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INTRODUCTION: Recovery after spinal cord injury depends in part on inherent mechanisms in the spinal 
cord itself and in part on adequate rehabilitation treatment. 
The SCI-ARMI index quantifies the achievement of skills and assesses the patient’s rehabilitation potential 
regardless of spontaneous neurological recovery. The SCI-ARMI index, calculated at a given moment, 
expresses the percentage of the theoretical maximum recovery for that patient.  
This prospective and multicenter observational study aims to investigate how this index changes during 
hospitalization and which parameters have an influence on it and, consequently, on the chances of 
recovery. 
METHODS: We present preliminary results on 186 SCI patients in the acute phase (within 30 days from 
injury), admitted to two Italian spinal units, aged ≥ 18 years, suffering from SCI of any etiology (both 
traumatic and non-traumatic) and of any neurological level, complete or incomplete, classified as AIS A 
(38.2%), B (11.8%), C (18.8%), D (31.2%) according to the ISNCSCI criteria. In particular, 137 men and 49 
women, with an average age of 50.22, range 18-84. 127 suffer from traumatic SCI of which 84 with 
associated lesions, and 59 from non-traumatic SCI.  
For each patient, impairment, disability, pre-injury comorbidities and post-injury complications were 
collected using specific scales.  
A multiple regression model was used to identify the predictors of SCI-ARMI variations from admission to 
discharge from the rehabilitation center.  
RESULTS: The mean value of SCI-ARMI increases progressively during hospitalization from admission to 
discharge with a mean variation of 56.9±25.4. 
SCI-ARMI values at admission are significantly lower for patients with traumatic than non-traumatic injuries. 
These differences are no longer present at discharge.  
The variation of SCI-ARMI is accounted for by pre-injury comorbidities, the presence of complications during 
hospitalization and the baseline value of SCI-ARMI. In particular, the SCI-ARMI variation decreases as the 
severity index (pre-injury comorbidities) increases. Moreover, it decreases as the score of secondary 
complications increases. Length of hospitalization and time between injury and hospitalization do not affect 
the observed improvement.  
Etiology, location and completeness of lesion do not add relevant information when the initial condition and 
the presence of complications during hospitalization are included in the regression model.  
CONCLUSIONS: The sample size that we are planning to reach at the end of the study will allow to 
determine which individual complications mainly influence SCI-ARMI and, consequently, achievement of 
skills.  
An accurate predictive model including information on complications will help define the patient's 
functional prognosis, identify patients with greater rehabilitation needs, and ultimately allow a better 
targeted resource allocation.  
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Introduction: Most studies on neurological recovery after traumatic spinal cord injury (tSCI) assess 
treatment effects using the American Spinal Injury Association Impairment Scale (AIS grade) or motor points 
recovery. To what extent neurological recovery is considered clinically meaningful is unknown. This study 
investigated the perceived clinical benefit of various degrees of neurological recovery one year after C5 AIS-
A tSCI.  
Methods: By means of a web-based cross-sectional survey SCI patients and physicians evaluated the benefit 
of various scenarios of neurological recovery on a scale from 0-100% (0% no benefit - 100% major benefit). 
Recovery to AIS-C and D, was split into C/C+ and D/D+, which was defined by the lower and upper limit of 
recovery for each grade. 
Results: A total of 79 patients and 77 physicians participated in the survey. Each AIS grade improvement 
from AIS-A was considered significant benefit (all p<0.05), ranging from 47.8% (SD 26.1) for AIS-B to 86.8% 
(SD 24.3) for AIS-D+. Motor level lowering was also considered significant benefit (p<0.05), ranging from 
66.1% (SD 22.3) for C6 to 81.7% (SD 26 26.0) for C8. 
Conclusion: Meaningful recovery can be achieved without improving in AIS grade, since the recovery of 
functional motor levels appears to be as important as improving in AIS grade by both patients and 
physicians. Moreover, minor neurological improvements within AIS-C and D are also considered clinically 
meaningful. Future studies should incorporate more detailed neurological outcomes to prevent potential 
underestimation of neurological recovery by only using the AIS grade. 
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Introduction: In animal models of spinal cord injury, inflammation post-trauma activates neural stem and 
progenitor cells (NSPCs) which differentiate into glial scar astrocytes. To direct NSPC fate and promote 
regeneration instead, NSPCs can be targeted using growth factors. However, the mechanisms regulating 
human spinal cord NSPC pathophysiology and regeneration are not known. Therefore, to improve the 
translation of animal therapies for spinal cord injury, we assessed the effect of inflammatory and 
regenerative factors on primary NSPCs in a small (rat) and large (pig) animal model in comparison to NSPCs 
from humans.   
Methods: Primary spinal cord NSPCs from adult humans (n=8), pigs (n=5) and rats (n=6) were cultured using 
