fall in 
diastolic BP ≥ 10 mmHg upon transition to an upright position, is commonly reported in newly injured 
patients following traumatic spinal cord injury (SCI), particularly those with cervical lesions.  Although OH 
impedes rehabilitation strategies due to symptoms of cerebral hypoperfusion, the impact of orthostatic BP 
changes on cerebral blood flow has not been reported in the newly injured SCI population.  We monitored 
BP changes along with simultaneous recordings of cerebral blood flow velocity (CBFv) during an orthostatic 
provocation in newly injured patients with SCI and sought to determine the influence of the level, 
completeness and duration of injury, as assessed by the ISNCSCI exam, on BP and CBFv orthostatic 
responses.  
  
Methods: 
At the bedside in the supine and the seated positions, BP was recorded beat-to-beat at the finger and at 1-
minute intervals at the brachial artery, with simultaneous recording of middle cerebral artery CBFv using 
transcranial Doppler ultrasonography.  
  
Results: 
Fifty-two newly injured (52±38 days post-injury) patients were enrolled. The patients were mostly male 
(81%), cervical (62%), American Spinal Injury Association Impairment Scale (AIS) A (63%) and were on 
average 43±15 years old.  Of the 52 enrolled, 24 (46%) have complete data and are included in the analyses.  
BP responses to the sit-up test reflecting OH were present in 38% (n=9) of study participants, and although 
most were tetraplegic (n=5), level of injury was not a significant predictor of OH (Χ2=0.064), neither was AIS 
(Χ2=4.135).  In fact, while 35% of AIS A (n=6 of 17) had OH, 43% (n=3 of 7) of those with AIS B, C, D had OH.  
There was no significant association between days since injury and the change in systolic or diastolic BP, but 
the incidence of OH was 18% in those tested within 30-days, and 54% in those tested >30-days post-injury.  
Although change in CBFv during the sit-up test did not differ by level of injury, 60% (n=3 of 5) of participants 
with low thoracic lesions (T7-T12) had a fall in CBFv ≥20% of their supine CBFv, whereas only 1 participant 
with cervical and 1 with high thoracic injury had a fall in CBFv of this magnitude.  Days post-injury was not a 
significant predictor of the change in CBFv, and patients with AIS B, C, D had significantly lower seated CBFv 
compared to those with AIS A injuries (30.0±7.0 vs. 48.1±7.4 cm/s; respectively; p<0.001).  There were no 
significant differences in the CBFv response to the sit-up test in participants with and without OH (-1.9±5.1 
vs. -3.6±10.9 cm/s; respectively). 
 
Conclusion:  
These data suggest that OH is present in roughly 1/3 of newly injured patients with traumatic SCI, regardless 
of the level or completeness of injury as assessed on the ISNCSCI exam.  Moreover, orthostatic changes in 
CBFv cannot be explained by injury characteristics or by BP changes during a sit-up test.  Further study of 
the underpinning of orthostatic hemodynamic responses is warranted in the newly injured population.
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Spinal Cord Injury (SCI) is a complex & costly injury which requires long term rehabilitation and care. 
However, due to financial constraints and lack of experts availability, most of the SCI individuals are treated 
with carelessness. Regular follow-up could address all the difficulties and is essential to ensure the durability 
of the goals achieved. This study aims to provide the current status of follow-up database with the results of 
strength and weakness after SCI.  
 
A telephonic survey was conducted on 362 SCI individuals and contacted after one month & three months 
of discharge. Informed consent was taken prior to discharge for maintaining the SCI database. Interview 
questions were based on following outcomes domains included functional outcomes assessed the ability to 
perform day to day tasks independently, use of caregiver or personal care attendant, use of assistive or 
adaptive devices, use of mobility devices & use of technology. Medical Outcomes assessed health insurance 
schemes, re-hospitalization, length of stay, physical health and mental health status & management of 
secondary medical complications. Psycho-social outcomes assessed individual satisfaction with life, social 
participation and recreation. Employment outcomes assessed individual employment status, type of job & 
income. Survival Outcomes assessed life expectancy, mortality & causes of death.  
   
Results: Out of 362 SCI individuals (128 females & 234 males), 159 were tetraplegics and 203 was 
paraplegics. As per modified KuppuSwamy Socioeconomic scale, monthly family income of approximately 
137 SCI individuals were less than 87$, followed by 92 individuals income were in between 87$ to 261$. 
Only 56 SCI individuals family income was above 650$. 192 SCI individuals were married and 169 were 
single. Only 8 % of SCI individuals were continuing education post-injury and 13% started their employment 
after SCI. A total of 200 SCI individuals completed the comprehensive rehabilitation in free of cost through 
the government facilities provided by Ministry of Social Justice and Empowerment (MOSJE). There were 
major complications & functional decline reported by MOSJE individuals in comparison to the individuals 
who paid for the SCI services.  
 
Major difficulties reported by all SCI individuals were Urinary tract infections (62%), spasm (60%), 
incontinence (54%), skin tenderness (42%), Blood pressure management (40%) obesity (34%) and fever 
(17%). On the other hand, MOSJE individuals reported major difficulties in spasticity management(78%), CIC 
hygiene care (67%), temperature regulation (57%) and dressing of bedsore (36%). In addition, they were not 
using the prescribed assistive devices & appliances, had difficulty in doing commode transfers due to lack of 
toilet facilities, no involvement in recreation activities and had less physical participation and limited 
standing activities. Out of 110 SCI individuals, 72 were rehospitalized for the purpose of rehabilitation care, 
12 for bedsore management & 26 for temperature regulation issues. 8 % of SCI individuals reported 
mortality due to cardiovascular difficulties. 
 
This huge follow-up database of free VS paid SCI individuals could assist the stakeholders in refining future 
health care policies, provision of Laision facilities and treatment strategies more precisely. This is a 
preliminary step to determine the follow-up outcomes after SCI. 
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Electric Scooters Causing Catastrophic Injuries 
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Since the beginning of 2018 the Associated Press has reported 11 scooter deaths nationwide, 9 of which 
were on rented scooters (Fielding, 2019). Four of those deaths happened in Metro Atlanta, making 
Georgia’s electric scooter fatality rate drastically higher than the national average. Getting accurate scooter 
data is a challenge, as the micro transportation industry is still relatively new. Injury databases are being 
forced to play catchup as specific coding must be developed in ICD-10 to accurately reflect e-scooter injuries 
rather than mobility scooters, non-motorized scooters or Segway scooters. In Georgia and nationwide, it is 
likely scooter injuries are being underreported because there is no standardized system in place for urgent 
cares to code injuries correctly and lesser injuries are often treated at home, student health centers or 
primary care. When looking at patient records, the different scooter company names confuse the matter 
further as several companies currently operate in our state: Bird, Lyft, Jump, Wheels, Spin, Gotcha, Boaz, 
and Bolt. To mediate the discrepancies, local hospitals have embarked on creating a new injury registry 
called the SCRATCH project- (Scooter Crash and Trauma Cohort). Deciphering which injuries were caused by 
scooters is a laborious project involving a manual review of patient charts. 
 
Atlanta is often referred to as the ‘Wild West’ of the scooter world. This is due to the fact that when 
scooters landed in the city there were no rules or regulations governing their existence. As Atlanta struggles 
with new rules regulating their use, several counties have banned them outright. Other counties have 
issued a trial period, limited the amount of scooter companies allowed, or even instituted a helmet 
requirement like Decatur. The rules of the road are so varied county by county it is hard to keep track. 
When electronic scooters arrived in Atlanta in May of 2018 they were met with curiosity and hesitation. As 
injuries and fatalities have continued to rise, scooters have become an extremely polarizing topic. Several 
Georgians take issue with scooters blocking sidewalks making it difficult for ADA compliance and 
accessibility. In fact, the issue became so fraught that the scooter companies made it illegal to park scooters 
in front of Shepherd Center, because it was so frustrating for our wheelchair users trying to commute on 
Peachtree Street. 
 
At Shepherd Center, scooter injuries have become an alarming trend, having not seen any patients for 
rehabilitation in 2017, to four in 2018 and 2019. This trend is reflected by national data stating that the 
number of injured scooter rider admissions is greatly increasing over time (Kobayashi, et al., 2019). 
 
For all the public angst about scooters, micro mobility is a trend that is here to stay. There are a handful of 
good studies out there, but more research needs to be done to fully understand the impact of these injuries 
and how best to prevent them.  
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Spinal cord injury (SCI) leads to several health-related consequences often linked to reduced levels of 
physical activity. Recent advances in rehabilitation technology facilitated restoration of locomotion. The use 
of robotic exoskeletons, spinal cord epidural stimulation and transspinal stimulation have provided 
rehabilitation tools to improve locomotion, motor activity and restoring mobility after SCI. Recently robotic 
exoskeletons have been used as a promising tool to circumvent limitations associated with labor-intensive 
locomotor training, and have been safely used as an effective approach in improving levels of physical 
activity in persons with complete SCI. Others have recommended the use of virtual reality (VR) as a 
rehabilitation tool to engage persons with SCI during exercise and to improve their level of physical activity. 
Today, these rehabilitation techniques provide wide spectrum for clinicians and their patients to address 
different objectives and to circumvent for reduced level of physical acidity. We, hereby, aiming to 
summarize and highlight the primary research findings related to applications of these technological 
advances in the rehabilitation of persons with SCI. 
 
Dr. Gail Forrest (20-minute presentation): 
Title: Training Interventions for changes in Voluntary Control 
After a spinal cord injury (SCI), the voluntary activation of the muscles below the level of the lesion is 
reduced, and this can impair musculoskeletal health and function. This presentation provides insights on 
how several different mechanical and non-mechanical interventions can influence the restoration of 
recovery of upper and lower extremity for incomplete and complete SCI. In addition, to the clinical 
outcomes, the discussion will be directed towards the different mechanisms (including biomechanical, 
neuromuscular, and electrophysiological), testing and training strategies and parameters of training 
underlying the gains involuntary control. 
 
Dr. Ashraf S. Gorgey (20-minute presentation): 
Title: Robotic Exoskeleton as an Effective Platform for Different Neuromodulatory Techniques 
Spinal cord injury (SCI) leads to several health-related consequences often linked to reduced levels of 
physical activity and function. The use of robotic exoskeletons, epidural stimulation, transspinal stimulation 
have emerged as successful rehabilitation tools that can promote improvement in motor functions and 
locomotion following SCI. Furthermore, robotic exoskeletons combined with neuromodulatory approaches 
such as spinal cord epidural stimulation or transspinal stimulation can be used as a rehabilitation tool to 
improve locomotion, motor activity and restore mobility after SCI 
We, hereby, would like to summarize the basic research findings of these therapeutic tools; which may 
facilitate translational applications in the field of SCI.  
 
Dr. Zina Troost (20-minute presentation): 
Title: Virtual Reality as a Potential Tool for Restoring Function and Reducing Neuropathic Pain after SCI 
There is supporting evidence supporting the use of virtual reality (VR) applications to reduce SCI 
neuropathic pain and promote functional restoration. Today, a wide spectrum of established and emerging 
rehabilitation technologies allows clinicians and their patients to address different objectives and to 



circumvent physical activity deterioration. The current presentation will summarize and highlight primary 
research findings related to applications of VR in the rehabilitation of persons with SCI. The presentation will 
also address emerging efforts to integrate VR with neuromodulatory and robotic approaches to 
synergistically improve SCI outcomes. 
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INTRODUCTION  
Spinal cord injuries (SCI) are responsible for paraplegia or quadriplegia-type motor impairment that can be 
very disabling in daily life activities.  
The present study aims to describe the long-term outcome of persons living with SCI in Morocco, their 
Health problems and their quality of life. 
METHODS 
The national database of persons with disabilities in Morocco set up following the national disability survey 
in Morocco in 2014 was interviewed, in order to identify adult SCI patients. Specific data concerning this 
population were re-analyzed, in order to give descriptive results.  
These data included demographic characteristics, geographical distribution, clinical presentation, activity 
limitations, support from family and social environment. It also included needs and expectations in terms of 
medical care.  
RESULTS 
136 persons with SCi included in the study, 24 tetraplegia, with an average age of 55.8 years and a slight 
female predominance (52.2%).  
50% were married, 81.6% were illiterate and 62% were unemployed. The geographical distribution varied 
widely throughout the Moroccan territory.  
53.5% had contracted their disability as adults with 43% as a result of a non-traumatic cause. Activity 
limitations were dominated by significant dependency in movements and body washing. 
80% relied heavily on their family or other care givers for activities of daily living. Only 36% reported having 
access to specific health care, and 89% said that their highest expectation was free access to health care, 
drugs and technical aids for people with disabilities. 
CONCLUSIONS 
Like all LMICs, persons with SCI in Morocco suffer from many health conditions and face many barriers. 
Some of these difficulties would be avoidable if SCI specialized care facilities, still widely unavailable, could 
be implemented in the Moroccan health system.
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Background/Objective: The International Standards for Neurological Classification of Spinal Cord Injury 
(ISNCSCI) is used during inpatient rehabilitation to assess the degree of motor and sensory impairment in 
newly injured patients with traumatic spinal cord injury (SCI).  However, the ISNCSCI does not assess the 
degree of autonomic nervous system (ANS) impairment and it is unclear if the level and completeness of 
motor and sensory impairment reflects ANS injury after a traumatic SCI.  Therefore, we sought to determine 
the influence of level and completeness of injury, as assessed by the ISNCSCI exam, on parameters of resting 
cardiovascular ANS control in newly injured patients with SCI.  In addition, we examined the influence of 
time since injury (TSI) on the markers of resting cardiovascular ANS function. 
 
