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Introduction: Shoulder pain can develop at any time after a spinal cord injury (SCI), but frequently occurs 
within the first 5 years post-injury. Previous research found that half of adults with SCI have pain in both 
shoulders, and often the pain will last longer than 1 year and interfere with daily activities. The extent of 
this interference in people with SCI living in Australia is unknown. Therefore, the aim of the study is to 
describe the incidence of shoulder pain, associated patient characteristics and related levels of interference 
with daily functioning and activities in people with SCI. 
 
Method: The problem of “shoulder pain” was included as a sub-domain of interest in the Australian module 
of the International Spinal Cord Injury (Aus-InSCI) Community Survey, conducted in 2018. Participants living 
in the community were invited to participate from SCI units in four Australian states, NSW government 
insurance agency and three consumer organisations. The “shoulder pain” sub-domain included 6 key 
questions related to shoulder pain presence, duration, interference with daily activity, 
treatments/strategies and their effectiveness. Patient characteristics were also recorded. 
 
Results: 1583 adults (18 years or older) with traumatic or non-traumatic SCI at least 12 months post-injury 
were recruited. The demographic profile of the whole cohort was: age 58 ± 14 years; male 73%; paraplegia 
61%; incomplete lesions 68%; duration post-injury 17 + 14 years (range: 23% < 5 years and 21% > 30 years). 
Seventy-eight percent of the cohort experienced a type of pain that interfered with their daily life and 
nearly half of the cohort (48%) experienced shoulder pain in previous 3 months lasting for more than a day. 
The presence of pain in both shoulders (25%) was twice that for right (12%) or left (10%) shoulder pain 
alone. Nearly, one-third of the cohort (32%) reported shoulder pain lasting from 1 to 5 years. General 
activities (46%) and self-care (22%) were impacted the most by presence of shoulder pain. Surprisingly, the 
two most common treatments/strategies for managing shoulder pain was to eat a healthy diet and keep a 
healthy weight (29%) and attend manual therapy (20%). Interestingly, a VAS mean score of 6 (out of 10, 
higher value depicting better outcome) was given for treatment effectiveness. Compared to one year ago, 
most participants rated their function and independence as about the same (63%), with a smaller 
proportion being better (18%) or worse (19%). 
 
Conclusions: Aus-InSCI represents the largest and most comprehensive survey about the ’lived experience’ 
with SCI in Australia. Shoulder pain is recognised as the most common and incapacitating upper limb 
problem in individuals following SCI. Conservative therapies incorporating exercise can significantly reduce 
shoulder pain in people with SCI. However, pain can persist and have a major impact on functioning and 
independence. Given these findings, the development of preventive and management strategies to 
decrease the prevalence of painful shoulder would be beneficial to this population. National and 



international organisations should encourage policy and decision makers to tackle the challenging and 
important issue of shoulder pain in people with SCI.
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INTRODUCTION: Bowel transit time (BTT) tests are used in people with spinal cord injury (SCI) to assess 
gastrointestinal function. Radio-opaque markers, SMART pills and Wireless Motility Capsules are commonly 
used. They are expensive, involve radiation or cannot be used in all patients. We considered sweetcorn as a 
safe and cost-effective alternative. Sweetcorn kernels are surrounded by cellulose husks which cannot be 
broken down and appear in stool unchanged.   
AIM: The aim of the study is to explore whether sweetcorn can be used as a marker for BTT in general 
population with a view to assessing the feasibility of its use in people with SCI.  
METHODS: Seven people without SCI were recruited, using a convenience sample. Male and female 
participants from 16 to 80 years of age were included. People with gastrointestinal conditions, sensitivity to 
sweetcorn and those taking medications that may have an impact on bowel transit time were excluded. 
They were asked to complete bowel diaries for 2 weeks.  At the end of week one, they were asked to ingest 
100g of sweetcorn and look for the cellulose husk in their stool. An amount of 100gm was chosen after 
confirming that it will not affect the BTT, from a literature search. Participants were provided with two 
weeks of bowel diary.  In the first week, they recorded their food and drink intake and the presence or 
absence of cellulose husks.  At the end of the first week, they ingested 100 grams of sweetcorn and 
continued to keep their bowel diary for another week.  The primary outcome measure was the presence or 
absence of cellulose husks after ingesting the sweetcorn. BTT was calculated by measuring the time 
between eating the sweetcorn and the time when cellulose husks were found in the stool. 
RESULTS: A bowel Diary was used to record food and fluid intake, time of defecation and the presence or 
absence of cellulose husks of the sweetcorn. The data were analysed using Excel software and descriptive 
statistics.  7 subjects, (4 male, 3 female). 5 detected cellulose husk in their faeces. Sweetcorn was 71.5% 
reliable as a BTT marker. BTT is expressed as mean +/- SD 30.9 +/- 18.8. Range of transit times was from 
12.6 to 61.1 hours. None of the participants had a concern with eating sweetcorn. 
DISCUSSION: Two participants did not identify the sweetcorn in their stool because of inadequate visual 
inspection. This will not be an issue in people whose bowels are managed by manual evacuation with an 
opportunity to inspect adequately.  
CONCLUSION: Sweetcorn is a potential marker which is easily available, safe and cost-effective to assess BTT 
in people with SCI especially in those who manage their bowels by manual evacuation. A study with a bigger 
sample size in people with SCI is required to validate our findings and its use in clinical practice.  Further 
research is needed to determine the mass of sweetcorn required for easy visibility of kernels, which does 
not affect the gastrointestinal transit time. 
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Objective: Inhibition of dendritic cell (DC) maturation and activation, and the consequent interference with 
the normal functioning of cell-mediated immunity, is frequently observed in subjects during the chronic 
phase of traumatic spinal cord injury (SCI). The underlying mechanisms that mediate SCI-induced 
immunological changes are poorly understood. This has hampered the development of immune-based 
therapies which could: 1) prevent or slow down further tissue damage observed in chronic SCI and 2) 
promote tissue regeneration. In the current work we sought to uncover novel molecular pathways in SCI-
induced immune changes by performing whole-genome microarray and molecular pathway analyses.  
Study design: Male subjects were recruited from an ongoing study of health and SCI patients. Subjects with 
motor complete chronic SCI (> 2 years post-injury) were identified based on low hip bone density. Subjects 
without SCI and normal hip bone density comprised the control group. Microarray analysis using Affymetrix 
HG-U133A GeneChip® array was performed with RNA extracted from circulating monocytes. Partek 
Genomic Suite (PGS) software was used to limit the 54,000 gene list to only those genes up-regulated or 
down-regulated by 2 fold or more with a p value < 0.05 in SCI compared to control. Pathway analyses were 
performed with Ingenuity Systems IPA software to identify biological pathways of interest involving 
differentially expressed genes. Genes of interested were then confirmed by quantitative PCR (qPCR). 
Results: Six SCI subjects and five controls participated in the final analyses. A molecular pathway related to 
immune cell trafficking was identified as being significantly upregulated in the SCI subjects. Two genes in 
that network, TMEM176A and TMEM176B, were notable for the magnitude of overexpression (fold changes 
of +5.2 and +11.9 respectively). qPCR studies confirmed overexpression (42.4 y 84.1 fold). 
Discussion: DCs have been shown to mediate recovery and/or protective autoimmunity in a variety of 
central nervous system (CNS) injuries and have the capacity to induce neuroprotection and  neurogenesis in 
stroke patients. High TMEM176A and TMEM176B levels have been shown to prevent DC maturation and to 
inhibit DC activity in healthy populations. Here, we have demonstrated increased overexpression of both 
genes in SCI compared to control subjects. Thus, we conclude that the role of these two genes in inhibiting 
protective immune responses should be investigated, particularly as possible targets of therapies designed 
to promote immune system-mediated neuroprotection and recovery in SCI. 
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Introduction  
An investigation was conducted to investigate the post-discharge mortality at the National Spinal Injuries 
Centre (NSIC) for patients requiring invasive ventilation and / or tracheostomy on discharge. This was a 
review in response to a high number of reported deaths soon after discharge which prompted further 
investigation. 
 
Methods 
A retrospective review of NSIC patients following their initial rehabilitation admission who were discharged 
between 1.1.12 and 1.11.18 were split into three groups based upon their ventilation requirements on 
discharge; patients requiring full time ventilation (FTV; more than 12hrs per day), patients requiring 
overnight ventilation (ONV; 12-8hrs per day) and patients requiring tracheostomy only with no ventilatory 
support, (TO).  
Data was collected for each group regarding incidence of death and survival time before death, discharge 
destination (own home vs care home) and the relationship of this to death, and the provision of specialist 
ventilation and tracheostomy training to family members and the relationship of this to death.  
 
Results 
Within the study period 21 patients were found and allocated to the three groups (FTV n=8, ONV n=7, TO 
n=6). 52% (n= 11) of the patients had deceased with the lowest mortality found in the ONV group (27%) and 
joint highest mortality in the other groups (36%). The mean survival time before death was 257 days with 
the OVN group surviving almost double this at 503 days.  An unexpectedly short time period between 
discharge and death was noted in all three groups with the shortest being 30 and 9 days in the OVN and TO 
groups respectively.  
A home discharge compared to a care home was associated with a higher percentage of survival across all 
three groups; the FTV, OVN and TO groups showed a 75%, 33% and 50% higher survival percentage 
respectively. Furthermore, death occurred on average much quicker if the patient was discharged to a care 
home (58 days) compared to home (576 days).  
A total of 10 patient’s families received ventilation and tracheostomy training. 60% of the patients alive at 
the end of the study period had family members trained.  
 
Conclusion  
This is the first known investigation internationally into post-discharge mortality of spinally injured patients 
related to discharge destination and family member training. 
Spinal patients at the NSIC with a need for ventilation or a tracheostomy appear to have up to a 75% higher 
chance of survival, and can live for almost 9 times longer when discharged home compared to a care home. 
Patients who require overnight ventilation appear to be the most stable, with the lowest mortality and 
longest survival periods of the three groups investigated, and having a family member trained in ventilator 
and tracheostomy management carries a 60% higher chance of survival. 



Further investigation is required to ascertain causes of death, age, and the contribution of co-morbidities. 
Care handover to care homes and follow up also warrant further focus. 
This has led the author to consider prospective data collection and a review of the pathway of determining 
discharge destination for this patient group at the NSIC. 
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Introduction: Cervical spinal cord lesion typically causes damage to the upper motoneuron (UMN) below the 
level of lesion. At the level of lesion, also the lower motoneuron (LMN) can be affected. The extent of the 
damage and thus the involvement of the LMN can vary and influences the function, structure and treatment 
options of the hand and forearm muscles as well as decision-making in nerve transfers. 
 
Objective: The aim of the study was to measure the innervation pattern of two finger flexors and two finger 
extensors in tetraplegic patients and to compare the distribution of innervated, partially innervated and 
denervated muscles.  
 
Methods: The M. flexor digitorum profundus (FDP) and the M. flexor pollicis longus (FPL) were tested 
according to standardized electrical stimulation (ES) protocol in patients with tetraplegia C2-TH1 AIS A-D. A 
muscle was classified as innervated if full range of motion was achieved under electrical stimulation in 
accordance to the British Medical Research Council Scale (MRC) for manual muscle testing. A muscle was 
judged partially innervated if a value of less than 3 according to MRC was achieved and as denervated if no 
contraction and movement occurred during ES testing. The innervation pattern data of three radial nerve 
innervated muscles (M. extensor digitorum communis (EDC) and M. extensor pollicis longus (EPL), M. 
abductor pollicis longus (APL)) from a previously published study of the same population was used for 
comparison. A cartography was developed on the palmar and on the dorsal aspect of the forearm. ES tests 
of these muscles were performed as part of the evaluation for reconstructive tetrahand surgery in in- and 
out patients.  
 
Results: The data of 55 patients with a mean age of 44.4 ± 18.1 years with 3.9 ± 8.6 years after spinal cord 
injury were analysed. 44 forearms on the palmar and 63 forearms on the dorsal aspect were tested with ES. 
In the 44 ES tested FDP the distribution of innervated to partially innervated and denervated muscles was 
66.0% to 22.7% to 11.4%, in the FPL 40.9% to 27.3% to 31.8%. In EDC, 66.7% were innervated, 1.6% partially 
innervated and 31.7% denervated. In the thumb muscles EPL/APL 69.9% showed innervation, 4.0% partial 
innervation and 30.2% denervation. The proportion of partially innervated muscles was higher in the flexors 
than in the extensors.  
 
Conclusion: Electrical stimulation to determine the innervation pattern of hand and forearm muscles is a 
reliable assessment tool to detect an UMN or LMN lesion and could be recommended for use in 
rehabilitation. Knowledge of the innervation pattern and the number of partially innervated muscles, 
especially in the flexors, provides crucial information about timing and expected outcome of nerve transfer 
surgery for restoration of grip function.  



 

280 

Are psychosocial resources associated with pain in spinal cord injury? 
Results from a population-based observational study in Switzerland 
Mrs Céline Braunwalder1 

1Swiss Paraplegic Research, Nottwil, Switzerland, 2Center for Pain Medicine , Nottwil, Switzerland  

 
Are psychosocial resources associated with pain in spinal cord injury? Results from a population-based 
observational study in Switzerland 
 
Céline Braunwalder, MA, 1 
Rachel Müller, PhD, 1 
Simon Kunz, PhD, 1 
Hannah Tough, PhD, 1 
Gunther Landmann, MD, 2  
Christine Fekete, PhD, 1 
 
Introduction: Chronic pain is highly prevalent in individuals with spinal cord injury (SCI) and is considered as 
one of the most burdensome consequences of SCI. In order to inform a comprehensive pain management, 
psychosocial resources need to be considered in pain research. However, evidence on the link between 
psychosocial resources and pain in SCI populations is mainly based on a few studies with limited power and 
taking into account only a limited selection of psychosocial resources. Therefore, this study aims to 
investigate the associations of a broad set of psychosocial resources with pain-related outcomes in a large 
sample of community-dwelling individuals with SCI. 
Methods: Cross-sectional data from n=1’294 participants who completed the community survey of the 
Swiss Spinal Cord Injury Cohort Study (SwiSCI) in 2017 was used. We used regression modelling to explore 
associations of psychosocial resources (self-efficacy, self-esteem, purpose in life, hope, optimism, positive 
affect, social support, belongingness) with pain-related outcomes (severity of pain problem, pain intensity, 
pain interference, depressive symptoms).  
Results: Higher purpose in life, more hope, more optimism and higher self-esteem were consistently 
associated with lower severity of the pain problem, less pain intensity, less pain interference, and less 
depressive symptoms. Moreover, individuals with higher self-efficacy and higher positive affect reported 
less pain interference and less depressive symptoms. Individuals experiencing high social support and a high 
sense of belonging reported less depressive symptoms, whereas social support and belongingness were not 
associated with any other pain outcome.  
Conclusion: This study provides evidence that psychosocial resources are negatively associated with pain-
related outcomes in SCI. Thus this study supports the notion that strengthening psychosocial resources is an 
important target in order to treat chronic pain in individuals with SCI.  
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Introduction: The need for long-term planning of health policy and health services for individuals with non-
traumatic spinal cord injuries (NTSCI) is underscored by the rising incidence in aging populations and 
increasingly hampered by a deficit of estimates on the burden of mortality. As NTSCI is secondary to a 
heterogeneous group of diseases and pathologies, there is a particular need for etiology-specific estimates 
of all-cause and cause-specific mortality. Therefore, the objective of the present study is to evaluate all-
cause and cause-specific mortality across NTSCI etiologies, with respect to the general population (GP) in 
Switzerland.  
 