the neurosphere assay. To mimic post-injury inflammation, primary-derived NSPCs were treated with pro-
inflammatory factors interleukin-6 (IL-6), tumor necrosis factor-α (TNFα), or transforming growth factor-β 
(TGFβ). To direct regeneration, NSPCs were treated with retinoic acid (RA), platelet-derived growth factor 
(PDGFα), or bone morphogenic protein-(BMP4) to induce neurons, oligodendrocytes or astrocytes, 
respectively. Cultures were treated for 7 or 14 days, fixed, and characterized by immunocytochemistry 
(GFAP, β-iii tubulin, O4, and BrdU). To track proliferation, BrdU was added 24 hours prior to fixation.  
Results: IL-6, TNFα, and TGFβ induced astrogenesis of rat NSPCs (3.9±0.7, 5.0±0.9, and 4.0±0.6 fold, 
respectively) after 7 days concomitant with reduced neurogenesis (0.14±0.90, 0.07±0.04, 0.07±0.05 fold, 
respectively). Pig NSPCs similarly increased astrogenesis (1.38±0.04, 1.26±0.05, and 1.45±0.04 fold, 
respectively) but after 14 days of treatment. On the contrary, human NSPCs had reduced astrogenesis 
(0.14±0.07, 0.6±0.2, and 0.12±0.07 fold, respectively) over the course of 14 days, but generated more 
neurons (1.23±0.05 and 1.34±0.04 fold, respectively) with IL-6 and TGFβ treatments. With regenerative 
factor treatment, RA increased neuron differentiation of both human and rat NSPCs, PDGFα increased 
oligodendrocyte differentiation of only rat NSPCs, and BMP4 increased astrocyte differentiation of human 
and rat NSPCs at low (40ng/mL) and high (100ng/mL) concentrations, respectively.  
Conclusion: For the first time, we have directly compared human, pig, and rat spinal cord NSPC response to 
pathophysiological and regenerative factors and determined cell-intrinsic differences in behavior. Improved 
understanding of these differences between human and animal models will be important for the successful 
translation of regenerative therapies to humans.  
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Aim 
To analyse and compare the clinical data of 3 different standardized  tests to evaluate LUT afferent 
innervation after Spinal Cord Injury (SCI).  
Method: 
Retrospective  study of medical records of individuals with SCI . Data on touch sensation in the different 
perineal dermatomes1, on sensation of bladder filling during urodynamic testing 2, and on electrical 
perception thresholds (EPT) in different areas of the LUT3, were extracted, analysed and compared. 
Statistical analysis was done with SPSS26. 
Results: 
Records of 460 individuals were analysed: 317 males and 143 females, with a mean age of 45±17 years 
(Range: 11- 88 years). All tests were performed during a single session after a mean of 7±12years (Range: 3 
weeks-62 years) after SC lesion.  
The sensation in perineal dermatomes was performed and recorded in 276 patients, evaluation of sensation 
of bladder filling in 383 and EPT in 115. In 10 individuals the EPT was studied 2( n=9) and 3 (n=1) times. 
Sensation in perineal dermatomes was present in 140 patients (51%) and sensation of bladder filling during 
urodynamics in 190 (50%). EPT were considered absent due to no sensation during a stimulation of 80mA in 
31 patients (30%).EPT were normal in all recorded locations in 18 (17%) and were pathologically high (but 
measurable) in 9 (9%) patients. In 46 patients (44%), some areas showed a normal and others a pathological 
EPT, indicating that innervation can be affected differently between bladder, bladder neck and urethra in 
SCI. 
In 6 patients with repeated EPT measurements, pattern remained the same, in 2 sensation improved, and in 
2 less sensitivity was noticed suggesting neurological evolution. 
When comparing the different evaluation techniques, a different outcome (absent/present) was found in ± 
70% (Pearson <0.005). When comparing AIS complete and incomplete, touch sensation in the perineal 
dermatomes had the best correlation of absence in complete and presence in incomplete lesions  (91% and 
96%),  sensation of bladder filling and EPT had a lower correlation (58% and 34%) and (39% and 87%) 
respectively, but all correlations were statistically significant. These data show that specific afferent 
innervation of the LUT can be much better preserved than expected from clinical neurological examination. 
It also shows that every test gives supplementary specific information. 
Conclusion: 
There are easy and valid investigations of the afferent innervation of the LUT after SCI. Different tests give 
supplementary information on sensory pathways and the findings have clinical value. More afferent 
pathways seem to remain active than expected from clinical neurological examination. 
References 
1. Aito S and D’Andrea M. Clinical assessment in Spinal Cord Injury. In: ISCos textbook on 
comprehensive management of spinal cord injuries (Ed Chhabra HS), Wolters Kluwer , New Delhi 2015, 
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2. Wyndaele JJ, Kovindha A. Urodynamic testing after spinal cord injury. A practical guide. Springer 
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3. Van Meel TD, Wyndaele JJ. Reproducibility of Electrical Sensory Testing in Lower Urinary Tract at 
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Introduction  
Loss of upper extremity function after cervical spinal cord injury (SCI) impacts heavily on independence. 
Nerve transfer surgery offers an exciting new option for re-animation of arm and hand function in 
tetraplegia. 
 
