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Persons with chronic spinal cord injury (SCI) who are non-ambulatory are at risk for multiple medical 
consequences which promote stroke and coronary heart disease. Also, systemic inflammation has been 
widely noted in persons with SCI and is inversely correlated with mobility. Recent data indicate that even 
light-moderate intensity exercises such as walking reduce risks of comorbidities that promote stroke and 
coronary heart disease, prompting the American Heart Association to recommend walking at least 30 
minutes per day. In uninjured persons, mechanisms underlying health benefits of physical activities include 
reducing systemic inflammation. Unfortunately, persons with SCI are often unable to perform upright 
overground or lower extremity exercise and/or do not have regular access to adaptive sports equipment.  
Powered exoskeletons for persons with SCI offer a means to provide physical activity through overground 
ambulation. They are being increasingly used and are well-liked by most users. Also, powered exoskeletal 
devices have marketing clearance by the US Food and Drug Administration (FDA) for personal use, thus 
having the potential to improve compliance for regular and continued use outside the clinic. It is currently 
unclear if, and to what extent, exoskeletal-assisted walking (EAW) leads to health benefits associated with 
walking in uninjured persons. To evaluate if EAW reduces systemic inflammation in persons with chronic 
SCI, we are leveraging an ongoing randomized, parallel group clinical trial of EAW training (36 sessions) in 
this population. 
A pilot study of whole blood gene expression of 7 adult participants (N=4 males) before and after EAW has 
been performed. Participant injury levels were: rostral to T6 (N= 4) and caudal to T7 (N=3).  RNA was 
extracted, RNA Sequencing (RNASeq) libraries were created with KAPA RNA HyperPrep Kits (Roche), and 100 
base pair paired-end reads were collected on the NextSeq Illumina platform. Using Partek Flow software 
(Partek Inc., St. Louis, MO), high quality trimmed reads were aligned using STAR to the hg38genome 
assembly. Principal component analysis (PCA) and gene set enrichment analysis were performed to identify 
differentially expressed (DE) genes. By PCA, samples from able-bodied persons clustered distinctly away 
from chronic SCI samples, and Toll-like receptor (TLR) signaling genes were differentially expressed in 
chronic SCI before EAW, as we had shown previously in independent cohorts (Herman et al J Neurotrauma 
2018). After EAW, the number of differentially expressed genes among participants with SCI varied widely 
(149 to 5,924). There were 153 up- and 20 down-regulated differentially expressed genes after EAW that 
were common in all SCI participants; genes and pathways related to T and B cell signaling were upregulated.  
There were 6,211 differentially expressed genes in any SCI participant; genes and pathways related to VEGF-
,  HIF1-, neurotrophin- related signaling were significantly enriched.   Additional analysis of more 
participants is needed in order to evaluate the consistency of these findings. 
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Introduction: Four out of every five people with spinal cord damage (SCD) report pain is an ongoing 
problem.  As such, clinicians sometimes resort to the use of opioids for the treatment of pain after SCD as is 
done for other types of intractable pain. However like in other causes of non-cancer chronic pain, the 
evidence for opioid effectiveness in the treatment of pain after SCD is sparse. Persons with SCD are 
prescribed opioids for longer durations and at higher doses than persons without SCD who are also 
prescribed opioids all the while the United States (US) in 2019 remains in the midst of an opioid overdose 
epidemic which has been exacerbated by the prescription of opioids for pain over the past two decades and 
there are signs of emerging opioid epidemics in other countries such as Canada and Australia. Drug 
overdose is now even the leading cause of unintentional death in the US.  Compounding the problem, 
persons with SCD are at an increased risk for overdose death as compared to their matched controls due to 
conditions related to their SCD. Given the risks associated with the prescription of opioids to persons with 
SCD and the lack of convincing evidence for their effectiveness, a survey of physicians working with these 
patients was developed to look at their prescription of opioids. The aim of this survey was to characterize 
how physicians throughout the world working with patients who have SCD approach the prescribing of 
opioids for pain, and to compare the results to representative clinical practice guideline recommendations. 
Methods: A survey targeted to spinal cord injury (SCI) physicians was posted online and circulated among 
international societies within the field of SCI medicine from August-November 2018. Results: One hundred 
and twenty three physicians responded to the survey. Of these,107 (92%) managed pain for persons with 
SCD. Most (82%) felt that opioid prescription was appropriate for uncontrolled acute pain, but fewer (67%) 
felt it was appropriate for chronic pain. Of those who felt opioids had a role in the treatment of neuropathic 
pain, 46% did not think there should be a specific upper limit of opioid dose. The majority (85%) would 
continue prescribing high doses (250 morphine milligram equivalent (MME) doses/day) if that dose were 
effective. Tramadol was the most common opioid prescribed first line. Conclusion: Most physicians who 
responded to this survey prescribe opioids for intractable pain after SCD. A significant proportion of 
respondents believed that there should not be a specific upper limit of opioid dose prescribed if the drug is 
tolerated; this does not align with current recommendations. Most physicians do not feel influenced in their 
prescribing habits by regulatory bodies. If physicians decide to taper an opioid that is being tolerated well, it 
is most commonly related to a fear of the patient developing an opioid use disorder. The authors propose 
an algorithm that may help align practice patterns with current recommended practice guidelines. 
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Introduction:  The goal of this study is to measure the attitudes and knowledge of health professionals 
concerning human rights within the context of disability, science, and technology access.  In the United 
States (US), and other countries with market-based health systems, people with spinal cord injury (SCI) face 
barriers accessing necessary services, equipment, and supports that contribute to an independent, healthy 
and meaningful life.  These barriers are not only frustrating for the individuals living with SCI, but also for 
the health professionals who provide care and recommend services and equipment.  The inability of people 
with SCI to obtain necessary technology, supports and services reflect violations of their rights, however, 
health professionals and people with disabilities rarely speak the language of human rights.  Viewing such 
limitations through the lens of human rights may offer new strategies for realizing the equipment and 
technological needs of people with SCI that are necessary for successful societal integration. 
 
Methods:  To date, qualitative Interviews were conducted with 15 health professionals across the US who 
specialize in SCI care and research.  Interviews were conducted in person at the 2018 annual scientific 
meeting of the American Spinal Injury Association or by phone following the meeting.  Interviews were 
recorded, transcribed verbatim, and coded to identify emerging themes within and across each participant’s 
content. 
 
Results:  Initial results indicate: 1) significant knowledge about and concern for social barriers experienced 
by people with SCI while trying to access equipment and technology, 2) reduced knowledge about human 
rights discourse and potential utility in realizing economic, social and cultural rights for people with SCI, and 
3) strong interest in learning more about international human rights law as a tool for improving access to 
services and technology by people with SCI.  Additionally, even though health professionals were not 
explicitly using human rights terminology, the advocacy efforts reported by most of the professionals shows 
that they are in fact “doing human rights.”  
 
Conclusions:  Measuring human rights perspectives of health professionals can better inform gaps in 
knowledge and opportunities for exploring how international human rights law may influence increased 
realization of the resources needed by people with disabilities for societal integration.  While this study 
reveals a lack of knowledge about the utility of human rights discourse in addressing the limitations people 
with SCI experience, health professionals express a willingness to learn about the utility of human rights 
treaties in advancing the needs of people with SCI.  Increasing human rights literacy in health professionals 
and people with SCI can catalyze meaningful and effective ideas for improving policies that support the 
human rights of all people with disabilities. 
 
Support:   
Science and Human Rights Coalition of the American Association for the Advancement of Science (AAAS). 
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Introduction:  More than half of all people who sustain a spinal cord injury (SCI) experience some degree of 
impairment in the upper extremity.   Functional use of the arm and hand is of paramount importance to 
these individuals.  Fortunately, options for improving upper extremity function after tetraplegia have 
increased as a result of advancing science and technology.  These advancements focus on acute spinal 
decompression, neural repair and neuroprotection, activity-based rehabilitation, and surgical reconstruction 
including electrical stimulation devices that are surgically implanted.  Unfortunately, while reconstructive 
procedures have demonstrated functional improvements for people with cervical SCI, they are not 
universally available and are therefore under-utilized.  A common measure for evaluating the impact of 
upper limb interventions such as those targeting neurorecovery is the upper extremity motor score (UEMS) 
of the International Standards for the Neurological Classification of Spinal Cord Injury (ISNCSCI).  Historically, 
the impact of UE reconstructive procedures, including implanted neuroprostheses, has not been reported as 
changes in the ISNCSCI UEMS.  The purpose of this paper is to demonstrate the step-wise incremental 
changes in UEMS after reconstructive surgery and implantation of UE neuroprostheses. 
 
Methods:  A retrospective analysis was conducted of 25 individuals with motor compete C5 and C6 SCI who 
received reconstructive procedures such as tendon transfers and an implanted neuroprosthesis at least one-
year post-injury.  Data included manual muscle test (MMT) scores obtained prior to intervention, and three 
months post-surgery. Post-surgical strength was measured with the neuroprosthesis off (reflecting impact 
of tendon transfers) and on (reflecting the impact of tendon transfers and the neuroprosthesis).  All 
participants were enrolled in a clinical trial for an upper extremity neuroprosthesis at the time of data 
collection. 
 
Results:  Large incremental improvements in UEMS were observed as a result of UE reconstructive 
procedures and neuroprosthesis implantation.  The median UEMS prior to any intervention was 8/25 (range 
4-8).  The median UEMS after UE reconstruction with the neuroprosthesis off was 11/25 (range 4-15) 
(p=0.0109), reflecting the impact of tendon transfers.  The median UEMS including UE neuroprostheses was 
18/25 (range 14-23) (p<0.0001).  Additionally, all participants gained strength in thumb flexion post-surgery 
(median MMT grade 4), which is not captured by UEMS.  
 
Conclusion:  Reconstructive surgeries including tendon transfers and implanted neuroprostheses effect 
significant changes in UEMS.  A 10-point UEMS increase in a neurologically stable population surpasses the 
effects of other clinical and research interventions currently available for people with chronic, cervical SCI.  
These strong effects are further underestimated as the UEMS does not include changes in function at the 
thumb.  The functional impact of these changes in strength have been reported in the literature.  Currently, 
there are no other interventions that provide this level of function for people with chronic, cervical SCI.  This 
is a call to action for expanding opportunities for UE reconstruction and increasing access to implanted 
technology for a segment of the SCI community that often has few other options for functional restoration. 
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Introduction: In translational spinal cord injury (SCI) research, the proper definition of inclusion criteria 
decides to a large extent, whether the endpoints of a trial investigating a new intervention will be 
successfully met or not. One of the most important aspects is the selection of appropriate study 
participants. Since the number of eligible patients is limited, a detailed, comprehensive and well-balanced 
decision strategy for the inclusion is required. However, this is rather challenging since the population of 
patients with SCI is represented in a highly heterogeneous manner regarding the type and severity of injury 
and the potential for neurological or functional recovery over the course of rehabilitation in particular in 
respect to walking function. A special group of interest are patients with cervical injuries, in whom 
incomplete lesions are more frequent than in thoracolumbar injuries. 
 
Objective: Identification and stratification of homogeneous study participant cohorts focusing on lower 
extremity function and understanding the underlying conditions of the identified cohorts. 
 
Methods: Data from patients with cervical SCI from the European Multicenter study about Spinal Cord 
Injury (EMSCI) was analysed. An unbiased recursive partitioning conditional inference tree (URP CTREE) 
analysis was performed to provide a prediction-based outcome stratification algorithm. The 6-minute 
walking test (6minWT) at 6 months after injury was predicted using clinical assessments (ISNCSCI) collected 
2 weeks after injury. Reliability and stability of the computed algorithm were validated using an 
independent, external dataset. Further, the underlying conditions (different available functional outcomes 
at 2 weeks, 1, 3 and 6 months after injury) were analysed in the stratified subgroups. 
 
Results: Based on clinical assessments, URP CTREE predicted and stratified a given heterogeneous SCI 
population of 309 patients into 7 homogeneous cohorts in relation to the functional outcome 6minWT. 
Further analysis of the underlying conditions across the identified cohorts emphasized differences in the 
characteristics of the included functional outcomes (lower extremity motor score, spinal cord independence 
measure, 6minWT & 10-meter walking test) over the course of rehabilitation. 
The external validation of the prediction algorithm provided similar distributions within all subgroups of the 
original prediction. 
 
Conclusion: Homogeneous study participant cohorts, with a focus on lower extremity function, can be 
stratified using the method of URP CTREE. The subsequent analysis of the underlying conditions of the 
identified cohorts provides additional information, leading to a better understanding of the different 
recovery patterns. Based on modelled predictions, stratification rules and appreciation of underlying clinical 
conditions the inclusiveness in clinical trials can be enhanced by enabling parallel cohort designs. 
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INTRODUCTION: 
Despite an enormous amount of research, the prognosis for recovery of lower limb motor function in 
patients with chronic motor completeSpinal Cord Injury (SCI) remains dismal. Activity-based locomotor 
training, the only practice used to enhance recovery at present, does not yield significant outcomes. Animal 
studies have shown significant motor recovery with the combination of spinal Epidural Electric Stimulation 
(sEES) to activity-based training. Two small case series in the western population have also been published 
recently showing positive results. 
CLINICAL STUDY: 
We conducted a pilot clinical study in ten chronic motor-complete spinal cord injured patients. The study 
was approved by the Institute Ethics Committee. All the subjects provided a written as well as video 
informed consent. They were randomized into two groups of five patients each. Each group 
underwentstandardized activity-based training. One group was implanted with a sEES in addition. 
The primary outcome measure included duration of standing weight bearing with minimal assistance, 
control of full weight bearing and assessment of ability to coordinate stepping on a tread-mill. The 
secondary outcome measures include an improvement in the AIS of at least one grade or 6 points in ASIA 
motor score, any voluntary movement by additional muscle groups not included in ISNCSCI,Walking Index of 
Spinal Cord Injury ,assessment of functional independence using SCIM, psychological evaluation by Beck 
Depression Inventory,  electromyography, nerve conduction velocity, somatosensory evoked potential, 
motor-evoked Potential and evaluation of bladder function by Urodynamic studies.  
The sEES group participants were implanted with a surgical stimulator (RESTORE ADVANCED,MEDTRONICS). 
Multiple combinations of amplitude and frequency were tested to obtain information on what combination 
caused rhythmic muscle activation simulating walking, standing, and stepping.Training sessions lasting three 
hours a day were given with sEES turned on. Trials were also conducted to look if the motor achievements 
were sustained when the stimulator was turned off. 
RESULTS: 
Preliminary resultsat 14 weeks of activity based training revealed that participantsin the sEES group were 
able to have control of full weight bearing, stand with minimal assistance for 5 to 15 minutes continuously 
and walk over ground with assistive devices after activity based training with sEES turned on. These abilities 
continue to improve. However, the participants could not perform the same activities and there is no 
voluntary motor activity with the stimulator turned off. There were no serious adverse effects during the 
study.The participants are under long term follow up and recovery of voluntary motor activity of lower 
limbs with sEES turned off is being assessed. The six months follow up results of all participants will be 
presented. 
CONCLUSIONS: 
Early results showed that motor recovery with regard to standing and walking improved in participants with 
activity based training combined with sEESas compared to activity based training alone. These results 
suggest that sEES has the potential for recovery of motor functions after SCI.  
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Introduction 
The International Standards for Neurological Classification of Spinal Cord Injury (ISNCSCI) are the gold 
standard classification of spinal cord injury (SCI) level and severity, using the American Spinal Injury 
Association (ASIA) Impairment Scale (AIS). The AIS score, which categorizes motor and sensory impairments, 
is widely used in research and has been found to predict functional, and perhaps autonomic, outcomes after 
SCI. However, calculating an AIS score involves a complex clinical assessment completed by trained 
clinicians in a rehabilitation setting; this makes obtaining an AIS score for community-residing people with 
SCI difficult.  The purpose of this presentation is to discuss the evaluation of a self-report method, 
developed in Canada, to determine AIS in community-residing people with SCI.  
 