Methods: Longitudinal data from the Swiss Spinal Cord Injury (SwiSCI) medical records study were 
probabilistically linked with Swiss National Cohort data for cause of death (CoD) information. Standardized 
mortality ratios (SMRs) were used as relative estimates of all-cause (acSMR) and cause-specific mortality 
(csSMR) in comparison to the Swiss GP. A competing risk analysis was performed to estimate the marginal 
probability of death in the presence of competing CoD. 
 
Results: 1,501 individuals were admitted to first rehabilitation for NTSCI between 1990-2011. CoD 
information was available for 454 individuals. The overall mortality rate was 1.6 times greater compared to 
the Swiss GP. Death from neoplasms (22%) and ischemic heart disease (12.5%) were most often reported. In 
cases of NTSCI due to a malignant tumor, the most common CoD was due to ‘neoplasms of the male 
genitalia’ (27%). The relative burden of mortality due to a digestive disease was greatest in individuals with 
an infection etiology (csSMR 5.1; 95% CI 1.3-20.3) and in those with a degenerative disc disorder (csSMR 
3.9; 95% CI 1.9-8.2). Individuals with an NTSCI suffering from a vascular disorder were vulnerable to death 
due to infection (csSMR 5.4; 95% CI 3.1-9.2) and cardiovascular disease (csSMR 4.1; 95% CI 3.2-5.3). The 
marginal probability of death due to cardiovascular disease was particularly high in individuals with 
complete spinal cord lesions, especially within the first year after diagnosis.  
 
Conclusions: Cause-specific SMRs varied according to NTSCI etiology, supporting the establishment of a 
differentiated clinical approach for this growing population. Cardiovascular disease, infection and 
gastrointestinal disease emerged as main causes of death following NTSCI, and are therefore promising 
targets for future research and health policy.  
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Introduction: 
 
Complementary and integrative healthcare (CIH) is an all-encompassing term that includes complementary 
medicine (used together with conventional medicine), alternative medicine (used in place of conventional 
medicine), and integrative medicine (using both complementary and alternative approaches with 
conventional medicine). Limited research has been done regarding CIH use in people with spinal cord injury 
(SCI). With the increasing trend of CIH use in US adults and a high proportion of patient-directed self-
treatment using alternatives to conventional medicine, especially the use of opioids to treat pain, it is 
critical to understand the scope of CIH use in order to improve medical care and long-term outcomes after 
SCI. The purpose of this study was to characterize CIH use and barriers to use in a national sample of people 
with SCI. 
 
Methods: 
 
This study design was cross-sectional self-report by telephone interview or online survey. After receiving 
Institutional Review Board approval at each respective site, participants from five SCI Model Systems sites 
participating in a longitudinal research program completed a CIH Survey that was administered concurrently 
with the participants’ follow-up interviews. The CIH survey included detailed questions on current and past 
CIH use and barriers to use. Data were analyzed using frequency counts and proportions. 
 
Results: 
 
A total of 147 participants with SCI had completed the survey at the time of this abstract. Half had used CIH 
before their SCI, 71.4% are currently using CIH, and 45.6% are not currently using any CIH but have used or 
tried some form of CIH since their SCI. Only 12.9% have not used or tried any CIH since their injury; the 
majority reported that they don't need it and 26.3% reported they didn't know what options were available.  
 
Products (eg, herbs and supplements) account for 67.0% of all CIH currently being used, with practices (eg, 
yoga and massage) accounting for 33.0%.  The most frequently used CIH are vitamins/multivitamins (62.0%), 
followed by some form of cannabis (33.0%), massage therapy (28.0%), mineral/multimineral supplements 
(28.0%), herbal supplements (18.0%), cranberry supplements (17%), and fish oil supplements (10.0%). 
 
CIH was used for both general health and wellness as well as for specific health reasons/conditions; pain 
relief was the most common reason cited for using CIH. Other specific indications for CIH use included 
fatigue and low energy, wound healing and infection prevention, bone health, anxiety, spasticity, relaxation, 
sleep, stress management, and bowel and bladder function. Data collection will be complete in June 2019. 
 
Conclusions: 
 
People with SCI are using and trying a wide range of CIH, with most using and trying CIH to treat pain. This 
speaks to a need and desire for alternatives to pharmacologic modalities and provides evidence to inform 



the development of efficacy trials of CIH in the SCI population.  The results also speak to an important need 
for providers to maintain an open dialog about CIH use with their patients with SCI both for safety purposes 
and to ensure people with SCI are informed consumers of their health. 
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Introduction 
Physical and psychological secondary conditions (SCs) are common after spinal cord injury (SCI) and are 
directly or indirectly connected to reduced functionality, quality of life and social participation. The most 
frequent SCs following SCI are urinary tract infections (UTI), bowel incontinence, sexual dysfunction, 
pressure ulcers (PrU), pain, spasticity and issues related to circulatory, respiratory and musculoskeletal 
systems. Treatment of SCs require frequent hospital readmissions, and have a substantial, direct and 
indirect, economic impact.  A rise in the life expectancy of people with SCI, associated with a heightened risk 
of chronic diseases, suggests an increasing prevalence of SCs. 
Although differences in SCs have been identified among traumatic and non-traumatic SCI, the relationship 
of SC and completeness of injury is poorly understood.  Therefore, this study aimed to describe the 
prevalence, identify differences and explore the correlations between physical and psychological SC’s in 
individuals with complete and incomplete SCI.  
Methods 
A multicentre, cross-sectional study, involving a consecutive sample of 222, SCI out-patients in 4 urban 
spinal units in Italy and Ireland was conducted.  
A set of standardised, self-report questionnaires, composed of the Modified Barthel Index (MBI), the Short 
Form-8 (SF-8) quality of life scale, the Spinal Cord Injury Secondary Conditions Scale (SCI-SCS), the Patient 
Health Questionnaire-9 (PHQ-9), the General Anxiety Disorder-7 (GAD-7) and a sociodemographic 
questionnaire were administered.  
Descriptive statistics were applied and bivariate analyses performed.  One way ANOVA calculated the 
differences in SC between complete and incomplete injuries. 
Results 
Participants had a mean age of 50.7 years (SD=±14.3), were principally male (73.4%) and affected by 
paraplegia (65%) and traumatic injuries (80%). Complete (45.5%) and incomplete injuries (54.5%) were 
equally represented, and (26%) reported total or severe functional dependence. The SF-8 Physical (M=42.8 
SD=±9.0) and Mental Component Summary (M=48.6 SD=±10.7) were moderately affected by SCI.  
Depressive symptoms were present in 18.5% of the sample and moderate or severe anxiety was present in 
17%.   
Joint/articular pain (59%), spasticity (58.6%) and UTI (55.7%) were most common in the total sample. 
Joint/articular pain (61.4%), spasticity (61.4%) and chronic pain (45.5%) were reported by the complete SCI 
sample, while UTI (65.5%), joint/articular pain (56.6%) and chronic pain (55.8%) were reported by the 
incomplete SCI sample. 
Among people with complete SCI, the SCI-SCS total score correlated positively with depression (r=0.41; 
p<0.01) and negatively with Physical Component Summary (r= -0.35; p<0.01). The extent of SC of people 
with incomplete SCI correlated negatively with MBI (r= -0.34; p<0.01) and positively with depression 
(r=0.34; p<0.01). ANOVA showed statistically significant differences (p<0.05) in PrU, UTI and respiratory 
problems, with a higher incidence among those with incomplete SCI. 
Conclusions 



This original study focused on the prevalence, pattern and variation in the occurrence of SC’s among 
individuals with complete and incomplete SCI.   Significant differences in the prevalence of UTI, PrU and 
respiratory problems were identified. While a more comprehensive evaluation of causal relationships is 
required, current findings have clinical and practical implications for individuals and their carers, as well as 
for healthcare professionals responsible for designing targeted interventions to reduce SC’s following SCI.   



 

301 

Shoulder pathologies in wheelchair users with spinal cord injury and the 
relation to shoulder pain 
Dr Inge Eriks-hoogland1, Dr Ursina Arnet2, Dr Wiebe de Vries2, Dr. med Chrîstian  Wisianowsky1, Prof.  Lucas 
van der woude3, Prof DirkJan Veeger4, Dr Markus Berger1 

1Swiss Paraplegic Centre, Nottwil, Switzerland, 2Swiss Paraplegic Research, Nottwil, Switzerland, 3Human movement, 
rehabilitation and functional recovery', Center for Human Movement Sciences, Center for Rehabilitation, Aletta Jacobs 
School of Public Health, UMCG, University of Groningen, , Groningen, The netherlands, 4Human Movement sciences Vrije 
Universiteit Amsterdam, MOVE, University of Delft, Amsterdam, The Netherlands 

Introduction: 
Wheelchair users with spinal cord injury (SCI), who are dependent on their upper limbs for mobility, show a 
high prevalence of shoulder pain (up to 69%).1,2 The occurrence of shoulder pain detrimentally affects 
functioning, independence, participation and quality of life. It is generally assumed that shoulder pathology 
is causing shoulder pain, however results from previous studies are conflicting and most studies included 
only patients with shoulder pain. 3,4  
The objective of our study was to describe the association between reported shoulder pain and shoulder 
pathology to understand a possible causal relationship between shoulder pathologies and shoulder pain. 
The aims of this study were: 
1. to describe present shoulder pathologies in wheelchair users with SCI, assessed by MRI.  
2. to evaluate the association between shoulder pathologies and the presence of shoulder pain. 
 
Design: cross-sectional between-group analysis 
 
Participants: a convenience sample of 51 shoulders (51 participants) of wheelchair dependent persons (44 
males, 7 females, median age 50 years (IQR 14), median time since injury (TSI) of 24 years (IQR 16) and 
median Wheelchair User Shoulder Pain Index (WUSPI) of 13 (IQR 39) with a chronic SCI. Participants were 
grouped according to prevalence of shoulder pain: no-pain (NP) group included participants with WUSPI 0-
15, pain (P) group participants with WUSPI >15. 
 
Method: All persons underwent MRI imaging of the shoulder. Pathologies were scored (number and 
severity) by two blinded and experienced radiologists. The included pathologies were atrophy, tendon 
pathologies and calcifications in the rotator cuff, pathologies of the long biceps tendon, arthrosis of the 
acromioclavicular and glenohumeral joint, subacromial and subcoracoidal bursitis and calcifications, 
subchondral cysts on the glenoid and/or the caput humeri and labrum lesion. 
Participants characteristics and number and severity of shoulder pathologies were analyzed descriptively. 
Univariate logistic regression was performed to evaluate the association between shoulder pathologies and 
shoulder pain. To evaluate the clustering of shoulder pathologies the Jaccard binary similarity coefficient 
was used. 
 
Results:  
The NP group included 27 persons (15 with paraplegia, 12 with tetraplegia) with a median WUSPI score of 0 
(IQR 5). The P group included 24 persons (15 with paraplegia, 9 with tetraplegia) with a median WUSPI score 
of 42 (IQR 34). 
The number of co-occurring MRI findings in the participants’ shoulder ranged from 0 to 17 (out of 28 
possible findings), with a median of 7 (IQR 5). The most frequent findings were arthrosis of the 



acromioclavicular joint (NP 74%, P 87%) and findings on the supraspinatus (NP 78%, P 92%), subscapularis 
(NP 52%, P 81%) and long biceps tendons (NP 66%, P 77%).  
There was no statistical difference of present shoulder pathologies between the P and NP group in any of 
the MRI findings. Typical clusters of shoulder pathologies in both groups were: supraspinatus tears, 
subscapularis tears, acriomioclavicular arthrosis, subchondral cysts and biceps lesions. 
 
Conclusion:  
Shoulder pathologies are common in persons with and without shoulder pain. Interventions, therefore 
should be carefully planned considering clinical symptoms and findings and not be solely based on MRI 
findings of shoulder pathology. 
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INTRODUCTION: An essential step of implementing preventive strategies for pressure injury in the spinal 
cord injury (SCI) population is the accurate determination of pressure injury risk. The SCI Pressure Sore 
Onset Risk Screening (SCI-PreSORS) instrument was recently developed at Toronto Rehabilitation Institute - 
University Health Network (TRI-UHN, Toronto, Ontario). The SCI-PreSORS is a simple screening instrument 
composed of four binary items addressing pressure injury history, ambulation, transfer ability (determined 
using Functional Independence Measure (FIM)), and toileting ability (determined using FIM). The purpose of 
the current analysis was to investigate the generalizability of the SCI-PreSORS using retrospective data of 
individuals participating in inpatient SCI rehabilitation at three additional sites. 
 
METHODS: Data was collected as part of a pressure injury-related best practice implementation initiative 
conducted by the SCI Knowledge Mobilization Network (SCI-KMN). The SCI-PreSORS was originally 
developed at TRI-UHN with data abstracted retrospectively from the medical charts of 807 individuals 
participating in inpatient SCI rehabilitation. To ascertain generalizability, the SCI-PreSORS was determined 
retrospectively for inpatients participating in three additional SCI rehabilitation programs - St. Joseph’s 
Health Care – Parkwood Institute (SJHC; London, Ontario; n=303), Foothills Medical Centre (FMC; Calgary, 
Alberta; n=215), and Glenrose Rehabilitation Hospital (GRH; Edmonton, Alberta; n=202). Pressure injury 
incidence during inpatient rehabilitation was the dependent variable. Area under the curve (AUC) and false 
negative rates were calculated to determine the diagnostic accuracy of the SCI-PreSORS. 
 
RESULTS: Pressure injury incidence (any stage) was 14.6% at TRI-UHN, 12.1% at FMC, 8.4% at GRH, and 6.3% 
at SJHC. When assessed at TRI-UHN using a retrospective cohort (n = 807), the SCI-PreSORS demonstrated 
excellent sensitivity (0.97), acceptable specificity (0.45), acceptable AUC (0.76), and a low false negative rate 
(0.50%). When applied retrospectively to other sites, the SCI-PreSORS demonstrated lower AUCs at GRH 
(0.67), FMC (0.60), and SJHC (0.63). The composite AUC for the three external sites was 0.62. Instruments 
with an AUC < 0.70 are generally considered to have poor accuracy. Compared to the other sites, FMC 
demonstrated a higher false negative rate, 3.72% vs. 0.50% (GRH) and 0.99% (SJHC). The composite false 
negative rate was 1.53%. Given the ramifications of pressure injury, it is important to minimize the FN rate 
and our goal for the SCI-PreSORS was < 1%. Overall, the percentage of individuals that the SCI-PreSORS 
deemed at risk for pressure injury was as follows - TRI-UHN (52%), FMH (55%), SJHC (61%), and GRH (63%).  
 
CONCLUSIONS: AUCs for the SCI-PreSORS were lower when determined retrospectively at three additional 
inpatient SCI rehabilitation programs; suggesting reduced diagnostic accuracy. False negative rates were 
comparable (with the exception of one site). A prospective evaluation of SCI-PreSORS performance is 
ongoing. Given the limitations of retrospective data and accompanying analysis, the prospective study will 
provide additional and important insight into the utility of the SCI-PreSORS for determining pressure injury 
risk. 
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Introduction 
Storage of urine following suprasacral SCI is often interrupted by uninhibited contraction of the detrusor 
muscle, neurogenic detrusor overactivity (NDO), often at low volumes and socially inconvenient times. NDO 
can cause high detrusor pressures that may lead to ureteral reflux or urinary incontinence. 
 