Methods: Beat-to-beat assessments of heart rate (HR) and blood pressure (BP) were recorded at the 
bedside for 5-minutes while the patient rested in the supine position.  A 3-lead ECG was used to record HR 
and a finger photoplethysmography cuff was used to assess BP.  The HR and BP signals were inspected for 
artifact and anomalies and were then analyzed using customized programs written with LabView graphical 
software.  The natural log (ln) of the high-frequency (HF: 0.15-0.40 Hz) component of HR (HF-HR) was used 
to estimate cardiac vagal tone and the low-frequency (LF: 0.07-0.144 Hz) component of systolic BP (LF-SBP) 
was used to estimate sympathetic vascular tone.   
 
Results: Fifty-two newly injured (53±38 days post injury) patients with SCI enrolled in the study; 35 
completed baseline testing, which included: 19 with tetraplegia (C3-T1), 10 with high thoracic (HT: T2-T4) 
and 6 with low thoracic (LT: T7-12) injuries; 25 (71%) were classified as AIS A while 10 (29%) were classified 
as AIS B, C, or D.  There were no significant differences in age, TSI, body mass index, supine HR or BP when 
participants were stratified by neurological level of injury (NLI) or AIS classification (A versus B, C, D). There 
was a significant main effect for NLI on supine HF-HR (F=6.087; p=0.007), such that the LT group had 
significantly lower HF-HR (3.66±1.22 ln) compared to the HT (5.99±1.25 ln; p<0.01) and cervical (5.67±1.47 
ln; p=0.01) groups.  There were no significant effects of AIS on HF-HR.  Conversely, LF-SBP was not 
significantly different when stratified by NLI; however, patients with AIS A lesions had significantly lower LF-
SBP (-0.35±1.01 ln) compared to those with AIS B, C and D lesions (1.18±1.26 ln; p=0.001).  The associations 
between TSI and HF-HR (F=1.401; r2=0.041) or LF-SBP (F=2.751; r2=0.077) were not significant.   
 
Conclusion:  It was anticipated that individuals with the most rostral and most severe damage to motor and 
sensory pathways would also display the greatest deficits in cardiovascular ANS function.  However, these 
data suggest that level and completeness of injury, as assessed by the ISNCSCI exam, may not provide an 
accurate description of the degree of cardiovascular ANS impairment.  Further study is needed to improve 
our ability to assess the degree of ANS cardiovascular impairment in newly injured patients with traumatic 
SCI. 
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INTRODUCTION  
The process of collecting epidemiological data on the quality of life of people with spinal cord injury helps to 
promote scientific research and provides the benchmarks for the relevant state instances in order to adapt 
different actions and policies to the needs of these people. The evaluation tools are noticeably lacking for 
them in Morocco.  
The International Spinal Cord Injury Questionnaire (InSCI questionnaire) is an instrument measuring the 
participation and the quality of life of people with spinal cord injury. It was originally developed in English in 
the context of the international spinal cord injury survey (InSCI).  
The aim of this study was to translate and cross-culturally adapt the International Spinal Cord Injury 
Questionnaire into the classical Arabic language.  
METHODS 
The cross-cultural adaptation and the translation of the InSCI questionnaire were obtained by following the 
steps recommended by Beaton et al.  
The InSCI questionnaire containing 125 items was evaluated in the department of Physical Medicine and 
Rehabilitation ofHassan 2 University Hospital Centerin Fez, which 31 Moroccan people suffering from a 
spinal cord injury took part in.  
Acceptability has been assessed according to the clarity of the target language and the degree of 
understanding of the questionnaire content by the participants.  
RESULTS :  
The final result was obtained after the resolution of any differences between the various translations (T1, 
T2, BT1 and BT2) and after the review with evaluating semantic, idiomatic, experimental and conceptual 
equivalence by a multidisciplinary expert committee who masters Arabic and English.  
The cross-cultural translation and adaptation protocol of the InSCI questionnaire allowed to produce an 
Arabic final version conceptually equivalent to the original questionnaire. And to confirm good acceptability 
and satisfactory appearance validity. 
CONCLUSION : 
Our final Arabic version of the InSCI questionnaire will help to advance epidemiological investigations in 
Morocco and other Arab countries.  
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Background: After a spinal cord injury (SCI), generally there will be a loss of motor function and/or sensation 
at and below the level of injury. Most of the SCI patients spend time in wheelchairs. Pilates when used in a 
rehabilitative capacity is an excellent choice of exercise for those individuals with a neurological impairment 
of the spine. It incorporates modern biomechanical principles focusing on posture, body alignment and 
proper muscle recruitment. We aimed effect of pilates to 
quality of life, upper extremity strength, depression in SCI individuals. 
Method: This is a prospective, randomised, controlled, clinical trial. Team of Pilates study prepared a book 
for pilates for SCI individuals. There is no conflict of interest reported by all authors. Eligible twenty 
participants with chronic (>1;year) SCI participants recruited from the list of the Turkiye SCI individuals Asc. 
Ethical approval and written consent was obtained. Randomly (with computer numbers) assigned (1:1) into 
either pilates or home exercises groups. Participants in pilates group had exercise three times per week up 
to 30 min and 45;min in nearly 2 months period. Control group had upper extremity exercise at home in 
their previous experienced. Control group called by doctor with tele- 
phone everyweek. Beck depression inventory (BDI), blood haematological and metabolic profiles, SF 36 and 
hand grips were outcomes . Outcome measures assessed at baseline and at the end of exercise. Statistical 
analyses werre done with SPSS computer program. 
Results: SF 36 of Pilates group were significantly improved when compared to home group (p<0.02). Hand 
grips of pilates group were increased then controls’ (p<0.05). There was statistically significant difference in 
BDI scores of groups (p<0.05). Blood lipids changed statistically significant than controls (p<0.05). 
Conclussion: In this study, efficacy of pilates demonstrated in a protocol in SCI individuals. The benefits of 
Pilates for a SCI individual: improved stability, flexibility, core strength, shoulder, spinal and pelvic stability, a 
more balanced musculature, improved motivation and self confidence/esteem. And it is a safe system for 
recommendation.
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Objective 
Chronic spinal cord injury (SCI) results in impaired cardiac function. However, there is still very 
limited knowledge of whether cardiac dysfunction is present in humans during the acute phase post SCI. 
Therefore, the goal of this study was to compare various cardiac indices using a cross-sectional study design 
between acute SCI (<5 months) and chronic SCI (>1 year). 
 
Design/Methods 
Seventy-one participants (age: 18-60 years) with acute (96 ± 33 days, n=33) and chronic (13 ± 21 years, 
n=38) motor-complete SCI (C4-T6, AIS A/B) underwent echocardiography. These groups were age-matched. 
Left ventricular internal diameter in diastole (LVIDd) was measured in the parasternal long axis view. Left 
ventricular ejection fraction, stroke volume, end systolic volume and septal S' tissue Doppler velocity (i.e., 
systolic function) were calculated by using a one plane volumetric assessment by method of disks (4 
chamber, apical view). Diastolic function was assessed using early septal annular velocities (E'). Groups were 
then subdivided into cervical and thoracic for comparison. A Mann-Whitney U test was used to assess 
significant differences between groups. 
 
Results 
A two-tailed Mann-Whitney U Test revealed a significantly higher EDV (p = 0.039), higher ESV (p = 0.010), SV 
(p = 0.025), and Q (p = 0.005) in the acute group compared to the chronic group. When groups were further 
divided into cervical and thoracic subgroups, a significantly higher EDV (p = 0.040), ESV (p = 0.020), SV (p = 
0.017), and Q (p = 0.025) was found in the acute cervical subgroup compared to the chronic cervical 
subgroup. Q was significantly higher (p = 0.024) in the acute thoracic group compared to the chronic 
thoracic group, while other parameters did not reveal significance between thoracic subgroups. Heart rate 
revealed significant difference in the acute group as cervical was significantly lower compared to thoracic (p 
= 0.006) but was not different in the chronic group.  
 
Conclusion 
Results suggest that ventricular size and cardiac output may change over time following SCI. Diminished 
cardiac function in cervical groups may be due to the loss of supraspinal sympathetic control. These data 
suggest changes in different cardiac function indices are seemingly dependent upon lesion level, i.e. 
reduction in LVID (thoracic SCI) versus reduction in contractile tissue velocity (cervical SCI). 
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Introduction 
There is a paucity of data on the lived experience of people with spinal cord injury. Following the World 
Health Organization’s Global Disability Action Plan 2014–2021, “Better Health For All People With 
Disability”, the International spinal cord injury (InSCI) survey was launched in 28 countries in 2017 to 
address the needs for their daily life functional improvement. In this study we aim to describe differences in 
healthcare services utilization between different geographic areas among individuals with spinal cord injury 
in Greece. 
 
Methods 
The Greek version of InSCI survey questionnaire was used for data collection, which includes 192 items (125 
in the international and 67 in the national module) that cover a plethora of daily life experience domains, 
based on the ICF categories. Multivariable logistic regression models were used to calculate health care 
utilization rates by provider types (GP, PRM physician, other specialists, and others) and by geographic 
region (mainland/islands and urban/rural areas) adjusted for age, sex, and lesion characteristics. 
 
Results 
The 199 study participants were on average 48 years old and predominantly male (73%). The median time 
since SCI was 15 years. Most study participants lived in cities (71%) and on the mainland (85%). More than 
half of study participants visited a PRM physician (53%) during the last year. Other specialists and the 
general practitioner (GP) were consulted less often (37% and 40% respectively). People living in large 
mainland cities where less likely to visit GPs, while the ones living in island cities or mainland villages were 
less likely to visit PRM physicians and other specialists (p<0,05). 
 
Conclusion 
As the first large scale community survey in Greece, many aspects of SCI daily life experience are to be 
analyzed. In particular, the type of health care service utilized by individuals with SCI in Greece depended 
considerably on their geographic location. Specialist care was favored on the mainland and in urban areas 
whereas individuals with SCI living in remote regions relied more often on the GP.  
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Introduction: Neuropathic pain (NP) affects approximately 50% of persons with spinal cord injury (SCI) and 
can be attributed to multiple physiological factors (e.g., spinal hyperexcitability). NP treatment is primarily 
pharmaceutical, despite the negative side effects that often ensue. Exercise has been shown to reduce NP 
sensations for persons with SCI, which may be a result of decreased amounts of pro-inflammatory 
cytokines. However, the relationship between change in NP and change in inflammatory cytokines has not 
been tested following a controlled bout of sub-maximal exercise among persons with SCI. It is also unclear 
whether perceived exercise intensity (i.e., ratings of perceived exertion [RPE]) during exercise play a role in 
NP reduction. The purpose of this study was to 1) evaluate change in NP and pro- and anti- inflammatory 
cytokine levels from pre- to post- sub-maximal aerobic exercise, and 2) determine if RPE is correlated with 
change in NP sensations from pre- to post- sub-maximal aerobic exercise among persons with SCI. 
 
Methods: This study employed a case series design. Eight physically active individuals with SCI completed 
the Neuropathic Pain Scale (NPS) pre-(T0), immediately post- (T1), and 90- minutes post (T2) completion of 
a 30-minute sub-maximal (60% VO2peak) aerobic exercise bout. Participants reported their RPE each 
minute during exercise. Blood samples were collected at T0, T1 and T2 to measure levels of pro- and anti-
inflammatory cytokines. Pearson correlations (one-tailed) were computed to evaluate the correlation 
between change in cytokine levels and change in NPS scores from pre- to post- exercise. Additionally, 
Pearson correlations were computed to determine if change in pre- to post- exercise NP sensations were 
correlated with maximum RPE. Analyses were conducted separately for persons with tetraplegia (n=4) and 
persons with paraplegia (n=4).  
 
Results: Overall, correlations between change in cytokine levels and change in NPS scores were medium-
sized to large for tetraplegics (rs ranged from -0.820 to 0.965) and paraplegics (rs ranged from -0.598 to 
0.833). However, the pattern of correlations was inconsistent for tetraplegics versus paraplegics for 
different cytokines, and from T0-T1 and T0-T2. The correlation between maximum RPE and changes in T0-T1 
NPS scores was significant for persons with tetraplegia (r= -.907; p=0.047), but not paraplegia (r=0.631; 
p=0.185). This significant relationship was not maintained between T0-T2. 
 
Conclusion: These results suggest that change in pro- and anti-inflammatory cytokine levels were related to 
change in NP sensations, albeit, not significantly. Further, the direction of relationships were inconsistent 
between a) tetraplegics and paraplegics, b) individual cytokines, and c) each timepoint. For persons with 
tetraplegia, participants with higher RPE reported lower NP sensations immediately following exercise. 
Ultimately, a threshold for RPE during exercise may exist that differentially impacts post-exercise NP 
sensations between persons with tetraplegia and persons with paraplegia. Together, these results highlight 
the need for future research to compare specific exercise intensities, in order to identify the ideal intensity 
required to reduce NP for persons with SCI. 
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Background: An Ankle-Foot Orthosis (AFO) is an intervention to improve walking in patients 
with an incomplete Spinal Cord Injury (iSCI). To optimize the effect of an AFO, the AFO needs 
to be well tuned. The angle between the anterior surface of the tibia and the vertical in the global 
sagittal plane, the Shank-to-Vertical Angle (SVA), can be used as outcome measure for AFO 
tuning. Inertial Measurement Units (IMUs) have been proposed to measure joint kinematics and 
therefore the SVA. However, the coordinate system of the IMU has to be aligned with the 
anatomical coordinate system of the shank for a good validity. To be useful for AFO tuning the 
IMU needs to be responsive in measuring the SVA following adjustments in heel height, and the 
accuracy should be improved. 
 