Methods 
Data for this analysis were collected from people with SCI as part of an ongoing study taking part in five sites 
across four countries: Australia, Brazil, Netherlands and USA (Colorado and Michigan).  After receiving 
approval from each site’s respective Institutional Review Board or Privacy Board, people with SCI were 
consented and enrolled into the study and completed an in-person or telephone interview. The interview 
included seven self-report questions regarding self-perceived functional and physical motor and sensory 
abilities; an algorithm was applied to responses to calculate an AIS score.  We then measured the level of 
agreement between the self-report data and the medical record data [level of injury (cervical, thoracic, 
lumbar), level of injury (tetraplegic, paraplegic), injury completeness (complete, incomplete), and AIS score 
(A, B, C, D)] using a Cohen’s kappa statistic. The association between the calculated AIS score to the medical 
record AIS score was assessed with a Somers’ D index. 
 
Results 
A total of 221 people with a traumatic onset of injury who were residing in the community was included in 
this analysis. The sample was predominantly male (78.3%) and married (54.3%). Average age at the time of 
the study was 48.7 years (sd=14.0) and average age at onset of injury was 33.8 years (sd=15.5); average 
years of education was 13.8 years (sd=4.2). The level of agreement was very strong for level of injury 
between the self-report and medical record. The kappa score was 0.95 for level of injury (tetraplegic, 
paraplegic) and 0.92 for level of injury (cervical, thoracic, lumbar). Injury completeness and AIS score had 
substantial agreement with kappa scores of 0.69 and 0.73 respectively. The Somers’ D between the 
calculated AIS variable to the medical record-abstract AIS was 0.77, indicating a high level of association and 
predictability. 
 
Conclusions 
We conclude that agreement between self-report and medical record level of injury and AIS is fairly 
consistent for community-residing people with traumatic SCI and that using the self-report questions is a 
promising method to generate an AIS score in community-residing people with traumatic SCI. Future 
research to further examine and validate these results is required.
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BACKGROUND 
Caregiver burden (CB) is a well-recognised consequence of providing care to people with spinal cord injury 
(SCI). Care recipients with SCI frequently experience secondary conditions (SCs), defined as the physical and 
psychological complications that occur as a result of SCI which can lead to increased hospitalisation and 
reduced functionality, quality of life and social participation.  
As SCs may increase the perceived CB, and as there is little available literature on the impact of SC’s on 
caregivers, this study aimed to assess the impact of physical and psychological secondary conditions 
experienced by people with SCI on the perceived burden of family caregivers.  
METHODS 
Multicentre cross-sectional study in two urban spinal units in Italy and Ireland. 56 dyads of family caregivers 
and individuals with SCI were recruited during follow-up appointments at outpatient clinics in each centre. 
Care recipients completed a toolset consisting of demographic information, 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) and the General Anxiety Disorder-7 (GAD-7). In addition 
caregivers completed the Caregiver Burden Inventory in Spinal Cord Injury (CBI-SCI), a multi-dimensional 
measure of CB.   
Descriptive statistics were applied to depict the characteristics of the sample, as well as the most 
represented SCs and the extent of CB. Bivariate analyses between the total score of CBI-SCI and its 
dimensions were performed to highlight significant correlations with care recipients’ SCs. 
RESULTS 
Almost all caregivers lived with their care recipients (84%), the majority assisted for at least three years 
(71%) and a small proportion reported economic difficulties during the previous year (18%). The majority of 
care recipients had SCI for more than three years (80%), had paraplegia (55%) and traumatic SCI aetiology 
(75%). The majority had been rehospitalized during the previous year (57%). No significant differences 
between centres were identified.  
Spasticity was rated as an occasional or chronic complication by two-thirds of the sample (66%), while UTIs 
(56%) and joint/articular pain (53%) were present in more than half. Physical complications were all 
correlated with at least one dimension of perceived burden. In contrast, no correlations were identified 
between the psychological status of care recipients and the level of burden among family caregivers.  
The Time-Dependent dimension of burden showed the highest number of correlations, most significantly 
with number of caregiving hours (r=0.67; p<0.01) and more moderately with functional level of care 
recipients (r=0.47; p<0.01). Emotional burden attained only a weak correlation with the SCI-SCS score 
(r=0.27; p=0.05). Bladder dysfunction and urinary tract infections significantly influenced all dimensions of 
CB, while only pressure ulcers influenced the Time-dependent dimension. Level and completeness of injury 
and duration of caregiving increased the amount of perceived CB.  
CONCLUSION 



Secondary conditions following SCI influence the subjective burden experienced by family caregivers. 
Perceived burden increases with increasing complexity of SCs. This study highlights the importance of 
healthcare policies and interventions designed to reduce SCs, not only to promote well-being for individuals  
with SCI but to reduce CB amongst family caregivers.   
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Spinal cord injury (SCI) results in severe deficits of urogenital functions, including ejaculatory dysfunction. 
Surveys among SCI men place recovery of sexual function as a high priority issue, but treatment 
development is hindered by limited understanding of effects of SCI on the spinal ejaculation generator 
(SEG). The SEG in rats and men consists of a population of lumbar spinothalamic cells (LSt) that control 
ejaculation via axonal projections to autonomic and motor centers in the lumbosacral spinal cord. LSt cells 
control ejaculation via release of multiple neuropeptides, including gastrin releasing peptide (GRP). In 
control male rats, intrathecal infusions of GRP strongly facilitate ejaculatory reflexes, while GRP antagonists 
prevent ejaculation triggered by stimulation of the dorsal penile nerve. We have recently demonstrated that 
SCI completely ablated ejaculatory reflexes in male rats. Here, we test the hypothesis that SCI causes 
disruption of expression of GRP, thereby leading to ejaculatory dysfunction. In a first study, male Sprague 
Dawley rats received either controlled spinal contusion at 200 Kdynes or sham treatment. Six-eight weeks 
later, spinal cords were processed to visualize GRP-immunoreactivity (n=9 Sham; n=11 SCI) and GRP mRNA 
(n=5 each) expression. Results showed that ejaculatory dysfunction was associated with significantly 
reduced expression of GRP mRNA and GRP protein in LSt cells. Next, we tested the hypothesis that GRP 
infusions may restore ejaculatory reflexes in SCI males. In a second study, four weeks after SCI or sham 
surgery (n=8 each), animals received an acute spinal transection to remove remaining supraspinal influence 
on the SEG and subsequent intrathecal infusions (10 µl) of saline and GRP 20-29 (0.2 nmol) while 
parameters of ejaculatory reflexes were recorded. In addition, the dorsal penile nerve was stimulated at 
frequencies that normally trigger ejaculation in control males (30 Hz) or subthreshold (5 Hz) and reflexes 
were recorded. Results demonstrated that GRP, but not saline triggered ejaculatory reflexes and facilitated 
sensory nerve-stimulated reflexes in a subset of the animal and equally in sham and SCI groups. In a third 
study, the effects of GRP infusions were again examined in sham and SCI male rats (n=4 each), but without 
the acute spinal transection prior to infusions. Results demonstrated that GRP, but not saline, triggered and 
facilitated ejaculatory reflexes with no differences between sham and SCI groups, but again in a subset of 
the sham and SCI animals. These results in male rats indicate that a reduction of GRP in the SEG following 
SCI may contribute to ejaculatory dysfunction. Moreover, the results indicate a partial recovery of 
ejaculatory function following intrathecal GRP infusions. Therefore, together these studies suggest that GRP 
be considered as a target for future development of treatment options for sexual dysfunction following SCI. 
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Introduction: The concept of Active Rehabilitation (AR) training programs was first developed in Sweden 40 
years ago and it has spread to more than 20 countries around the world. These residential community 
rehabilitation programs last 7-10 days and are led by peer mentors as trainers and educators. The focus is to 
support individuals with SCI through physical training, education and empowerment to improve their skills, 
knowledge and self-esteem, and subsequently to reach their full potential at an activity and participation 
level. Despite a plethora of positive anecdotal evidence, the effects of AR programs have not been 
evaluated scientifically. The INTERnational Project for the Evaluation of “activE Rehabilitation” (inter-PEER) 
started in Sweden in 2018 aiming to evaluate the effects of these programs on community-dwelling 
participants with SCI. This study provides preliminary data from the first year of the study. 
 
Methods: This prospective cohort study included all participants in three AR programs during 2018. 
Participants were evaluated in the beginning (T1), at the end (T2) and at 3 months (T3) after the program. 
Evaluation involved an online survey (T1-T2-T3) and a practical wheelchair skills test (T1-T2). The primary 
outcome measures were the Spinal Cord Independence Measure Self-report (SCIM-SR), the Queensland 
Evaluation of Wheelchair Skills (QEWS), the Wheelchair Skills Test Questionnaire (WST-Q) and the Moorong 
Self-Efficacy Scale (MSES). The secondary outcome measures included the 11-item Life Satisfaction 
Questionnaire (LiSat-11), the Utrecht Scale for Evaluation of Rehabilitation-Participation (USER-P), the 
Leisure Time Physical Activity Questionnaire for people with SCI (LTPAQSCI) and the 10-item Connor-
Davidson Resilience Scale (CD-RISC-10). 
 
Results: Out of the 49 participants, there were 30 (61%) men, 25 (51%) with tetraplegia and 31 (63%) with 
incomplete lesions. The mean age was 43 years (SD=16; range: 17-74) and the mean time-since-injury was 3 
years (SD=7; range: 0.4-37). Participants improved their overall SCIM-SR score by 3.3 points between T1-T2 
(p<.001;d=0.71) and results were largely retained at follow-up (p=0.038;d=0.36). Participants achieved most 
gains in the mobility and self-care subscales. Participants reported higher scores on MSES at completion 
(p=0.014;d=0.41), but the gains were halved at follow-up. Improvements were also achieved in the overall 
QEWS score (p<.001;d=0.25), attributed primarily to improvements on ascending and descending a gutter. 
Improvements in QEWS were supported by similar gains in WST-Q capacity score at T2 that were retained at 
T3. Gains in confidence with wheelchair skills dropped at T3 as compared to T2. No improvements were 
reported in any of the secondary outcome measures. 
 
Conclusions: This is the first full-scale evaluation of the AR training programs internationally. Preliminary 
results suggest that AR programs had positive effects on the participants’ level of physical independence, 
wheelchair skills and self-efficacy that were largely retained at 3-month follow-up. Despite the lack of a 
control group, the relative long time-since-injury supports that improvements could be attributed to the AR 
program, rather than on a natural progression. Continuation of the data collection in 2019 will provide more 
participants and allow for sub-group analysis related to number of programs attended, level and 
completeness of injury. 
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Introduction: Reduced baroreflex gain consequent to spinal cord injury (SCI) could have profound 
implications for long term cardiovascular health. However, the literature does not provide unequivocal 
evidence for lesser gain after SCI. This may be due to the varied assessment methods used. The studies of 
Convertino and Koh employed the neck chamber technique to assess carotid cardiac vagal baroreflex gain. 
Vasoactive drugs were also employed by Koh and Krum to extrinsically induce systemic pressure changes. 
The Valsalva strain maneuver has been explored, however 60% of those with SCI are not able to perform it 
and do not demonstrate a phase IV bradycardic response. Numerous groups have exploited the beat-to-
beat fluctuations inherent in blood pressure and heart rate to derive spontaneous baroreflex indices; 
however, prior work clearly shows that these indices are inconsistent with direct baroreflex gain measures 
in the able-bodied. Nonetheless, in those with SCI, spontaneous indices may provide adequate estimate of 
baroreflex gain due to disrupted sympathetic vasomotor control and a compensatory reliance on cardiac 
parasympathetic engagement for beat-to-beat blood pressure control. Thus, we investigated whether a 
spectral spontaneous baroreflex index reflects baroreflex gain assessed by the neck chamber technique in 
those with SCI and in able-bodied individuals.  
Methods: We assessed baroreflex gain using a spectral spontaneous baroreflex index and the neck chamber 
technique in those with SCI (N=21; lesion level C1 – T10; within 2 years of injury) and in able-bodied 
individuals (N=13). The spectral spontaneous baroreflex index was assessed as the transfer function 
magnitude between RR-interval and systolic blood pressure magnitude in the 0.04 to 0.15 Hz range from 5 
minutes of semi-supine resting data. We also obtained cardiovagal baroreflex gain during 5 trials of 4 neck 
chamber pressures corresponding to -15, -25, -35, and -45 mmHg. To determine if spontaneous baroreflex 
index is representative of baroreflex function, we calculated the correlation coefficient between the 
spectral spontaneous index and the cardiovagal baroreflex gain.  
Results: As previously described in the literature, able-bodied individuals demonstrated no relationship 
between the spontaneous baroreflex index and baroreflex gain (r =0.2, p>0.1). However, in those with SCI, 
the spontaneous baroreflex index and baroreflex gain were highly related (r=0.86, p<0.05). However, the 
spontaneous baroreflex index was ~3x greater than baroreflex gain with an intercept of 3.6 ms/mmHg.  
Conclusions: These results suggest that in those with SCI the spectral spontaneous baroreflex index is 
reflective of cardiovagal baroreflex gain. However, it must be noted that this does not allow for comparison 
to able-bodied in whom the index is inconsistent with gain. It is possible that in those with SCI, given the 
disrupted sympathetic control, the spontaneous baroreflex index reflects primarily the feed-back baroreflex 
mediated RR-interval response to blood pressure fluctuations. This may have profound implications for the 
importance of baroreflex control in moment by moment regulation of systemic pressure.   
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Introduction: 
A successful return to work is crucial to ensure community integration and quality of life in persons with 
spinal cord injury (SCI). As part of this integration process, it is important to address a person’s work-related 
functioning as part of the rehabilitation of the individual.  
The Work Rehabilitation Questionnaire (WORQ) is a generic questionnaire based on the International 
Classification of Functioning, Disability and Health (ICF) that aims to assess work-related functioning from 
the patient’s perspective. WORQ was designed specifically for use in vocational rehabilitation and to assess 
work disability over time. WORQ has been translated and cross-culturally validated in several languages and 
a brief version (WORQ-Brief) was also developed for the purpose of feasibility. WORQ was found to be 
reliable, valid, and feasible when tested in people with musculoskeletal health conditions, but there is no 
evidence so far in neurological conditions such as SCI. Therefore, the objective of the study is to investigate 
the psychometric property of WORQ-Brief in people with SCI who are in a vocational rehabilitation setting. 
 
Methods: 
We conducted a cross-sectional study in a rehabilitation facility specialized for persons with SCI in 
Switzerland. The study consisted of quantitative and qualitative parts.  We administered WORQ-Brief (20 
items) at discharge from first rehabilitation, in persons with SCI who received  vocational rehabilitation or 
vocational counselling services. Internal consistency (reliability) was calculated using Cronbach’s alpha. To 
test the usability of WORQ, we conducted interviews with patients and clinicians. 
 