Transcutaneous Dorsal Genital Nerve Stimulation (DGNS) is a non-invasive neuromodulation technique that 
can suppress NDO when applied continuously, intermittently or conditionally at the onset of a detrusor 
contraction.  It has not yet been translated into clinical use and questions remain over how best to apply 
stimulation, whom it is suitable for and whether individual’s residual sensation is a reliable trigger for 
conditional neuromodulation during natural filling of the bladder.  
 
Methods 
Ambulatory Urodynamic Monitoring (AUM) was used to record Average Peak Detrusor Pressure (APDP), 
Maximum Detrusor Pressure (MDP) and number of rises in detrusor pressure over natural filling cycles. 
Maximum Cystometric Capacity (MCC) was recorded by emptying the bladder when either strong urge or 
leakage occurred. AUM was used to record control values, before using DGNS, followed by whilst using 
DGNS conditionally (n=4) or continuously (n=1) and again using intermittent DGNS (n=1). AUM was 
repeated following a week of using DGNS when desired at home. 
 
DGNS was applied using surface electrodes over the penis or clitoris, using an Odstock stimulator controlled 
wirelessly from a custom smartphone application. Participants with residual bladder sensation triggered 
stimulation on-demand and those without trialled continuous and intermittent (5 s on - 5 s off) stimulation. 
Paired results from each session were tested using a Wilcoxon signed-rank test. 
 
Results 
Five people participated in the study, each with suprasacral SCI, NDO and on antimuscarinic medication 
(AM) (age 52±11 years, ASIA A-D, C5-T10, 12±5 years from injury).  
 
DGNS was able to suppress NDO during natural filling in all participants. The number of rises in detrusor 
pressure, before leakage or urgency requiring emptying, increased from 1.5±1.4 during control to 4.3±1.7 
when using DGNS, p=0.0234. MCC, bladder capacity, was increased from 244±59 to 346±61 ml (p = 0.0078), 
by 46±25%, using DGNS. MDP was reduced from 58±18 cmH₂O in baseline to 47±18 cmH₂O (p=0.0156), by 
17±13%, with DGNS. APDP was reduced from a baseline of 56±16 cmH₂O to 31±18 cmH₂O (p=0.0156), by 
50±19%, with DGNS. 
 
Intermittent and continuous stimulation both increased MCC and decreased APDP and MDP, though 
incontinence was not prevented due to the lack of sensory or artificial feedback available to the participant. 
On-demand DGNS was able to acutely suppress rises in detrusor pressure, suggesting it is a safe and feasible 
method of triggering neuromodulation. 
 
No changes in outcomes were found within participants following one week of using DGNS at home.   



 
Conclusions 
Non-invasive DGNS is able to reduce average and peak detrusor pressures and increase bladder capacity 
when applied on-demand, continuously or intermittently in conjunction with AM regimes, from a baseline 
taken with participants on AM only. This represents a wearable bladder management technique that may 
be used alongside AM to better meet urological management goals. 
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INTRODUCTION 
Individuals who suffer from paralysis after spinal cord injury (SCI) undergo dramatic decreases in muscle 
mass below the level of injury and an estimated ~66% prevalence of obesity. However, when adjusting body 
mass index (BMI) for the loss of muscle after SCI, a combined overweight and obesity rate is as high as 70% 
to 75%. Obesity is a major public health concern and is associated with a plethora of cardiometabolic health 
complications (heart disease, stroke and type II diabetes mellitus); thus, it is understandable that people 
with SCI are more than twice as likely to develop these disorders.  
 
It has been well documented that physical activity can promote a healthy body composition and decrease 
the risk cardiometabolic disease. This has been especially true for high intensity interval training exercise. 
However, SCI typically limits voluntary exercise to the arms. This is problematic because high prevalence of 
shoulder pain in persons with chronic SCI (60-90%), often limits the possibility of regular arm exercise. On 
the other hand, functional electrical stimulation (FES) cycling has proven to be a safe and effective way to 
exercise paralyzed leg muscles in clinical and home settings, saving the often overworked arms. Yet, there 
has been no invesitghation into the effects of high intensity interval training (HIIT) FES cycling. The purpose 
of this study was to invesitgate the body composition effects of combined HIIT-FES cycling and nutritional 
counseling on individuals with SCI  
 
METHODS 
Design: A injury level matched controlled trail. Setting: University exercise performance laboratory. 
Subjects: Ten individuals with chronic SCI (C5-T9) ASIA impairment classification (A & B) were divided into 
the treatment group (n=5) for 30 minutes of HIIT-FES cycling 3 times per week for 8 weeks and nutrionional 
counseling over the phone for 30 minutes once per week for 8 weeks and the control group (n=5) for 
nutritional counseling only. 
 
RESULTS 
A significant difference existed between the control and treatment group on body fat percentage (BF%) (t = 
-2.628, p = .030) and legs lean mass (t = 4.060, p = .004). A significant difference did not exist in weight, BMI, 
total fat mass, or total lean mass. For body fat percentage, participants in the treatment group decreased 
(M = 1.14%) while those in the control group increased (M = 2.8%). In other words, participants’ BF% who 
used HIIT-FES cycling and nutritional counseling reduced more during the timeframe of the study compared 
to those who only used nutritional counseling. Additionally, participants in the treatment group gained 
more lean mass in their legs (M = 1.08kg) compared to the control group (M = -1.05kg). Four out of the five 
participants in the treatment group lost weight while one participant had no change.   
CONCLUSION 
HITT-FES cycling combined with nutritional counseling can provide healthful body composition changes 
including decreased body fat percentage in just 8 weeks.  
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Introduction: Time is an important consideration in the newest surgical technique to improve upper 
extremity function: nerve transfers. These techniques are poised to transform the management of the 
upper limbs for people with cervical SCI. However nerve transfers can be time sensitive due to axonal and 
muscle degeneration. There is a need for more information on natural recovery and function after SCI to 
help patient and clinician decision-making regarding this novel surgical treatment. The objective of this 
study was to establish the probability of spontaneous recovery of function and degree of gains in 
independence after cervical SCI, and to identify possible candidates who would benefit from early nerve 
transfer surgery. 
 
Methods: Using the European Multi-center Study about Spinal Cord Injury (EMSCI) data set, analysis was 
undertaken of eligible individuals with traumatic SCI, motor level C5-C8. The EMSCI database includes 
rigorously and prospectively collected neurological and functional independence measurements. Recovery 
of motor function between 6 and 12 months after injury was ascertained. Data on feeding, bladder 
management and transfers (wheelchair to bed) were compared at 6 months and 12 months after injury for 
each neurologic level. Subgroup analyses of symmetric and asymmetric SCI, and between complete and 
incomplete SCI were performed. The impact of age, gender, and degree of asymmetry on functional 
independence was ascertained. 
 
Results: From 6 to 12 months post-SCI, few patients recovered additional strong (MRC 4-5) function below 
the neurologic level. Specifically, analysis of 418 limbs showed that 4% of individuals with strong proximal 
cervical level function (C5 +/- C6 +/- C7 intact) and no C8 function at 6 months gained strong C8 level 
function (finger flexion) by 12 months. With respect to recovery of C7 (elbow extension) function, of those 
with intact proximal level function at 6 months (N=260 limbs), 6% gained antigravity (MRC 3/5) and 2% 
gained strong (MRC 4-5/5) C7 function at 12 months.  
 
At 6 months post injury, data were available for 176 individuals with symmetric patterns of injury.  At C5-
level, assistance was required for feeding, bladder function and transfers. At C6-level, 35% of individuals 
could eat independently using assistive devices/partial assistance for cutting, 4% were independent with 
bladder management, and 2% could transfer independently. At C7-level, 58% could eat using assist 
devices/assistance for cutting, 28% had independent bladder function, and only 19% transferred 
independently. At C8-level, 84% could eat independently or with assistive devices/partial assistance for 
cutting, 52% had independent bladder management, and 36% transferred independently. There was no 
statistically significant change from 6 to 12 months though a trend towards gain in function was seen. 
 
Conclusion: Overall, few patients spontaneously gained additional function from 6 to 12 months post-SCI. 
Individuals with C6 (active wrist extension and tenodesis-driven hand use) and C8 (some hand function) 



level injuries gained greater independence with feeding and bladder management tasks. Those with C8 
gained greater independence with transfers than those with C7 (active elbow extension). This work 
supports early (within 6 months of injury) evaluation for possible peripheral nerve transfer surgery to 
augment upper limb function.



76 

One Size Does Not Fit All: Developing a Patient-Centered Tool for the 
Individual with Neurogenic Bladder or Bowel Dysfunction 
Dr Jimena Goldstine1, Kari Knox2, Joke Beekman3, Hanny Cobussen-Boekhorst4, Alessio Conti5, Mikel Gray6, 
Gary Inglese1, Gianna Rodriguez7, Amanda Simpson2, Justin Stanley2, Stephanie Vaughn8, Eva Wallace, 
Kenneth Rockwood2,9 

1Hollister Inc, Libertyville, USA, 2DGI Clinical Inc, Halifax, Canada, 3Sint Maartenskliniek, Nijmegen, Netherlands, 4Radboud 
University Medical Center, Nijmegen, Netherlands, 5AOU Città della Salute e della Scienza, Torino, Italy, 6University of 
Virginia, Charlottesville, USA, 7Michigan Medicine, Ann Arbor, USA, 8California State University, Fullerton, USA, 9Dalhousie 
University, Halifax, Canada 

Introduction:  People with neurogenic bladder and/or bowel dysfunction experience a range of challenges 
that cannot be captured using standardized outcomes.  Individualized measures are well designed to 
capture the heterogeneity of the persons’ experiences with various treatments and devices.  Goal 
Attainment Scaling (GAS) is an individualized, patient-reported outcome measure allowing people to 
identify and track their own treatment goals.  However, it can be cumbersome to facilitate.  The aim of this 
project was to develop a goal menu specific to people with neurogenic bladder and/or bowel dysfunction to 
make GAS more feasible in clinical trials. 
 
Methods:  To elicit concepts for the draft goal menu, a face-to-face facilitated workshop was conducted 
with six international clinicians with expertise in neurogenic bladder and bowel dysfunction.  In the next 
phase, twelve people with neurogenic bladder and bowel dysfunction were recruited from the US and UK 
for individual semi-structured interviews.  In addition, two international clinician panels were conducted by 
teleconference to review the menu’s comprehensiveness.  Workshop, panels, and interviews were recorded 
and transcribed verbatim.  Participants were first asked to describe their most common challenges in an 
open-ended discussion, and then to react to the draft goal menu.  Each patient reviewed 5-10 goal areas to 
assess for the clarity, comprehensibility, and relevance of menu items.  Participant responses were 
systematically coded by three researchers.  Feedback on menu items was coded as “clear/keep”, 
“unclear/modify”, “remove/disliked”, or “add/missing”.  A thematic analysis was performed, which began 
with two researchers independently reviewing interview transcripts to familiarize themselves with the data. 
Quotes were then indexed and charted to emergent themes to evaluate completeness of items and data 
saturation.  Quantitative (demographic and clinical) features were summarized as medians, means ± 
standard deviations, or proportions. 
 
Results:   The median age of the twelve participants interviewed was 36 (range 25-58, SD 9) years and 
participants were more often female (7/12, 58%).  Most participants had a spinal cord injury as the cause of 
their neurogenic bladder/bowel (9/12, 75%), followed by spina bifida (2/12, 17%) and other (1/12, 8%). We 
created a menu of 24 goal areas each with 6-31 descriptors (297 total).  Based on participant feedback and 
clinician review, three goal areas were added (accessibility, diarrhea, urinary management) and two were 
removed (flatulence, urethral strictures).  Of the 297 descriptors, patients endorsed 227 (76%).  Those that 
were not endorsed were modified (23/297, 8%) or removed (47/297, 16%).  A further 35 descriptors were 
added to include concepts identified in the participant and clinician reviews that had not otherwise been 
specified.  The final menu contained 25 goal areas, each with 6-31 descriptors (280 total).   
 
Conclusions:  A goal menu for neurogenic bladder and/or bowel was created to capture the patient’s voice 
in outcome measurement.  By involving both clinician and participant input in early phase development of a 
patient-reported outcome measure, we have been able to demonstrate both content validation and clinical 
meaningfulness.
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Introduction: 
Repetitive contractions are often used in an attempt to increase the voluntary strength of very weak 
muscles in people with spinal cord injuries (SCI). However, it is unknown whether this is an effective training 
paradigm. The aim of this trial is to compare the effectiveness of repeated contractions of isolated muscles 
combined with usual care, versus usual care alone for increasing strength in the very weak muscles of 
people with recent SCI. That is, in muscles with grade 1 or 2 strength on the traditional 6-point manual 
muscle test scale. 
 
Methods:  
One hundred and twenty people with recent SCI undergoing inpatient rehabilitation participated in this 
trial. Participants were randomised to either an experimental or control group.  One target muscle group 
with grade 1 or 2 strength was selected from the following muscles: the elbow flexors, elbow extensors, 
wrist flexors, wrist extensors, knee flexors, knee extensors, ankle dorsiflexors or ankle plantarflexors.  
Participants allocated to the Treatment group performed 200 repetitions of isolated contractions of the 
target muscle as well as usual care. Participants allocated to the Control group received usual care alone.  
Participants were assessed at baseline and 8 weeks by a blinded assessor.  The primary outcome was 
voluntary muscle strength, and the secondary outcomes were participants’ perceptions of strength and 
function, and therapists’ expectation of final strength. 
 
Results:  
There were three dropouts. The mean between-group difference for the primary outcome of voluntary 
strength at 8 weeks was 0.4 on a 13-point scale (95% confidence interval -0.5 to 1.3). This is less than the 
clinically worthwhile treatment effect of 1 point set a priori. The mean between-group difference for 
participants’ perception of change in strength and function were 0.8 points (95% CI 0.1 to 1.4) and 0.6 
points (95% CI -0.04 to 1.3), respectively on a 15-point scale.  
 
Conclusion:  
The results indicate that two hundred repetitions of isolated muscle contractions per day does not increase 
the strength of very weak muscles directly affected by spinal cord injury.  However, participants may 
perceive an increase in strength with repetitive exercise.
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Introduction: Survival following spinal cord injury (SCI) is a major problem in Bangladesh and other low- and 
middle-income countries (LMIC) with many people dying prematurely after they are discharged from 
hospital. However, there are no accurate estimates of the magnitude of the problem. Our study is unique 
because we followed a cohort for 5 years from a specialized hospital in Bangladesh from the time of 
discharge. The purpose of this study was to determine survival of people with SCI in Bangladesh 5 years 
after discharge from hospital and to develop a prediction model to identify those at risk of premature 
death.  
 
Methods: Patients discharged from a hospital in Bangladesh in 2011 were identified using medical records. 
Participants or their family members were then contacted 5 years after discharge to determine vital status 
or date of death. Survival from time of discharge was estimated with Kaplan-Meier curves. Bootstrap 
variable selection was used to identify a simple set of predictors from 5 candidate predictors (age, sex, 
mobility, type of SCI, cause of SCI). The retained predictors were included in the final logistic model of the 
odds of death within 5 years of discharge. The model was internally validated.  
 