Objective: What is the responsiveness of an IMU in tuning an AFO in patients with an 
iSCI and can an alignment tool be used to increase validity of an IMU in assessing the SVA? 
 
Methods: Twelve iSCI patients participated in this study. The participants walked with 3 heel 
height wedges to increase the SVA at midstance to assess the responsiveness. In addition, the 
effect of the alignment tool was assessed by comparing regular walking with and without 
applying the alignment tool. The SVA at midstance was assessed using an IMU (SVAi) and 3D 
gait analysis (SVAv) as gold standard. A repeated measures ANOVA was used to evaluate IMU 
responsiveness. A Bland-Altman analysis (repeatability coefficient(RC)) and an intraclass 
correlation coefficient(ICC) were performed to test the effect of the alignment tool. 
 
Results: A significant difference in the SVAv and SVAi was found between the condition without 
heel wedge and the condition with a 10 mm heel wedge (p=0.008, p=0.011, respectively). With 
alignment tool the mean difference between the SVAv and SVAi was 0.06°(SD±2.29°), with a RC 
of 4.49°, and ICC of 0.94. Without alignment tool the mean difference between the SVAv and 
SVAi was -0.91° (SD±1.95°), with a RC of 3.82°, and an ICC of 0.93. 
 
Conclusion: An IMU seems to be a responsive measurement tool to assess the SVA. The 
alignment tool used in this study did not have a beneficial effect on the accuracy of measuring 
the SVA. Although the responsiveness was sufficient, the accuracy of assessing the SVA by an 
IMU should be increased to be clinically applicable for tuning AFO’s. 
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Introduction: Compared to the general population, persons with spinal cord injury (SCI) report significantly 
higher smoking rates, a disproportionate burden of tobacco related health disparities, and unique barriers 
to treatment engagement. Despite these inequities, theory-informed behavioural interventions have yet to 
be developed to support persons with SCI to stop smoking. Behavioural interventions are often designed 
without using theory or engagement of knowledge users (e.g. people with SCI, counsellors) which may 
result in interventions of variable effectiveness. The Behaviour Change Wheel (BCW) is a theory-based 
intervention design tool that provides a systematic method to intervention development by understanding 
the barriers and facilitators to behaviour change. The objective of this study was to use an integrated 
knowledge translation (IKT) approach and the theory-informed BCW to: (1) understand barriers and 
facilitators influencing the smoking cessation behaviours among people with SCI; and (2) develop theory-
based recommendations for tailoring smoking cessation interventions for people with SCI. 
Methods:  Aligned with an IKT approach, representatives of a provincial SCI organization were meaningfully 
engaged throughout the entire research process to ensure relevance and usefulness of the findings. To 
develop a comprehensive understanding of the barriers and facilitators influencing an individual’s smoking 
cessation behaviours, semi-structured telephone-based interviews were conducted with 12 adults with SCI 
who have successfully or have tried to stop smoking. Barriers and facilitators to smoking cessation were 
extracted and deductively coded to the Theoretical Domains Framework (TDF). The TDF is comprised of 14 
domains that provide a theoretical lens through which to view the cognitive, affective, social, and 
environmental factors influencing behaviours. Barriers and facilitators were extracted and coded to the TDF 
by two independent coders until percent agreement reached 70%. Identified domains were then linked to 
the BCW to identify intervention options that may be effective for tailoring a smoking cessation 
intervention.  
Results: Among the 12 individuals with SCI who completed an interview (7 males, 5 females; 6 paraplegia, 5 
tetraplegia; Mean age = 55.9 ± 9.9 years), 7 reported that they had successfully quit smoking and 5 reported 
that they had tried to quit at least once but had continued smoking. Across the 12 interviews, 128 barriers 
and 218 facilitators to smoking cessation were extracted. A percent agreement of 74.2% was reached after 
7 transcripts. The most influential TDF domains were beliefs about consequences, social influence, and 
behavioural regulation. These domains correspond to the sources of behaviour of reflective motivation, 
social opportunity, and psychological capability, which reveal that all intervention functions and policy 
categories within the BCW are relevant when developing an intervention. 
Conclusion: The findings of this study suggest that persons with SCI face a variety of barriers to smoking 
cessation. Interventions will need to be tailored and multi-faceted to support persons with SCI who are 
trying to stop smoking. This research is the first to use a theory-informed approach to develop 
recommendations for tailoring smoking cessation interventions for persons with SCI. Future efforts will 
need to focus on developing, testing, and implementing real-world interventions.  
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Introduction 
NBB is one of the most challenging issues for people living with SCI and for those caring for their needs. 
These complications can have devastating effects to people’s physical health, psychosocial well-being and 
quality of life (QOL) and may require surgery. For those with SCI, making decisions about surgery  requires 
access to information and resources, trust on  providers, good communication and cognitive skills. We 
examined how these decisions are made and their resultant outcomes. 
Methods 
Inspired by the Chronic Care Model, we used a mixed methods design with a sample of 60 participants. Of 
these, 16 had surgery for their NBB problems. They were interviewed, using a semi-structured qualitative 
interview approach. Audio was transcribed and data coded using NVivo software. Narratives were coded in 
terms of DM style (vigilant and others), sources of influence, voice participation. Measures  completed 
included PROMIS, the Moorong Self Efficacy (S-E) and the Melbourne Decision Making (DM). Descriptive 
statistics and correlations were computed for relevant variables. Qualitative and quantitative data were 
compared for analyses. Style of DM was reflected by participants’ scores on the Melbourne. We examined 
satisfaction with outcomes, factors influencing DM and mechanisms (i.e. self-efficacy) in facilitating this 
process.  
Results  
Participants were mostly males (81%), married (63%) with a mean age of 55.8, averaging 20.6 years since 
injury. Frequent surgeries included colostomy and ileostomy, hemorrhoidectomy, suprapubic catheter 
placement, stoma revision and others.  Recurrent UTIs, stones, incontinence and leakage, obstruction, 
bleeding and inflammation described most complications.  Based on narratives, 43.7% of participants were 
classified as having a direct voice in DM while 56.2% were less directly involved but reported expressing 
concerns and preferences.  
Most made their decisions based on physicians’ guidance followed by family members and peers. Most used 
a vigilance style of DM suggesting a pattern of attention to problems and searching solutions rather than 
less adaptive styles such as hypervigilance, buck passing and procrastination. Their average S-E score was 
85.56 demonstrating strong belief of succeeding in solving problems. S-E scores were highly correlated with 
the extent to which they endorsed a vigilant DM style(r=.53; p=.034) Vigilance style was not associated with 
QOL ratings. The SCI-QOL Ability to Participate ins Social Roles and Activities scale was significantly 
associated (r=.68; p=.004) with endorsement of a vigilant DM style. Factors leading to surgery included 
limitations imposed by complications in one’s lifestyle and QOL.  Overall, participants were satisfied with 
their surgical outcomes. 
Conclusions 
Few associations were significant though this may be due to the small sample size used in this mixed 
method study. However, the data suggests that DM style can be related to self-efficacy and QOL. In 
discussing decisions with patients, providers may wish to also consider DM style and self-efficacy as they 
may affect the ability to make satisfying choices leading to successful outcomes of surgery.  
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Introduction:  
Nerve transfers are an important surgical option for upper limb reanimation in patients with tetraplegia. It is 
commonly recommended that surgery is completed within 18 months following spinal cord injury (SCI), with 
the potential for delayed nerve transfer after this. The aim of this study is to assess outcomes of patients 
who have undergone delayed nerve transfer post SCI and evaluate the potential utility of investigations to 
assist in decision making prior to undertaking delayed nerve transfer.   
 
Methods:  
We performed a retrospective analysis of all patients who underwent delayed upper limb nerve transfer at 
a single tertiary centre. Patients with a SCI more than 18 months pre-operatively who underwent specialist 
rehabilitation were included in the analysis. Preoperative electromyography (EMG), intraoperative 
stimulation, pre- and post-operative Medical Research Council (MRC) grade and functional outcomes were 
assessed.  
 
Results:  
16 patients fit the inclusion criteria and underwent 27 upper limb nerve transfers, (15 for release, 3 for 
elbow extension, 9 for grasp) with a mean age of 28 years at time of injury. Mean delay from injury to 
surgery was 83 months (range 19-300 months), with average post-operative follow up of 44 months (range 
12 - 98 months). One patient was lost to follow up. The mean MRC grade for target muscles post-
operatively was 2.0 for elbow extension, 2.6 for release and 3.2 for grasp.  
 
Conclusions:  
Nerve transfers provide a surgical option for restoring elbow extension, grasp and release in the upper limb 
following SCI. In carefully selected patients, this procedure is beneficial more than 18 months post injury. 
Comprehensive pre-operative assessment including physical assessment, electrodiagnostic testing, and 
discussion of patients’ optimal limb use is vital for selection of patients. 
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Introduction 
 
Mechanical compression devices (MCDs), including intermittent compression devices (ICD) and anti-
embolism stockings (AES) are worn by patients with a spinal cord injury (SCI) for a variety of reasons. In the 
National Spinal Injuries Centre (NSIC) these are currently prescribed for venous thromboembolism (VTE) 
prophylaxis, for which they should be worn 24 hours a day and signed for by a nurse to indicate that the legs 
have been checked three times a day.  
 
AES are also worn to prevent hypotension and oedema when a patient gets out of bed as required. Limited 
published evidence indicates that it is not safe to remove the MCD for more than 30 minutes before a 
pulmonary embolism (PE) could be induced if the device is re-applied.  
 
The aim of the project is to gather evidence for the use of MCDs by SCI patients to establish best practice for 
patient safety and to avoid litigation. 
 
Methods 
 
A multifaceted approach was taken, including a review of literature, guidelines and local policies; an audit of 
the correct use of the MCD VTE prophylaxis section of the NSIC prescription chart and AES/ICD care plan, on 
five wards; a survey of the use of MCDs in five UK SCI centres; review of SCI patient incidents related to VTE 
or skin damage from AES; forums with national SCI multi-disciplinary clinicians, VTE specialists, lymphodema 
and tissue viability nurses . 
 
Results 
 
International SCI guidelines provide a standard for VTE prevention using pharmacological and mechanical 
intervention. There is limited, inconsistent evidence for the duration for which MCD can be removed and 
replaced. Evidence suggests that the therapeutic effect of wearing the device continues for 30 minutes after 
being removed. However, there is evidence that clots begin to form within 30 minutes of the device being 
omitted and when re-applied a PE can be induced. There is no published evidence to indicate that when 
used for reasons other than VTE, removing the MCD at night induces a PE when re-applied. There is 
evidence that skin damage occurs from both thigh length and knee length stockings. 
 
The audit of the use of the MCD section of the prescription chart showed non-compliance in all areas and 
documentation was inconsistent. All UK SCI centres that collaborated with the survey follow  different 
processes. Clinician collaboration agreed a lack of published evidence and made recommendation for a trial. 



 
Conclusions. 
 
There are international guidelines on the use of MCD and pharmacological anti-coagulation. Clinical 
expertise provides guidance and SCI patients started wearing AES over 50 years ago. However, there is 
insufficient published evidence on timing for the safe and effective use, removal and re-application of MCD 
for SCI patients. Documentation was found to be inadequate and SCI centres do not follow the same 
process. All studies indicate that further research and collaboration is recommended for the prevention of 
VTE and damage from MDT. 
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Introduction 
Life-long urological follow-up is a central component in the care of patients with neurogenic bladders due to 
spinal cord injuries. It is accepted best practice to perform an annual or two-yearly kidney ultrasound scan 
(USS) in these patients. However, there is a paucity of published information on the clinical impact of such 
screening.  
 
This study reviews results of kidney ultrasound scans performed in the spinal injuries outpatients setting 
and the management of those with abnormal results. 
 
Methods 
All patients who attended a spinal injuries outpatient review at The Princess Royal Spinal Injuries Centre, 
Sheffield, UK, in 2019 were included in this study. Those who failed to attend were excluded. A list of 
outpatient attendances was obtained by coding. Electronic databases were used to review radiology reports 
and electronic case notes were reviewed. 
 
Results  
In 2019 there were 1798 clinic attendances. 1307 patients (72.7%) had an USS kidneys scan.  Of these, 778 
showed normal kidneys (59.5%).  
 
95 (7.3%) patients had renal calculi, 36 (2.8%) had reported hydronephrosis and 267 (20.4%) showed cyst(s). 
6 had both calculi and hydronephrosis. Renal pelvis or calyx dilatation, bagginess, fullness or prominence 
were reported in a further 41 patients (3.1%). 
 
Other common findings included cortical scarring (107, 8.2%), cortical thinning (22, 1.7%) and atrophic 
kidney(s) (20, 1.5%). Some reports noted bladder pathology; most commonly a trabeculated bladder (68, 
5.2%) and bladder diverticulae (22, 1.7%). 
 
Of the 125 patients who had ultrasound reported hydronephrosis or renal calculi, 24 (19.2%) needed new 
investigations or treatment. 19 of these went on to have a CT. 7 required further change in management; 3 
required a percutaneous nephrolithotomy, 3 required a change in bladder management +/- botulinum toxin 
injection and 1 required a ureteric stent. One further needed a nephrostomy 4 months later.  
 