Results: 
A total of 68 individuals with SCI completed WORQ-Brief between 2016 and 2018. Of these, n= 47 (69.1%) 
had paraplegia (n=22 complete, n=25 incomplete) and 21 (30.9%) had tetraplegia (n=3 complete, n=18 
incomplete). Cronbach’s Alpha was high (0.90). The average WORQ sum score ranged from 0.2 to 6.62 (min 
= 0, max = 10) and correlated significantly (Spearman = 0.55) with the time required for “daily activities”.  
WORQ questions were perceived to be easy to understand and answer. Participants also reported that 
completing WORQ helped think about problems focusing on work-related functioning and the available 
resources. However,  aspects relevant to persons with SCI are missing such as “the ability to maintain a 
sitting position for a defined amount of time”.   
 
Conclusion: 
WORQ proves to be a valid, reliable, and feasible ICF-based instrument to assess work-related functioning in 
persons with SCI. Modifications may need to be done to improve the applicability of WORQ on people with 
SCI. We need to conduct future research on a SCI-specific version of WORQ while retaining its comparability 
when WORQ is used to assess work functioning in other health conditions. 
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Introduction: The acute care hospitalization represents a crucial part of the clinical pathway following a 
traumatic spinal cord injury (TSCI). Not only is it where the surgical treatment is being performed, but it also 
represents a unique period to optimize functional recovery early in the rehabilitation process. While current 
guidelines recommend initiating the rehabilitation process as early as possible following TSCI, the role of the 
acute rehabilitation team is still largely unknown.Accordingly, the aim of this study was to identify factors 
predicting functional outcome at discharge from acute care following a TSCI, focusing on modifiable factors 
that could be addressed and optimized.In addition, modifiable factors associated with the acute care length 
of stay (LOS) were investigated as a secondary objective. 
  
Methods: A prospective cohort study including 61 patients admitted to a single Level-1 SCI-specialized 
trauma center between March 2017 and October 2018 was completed. The primary outcome was the 
functional score at discharge from acute care, as measured by the Spinal Cord Independence Measure 
(SCIM-III). The secondary outcome was acute care length of stay. Univariate and multivariate linear 
regression analyses were performed to determine the association between non-modifiable factors and the 
total SCIM score, whereas univariateand hierarchical multivariate linear regression analyses were used for 
modifiable factors (surgery and admission delay, occurrence of acute complications, length of stay (LOS), 
daily therapy time (occupational and physical therapy)). The same analyses were performed for the LOS. 
  
Results:The mean total SCIM score at discharge was 42.1 ±25.2 after a mean acute care LOS of 22.7 ±14.4 
days. Severity and level of the TSCI are significantly correlated with total SCIM score in bivariate analyses. 
Longer LOS is significantly associated with poorer functional outcome at discharge from acute care. When 
controlled for the severity of the TSCI, greater admission delay to our SCI-specialised level-1 trauma center 
and the occurrence of medical complications (pressure injury, pneumonia and urinary tract infection) 
resulted in longer acute care LOS. 
  
Conclusions:This is the first study to describe and identify modifiable factors influencing the early process of 
functional recovery following a TSCI. Our results highlight the importance of early transfer to SCI-specialized 
trauma centers. Indeed, the presence of skilled comprehensive medical and rehabilitation teams who better 
understand the specifics of TSCI management and where all caregivers actively participate in the functional 
recovery of patientsis crucial.In light of our results, we suggest that the acute rehabilitation team may 
optimize the functional status early in the recovery process by focusing on medical complications 
prevention, prompt medical stabilization and by promoting a multidisciplinary approach towards achieving 
patients’ functional goals.Finally, functional gains during the acute care hospitalisation might be 
underestimated by current functional scales as interventions done during acute rehabilitation are aimed 
towards ensuring the patient has strong foundations to undertake efficient IFR in order to maximise 
functional recovery potential.  
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Introduction: Swallowing dysfunction, which may cause aspiration pneumonia, is one of the most important 
complications of cervical spinal cord injury (CSCI) treatment. Early detection of dysphagia is necessary to 
ensure sufficient nutritional intake and avoid aspiration pneumonia. Dysphagia following acute traumatic 
CSCI has recently been reported, but the mechanism is not well understood. No previous studies have 
reported the association between morphological changes of the soft tissue and dysphagia. 
Videofluoroscopic and videoendoscopic swallowing studies often show food retention in the pharynx in 
individuals with dysphagia following CSCI. We hypothesized that the morphological changes of the pharynx 
situated right in front of the injured cervical spine result in the swallowing dysfunction. The objective of this 
study was to examine the factors associated with the severity of dysphagia to elucidate its mechanism. 
Methods: We conducted a prospective analysis of patients with acute traumatic CSCI who were admitted 
within 2 weeks of the injury from October 2015 to August 2018. Dysphagia was evaluated using the 
Dysphagia Severity Scale (1 = saliva aspiration; 2 = food aspiration; 3 = water aspiration; 4 = occasional 
aspiration; 5 = oral problems; 6 = minimum problems; and 7 = within normal limits) 2 weeks after the injury. 
The widths of the retropharyngeal (level C2) and retrotracheal spaces (level C6) were measured to assess 
the soft tissue damage due to the injury using sagittal computed tomography. In addition, we assessed the 
patient age, surgery of the injured cervical spine, presence of tracheostomy, osteophyte behind the 
pharynx, level of injury on magnetic resonance imaging, and American Spinal Injury Association (ASIA) 
motor score 2 weeks after the injury. The factors affecting DSS were evaluated using a multiple regression 
analysis. 
Results: Of the 161 patients admitted to our hospital within 2 weeks from the injury, we excluded 16 who 
changed hospitals because of the deterioration in their general condition and 9 with mild paresis who were 
discharged early. Finally, 136 individuals (mean age±standard deviation: 65.1±14.1 years) were evaluated in 
this study. Among the individuals with acute CSCI, 1, 8, 11, 24, 40, 46, and 6 had DSS grades of 1, 2, 3, 4, 5, 
6, and 7, respectively. As 44 individuals were categorized under grades less than 5, which were defined as 
different types of aspiration, the incidence of aspiration was 32%. Multiple regression analysis revealed that 
age, ASIA motor score, tracheostomy, and retropharyngeal space were significantly associated with DSS (t-
value/p-value: -3.7/<0.001, 9.1/<0.001, -4.5/<0.001, -2.6/<0.01, respectively). 
Conclusion: A prospective analysis for dysphagia was performed on 136 individuals with CSCI. The incidence 
of aspiration following CSCI was 32%. Severe paresis, tracheostomy, old age, and swelling of the 
retropharyngeal space were significantly affected by dysphagia following CSCI. Morphological changes of 
the pharynx, which is situated right behind the larynx, following the injury affects the mechanism of 
dysphagia. 
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Introduction: Pulmonary complications are among the major causes of death in persons with spinal cord 
injury (SCI). Therefore, improving the management of pulmonary dysfunction is highly prioritized in SCI care. 
The objectives of the study are to describe structural and functional changes in the pulmonary system 
among middle-aged persons with chronic, traumatic, high-level SCI, investigate associations between 
structural and functional changes, sociodemographics and injury characteristics, and to compare the 
findings with matched controls from the general population. 
 
Methods: Cross-sectional study in a community and tertiary hospital setting in southern Sweden. Data from 
the Swedish SPinal Cord Injury Study on Cardiopulmonary and Autonomic Impairment (SPICA), including 5 
women and 20 men (mean age 58 years, mean time since injury 28 years, injury levels C1-T6, American 
Spinal Injury Association Impairment Scale A-C). Structural changes in the lungs were assessed with 
computed tomography. The lung function was assessed with spirometry, impulse oscillometry (IOS) and 
diffusing capacity. Controls (ratio 4:1), matched for age, gender, height and smoking status, were obtained 
from the Swedish CArdioPulmonary BioImage Study (SCAPIS). SCAPIS is a study designed to improve risk 
prediction and to study disease mechanisms of cardiovascular disease and chronic obstructive pulmonary 
disease in a cohort of 30 000 persons. Controls performed lung function tests 15 min after the inhalation of 
400 µg salbutamol. Associations between variables were investigated using regression analyses. 
 
Results: In total, 75% of the participants had structural findings, of which linear scars of atelectasis were the 
most common. There were no significant associations between structural and functional changes. A lower 
level of injury (i.e. each level C1-T6) was significantly associated with lower occurrence of structural findings 
(OR=0.65, p=0.02). Older age was significantly associated with greater occurrence of linear scars of 
atelectasis (OR=1.40, p=0.03). No significant differences were found between all participants and controls 
regarding structural findings. However, when subgroup analyses were performed, structural findings were 
significantly more common in participants with tetraplegia compared to controls (OR=6.79, p=0.03). The 
percent of predicted vital capacity (VC), predicted forced expiratory volume in 1 s (FEV1), FEV1/forced VC 
(%) and predicted maximal expiratory flow at 50% (MEF50) increased significantly with each lower level of 
injury, indicating better pulmonary function. Compared to controls, the percent of predicted diffusing 
capacity of lung for carbon monoxide was 27.7 lower in all participants with SCI, and 31.9 lower in 
participants with tetraplegia. The corresponding decreases of the carbon monoxide transfer coefficient 
were 9.6 and 16.4. The same pattern, with more pronounced pathology in participants with tetraplegia 
compared to controls, was found for all the IOS parameters (R5 0.05 vs 0.09, R20 0.03 vs 0.06, X5 -0.04 vs -
0.05, AX 0.29 vs 0.41 and resonant frequency 2.8 vs 3.6). 
 



Conclusions: Structural and functional changes in the pulmonary system are common in middle-aged 
persons with chronic high-level SCI, and depend to a large extent on the level of injury. As persons with 
tetraplegia are particularly vulnerable, this group should receive particular attention in the clinical context.
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Introduction: Prematurely occurring cardiovascular and pulmonary diseases are today the leading causes of 
death after spinal cord injury (SCI). Therefore, there is a need for increased knowledge of the 
cardiopulmonary health in persons aging with SCI. Here, the methodology and the cohort demographics of 
the Swedish Spinal Cord Injury Study on Cardiopulmonary and Autonomic Impairment (SPICA) are 
presented.  
 
Methods: Cross-sectional cohort study in a community and tertiary hospital setting in southern Sweden. The 
participants were recruited population based and comprised persons aged 50 to 65 years with traumatic SCI 
for at least 5 years, level of injury C1-T6, American Spinal Injury Association (ASIA) Impairment Scale (AIS) A-
C. The study protocol was based on the baseline protocol of the Swedish Cardiopulmonary and Bioimage 
Study (SCAPIS) combined with generic and SCI-specific assessment tools. SCAPIS is a Swedish study designed 
to improve risk prediction and to study disease mechanisms of cardiovascular disease and chronic 
obstructive pulmonary disease (COPD) in a cohort of 30 000 persons of the general population. The 
assessments cover the structure and function of the cardiopulmonary and autonomic systems using 
bioimaging (computed tomography and ultrasound) and functional analyses (e.g. spirometry, diffusing 
capacity, impulse-oscillometry, 24-hour electrocardiogram and blood pressure registration and arterial 
stiffness). Biochemistry, anthropometry and metabolic factors (e.g. body composition and advanced 
glycation end products). Study-specific questionnaire and generic and SCI-specific assessment tools focusing 
on functioning and disability, autonomic dysfunction, psychological factors, sociodemographics, secondary 
health conditions (SHCs) and lifestyle. 
 
Results: Of 38 potential participants, 25 persons comprised the final sample (20% women, mean age 58 
years, mean time since injury 28 years). Spasticity and autonomic dysreflexia were common SHCs (76% and 
68%, respectively). Current pressure ulcer was reported by 24% of the participants. Baclofen and bladder 
relaxant agents were the most commonly prescribed medications (44% and 32% respectively). Eight percent 
had sustained a cardiovascular event, and 72% were classified as high-risk of cardiovascular disease. 
However, only one case based on the mean systematic coronary risk evaluation (SCORE). Chronic kidney 
disease stage 3 occurred in 8% of the participants. Asthma was previously diagnosed in 8% and none had 
COPD. The occurrence of chronic cough and chronic phlegm was 8% and 12%, respectively. Only 16% 
reported participation in any regular leisure time physical activity. 
 
Conclusions: SPICA is an in-depth assessment of the cardiopulmonary and autonomic systems in a selected 
group of persons with SCI, comprising those with the most pronounced disability and the lowest life 
expectancy. SPICA targets the organ systems of which the diseases responsible for a majority of the causes 
of death in this group occur. Forthcoming studies will focus on changes in structure and function of the 
cardiovascular and pulmonary systems, and compare the findings to matched controls from the general 



population. The results will contribute with new knowledge on the cardiopulmonary and autonomic health 
in middle-aged persons with chronic high-level SCI, and thereby provide new insights on how to design 
future research in order to improve the long-term care of persons with SCI.
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Introduction 
Traumatic spinal cord injury (SCI) causes devastating motor and sensory deficits. Damage to the 
somatosensory system after SCI yields central neuropathic pain (NP) in 53% of patients. The 
pathophysiology of NP involves a complex interaction of dysfunctional endogenous pain modulation and 
central sensitisation. The spatial extent of pain has been shown to positively correlate with increases of 
resting-state functional connectivity (rsFC) in chronic pelvic pain patients with widespread pain. However, it 
is still unknown whether the extent of chronic NP related to SCI correlates to rsFC. We hypothesize that SCI-
NP patients will show abnormal rsFC in pain processing regions which will also be associated to their spatial 
extent of NP. 
 
Methods  
A total of 37 subjects (18 healthy controls: age=55.4+11.1 years, 3 females and 19 chronic SCI-NP; 
age=56.9+10.0 years, 3 females, 11 sensorimotor complete lesions) underwent resting-state functional 
magnetic resonance imaging. For pain characterisation, pain drawings and questionnaires were 
implemented to assess the quality, intensity and location of NP (and nociceptive pain) within each patient. 
Pre-processed functional images were analysed with the CONN toolbox using a region of interest approach 
based on motor and pain processing functions reported in prior literature: e.g. motor (M1) and 
somatosensory cortex (S1); thalamus; prefrontal cortex (PFC), periaqueductal gray (PAG) and regions of the 
insular cortex. Age, sex, total intracranial volume, time since injury and pain medication where used as 
nuisance covariates in group-level analysis. Results were deemed significant at a family-wise error (FWE) 
corrected level p<0.05. Fisher-transformed correlation coefficients of significant results were extracted and 
assessed using Spearman’s correlation analysis with motor scores and NP characteristics.  
 
Results 
No age or sex differences were seen between the two groups (p=0.69, p=0.94, respectively). Compared to 
healthy controls, SCI-NP showed decreased rsFC of left M1 to bilateral paracentral lobules and increased 
rsFC of the PAG to left M1 and left dorso-lateral PFC (dlPFC) (all p-FWE p<0.05). A negative correlation was 
found for the left dlPFC to PAG with the extent of NP (rs=-0.57, p=0.01), while no correlation with maximum 
pain intensity was observed (rs=-0.15, p=0.53). In addition, rsFC from left M1 to left and right paracentral 
lobules correlated positively with lower extremity motor scores (rs=0.57, p=0.02 and rs=0.62, p<0.01, 
respectively). 
 