Results: Three hundred and forty five people were identified from the medical records and discharged in 
2011. Five years later, 342 (99%) were contacted. Of these, 74 (22%) had died (survival=78%; 95% CI 74% to 
82%). Only two predictors were retained in the final prediction model (age and mobility). The odds of dying 
increased by a factor of 1.6 (95% CI, 1.3 to 2.0) with every decade of age and by a factor of 12.6 (95% CI, 4.8 
to 32.9) if wheelchair-dependent. The final multivariate model included mobility at discharge and age as the 
predictors. The model had good calibration and discrimination. 
 
Conclusion: The risk of dying after discharge from hospital with SCI in Bangladesh is high, especially amongst 
older and wheelchair-dependent people. A simple prediction model discriminates those at risk of death 5 
years following discharge. This model can help healthcare providers prioritise care post discharge to those 
at most risk of dying: an important consideration for a country like Bangladesh where the healthcare dollar 
is scarce. 
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Introduction: We know very little about the complications and quality of life for people with spinal cord 
injuries in Low- and Middle-income countries like Bangladesh with few studies on representative samples. 
The aim of this study was to quantify health status, quality of life and socio-economic situation six years 
post discharge in a representative sample of people with spinal cord injuries from Bangladesh.  
 
Methods: This is a mixed retrospective and prospective inception cohort study which followed up all 
patients with spinal cord injuries (SCI) six years after discharge from a hospital in Bangladesh.  Medical 
records identified all patients with SCI discharged from a hospital in Bangladesh in 2011. Participants were 
contacted by telephone or visited in their homes and interviewed in 2018 to determine the incidence of 
complications, quality of life, social situation and participation. Interviews were conducted using the SCI 
Secondary Conditions Scale, the Centre for Epidemiologic Studies Depression Scale (CESD), SF12 health 
survey, and the participation item of World Health Organisation Disability Assessment Schedule (WHODAS-
V2). Additional questions were asked to obtain information about participants’ socioeconomic and 
employment status. 
 
Results: Three hundred and forty-five patients were discharged from CRP in 2011 with SCI. Eighty-one had 
died by the time of interview leaving 264 people alive. Of these, three were unable to be located and one 
was unable to speak and was therefore not interviewed. Therefore, the final cohort that was interviewed 
was 260 participants. Among those patients, 145 used wheelchairs for mobility and 115 were able to walk at 
discharge. The median scores for the SCI Secondary Conditions Scale, CESD and WHODAS-V2 were 8 (4 to 
13), 7 (4 to 13) and 12 (6 to 17) points, respectively. Fourteen percent of all participants and 23% of those 
who used wheelchairs had a pressure ulcer at the time of interview. 44% of participants were unemployed 
and 65% were living below the poverty line (median (IQR) income, USD 0 (0 to 91) per month). The quality 
of life scores as reflected in the mental and physical components of the SF12 were 54 (49 to 57) and 44 (40 
to 51) points, respectively. 
 
Conclusion: People with SCI in Bangladesh suffer from many complications after discharge from hospital. 
The most common problems are pressure ulcers. In addition, they are unemployed and living in poverty. 
Quality of life and participation in society are low. 
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Introduction: Early feeding (<24 hrs) post abdominal surgery has been routinely implemented in all patients 
as per the Enhanced Recovery Programme Guidelines for elective colorectal surgery 20131. This was proven 
safe and was well tolerated in ambulatory non-spinal cord injured patients. Only between 10 to 17% of 
patients developed post-operative ileus. Post-operative ileus is defined by the combination of at least two 
of the following five signs on or after the fourth post-operative day: nausea and vomiting, an inability to 
tolerate solid or semi-liquid diet during the preceding 24 hours, no gas or stool for the preceding 24 hours, 
abdominal distension and radiological evidence of ileus. However, spinal cord injured patients have a much 
slower colonic transit time due to their neurogenic bowel. In addition, spinal cord injured patients above 
T10 neurological levels have impaired sympathetic and parasympathetic innervation of the smooth muscles 
of the colon. Moreover, in the pathophysiology of ileus development and resolution, the sympathetic and 
parasympathetic systems play an explicit role. Considering these factors, would early post-operative feeding 
following abdominal surgery be well tolerated in spinal cord injured patients?  
Method: Retrospective data were extracted from both electronic and paper records, between January 2013 
and January 2019, of all spinal cord injured patients who underwent abdominal surgery. Patients were 
electively admitted at the National Spinal Injuries Centre in Stoke Mandeville Hospital. The primary outcome 
was the development of post-operative ileus after early feeding (<24hrs). Secondary outcome was the 
treatment of the post-operative ileus.  
Results: There were 46 abdominal surgeries planned. 42 operations were performed and 4 were cancelled. 
Of the 42 operations, 36 patients received early feeding (<24hrs). 25% of these patients developed post-
operative ileus. Out of the patients who developed ileus, 66.7% developed nausea and vomiting, 55.6% had 
the inability to tolerate food in the first 3 days, the mean time to produce a bowel result was 5.22 days post-
surgery, 66.7% had abdominal distension and 22.2% had radiological evidence of ileus. Notably, 88.9% of 
patients had received treatment for post-operative ileus. Importantly, 25.9% of the patients without an ileus 
also required treatment, either with anti-emetics or extra laxatives. Overall, none of the patients had been 
given any chewing gum, additional Bisacodyl or Magnesium within 24 hours post-surgery as per the further 
recommendations of the Enhanced Recovery Programme for elective colorectal surgery.  
Conclusion: Early postoperative feeding after abdominal surgery in spinal cord injured patients is not well 
tolerated. Further research needs to be done, to review if delaying feeding would reduce the signs of post-
operative ileus and thereby reduce morbidity. Consideration should also be given to the additional 
recommendations of the Enhanced Recovery Programme after elective colorectal surgery, such as 
Magnesium, Bisacodyl, chewing gum and coffee, to determine if this would reduce the occurrence of post-
operative ileus in this patient group. 
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Introduction: A spinal cord injury translates into loss of muscle function, sensation, or autonomic function in 
parts of the body innervated by the spinal cord below the level of the lesion, essentially affecting activity 
levels. Given the high incidence and mortality after spinal cord injury (SCI) in South Africa, it remains 
important to assess morbidity, i.e. functioning, in persons with longer term TSCI in order to strengthen 
health care and rehabilitation services for those who survive. The aim of this study was to identify 
predictors of self-care activity in a heterogeneous sample of persons with SCI in South Africa.  
Methods: One-hundred-and-thirty-eight adult persons with either traumatic or non-traumatic SCI were 
included, regardless of healthcare received, i.e. private vs. public-funded, in a cross-sectional survey study 
focusing on assessing activity and participation. A self-administered test battery, consisting of a 
demographic data gathering instrument, the International SCI Core Data Set, and standardised outcome 
measures (SCIM III), was used to collect data. Data was captured on Excel and then transferred to SPSS for 
analysis, using simple linear regression techniques.  
Results: 138 persons, 104 males and 35 females, with an average age of 41 years. The mean (SD) of the 
outcome self-care activity according to the SCIM III subscale was 5 out of a possible 20 (SD: 6.49). The 
following factors were associated with better self-care activity: Single marital status (β=0.014, 95% CI=-0.05 
- 0.00; p=0.050), traumatic cause of injury (β= -0.024; 95% CI= -0.05 – 0.00; p=0.003), absence of bladder 
dysfunction (β=0.353; 95% CI=0.01- 0.27; p=0.034;), lack of respiratory problems (β=0.394; 95% CI=0.01- 
027; p=0.04), private medical care cohort (β=-0.216; 95% CI=-5.37- -0.73; p=0.011). 
Conclusions: Risk factors affecting self-care in persons with longer-term SCI were diverse. For now, 
particular attention should be given to treatable conditions, such as bladder dysfunction and respiratory 
complications. Furthermore, those living with partners or family should be encouraged to maintain 
independence. Lastly, an audit of rehabilitation practices should be conducted in both health care systems 
with the aim of informing each system in relation to improving rehabilitation outcomes.   
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Introduction: After spinal cord injury (SCI), even completely paralyzed patient sometimes presents 
substantial neurological recovery. However, it remains difficult to predict the extent of neurological 
recovery. It is partially because there are so many potential factors to influence recovery, including the 
timing of surgery, the extent of spinal shock, and type of fracture dislocation, and age. The purpose of the 
current study is to determine the critical factor for motor recovery of completely paralyzed SCI cases. 
 
Methods: All medical records of cervical SCI cases from 2011 to 2017 were retrospectively checked at the 
two major SCI centers in Japan. To minimize the influence of acute spinal shock, only subjects presenting 
complete paralysis at 72 hours after injury were analyzed. Age, timing of surgery, sex, type of dislocation, 
ASIA impairment scale (AIS), neurological level of injury (NLI) of motor function, and ASIA motor score (MS) 
were analyzed. Recovery was determined by the improvement of 1 or more of AIS, 1 or more of motor NLI, 
or 2 or more of MS. For statistical analysis, T-test, Kruskal-Wallis with Steel Dwass test and Fisher’s exact 
test were used. 
 
Results: Total of 27 cases were matched for analysis, and the average of their ages was 58.8 (21 - 79). The 
average of the follow-up period was 11.0 months (4.6 - 18.9). All cases had fracture dislocations and 
received decompression and fusion surgeries. The average time period from injury to surgery was 16.0 
hours (1.0 - 39.8). 15 cases (55%) presented improvement of motor NLI, and 1 case showed sensory 
recovery only. No cases revealed motor recovery in lower extremities. Among all analyzed factors, only age 
showed a statistical difference between recovery and non-recovery groups. Then, all cases were classified 
into 3 groups based on age, the rate of recovery cases in each group was 100% (6 out of 6 cases) in the 
young group (below 50 years old), 57% (8 out of 14 cases) in the middle group (from 50 to 69 years old), and 
29% (2 out of 7 cases) in the aged group (above 69). Further, the young group demonstrated statistically 
better MS than the aged group (5.2 vs 0.1 points improvement).  
 
Discussion: The current study demonstrated that age was a critical factor for segmental motor recovery of 
severe cervical SCI cases. Even determined as AIS A at 72 hours after injury, all patient below 50 years old 
presented improvement of MS or motor NLI, which could significantly affect upper extremities functions. 
This better recovery in younger cases might be partially due to greater plasticity of central nervous system 
or more intensive rehabilitation. Further study is necessary to elucidate its detailed mechanism and to 
achieve accurate prognosis system for SCI. 
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OBJECTIVE: To assess the quality of life (QOL) of adults with spinal cord injury (SCI) and those with stroke.  
METHODS: Data was collected using the WHOQOL-bref and a questionnaire of sociodemographic variables. 
Eighty-seven adults with SCI (65 men, 22 women; mean age 51.8±12.0 years) and 69 adults with stroke (49 
men, 20 women; mean age 53.7±12.1 years) were included in this study. Adults with complete injury (AIS A) 
were 29 (33.3%), and incomplete injuries (AIS B, C, D) were 58 (66.7%). Forty-seven of the adults with SCI 
were tetraplegia (54.0%), 40 adults with SCI were paraplegia (46.0%). The subjects with stroke in this study 
were ambulatory hemiplegics with normal cognition. The domains of QOL were compared between the 
groups of stroke and SCI and between the groups of tetraplegia and paraplegia. 
RESULTS: Most Participants (73.7%) are unsatisfied with their QOL, and the physical, psychological and 
environmental domains showed a higher correlation with QOL. There was no significant difference in QOL 
total score and subdomains between the SCI and the stroke group. Within the SCI group, tetraplegia group 
experienced a lower satisfaction in physical and environmental domains compared to the paraplegic group 
(P<0.05). Educational level had the highest correlation with QOL (P<0.01), and duration of disease showed 
no significant correlation. When participants divided into four groups based on education level and disease 
(low-educated SCI; high-educated SCI; low-educated stroke; high-educated stroke), low-educated SCI group 
showed lower satisfaction of psychological domain compared to the other three groups.  
CONCLSIONS: Spinal cord injury and stroke were negatively associated with QOL and there was no 
significant difference in QOL according to the diseases. The development of a QOL instrument specifically 
targeted to SCI would be required for more effective analysis and evaluation of QOL deficit in adults with 
SCI. Further longitudinal studies to assess the impact of injury level, injury completeness as well as 
socioeconomic status on SCI QOL are also needed. 
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Introduction 
 In 2011 a clinical prediction rule for ambulation outcomes 1-year after traumatic spinal cord injury which 
was reported by van Middendorp, et al. This method has attracted international attention not only because 
it consists of only five factors, namely age, motor scores of the quadriceps femoris (L3) and gastrocsoleus 
(S1) muscles, and light touch sensation of dermatomes L3 and S1, but also because it is easy to use from the 
acute phase. Many reports have verified prediction accuracy in the U.S. and countries in Europe, however, 
there are no verification reports using large scale clinical data in Japan. 
 The purpose of this study is to verify the accuracy of the prediction rule by van Middendorp applied to 
Japanese patients using clinical data of patients with traumatic spinal cord injury in Japan. 
 
Methods  
 556 patients admitted to the Spinal Cord Injuries Center in Japan between January 2012-March 2019 with 
traumatic spinal cord injury, and age 18 years and older were targeted. Patients were excluded if they had a 
non-traumatic SCI, if they did not have a neurological assessment within 15 days post injury or a follow-up 
mobility status measure at 6-months or later post injury. These criteria were set to match the inclusion and 
exclusion criteria used by van Middendorp et al. as closely as possible. Independent walking 1-year after 
injury was judged as follows. To distinguish between individuals who could walk indoors independently and 
those who could not, a cutoff the Spinal Cord Independence Measure indoor mobility item score (SCIM 
item12, ability to walk<10 m) was applied; scores 0–3 were grouped and defined as unable to walk or 
dependent on assistance while walking and scores 4–8 were grouped and defined as able to walk 
independently. Using the prediction rule by van Middendorp, the area under the ROC curve (AUC) was 
calculated according a receiver-operating characteristics (ROC) curve. All data related to this study was 
extracted from the Japan Single-center Study for Spinal Cord Injury Database (JSSCI-DB). Statistical analyses 
were done with the MATLAB software package version 2019a. 
 
Results 
 Final effective data were 151 persons (122 men: 29 women, average age 59±15). Among these, 66 persons 
were 65 years or older (44%), and 43 persons (28%) could independently walk 1-year after injury. AUC 
obtained by this study was 0.884, with a 95% confidence interval (CI, 0.826-0.926). This was a lower 
tendency than the van Middendorp model (AUC 0.956, CI 0.936-0.976), but moderate accuracy was 
observed. 
 