Methods 
This study was a prospective case series, consecutively recruiting people with early, traumatic, cervical SCI 
referred to a single centre for upper extremity reanimation. Goals were restoration of elbow extension, 
grasp, pinch and hand opening. Participants were assessed at 12 and 24 months post-surgery. Primary 
outcome measures were the Action Research Arm Test (ARAT), Grasp Release Test (GRT) and the Spinal 
Cord Independence Measure (SCIM).  
 
Results 
Sixteen participants (27 limbs) with mid level cervical SCI were recruited and 59 nerve transfers performed. 
At 24 months, there was a significant improvement in ARAT (mean difference -14·36, CI -18·76 to -9·97 
p=0·001) and GRT (mean difference – 74·89, CI -96·04 to -53·73 p=0·001). SCIM subscales improved by more 
than the minimal detectable change (MDC) and the minimal clinically important difference for total SCIM 
score and ‘mobility in the room/toilet’, and the MDC for self-care. Median triceps strength was grade 3 
(IQR-2-3) and digital extensor strength was 4 (IQR-4-4). Mean grasp strength, in a subgroup of participants 
with nerve transfers, was 3.2kg (SD 1·5). Adverse events were few, with no functional consequences. 
 
Conclusion 
Nerve transfer surgery is a safe and effective addition to surgical techniques for upper limb reanimation in 
tetraplegia. Nerve transfers resulted in significant functional improvement in all standardised outcome 
measures utilised.  
 
Funding 
Institute for Safety, Compensation and Recovery Research, Victoria, Australia 
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Introduction: MLC601/MLC901 (NeuroAiD) are natural product formulations shown to be safe and to aid 
recovery after neurological injuries, particularly stroke and traumatic brain injury. MLC601/MLC901 may, 
likewise, have a role in enhancing recovery after spinal cord injury (SCI), a devastating condition with limited 
therapeutic options. This ongoing pilot study aims to assess the safety and efficacy of NeuroAiD among 
subjects who sustained moderately-severe to severe SCI.  
 
Methods: This prospective cohort study (ClinicalTrials.gov Identifier: NCT02537899) included subjects with 
moderately-severe to severe SCI, defined as American Spinal Injury Association (ASIA) Impairment Scale 
(AIS) grade A or B. Subjects received open-label MLC601/MLC901 for 6 months in addition to standard care 
and followed for 24 months. 
 
Anonymised data were collected at baseline and months (M) 1, 3, 6, 12, 18, and 24. The online registry 
recorded safety data and the following outcome measures: AIS grade, Short Form (SF-8) Health Survey, and 
Spinal Cord Injury Independent Measure (SCIM). Data were analysed using the Last Observation Carried 
Forward method. 
 
Results: This analysis included 29 subjects out of the recruitment target set at 30. Median age was 36 years 
(range 17 – 73), with 5 (17%) female. The level of SCI was cervical in 41% and thoracic in 59%. The most 
common mechanisms of injury were road traffic accident (45%) and fall (31%).  
 
For the co-primary endpoint of AIS grade at M6, data were available for 27 subjects. At baseline, 20 (69%) 
were AIS grade A and 9 (31%) were AIS grade B. By M6, 11 (41%) converted to a better grade.  
 
M6 outcome was analysed for each baseline AIS grade. Among subjects with baseline AIS grade A, 6 (33%) 
converted to grade B or better. Among subjects with baseline AIS grade B, 5 (56%) improved to grade C or 
better, with 1 subject achieving full recovery (AIS grade E), while 1 subject worsened to grade A. No other 
adverse events were reported. There were 6 deaths, 5 (83%) were AIS grade A at baseline. All deaths 
occurred prior to M6 evaluation; none were considered related to NeuroAiD. 
 