Conclusion 
SCI patients with greater extent of NP show lower functional coupling of brain regions involved in pain 
modulation. In addition, compared to controls, SCI-NP patients show an overall increased rsFC of the left 
dlPFC to PAG, major structures involved in descending modulation of nociceptive information. Taken 
together, this might indicate that a greater extent of NP is associated with dysfunctional coupling of 
descending modulatory landmarks reflecting an imbalance of facilitatory and inhibitory modulatory 
mechanisms. In line with this finding, a correlation between decreased rsFC of the PAG-to-ACC with pain 



facilitation in fibromyalgia patients and healthy subjects was previously reported. Based on our results, 
characterising the pain extent in SCI patients alongside neuroimaging readouts may be a valuable tool to 
determine neuroplastic changes within pain modulatory networks associated with central NP. 
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Introduction 
Physical deconditioning resulting from lower-limb paralysis after spinal cord injury (SCI) causes changes in 
micro- and macro-vascular structure and function which, when combined with prolonged sitting pressure 
and loss of muscle mass covering bony structures, contributes to subcutaneous tissue ischemia and the 
development of pressure ulcers. Reactivating the paralyzed muscles by inducing electrically stimulated (ES) 
muscle contractions (partly) reverses many of these complications. Currently no study has examined the 
effects of long-term, daily home-based low intensity ES. The purpose, therefore, was to examine the effects 
of 12 weeks daily gluteal and hamstring ES using a wearable clothing garment on gluteal skin and femoral 
conduit artery vascular function, limb volume and sitting pressure in people with SCI. 
 
Methods 
Nine (8♂) persons with chronic (1-24y) SCI received a 12-wk self-administered daily gluteal and hamstring 
ES (50Hz) program at home using a wearable clothing garment (Axiobionics, [1]) and a portable stimulator 
(Neuropro, Berkelbike). ES amplitude (80-105mA) was individually set to elicit a strong visible tetanic 
contraction without discomfort or limb movement. The protocol ran for 6 hrs (30-min ES, 15-min rest) with 
a 1:4 duty cycle (1s ES, 3s rest; [2]). Participants were instructed to use the garment as much as possible, 
during day and/or night, >6 hrs/d. Changes in common femoral artery (CFA) diameter and blood blow were 
determined with ultrasound and Doppler velocity assessments (T3000, Terason), skin vascular function 
using Laser Doppler flowmetry (Periflux system 5000, Perimed AB), thigh muscle volume estimated using leg 
circumferences and skin folds, and interface sitting pressure measured using a pressure-mapping device 
(mFlex).  
 
Results 
All participants adhered to the minimum ES requirements, with the garment being worn for ±7 hr/d, 
resulting in 9 30-min FES cycles. Eight participants chose to wear the garment during the night and one used 
it both day and night. Resting CFA diameter increased from 0.73±0.20 to 0.79±0.22cm (+8.3%, p <0.001), 
baseline CFA blood flow from 0.28±0.12 to 0.40±0.15 L/min (+43%, p<0.002). Gluteal skin blood flow (SBF) 
in response to local heating did not sign. change, but a time*intervention interaction for cutaneous vascular 
conductance indicated the change in SBF during local heating from baseline to max. levels had increased. 
Peak pressure under the sitting bones decreased (p=0.003) by 32±23mmHg and pressure gradient 
(indicating shear stress) decreased from 23±7 to 16±6 mmHg. Thigh volume increased (+19%, p=0.01) from 
4.7 to 5.6L.  
  
Discussion 
Twelve weeks of daily gluteal and hamstring ES increased structure and function ofthe femoral artery 
supplying the active skeletal muscle, most likely through repeated increases in hyperaemic shear stress. 
Peak sitting pressure, pressure gradient and limb volume improved, probably due to an increased gluteal 



muscle mass, and cutaneous microvascular function at the gluteals somewhat improved. Participant 
feedback indicated the ES clothing device is feasible for prolonged daily ES. Future work should focus on the 
potential impact of low-intensity ES in the prevention of co-morbidities related to deconditioning of muscle 
and vasculature. 
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Introduction 
In the field of spinal cord injury (SCI), there are multiple, independent databases containing information on 
neurological and functional recovery, but data cannot be pooled or compared due to differences in how 
function is measured.  For example, the two largest databases, the United States based Spinal Cord Model 
Systems (Model Systems) and the European Multicenter Study about Spinal Cord Injury (EMSCI) use slightly 
different functional outcome assessments. A crosswalk (where scores from two separate assessments are 
linked or converted to a common metric) is needed to allow comparisons. Thus, the primary objective was 
to create a crosswalk between the Functional Independence Measure (FIM) and the Spinal Cord 
Independence Measure III (SCIM III) for items reflecting voluntary motor function. 
 
Design/Method 
Common person equating, in which the instruments are administered to the same group of individuals, was 
used to create and validate the crosswalk.  The Swiss Network of Spinal Cord Injury database (Swiss) (n = 
663) was used to develop the crosswalks.  The Rick Hansen Spinal Cord Injury Registry (n = 557) and data 
from the United States based SCIM III reliability study (n=390) were used as validation databases. Only FIM 
and SCIM III Items reflecting voluntary functional movement were considered, as they reflect a similar 
construct.  Three conceptually different crosswalk methods were used.  1) Expert panel evaluation where 
experts in the field establish equivalency for similar items and scores from FIM and SCIM III, developing a 
third common scale. Individual FIM and SCIM III administrations were then re-coded to the common scale; 
2) Equipercentile equivalency in which a crosswalk was developed based on aligning total score distributions 
and rank ordering both FIM and SCIM total scores; 3) Rasch analysis based on co-calibrated item difficulties 
was used to co-calibrate the items from both instruments to develop the crosswalk.  
 
Results 
The expert panel evaluation method resulted in a correlation of 0.911 between the expert panel 
recalculated FIM and SCIM III scores. 
The equipercentile method produced a correlation of 0.901 (p<0.01) between the original SCIM III scores 
and the equipercentile FIM to SCIM III converted scores.   The correlation between the original FIM scores 
and the equipercentile SCIM III to FIM converted scores was 0.918 (p<0.01).   
Rasch analyses resulted in a correlation of 0.917 for FIM to Rasch FIM scores, while the correlation for SCIM 
III to Rasch SCIM III scores was 0.897.   
 
Conclusion 
We demonstrated three viable methods to create a FIM/SCIM III crosswalk such that data collected on 
items reflecting functional movement with one measure can be converted to the other measure. This will 
allow comparisons of functional recovery across multiple databases reflecting different systems of care and 
rehabilitation approaches.  The optimal crosswalk table will be presented.    
 
Support 
This project is supported by the Center for Large Data Research & Data Sharing in Rehabilitation and the 
Rick Hansen Institute.  
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Introduction:  
Rapidly improving capabilities of powered exoskeletons now provide exciting prospects of 
neurorehabilitation early after injury. In addition to the physical restoration of movement, the concept of 
neural reconditioning via locomotion has evolved from animal and human studies focused on the neural 
plasticity of the spinal cord. The objective of this study is to examine the safety and efficacy of ambulation 
utilizing a completely novel and lightweight powered exoskeleton by spinal cord injury patients.  
 
Methods:  
This is a multi-center, open-label, prospective cohort study conducted across 3 rehabilitation facilities. A 
patient cohort of 40 individuals with SCI ranging from T4-L5 neurological levels were recruited into a 20-
session training and assessment protocol consisting of level ground walking, varied surface walking, and 
transitional movement testing, utilizing the Suitx Phoenix exoskeleton from US Bionics. All patients were 
tested using 10-meter walk test (10MWT), 6-minute walk test (6MWT), and Timed up & Go test (TUG). 
Patient satisfaction, pain, exertion, and psychological changes after training were also reported using a 
satisfaction survey, Rated Perceived Exertion (RPE) scale and Positive and Negative Affect Schedule (PANAS). 
Safety outcomes, adverse patient events and device malfunctions were monitored and reported. 
 
Results:  
40 participants completed the multi-center study. There were no adverse events reported for the entire 
study. All study participants reported moderate to high levels of comfort and satisfaction whilst using the 
device. At final outcome assessment, all patients were able to achieve an independence level (as 
represented by the locomotion component score of the Functional Independence Measure on a 7-point 
ordinal scale) of 4 or better on all transitional movements and walking tasks. The neurological level of injury 
had a statistically significant association (p<0.05) with 10MWT FIM score, 10MWT speed, 10MWT time to 
completion, 6-minute-walk-test FIM score, WISCI-II score, carpet and concrete FIM score. Participants with 
an incomplete spinal cord injury had a higher mean FIM score (mean=4.75 vs. 4.42), faster speed (0.15 m/s 
vs. 0.10 m/s), and quicker time to completion (48.63s vs. 72.42s). Those with incomplete injuries had a 
higher FIM score for the 6-minute walk test (4.56 vs. 4.23), higher WISCI-II scores (9.69 vs. 7.88), carpet FIM 
scores (4.75 vs. 4.42), and concrete FIM scores (4.81 vs. 4.46). In terms of psychological effects of over-
ground walking, there was an upward trend noted for the positive affect scores, and a downward trend for 
the negative affect scores. As a group, all study participants reported moderate to high levels of comfort 
and satisfaction whilst using the device.  
 
Conclusion:  
This is the first study to examine the safety and efficacy of the Suitx Phoenix exoskeleton for ambulation by 
spinal cord injury patients. We have shown that the Phoenix is efficacious in allowing patients to perform all 
walking tasks and transitional movements and comparable to other published exoskeleton trials. This study 



also demonstrated a high safety-profile of the device, with no falls, no adverse events, and relatively few 
minor complaints.  
 



 

209 

Changing epidemiology of traumatic spinal cord injury and its 
consequences – an integrative perspective on data from a metropolitan 
region in Germany 
Dr. Marcel A. Kopp1,2, Tom Lübstorf1, Dr Christian Blex1, Prof. Dr. Dr. Jan M. Schwab1,3, PD Dr. Ulrike Grittner4, 
Prof. Dr. Thomas Auhuber5, Prof. Dr. Axel Ekkernkamp6, Dr. Andreas Niedeggen7, Erik Prilipp7, Magdalena 
Hoppe1,7, Dr. Johanna Ludwig7, Martin Kreutzträger7, Dr. Thomas Liebscher7 

1Clinical and Experimental Spinal Cord Injury Research (Neuroparaplegiology), Department of Neurology, Charité - 
Universitätsmedizin Berlin, Berlin, Germany, 2Berlin Institute of Health, QUEST – Center for Transforming Biomedical 
Research, Berlin, Germany, 3Department of Neurology, Spinal Cord Injury Division, The Neuroscience Institute, The Ohio 
State University, Wexner Medical Center, Columbus, USA, 4Department for Biostatistics and Clinical Epidemiology, Charité 
- Universitätsmedizin Berlin, , Germany, 5Medical Management, Trauma Hospital Berlin, Berlin, Germany, 6Clinic for 
Trauma Surgery and Orthopaedics, Trauma Hospital Berlin, Berlin, Germany, 7Treatment Centre for Spinal Cord Injuries, 
Trauma Hospital Berlin, Berlin, Germany 

Introduction: The aging society in industrialized, high-income countries is characterized by shifting patterns 
of etiology, pre-morbidity and associated complications of traumatic spinal cord injury (tSCI) restricting 
therapeutic opportunities and advocating for more individualized approaches in surgical and rehabilitative 
care and clinical research. 
 
Methods: In a level 1 trauma center with specialized SCI care in Germany, 321 consecutive patients were 
enrolled from 2011 to 2017 for differential explorative analysis of age-related effects on etiology, pre-
morbid conditions, surgical management, SCI-specific complications, neurological outcome, and 
socioeconomic aspects of tSCI. The study population was divided by median and quartiles into ‘young’ (14.1 
to 42.4 years), ‘middle age’ (42.5 to 57.3 years), ‘older’ (57.4 to 74.1 years) and ‘very old’ (74.2 to 98.2 
years) cohorts. Outcome analyses were stratified for the ASIA impairment scale (AIS). Adjusted logistic 
regression models were calculated to estimate whether associations of age with AIS conversions were 
independent of sex, injury severity, neurological level, additional traumatic brain injury, delay in hospital 
admission, and crucial outcome modifying factors (e.g. pulmonary infections). 
 
Results: The median age in the study population is 57.3 years. The frequency distribution of age plateaus 
between 45 and 65 and peaks at 80 years. The major cause of tSCI is shifting from traffic accidents in 
‘young’ (38.8%) and ‘middle age’ patients (39.5%) to falls in the ‘older’ (66.3%) and ‘very old’ patients 
(83.7%). Age is significantly associated with higher rates of pre-morbidities, secondary referral to specialized 
SCI care, delay in spinal surgery, prevalent pulmonary and gastrointestinal infections as well as elevated 
mortality. In the adjusted regression model for analysis of neurological outcome, the risk for non-conversion 
in the AIS in incomplete tSCI is exemplified by an OR of 7.31 (95% CI, 1.75-30.53) in ‘very old’ compared to 
‘young’ patients (p=0.006). Furthermore, in complete tSCI the total stay in acute care is prolonged in ‘older’ 
patients with a median of 123.3 (interquartile range, 92-171.2) compared to 112.9 days (74.9-142.0) in 
‘young’ patients. In incomplete tSCI the length of stay in ‘very old’ patients is 57.4 (49.8-77.3) days versus 39 
(18.7-61.3) days in ‘young’ patients. The cumulative treatment costs in complete tSCI are higher with a 
median of 113,500 (interquartile range 67,500-151,800) EUR in ‘older’ patients versus 98,400 (50,900-
120,500) EUR in ‘young’ patients. In incomplete tSCI patients the costs are 47,100 (36,000-58,900) EUR in 
‘very old’ versus 31,100 (23,000-50,500) EUR in ‘young’ patients. The majority of complete tSCI patients of 
all age groups is staying in a rehabilitation center (72 of 90, 80%) or their private residence (13 of 90, 14.5%) 
after discharge from acute care and only a minority of cases (5 of 90, 5.5%) is living in a nursing home or 



hospital. The results analyzing incomplete tSCI patients are similar and the majority of patients is eligible for 
inpatient rehabilitation including the ‘very old’ cohort.  
 
Conclusions: The aging society impacts on management algorithms, complications, neurological outcome, 
and treatment costs of tSCI. Age-associated increase in economic burden must be weighed against the 
comparatively high rehabilitation potential of elderly tSCI patients.
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Introduction: We report the final results of the « PRevention des EScarres par un DIspositif Embarqué » 
(PRESDIE) study. Up to 85% of persons with a spinal cord injury (PwSCI) develop at least one pressure ulcer 
in their lifetime and 7 to 8% may die because of this secondary condition. Data from the literature also 
demonstrated that the incidence and prevalence of pressure ulcers are still high and not reducing. 
Therefore, prevention remains a challenge. The main aim of this study was to assess the concordance 
between the continuous recording of sitting pressures measured  by the embedded device TexiCare, a 100% 
sensor-matrices knitted textile, and subject-dependent pressure parameters in everyday activities.  
 
Methods: The PRESDIE study included 90 subjects using a manual wheelchair, from 3 SCI-specialized French 
departments, that respected the "a priori" calculated number. The follow-up duration was of 28 days, with a 
comprehensive overview of the daily habits of PwSCI. Clinical and electronic data were analyzed during this 
period. We carried out a weekly in-site control, including an inspection of the pelvic skin status, the 
collection of data recorded by the TexiCare central unit and, in parallel, those recorded by the participants 
in their personal diaries concerning "remarkable events" that might have changed sitting pressures in their 
everyday activities.  
 