In 32 (25.6%) others with reported hydronephrosis or renal calculi it was recommended to repeat 
ultrasound imaging (advice varied between 3-9 months). At the time of writing, one later required 
admission for urinary sepsis and a nephrostomy, however no other patients required further changes in 
management; in 4 patients the findings resolved, in 3 the findings remained unchanged and the remainder 
were not yet done or done locally and no results were available (one DNA and one deceased). 
 
Conclusions 



Only a small number required further investigations following USS screening. Overall only 0.5% of patients 
who underwent scans required a change in management. 
 
Potential benefits of USS screening (as against targeted scans in patients with higher pre-test probability) 
include a reduced risk of irreversible kidney damage, improvement in life expectancy and reduced 
hospitalisation/ morbidity from urinary tract infections. 
 
Potential disadvantages of routine screening USS scans include the cost to healthcare system in terms of 
hospital appointments, ambulance for transport and human resources. 
 
Data review for previous years will help to generate more robust data, which will also smooth out 
inconsistencies.
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Introduction: 
Nerve injury affecting the upper limb is debilitating. Surgical reanimation techniques include tendon, nerve 
and free functional muscle transfers. Tendon and nerve transfers have the potential to significantly improve 
quality of life in patients with tetraplegia. Objective assessment of surgical rehabilitation is challenging as 
there is a lack of consensus regarding outcome measures (OMs). This study aims to report which OMs are 
used for reanimation surgery of the upper limb, and when they are assessed. 
Methods: 
A systematic review of articles retrieved from the Embase, MEDLINE and Cochrane Library online databases 
was conducted.  Studies registered as trials where participants (adults and children) underwent upper limb 
reanimation and OMs were reported were included. Studies concerning primary nerve repair or rotator cuff 
repairs were excluded. A descriptive synthesis of OMs and assessment time point was performed. OMs 
were classified as: patient-reported (PROMs), clinician-reported or performance-based. 
Results: 
15 studies studies on upper limb reanimation surgery to treat pathology affecting all levels including brain, 
spinal cord, brachial plexus and peripheral nerves were included. These comprised 487 patients used 22 
different outcome measures. Indications for surgery were injuries to the brachial plexus (55.6%), peripheral 
nerve (18.9%), brain (15.4%) and spinal cord (10.1%). Clinician-reported function was most frequently 
assessed (15 studies) whereas performance-based measures were used by 5 studies. Only 2 studies used 
PROMs. The construct assessed by the OMs was motor in 100% of brain, cord and brachial plexus articles, 
and in 80% of peripheral nerve articles.  The construct was sensory in 50% of brain articles, 0% cord, 0% 
brachial plexus and 40% peripheral nerve. The median time point of post-op assessment was 24 (6.9 to 85) 
months. 
Conclusions:  
There remains no consensus around OMs used or time point for assessment in upper limb reanimation 
surgery, including for spinal cord injury patients. All studies reported functional outcomes, but the outcome 
measures employed were variable and PROMs were infrequently used. OMs should be collected in a 
standardised manner and PROMs should be utilised in studies with the appropriate designs. These 
recommendations would allow objective analysis of both the efficacy and effectiveness of surgical 
rehabilitation. 
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Background: Studies have demonstrated that abdominal massage can stimulate peristalsis, decrease colonic 
transit time, and increase the frequency of bowel movements in constipated patients and decrease the 
feeling of discomfort and pain that accompanies it. 
Objective: Does abdominal massage improve the management of neurogenic bowel dysfunction in patients 
with Spinal Cord Injury (SCI)? 
Method: This literature review studied the available data on the use of abdominal massage in management 
of neurogenic bowel dysfunction in patients with SCI.  The available data was identified by a thorough 
literature search of MEDLINE, CINHAL and EMBASE. The reviewed articles included a Cochrane Library study 
in 2014. 
Results: In a cross sectional survey in Australia and New Zealand in 2018, Fisher et al. revealed that spinal 
units had standardised bowel care practices however there was variation in the practices across the units in 
using gastro-colic reflex, abdominal massage and the use of Valsalva manoeuvre. 
A systematic review study in 2017 by Wu et al. included 8 studies (Downs and Black scale quality score 
ranging between 13 and 25). Four studies indicated that abdominal massage significantly improved bowel 
function and the regularity and frequency of bowel movement. Two of the studies indicated that abdominal 
massage reduced the use of glycerine and laxatives significantly, however the remaining six studies did not. 
In 2014, Janssen et al. in a prospective intervention study of non-invasive abdominal massage using an 
electro-mechanical device in 15 patients (with SCI), who completed the 10 week period of using the device, 
indicated that it did not improve the bowel function in most individuals who had chronic bowel problems. 
A Cochrane review in 2014 indicated one small trial (n=31) that the abdominal massage statistically 
improved the number of bowel motions in people who had stroke. Also it identified a small feasibility trial 
including 30 individuals with multiple sclerosis that found evidence to support the use of abdominal 
massage. 
In the phase II of an un-controlled study in 2006, Ayaş et al. added abdominal massage to the bowel care of 
24 patients on a standard bowel program (phase I) to investigate the effect of abdominal massage on 
clinical aspects of bowel dysfunction and colonic transit time in patients with SCI. They reported abdominal 
massage had positive effects on some clinical aspects of neurogenic bowel dysfunction in patients with SCI. 
 Conclusion: The available data on the effect of abdominal massage on management of neurogenic bowel 
dysfunction in patients with SCI is very limited. Large well designed controlled trials are needed to focus on 
the use of abdominal massage with a unified standardised technique in bowel management of patients with 
SCI. 
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Introduction 
Respiratory complications are a leading cause of morbidity and mortality in people with acute and chronic 
tetraplegia. Respiratory muscle weakness following spinal cord injury impairs lung function and reduces 
cough peak flow. In particular, inspiratory muscle strength has been identified as the best predictor of the 
likelihood of developing pneumonia in individuals with tetraplegia. To our knowledge, there is emerging 
evidence to support inspiratory muscle training in the adult tetraplegia population however there remains 
of paucity of evidence for paediatric spinal cord injury patients in relation to inspiratory muscle training 
(IMT). 
 
We hypothesised that 6 weeks of progressive IMT program in a 15 year old boy following a traumatic spinal 
cord injury, C4 AIS A, would results in improvements in lung function as described in adult literature.  
 
Methods 
Once the patient was stable and decanulated, he commenced a 6 week IMT program using the Respironics 
Threshold IMT at weeks 12 post injury. The patient had lung function testing prior to commencing the IMT 
program which included measures of PiMAX and Peak cough flow. IMT commenced at 30% of Pimax and 
was progressed by 5cmH20 each week. The patient completed IMT twice daily, one session supervised by a 
physiotherapist and one session completed independently. Repeat lung function testing is planned for the 
end of the 6 week IMT program. 
 
Results 
The patients initial PiMAX was 56.29 cmH20 and Peak cough flow was 3.27 L/S. 
Compliance is reported as excellent with twice daily sessions completed every day for 6 weeks. 
The patient will undergo follow up lung function testing on 04/03/2020 (results will be updated if the poster 
is successful) 
 
Conclusion 
The intervention was easy to administer and time efficient resulting in good compliance. 
We hypothesise that the repeat lung function will demonstrate an improvement in PiMAX. 
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Introduction: Cervical spondylotic myelopathy (CSM) is the most frequent spinal cord injury (SCI) in adult’s 
worldwide. The ISNCSCI is the gold standard evaluation of traumatic SCI and it’s recommended to evaluate 
CSM but few studies evaluate the effectiveness in the assessment of disability. The aim of this study it’s to 
determine the utility of International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) 
and compare its relationship with the specifics CSM scales.  
 
Methods: An observational cross sectional prospective study of patients included in our center’s database 
since March 2018 was conducted. Inclusion criteria were patients older than 18 years old with clinical, 
radiological and neurophysiological diagnosis of CSM. Demographic variables, Charlson Comorbidity index 
(CCI), neuropathic pain score (DN4), neurological signs and neurological exploration based on ISNCSCI and 
Asia Impairment Scale (AIS) grade were recorded. CSM was assessed with the modified Japanese 
Orthopaedic Association (mJOA) scale, the Myelopathy Disability Index (MDI) and the Nurick scale. Manual 
dexterity was assessed with the test Nine-Hole-Peg-Test (9HPT). Dynamometry with the Hand Grip (HG) 
test, and gait with the 30 meters walking test (30mwt). Frequency tables and Spearman r correlations were 
calculated.  
 
Results: 28 patients (mean age 64.3 (12.03) 42.9% women). 66.7% had ≤3 points of CCI (77% estimated 10-
years-survival). 71.4% had neuropathic pain. All patients had spinal cord injury diagnosis according to 
ISNCSCI, 96.5% AIS D where 28.5% were mild, 60.7% moderate and 7.14% severe according to mJOA. Mean 
MDI score was 10.29 (range 0-30, DE 8.1, median 8, p75 11.75). 31.3% were Nurick grade II. Mean right 
hand grip score was 17.47 (median 16, p75: 26.5), 9HPT 60.81(median 42.7, p75: 63.58), and mean 30mwt 
score was 55.52 (median 43.38, p75: 67.89). The strongest correlation was total pin prick in 9HPT and mJOA 
upper extremity (UE) (r=.549; p<0.01). Global AIS score correlated with mJOA micturition (r=.394; p<0.05). 
Light touch was related to mJOA UE (r=.381; p<0.05). Total motor score with MDI (r=-0.426; p<0.05). UE AIS 
motor score correlated with HG (r=.410; p<0.05); mJOA UE (r=.453; p<0.05); and MDI (r=-0.412; p<0.05).  
 
Conclusions: Even though ISNCSCI is not standardized for the evaluation of non-traumatic spinal injuries, it 
is widely recommended. In our sample, most AIS D are moderate mJOA which proves the ceiling effect. The 
MDI range is wide amount AIS D. AIS correlates weakly with specific scales for CSM and specific functional 
tools, so has no ability to discriminate the severity of disability in CSM. New studies with larger samples and 
with post-surgical evaluations are recommended.  
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【Introduction】 Potential and expectation of functional recovery after spinal cord injury become 
increasingly concerned with the progress of regenerative medicine. Olfactory mucosa autograft (OMA) is 
one of potential medically regenerative approach for the improvement of injured spinal cord in individuals 
with chronic spinal cord injury. We here tested if the OMA and successive long-term rehabilitation protocol 
effectively improve physical function in individuals with chronic complete spinal cord injury. 【Method】 
Three subjects with complete thoracic spinal cord injury who underwent OMA were involved in this study. 
They participated an intense pre- (4 weeks) and postoperative (48 weeks) neurorehabilitation protocol 
which consists of general physical therapy, gait rehabilitation using conventional orthosis and driven gait 
orthosis (Lokomat®, Hocoma co., Switzerland) in total of 5-6 hours a day, 5 days a week. We continuously 
evaluated locomotor-like muscle activities in paralyzed lower extremity during passive stepping with driven 
gait orthosis, soleus H-reflex elicited by tibial nerve stimulation, stretch reflexes elicited by rapid ankle 
dorsiflexion at rest, motor evoked potentials (MEPs) elicited by transcortical magnetic stimulation (at rest 
and during passive walking), sitting balance and daily living behavior, muscle volume of the lower 
extremities. 【Results】 No adverse effects were shown in all three patients. While MEP and voluntary 
muscle activity of the lower limb muscles at rest under sitting posture could not be observed in all three 
patients, all three patients showed improvements of trunk stability, and sitting balance, as well as partial 
improvement of sensory function around boundary area. We also observed increase of muscle mass in the 
lower extremities. All three patients clearly showed additional locomotor-like muscle activities and MEPs in 
gluteus medius when they additionally conduct voluntary effort during passive stepping. H-reflex/M max 
ratio decreased at postoperative period in all three patients【Discussion】 We confirmed expansion of 
physical function toward to caudal area below the site of injury where had been paralyzed before the 
transplantation. Given the fact that the gluteus medius is innervated through lower lumber segments, these 
changes can be regarded as an expansion of residual function to caudal segment due to OMA and 
subsequent rehabilitation. Although we did not observe remarkable lower extremity function, our results is 
quite important in the context of the improvement of ability in daily living.
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INTRODUCTION: In spite of recent advancement of medicine, an effective treatment for spinal cord injury 
(SCI) has not been developed yet. Accumulated evidences indicate that disruption of blood-spinal cord 
barrier (BSCB) contributes to the secondary damage following initial injury. Accordingly, protection of BSCB 
would reduce secondary damage, resulting in minimizing neurological deficits after SCI. However, the 
effective therapy to protect BSCB from SCI remains to be developed. The purposes of the current study are 
1) to develop high-throughput screening assay (HTSA) for identifying candidate drugs to protect BSCB 
function, 2) to identify potential drugs to protect BSCB functions from toxic stresses  and 3) to verify the 
protective effect of candidate drugs in mouse SCI model. 
 
METHODS: Human brain endothelial cells (hCMEC/D3) were incubated on 96 well plates with various 
concentrations of hydrogen peroxide (H2O2) for 6 hours, and viability, cytotoxicity, and live/dead ratios 
were measured to determine the optimal condition for the HTSA. 3,200 existing drugs were screened using 
this newly developed HTSA, and one of the top hit drugs were subject to subsequent dose dependency and 
oxygen-glucose deprivation (OGD) tests. Then, mixture of endothelial cells (ECs), astrocytes, and pericytes 
from rat brains were cultured with or without a candidate drug under the OGD condition and trans-
endothelial electrical resistance (TEER) and Na-F permeability were measured. Finally, C57BL/6 adult mice 
received intraperitoneal injections of a candidate drug or control. In the first experiment, the mice were 
followed by SCI by wire-knife one day later. The next day, subjects were perfused, and spinal cord sections 
were immunolabeled for IgG. In the second experiment, the mice had SCI by same method followed by 7 
days of drug or control administration. After 8 weeks from injury, gait analysis (DigiGait® Mousespecifics) 
was performed, and the subjects were perfused for immunohistological evaluation (GFAP and NeuN).  
 