Conclusions: MLC601/MLC901 shows remarkable promise as a safe adjunctive therapy for aiding recovery in 
our cohort of subjects with moderately-severe to severe SCI, compared to published outcomes. 
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Background  
Degenerative cervical myelopathy (DCM) is a common condition, which despite treatment, will leave most 
with disabilities: research progress is urgently needed to improve outcomes.        
Research targeted to the priorities of those working and living with a disease is demonstrated to accelerate 
practice changing research.  This is unknown in DCM.  The James Lind Alliance (JLA) is an organisation 
founded to coordinate and quality assure priority setting initiatives.  AOSpine RECODE-DCM [Research 
Objectives and Common Data Elements for Degenerative Cervical Myelopathy] is a JLA priority setting 
initiative for DCM, led by the AOSpine Spinal Cord Injury Knowledge Forum.    
     
Aims 
To identify the top 10 unanswered research questions (‘research priorities’) in DCM. 
 
Methods 
AOSpine RECODE-DCM is an international, multi-stakeholder, JLA priority setting initiative.  The published 
protocol is found here (doi: 10.1177/2192568219832855). In short, two iterative online surveys and a face 
to face consensus meeting were used to establish consensus. Perspective was sought from three key 
stakeholder groups: spinal surgeons, PwCM and other health care professionals (OHP). The first survey 
gathered research ideas, using subcategories of diagnosis, management, long-term care and miscellaneous. 
Ideas were reviewed, and thematically categorised into summary questions.  Answered questions identified 
through evidence checking were excluded. In the second survey, respondents shortlisted their top 10.  The 
top questions were then discussed and ranked at a face-to-face consensus meeting (New York, November 
2019) to generate a final list of top 10 priorities.  The process was overseen by a multi-stakeholder, 
international steering committee.   
 
Results 
429 participants (59% Surgeons, 21% PwCM and 20% OHP) submitted >3500 research suggestions. 74 
unanswered summary questions were shortlisted by 417 participants (56% Surgeons, 26% PwCM and 23% 
OHP). 26 questions were discussed and ranked at the consensus meeting. The final top-10 included 
increasing DCM awareness, novel diagnostics, surgical decision making, adjuvant management, 
understanding mechanisms and developing novel therapies. This list can be found at 
(https://tinyurl.com/ISCOS-Abstract) and includes: 
1) What strategies can increase awareness and understanding of DCM 
2) What is the natural history of DCM and what factors affect this? 
3) What are the diagnostic criteria of DCM?  
4) What assessment tools can be used to evaluate functional impairment, disability and quality of life in 
people with DCM?  
5) What is the pathophysiological mechanism of DCM? 



6) What is the role of rehabilitation following surgery for DCM?  
7) Can novel therapies, including stem-cell, gene, pharmacological and neuroprotective therapies, improve 
the health and wellbeing of people living with DCM? 
8) What is the socio-economic impact of DCM?  
9) What is the role of dynamic or novel imaging techniques and neurophysiology? 
10) What are the clinical and imaging factors that can help a surgeon select who should undergo surgical 
decompression? 
 
 
 