Results: 83% of the PwSCi presented a motor-complete SCI. One pressure ulcer (grade 1) event  occurred 
during the study. The durations of discharge after transfers of various “types” (toilets, shower, car or bed), 
estimated by TexiCare pressure data, appeared consistent with the nature of the corresponding activities 
through the annotations in the subjects' diaries. We found a correlation between mobility features collected 
by the device and the motor score according to the ISNCSCI: both the minimum ellipse (containing 95% of 
the day's pressure centres) and the distance covered by this pressure centre during the same period were 
positively correlated to the motor score (Spearman and Kendall test; p<0.05).    
 
Discussion: PRESDIE was the first study that confirmed on a significant cohort and an adapted follow-up 
period the concordance between continuous pressure recording and clinical data. Such clinical data 
involved subjects SCI-specific information but also data describing everyday activities. For the moment, the 
TexiCare device was intended to serve as a measurement tool to enable PMR professionals to optimally 
choose and adjust equipments (cushion, wheelchair) for each PwSCI. The embedded device TexiCare could 
provide dynamic essential data to PwSCI and, consequently, the PRESDIE team is now considering a larger-
scale trial to validate feedback information from continuous recordings of pelvic pressures in our targeted 
population. 
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Introduction 
More than 50% of individuals with a spinal cord injury (SCI) are affected by chronic neuropathic pain at 
and/or below the neurological level of injury. Causes of chronic neuropathic pain are postulated to lie in 
abnormal balance within the nociceptive system, i.e., between anti- and pro-nociceptive mechanisms. 
Sensitization along the nociceptive neuraxis, as a pro-nociceptive mechanism, contributes to the clinical 
representation of hyperalgesia and allodynia in individuals with neuropathic pain. Temporal summation of 
pain (TSP), the behavioural analogue of spinal wind-up, is believed to reflect this central sensitization. TSP 
and other pain modulatory processes, such as pain adaptation, can be studied by application of tonic heat 
stimulation in humans. The objective of this study was to investigate differences in tonic heat pain 
modulation, i.e., adaptation and TSP, in individuals with and without neuropathic pain following SCI. 
 
Methods 
Tonic heat pain modulation was studied in three groups with a total of 53 individuals: thoracic SCI 
individuals with (SCI-NP, n=23) and without neuropathic pain (SCI-nonNP, n=14), and age- and sex-matched 
healthy controls (HC, n=16). The assessment was performed at the volar forearm in order to investigate a 
sensory intact area. A thermode was heated to 45°C, and the participants were instructed to rate the pain 
intensity on a numeric rating scale. Subsequently, they had to keep the pain level constant for two minutes 
by adjusting the temperature of the thermode (participant-controlled temperature). Pain adaptation and 
temporal summation were the primary readouts of the obtained tonic heat profiles. In addition, 
neuropathic pain was characterized using pain drawings capturing pain extent and intensity. 
 
Results 
Individuals with SCI and neuropathic pain show the highest percentage of TSP occurrence (SCI-NP: 88%, SCI-
nonNP: 63.6%, HC: 80%). The magnitudes of TSP were 0.40°C ± 0.37 in HC, 0.35°C ± 0.32 in SCI-nonNP, and 
0.64°C ± 0.45 in SCI-NP. Statistical analysis revealed a significant increase of TSP magnitude within the SCI-
NP compared to the SCI-nonNP group (p=0.044). Furthermore, the area under the curve of the TSP was also 
increased in SCI-NP compared to SCI-nonNP (p=0.044). Correlations between pain intensity and extent with 
TSP magnitude in the SCI-NP group revealed no significance (rho=0.22, p=0.396, and rho=0.177, p=0.498, 
respectively). Pain adaptation was found in 93% of HC, 100% of SCI-nonNP, and 94% of SCI-NP, and the 
amplitude of adaptation was not significantly different between the three groups (HC: 1.35° ± 0.52, nonNP: 
1.36° ± 0.51, NP: 1.53° ± 0.70 (p=0.654). 
 
Conclusions 
Increased TSP was found in individuals with SCI and chronic neuropathic pain compared to the ones without 
neuropathic pain. This temporal summation might act as a proxy for central sensitization, reflecting a 
disturbance of pain modulation towards a pro-nociceptive state. The method of tonic heat assessment by 
participant-controlled temperature is a promising tool to investigate dynamic pain modulation processes in 
a more objective manner than pure rating-based approaches. Therefore, this method might improve pain 
phenotyping of individuals with SCI and neuropathic pain.
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Introduction 
Autonomic dysreflexia occurs particularly in women with spinal cord injury at the level of T6 or above, 
although it is known to occur above T10 (Greenspoon & Paul, 1986) and it is a direct life-threatening 
condition.  
 
Methods 
Available data was identified by conducting a thorough literature search of three main databases (MEDLINE, 
EMBASE and CINHAL) using appropriate Medical Subject Headings (MeSH) terms. Relevant articles were 
identified and reviewed. 
 
Results 
Autonomic dysreflexia was reported in 60% (Baker et al. and Cross et al. 1992) and 85% (Hughes et al. 1991) 
of pregnant women with SCI above T6.  
Delayed or suboptimal management of AD can lead to maternal intracranial bleeding, death, uteroplacental 
vasoconstriction, foetal hypoxaemia and foetal bradycardia or heart rate irregularities due to paroxysmal 
hypertensive episodes. This is in contrast to pregnancy-induced hypertension, usually presenting as a 
gradual and sustained rise in blood pressure. Electronic foetal monitoring is advised to detect foetal distress 
secondary to AD (Cochrane review 2014). 
Several measures could prevent labour-associated AD such as limited pelvic floor examination, avoiding 
speculum and prevention of bladder distension (Le Liepvre et al. 2017). Vaginal examinations and insertion 
of indwelling catheter need to be performed gently, with prior application of a topic anaesthetic to prevent 
triggering AD or spasms (Cochrane review 2014). 
Patients should change position and have a skin examination every 2 hours during labour to prevent 
development of pressure ulcer which could cause AD (Pereira 2003). 
Labour pains may not be perceived in patients with SCI above T10, which puts these patients at risk for 
unperceived delivery and AD. Anaesthesia during labour is suggested to all patients with spinal injury level 
at or above T6, mainly by means of an epidural catheter, to be maintained for 24 to 48 hours to prevent AD. 
Despite these precautions, Le Liepvre et al. reported AD in 15% of deliveries with SCI at or above T6. 
Epidural analgesia should ideally be inserted as soon as labour is diagnosed or prior to artificial rupture of 
the membranes (Cochrane review 2014).  
In patients with lesions below T6, it may be difficult to insert epidurals if the patient had undergone 
previous surgery of the lumbar or lower thoracic spine. Therefore, it is important to review the history of 
possible AD and previous spinal surgery, in the pre-conceptional and antepartum consultation (Sharpe et al. 
2014). 
Possible causes of postpartum AD include post-surgical pain, urinary bladder distension, uterine 
contractions and lactation (in lesions above T4).  
Due to the concern of pure AD during labour, Caesarean delivery is not a recommended method of delivery, 
except for poor hypertension control despite maximum effort (Krassioukov et al. 2009). 
 
Conclusion: 



AD management during labour will require thorough assessment to remove the noxious stimuli, positioning, 
close monitoring of the blood pressure and conventional management using fast-acting antihypertension. 
Anaesthetists, obstetricians, midwife and nurses who will take care of these patients should be trained in 
autonomic dysreflexia issues. Early anticipation and preventive intervention are crucial. 
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Introduction: Pregnancy with spinal cord injury (SCI) poses challenges to the healthcare provider and 
patient. Knowledge gaps exist in many areas of obstetrical and maternal management for women with SCI. 
Objectives: The primary objective of this study was to examine the incidence and prevalence of 
complications and other outcomes in pregnant women with SCI during pregnancy, labor, and delivery and 
which factors differ from their non-SCI peers. 
Methods: Data was gathered prospectively, longitudinally and retrospectively through obstetrical chart 
review and self-reported measures in a ratio of 1 Pregnant Woman with SCI (SCI-P) to 2 Pregnant Able-
Bodied Women (AB-P).  Vital signs, urinalysis, and pregnancy-related complications were collected bi-
monthly along with fetal, labor and delivery outcomes for all women. Autonomic dysreflexia, pressure 
sores, and UTIs were collected monthly from women with SCI.  
Results: Eighteen patients were included:  six SCI-P and twelve able-bodied (AB-P) peers matched by age 
(+/- 5 years), parity (firstborn vs. multiparty), and race.  
Complications during the pregnancy were low however, SCI-P had statistically greater (p<.05) UTIs than the 
AB-P (three (50%) to 0 (0%), respectively). One SCI-P(17%) had pressure sores.  None of the SCI-P reported 
autonomic dysreflexia during pregnancy, labor or delivery. Neither SCI-P or AB-P developed symptoms of 
Deep Vein Thrombosis (DVT).    
Three (50%) of the SCI-P, compared to four (33%) of AB-P experienced complications at time of delivery. 
Newborn mean birth weight (2854 vs 3578g; p=0.12), and length (49.3 vs 45.8 cm; p=0.32) were lower for 
the SCI-P than AB-P, respectively, but not statistically.  Newborn Head circumference however was 
statistically less for the SCI-P than AB-P (30.3 vs 34.5 cm, p=0.04, respectively). Mean APGAR scores at 1 
minute (p=0.80) and 5 minutes (p=0.31) were similar between the two groups. None of the newborns to 
women with SCI-P and two (17%) newborns to AB-P women experienced breathing problems. One (17%) 
newborn of a SCI-P and two (17%) newborns to two AB-P required Neonatal Intensive Care admission after 
delivery. 
Conclusions: Women with SCI tend to have more complicated courses of pregnancy, labor and delivery and 
smaller newborns than their peers. Their head circumference is statistically smaller—a fact never reported 
previously.  UTI’s are greater and may have an impact on these findings. Larger, comparative studies should 
be performed to inform women with SCI seeking childbearing and their clinicians about challenges they may 
experience. 
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Introduction 
The Australian arm of the International Spinal Cord Injury (Aus-InSCI) Community Survey is part of a global 
cross-sectional study to describe the ’lived experience’ of people with spinal cord injury (SCI) and identify 
key factors influencing level of functioning and independence, health, community participation and quality 
of life. 
 
Methods 
The Aus-InSCI study uniquely combined data from SCI units in four Australian states, a government 
insurance agency and three consumer organisations, using privacy-preserving data management, secure 
transfer and data-linkage processes, to create a representative, population-based, anonymised dataset of 
people with SCI. The Aus-InSCI questionnaire consists of 125 (international) and additional 68 (national) 
questions, including socio-demographics, SCI characteristics, body functions and structures, activities and 
participation, environmental and personal factors, and appraisal of health and well-being. 
 
Results 
1583 adults (18 years or older) with traumatic or non-traumatic SCI at least 12 months post-injury were 
recruited from March to December 2018. The mean age for the whole cohort was 58 ± 14 years, with 
majority of participants being male (73%) with paraplegia (61%) and incomplete lesions (68%). The cohort 
possessed varying durations of ‘lived experience’ with their SCI with a range from under 5 years (23%) to 
more than 30 years (21%). Overall quality of life was rated by majority of respondents as being good (43.2%) 
or very good (19.1%). Twenty-nine percent of the cohort were engaged in paid work activities. Reasons 
given for not currently working included health condition or disability (30.4%), not wanting (10.6%) or 
needing (4.8%) to work, lack of workplace accessibility or assistive devices (6.1%), fear of losing disability 
pension (5.9%), not being able to find suitable work (3.9%) or knowing how or where to seek work (2.3%). 
Compared to one year ago, most participants rated their current health in general as about the same 
(55.3%), with smaller groups almost equally divided between being better (22.9%) or worse (21.8%). The 
most common health issues reported were fatigue (74%), sexual dysfunction (71%), pain (69%), sleep (57%), 
spasm/contracture (56%) and bowel problems (50%). Most people found (strongly agreed or agreed) that 
fatigue significantly interfered with physical functioning (73.3%) and work, family and social life (64.9%). 
Pain intensity was rated as high (mean 5 ± 3/10), with many participants having pain in previous week. A 
high proportion of participants (39.1%) reported having severe levels (VAS 7-10/10) of pain with high 
interference in activities (36.4%), mood (33.8%) and sleep (37.4%). Problems with sleep were prevalent, 
with participants reporting frequently (three or more times per week) being unable to get to sleep within 30 



minutes (29.6%), waking up overnight or early in morning (59.3%), getting up to use bathroom (36.8%) and 
snoring (17.6%), with very bad (9.1%) or fairly bad (27.6%) overall sleep quality.  
 