RESULTS: 450μM was determined as the optimal concentration of H2O2 for HTSA, based on the fact that its 
Z’-factor, S/B ratio, and CV were 0.75, 2.9, and 4% respectively. Actual HTS identified 87 existing drugs 
(2.4%) as candidates for BSCB protection. One of the potential existing drugs, Berberine, an alkaloid 
compound extracted from natural herb, protected human ECs from the OGD stress in dose dependent 
manner. Moreover, Berberine maintained TEER and the Na-F permeability significantly more than a control 
under the OGD condition. Further, subjects treated with Berberine had significantly smaller IgG, GFAP 
positive area and narrower width of neuronal death (NeuN) than control subjects after SCI, and had 
improving effects on behavior, indicating its BSCB protection effect.  
 
CONCLUSION: Collectively, these findings indicate that the newly developed HTSA can successfully identify 
candidate drugs to protect human brain ECs from toxic stresses and identified Berberine as a potential drug 
to protect BSCB functions from SCI. Currently, further screening is ongoing to identify other potential drugs 
to protect BSCB functions.



102 

The effects of a high-fat/high-carbohydrate meal on leukocyte 
populations in adults with chronic Spinal Cord Injury. 
Mr Gabriel Dix1,2,3, Mr Garett Jackson1,5, Ms Kendra Todd1,2,3, Dr Jan van der Scheer3,4,6, Dr Jeremy Walsch1,5, 
Dr Kathleen Martin Ginis1,2,3,4, Dr Jonathan Little1,5 

1School of Health and Exercise Sciences, University Of British Columbia, Kelowna, Canada, 2International Collaboration on 
Repair Discoveries (ICORD), Vancouver, Canada, 3SCI Action Canada Lab, Kelowna, Canada, 4Department of Medicine, 
Division of Physical Medicine & Rehabilitation, University of British Columbia, Kelowna, Canada, 5Exercise, Metabolism 
and Inflammation Lab, University of British Columbia, Kelowna, Canada, 6The Healthcare Improvement Studies Institute 
(THIS), Cambridge, United Kingdom 

Introduction: Individuals with spinal cord injury (SCI) have an increased risk of infection and subsequent 
rehospitalization.  Indeed, the incidence of death following SCI from septicaemia, pneumonia, influenza, and 
infections of the urinary tract system are significantly higher than in the general population. The heightened 
incidence of infection rates in individuals with SCI has been attributed, in part, to reduced sympathetic input 
to the immune system as a result of severed or damaged spinal nerves. Due to reduced sympathetic 
innervation to lymphoid organs (i.e. spleen, thymus), the immune system’s ability to respond to infection is 
blunted, leaving individuals immunosuppressed. It is possible that this immunosuppression could be 
exacerbated by exogenous stimuli, for example, a high-fat/high-carbohydrate processed meal; however, the 
effects of such a meal on immune function in people with SCI are unknown. The purpose of this study was 
to examine the effects of a high-fat/high-carbohydrate processed meal on leukocyte populations in adults 
with chronic SCI. It was hypothesized that the meal would increase numbers of circulating immune cells, 
congruent with a pro-inflammatory response. 
 
Methods: Ten men with chronic (>1-year post-injury) traumatic SCI (M=15.5 years post-injury; 60% 
tetraplegic; 70% AIS-A) participated in a randomized crossover design trial with 7-day washout. Participants 
arrived fasted (≥ 12 hours) prior to both the control (quiet sitting, no food/drink) and experimental meal 
conditions (commercially available high-fat/high-carb breakfast wrap and hash brown: 880 kcal, 52g fat, 73g 
carbohydrates, 29g protein). Blood samples were taken in the fasted state and at 120 minutes post-baseline 
sample in both the control and meal conditions. Immune cell counts were assessed using multi-colour flow 
cytometry. 
 
Results: Results indicate that overall, immune cells increased in number between baseline and 120 minutes 
in the control condition but not the meal condition. Using a linear mixed model, a significant Time x 
Condition interaction effect was seen in CD3+, CD4+, and CD8+ T cells as well as in CD16+ monocytes and 
CD65+ NK cells (p<0.05). CD14+/CD16+ monocytes and CD19+B cells showed a tendency towards a 
significant Time x Condition interaction (p<0.07). During the control condition, significant increases were 
seen in concentrations of CD3+, CD4+, and CD8+ T cells, along with CD14+ Monocytes, CD16+ Neutrophils, 
CD19+ B cells, and CD56+ NK cells from baseline to 120 minutes (p<0.05). No significant differences across 
time were seen in any of the aforementioned cells during the experimental meal condition.  
 
Conclusions:  The high-fat/high-carbohydrate experimental meal appeared to reduce the natural diurnal 
increase in circulating leukocytes seen in the control condition when fasting was extended by two hours. It 
may be possible that participants with SCI have a reduced ability to appropriately respond with an increase 
in immune cells following a high-calorie meal. Such blunting of the immune response may have potentially 
deleterious effects in a population that is already immunosuppressed. Future research could compare a 
fasting control condition with a range of experimental meals to determine the effects of varying food 
composition on immune cell numbers in individuals with SCI. 
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Introduction: As a result of advances in healthcare and rehabilitation, many people with spinal cord injury 
(SCI) have lived several decades with their injury and into old age. Nevertheless, knowledge of living with 
long-term SCI into older age is very limited and there is no consensus on how to design rehabilitation 
interventions and follow-up programs to meet the specific needs of this group. In particular, little is known 
about changes over time in functioning and disability among older adults with long-term injury. We 
therefore initiated a large longitudinal study, the Swedish Aging with Spinal Cord Injury Study (SASCIS), 
including individuals at least 50 years old and at least 10 years after a traumatic or non-progressive, 
acquired non-traumatic SCI. The overarching aim of the SASCIS is to increase our knowledge of factors 
associated with healthy aging in persons with long-term SCI. The aim of the present longitudinal study from 
the SASCIS is to describe health-related quality of life (HRQoL) and changes over six years in older adults 
with long-term SCI, and investigate associations with sociodemographics (age, gender) and injury 
characteristics (time post injury, cause of injury, level and severity of injury). 
 
Methods: From the original SASCIS sample (year 2011-2012) including 123 participants (29% women, injury 
levels C1-L5, AIS A-D, mean age 63 years, mean time since injury 24 years), 101 were still alive for the 
follow-up (year 2017-2018) and the final sample comprised 78 participants (32% women, injury levels C1-L3, 
AIS A-D, mean age 68 years, mean time since injury 31 years). Data were collected at home interviews using 
a study-specific questionnaire and the Spinal Cord Injury Quality of Life Questionnaire (SCI QL-23), including 
the domains physical and social functioning (Func), depressive feelings (Depr), perception of injury-related 
problems (Prob) and global QoL. Changes from baseline to follow-up were assessed using the Wilcoxon 
signed-rank test. Associations with changes in HRQoL (follow-up – baseline) were assessed with 
multivariable linear regression. 
 
Results: The average rating of global QoL (scale range 0-100) was relatively high at both assessments (70 
and 75, respectively), with large variability in all domains. There were no significant changes in any HRQoL-
domain over six years, although the ratings at follow-up were slightly better in Depr and global QoL and 
slightly worse in Func and Prob. There were no significant associations between changes over time in Func 
and Prob and sociodemographics and injury characteristics. Regardless of the baseline rating of Depr and 
global QoL, a higher level and more severe SCI was significantly associated with positive change over time. 
 
Conclusions: This is the first study to assess changes over time in HRQoL among older adults with long-term 
SCI. They exhibit large variations in all QoL-domains but maintain a relatively high and stable level of HRQoL 
over six years. Persons with AIS D injuries may need increased attention to mitigate negative changes in 
depressive symptoms and global QoL over time. Further studies are needed to identify modifiable factors 
associated with changes in HRQoL in older adults with long-term SCI. 
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Introduction: The aim of the rehabilitation of individuals with SCI is to provide them with the highest level of 
independence in everyday life, and by this, to achieve the highest level of quality of life possible. However, it 
remains an open question if beside the intrinsic factor of functional independence also other extrinsic 
factors are related with the quality of life of individuals with SCI living in the community. 
 
Methods: In 2018, the German Spinal Cord Injury Survey (GerSCI) as part of the international InSCI study 
group performed a nationwide ICF-based multicenter survey. For three SCI centers (Bayreuth, Heidelberg 
and Ulm), the ICF-based GerSCI data including a self-reported spinal cord independence measure (SCIM-SR) 
were matched to each participant’s SCIM assessed in the European Multicenter Study about Spinal Cord 
Injury (EMSCI) including traumatic and ischemic related individuals with SCI. We aimed in analyzing the 
dependency between the most recent SCIM-SR, the last recorded SCIM by a health professional, the self-
reported household size and income as well as the employment status on the overall perceived quality of 
life. 
Correlation analysis was used to investigate the interdependency of the SCIM score at discharge, the SCIM-
SR score at follow-up, self-reported individuals’ household size and disposable household income with the 
first item (QOL) of the World Health Organization WHO QOL short form inventory (WHO-QOL BREF). 
Contingency analysis was used investigating the impact of the employment status on the QOL. 
 
Results: From a total of 1201 contacted individuals, 371 replies were received, corresponding a response 
rate of 30.9%. The average age at follow-up was 56.18 (SD 17.10) years. The average follow-up was 81.47 
(SD 51.70) months. 105 individuals are classified as AIS A, 34 as AIS B, 50 as AIS C, and 167 as AIS D. The 
average WHO-QOL life satisfaction (0-5) was 3.43. The mean of the last SCIM (0-100) recorded by a health 
professional was 61.57 (SD 26.70) points, the average SCIM-SR at GerSCI follow-up was 58.80 (SD 24.33) 
points. In 47 cases, individuals were organized as one-person household and in the remaining 312 cases the 
average household size was 2.42 persons. In 111 cases individuals were employed. The average household 
income was between 1911 and 2339€ per month. 
 
Correlation analysis showed a significant dependency of the SCIM scores at discharge (r= .228, p= .000), 
SCIM-SR score at follow-up (r= .307, p= .000) and the net-household income (r= .220, p= .000) with the 
reported QOL. Contingency analysis showed a significant dependency between employment status and QOL 
(Chi-Square(4)= 42.01, p= .000) showing a strong effect-size. No dependendy in contingency analysis to QOL 
was present for living alone individuals or household size. 
 
Conclusion: Even if it remains debatable if a complex concept such as individuals’ well-being can be 
measured by a single item, our analysis clearly identified intrinsic and extrinsic covariates of QOL. 
Individuals’ quality of life correlated with the self-reported functional independence, the employment 
status and the available net household income.
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Background: In 2017, new international scientific spinal cord injury (SCI) exercise guidelines (i.e. a fitness 
guideline and cardiometabolic health guideline) were developed by an international team. While these 
scientific guidelines were developed using a systematic and rigorous approach, additional knowledge 
translation (KT) steps were needed to translate and disseminate the guidelines to community and clinical 
settings. This paper presents the 5-step KT approach used to disseminate the international scientific SCI 
exercise to community and clinical settings across Canada.   
 
Methods: A Canadian multidisciplinary team, including SCI researchers, people with SCI, representatives of 
SCI organizations, and clinicians, was established. The 5-step KT approach included: 1) Translation of the 
scientific SCI exercise guidelines into guidelines suitable for implementation and dissemination in clinical 
and community settings; 2) Development of a resource to support the implementation and dissemination of 
the guidelines; 3) Conduct of pilot tests (surveys and interviews) with a diverse group of potential end-users 
(e.g. people with SCI, family/friends/caregivers of people with SCI, clinicians, community SCI organizations) 
to test the usability, clarity and appropriateness of the guidelines and resource; 4) Development of a KT plan 
to disseminate the guidelines; 5) Monitoring and evaluation of the uptake and use of the guidelines and 
resource in community and clinical settings. The translation process and the development of the supporting 
resource (steps 1-3) were guided by an adapted version of the Appraisal of Guidelines, Research and 
Evaluation (AGREE) II Instrument. The development of the KT plan (step 4) was guided by a KT specialist 
using a structured KT support service. The dissemination and uptake of the guidelines (step 5) are being 
monitored and evaluated using the elements of the RE-AIM Framework (Reach, Effectiveness, Adoption, 
Implementation, Maintenance). Community-engagement strategies are being integrated throughout the KT 
activities.  
 
Results: The first step resulted in the development of the “Canadian Spinal Cord Injury Physical Activity 
Guidelines”. These guidelines include a starting level and advanced level. The starting level is based on the 
fitness guideline. The advanced level is based on the combination of the fitness guideline and the 
cardiometabolic health guideline. The second step resulted in the development of online resource 
(www.sciguidelines.com) including educational information about the guidelines as well as motivational 
information on how to achieve the guidelines (e.g. activity examples, ways to overcome barriers). The third 
step showed that the guidelines and supporting resource were perceived as clear, useful and appropriate by 



potential end-users (n=90). Results related to the dissemination and uptake of the guidelines (steps 4 and 5) 
will be available in September 2020.  
 