Conclusion 
 The prediction rule by van Middendorp had moderate accuracy even in patients with traumatic spinal cord 
injury in Japan and considered useful as a tool to comprehensively predict patient outcome. Since this was a 
single facility study, future verification which includes multiple facilities, in order to establish a more 
accurate prediction rule that targets patients with traumatic spinal cord injury in Japan, is desired. 
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Introduction 
Neurogenic detrusor overactivity (NDO) is characterized by reduced bladder capacity and elevated detrusor 
pressure during the storage phase. Antimuscarinic medication or botulinum toxin injections into the 
detrusor are the main treatment strategies for NDO. However, antimuscarinic treatment is frequently 
abandoned due to side effects or lack of efficacy, and the disadvantage of botulinum toxin injections is the 
need for repeated injections. Mirabegron, a β-3-adrenoceptor-agonist, is a new treatment option for NDO, 
but data in individuals with spinal cord injury are lacking. We have therefore investigated the efficacy and 
side effects of mirabegron in the treatment of NDO in individuals with chronic spinal cord injury (SCI). 
Methods 
The patient database of a tertiary urologic referral center was screened for patients with chronic (>12 
months) NDO due to SCI who were taking the β-3-adrenoceptor-agonist mirabegron (Betmiga). Patient 
characteristics, data regarding bladder management, urinary incontinence and medication affecting the 
bladder as well as urodynamic parameters were collected. The changes in urinary incontinence and the 
urodynamic parameters under mirabegron treatment over time (pre-mirabegron, 3 and 10 month follow-
up) were investigated using Cochran’s Q test and non-parametric analysis of variance. Data are presented as 
median and quartiles (Q25 / Q75). 
Results 
The data of 63 individuals with a median age of 48 (range 20-84) years and a median NDO duration of 8.9 
(range 1-53) years were analyzed. A median 3.0 months (range 1-53 months) and 7.3 months (range 1-26 
months) had elapsed from the mirabegron treatment initiation to the first follow-up evaluation and from 
the first to the second follow-up evaluation, respectively. The mirabegron treatment significantly (p≤0.04) 
reduced maximum detrusor pressure during the storage phase from 35cmH2O (23 / 50cmH2O) to 26cmH2O 
(15 / 40cmH2O). The bladder capacity and detrusor compliance increased significantly (p≤0.005) by 33.3% 
and 50%, respectively. Furthermore, the number of individuals suffering from urinary incontinence 
decreased significantly (p=0.002) from 62.3% to 33.9% and 36.4% at the first and second follow-up 
investigation, respectively. A total of 65.1% were taking mirabegron additionally to an already established 
NDO treatment (antimuscarinics, botulinum toxin injections). Mirabegron treatment was stopped in five 
individuals due to insufficient efficacy. Five individuals complained of side effects such as tachycardia, dry 
skin, head and stomach ache, but mirabegron treatment was continued.  
Conclusions 
Mirabegron treatment improved urodynamic and clinical parameters in individuals with NDO due to SCI. 
Mirabegron seems to be effective and well tolerated in the treatment of NDO.
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Introduction: Long-term medical follow-up after a spinal cord injury (SCI) reduces frequency and severity of 
complications, notably pressure ulcers. We explored through a narrative approach the perceptions of 
persons with an SCI (PwSCI) in order to better understand their adherence to this follow-up. Our main 
objective was to determine common factors leading these people to join or not to an organized medical 
follow-up, with the final aim to build a conceptual framework representing follow-up and promotion of the 
long-term health of PwSCI from their point of view. 
 
Methods: PwSCI who had completed their first rehabilitation period for > 1 year were particularly included 
with regard to two variables: 1 / with an actual medical follow-up or not and 2 / with a history of pressure 
ulcer or not. A review of the literature has led to the development of an inventory-table of items to be 
systematically addressed during interviews, which were systematically transcribed and afterwards 
prospectively analyzed, leading to a revision of the inventory-table as and when. Thematic saturation was 
reached at 28 interviews, and 32 interviews were finally completed. 
 
Results: We grouped the domains and sub-domains from the interviews according to the knowledge, 
attitudes, beliefs and practices developed by the participants concerning pressure ulcer, its prevention and 
the available medical follow-up. In the long term, the inductive and deductive analysis of our data led to the 
emergence of three main areas concerning participants' perceptions about issues of prevention and long-
term medical follow-up: 1 / to establish one's own truth, 2 / to integrate different periods of life and 3 / to 
negotiate follow-up after an SCI. 
 
Discussion: The numerous initial information provided to PwSCI within specialized SCI departments have 
been the basis of our final conceptual framework. Staffs of these specialized units must receive training 
integrating ad hoc skills but also relational and communication objectives, that should also be periodically 
revalidated. The initial therapeutic education of PwSCI must involve mentors with SCI and be repeated 
throughout the life of patients to target their disposition to preventive programs at any point. We 
considered that the responsibility of the patient and the modulation of the follow-up both constituted the 
synthesis of major contextual factors interacting with promotion of PwSCI’s health in the long term.
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Introduction: 
Cervical injuries can be treated with anterior or posterior stabilization alone or combined anterior and 
posterior approach. There is no consensus over line of management in cervical spine injured patients. There 
is high Biomechanical and clinical data conflict regarding the appropriate approach and method of fixation 
in traumatic cervical spine injuries especially when it comes to junctional injuries. The primary objective of 
this study was to report the incidence of radiographic failure following anterior cervical osteosynthesis in 
cervical trauma patients and to look for factors that would predispose to this loss of alignment.  
 
Methods: 
Inclusion criteria included all Cervical traumatic injured patients admitted at Indian Spinal Injuries center in 
one year treated by only anterior approach under single surgeon. Pathological and other non-contiguous 
cervical spine fractures are excluded from this study. Radiographic failure was defined as a change in 
translation of greater than 4 mm and/or change in angulation of greater than 11 degrees between the 
immediate postoperative films and the most recent follow-up.  
 
Results: 
84 patients were included in this study and we have reported 10 failure cases following anterior only 
approach. Out of 84 patients,72 were male patients and 12 were female patients. A 8.4% incidence of 
radiographic loss of alignment is reported in our case series following cervical anterior plate fixation in 
traumatic cervical spine injuries . Failures were most commonly seen in young adults, especially in second 
and third decades of life. Flexion distraction type of injury showed the maximum number of failures (60%) 
following single approach in our series. Six failures were seen at C6-C7 level followed by 4 at C5-C6 level. 
Failures were seen in patients who underwent copectomy alone. 
 
Conclusion: 
Concern regarding mechanical failure of single level cervical spine injuries should be high when they are 
treated with single approach. Corpectomy in presence of facet fracture’s or bilateral facet dislocation is an 
indication for combined fixation.Corpectomy at junctional area is also an indication for combined fixation. 
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Introduction 
SCI patients have a significant higher rate of UTI along the course of pregnancy. The risk is higher by 37% 
when compared to pre-injury pregnancy. 
Methods 
A thorough literature search was conducted to look for the available data in main databases (MEDLINE, 
EMBASE and CINHAL) using appropriate search terms. The identified data was reviewed. 
Results 
American Congress of Obstetricians and Gynaecologists recommends frequent monitoring for UTI and 
suggests that chronic antibiotic prophylaxis may be appropriate. Sterling et al., 2013, reported that the 
practice at their centre is to test for UTI during each trimester and to provide antibiotic prophylaxis against 
recurrent infection. 
In a small study, Salomon et al. 2009, investigated prophylactic antibiotic treatment for UTI in pregnant SCI 
individuals with significant reduction of infection and the uncomplicated term foetus. However, to date 
there is no definite recommendation on usage of antibiotic except when symptomatic UTI is diagnosed 
(Mustafah et al. 2017). 
Liepvre et al., 2017, reported that a weekly oral cyclic antibiotic (WOCA) was prescribed in 75% of 
pregnancies in their study population. They reported a lower UTI rate (32%) compared with that in other 
studies (45 to 100%), but the pyelonephritis rate was still high (30%). There were two different contexts to 
explain these cases of pyelonephritis (all had overactive detrusor muscle and were using a Clean 
Intermittent Catheterisation): half happened in patients with well-managed neurological bladder that 
became high risk, especially with botulinum toxin discontinuation for pregnancy, or change in the 
anticholinergic drug regime. The other pyelonephritis cases were probably favoured by an overactive 
bladder that was poorly treated due to patient’s poor compliance to treatment or follow up (Le Liepvre et 
al., 2017).  
Few data is available on botulinum toxin use during pregnancy and breast feeding. Its use is contraindicated 
during these periods, and for safety a six-month delay has been proposed between last injection and 
beginning of pregnancy (Le Liepvre et al. 2017).  
Women with SCI were also found to have higher rate of premature labour and delivery by 8.6%, and higher 
rate of low birth-weight baby by 9.1%, which was found to be inter-related and associated with higher 
incidence of UTI (Morton et al. 2013).  In Le Liepvre et al. study (2017), the UTIs explain in large part the 12% 
prematurity, which remains low compared with that in other studies (13- 21%) and without neonatal 
complications except for the twin pregnancy. 
With advancing gestation, some women may need to change to an indwelling catheter due to limited 
mobility and incontinence (Cochrane review 2014). One-fourth of the women reported the need to change 
their usual bladder management method during pregnancy and 27-70% had to increase their number of 
intermittent catheterisations per day (Jackson & Wadley 1999 and Galusca et al. 2015). 
Conclusion 
Pregnant women with SCI require specific urological care. However, evidence on urological complications in 
pregnant women with SCIs is scarce. Well-designed studies are needed to look at the incidence, severity and 
management of urological complications in this group of patients. 



 

83 

A qualitative exploration of perceived injustice among individuals 
following spinal cord injury 
Dr Kimberley Monden1,2, Angela Philippus1, Dr. Susan Charlifue1,2 

1Craig Hospital, Englewood, United States, 2Department of Physical Medicine & Rehabilitation, University of Colorado 
School of Medicine, Aurora, USA 

Introduction: Perceived injustice is a psychological construct conceptualized as an appraisal process 
characterized by severity and irreparability of injury/disability-related loss, externalized blame, and 
perceived unfairness. More simply, perceived injustice is the belief that one’s injury is undeserved and 
attributable to another’s error or negligence. Recent findings suggest that perceived injustice is an 
important risk factor for negative outcomes following spinal cord injury (SCI), however, no interventions 
exist to specifically target perceived injustice. Before developing an intervention it is important to develop a 
rich understanding of the sources and contributing factors of perceived injustice. Therefore, the purpose of 
this study was to qualitatively explore how individuals with SCI conceptualize perceptions of injustice to 
identify common sources and contributing factors of perceived injustice.    
Methods: For this IRB approved qualitative study, participants were recruited using purposive sampling. The 
sample comprised 15 community-dwelling individuals who were enrolled in the SCI Model Systems National 
Database. Participants were contacted via telephone and completed the Injustice Experience Questionnaire 
(IEQ). The IEQ generates a total score and yields two factors: blame/unfairness and severity/irreparability of 
loss. IEQ scores were dichotomized into high (≥19) or low (<19) scores. A subset of four items from the IEQ 
(two representing blame; two representing severity of loss) were used as the basis of a qualitative, semi-
structured interview completed via telephone. Qualitative data analysis involved coding and categorizing 
the data into themes and subthemes using open, axial, and selective coding and was conducted with NVivo 
software. Transcripts were coded by three research investigators. After coding each transcript, the three 
investigators met to review themes identified and reach consensus on coding disagreements. This process 
was repeated until topic saturation was met.  
Results: Participants in this sample were mostly male (67%), white (73%), and married (53%). Average age of 
participants was 47 years and average time since injury was 15 years. The majority of the sample had 
cervical (60%) and incomplete (67%) injuries. White, unemployed males were more likely to report higher 
perceived injustice. Individuals with cervical and incomplete injuries were also more likely to report higher 
perceived injustice. Themes that emerged from qualitative analysis of the blame/unfairness items included 
fate or circumstance, self-blame, and blaming others. Themes related to the severity/irreparability of loss 
items included life with disability, lack of understanding of SCI, and focusing on the positive. The most 
frequent theme was lack of understanding regarding the severity of one’s SCI, as one participant described, 
“I think a lot of people see the wheelchair on the surface but maybe don’t realize the other things that come 
with a spinal cord injury – bowel, bladder, sexual function – things like that.” Three common sources of 
injustice were also identified: family, friends/peers, and society in general.  
Conclusions: Findings from this study provide important information on the factors that lead to a sense of 
injustice for those living with SCI and can be used to inform future targeted interventions.  Findings also 
highlight the need for improved education regarding SCI for family, friend/peers, and society at large. 
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Introduction: People with spinal cord damage (SCD) have numerous challenges that can influence their 
sexual interest, activities and satisfaction. There are relatively few studies of this area and no previous 
comprehensive study from Australia. 
Aims: Determine sexual interest, activities and satisfaction in a community sample of people with SCD. 
Methods: Survey (August 2013 – June 2014). People with SCD (n=151) living in the community, Australia. 
Outcome measures: Demographic and clinical details, along with 3 measures of sexual interest, activities 
and satisfaction: the Sexual Interest and Satisfaction (SIS) scale, the Sexual Interest, Activity and Satisfaction 
scale (SIAS), and the Sexual Activity and Satisfaction (SAS) scale, and author developed questions on kissing 
and masturbation. 
Results 
Most participants were male (n=99, 65.6%), paraplegic level (59%), average of 46 years old (SD=13.5) and 
were median 11 years (IQR 4 – 21) after onset of SCD. Key findings included: sexual desire since SCD was 
17% increased, 38% unchanged, 36% decreased and 8.6% non-existent (females lower desire; P = 0.005; age 
P>0.05); desired frequency of having sex was more often 51%, same as now 47%, less than now 2% (age and 
gender P>0.05); most participants (86%) had a sexual partner since SCD, with 65% indicating they had a 
current sexual partner; frequency of sexual activity with partner was 26% every other day, 17% about once 
a week, 17% 1-2 times a month, 27% 1-2 times a half year and 12% once a year or less (gender P>0.05; 
younger more frequent, P=0.007); frequency of passionate kiss now compared to before SCD, 16% 
increased, 23% unchanged, 35% decreased, 26% non-existent; ability to masturbate on own was 72% (males 
more able, P=0.02); frequency of masturbation was 3% daily, 6% every other day, 10% weekly, 8% monthly, 
19 rarely, 54% never; generally enjoy the sexual part of life, very much 30%, quite a bit 26%, not so much 
21% and not at all 23% (age and gender P>0.05); most of the time, quality of sexual relationship, 14% very 
satisfied, 37% satisfied, 33% dissatisfied, 16% very dissatisfied (gender >0.05, younger more satisfied 
P=0.006); and current sex life compared with before SCD, 6% much better, 9% better, 7% same as before, 
26% worse, 51% much worse (gender>0.05, age worse P=0.03). 
Conclusion 
Many people with SCD had sub-optimal interest and satisfaction with the sexual part of their lives. 
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Objective: To investigate trends in the incidence and causes of traumatic SCI (TSCI) over a 10-year period. 
Design, setting and participants: A retrospective cohort study of TSCI between 2007-2016 using data from 
the population-based Victorian State Trauma Registry. TSCI was defined as an injury to the spinal cord with 
an Abbreviated Injury Scale (AIS) score ≥ 4. 
Main outcomes and measures: Temporal trends in population-based incidence rates. 
Results: There were 706 cases of TSCI during the study period, which resulted mostly from transport events 
(38%) and low falls (28%). The overall incidence of TSCI was 1.26 cases per 100,000 population, and the 
incidence did not change over the study period (IRR = 1.01, 95% CI: 0.99,1.04; P=0.27). However, the 
incidence of TSCI resulting from low falls increased 9% per year (IRR = 1.09, 95% CI: 1.04,1.15; P=0.001). In 
line with this, the proportion of TSCI cases classified as incomplete tetraplegia increased from 41% in 2007 
to 55% in 2016 (p<0.001). The overall in-hospital mortality rate was 15%. 
Conclusions and Relevance: Given the often devastating consequences of TSCI, there is a need for enhanced 
primary prevention activities, particularly given an absence of a decline in the incidence of TSCI over a 10-
year period. We noted a shift in the profile of TSCI to older adults sustaining incomplete cervical injuries 
often with central cord syndromes, which has implications for prevention, acute, and post-discharge care 
and support. 
  