Conclusions 
Aus-InSCI represents the largest and most comprehensive survey of health-related issues, functioning, social 
inclusion, economic participation and support needs ever conducted in Australia. Results demonstrate the 
high impact of pain, fatigue and sleep disturbance on level of functioning and participation, demanding 
more attention and better management approaches.
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Introduction: Spinal cord injury (SCI) causes visible signs of physical disability that are associated with 
stigmatization. Although stigma is common among individuals with physical disabilities, limited information 
exists on stigma and psychosocial outcomes following SCI. Based on studies in other medical conditions, it is 
suspected that SCI-related stigma leads to psychological stress, mood disturbance, fear, restriction of social 
participation, and increased disability. Therefore, the purpose of the present study was to (1) assess the 
relationship between stigma and psychosocial outcomes among individuals with SCI, and (2) examine the 
potential mediating and/or moderating influence of sociodemographic and injury factors relevant to the 
associations between stigma and the psychosocial outcomes observed in Aim 1. 
Methods: 203 men and women enrolled in the US Spinal Cord Injury Model Systems National Database 
were included in this cross-sectional analysis and completed questionnaires via telephone. Stigma was the 
primary predictor (independent variable). The outcomes were depression symptoms, life satisfaction, 
participation (physical independence, mobility, occupation, social integration), self-efficacy, and perceived 
disability. For Aim 1, simple linear and logistic regression models were used to assess the bivariate 
relationship between stigma and the continuous and categorical psychosocial outcomes respectively. For 
Aim 2, potential mediators and moderators were identified by evaluating the relationship between the 
psychosocial outcomes and the interaction effect of each sociodemographic and injury-relationship factors 
with stigma. 
Results: Participants were 79% male and 98% white; 66% used a wheelchair, 54% had tetraplegia, and 55% 
had motor complete injuries. On average, participants were 53 years old and 19 years post-injury. 
Significant relationships were found between stigma and depression symptoms (p < 0.0001), satisfaction 
with life (p < 0.0001), participation-mobility (p = .0005), self-efficacy (p < 0.0001), and perceived disability (p 
< 0.0001). Several socio-demographic and injury-related factors were identified to be partial mediators of 
stigma’s relationship with the following outcomes: (1) pain severity partially mediated the relationship 
between stigma and depression symptoms; (2) time since injury, days hospitalized, and relationship status 
partially mediated the relationship between stigma and satisfaction with life; (3) days hospitalized and 
household income partially mediated the relationship between stigma and self-efficacy; and (4) time since 
injury and days hospitalized partially mediated the relationship between stigma and perceived disability. 
Additionally, the following socio-demographic and injury-related factors were found to be moderators: (1) 
pain severity and insurance provider moderated the relationship between stigma and satisfaction with life; 
(2) wheelchair type moderated the relationship between stigma and participation-physical independence; 
(3)  wheelchair use moderated the relationship between stigma and participation-occupation; and (4) pain 
severity moderated the relationship between stigma and perceived disability.  
Conclusions: Stigma was significantly associated with depression symptoms, satisfaction with life, 
participation, self-efficacy, and perceived disability. Several socio-demographic and injury-related factors 
were also identified that had a moderating and/or mediating effect on the relationship between stigma and 
psychosocial outcomes. This work provides a foundation for future studies testing interventions to mitigate 
the impact of stigma on mood, satisfaction with life, and community integration after SCI.
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CERVICAL SPINAL CORD INJURY FROM GUNSHOT WOUNDS WITH 
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Background: Gunshot wounds (GSW) are the third most common source of the 17,700 new US spinal cord 
injuries. According to the National Spinal Cord Injury Statistics, there has been a significant decline in 
survival from 2010 to 2018 for a 20 year old SCI on mechanical ventilation (MV) from 17.1 years to 11.3 
years. MV during the initial hospitalization leads to a 60% ventilator associated pneumonia rate and 
contributed to delayed rehabilitation. Diaphragm Pacing (DP) can replace MV.  Recent reports demonstrate 
that DP is associated with a significant decrease in short term mortality of 15% to 3% (Kerwin et al, 2018) 
and improved median long term survival to 22.2 years (Onders et al, 2018). This report analyzes cervical 
GSW with respiratory compromise.  
Methods: This is a single site retrospective review of prospective IRB protocols and trauma registry 
identifying of all patients with GSW cervical spine injuries and respiratory compromise.  
Results:  A total of 17 patients met inclusion criteria.  Six patients died within 24 hours of admission. Eleven 
patients were evaluated for DP, nine of whom were taken to the OR. Of the two not taken to the operating 
room: one had extension of infarction of his spinal cord injury to his brainstem expiring at 10 days and the 
second one deferred DP in trying to wean but expired at 12 weeks while still on MV.  Two had non 
stimulable diaphragms in the OR and were not implanted. Seven patients underwent laparoscopic 
implantation of DP electrodes. Of the 7 patients who were implanted, 4 achieved full time pacing and 
successfully replaced their mechanical ventilators. One patient was able to wean up to 4 hours off the vent 
and two patients had no success with weaning. For all patients who survived the first 24 hours only 
36%(4/11) were able to be completely liberated from MV.  The only successfully weaned patients used DP.  
Conclusion: With acts of violence primarily from GSW involving 13.5% of SCI, it is unfortunate the results of 
DP only approaches 44% (4/9) when patients explored laparoscopically. This is due to the blast effect and 
the infarction of the phrenic motor neurons causing loss of the diaphragm motor units so there cannot be 
stimulation. Early use of nerve grafts with DP could help these patients, who would otherwise be on chronic 
MV with decreased quality of life and increased mortality.   
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Introduction 
 
Despite society often viewing individuals with spinal cord injury (SCI) as asexual, sex and pregnancy remain 
aspects of a fulfilling life.  SCI itself does not necessarily preclude pregnancy for most women, and for many 
men with SCI, their fertility is not affected by their injury.  Despite this, there is a paucity of research on 
pregnancy and fertility for individuals with SCI.  This presentation will present results from a survey on 
pregnancy and fertility for men and women with SCI. 
 
Methods 
 
253 men and women with various levels of SCI completed a survey on family planning for individuals with 
SCI.  Participants were from multiple areas of the United States with ages ranging from 19 to 75 (male mean 
= 48.74, female mean = 44.32) and years since diagnosis ranging from 2 to 57 (male mean = 13.75, female 
mean = 12.79).   
 
Results 
 
Sixty percent of the women surveyed had been pregnant at some point in their lives, and 53.5% of the men 
reported their partner having been pregnant.  When asked about fertility, only 9.4% of the men and 4.3% of 
the women reported being unable to have children due to their SCI.  Thirteen percent of the sample had 
met with a fertility specialist, 7.1% reported themselves or their partner taking part in a fertility evaluation, 
and 4.3% reported themselves or their partner having received fertility treatment.   
 
Participants were asked about how their SCI affected their attitudes towards having children. For this 
section, only the 129 respondents who had not completed their family planning decisions are included in 
these analyses (78 men and 51 women).  When asked about whether or not SCI affected their decisions 
about having children, just over 40% of men reported that their decision largely unaffected by SCI (30% of 
women), while 57% of women reported that their decisions were affected by their SCI (46% of men).  
Around 40% of men and 21% of women reported being “not at all” or “a little” worried that their SCI would 
affect their ability to care for a child, while 35% of men and 60% of women reported being “quite a bit” or 
“extremely” worried about the effect of their SCI on their ability to care for a child.  Finally, over 25% of 
women were “extremely” worried about potentially becoming a burden on their children because of their 
SCI, while only 10% of men reported the same.   
 
Conclusions 
 
While research on pregnancy and fertility for individuals with SCI remains lacking, there is even less 
information about the psychosocial impact of SCI on family planning and fertility.  Professionals who work 
with people who have sustained SCI in many settings should understand the impact of SCI on fertility and 
family planning.  Additionally, the psychosocial concerns around pregnancy for individuals with SCI is an 
essential part of ensuring access to pregnancy and parenting for individuals with SCI.  This presentation will 



help to inform our understanding of pregnancy and fertility for both men and women with SCI, providing 
necessary information on an under-researched topic.  
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INTRODUCTION  
Management of pregnancy and delivery in women with history of complex urologic reconstruction is 
challenging. The aim of this study was to report pregnancy and delivery outcomes in this specific population. 
METHODS  
We conducted a retrospective national study in 16 expert centers, including all women who had at least one 
successful pregnancy after a major urological reconstructive surgery.  
RESULTS  
We enrolled 68 women who presented 96 deliveries between 1998 and 2019. The underlying disease was 
spinal dysraphism (33), spinal cord injury (20), bladder exstrophy (10) and multiple sclerosis (2). Sixty-three 
underwent augmentation cystoplasty, 31 continent cutaneous urinary diversion (CCUD) (4 isolated) and 6 
artificial urinary sphincter (AUS) implantation (1 isolated). During pregnancy, 45 women (55.5%) were under 
antibioprophylaxis: febrile urinary tract infection (UIT) rate was of 34.8% (16) in the antibioprophylaxis 
group compared to 31.4% (11) in the non-antibioprophylaxis group (p=0.751). We observed 13.5% renal 
colic (13) and 14.6% (14) required ureteral stenting or nephrostomy. Ten percent reported difficulties in 
self-catheterization during pregnancy. Concerning patients with CCUD, we observed a higher rate of 
difficulties when the stoma was located in the right iliac fossae (2/9), compared to umbilical position (1/15). 
13.5% (13) reported de novo or increased urinary leakage during pregnancy.  
Concerning delivery mode, 51% gave birth by a planned C-section, 31% by vaginal delivery, 5% by 
instrumental vaginal delivery, 13% by emergency C-section for spontaneous labor or for fetal suffering. 
35.3% of the newborns were preterms, with a median gestational time of 36 weeks [21-41]. Median fetal 
weight was 2740g [429-4090g]. Of the 96 newborns, 3 died at birth. 19 planned C-section got complicated 
(33%), mainly by injury of the urological reconstruction (9 C-sections through ileocystoplasty, 4 digestive 
injuries, 1 section of the vascularization of continent channel, 2 sections of AUS tubes, 1 vesico-cutaneous 
fistulae, 1 ureteral stricture, 2 surgical hernias of Pfannestiel incision). 
Concerning functional outcomes after delivery, 85% (72/85) of the women were continent at 6 months, 
compared to 91% (62/68) before pregnancy. The mode of delivery (C-section or vaginal) did not seem to 
impact these results (p=0.293), nor did multi-parity (p=0.572). 6% reported persistent urinary incontinence 



after delivery, with no statistical difference related to delivery mode. 8.3% of them required surgical 
management. Four women required surgery for secondary pelvic organ prolapse.  
CONCLUSION  
In conclusion, in most of cases, women with LUT reconstruction have normal pregnancies and produce 
healthy babies. There is a greater need for monitoring during pregnancy because of a higher rate of UTI, 
upper tract obstruction, catheterization difficulties, and pre-term labor. 
In our serie and in the literature, planned C-section still represents the predominant mode of delivery in this 
population, despite a very high rate of urinary reconstruction’s injury. Moreover, vaginal delivery appears to 
be safe, and seems not to increase incontinence. 
Vaginal delivery should be proposed as the first option in this population, if there is no obstetrical, 
anesthesiological or neurological contra-indication. Interdisciplinary co- operation is required for a 
successful outcome.  
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Psychological morbidity and chronic disease among adults with traumatic 
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Importance: Individuals living with a spinal cord injury (SCI) are at heightened risk for a number of chronic 
health conditions such as secondary comorbidities, that may develop or be influenced by the injury, the 
presence of impairment, and/or the process of aging. However, very little is known about the development 
of psychological morbidities and noncommunicable among individuals living with traumatic SCIs.  
 
Objective: The objective of this study was to compare the longitudinal incidence of psychological 
morbidities and chronic noncommunicable diseases among adults with SCIs as compared to adults without 
SCIs. 
 
Design: Longitudinal cohort study from a nation-wide insurance claims database. 
 
Setting and Participants: Privately-insured beneficiaries were included if they had an ICD-9-CM diagnostic 
code for a traumatic SCI (n=6,847). Adults without SCIs were also included (n=857,245). 
 
Exposures and Main Outcomes: Incidence of common psychological morbidities and chronic 
noncommunicable diseases were compared.  
 
Results: Adults with SCIs had a higher incidence of adjustment reaction (7.2% vs 5.0%), anxiety disorders 
(19.3% vs 14.1%), persistent depressive disorder (4.2% vs 3.1%), drug or alcohol dependence (2.4% vs 1.0%), 
central pain syndrome or psychogenic pain (1.0% vs 0.2%), dementia (6.5% vs 1.5%), insomnia (11.0% vs 
7.2%), episodic mood disorder (9.0% vs. 5.4%), and psychological multimorbidity (29.3% vs 11.6%), as 
compared to adults without SCIs. The adjusted hazard ratio of each psychological outcome were 
significantly higher for individuals with SCI, and ranged from HR=1.14 (95%CI: 1.00-1.38) for persistent 
depressive disorder to HR=3.32 (95%CI: 1.93-5.71) for psychogenic pain. Adults with SCIs also had a 
significantly higher incidence of all chronic diseases and chronic disease multimorbidity (51.1% vs. 14.1%), 
except HIV/Aids. After propensity matching for age, education, race, sex, and the chronic diseases (n=5,884 
matched pairs), there was still a higher incidence of adjustment reaction (7.0% vs 4.6%), anxiety disorders 
(19.3% vs 16.4%), drug or alcohol dependence (2.2% vs 1.0%), central pain syndrome or psychogenic pain 
(1.0% vs 0%), dementia (7.1% vs 4.5%), insomnia (11.4% vs 8.9%), and episodic mood disorder (9.2% vs. 
5.9%) among adults with SCIs.  
 
Conclusions: Adults with SCIs have a significantly increased incidence of psychological morbidities, chronic 
disease, and multimorbidity, as compared to adults without SCIs. Efforts are needed to facilitate the 
development of improved clinical screening algorithms and early interventions to reduce risk of disease 
onset/progression in this higher risk population. 
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Introduction: Spinal cord injury (SCI) is a devastating ailment and greatly hampers the quality of life of an 
individual. Sexuality and fertility are affected to different degrees in SCI depending on the level, type and 
severity of injury and the condition of the individual..  Major challenges are faced by spinal cord injured 
individuals in addressing sexual and fertility health in a country like India where conservative families are 
predominant. Yet, most of the literature focuses on physiological disturbances and the role of self 
awareness (knowledge) and social issues are rarely addressed. 
 
Objective: To identify the self-awareness, response, issues and needs related to sexual health in Indian 
Community.  
 
Methodology: SCI individuals who were discharged to the community from the institution between 2017-
2018 were followed up via telephonic and a personal interview. A set of open-ended questions on sexual 
health awareness which included family planning, psychological, social factors, risk factors, clinical barriers, 
patterns and positions etc. were asked and noted. Qualitative data analysis and synthesis was done and the 
themes on which education is required were identified.   
 
Result: The SCI were divided into two groups 18- 45 years,( n=116, 89 males, 27 females) and > 45 years 
(n=95, 62 males, 33 females) were interviewed. SCI individuals above 45 years of age responded casually, 
showed no desire and concerns about sexual health.  Over half of 79 SCI (n= 72 males and 7 females) 
veterans aged between 18-45 years (68.1%) were not properly aware about sexual health and not 
interested in knowing about sexual health needs & challenges. The main reason ascribed was the social 
stigma associated with discussing sexual issues. Only 37 SCI individuals (n= 20 females, n=17 males) were 
keen to know about sexual health and asked queries. Also 6.6 % of females were not aware of sexual health 
65 % of patients were not interested in knowing about the sexual needs and challenges. 59.45% of the 
patients reported urinary incontinence, 27.02% reported spasticity and 13.51% reported dizziness as a risk 
factor for under performance during sexual activities. These qualitative findings are presented in three 
themes for teaching purposes: (1) Access towards sexual health education (2) SCI specific sexual follow-ups 
as a health priority and (3) Strategies for spouse on sexual concerns. 
 
Conclusion: Sexual health related issues affect a large segment of SCI individuals in Indian community. Social 
stigma is a major component which adversely affects the sexual health of an SCI individual. Sexuality is an 
important aspect of holistic well being and should be addressed timely. We need to work towards 
addressing patient’s expectations appropriately. Health care worker training in order to increase his/her 
comfort while discussing about sexuality with the patient is important. This would also improve effective 
communication. Further research is needed to address these challenges and to identify the best possible 
solutions to enhance the accessibility, awareness and education towards sexual health in Indian 
Community.  
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Introduction: One of the main objectives in spinal cord injury (SCI) rehabilitation is the improvement in 
trunk control, to achieve independence in daily activities, to prevent complications, and in specific cases to 
walk. Also, one of the main causes of death in individuals with a SCI is the cardiovascular complications. In 
order to improve trunk control and cardiovascular function in these individuals, training in a kayak 
ergometer was evaluated.   
Objective: To determine the effect of training in a kayak ergometer on trunk control, satisfaction with life, 
independence and cardiovascular function in individuals with SCI. 
Methods: A randomized clinical trial was carried out in individuals with a sub-acute SCI with a neurologic 
level below C8.The subjects were randomly assigned to one of the following training groups: 
Group A. Control, with conventional therapy (neuro-propiceptive facilitation) of 30 minutes, 5 days per 
week during 6 weeks. 
Group B: Experimental, with training in kayak ergometer during 30 minutes, 5 times a week during 6 weeks. 
Results: 14 patients have been trained. The clinical and demographic variables were similar in both groups 
at the beginning of the study. After training, subjects in group B had significant improvements in terms of 
cardiovascular function and trunk control in comparison with group A. We also found a tendency of major 
improvement in independence, and satisfaction with life in group B in comparison of group A. 
METs (p=0.001): Group A: Initial: 4.01, final: 4.3  
            Group B: Initial 4.8, final 5.9   
VO2: (p=0.034): Group A: Initial:17.2, final: 18.7 
           Group B: Initial 20.5, final 24.05   
Trunk control test: (p=0.025): Group A: Initial:13.3, final: 17.2 
           Group B: Initial 15.6, final 22.25   
SCIM-III: (p=0.131): Group A: Initial:46.7, final: 51.3 
           Group B: Initial 47.5, final 54.0  
LiSat-9: (p=0.164): Group A: Initial:32, final: 36.3 
           Group B: Initial 37.7, final 46.3  
Conclusion: Kayak ergometer seems to be a good option to improve trunk control, independence, 
cardiovascular function and satisfaction with life in individuals with sub-acute SCI. 