Conclusion: The systematic and community-engaged 5-step KT approach resulted in the development of the 
Canadian SCI Physical Activity Guidelines suitable for implementation and dissemination in clinical and 
community settings. This 5-step approach may help other groups across the world to disseminate the 
scientific SCI exercise guidelines to their local settings.  
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Introduction 
Preoperative discrimination of spinal schwannomas and meningiomas is crucial because different surgical 
procedures are required for their treatment. A deep-learning approach based on convolutional neural 
networks (CNNs) is gaining interest in the medical imaging field. However, few studies using a CNN in the 
spine region have been reported. The purpose of the present study was to evaluate the performance of our 
CNN in differentiating between spinal schwannoma and meningioma on T2-weighted magnetic resonance 
imaging (T2WI) and contrast-enhanced T1-weighted magnetic resonance imaging (T1WI). We compared the 
performance of the CNN and that of two expert radiologists. 
 
Methods 
We retrospectively reviewed data from patients with spinal schwannoma and meningioma who had 
undergone magnetic resonance imaging (MRI) and tumor resection. Diagnoses were made upon histology of 
surgical specimens. There were 50 patients with schwannoma and 34 patients with meningioma. Sagittal 
T2WI and sagittal contrast-enhanced T1WI were used for the CNN training and validation. The Python 
programming language and deep learning framework Tensorflow from Google were used to construct the 
CNN architecture. To evaluate the performance of the CNN, we plotted the receiver operating characteristic 
(ROC) curve and calculated the area under the curve (AUC). Two board-certified radiologists reviewed MR 
images identical to those used to train the CNN. We calculated and compared the sensitivity, specificity, and 
accuracy of the diagnosis by the CNN and two radiologists. 
 
Results 
The AUC of ROC curves of the CNN based on T2WI and contrast-enhanced T1WI were 0.876 and 0.870, 
respectively. The sensitivity of the CNN based on T2WI was 78%; 100% for radiologist 1; and 95% for 
radiologist 2. The specificity was 82%, 26%, and 42%, respectively. The accuracy was 80%, 69%, and 73%, 
respectively. By contrast, the sensitivity of the CNN based on contrast-enhanced T1WI was 85%; 100% for 
radiologist 1; and 96% for radiologist 2. The specificity was 75%, 56, and 58%, respectively. The accuracy 
was 81, 82, and 81%, respectively. 
 
Conclusions 
In this preliminary study, we have successfully differentiated spinal meningiomas and schwannomas using 
the CNN with high diagnostic accuracy comparable to that of experienced radiologists. We supported the 
concept of applying CNN to spinal pathologies, even though the CNN was trained on a relatively small 
dataset of MRI images. 
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Introduction 
In a clinical trial setting that is attempting to validate a therapeutic directed to the central nervous system 
(CNS), it is essential to correlate CNS changes to improvement in meaningful function. Most clinical 
measures do not have this capability, which creates serious problems for spinal cord injury (SCI) clinical 
trials. In response to the need for a clinical trial outcome measure that is standardized, administered by 
observation, and disallows compensation in scoring, work is underway to develop a SCI clinical trial outcome 
measure that is intended to evaluate recovery of neurotypical movement within the context of function. We 
describe the methods used to develop the fine motor domain of the Spinal Cord Injury Movement Index 
(SCI-MI), and report on initial beta-testing.  
 
Methods  
Mixed methods were used to identify, refine and test the SCI-MI fine motor domain. Consensus meetings 
(N=10) were conducted iteratively to identify candidate items from the Spinal Cord Injury-Functional Index 
(SCI-FI) that were amenable to administration and scoring by observation of performance. Of the 36 SCI-FI 
items, 9 were considered not amenable for a performance-based measure and/or beyond the scope of fine 
motor (e.g., removing something from back pocket). The remaining 27 SCI-FI items were retained for the 
SCI-MI and examined against an item map that was developed using the SCI-FI calibration study data. The 
item map provided reference for the hierarchy of items based on difficulty and discrimination. Items from 
other existing SCI measures were considered candidates based on item intent. Administration guidelines 
and scoring procedures for each item were developed through an iterative process of focus groups (N=2), 
beta-testing sessions with individuals with SCI (N=6), and input from experts in SCI rehabilitation. All focus 
group and beta testing sessions were IRB approved, video recorded, transcribed, and reviewed to inform 
iterative revisions the items and scoring procedures. Bi-weekly study team meetings further contributed to 
the iterative process used to refine the procedural guidelines for administration and scoring. 
 
Results  
The SCI-MI fine motor item pool consists of 35 unimanual and 16 bimanual items. Of the 51 items, 42 were 
modified from SCI-FI items, 2 were taken from the Graded Redefined Assessment of Strength, Sensibility 
and Prehension (GRASSP), and 7 were newly developed. Standardized administration procedures have been 
developed and beta-tested, including specifications about item intent. The Scoring algorithm is a 5-point 
scale where a score of “5” reflects neurotypical movement, “4” neurotypical movement with decreased 
quality, “3” and “2”, movement using some and all compensatory strategies, respectively, and “1” unable to 
do.   
 
Conclusions 
We have created an item pool for evaluating fine motor function. We are now confirming accuracy of 
administration and scoring, as a precursor to a calibration study. The calibration study will determine if the 
item pool meets the assumptions necessary for computer adaptive testing. Inclusion of GRASSP items may 
provide opportunity for future linking between the SCI-MI and GRASSP.  
 
The study was funded by the Craig H. Neilsen Foundation 
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Introduction: Sleep problems are common in people with spinal cord injury (SCI). Most of published studies 
focus on diagnosis and treatment of SCI-related sleep disorders in health care providers’ perspective. This 
study aims to investigate a prevalence of sleep problems and its influencing factors in patients’ perspective 
by using data from the International Spinal Cord Injury (InSCI) Community Survey in Thailand. 
Methods: This project is a part of InSCI Community Survey.  Thai adults (age ≥ 18 years) with SCI who are 
community-dwelling were included in this study.  Participants completed a set of questionnaires, including 
demographic and SCI-related data, the Spinal Cord Injury-Secondary Condition Scale (SCI-SCS) for detecting 
secondary conditions, the Model Disability Survey (MDS) for detecting psychological adaptation, the World 
Health Organization Quality of Life-BREF (WHOQOL-BREF) for detecting quality and satisfaction of life and 
the SF-36 Vitality Subscale for detecting energy and drive functions. Sleep problems were identified in those 
who had a sleep-domain of SCI-SCS score more than one. Chi-square was used to identify the univariate 
correlating factors and multivariate logistic regression analysis was used to identify independent influencing 
factors of having sleep problems. 
Results: 320 Thais with SCI were recruited.  The prevalence of having sleep problems was 56%.  Using 
univariate analysis, having spasticity, pain, urinary tract infection and bowel problems were influencing 
physical factors of having sleep problems, whereas having stress-handling and interacting with people 
problems as well as low energy and depressed feeling were influencing psychological factors of having sleep 
problems (all factors p<0.05).  Using multivariate logistic regression analysis, only pain problems (p=0.015), 
bowel problems (p=0.005), stress-handling problems (p=0.011) and depressed feeling (p=0.001) were an 
independent influencing factor of having sleep problems.  In addition, people with SCI who having sleep 
problems had a significantly lower satisfaction with health score compared with those who not having 
(p=0.001). 
Conclusions: From Thais with SCI’s perspective, sleep problems were common.  It was influenced by both 
physical and psychological factors.  To improve sleep functions and satisfaction with health of people with 
SCI, healthcare providers need to carefully identify and eliminate these influencing factors. 
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Objectives: Previous research has demonstrated that there is a clear need for a Health Maintenance Tool, 
which can support people with SCI with different levels of health literacy and self-management capacity, 
particularly after discharge into the community. The tool should also support people with SCI to manage 
their five key areas related to bladder, bowel, skin, autonomic dysreflexia and pain, as well as provide 
strategies to their caregivers and primary health care providers. 
 
Design: A mixed methods design including rapid reviews, interviews, focus-group discussions and a Delphi 
approach for building consensus (for bladder, bowel and skin) was undertaken. The study involved 
consumer group, primary care group (GPs), as well as expert group (SCI and other relevant experts). 
Interviews (involving consumers and GPs) and focus group discussions (involving consumers) data were 
analysed using thematic analysis approach using NVivo software. Delphi surveys (involving expert group) 
data were analysed using a consensus process and consensus were built on the 
management recommendations, red flags condition, referrals and clinical pathways. 
 
Results: Overall, 19 people with SCI, four GPs and 65 discipline and SCI-specific specialists participated in the 
study. The 6 key themes derived from the qualitative analysis of the interviews and focus group discussion 
were (1) Where do I start? (2) Best counsel? (3) Sharing knowledge (4) Timely access for help (5) Shared 
decisions and (7) Promoting self-management. A total of 42, 36 and 61 statements were written for bladder, 
bowel and skin, respectively. Two rounds of the Delphi surveys were employed to achieve complete 
agreement. 
 
Conclusions: The promotion and maintenance of optimal health and quality of life over the life span of an 
individual with SCI involves ongoing surveillance and prevention of secondary complications. This tool aids 
in supporting the self-management, provides essential knowledge and self-management strategies. A 
digitalised version of the tool is being proposed.
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Background: Muscle evoked potentials after electrical stimulation of the spinal cord [Sp(E)-MsEPs] serve 
well to monitor spine and spinal cord surgeries. The pathway for this recording remains unsettled as some 
argue it may involve the posterior cord, which then can activate the motoneurons through antidromic 
sensory impulse. We wish to document that this technique, in fact, monitor the motor tract through the 
corticospinal trunk.  
Methods: Study 1 analyzed the data from10 consecutive myelopathic patients who underwent a posterior 
spinal surgery for cervical spondylosis or ossification of the ligamentum flavum of the thoracic spine. We 
applied a train stimulation, 5 shocks at interstimulus interval of 2 ms, as follows: 1) transcranial stimulation 
to the brain, 2) epidural stimulation to the spinal cord and 3) both 1) and 2) simultaneously and recorded 
MsEPs from the abductor hallucis muscle (AH). Study 2 dealt with an investigation in 4 patients, who 
underwent paired train stimulation to the spinal cord at intertrain interval of 50 ms for recording AH-MsEPS.  
Results: In study 1, stimulation of the spinal cord and combined stimulation of the brain and spinal cord 
elicited the nearly the same AH-MsEPs in all 10 patients. In study 2, the first and second train stimuli elicited 
almost identical AH responses in all 4 patients. 
Discussion: The study 1 data suggest that the corticospinal tract volley elicited by brain stimulation collide 
with the antidromic volley induced by spinal cord stimulation, which, therefore, must activate the 
corticospinal tracts. In study 2, a full recovery of MsEPs elicited by paired train stimulation by 50 ms also 
speaks for mediation via the corticospinal tract known to have a quick recovery time of less than 60 ms 
(Deletis 2018). This stands in contrast to a partial recovery time of approximately 70 ms and a complete 
recovery time of over 150–300 ms for the dorsal column (Shils 2012),which would have blocked the second 
of the paired stimuli given 50ms after the first. 
Conclusion: The Sp(E)-MsEP, mediated by the corticospinal tract, can serve to monitor the motor tract of 
the spinal cord. 
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Introduction: Japan has the highest ratio of the elderly in the world. Elderly patients with incomplete 
cervical spinal cord injury (SCI) are extraordinary increasing (about 30% in total population above 65 years 
old). We summarize the outcome of their rehabilitation treatment using the multi-hospital SCI database 
(Japan SCI Database Committee – Kibi Medical Rehabilitation manage-, total 5134 cases (male 83.6%), since 
1997 to 2018.3). 
Method: We extracted patients with incomplete cervical SCI who were hospitalized between 14 to 60 days 
after the injury. Incomplete was defined as American Spinal Injury Association Impairment Scale B-E. 
Patients with deficient data were excluded. The number of cases was 494. We divided the cases among 
three groups (group A: young-middle (19-64 years) 348cases, group B: younger-elderly (65-74 years) 108 
cases, group C: later-elderly (75 years or older) 38cases), and analyzed motor Functional Independence 
Measure (FIM) at admission and discharge using student-t-test (P<0.01). 
Results: There was no significant difference in motor FIM at admission among the three groups (group A 
39.6±26.3, group B 34.2±24.0, group C 32.8±25.5). However, motor FIM at discharge was significantly higher 
in group A than group B and C. Group B was higher than group C, but was not significantly different (group A 
69.4±25.0, group B 57.1±27.2, group C 50.8±26.7). At discharge, group A showed an average of 5 or more 
(no assist by the helpers) on 10 of the 13 sub-item of motor FIM (eating, grooming, dressing upper body, 
dressing lower body, toileting, bladder management, bowel management, bed/chair/wheelchair transfer, 
toilet transfer, walk/wheelchair), but group B and C got only one item (eating). There was also no significant 
difference between group B and C in the sub-items. 
Conclusion: Elderly patients with incomplete cervical SCI had poorer rehabilitation outcomes than younger 
patients, and were discharged from hospital with a need for nursing care throughout their daily lives. This 
finding showed the reason why the caregiver insurance should be necessary for the elderly patients. 
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Introduction: Chronic pain is a common secondary condition in spinal cord injury (SCI), with an impact on 
physical, cognitive and emotional wellbeing. SCI-related pain can be distinguished into nociceptive and 
neuropathic pain. Pharmacological interventions to reduce the pain are associated with an increased risk of 
side effects, and reported effects of non-pharmacological treatments are unclear. This study aims to get 
insight into the amount of non-pharmacological treatments used per pain condition, and the effect of 
commonly used non-pharmacological treatments in daily practice on the different pain conditions.  
Methods: A cross-sectional survey is sent to former rehabilitation patients from two Rehabilitation Centres 
in the Netherlands between July 2016 and July 2018.    
Results: A total of 371 participants returned the questionnaire. 262 participants experienced pain following 
SCI. Neuropathic pain was reported most often (74.4%), followed by musculoskeletal pain (51.5%). Of 
patients with pain, 78.2% reported past or current use of non-pharmacological treatments for their pain. 
Most non-pharmacological treatments used were physiotherapy (48.5%), exercise (39.5%), cannabis (19.5%) 
and massage (17.2%). For all pain conditions, most positive effects were reported for exercise and 
physiotherapy. For musculoskeletal pain, massage was also reported as effective. For neuropathic pain, 
TENS was also reported as effective. Most side effects were reported for cannabis and injections. 
Conclusion:  People with SCI who experience pain often use non-pharmacological pain interventions. The 
most used are exercise, physiotherapy, cannabis, and massage. This study showed that exercise and 
physiotherapy are most often perceived as effective, without a difference between the different pain 
conditions. More comparative research is needed into the effectiveness of non-pharmacological 
interventions.  
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Introduction: Physical inactivity, excessive weight and low vitality are common in wheelchair users with 
spinal cord injury (SCI) or lower limb amputation. Since mobile applications (apps) are used more and more 
to support rehabilitation, a mobile app may be a powerful tool to encourage a healthy lifestyle during and 
after rehabilitation. The aim of this study was to develop and evaluate a digital lifestyle intervention, using a 
mobile app to stimulate physical activity, healthy diet and relaxation in wheelchair users with spinal cord 
injury or lower limb amputation.  
  