SIGNIFICANCE 
The known 
• Traumatic spinal cord injury (TSCI) is a serious public health issue with often debilitating and life-
threatening effects.  
The new 
• We observed no change in the population-adjusted incidence of TSCI over the period of 2007-2016.  
• However, the incidence in those aged 65 years and older increased 5% per year. In line with this, we 
observed a significant increase in the proportion of cases that were incomplete tetraplegia. 
The implications 
• An absence of a decline in the incidence of TSCI demonstrates the need for enhanced primary 
prevention activities. 
• An increasing number of TSCI events in older adults has implications for prevention, acute, and 
post-discharge care and support. 



 

166 

 Improvement of walking and balance function shown in chronic spinal 
cord injury patients by the body weight supported treadmill training using 
Hybrid Assistive Limb 
Mr Hiroki Okawara1, Mr Tomonori  Sawada1, Dr Keiko  Sugai1, Dr Kohei  Matsubayashi2, Dr Osahiko Tsuji1, Dr 
Narihito Nagoshi1, Dr Morio  Matsumoto1, Dr Masaya  Nakamura1 

1Department of Orthopaedic Surgery, Keio University School of Medicine, Shinjuku-ku, Japan, 2Department of 
Orthopaedic Surgery, National Hospital Organization Murayama Medical Center, Musashimurayama-shi, Japan 

Introduction 
Although researchers reported body weight supported treadmill training (BWSTT) using robot suit Hybrid 
Assistive Limb (HAL) improves gait performance in chronic spinal cord injury (SCI) patients, there are no 
reports which include the subjects with no walking ability. The aim of this study was to clarify the 
effectiveness for BWSTT using HAL in chronic SCI patients with no walking ability at baseline. 
 
Methods 
Six chronic SCI patients (men; 43.3 ± 14.7 years old; injury level: C6-Th5; post-injury month: 63.5 ± 27.9) 
with no walking ability were included in this study. Four subjects were categorized as the American Spinal 
Injury Association Impairment Scale (AIS) grade B and two as grade C. Participants underwent 40-sessions of 
BWSTT with HAL (60 min per session, 2–5 sessions per week). Walking index for SCI scale II (WISCI-II), Berg 
Balance Scale (BBS), Trunk strength (Tr-strength) to maintain sitting posture for four directions (anterior, 
posterior, left and right), Barthel Index (BI), Functional Independence Measure (FIM) were assessed at pre-
training and post-40 training sessions. The change in each outcome measure from pre- to post-training was 
assessed using a Wilcoxon signed-rank test. Differences were considered statistically significant at p < 0.05. 
 
Results 
Tr-strength in sagittal plane (anterior and posterior) of four patients that we could measure tended to 
improve from pre- to post-intervention (0.3 ± 0.4 [kgf] to 3.0 ± 1.4 [kgf] and 1.4 ± 1.6 [kgf] to 7.6 ± 4.2 [kgf]). 
Average value in frontal tr-strength (right and left) also showed improvement (1.3 ± 1.8 to 4.4 ± 2.1). In 
balance function, all subjects showed significant improvement in BBS score from pre- to post-intervention 
(3.7 ±1.6 to 5.0 ± 2.3, p＜0.05). With regards to the waking function, two subjects categorized as AIS grade 
C showed improvement in WISCI-II score from pre- to post-intervention (0 to 1, which mean they became 
able to stand and walk several meters with the support by two persons). However, the remaining four AIS 
grade B subjects showed no improvement in WISCI-II. There were no changes in BI and FIM for all subjects 
from pre- to post-intervention (46.7 ± 9.0 to 46.7 ± 9.0 and 40.0 ± 11.7 to 40.0 ± 11.7, respectively) 
 
Conclusions 
Our results suggest BWSTT with HAL is effective to improve balance function of trunk in chronic SCI patients 
with no walking ability. Also, improvement of walking function shown in subjects with no walking ability is 
an encouraging result for chronic SCI patients. Further investigation with increasing numbers of subjects is 
needed. 
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The treatment of post –traumatic syringomyelia (PTS) is still debated in the literature. Bonfield’s meta –
analysis, failed to demonstrate the superiority of one surgical technique over the others. 
The purpose of this study is to review the outcomes  of a cohort of patients  with PTS undergoing surgery 
with the same surgical procedure including : arachnolysis and expansile duraplasty at the level of the injury 
mainly associated with a syringosubarachnoid shunt. 
Method : Retrospective study of a cohort  of SCI patients undergoing surgery of PTS in our University 
hospital.  
Results 
The data of 52 Patients  have been reviewed. 36 men, 16 women, mean age at the time of surgery of 40.8 
years (y). 75% of the patients suffered from complete SCI (AIS A). The level of injury was cervical in 15 cases, 
thoracic in 31, lumbar in 6. The mean time  between trauma and first diagnosis was 11.4 years, between  
trauma and surgery 15.3 years. 
The main symptoms and signs associated with PTS were : pain above (44.2%) or at the level of injury 
(11.4%), dissociated sensory loss  ( 65.3%), motor weakness (44.2% above the level of injury). 
Bladder function deterioration, autonomic dysreflexia and motor deterioration below the level of injury 
occured respectively in 8, 3, and 3 cases.  
MRI Findings : All syrinx cavities started at the level of trauma and extended in the rostral direction in 20 
cases, in the caudal direction  in 10 cases and in both directions in 22. The preoperative average extent of 
the syrinxes was 11.3 levels.  
Surgical procedure :  
 Group 1 : 40 patients underwent as first procedure, the association of arachnolysis, expansile duraplasty 
and placement of a syringosubarachnoid shunt. In this group, 31 cases showed no recurrence of the syrinx, 
the mean long term follow-up after the surgery was 8.2 y. The results  of the surgery showed that 74% of 
the cases  had improvement in pain, 77% had improvement in sensory loss  and 74% in motor weakness.  
Post operative MRI findings showed a syrinx decrease and in many cases collapsed (75%) with a post 
operative average extent of 8 levels. 
Group 2 : 12 patients underwent as first procedure the association of arachnolysis and expansile duraplasty 
without shunting. 6 cases showed no recurrence of the syrinx with a mean long term follow-up of 9.1 y and  
with an improvement  in pain for 3 of the cases, in sensory loss for 1 and in motor weakness for 1,  and on 
MRI, a decrease or collapse in  50 % of the cases. 
Conclusion 
Regarding to the literature, these results advocate for a surgical technique including arachnolysis, expansile 
duraplasty and syringosubarachnoid shunt. Shunt placement allows an immediate deflation of the cavity 
and arachnolysis and expansile duraplasty restore the CSF flow for the long term.  
 
 Bonfield &al : Surgical management of post-traumatic syringomyelia. Spine (Phila Pa 1976). 2010 Oct 
1;35(21 Suppl):S245-58 
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Introduction: Triceps is paralyzed in patients with C5 tetraplegia, while the deltoid and elbow flexors are 
preserved. Elbow extension restoration surgery aims to reconstruct the paralyzed extension by transferring 
the tendon of a preserved muscle, either the posterior deltoid or the biceps brachii, to the distal tendon of 
the triceps brachii. Several months of rehabilitation are then necessary, during which the transferred muscle 
adapts to its new function. The purpose of this study was to explore the muscle synergies during elbow 
flexion-extensions in a patient with a C5 tetraplegia, who underwent a surgical restoration of elbow 
extension.  
Methods: A patient with C5 tetraplegia 5 (ASIA impairment scale B) was recruited to follow a movement 
analysis protocol of his upper limb movements before an elbow extension restoration surgery with a 
posterior deltoid transfer (Moberg technique) associated with a medialization of the anterior deltoid 
(Buntine technique), and throughout the rehabilitation period. The protocol consisted in performing elbow 
flexion / extensions with the shoulder abducted at 30°, 60°, 80°, 90° and 120°. Kinematics and muscle 
activation were measured using 29 retroreflective markers, 11 electromyographic surface electrodes and 2 
intramuscular electrodes. Muscle synergies were extracted from EMG signals using Non-Negative Matrix 
Factorization.  
Results: The posterior deltoid was exclusively activated during elbow extension, from 6 weeks post-surgery 
for the elbow flexion-extension trials with the shoulder abducted at 30° and 60°, from 14 weeks post-
surgery at 80°, and from 18 weeks post-surgery at 90°. From 18 weeks post-surgery, elbow extension 
against gravity was possible, however only still with a permanent activation of the posterior deltoid during 
the extension-flexion cycle. Throughout rehabilitation, the anterior deltoid became more and more 
synergistic with the posterior deltoid, while the middle deltoid, supraspinatus and trapezius muscles had a 
permanent activation during the movement cycle.    
Conclusions: The transferred muscle acquired its elbow extensor function at 90° of shoulder abduction from 
week 18 after surgery. Recruitment of the deltoid posterior during extension became more and more 
efficient with rehabilitation time. However, co-contraction of the posterior deltoid remained during elbow 
flexion-extensions above the shoulder level. The medialization of the anterior deltoid seemed to be efficient 
to ensure shoulder stabilization during elbow extension, with the help of middle deltoid, supraspinatus and 
trapezius muscles. More patients with a posterior deltoid’s and a biceps brachii’s transfer will be recruited 
in this study. We expect these results to provide a better comprehension of muscle adaptation after elbow 
extension restoration surgery and to guide the rehabilitation for each patient. 
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Introduction: Physical activity (PA) is associated with health, well-being, functioning, and longevity. The 
onset of spinal cord injury (SCI) inevitably impacts PA. Previous research in people with SCI who used a 
wheelchair for their everyday mobility showed that PA levels increase during initial inpatient rehabilitation, 
but decline shortly after discharge. Patterns of change of PA among ambulatory people with SCI are 
unknown. The aim of this study was to evaluate changes in daily PA and associated factors among 
ambulatory people with SCI during the first year after inpatient rehabilitation.  
 
Methods: Daily PA level (time spent on walking, cycling, running, and active wheeling) was objectively 
measured with one (leg, for people who didn’t use a manual wheelchair), or a combination of two (leg and 
wheel, for those who used a manual wheelchair for some of their activities) accelerometer-based sensors at 
three time-points: shortly before discharge of inpatient rehabilitation, and at 6 months and 1 year after 
discharge. Sex, age, level and completeness of injury, time since injury, cause of injury, and ambulatory 
status at discharge were measured as potential associated factors. Ambulatory status was self-assigned to 
one of four categories modified from the Hoffer functional ambulation scale: exercise ambulator (walks only 
during therapy), household ambulator (walks indoors; use of wheelchair is necessary for all activities 
outdoors), community ambulator (walks independently outdoors with or without assistive devices; use of 
wheelchair only necessary for long distances), and normal ambulator (walks outdoors without assistive 
devices; no use of wheelchair). Generalized estimating equation analysis was used to study changes over 
time and associations. 
 
Results: Forty-seven people were included. At discharge, mean (SD) age was 55 (13) years, 53% were male, 
49% had tetraplegia, 94% had AIS D, and in 47% the cause was traumatic. Nineteen percent of people were 
exercise ambulators, 30% household, 38% community, and 13% normal ambulators. 
On average, daily PA level increased with 21 min/day (95% CI: 6.8 – 35.0, p=.004) during the first half year 
after inpatient rehabilitation; there was no significant change during the second half year (95% CI: -8.1 – 
17.4 min/day, p=.473). The increase in daily PA level was the result of an almost doubling of walking 
duration, while the time spent on wheeling decreased. Older age (beta: -1.2, 95% CI:  -2.1 - -0.3, p=.006) and 
low (exercise or household) ambulatory status (beta: -38.2, 95% CI: -53.9 - -12.4, p=.002) were significantly 
associated with lower PA level. 
 
Conclusions: Overall, daily PA levels in ambulatory people with SCI changed favorably in the first half year 
after inpatient rehabilitation and remained stable in the second half year. One should, however, realize, 
that variation was large and several individuals remained inactive. Older age and low ambulatory status at 
discharge explained part of these unfavorable PA levels.
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Introduction: People with spinal cord injury (SCI) are known to have neurogenic bowels, usually 
characterized by constipation and bowel incontinence which significantly affect quality of life. This may be 
accompanied by considerable abdominal pain, bloating, epigastric burning, and early satiety. Existing 
gastrointestinal (GI) tests require substantial burden to the patient since these are difficult to perform, 
require several visits and do not provide a comprehensive evaluation of function and transit.  The Wireless 
Motility Capsule (WMC), an ingestible capsule uses sensory technology to measure segmental GI transit 
times in a single procedure and characterization of patterns of dysmotility in the upper and lower GI tract. 
 
Objective/s: The primary objective of study is to examine gastric emptying times (GET)s in persons with SCI 
with the WMC and to define the relationship between GET and colon transit time (CTT). The study will 
examine the relationships between upper and lower GI motility, pelvic floor and anorectal function 
(evaluated with the anal rectal manometry- ARM and balloon expulsion test - BET). The study will examine 
relationships of these findings with SCI level and completeness.   
 
Methods: Eligible subjects with chronic SCI (>1 year) above T12  (AIS A-E) were recruited, consented and 
evaluated with the WMC and ARM/BET. Subjects undergo the WMC protocol prior to, during (7 days) and 
after receiving the WMC. ARM is performed on the day WMC is provided.   
 
Results:  A total of 14 subjects completed the study. Of these 14 subjects, 11 have had tetraplegia (1 AIS A, 2 
AIS B, 2 AIS C, 5 AIS D, and 1 AIS E) and 3 have had paraplegia (2 AIS A and 1 AIS D). Overall, WMC showed 
delayed GET= 5, small bowel transit time (SBT)=3, CTT =7, whole gut transit time (WGTT) =7.  GET was 
delayed in 3/3 AIS A, 0/2 AIS B, 2/2 AIS C, 3/6 AIS D, 0/1 AIS E.  SBT was delayed in 1/3 AIS A, 0/2 AIS B, 0/2 
AIS C, 2/6 AIS D, 0/1 AIS E.  
CTT was delayed in 2/3 AIS A, 0/2 AIS B, 0/2 AIS C, 4/6 AIS D and 1/1 AIS E. WGT was delayed in 2/3 AIS A, 
0/2 AIS B, 1/2 AIS C, 4/6 AIS D, 0/1 AIS E.  On ARM, sphincter squeeze results showed poor = 6, adequate =1, 
good =1, excellent = 2 (unk4); response to cough normal = 7, suboptimal =4 (unk3); simulated defecation 
was normal=2, with dyssynergia type 1= 6 and type 4= 3(unk3). The balloon expulsion test (BET) was 
abnormal =8 and normal= 4 (unk2). Due to the current small sample size, there were no statistically 
significant associations found between results of upper and lower GI findings and between AIS level or 
completeness of injury.  
 
Conclusion: There are varying but meaningful descriptive results of dysfunction in segmental GI times and 
WGTTs assessed by the WMC and pelvic floor and anorectal dysfunction evaluated by the ARM in subjects 
with SCI related to level and completeness of injury. Increased sample size is necessary to determine 
significant associations.  
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Introduction 
The Paraplegie Community – www.community.paraplegie.ch – is an online community for people with 
spinal cord injury (SCI), their relatives and friends. It aims to engage with people around SCI to foster the 
exchange and the production of knowledge based on the lived experience while ensuring the provision of 
health information of quality. The Paraplegie Community was launched in June 2017 by the Swiss Paraplegic 
Group (Switzerland), a health organization supporting individuals with SCI in their rehabilitation and for the 
rest of their life. The objective of this study is twofold: 1) to examine what content users are most 
interested in and 2) to describe the challenges that the health organization is encountering in building the 
community. 
 