 

171 
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Introduction 
Cervical myelopathy constitutes a frequent degenerative disorder of the spinal cord affecting spinothalamic 
conduction. Since the existence of modality-specific labelled lines within the spinothalamic system has been 
suggested, a multi-modal approach will yield important topographical information regarding spinal 
pathologies. Furthermore, modality-specific afferent sparing might be reflected in the somatosensory 
phenotype of affected subjects. The specific aim was to relate modality-specific, segmental 
electrophysiological measures of spinothalamic integrity to clinical signs and symptoms of neuropathic pain. 
 
Methods 
Twelve subjects with focal cervical myelopathy underwent quantitative sensory testing within the most 
affected dermatome corresponding to the MRI-defined myelopathy. Contact heat evoked potentials 
(CHEPs), cold evoked potentials (CEPs), pinprick evoked potentials (PEPs), and dermatomal somatosensory 
evoked potentials (SSEPs) were acquired from the affected as well as a control dermatome above the level 
of lesion (shoulder). The neuropathic pain phenotype was characterized using the Neuropathic Pain 
Symptom Inventory and painDETECT® questionnaires. 
 
Results 
All subjects presented with a “snake-eye appearance” cervical myelopathy upon MRI with at-level 
alterations of mechano-nociception in 50% of cases, and pathological cold- and warm/heat sensation in 42% 
or 33% of cases, respectively. Dermatomal SSEPs were preserved in all subjects. CHEPs and CEPs were 
concurrently impaired in 42% of subjects, whereas PEPs were impaired in only 17% of these subjects. 
Evoked potential preservation could be related to clinical characteristics of neuropathic pain. 
 
Conclusions 
Multi-modal neurophysiology reveals altered spinothalamic conduction in subjects with focal cervical 
myelopathies as complementary and confirmatory readouts alongside subjective quantitative sensory 
testing. The data supports the existence of modality-specific labelled lines within the spinothalamic system 
that may dissociate depending on lesion topography.  
The association with the clinical neuropathic pain phenotype may provide further insights into the 
pathophysiology of central pain. Residual conduction within the spinothalamic tract might predict the 
development of central neuropathic pain.
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BACKGROUND: the last decades have seen a dramatic change in the epidemiology of spinal cord injuries 
(SCI) in the Western world. In parallel with the aging of the general population, the age of new cases of SCI 
has also increased by about 20 years. Existing studies on the effect of age on outcomes seem to 
demonstrate that age has a negative effect on neurological and functional outcomes, but these data usually 
derive from retrospective studies, from a single center and with a limited set of outcome measures. 
Objective: the aim of the study is to investigate the effect of age on neurological and functional outcome of 
patients with traumatic SCI. 
 
METHODS: data have been derived from the European Multicenter Study database about Spinal Cord Injury 
(EMSCI) which includes data of patients from 25 European centers. Patients are assessed at five time 
intervals after injury: within 15 days from injury, at 1, 3 and 6 months and 1 year. Each evaluation includes 
neurological data according to the International Standards for Neurological Classification for Spinal Cord 
Injury and the functional ones according to Spinal Cord Independence Measure. The walking ability is 
assessed with the Walking Index for spinal Cord Injury, the 10 Meters Walk Test and the 6 Minutes Walk 
Test. Statistics: patients have been divided into two age groups (< or > than 50 years) and selected according 
to a matching procedure based on lesion severity and neurological level of injury to obtain groups of 
patients as comparable as possible with the only difference of age. The comparison between the groups has 
been performed with the ANOVA with a within-group procedure to evaluate the progression of the groups 
and between groups to compare the outcome of the different age groups at each time interval. 
 
RESULTS: the matching produced two cohorts each one made of 428 subjects (NLI: 299 cervical, 131 
thoracic, 56 lumbar; AIS: 152 A, 36 B, 94 C, 144 D; age was 30.15 years in the young group and 63.9 in the 
old one). Both groups showed a significant improvement of neurological and functional status along time. 
No differences by age were detected for neurological measures, while significantly higher functional and 
walking scores were observed in the younger group compared to the older one. 
 
DISCUSSION: Our results confirmed the negative effect of age on functional outcomes of patients with 
traumatic SCI. These findings are relevant to program rehabilitation admissions, to answer patient questions 
on the prognosis and to decide on the allocation of resources during rehabilitation stay and after discharge 
from rehabilitation. Our study has the advantage of: being derived form a large number of centers and 
having a high number of subjects that would increase the generalizability of the results and allow more 
refined analysis (for example to evaluate how age affect different groups of patients: tetra or para, 
complete and incomplete ones); being based on a complete set of measures to assess functional outcomes. 
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Rehabilitation of subjects suffering from spinal cord injury (SCI) is a holistic and multidisciplinary process: it 
should take into account the functional recovery of damaged neural circuits and, at the same time, allow 
the acquisition of the best individual independence and the social reintegration.  
Generally, the  clinical assessment of cervical SCI subjects is performed according to the international 
standards for neurological classification (ISNCSCI) by upper extremity motor score (UEMS) assessment, but 
also the Graded Redefined Assessment of Strength Sensibility and Prehension (GRASSP) scale has been 
developed for a specific evaluation of strength, sensitivity and prehension. It consists of several sub-tests 
aimed at assessing strength in a greater number of muscles than the ISNCSCI, sensitivity, complex and fine 
hand movements. A further clinical scale, the Spinal Cord Independence Measure III (SCIM III), is specific for 
assessing functional recovery. Until now, very few studies assessed the evolution of neurological and 
functional recovery in cervical SCI subjects in order to identify a relationship between functional and 
neurological recovery and in relationship to different kinds of therapies 
The aim of this longitudinal prospective open cohort study was to evaluate the progression of neurological 
and functional recovery in cervical SCI analysing also the relationship with conventional physiotherapy and 
occupational therapy the patients undergone to. To this scope, 7 subjects with cervical lesion (AIS level C or 
D), recruited at Spinal Cord Unit of IRCCS Fondazione Santa Lucia were enrolled and evaluated for at least 4 
months. Every 2 weeks from admission until the time of discharge, patients were evaluated by the UEMS of 
the ISNCSCI scale and GRASSP scale (specific strength and sensitivity tests) for neurological assessment.  
GRASSP scale (specific hand function tests) and SCIM III scale were selected for functional assessments. 
Furthermore, the physical/occupational therapy effort the subjects undergone to were recorded per the 
amount (hours) and type of treatments. All subjects started physical therapy immediately, while 
occupational therapy one month after admission.  
Comparison between neurological and functional recovery showed comparable time course and both 
progressively increased over the time starting from the first assessment. However a higher recovery degree 
was seen for the functional one. In fact UEMS improved by about 14,5%, GRASSP subscore for strength by 
about 25% and GRASSP subscore for sensibility by about 20%. As concern functional recovery improvement, 
it was about 35% for the prehension capacity and 24% for the prehension execution, while SCIM score 
upgraded of 18.7%. No relationship was found between the kind (and intensity) of rehabilitation 
(conventional therapy/occupational therapy) and neurological or functional outcome. 
From data analysis, it  seems that GRASSP is more sensitive than UEMS and SCIM to detect neurological and 
functional improvements. It could be hypothesized that the higher increase in functional recovery may be 
related to the patients' ability to develop and identify compensation strategies according to their residual 
sensorimotor capacities. Furthermore, this functional recovery seems not related to the type of therapy, but 
from the total amount of treatments.  
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The SCI-QoL BDS was originally developed by an international team of investigators to be used as part of the 
International SCI Data Sets and to assess quality life (QoL) across three dimensions: life as a whole, physical, 
psychological with scores on a Likert scale ranging from 0-10 for each dimension. Highest scores suggest 
better QoL. The purpose of this dataset is to standardized data collection about QoL that can be used 
comparatively across four countries and five sites: Australia, Brazil, Netherlands and USA (Colorado and 
Michigan). This presentation will address the potential use of the SCI-QoL BDS in clinical practice by 
examining the concept of clinical utility and the association of the SCI-QoL BDS and secondary conditions 
after spinal cord injury/disease (SCI/D). Spinal Cord Disease refers to spinal cord lesions of non-traumatic 
etiology. 
Method: Cognitive interviews were conducted resulting in a fourth dimensions added to the dataset. In 
addition to the SCI-QoL BDS, the SCI Secondary Conditions Scale (SCI-SCS), a 16-item questionnaire, was 
used to measure secondary health conditions such as pressure sores, pain, spasms, bladder dysfunction, 
and others, during the past 4 weeks on a 0-4 response scale (not experienced or insignificant to a significant 
problem). Higher scores in the SCI-SCS suggest more secondary conditions. Both measures were translated 
using the recommended translation methods into Portuguese and Dutch. Descriptive statistics, Pearson 
correlations and ANOVAs were used to determine associations between the number of complications 
experienced and reported QoL across the four items listed above. 
Results: The sample included 291 persons with traumatic (76%) and non-traumatic SCI/D (24%). Mean SCI-
QoL BDS scores for the overall sample were: psychological health (7.1) followed by life as a whole (6.9) and 
social life (6.9) and lastly physical health (6.5). For the SCI-SCS the mean score was 12.1 with a range of 0-36. 
Significant and substantive associations (P<.0005) in the expected direction were found between the SCI-
SCS and ratings on all 4 items of the SCI-QoL BDS: physical health (-.42); life as a whole (-.38); social life (-
.37); and psychological health (-.32). Those reporting more secondary conditions also reported lower QoL; 
specially in the case with respect to physical health. Differences were also observed across sites and 
countries with Australia and Brazil indicating higher numbers of secondary conditions. 
Conclusions: The SCI-QoL BDS may be a good indicator of poorer health and higher presence of secondary 
conditions after SCI. More work is needed to optimize the clinical utility of this data set by looking at 
differences across time and quantifying meaningful changes, by establishing minimal important differences 
for the four items of this data set.  
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Introduction: Neurogenic bladder and bowel are some of the most important problems affecting the lives of 
persons with SCI including their physical health, relationships, sexuality and overall wellbeing. Objective: 
The objective of this presentation is to examine current data on bladder and bowel dysfunction and 
complications and patients’ decisions with respect to their methods of management. 
Methods:A mixed method approach was used. SCI patients (n=300) were interviewed about their methods 
of management, complications and impact on life activities. Logistic models were used for the quantitative 
analysis.  A subset of patients (n=40) discussed how they made decisions about their bladder and bowel 
care. More in-depth interviews were conducted with selected patients and video clips made to illustrate 
these decisions and impact on their quality of life.  NVivo software was used for qualitative analyses. A 
Response Shift theoretical model guided the qualitative data analysis providing a mechanism to assess 
behavior patterns to adapt to changes in health across life trajectories.  
Results: Bladder (42%) and bowel (43%) incontinence were the most prevalent problems reported. Treated 
Urinary tract infections (UTIs) were reported by 56.4% of the sample during the past year while 58% 
reported urinary incontinence monthly. Factors associate with UTIs included being >55 years old, female, 
having complete injuries, using opioids and also having bowel incontinence. Fear of re-infection by catheter 
was mentioned in several cases impacting decisions of bladder management method. From a bowel 
perspective, major complications included: 25% abdominal bloating, 23% liquid incontinence, 20% solid 
incontinence; 25% abdominal pain. Risk factors for bowel incontinence included irregular timing of bowel 
program, presence of constipation, excessive diuretics, high frequency of urinary incontinence. Patients' 
decisions with respect to managing their bladder and bowel to avoid accidents and increase social 
participation are discussed through alive video clips and patients’ testimonials. Of special interest are issues 
related to decisions about getting a colostomy.  Patient decisions were made mainly based on how easy 
these were to implement, cost of implementing them and availability of resources. Social and physical 
attributes were also considered. Trusting their doctors and having support from family and friends was a 
key factor when making informed decisions. Results show that the presence of complications related to 
neurogenic bladder and bowel in SCI is a critical issue for clinical care impacting these patients’ quality of life 
and well-being, including their decisions with respect to how best address these. Overall, decisions were 
guided by the need for physical independence and autonomy for most patients. Implications for clinical 
practice guidelines will be discussed.  
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Introduction: Sexuality is rarely discussed in the sphere of disability despite being a basic need and a form of 
human pleasure. Spinal cord injury is a devastating life event with long term functioning implications, 
including changes in sexuality. A host of internal and external factors impact on sexuality of those with a 
spinal cord injury, including physical condition, psychological wellbeing and socio-cultural dynamics. High 
incidence rates of spinal cord injury in South Africa, a country where inequalities are astronomically vast, 
results in a large number of individuals dealing with consequences in an over-burdened public health 
system. With a lack of equitable acute care and rehabilitation in South Africa, it remains important to gain 
an understanding of sexual health management in this context. The aim of this study therefore was to 
explore how people with a spinal cord injury experience sexual function and intimacy and further 
understand how they are supported in regaining sexuality. 
Methods: In this qualitative study, open ended, semi-structured interviews were conducted with 10 
participants in the City of Cape Town, South Africa. A combination of purposive and snowball sampling was 
used to identify individuals with paraplegia, who were all users of the public health system and had 
sustained their injury more than 1 year ago.  Inductive content analysis was employed to analyse the data. 
Results: In one accord, participants expressed sex and intimacy as an important life area contributing to 
their wellbeing post injury, with many of them in meaningful relationships today. Unanimously, participants 
shared numerous challenges consisting of both physical acts and emotional wellbeing which needed to be 
addressed in order to manage their sexual life. Challenges to being intimate with a partner included bowel 
and bladder activity (from both a functional and psychological viewpoint), adapting to erectile dysfunction, 
a loss of sensation and a lack of desire. High importance was placed on satisfying the partner often due to 
low self-esteem and a fear of rejection. Another important challenge related to health care insufficiency 
whereby the majority of men expressed a lack of information and procedures available (such as sperm 
extraction) surrounding fertility. As a collective, participants felt that rehabilitation and community services 
neglected sexual health management and importance was placed on increasing peer support which was 
seen to be vital to positive outcomes.  There was an overall trend of stigma and society adding an extra 
barrier to participants reclaiming sexuality, at times appearing more influential than the direct 
consequences of the injury itself. 
Conclusions: Sexuality and spinal cord injury together are complex but there is no reason why individuals 
cannot find meaning in sex and intimacy again provided that they are well supported in the process. Health 
systems of South Africa should be strengthened to support optimal sexual health outcomes of persons with 
spinal cord injury.  
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Introduction: 
 
Paired associative stimulation (PAS), a combination of non-invasive transcranial magnetic stimulation (TMS) 
with peripheral nerve stimulation (PNS), is emerging as a promising tool for alleviation of motor deficits in 
neurological disorders. We have shown previously that PAS employing 50 Hz PNS enhances motor 
performance in chronic spinal cord injury patients and induces robust motor-evoked potential (MEP) 
potentiation in healthy subjects. Specifically, we have shown that PAS leads to improved motor function in 
hands of individuals with incomplete traumatic tetraplegia and such a paired stimulation is more effective 
than PNS alone.   
 