Methods: Intervention Mapping was used to develop the digital lifestyle intervention. Insights from the 
literature and focus groups with wheelchair users and rehabilitation professionals (i.e. exercise therapists, 
physical therapists, occupational therapists and dieticians) were collected to identify key determinants of 
lifestyle behavior. Subsequently, intervention goals were set, behavioral change strategies were selected, 
and the app was designed with the input of an expert panel consisting of rehabilitation professionals, health 
promotion and e-health experts and wheelchair users. The usability and effects of the intervention were 
investigated in a usability study among 21 wheelchair users (N=14 with SCI) who used the app for 12 weeks. 
Half of the participants in this usability study used the app stand-alone, and the other half used the app in a 
blended manner. In the case of blended use, the participant received remote coaching from a lifestyle 
coach. At the end of the usability study user satisfaction with and usability of the app were assessed using 
interviews and a short questionnaire.  
  
Results: Given the many functionalities and reach of the existing lifestyle app ‘Virtuagym’, this app was 
selected and adapted to wheelchair users with SCI or lower limb amputation. Strategies to involve the social 
environment and to change awareness, knowledge, self-efficacy, attitude and outcome expectations related 
to physical activity, healthy diet and relaxation were built into the app.  
All but 1 completing participants (N=14, 67%) would recommend the app to others and most (N=10) had 
come closer to one or more lifestyle goals. Several participants had lost weight. There was enthusiasm 
about the animations showing how to perform the exercises but the ease of use could be improved. Due to 
the nutrition part, there was an increased awareness about calorie and nutrient intake. However, the 
algorithm for calculating daily calorie intake advice still needs to be tailored. Lastly, the relaxation part was 
not much used. Most participants indicated not to have relaxation or sleeping problems. 
 
Conclusions: A mobile lifestyle app was developed that wheelchair users and health professionals can use to 
stimulate physical activity, healthy diet and relaxation in wheelchair users with spinal cord injury or lower 
limb amputation. The content and design of the app is based on scientific evidence and behavioral change 
theory. Insights from the usability study will be used to further develop the lifestyle app. Thereafter, the 
lifestyle app will be evaluated in a larger study with objective outcome measures.  
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Introduction: As part of a continuing review, the NINDS Spinal Cord Injury (SCI) Common Data Element (CDE) 
project convened the SCI CDE Oversight Committee (OC) in March 2018 to update the SCI CDEs and the 
International SCI Data Sets. Comprised of subject matter experts from domestic and international research, 
industry, and patient advocates the NINDS SCI CDE OC periodically reviews the SCI CDEs based on 
recommendations and feedback to make decisions regarding suggested corrections and updates. This 
review ensures that the SCI CDEs remain a current and useful tool for investigators and their research 
teams. 
 
Methods: Version 1.0 of the adult SCI and pediatric SCI CDEs were posted to the NINDS CDE website in 2014 
and 2016, respectively, with an OC update in 2016 as well. In 2018, the SCI OC began a comprehensive 
review of the SCI CDE recommendations by domain and evaluated whether the current CDE or measure 
classifications were still accurate; considered new CDEs or measures to recommend for inclusion; and 
indicated a context for use for those measures classified as Supplemental–Highly Recommended. The SCI 
OC also developed and systematically applied classification criteria to facilitate their review and 
recommendations of the SCI CDEs. 
 
Results: Following review of 87 SCI measures, the SCI OC determined that eight should be reclassified from 
Exploratory to Supplemental, seven from Supplemental to Exploratory, two from Supplemental to 
Supplemental – Highly Recommended, and one from Supplemental – Highly Recommended to 
Supplemental. The SCI OC also recommended the inclusion of two new measures, the Spinal Cord Ability 
Ruler and the Mini-Balance Evaluation Systems Test (MiniBESTest), and the removal of six measures, THAQ, 
ABLE Scale, Berlin Questionnaire, FOSQ, Infant Sleep Questionnaire and the OSA-18. Summary documents of 
these 87 SCI measures will be posted on the NINDS CDE website in Spring 2020 for public review before 
they are finalized and available on the website in late Summer 2020. Of the 1,882 SCI CDEs, 69 were 
downgraded from Supplemental to Exploratory and 5 were upgraded from Supplemental to Supplemental – 
Highly Recommended. Finally, of the 28 International SCI Data Sets, the SCI OC reclassified three from 
Supplemental to Exploratory, four from Supplemental to Supplemental – Highly Recommended and one 
from Supplemental – Highly Recommended to Supplemental. The recommended updates to the SCI CDEs 
and International SCI Data Sets will also be reviewed by the research community prior to finalizing. 
 
Conclusions: The NINDS encourages the use of CDEs for clinical research in neuroscience. The SCI OC is 
working with the NINDS and SCI organizations to promote the uptake and use of the SCI CDEs.  
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INTRODUCTION 
Although frailty has been shown to affect adverse events and length of stay in patients with traumatic spinal 
cord injury (SCI), the influence of frailty on the functional outcomes after rehabilitation has not been 
evaluated in this population. The goal of this study is to evaluate frailty as a predictor of functional 
outcomes at the time of hospital discharge in patients with SCI. 
METHODS: 
Consecutive 45 traumatic SCI patients were eligible for this study. The 11-factor modified frailty index (mFI-
11), which comprised diabetic status, history of chronic obstructive pulmonary disease or pneumonia, 
congestive heart failure, myocardial infarction, percutaneous coronary intervention or angina, peripheral 
vascular disease, impaired sensorium, transient ischemic attack, cerebrovascular accident with neurological 
deficit, hypertension requiring medication, and non-independent functional status before injury, was 
calculated for each patient. The patient’s frailty was categorized into three groups (robust, prefrail, or frail). 
Multivariate analysis was performed to investigate the impact of mFI-11 and other variances on functional 
outcomes assessed by spinal cord independence measure (SCIM) and discharge destination (home and 
others). 
RESULTS: 
Of these 45 patients with a mean age at injury of 57.2 years, six (13.3%) were diagnosed as a frail, whereas 
18 (40.0%) as a prefrail and 21 (46.7%) as a robust. A mean SCIM improvement ratio at the time of discharge 
and length of hospital stay in robust, prefrail and frail patients were 38.5%, 39.5% and 10.6% and 267 days, 
243 days and 259 days, respectively. On bivariate analyses, frail condition and advanced age (+75) at injury 
were correlated negatively with SCIM improvement ratio and the rate of discharge to home. 
CONCLUSIONS: 
Although, the mFI-11 is a good predictor of functional outcomes following SCI, advanced age is also one of 
the factors affecting poor functional outcomes. Further prospective studies are warranted to determine 
clinically meaningful interventions of frail conditions especially in the elderly population. 
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Treatment of neuropathic pain after traumatic spinal cord injury: A 
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Introduction: Four out of 5 people with traumatic spinal cord injury (tSCI) experience ongoing pain; over half 
of which is neuropathic pain (NeuP). The purpose of this investigation was to learn what specific treatments 
people with tSCI use for NeuP and how individuals rate treatment effectiveness.   
Methods: Participants, all older than 18 years old and at least 1 year post tSCI, were recruited from 6 SCI 
Model Systems between March 2017 and July 2019 to complete a survey about their pain and pain 
treatment. The Spinal Cord Injury Pain Instrument (SCIPI) was used to differentiate pain types (SCIPI score ≥ 
2 as NeuP), while a 7 point Likert scale was used to rate treatment effectiveness (anchors being ‘1’ for pain 
being ‘very much improved’ and ‘7’ for pain being ‘very much worse’). 
Results: 220 (56%) out of 391 participants had at least one NeuP in the previous 7 days. The 5 most common 
pharmacologic treatments used for NeuP at any point during the previous 12 months were opioids (used by 
43%), antiepileptics (40%), non-steroidal anti-inflammatory drugs (NSAIDs)/aspirin  (39%), cannabinoids 
(27%), and antispasticity drugs (25%); whereas the 5 most common pharmacologic treatments currently 
being used at the time of interview were antiepileptics (38%), opioids (36%), NSAIDs/aspirin (34%), 
cannabinoids (24%), and antispasticity drugs (22%).  The top 5 most effective pharmacologic treatments for 
NeuP, based on a report of improvement with use, were: opioids not including tramadol (89% of 
respondents reported as effective), antiepileptics (88%), cannabinoids (85%), tramadol (83%), and 
acetaminophen (72%). The median rating of treatment efficacy (effect of the treatment on pain) for opioids 
and cannabinoids was greater (pain was “much improved”) than for antiepileptics, tramadol and 
acetaminophen, for which pain was “minimally improved”. 
The 5 most commonly-used non-pharmacologic treatments for NeuP at any point during the previous 12 
months, and currently being used at the time of interview, were body position adjustment (59% and 57% 
respectively), passive exercise (56% ,and 50%), massage (31% and 24%), resistance exercise (26% and 24%), 
and heat therapy (23% and 18%). The top 5 non-pharmacologic treatments that were felt to be helpful were 
relaxation therapy (87% of users felt treatment was helpful), massage (84%), body position adjustment 
(83%), aerobic exercise (80%), and heat therapy (78%). The median rating of the effect of the treatment on 
pain for all of these non-pharmacologic treatments was that pain was “minimally improved”.   
Conclusions: In this study participants found cannabinoids and opioids to be most helpful for NeuP as 
compared to other treatments. Relaxation therapy and aerobic exercise, also thought to be helpful, were 
not listed among the top used treatments. Cannabinoids, relaxation therapy, and aerobic exercise need 
further exploration regarding their place in the treatment of chronic neuropathic pain after tSCI. Similar to 
previous study results, antiepileptics were also thought to be helpful for alleviating NeuP and of all the 
pharmacological treatments, it was the  treatment currently being used the most.  
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Introduction: Four out of 5 people with traumatic spinal cord injury (tSCI) experience ongoing pain; 
approximately half of which is non-neuropathic (non-NeuP). The purpose of this investigation was to learn 
what specific treatments people with tSCI use for non-NeuP and how individuals rate treatment 
effectiveness.   
Methods: Participants, all older than 18 years old and at least 1 year post tSCI, were recruited from 6 SCI 
Model Systems between March 2017 and July 2019 to answer a survey about their experienced pain and 
treatment of such. The Spinal Cord Injury Pain Instrument (SCIPI) was used to differentiate pain types (SCIPI 
score < 2 as non-NeuP) while a 7-point Likert scale was used to rate treatment effectiveness (anchors being 
‘1’ for pain being ‘very much improved’ and ‘7’ for pain being ‘very much worse’).     
Results: 190 (49%) out of 391 participants related having at least one non-NeuP during the previous 7 days. 
The 5 most common pharmacologic treatments used for non-NeuP at any point during previous 12 months 
and at the time of interview (current use of treatment) were nonsteroidal anti-inflammatory drugs 
(NSAIDs)/aspirin (used by 46% sometime during the previous 12 months, and 37% currently using, 
respectively), antiepileptics (33% and 29%), opioids (33% and 27%), acetaminophen (31% and 24%), and 
cannabinoids (25% and 21%). However, the 5 self-reported most effective pharmacologic treatments were 
opioids other than tramadol (86% of users felt treatment was helpful), tramadol (82%), cannabinoids (81%), 
acetaminophen (81%), and NSAIDs/aspirin (77%). The median rating of treatment efficacy (effect of the 
treatment on pain) for cannabinoids and opioids including tramadol was greater (pain was “much 
improved”) as compared to the other 5 most-helpful pharmacologic treatments for all of which pain was 
“minimally improved”. 
The 5 most common non-pharmacologic treatments used to treat non-NeuP at any point during the 
previous 12 months and currently being used at the time of interview were: body position adjustment (used 
by 51% and 49%, respectively), passive exercise (50% and 44%), massage (32% and 24%), resistance exercise 
(22% and 20%), and heat (19% and 15%). The non-pharmacologic treatments that were felt to be most 
helpful were heat therapy (92% of users felt treatment was helpful), aerobic exercise (90%), passive exercise 
(81%), position adjustment (79%), and massage (77%). The median rating of treatment efficacy (effect of the 
treatment on pain) for massage and heat was greater (effect of the treatment on pain was “much 
improved”) as compared to the other 5 most-effective non-pharmacologic treatments for all of which pain 
was “minimally improved”. 
Conclusions: The prevalence of pain after tSCI in this study matched that found in previous studies. In this 
study opioids and cannabinoids were treatments that were among the most commonly used and also 
thought by participants to be the most helpful treatments for non-NeuP . Given these findings, it is clear 
that these treatments as well as other treatments noted to be helpful need further exploration regarding 
their place in the treatment of chronic non-NeuP after tSCI.  
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Introduction. 
 