Conclusions 
AOSpine RECODE-DCM has established the top research priorities for DCM. These objectives should be a 
focus for the field, to accelerate advances in care that change outcomes. The AOSpine RECODE-DCM project 
continues with a number of other objectives, to develop a DCM research toolkit that can help researchers 
changes outcomes sooner. More information at (www.recode-dcm.com). 
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Introduction: Cardiorespiratory fitness generally is reduced in wheelchair users with a spinal cord injury 
(SCI), resulting in high risks of cardiovascular complications. Therefore, exercise interventions such as 
handcycling training are important. The HandbikeBattle event (HBB) is an annual uphill handcycling race in 
Austria among teams of twelve Dutch rehabilitation centers, which is preceded by a 5-month training 
period. The HBB was created to promote handcycling and an active lifestyle among former rehabilitation 
patients. Previous research has shown positive effects of participation in the HBB on cardiorespiratory 
fitness and health. Associations among training load and the change in cardiorespiratory fitness are, 
however, unknown. The aim of the study was to examine: 1) associations between training load and change 
in cardiorespiratory fitness, 2) occurrence of musculoskeletal shoulder pain during the training period.  
Methods: 62 Wheelchair users (age 40 ± 12 years, 41 men; of which 28 SCI, 7 spina bifida, 27 other) 
participated. The training period was only monitored by the researchers, i.e. no specific training regime was 
imposed. A handcycling/arm crank graded exercise test was performed at the beginning (T1) and end (T2) of 
the training period. Peak power output per kg (POpeak/kg) and peak oxygen uptake per kg (VO2peak/kg) 
were primary outcome measures for cardiorespiratory fitness. For each training session, participants filled 
out the rating of perceived exertion (sRPE, scale 0-10) and the duration of the session in minutes. Training 
load was defined as the Training Impulse (TRIMP); which is sRPE multiplied by duration of the session, in 
arbitrary units (AU). All training sessions were summed to define total TRIMPsRPE for each participant. 
Shoulder pain was assessed with a questionnaire (range 1 – 6) at T1 and T2.  Having moderate-severe pain 
was defined as ≥4 (moderate pain) at one or both shoulders. Multilevel regression analyses were used to 
investigate the association between training load and change in cardiorespiratory fitness. Shoulder pain was 
assed descriptively. 
Results: A total of 4787 training sessions were analyzed. Participants trained for 21 ± 6 weeks with an 
average of 4 ± 1 training sessions per week. Mean weekly TRIMPsRPE was 1642 ± 630 AU. POpeak/kg 
showed a significant increase from 1.52 ± 0.51 W/kg at T1 to 1.81 ± 0.56 W/kg at T2 (∆POpeak/kg 0.28 ± 
0.25 W/kg, 21%, p<0.001, ES=0.53). VO2peak/kg showed a significant increase from 24.82 ± 7.80 ml/kg/min 
at T1 to 28.91 ± 7.93 ml/kg/min at T2 (∆VO2peak/kg 3.97 ± 3.41 ml/kg/min, 18%, p<0.001, ES=0.50). Total 
TRIMPsRPE was not significantly associated with change in cardiorespiratory fitness. At T1, 20% of 
participants reported moderate-severe shoulder pain, at T2 14% reported moderate-severe shoulder pain 
(p=0.51).  
Conclusions: Cardiorespiratory fitness significantly increased during the training period. Shoulder pain 
showed no significant change. Training load (total TRIMPsRPE)  was not significantly associated with change 
in cardiorespiratory fitness. To understand the dose-response relationships between cardiorespiratory 
outcomes and training load better, associations between training load and change in submaximal 
responses; such as mechanical efficiency, lactate curves and ventilatory thresholds, might be an interesting 
focus for future studies. 
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Introduction: As a result of advances in healthcare and rehabilitation, many people with spinal cord injury 
(SCI) have lived several decades with their injury and into old age. Nevertheless, knowledge of living with 
long-term SCI into older age is very limited and there is no consensus on how to design rehabilitation 
interventions and follow-up programs to meet the specific needs of this group. In particular, little is known 
about changes over time in functioning and disability among older adults with long-term injury. We 
therefore initiated a large longitudinal study, the Swedish Aging with Spinal Cord Injury Study (SASCIS), 
including individuals at least 50 years of age and at least 10 years after a traumatic or non-progressive, 
acquired non-traumatic SCI. The overarching aim of the SASCIS is to increase our knowledge of factors 
associated with healthy aging in persons with long-term SCI. The aim of the present longitudinal study from 
the SASCIS is to assess changes in secondary health conditions (SHCs; ie, bowel-related and bladder-related 
problems, nociceptive and neuropathic pain, spasticity), physical independence and life satisfaction over six 
years among older adults with long-term SCI.  
 
Methods: From the original SASCIS sample (year 2011-2012), including 123 participants (29% women, injury 
levels C1-L5, American Spinal Injury Association Impairment Scale (AIS) A-D, mean age 63 years, mean time 
since injury 24 years), 101 were still alive for the follow-up (year 2017-2018) and the final sample comprised 
78 participants (32% women, injury levels C1-L3, AIS A-D, mean age 68 years, mean time since injury 31 
years). Data were collected during home interviews using a study-specific questionnaire, the Spinal Cord 
Independence Measure (SCIM-III) and the Satisfaction With Life Scale (SWLS). Changes from baseline to 
follow-up were assessed using the Wilcoxon signed-rank test and the McNemar’s test. 
 
Results: The total number of SHCs increased over time (mean 2.0 to 2.5, p=0.002, r=-0.25). More 
participants reported bowel-related problems (eg, incontinence, constipation; 31% to 47%, p=0.015) and 
spasticity (41% to 62%, p<0.001) at follow-up. No significant changes were seen in the occurrence of 
bladder-related problems or pain. Overall physical independence decreased significantly over time (SCIM-III 
total score mean 67 to 61, p<0.001, r=-0.44), as did independence in all subscales of the SCIM-III. The largest 
difference was seen in the subscale Respiration and Sphincter Management (mean 32 to 28, p<0.001, r=-
0.38). The SWLS total score remained unchanged (mean 21.0 and 21.4, respectively) and just above the 
midpoint between satisfied and dissatisfied with life.  
 