Methods 
A content analysis to identify the topics in which users are most interested in was performed and will be 
updated to cover the period between June 2017-2019. Moreover, based on recognized guidelines for 
building online communities, the authors will present their reflections on the challenges encountered in the 
field of SCI in the Swiss context.  
 
Results 
The preliminary results show that the Paraplegie Community is growing successfully: it has over 10,000 
visitors per month and more than 2,500 contributions overall, with an average of 100 posts per month. The 
most viewed topics in the Wiki are bowel and bladder management, whereas the most discussed topics in 
the forum are related to assistive devices followed by mobility and accessibility. Moreover, users seem to 
appreciate the opportunity of asking questions related to personal health matters to health professionals 
(HPs) online.  
The major challenge that the health organization has faced in building the online community consists in 
attracting and retaining new users considering the wide offer of websites and social media available. 
Creating a personal bound and a relationship of trust that goes beyond the online exchange is successful in 
retaining and motivating the (super)users. However, it requires a 24/7 service. Besides, the multilingual 
Swiss context multiplies the efforts for content development and community building. A further challenge is 
to have the commitment of different HPs over time to create content and interact with the users in the 
dedicated section. Lastly, finding the balance between privacy and visibility and between gamification and 
seriousness can be challenging. 
 
Conclusions 
As health information of quality contributes to health literacy and informed decision-making, the 
interactions with the Paraplegie Community hold the potential of improving the users’ self-management 
skills (e.g., in dealing with frequent complications in the field of bowel and bladder management). 
Moreover, by monitoring the most viewed and discussed topics, it is possible to target new content to the 
needs and interests of the users. However, this responsiveness requires a considerable investment in 



resources by health organizations, which need a community manager, moderators as well as a team of HPs 
to develop content and answer specific questions. To enhance the commitment of the HPs, it might be 
important to offer official recognition of the work that they perform for the online community.  
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Introduction 
Adopting evidence-based practice is a priority for clinicians working within rehabilitation settings. However, 
within the field of pediatric disability, the evidence base is limited. The issue arises from the challenge in 
measuring the efficacy of complex interventions required for specialized populations such as pediatric spinal 
cord injury. Therefore, practice guidance in the form of clinical practice guidelines and systematic reviews 
seldom exists. Given the state of the evidence, clinicians must often rely on their own clinical expertise and 
disperse evidence to inform their practice, which often leads to feelings of unease and a lack of confidence.  
To address this gap, the pediatric rehabilitation spinal cord injury (SCI) taskforce at Holland Bloorview Kids 
Rehabilitation Hospital explored opportunities to develop best practices in pediatric spinal cord injury 
management. The priority was to build the expertise of the interdisciplinary team and increase access to 
best practice in pediatric spinal cord injury care.  As a result, the SCI-Kids-CAN curriculum - a monthly 
education series was developed by clinicians, family leaders and experts in pediatric SCI. 
 
Methods 
A survey-based need assessment was conducted to inform a curriculum that increases knowledge of   best 
available evidence in pediatric SCI issues for clinicians who work with this population.   The survey was 
disseminated via email to clinicians across inpatient, day program and outpatient settings. The needs 
assessment included a prioritized list of 10 topics from a list of over 100 that the taskforce had previously 
generated.  Survey recipients were asked to choose the top three topics that they were interested in 
learning about.  Furthermore, were asked to identify teaching and learning strategies that best meet their 
needs (e.g. case studies, power point slides, guest speakers).   Demographic information was also collected.   
 
Results 
The needs assessment was completed by clinicians including physicians, occupational therapists, 
physiotherapists, and nurses. Clinicians represented inpatient, day program and outpatient settings. The 
following five topics were prioritized: 1. bowel and bladder dysfunction; 2. autonomic system dysfunction; 
3. musculoskeletal complications; 4. neurological complications in SCI; and 5. new research in SCI.  
Additional topics of interest suggested included bone density, seating, and optimizing independence in 
everyday activities.  Participants identified the need for a multi-modal approach to help foster their 
learning. 
 
Conclusion 
The SCI-Kids-CAN curriculum is a strategy to support front line clinicians with building knowledge and 
develop best practices in providing care for children with spinal cord injury.  Each monthly session is 60 
minutes long, scheduled to optimize attendance and delivered by clinical staff and external experts. 
Outcomes of the needs assessment were embedded into the SCI-KIDS-CAN curriculum to enhance the 
quality and delivery of pediatric SCI evidence that meets the needs of our clinicians.  Enhancements that 
have been incorporated include: expanding from an in-person presentation delivery to offering online 
sessions; engaging clinicians as champions to deliver curriculum content; supporting clinicians with 



evidence-gathering and sharing for the curriculum; and creating guiding principles to inform the structure 
and delivery of content in alignment with learning objectives. An evaluation strategy is being developed to 
define the impact of this work. 
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Introduction 
The increasing processing power of smartphones and tablet computers and the price drop of inertial 
measurement units (IMUs) allows for gait analysis in everyday conditions. Real-time calculation of 
movement parameters opens new therapeutic options by providing patients with sensory impairments 
feedback (FB) about the deviations from a physiological gait pattern. Within the research project RehaGait, 
a mobile feedback therapy system with shoe-mounted IMUs that wirelessly communicate with a tablet 
computer was developed. The aim of the clinical evaluation of RehaGait was to investigate the feasibility 
and to generate preliminary data on the efficacy of this novel therapy in end users with incomplete spinal 
cord injury (iSCI). 
 
Methods  
In a non-controlled proof-of-concept study, feedback (FB) by tablet computer-generated verbalized 
instructions was given to individuals with iSCI for normalization of one individually selected gait parameter 
(stance/swing phase duration, stride length, or foot-to-ground angle). The training phase consisted of 3 
consecutive visits. Four weeks post training a follow-up visit was performed. Visits started with an initial gait 
analysis (iGA) without FB, followed by 5 FB training sessions of 2-3 min and a GA at the end (pGA). A 
universal evaluation and FB scheme based on equidistant levels of deviations from the mean normal value 
(1 level = 1 standard deviation (SD) of the physiological reference for the FB parameter) was used for 
assessment of gait quality as well as for automated adaptation of training difficulty. The frequency of verbal 
feedback was dependent on the mean norm deviation (max. every third stride). Overall changes in level 
over iGAs were detected using a Friedman’s Test. Post-hoc testing was achieved with paired Wilcoxon Tests. 
The users’ satisfaction was assessed by a customized questionnaire. 
 
Results 
Individuals with iSCI (11f, 53±18 years, 6 cervical, 6 thoracic, 3 lumbar) were all classified as AIS D at the 
time point of inclusion (57±132 months post injury) with a lower extremity motor score of 40.7±6.7. 
Foot-to-ground angle was most often used as feedback parameter (N=11) and increased significantly 
towards the physiological reference (p = 0.0186) on the ipsilateral side between iGA1 and iGA3, as well as 
between iGA1 and iGA2 (p = 0.0244). On the contralateral body side, no significant increase was found. The 
groups had a high initial level (median 4, range 3-5) and experienced the highest reduction in levels on the 
first training visit. From the pGA after training visit 3 to the GA at follow-up 4 weeks post training, the group 
showed a further decrease of 1 level. 
Participants (N=14) reported to be very satisfied (mean Visual Analogue Scale = 0.9 (max. 1.0) with the 
system and rated efficacy as most important priority of its use.  
 
Conclusion 
The study results show that mobile, real-time, verbalized feedback is feasible and that ambulatory persons 
with iSCI can actively normalize the feedback gait parameter with the RehaGait system. Positive carry-over 



effects persist after the therapy. The results form a first basis for using real-time feedback in task-specific 
motor rehabilitation programs. 
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Introduction 
Ensuring labor market participation (LMP) of persons with spinal cord injury (SCI) represents a major 
challenge and, at the same time, a key goal of SCI rehabilitation. In Switzerland, a recent study (Reinhardt et 
al. 2016, PlosOne) showed that 53.4% of individuals with SCI are involved in paid employment, which is 
around 30% points less compared to the general population, and that their LMP is mostly affected by low 
education and high lesion severity (i.e. tetraplegia). International literature underlines that LMP of persons 
with SCI is affected by a variety of modifiable and non-modifiable conditions, including socio-demographics, 
SCI-related factors, medical issues, function-related aspects as well as environmental and psychological 
personal factors. While most previous investigations focused on only one or a few determinants of LMP, it 
seems important to consider a broader range of factors, and especially conditions that are amenable to 
modification, such that findings can eventually inform medical and vocational integration practices, services 
and policies. 
By taking such a broad perspective, our study aimed to identify associations between selected modifiable 
factors related to health, functional independence as well as the environment and LMP of persons with SCI 
living in Switzerland. 
 
Methods 
Cross-sectional study using data from the 2012 community survey of the Swiss Spinal Cord Injury Cohort 
Study. LMP (i.e. involvement in paid work or not) was determined for a sample of 966 persons with 
traumatic SCI who were of employable age at the time of the survey. Applying an exploratory approach, 
potential predictors of LMP were selected based on the literature and using a bidirectional stepwise variable 
selection approach. Descriptive statistics were calculated and bootstrapped multiple logistic regression was 
applied to describe the associations between the selected predictor variables and LMP, by controlling for 
socio-demographics (i.e. sex, age, education) and SCI-related characteristics (i.e. lesion severity, time since 
SCI). 
 
Results 
A total of 568 (58.8%) participants were involved in paid work at the time of the survey. From the 22 
selected predictor and control variables, general functional independence and having a Swiss citizenship 
showed a positive and chronic pain, urinary tract infection and depression as well as SCI-related extra time 
needs for managing support a negative association with involvement in paid work. 
 
Conclusions 
Contrary to environmental factors, functional independence, health-related factors and nationality proved 
crucial for LMP of persons with SCI living in Switzerland. These factors should receive particular attention in 
medical and vocational strategies striving for a sustainable work integration of the affected persons. 
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Title: 
DuraGenTM as an encapsulating material for neural stem cell delivery 
 
Objectives: 
Achieving neural regeneration after spinal cord injury (SCI) represents a significant challenge. Neural stem 
cell (NSC) therapy offers replacement of damaged cells and delivery of pro-regenerative factors, but >95% 
of cells die when transplanted to sites of neural injury. Biomaterial scaffolds provide cellular protective 
encapsulation to improve cell survival. However, current available scaffolds are overwhelmingly not 
approved for human use, presenting a major barrier to clinical translation. Surgical biomaterials offer the 
unique benefit of being FDA-approved for human implantation. Specifically, a neurosurgical grade material, 
DuraGenTM, used predominantly for human duraplasty has many attractive features of an ideal biomaterial 
scaffold. Here, we have investigated the use of DuraGenTM as a 3D cell encapsulation device for potential 
use in combinatorial, regenerative therapies. 
 
Methods: 
Primary NSCs were seeded into optimised sheets of DuraGenTM.  NSC growth and fate within DuraGenTM 
were assessed using 3D microscopic fluorescence imaging techniques. 
 
Results: 
DuraGenTM supports the survival (ca 95% viability, 12 days) and 3D growth of NSCs. NSC phenotype, 
proliferative capacity and differentiation into astrocytes, neurons and oligodendrocytes were unaffected by 
DuraGenTM.  
 
Conclusions: 
A ‘combinatorial therapy’, consisting of NSCs protected within a DuraGenTM matrix, offers a potential 
clinically translatable approach for neural cell therapy. 
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Aims 
To explore the unique intersection between arm/hand surgical reconstructions, timing of intervention, 
current clinical assessments and the life impacts described by individuals with tetraplegia, in light of 
innovative nerve transfer (NT) surgeries becoming more commonplace world-wide. 
 
Methods/Design 
A mixed methods convergent design was utilized for concurrent analysis of the data from the assessment of 
all individuals considering arm/hand reconstructive surgery, regardless of their final decision. For the 
surgery group, analysis involved three main patient-reported outcome measures (PROMs), which have been 
collected since 2010, when the international upper limb registry was launched in New Zealand. In parallel, a 
qualitative case series explored the lived experience of tetraplegia at various time points between the onset 
of tetraplegia and making a decision to either accept or decline arm/hand reconstruction surgeries. The 
International Classification of Functioning, Disability and Health (ICF) taxonomy was used as an analytical 
lens to guide data interpretation.  
 
Results 
From 2010, 90 individuals were assessed as clinically suitable for arm/hand recontructions, of whom 55 
accepted surgery and received up to three surgical tendon transfer (TT) reconstructions: key pinch, grasp 
and elbow. Sixteen individuals received NTs with or without TT procedures at less than 12 months following 
their SCI. The most common cause of injury was transport (n = 41), with remainder accounted for by sports, 
falls and other trauma (n = 48) and one unknown cause. Based on the NZ census data where 15% of the 
population self-identify as indigenous Maori, there was over-representation of Maori in this sample (n = 30). 
To date, 18 semi-structured interviews have been completed, consisting of seven participants who declined 
surgery, five participants who received late TT surgery and six early NT surgery participants. Preliminary 
content analysis using ICF linking reveals self-care activities associated with the construct of looking after 
one’s health (d570) dominated, although driving (d475) was the most frequent single pre-surgery goal. 
Identified self-care tasks include changing basic body position (d410), eating (d550), drinking (d560) and 
dressing (d560). Undertaking a single task (d210) was most frequently linked to ADL.  
 
Conclusion 
First, the pursuit of independence was greatest in the newly-injured group, while alternative views of 
independence emerged based on the actual lived experience and the daily demands of tetraplegia. This was 
in the presence of improvements in arm/hand function for all surgery participants. The alternatives were to 
‘live a meaningful life' and/or 'well-being' based. This is not to say independence has no importance or 
value, just that its dominant positioning may need to be questioned. Second, from this sample, young 
indigenous Maori appear at higher risk of tetraplegia and also are more likely to decline TT reconstructions. 
However, these individuals show stronger acceptance of early surgery options offered during their post-



acute rehabilitation. A mixed methods approach allows for greater appreciation of both participant 
characteristics and surgery uptake, and the relativity of arm/hand function than can be achieved by either 
quantitative or qualitative inquiry, particularly in a country with a low population such as New Zealand.  
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Background/Objectives: Peer mentorship programs are an integral part of spinal cord injury (SCI) 
community-based organizations in Canada. Despite the emerging research in SCI peer mentorship, little 
empirical evidence exists in understanding the outcomes of SCI community-based peer mentorship 
programs. The purpose of this study was to explore the experiences and outcomes of community-based SCI 
peer mentorship programs across four Canadian community-based organizations.  
 
Methods: This research was conducted in partnership with members of community-based SCI organizations 
and researchers. Community members and researchers co-constructed, co-implemented, and co-
interpreted the study and its results. Using a qualitative research design, we interviewed 36 individuals to 
collect data on their experiences and thoughts around SCI peer mentorship and its outcomes. The 
participants provided their experiences from the perspective of either a peer mentee, peer mentor, staff of 
SCI community organizations, or family member of a peer mentee or mentor. All interviews were 
transcribed verbatim and analyzed using inductive thematic analysis, meaning the authors categorized the 
qualitative data by themes and sub-themes.  
 