Spinal Cord Injury (SCI) can lead to patients requiring long-term ventilatory support. Data on factors 
impacting on survival are lacking and most studies are from the USA where the healthcare system is 
different, or include short-term or non-ventilated patients. We investigated characteristics at discharge on 
survivability of patients requiring long-term ventilatory support post discharge from an UK SCI centre. 
 
 
Methodology. 
 
Retrospective analysis was undertaken of the records of 64 adult ventilated patients discharged after their 
initial SCI admission. Demographics on discharge were recorded including SCI level, ASIA grades, age, 
gender, nutritional route, traumatic or atraumatic injury, ventilatory status, residential status, and co-
morbidities using ICD-10 coding. Survival was analysed until 31/01/2020 using Kaplan-Meier and Cox 
regression analyses (SPSS). 
 
 
Results. 
 
72% of patients were male. Greater numbers of high SCI (C0-2 n=22, C3-4 n=27) and ASIA A patients (n=41) 
required ventilation on discharge. 
 
Univariate analysis showed that only age and cancer significantly impacted on overall survival.  The median 
discharge age of survivors and non-survivors was 38 and 59 years respectively (p=0.006). Median survival 
was 2715 days (CI 95%, 1867-6373). Cumulative survival at 1, 3, 5 and 10 years was 89%, 74%, 63% and 46% 
respectively. The risk of death overtime was significantly increased with age (HR 1.05, CI 95%, 1.03-1.07, 
p=0.000) and a cancer diagnosis (HR 3.01, CI 95%, 1.30-6.98, p=0.010). Median (SE) survival time of those 
with cancer was significantly lower than those without (1580 [1867] versus 7140 [3837], p=0.007). 
 
Non-significant trends (p=0.068) showed those discharged with injuries below C6 had the longest median 
survival (8220 days), followed by C0-2 (7140 days). Patients with C5-6 injuries on discharge had an increased 
risk of death compared to those with injury below C6 (HR 9.20, CI 95%, 1.07-79.30, p=0.044). 
 
Compared to normal diet, those receiving enteral feed (HR 2.58, 1.0-6.68, p=0.051) and those having mixed 
enteral and normal diets (HR 3.15, 1.01-9.85, p=0.049) had trends towards increased mortality risk. 



 
Median survival for those who went home or to temporary placement before home was 7140 days (CI 95%, 
1308-12972) whilst those discharged to an institution was 1396 days (CI 95%, 1047-1745). Those going 
home were 64.5 less likely to die than those going to an institution (HR 0.36, CI 95%, 0.15-0.82, p=0.015). 
After adjusting for age, discharge location was not significant. 
 
 
Conclusions. 
 
Survival of at least 10 years was 46% although older age increases mortality risk. With the exception of 
cancer, none of the co-morbidities documented on discharge significantly contributed to likelihood of 
death. Known co-morbidities maybe monitored well in ventilated SCI community patients. Higher SCI and 
ASIA grades demonstrated increased ventilatory needs and lower SCIs showed longest cumulative survival. 
Interestingly, high SCI levels, often ventilator dependent, showed longer survival than mid-cervical SCI who 
may have had less ventilatory needs. These could have had more risk at times of physiological stress in the 
community when their ventilatory and secretion clearance needs may have increased.  
Increasing the sample of our cohort may increase the likelihood of further significant results in future 
studies.
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Introduction: Persons with cervical spinal cord injury (SCI) often use assistive technology or devices (AT) to 
increase independence. There is little information on the impact of AT on function or the injury 
characteristics of those who benefit from AT. The purpose of this project was to explore the impact of AT on 
self-care (SC) and fine motor (FM) function in persons with cervical SCI, and to examine the functional 
capabilities of those who benefit from AT. 
Methods: Subjects were persons with acute cervical SCI, all levels and AIS grades, with an upper extremity 
motor score (UEMS) > 0. At discharge from rehabilitation, we obtained the UEMS, the Capabilities of Upper 
Extremity questionnaire (CUE-Q), and the combined SC and FM questions of the SCI Functional Index (SCI-FI) 
and SCI-FI/AT short forms. The arm with the highest CUE-Q side score was designated the better side. 
Correlations among the measures were assessed using Spearman correlation coefficients. The impact of AT 
on SC and FM function was evaluated by looking at the difference in SCI-FI and SCI-FI/AT scores. The impact 
of AT was also evaluated by severity of injury: high tetraplegia (best motor level C4-C5), low tetraplegia 
(best motor level C6-T1), and motor complete (MC) vs. motor incomplete (MI). 
Results: Subjects included 63 males and 20 females with cervical SCI, 30 MC, 53 MI, average age 43.6 +/- 
16.4 years. The total scores of SC, SC/AT, FM AND FM/AT had correlations with the UEMS ranging from 
0.77-0.79, with the total CUE-Q scores ranging from 0.84-0.88, and with CUE-Q better side score ranging 
from 0.83-0.86. Overall, 55.4% of participants improved with AT by at least one item in SC, and 43.4% 
improved in FM. Of the injury severity groups, the greatest number of participants improving with AT in SC 
was MC low tetraplegia (88.2%), with MI low tetraplegia the fewest (33.3). For FM tasks, the greatest 
number improving with AT was MC high tetraplegia (69.2%), and again participants with MI low tetraplegia 
the fewest (22.2%). For SC, AT helped most often with brushing teeth (45.1%), while for FM it was using a 
cell phone (31.2%). CUE-Q scores of the best arm and hand increased (p< 0.05) for persons who could not 
brush teeth with or without equipment (mean ARM = 10.7 ± 8.3; HAND = 2.1 ± 4.6 points), were helped by 
equipment (mean ARM = 23.7 ± 7.7; HAND = 9.0 ± 6.7 points), or had no improvement with equipment 
(mean ARM = 28.6 ± 6.9; HAND = 16.2 ± 7.0 points). 
Conclusion: Many persons with tetraplegia are able to perform self-care and fine motor tasks easier using 
AT, but the benefit depends on the level and severity of injury. Persons with moderate deficits in arm and 
hand function benefit the most. Future work will evaluate changes in the impact of AT after discharge from 
rehabilitation.
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INTRODUCTION 
Persons with spinal cord injury (SCI), due to the reduced mobility and the frequent alteration or loss of sub-
lesion skin sensitivity, show a high predisposition for pressure ulcers (PUs). PUs are a common and fearful 
complication in SCI, with an important impact both on quality of life and health costs. In addition to 
traditional treatments, this study proposes the application of non-compressive adhesive elastic tape around 
the PUs with the aim of accelerating wound healing. It has been hypothesized a possible effect on lymphatic 
drainage and reactivation of the superficial bloodstream, as well as on the skin and subcutaneous tissues, 
notoriously compromised in PU location. The objective of this study was to evaluate the safety and 
tolerability of the application of adhesive elastic tape as an "add-on" treatment in the therapy of medium-
severe sacral or heel PUs in patients with SCI. Secondarily the evolution of PUs was monitored to evaluate 
the effectiveness of tape application. 
 
METHODS 
Design: an experimental, prospective, before-after (no-yes-no scheme of treatment), single-center study. 
The study was approved by the local ethical committee. 
Patients: patients with SCI of any etiology and neurological level, with a minimum time since injury of three 
months. Patients were enrolled after informed consent in a tertiary referral rehabilitation institute during a 
first hospitalization after injury, or during re-hospitalization in the chronic phase. All were clinically stable 
and had a sacral and/or heel pressure ulcer, stage III or IV (EPUAP classification), present for at least one 
month. 
Methods: PUs treatment followed 4 weeks cycles as follows: (1) standard; (2) additional adhesive elastic 
tape applied near the PU; (3) standard. Clinical monitoring was performed weekly using the BWAT scale and 
photos during all phases. 
 
RESULTS 
Twenty-four cases were included: 11 sacral and 10 heel PUs have been completed, 2 heel and 1 sacral PUs 
are still under evaluation. None of the treated patients presented adverse reactions and/or complications 
related to the application of adhesive elastic tape; the treatment was well tolerated by all patients and did 
not represent an obstacle for other clinical rehabilitation activities. 
The trend of the total BWAT score in the 12 weeks of the study reveals a significant reduction in the score 
from the beginning to the end of each phase. It emerges that on average a greater reduction of BWAT is 
obtained in heel Pus. 
 
CONCLUSIONS 
Tape application as an "add-on" treatment for PUs is safe and well tolerated in patients with SCI. 
Preliminary data also suggest that adhesive elastic may improve wound healing. 
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Background: Spinal cord injury (SCI) has serious adverse consequences on bowel function in a majority of 
subjects.  Some of the challenges relate to their dependence on caregiver support, need for medications, 
and the extensive time requirements associated with bowel management (BM). Lower thoracic spinal cord 
stimulation (SCS) has been shown to restore an effective cough and some patients have reported 
improvement in bowel function, as well.  
Objective: To determine whether usage of SCS to restore cough may improve BM in individuals with SCI.  
Design/Methods: In five consecutive tetraplegics, SCS was applied at home, 2-3 times/day, on a chronic 
basis and also as needed for secretion management. Stimulus parameters were set at values resulting in 
near maximum airway pressure generation (Paw) (30-40V, 50Hz, 0.2ms). Paw was measured as an index of 
expiratory muscle strength. Participants also employed SCS during their bowel routine. Questionnaires 
related to BM, were administered before and after initiation of SCS.  
Results: Mean Paw during spontaneous efforts was 30±8 cmH2O. Following a period of reconditioning over 
a 20-week period, SCS resulted in Paw of 124±22 cmH2O.  The time required for BM routines was reduced 
from 118±34 min to 18±2 min (p<0.05). The amount of time required for BM was related to the magnitude 
of airway pressure development during SCS. Mechanical methods for BM (digital rectal stimulation and/or 
manual evacuation) were completely eliminated in 4 patients. The number of medications required for BM 
was also reduced. No patients experienced fecal incontinence as result of SCS.  Each participant also 
reported marked overall improvement and reduction in the daily stress level associated with BM.  
Conclusion: Our results suggest that SCS to restore cough may be a useful method to improve BM and life 
quality for both SCI patients and their caregivers. Our results indicate that the improvement in BM is 
secondary to restoration of intra-abdominal pressure development. 
Support: NIH-NINDS (5U01NS 83696), NCATS (UL1TR000439)  
Non-Financial Disclosure Statement: Dr. Anthony DiMarco owns patent rights for technology utilized in this 
research study. 
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Introduction: Pain is a common and debilitating phenomenon for people with spinal cord injury (SCI). 
Renewed attention to sex and races in research has been raised recently in response to the failure of 
multiple clinical trials and noted racial health disparities. This study was conducted to examine sex and racial 
differences in pain prevalence and severity among people with SCI over 45 years of injury.  
Methods: This was a cross-sectional analysis of survey data of 17,213 adults enrolled in the National SCI 
Model Systems Database in the USA (Non-Hispanic white 68.6%, non-Hispanic black 21.3%, and Hispanic 
10.1%; Men 79.4%; Age 48.4±15.3 years; Years since injury 13.7±11.9; Violent  etiology 15.0%), whose most 
recent follow-up assessment occurred during 2000-2019. Pain experience was evaluated by asking 
participants to rate the usual level of pain over the last 4 weeks, using a scale ranging from 0 (no pain) to 10 
(too severe to stand). We calculated the prevalence of any pain (pain score >0), prevalence of severe pain 
(pain score >6), and average pain scores across sex, races, and other demographic and injury characteristics. 
We also conducted multiple logistic regression analysis to identify the extent of sex and racial differences in 
pain, after controlling for potential confounding factors.  
Results: The overall prevalence of pain (pain score >0) was 85.6%, relatively stable over 45 years post-injury 
and consistent regardless of sex and races. The severity of pain averaged 4.5±2.9 (median 5.0), slightly 
higher for post-injury years 1-35 vs years 40-45 (median score 5 vs 4), higher for blacks and Hispanics vs 
whites (median 6 and 5 vs 4), higher for paraplegic vs tetraplegic injuries (median 5 vs 4), and higher for 
violent etiology vs others (median 6 vs 4). Severe pain, defined by pain score >6, was more common in 
blacks (39.9%) and Hispanics (37.3%) than whites (24.8%, P<0.001). The prevalence of severe pain was 
significantly higher among people with SCI caused by violent etiology vs others (43.8% vs 26.7%, P<0.001) 
and also slightly increased in women (30.8%) than men (28.9%, P=0.03), complete vs incomplete injuries 
(30.8% vs 27.9%, P<0.001), and paraplegic vs tetraplegic injuries (31.5% vs 27.2%, P<0.001). Racial and sex 
differences in severe pain remained significant after taking into account age, duration of injury, marital 
status, education, employment, violent etiology, and neurological status.  
Conclusions: Study findings of sex and race influences on pain could help health care professionals to target 
at-risk group for pain management after SCI. It also provides foundation for future research into identifying 
different types of pain related to SCI and factors that contribute to sex and racial differences.   