Conclusions: This is the first study to assess changes over time in SHCs, physical independence and life 
satisfaction in a population of older adults with long-term SCI in Northern Europe. Over six years, these 
individuals experienced a medium to large decrease in physical independence and the occurrence of SHCs 
increased. However, life satisfaction remained relatively high and stable over time, indicating that older 
adults with long-term SCI receive adequate psychosocial support. The results call for a proactive approach in 
clinical practice to mitigate the decreasing independence in daily activities and increasing problems with 
bowel management and spasticity. 
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Introduction: Sleep disordered breathing (SDB) is highly prevalent and poorly recognized in people with 
tetraplegia and is associated with substantial neurocognitive impairment and reduced quality of life. Despite 
this, research has shown that less than 20% are diagnosed and treated. The usual management pathway 
involves referral from the primary care or rehabilitation doctor to a specialist sleep/respiratory physician for 
investigation and management. However, this care model often presents significant access barriers to 
people with tetraplegia. Previous research has identified three spinal cord injury (SCI) centres that routinely 
screen, diagnose and treat uncomplicated SDB without direct specialist sleep service involvement.  
 
Aims:  
1) To describe the SDB management models of three SCI centres independently managing non-complicated 
SDB - including the organisation, staffing, patient population, infrastructure, and processes.  
2) To determine the common elements of the three SDB management models.  
 
Methods: Mixed methods descriptive study, including qualitative (direct observation and clinician 
interviews) and quantitative (retrospective audit of clinical practice) components. One week at each of the 
Swiss Paraplegic Centre (SPZ, Switzerland), Stan Cassidy Centre for Rehabilitation (SCCR, Canada) and 
Heliomare Rehabilitation Centre (HRC, The Netherlands) was spent observing and documenting the three 
models of SDB management. Following observation, process maps describing the management pathways 
were developed and verified by key clinical staff.  
 
Results: SPZ is a 190-bed specialist SCI hospital, with >1200 inpatient admission per year (~100 new 
SCI/year). HRC and SCCR are general rehabilitation hospitals with specialised SCI services (HRC ~40 SCI beds 
& ~80 new SCI/year; SCCR ~10 SCI beds & ~30 new SCI/year). All three SCI centres had a small, highly skilled 
team dedicated to providing screening, diagnosis and treatment for SDB and other respiratory issues. At 
each centre the team was led by a rehabilitation doctor and supported by one or more ancillary staff 
(nurses or respiratory therapists) who performed the majority of the screening, diagnostic testing and 
treatment initiation under the supervision of the doctor. Routine screening orders for all SCI inpatient 
admissions included overnight oximetry and bedside spirometry (and transcutaneous CO2 at SPZ and HRC). 
Screening orders were usually followed by polygraphy (Level 3 sleep study) for those with a positive result. 
The decision on whether treatment was indicated, and the type of treatment, was made collaboratively by 
the doctor and nurse/therapist and based on test results, patient symptoms and patient wishes. Treatment 
initiation and titration was done on the rehabilitation unit. Equipment for diagnosis and treatment was 
owned by the hospital and/or provided by local vendors.   
 
Conclusion: The teams delivering routine management of SDB in the three SCI centres were small, 
collaborative and highly skilled in respiratory management. Our findings demonstrate that is feasible for 