Results: Participants’ experiences with SCI peer mentorship were categorized in three broad themes: (1) SCI 
Peer Mentorship Program Structure, (2) Outcomes of Mentorship, (3) Mentor Mechanics. For “SCI Peer 
Mentorship Program Structure”, participants described the various processes and types of peer mentorship 
(e.g., formal and informal; criteria for peer matching), and organizational structures (e.g., roles of staff, 
community building and collaborations). For “Outcomes of Mentorship”, participants outlined positive and 
negative outcomes specific for mentees and mentors as well as reciprocal outcomes. Mentees felt a greater 
sense of belonging, felt more independent, had greater self-worth and hope, along with reductions in 
feelings of isolation. Mentors perceived benefits such as being a role model and advocate for the SCI 
community, an increased sense of personal growth, satisfaction, and confidence, and value being able to 
help others. Reciprocally, mentors and mentees felt a collective benefit from their relationship and a shared 
learning about living with SCI. However, a lack of connection between mentor-mentee, the emotional toll 
on mentors, and the lack of support for family were discussed as negative outcomes/experiences. For 
“Mentor Mechanics”, mentors were described as being open, positive and professional. Additionally, 
individualizing mentorship, providing experiential learning opportunities, and assisting in maintaining 
agency were identified as key roles of mentors. 
 
Conclusions: This study provided an in-depth understanding of the experiences and outcomes related to 
community-based SCI peer mentorship by obtaining perspectives of multiple stakeholders. These findings 
will inform the next phases of this community-university partnership, which is to co-develop a community-
based SCI peer mentorship evaluation tool. 
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In the control of assistive exoskeletons for walking, the possibility of adapting robotic assistance based on 
specific residual functional and motor abilities of the user is crucial to optimize Human-Robot Interaction. 
Moreover, specific training of the users in exploiting robotic support might have a significant impact on the 
resulting walking capabilities. In the context of the European Union research program FP7-ICT (SYMBITRON 
grant #611626), the Achilles exoskeleton was used to assist ankle plantar/dorsiflexion during walking in 
subjects with Spinal Cord Injury (SCI). A sensorized insole lying in the foot shell is used to detect foot contact 
and hence gait phases. Achilles includes a compliant linear actuator for accurate control of ankle assistive 
torques. On top of the low-level torque controller, a high-level NeuroMuscular Controller (NMC) is 
implemented. NMC is based on a reflex-based neuromechanical simulation of walking. The controller uses 
joint angles and gait phases sensors as inputs and produces as output joint torques to be delivered by the 
exoskeleton. This controller allows for exerting appropriate assistance at different walking speeds.  
We tested the Achilles exoskeleton on four SCI subjects, with cervical/lumbar lesions, AIS level C/D. Achilles 
assistance, provided bilaterally, was customized for each subject according to the resulting gait speed and to 
subjects’ perception of safety, usability and comfort. Ten experimental sessions were performed to train the 
subjects in improving their capability of exploiting exoskeleton assistance and in increasing their walking 
performance. Walking speed, measured using Achilles, was considered the primary outcome of the training 
efficacy. Before the training (T0), after 5 (T1) and after 10 training sessions (T2), gait speed was measured by 
force plates (P6000, BTS Bioengineering, Italy). Step length/width and stance phase percentage as well as 10 
Meter Walking Test (10MWT) and 6 Minute walking test (6MWT) were also recorded. Furthermore, 10MWT 
was performed with and without the use of the Achilles, before and after each training session. At T0 and T2 
force, spasticity and pain assessment were evaluated by means of clinical scales. 
The tuning of the controller setting appeared to be in line with functional clinical needs: in case of reduced 
force, a higher level of NMC assistance was selected. Results showed that all subjects improved gait speed, 
particularly between T0 and T1. Step length increased already at T1, while step width reduced, thus 
suggesting a better balance control. Stance phase duration was also more physiological at the end of the 
training. Results of tests without the use of Achilles highlighted a progressive improvement in the 
performance, more evident during the first 5 training sessions, suggesting an early effect of training on gait 
performance, even during unassisted walking. 6MWT also improved, already at T1. No significant variations 
for muscle force, spasticity and pain were recorded.  
Results suggest that Achilles training was effective in improving users’ capability of walking at higher speed 
and 5 sessions were already sufficient to allow a better exoskeleton control. Moreover, even if Achilles is an 
assistive exoskeleton, a slight unexpected rehabilitation effect was also observed. 
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INTRODUCTION 
Over the first year after a spinal cord injury (SCI) whole body lean mass markedly declines  while trunkal fat 
increases significantly. These deleterious changes in body composition result from the forced immobility 
and the limitations on exercise capacity imposed by SCI. Individuals with SCI have difficulty achieving and 
maintaining intensities of aerobic training that can beneficially impact body composition. Upper body 
exercise in SCI involves a small active muscle mass, precluding the ability to achieve more than modest 
exercise demands on the body. However, few studies have explored the potential effects of moderate to 
high intensity whole body exercise on body composition in the acute phase (<2 years) after SCI. 
METHODS 
Individuals aged 20-40 yrs within 24 months of an SCI (C5-T10; AIS A, B, C) were randomized to 6 months of 
wait-list (WL, N=6), arms only rowing (AO, N=6), or hybrid FES-rowing training (FESRT, N=11; 2 females) 
exercise. The goal of training was to perform 3 exercise sessions per week for 26 weeks and to achieve an 
exercise intensity of 70-85% maintained for a continuous 30-40 min. Aerobic capacity was measured before 
and after 6 months. Dual x-ray absorptiometry was used to derive body composition measures, including 
regional fat. Visceral adiposity was measured from a 5 cm slice placed across the entire abdomen above the 
iliac crest at the 4th lumbar vertebrae. Subcutaneous fat over the visceral cavity was estimated from that on 
each side of the abdominal cavity and subtracted from total abdominal fat to provide a value for visceral fat 
content. 
RESULTS 
WL did have a longer time since injury than AO (0.99+/-0.32 vs. 0.56+/-0.14 yrs p=0.02), but the two groups 
did not differ in any baseline value or change over 6 months; therefore, data from the two groups were 
combined for comparison to FESRT. Aerobic capacity increased significantly only in FESRT (14%, p=0.03). 
Body weight did not change in either WL/AO or FESRT, though fat mass tended to increase in both groups 
(3.1+/-1.4 kg, p=0.04; 1.8+/-1.2 kg, p=0.17). However, visceral adiposity increased significantly in WL/AO 
(2149+/-924 cm3, p=0.04), whereas the increase in FESRT was less and did not reach significance (938+/-742 
cm3, p=0.25). Moreover, lean mass declined in WL/AO (-1.3+/-0.3, p=0.03), whereas it increased in FESRT 
(1.7+/-0.66 kg, p=0.03). Although leg lean mass was unchanged in WL/AO (-0.3+/-0.3 kg, p=0.39), it 
increased in FESRT (1.1+/-0.4, p=0.02).  
CONCLUSIONS 
Hybrid FES exercise training that allows for moderate to high intensity whole body exercise may provide an 
avenue to prevent increased fat and decreased lean mass in the first two years after an SCI. Early 
introduction of this form of exercise into rehabilitation for those with SCI could provide pronounced lifelong 
health benefits. 
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Introduction: Literature highlighted that most of Indian SCI individuals were poor villagers and illiterate and 
indicates a vibrant view of lack of SCI awareness, scarcity of spinal units and a dearth of trained SCI medical 
and paramedical staff across the country.  
Objective: We aimed to evaluate the feasibility and acceptance of telesci protocol using common 
technologies as an outreach service delivery model in India. 
Design: Pre and Post quasi-experimental  
Methodology: A total of 89 SCI individuals were contacted after discharge from the hospital. Semi-
structured telephonic interview was organized. Open-ended interviews were taken on the common issues 
or queries faced by the SCI during their aftercare. In addition, questions on the following sub-components of 
Spinal Cord Outreach Service Health Questionnaire (SOS-HQ) including bladder, skin care, muscular, 
functional outcome and exercises were administered, post-discharge 3 weeks followed by 8 weeks. Based 
on the queries, Telesci protocol was given twice a week till 8 weeks as per the preferred mode of 
consultation. Educational videos on personal and hygiene care were also provided. Image or video-based 
home assessments & recommendations were also provided.  
Qualitative findings were generated and analysed along with the feedback on using telesci protocol. The 
feedback scale comprised of 8 questions on ease, good means, functional considerations, network 
accessibility, technical clarity, prevention, saving, and telesci in usual care. 
Results: Out of 89 SCI individuals, 63 individuals (n=37 males, 26 females) responded. The age ranged from 
16-30 years participated in the interview. Majority of them were from the level T1-S5 (n=33) followed by C5-
C8 and C1-C4. Most of the participants had an injury between 1 to 5 years (82.53%). 22 participants 
educated up to 8th grade, 9 participants (10th standard), 13 participants (class 12th standard), 18 
participants had a bachelor degree and 1 participant had a master degree. 
The most common follow-up concerns or queries raised by more than 80% of participants on exercise 
progression (95.23%), use of electrical stimulation (90.47%) and stress relieving techniques (82.53%). 60-
80% of participants reported problems and queries related to spasticity (71.42%), shoulder pain (76.19%), 
skin care (79.36%), community integration that includes employment, leisure & entertainment activities, 
sports activities and procedure for getting disability certificate (77.77%). 68.25% participants asked about 
the implementation or development of new SCI rehabilitation advances and 61.9% enquired for the 
provision of guidance and support to their local therapist. 50.79% participants queried about the provision 
of continuous exercise monitoring, information on positioning & handling (53.96%), equipment & devices 
purchase (41.26%) and home modification suggestions (33.33%). At post discharge 8 weeks, mentioned 
queries and difficulties were reduced and the mean annual incidence of re-hospitalization days was 2.15 ±1 
at the start of the study, as recalled by the participants and 1.16 ± 0.53 after the provision of continuous 
supervised follow-up of 1 year. 90% of the participants suggested to include the telesci protocol in usual 
care as appropriate.  
Conclusion: Telesci home-based interventions can be designed and may be expanded into the realm of 
comprehensive SCI management especially in a resource-limited environment.
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Introduction 
Persons with spinal cord injury (SCI) are prone to develop an inactive lifestyle after injury, demanding the 
promotion of physical activity to improve health and physical fitness. Little is known about alterations in 
physical fitness and activity levels after an incomplete SCI. The objective of the study was to investigate the 
changes in physical capacity and activity level during the first year after discharge from inpatient 
rehabilitation in ambulatory persons with SCI. 
 
Methods  
Thirty persons (25 males and 5 females, 18-69 years of age) receiving inpatient rehabilitation at Sunnaas 
Rehabilitation Hospital, with incomplete SCI (AIS D) were followed for 12 months. Those who were able to 
walk for 5 minutes on a treadmill (at 3 km/hour walking speed) without assistive walking aids were 
included. Participants were originally recruited to take part in a twelve-week RCT with aerobic exercise 
intervention at high or moderate intensity. Due to similar between-group effects of the interventions and a 
high drop-out rate, the groups were merged for one year follow-up analyses. 
Measurements were performed during the last week of inpatient rehabilitation and at one year follow up, 
including a maximal exercise test on a treadmill (peak oxygen uptake; peak VO₂), a 6-minutes-walking-test 
(6MWT) and seven days of continuously activity monitoring (in their home situation), measuring total daily 
energy expenditure (TDEE) and daily number of steps.  
 
Results 
Twenty of the participants performed both pre- and posttest. One year after discharge, the mean peak VO₂ 
had increased significantly by 0.26 liter/minute (95% CI: 0.01 – 0.51) Due to a significantly body weight 
increase (2.6 kilograms, 95% CI: 0.54 – 4.56), the mean peak VO₂ in ml/kg/minute had not change 
significantly (+ 1.9 ml/kg/minute, 95% CI: -1.0 – 5.0). Furthermore, participants walked on average 91 
meters (95% CI: 5 – 52) more during the 6MWT. They did not show a significantly increased TDEE (+ 162 
kilocalories, 95% CI: -34 – 358) or daily number of steps a day (+ 461 steps, 95% CI -1108 – 2033). 
 
Conclusions 
Ambulatory persons with SCI are able to increase their physical capacity levels during the first year after 
discharge from inpatient rehabilitation, despite unchanged activity levels. This might be important in order 
to maintain a physically active lifestyle. 
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Introduction:  
Spinal cord injury (SCI) causes prolonged morbidity with loss of neurologic function and initiates an 
excessively prolonged and destructive inflammation. Inflammatory cells rapidly invade the outer spinal cord 
(glia limitans) after SCI. In areas of necrosis and hemorrhage, myelin-rich phagocytizing macrophages invade 
causing expansion of granulomatous tissue termed arachnoiditis with marked destruction of the spinal cord. 
Holes or cavities form at sites of SCI and prevent regrowth of neuronal extension across the cavity of injury 
(COI). Serp-1 is a 55 kD glycosylated myxomavirus-derived serine protease inhibitor (serpin) with proven 
immune modulating activity, reducing damaging inflammation and improving outcomes after arterial injury 
and solid organ transplant. Serp-1 targets and inhibits both thrombotic and thrombolytic proteases 
controlling excess hemorrhage and also inflammatory mononuclear cell activation. When infused in saline, 
recombinant Serp-1 reduced early inflammatory cell invasion after balloon crush SCI in rats. Hydrogel 
injection at sites of spinal trauma provide a scaffold for regrowth of neurons across the cavity of injury. 
Intralesion hydrogel injection at sites of spine trauma has the potential to provide a scaffold for regrowth of 
neurons across the cavity of injury.  
 
Methods:  
We investigated local infusion of a chitosan-collagen hydrogel with gradual serpin release at sites of local 
forceps injury (L1) in Long Evans rats. The Serp-1 hydrogel was prepared by first binding Serp-1 to chitosan 
followed by lyophilization and reconstitution into a collagen I solution. Serp-1 hydrogel was tested at 10 and 
100 microgram/50 μL gel doses with comparison to hydrogel alone (N=17 rats). We measured the Hind End 
(HE) motor and toe pinch withdrawal function, as well as urinary bladder and body weight each day. Spines 
were collected after euthanization at day 28.  
 
Results:  
At 3-21 days after injury the higher dose (100 μg/50μL/rat) of Serp-1 significantly improved neurologic 
function (HE motor P=0.0018; and toe pinch withdrawal; P=0.019) with improved weight gain. Examination 
of the urinary bladder demonstrated a trend toward improved function with higher dose Serp-1, while 
lower dose did not improve function. Histological analysis demonstrated a significant reduction in 
arachnoiditis in higher dose Serp-1 rats (P=0.0018). Serp-1 at higher doses preserved the architecture of 
small blood vessels and capillaries in the spinal cord 3-4 mm distant from the area of inflammation. 
However, small blood vessels in control chitosan and low dose Serp-1 had thickened wall, hypertrophied 
endothelium and perivascular astroglial reactions indicating widespread vascular damage and related 
edema. Histopathological changes correlated closely with the observed early, improved neural function.  
 
Conclusions: Intralesional injection of Serp-1 hydrogel after SCI reduces inflammation and edema and 
improves neurologic function. Serpin-mediated targeting of thrombolytic protease and inflammatory 
proteases in a local hydrogel infusion has potential as a new therapeutic approach to reduce inflammation, 
preserve vessel integrity and improve neurological function after SCI.     