The effectiveness and feasibility of PAS protocols are essential for their use in clinical practice. Plasticity 
induction by conventional PAS can be variable and unstable. Protocols effective in challenging clinical 
conditions are needed. 
 
Spinal cord injuries (SCIs) can be caused by neurological diseases. Cellular and molecular mechanisms 
behind neurological SCI can differ dramatically from those of traumatic SCI, and it is not self-evident that 
treatments that are effective for traumatic SCI would also work in disease-provoked injuries.   
 
Methods: 
 
Here we investigated whether the effectiveness of PAS can be further enhanced. Potentiation of MEPs up to 
60 minutes after PAS with PNS frequencies of 25, 50, and 100 Hz was tested in ten healthy subjects. We also 
tested our most effective protocol in the condition mimicking the situation in patients whose optimal TMS 
target in the cortex cannot be precisely identified.  
 
After identifying most effective protocol, we tested long-term PAS approach in patients with nontraumatic 
neurological SCI. Five patients with nontraumatic tetraplegia received PAS to the weaker upper limb 3-5 
times per week for 6 weeks. Patients were evaluated with manual muscle testing (MMT) before and 
immediately after the therapy as well as at 1- and 6-month follow-ups. Patients were also evaluated for 
spasticity, hand mechanical and digital dynamometry, pinch and Box and Blocks tests.  
 
Results  
 
PAS with 100 Hz PNS was more effective than 50 (P=0.009) and 25 Hz (P=0.016) protocols. Moreover, when 
administered for 3 days, PAS with 100 Hz led to significant MEP potentiation on the 3rd day (P=0.043) even 
when the TMS target was selected suboptimally (modelling cases where finding an optimal site for TMS is 
problematic due to a neurological disease). 
 



All patients with neurological SCI had improved MMT values at all post-PAS evaluations. The average MMT 
increase was 1.44±0.37 points (p=0.043) immediately after PAS, 1.57±0.4 points (p=0.043) at the one-month 
follow-up and 1.71±0.47 points (p=0.043) at the 6-month follow-up. The pinch, digital dynamometry values 
and Box and Blocks test results also improved in all patients.  
 
Conclusions 
 
PAS with 100 Hz PNS is the most effective protocol and feasible for clinical applications. Long-term PAS can 
be a safe and effective treatment for improving hand function in patients with nontraumatic tetraplegia.  
This is the first report demonstrating the therapeutic potential of PAS for neurological SCI. Further studies 
with larger number of patients and at the subacute stage of SCI are justified. 
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Introduction:  
Individuals with cervical spinal cord injury (CSCI) have identified upper limb function as one of the most 
relevant factors for the improvement of quality of life. Arm and hand function in CSCI shows a great 
heterogeneity. To date, the impact of the lower motor neuron (LMN) status (intact versus damaged) on 
upper limb function in CSCI has been less evaluated. The objectives of this study were: (1) to evaluate the 
LMN integrity of five selected hand and forearm muscles, within the first 9 weeks after CSCI, and (2) to 
investigate the impact of the LMN status of these muscles on upper limb function.  
Methods:  
Longitudinal prospective study in individuals with CSCI. Assessments were performed at T1 (7-14 days), T2 
(21-28 days), T3 (56-63 days) and T4 (3 months after CSCI). Surface electrical nerve stimulation was used to 
evaluate the LMN integrity of five hand- and forearm muscles (M. extensor carpi radialis, M extensor 
digitorum communis, M. flexor pollicis longus, M. extensor pollicis longus, M. flexor digitorum profundus) 
between T1-T3. The LMN status at T3 was related to measures of the manual muscle testing (MMT), the 
distance measured from the middle finger pad to the palm of the hand and the qualitative grasping and 
quantitative grasping subtests of the Graded Redefined Assessment of Strength, Sensibility and Prehension 
(GRASSP) at T4. The Mann-Whitney-U Test was used to detect significant differences between intact and 
damaged LMN regarding our defined outcome measures.  
Results:  
18 individuals (36 arms) with CSCI were included and analyzed. The statistical analyses showed (1) stable 
findings over time (T1-T3) both in individuals with intact and damaged LMN. However partially intact LMN 
often changed into an intact or damaged LMN between T1-T3, (2) a large variability regarding relation to 
upper limb function at T4 was found within the intact as well as the damaged LMN group, (3) individuals 
with CSCI and damaged LMN of the M. extensor digitorum communis did not show a shorter distance from 
the middle finger pad to the palm of the hand compared to individuals with CSCI and intact LMN, (4) finally 
in some muscles, voluntary motor contraction was detected, however, these muscles did not respond to 
electrical stimulation.  Conclusion:  
The optimal time point to assess the LMN status is between the 21st and 63rd day after CSCI. Nerve 
electrical stimulation seems less sensitive to distinguish if muscles have a damaged or partially damaged 
LMN. Therefore, the impact of the LMN status, assessed with electrical stimulation, on the development of 
a tenodesis grasp and upper limb function in CSCI has to be considered with caution.
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Objective: The impact of pediatric onset spinal cord injuries (SCI) acquired is particularly pronounced given 
their long lifespan and potential consequences for psychosocial development and secondary health 
conditions. The objective of this study is to explore a wide spectrum of outcomes of 30-year survivors of 
pediatric onset SCI and to delineate factors associated with quality of life, employment, and independent 
living. 
 
Design/Participants/Methods: Structured telephone interviews completed approximately annually on 490 
adults who had sustained pediatric onset SCI. Subjects of this presentation include 63 individuals who 
survived for at least 30 years. Participants completed measures relating to injury characteristics, secondary 
health conditions, and psychosocial functioning (education, employment, independent living, marriage, 
children, and quality of life). Data analyses included descriptive statistics and univariate analyses of factors 
associated with quality of life (Diener’s Satisfaction with Life (SWLS)), employment, and independent living. 
 
Results: For the 63 participants, mean age at their last interview = 44.3 years (SD = 6.5, range = 30-52); 
mean duration of injury = 33.6 years (SD = 3.2, range = 30-46); 62% male; 48% tetraplegia, 62% complete 
injuries. Most common secondary health conditions were: pressure injuries (29%), urinary tract infections 
(UTI) (65%), pain (88%), chronic medical conditions (41%), depressive symptoms (33%), anxiety (14%), and 
poor sleep quality (63%). 56% had achieved a bachelor’s degree or higher, 54% were employed, 79% lived 
independently, 38% were married, and 22% had children. Employment was associated with younger age of 
injury, shorter injury duration, complete lesions, paraplegia, college degree, marriage, living independently, 
and fewer secondary health conditions (pressure injuries, pain, UTI, hospitalizations, poor sleep). Living 
independently was associated with being employed, college education, marriage, having children, and 
fewer secondary health conditions (anxiety, poor sleep, pain, pneumonia). Higher quality of life was 
associated with employment, marriage, and fewer secondary health conditions (anxiety, depression, pain, 
hospitalizations, chronic medical problems). 
  
Conclusion: Thirty-year survivors of pediatric onset SCI experienced a significant number of secondary 
health conditions, demonstrated a high level of educational achievement, and a relatively low level of 
employment, independent living, and marriage. Despite these challenges, they experienced a relatively high 
level of life satisfaction. This data should help inform management of those with pediatric onset SCI 
throughout their lifespan with the goal of improving psychosocial outcomes and minimizing secondary 
health conditions.   
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Introduction:  
Neurogenic detrusor overactivity (NDO), a leading cause of autonomic dysreflexia (AD) in individuals with 
spinal cord injury (SCI), can be treated using muscarinic antagonists, e.g. fesoterodine. However, no studies 
have quantitatively assessed the capacity of fesoterodine to ameliorate AD. Thus, our aim was to investigate 
the efficacy of fesoterodine to improve lower urinary tract (LUT) function and ameliorate AD in individuals 
with SCI.  
 
Methods:  
This is a prospective, open-label phase II study to quantitatively assess the efficacy of fesoterodine to 
ameliorate AD during urodynamic investigation (UDI) and daily life, i.e. 24-hour ambulatory-blood-pressure-
monitoring (ABPM). The University of British Columbia Research Ethics Boards and Health Canada approved 
this study. Individuals with chronic (1-year post injury), traumatic SCI at or above the level of spinal segment 
T6 suffering from AD and NDO were assessed at baseline (i.e. screening for eligibility, #1) and during 
treatment (i.e. between 10 to 12 weeks after start of fesoterodine, #2). Assessments included objective (i.e. 
UDI and 24-hour ABPM) and subjective (i.e. questionnaires) measures. For the latter, individuals reported 
urinary incontinence-related quality of life (UI-QoL) using the I-QoL questionnaire. As fesoterodine could 
potentially affect cognitive and bowel function negatively, we monitored both using the Montreal Cognitive 
Assessment (MoCA) Scale and Neurogenic Bowel Dysfunction (NBD) score. Wilcoxon signed-rank test was 
used to compare baseline with treatment (statistical significance: p≤0.05). Results are presented as median 
(1st-3rd quartile). 
 
Results:  
Analysis of 12 individuals, who completed the study revealed that fesoterodine can objectively improve LUT 
function, i.e. increased maximum cystometric capacity [205mL (144-300) vs. 475 (331-555), p=0.002] and 
volume at first NDO [125mL (65-178) vs. 215 (165-290), p=0.1]. Thus, fesoterodine decreased maximum 
detrusor pressure during bladder filling [44cmH₂O (24-56) vs. 12 (6-26), p=0.009], while NDO was eliminated 
in seven individuals (58%).  
Fesoterodine objectively ameliorated artificially induced AD, i.e. smaller increase (Δ) in systolic blood 
pressure (SBP) during UDI #2 compared to baseline [40mmHg (24-44) vs. 27 (14-33), p=0.08] and ΔSBP until 
cystometric capacity (from the 1st UDI), i.e. [40mmHg (24-44) vs. 4.5 (0-10.5), p=0.002]. Furthermore, the 
severity, i.e. ΔSBP [59mmHg (48-69) vs. 36 (28-56), p=0.05] and frequency [14 (5-28) vs. 3 (2-12), p=0.004], 
of spontaneous AD during 24-h-ABPM were significantly reduced under treatment. Subjectively, 
fesoterodine improved UI-QoL, i.e. I-QoL total [68 (55-80) vs. 82 (77-90), p=0.02].  
Treatment did not negatively impact cognitive [MoCA, 29 (25.8-29.2) vs. 29 (28-30), p=0.2] or bowel 
function [NBD total score, 9 (6-12.5) vs 8.5 (6-13.2), p=0.7]. 
  
Conclusion:  
Fesoterodine ameliorates AD during UDI and daily life, while improving LUT function and UI-related QoL in 
individuals with chronic SCI suffering from NDO without negatively effecting bowel and cognitive function.



 

290 

BRAIN TISSUE PROPERTIES AND MORPHOMETRY ASSESSMENT AFTER 
CHRONIC COMPLETE SPINAL CORD INJURY 
Prof Norbert Weidner1 

1Heidelberg University Hospital, Heidelberg, Germany 

Introduction: There is much controversy about the potential impact of spinal cord injury (SCI) on brain’s 
anatomy and function, which is mirrored in the substantial divergence of findings between animal models 
and human imaging studies. Given recent advances in quantitative magnetic resonance imaging (MRI) we 
sought to tackle the unresolved question about the link between the presumed injury associated volume 
differences and underlying brain tissue property changes in a cohort of chronic complete SCI patients.  
Methods: Using the established computational anatomy methods of voxel-based morphometry and voxel-
based quantification we performed statistical analyses of grey matter volume and parameter maps 
indicative for brain’s myelin, iron and free tissue water content in complete SCI patients (n=14) and healthy 
individuals (n=15).  
Results: Our whole-brain analysis showed significant white matter volume loss in the rostral and dorsal part 
of the spinal cord consistent with Wallerian degeneration of proprioceptive axons in the lemniscal tract in 
SCI subjects, which correlated with  spinal cord atrophy assessed with quantification of the spinal cord 
cross-sectional area at cervical level.  
Conclusions: The latter finding suggests that Wallerian degeneration of the lemniscal tract represents a 
main contributor to the observed spinal cord atrophy, which is highly consistent with preclinical 
ultrastructural/histological evidence of remote changes in the central nervous system secondary to SCI. 
Structural changes in the brain representing remote changes in the course of chronic SCI could not be 
confirmed with conventional VBM or VBQ statistical analysis. Whether and how MRI based brain 
morphometry and brain tissue property analysis will inform clinical decision making and clinical trial 
outcomes in spinal cord medicine remains to be determined. 
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Introduction 
Informal caregiving is a fundamental part of the health systems. The support of family caregivers is 
particularly precious in the case of complex chronic conditions, such as spinal cord injury (SCI). Caregivers 
adjust differently to their role. Studies in different fields have shown that coping strategies are significant 
predictors of adjustment in caregivers. The aim of this study is therefore to identify the coping strategies 
used by caregivers of persons with SCI in Switzerland. Knowing the strategies that help them adjust to 
caregiving may be used to develop interventions targeted at those caregivers who have more difficulties in 
dealing with their role. 
 
Methods 
This is a qualitative study. Face-to-face semi-structured interviews with caregivers (N=22) were conducted 
and analyzed following the principles of thematic analysis. 
 
Results 
The analysis highlighted that caregivers of individuals with SCI use four different strategies to adjust to their 
role and ensure a life balance in the long term. Our participants are at different stages in their lives and in 
their career of caregivers, and they use these coping strategies to face the practical as well the existential 
challenges that arise over time. Caregivers might use more than one coping strategy at a time. The first 
coping strategy is accepting the situation. The acceptance of the situation seems to help caregivers give up 
an activity or make changes in their life (plans) to facilitate or make caregiving possible without having 
regrets. The second coping strategy consists in reframing the experience of caregiving as a “normal” activity 
or situation, or by showing its positive aspects. To deal with the evolving and upcoming challenges of 
caregiving, many caregivers adopted a third strategy: setting limits to the caregiver role. This was done, for 
instance by delegating tasks to professionals, finding time for themselves or making room for other roles. 
The fourth coping strategy consists in seeking support, mostly from healthcare professionals to treat 
physical and psychological concerns. The analysis also gives an insight into the skills that caregivers need to 
implement these coping strategies (e.g., self-examination, communication skills). Lastly, in addition to the 
coping strategies, several contextual factors that support caregivers in their role (i.e., relational aspects, 
moral and practical support, personal characteristics) were identified. 
 
Conclusions 
The coping strategies identified by the analysis fit a recently typology on caregivers’ adjustment. The 
caregivers develop cognitive coping strategies in order to make sense of the situation and establish a “new 
normal”, emotion focussed strategies to accept the situation as well as problem-focused strategies to deal 
with their tasks and role. Considering that problem-focused and cognitive strategies were shown to be 
associated with reduced psychological distress and positive outcomes, enhanced self-efficacy and control 
over life, we encourage the development of educational and support programs dedicated to caregivers that 
foster these styles of coping. Besides, interventions should also promote social support, as it was shown to 
be a major facilitator in caregiving. 