multi-disciplinary SCI rehabilitation teams to independently diagnose and treat un-complicated SDB without 
external referral, provided they are adequately resourced with equipment and skilled and motivated staff. 
Similar models of care could substantially improve access to SDB management for people with SCI. 
Prospective non-inferiority trials of these alternative models are urgently required to address the inequity of 
access to diagnosis and treatment. 
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Introduction: We previously classified serum oxidative stress marker levels in patients with acutely 
worsening compression myelopathy (AM) as severe. These oxidative stress markers may influence 
neurological recovery after surgery for AM (BMC Musculoskelet Disord, 2019). We hypothesized that the 
oxidative stress is decreased by surgical treatment. Therefore, we conducted an observational study to 
determine the time course changes of serum oxidative stress marker in patients with cervical compression 
myelopathy after surgery. 
Methods: In the present study, we included 40 patients who underwent surgery at our hospital to treat 
acutely worsening compression myelopathy (AM; n=21) and chronic compression myelopathy (CM; n=19) 
between April 2015 and October 2018. Serum samples were collected at the time of hematological 
examinations before surgery and the postoperative follow-up at 3 months, 6 months, and 1 year after 
surgery. Oxidative stress levels were determined by measuring reactive oxygen metabolites (ROM) that 
reflect serum hydrogen peroxide levels. A normal ROM level in healthy controls is <300 (U. CARR), whereas 
levels of >340 and >400 are defined as moderate and severe oxidative stress, respectively. Neurological 
evaluations using a Japanese Orthopaedic Association (JOA) score for cervical myelopathy were performed 
and the correlation between ROM and recovery rate of JOA score was also investigated. 
Results: ROM levels (U. CARR) in AM increased from 407.6±74.3 before surgery to 428.0±94.9 at 3 months 
after surgery and ROM levels in CM increased from 357.5±74.8 to 379.6±54.9 indicating a significant 
increase at 3 months after surgery equally in both groups (p<0.05) despite the favorable neurological 
improvement observed in both groups. By contrast, ROM gradually decreased until 1 year follow-up in both 
groups. There was no correlation between the changes of ROM and the recovery rate of JOA scores. In 3 
patients with cases complicated by C5 palsy, ROM levels increased from 460.7±86.0 before surgery to 
519.3±131.6 at 3 months after surgery and were significantly higher than those in other cases (p<0.05), and 
the high ROM levels were maintained until 1 year follow-up. 
Conclusions 
Serum oxidative stress markers in compression myelopathy did not decrease but were increased at 3 
months after surgery despite the favorable neurological improvement observed. Serum oxidative stress 
markers were higher and remained elevated in cases complicated with C5 palsy.
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Introduction: Peer mentorship programs delivered by community-based spinal cord injury (SCI) 
organizations are multi-faceted and target a number of outcomes. Through a series of studies (i.e., a meta-
synthesis, qualitative studies), we have identified up to 87 outcomes related to SCI peer mentorship. In 
order to help focus future efforts to evaluate peer programs, a consensus approach was taken to prioritize 
the outcomes of community-based SCI peer mentorship. Thus, the purpose of this study was to reach 
agreement among community-based SCI organization staff and individuals who provided and/or received 
community-based SCI peer mentorship on which 87 outcomes were the most important for SCI peer 
mentorship.  
 
Methods: Individuals who provided mentorship (i.e. mentors), received mentorship (i.e. mentees), and/or 
worked at one of five SCI community-based organizations (i.e. staff) that partnered with the study were 
invited to participate in the study. Following a Delphi consensus methodology, participants rated the 
importance of each listed outcome related to SCI peer mentorship on an 11-point Likert scale across three 
rounds (0 = Irrelevant; 10 = One of the most important). Following each round, outcomes meeting the 
consensus criteria were kept for the next round (i.e. received a mean score of ≥ 8.0 OR ≥ 70% of participants 
rated the characteristic ≥ 8.0). Intraclass Correlation Coefficient (ICC) was calculated after each round to 
asses the consistency of ratings. Through a community-university partnership and using an integrated 
knowledge translation approach, members of community-based SCI organizations and researchers co-
constructed, co-implemented, and co-interpreted the study and its results. 
 
Results: Within each round, approximately 50% of participants were mentors, 30% mentees, and 20% staff. 
After Round 1 (n=107 participants), 73 of 87 outcomes were retained based on the consensus criteria with 
an ICC of 0.98. In Round 2 (n=65 participants; ICC = .97), 60 outcomes were kept for the next round. After 
Round 3 (n = 57 participants, ICC = .97), 25 outcomes met the criteria to be considered as a very important 
outcome of SCI peer mentorship. Examples of outcomes that were retained include: independence, 
confidence, hope, dignity, resilience, reduced isolation, SCI knowledge, understanding, and normalization. 
Example outcomes that were removed are enjoyment, acceptance, reduced depression/anxiety, problem 
solving, and friendships. In line with an integrated knowledge translation approach, representatives from 
community-based spinal cord injury (SCI) organizations and researchers co-interpreted these results. 
 
Conclusions: Through a consensus methodology, individuals involved in SCI peer mentorship deemed 25 
outcomes as the most important for SCI peer mentorship. These results help provide a better understanding 
of the outcomes that these individuals consider being the greatest impact of SCI peer mentorship. The 
refined list can focus SCI peer mentorship evaluation efforts and will be used to inform the co-development 
of a SCI peer mentorship evaluation tool by this community-university partnership. 
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Background:   
Prevalence of secondary health conditions (SHC) in persons with spinal cord injury (SCI) is high and life 
expectancy of persons with SCI is still lower compared to able-bodied persons. Although it is established 
that follow-up care programs across the life span prevent health problems, current follow-up care programs 
are mostly expert opinion based and vary widely regarding content, frequency and setting. In order to 
provide patients with SCI up-to-date and best possible medical and rehabilitative care, an evidence based 
clinical practice guideline for follow-up care is needed.   
 
Objective:   
Establish an evidence based clinical practice guideline for follow-up care for persons with SCI.  
 
Method:   
The German speaking society of Paraplegia (DMGP) commissioned their members to establish a guideline 
conform the guidance for AWMF (Association of the Scientific Medical Societies in Germany).  
 
According to the guidance of the AWMF, a systematic review was performed to:  
 
1. search for existing guidelines and literature for follow-up care programs and a methodological appraisal. 
All guidelines were evaluated according to the DELBI (German Guideline rating system) and literature 
according to the Scottish Intercollegiate Guideline Network (SIGN).  
 
2. define secondary health problems based on existing literature and expert opinion to be included in the 
guideline (prevalence, severity, modifiability )  
 
3. define population and sub-populations, frequency and setting of follow-up care and suggested outcome 
measures based on current evidence (existing guidelines, publications, expert opinion)  
 
After a structured consensus process with SCI specialists and country representatives of patient association, 
level of evidence and grading of recommendation were defined.    
 
 
Results:  
The systematic review found 62 guidelines, 48 Cochrane reviews (spinal Cord injury) and 2963 publications. 
After title and abstract screening, 79 publications were full text read by two independent reviewers. All 
guidelines and publications were checked for their suitability and, if included, rated/classified according to 
the AWMF guidance. None of the guidelines of papers described an evidence based comprehensive clinical 
practice guideline for follow-up care.   
 



In order to define health problems to be included in the guideline a second review of existing guidelines, 
literature and other sources was performed, discussed and completed by eight medical SCI specialist. This 
resulted in following health themes for regular follow-up care: 1. Nervous system including spasticity, sleep 
and cognitive function, 2. Neuropathic Pain, 3. Cardiovascular system, 4. Respiratory System including Sleep 
associated breathing disorders, 5. Immune system, 6. Digestive tract including Bowel, 7. Endocrine System 
and nutrition, 8. Urogenital System including sexual function, 9. Pregnancy and birth, 10. Musculoskeletal 
System, 11. Skin, 12. Psychological and psychiatric problems, 13. Medication and Polypharmacy.   
 
Based on a specific literature review complemented with expert opinion for those health themes, a clinical 
practice guideline for follow-up care across the lifespan including content (patient interview, clinical exam, 
extended diagnostics and preferred outcome measures) as well as frequency and setting of follow-up care 
was defined.  
 
Conclusion:    
The German speaking Society of Paraplegia established according to the guidance of the AWMF, an 
evidence based follow-up program for persons with spinal cord injury including content, frequency and 
outcome measures.  
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Introduction:  
Most robotic overground gait training devices require users to use crutches to keep balance, which is a clear 
limitation on their use in everyday life. 
 
We present the results of the first prospective clinical study on a newly developed self-balancing robotic 
exoskeleton (Atalante®, Wandercraft) that enables individuals with spinal cord injury (SCI) to perform 
ambulatory functions without technical aids. 
 
Design/Methods:  
Inclusion criteria were patients with a chronic motor complete SCI (AIS A or B) ranging from T5 to T12, with 
stable medical conditions. The study protocol included 12 one-hour training sessions during 3 weeks. 
Patients walked on the floor with the robotic assistance connected to a mobile suspension system (without 
weight bearing) to prevent falling. 
Patients were recruited from 2 rehabilitation centres as part of a protocol for CE marking.  
 
Main outcome was the ability to walk 10 meters unassisted, secondary outcomes were assessment of other 
ambulatory functions, of bladder and bowel functions, pain and spasticity. 
 
Results: 
Twelve patients were enrolled: 11 completed the protocol and one withdrew for personal reasons. There 
were 9 men and 2 women, mean age 33.9 years, mean time since injury was 8.3 years. Six patients had T6 
levels of lesion, 5 had lesions at or below T10. Eight patients had lower limbs spasticity.  
 
Seven patients passed the 10mWT unassisted at the 12th session (mean walking speed 0,13m/s), while 4 
required some human help. All 11 patients succeeded the other ambulatory tests (stand-up, sit-down, 
balance, turn).  
 
We did not observe any significant change on the bladder function (Qualiveen score) or neuropathic pain 
(NPSI, NPRS). Five patients described an improvement of the bowel function (VAS), which was not 
correlated with the NBD score. Assessment of spasticity with the Ashworth scale showed heterogeneous 
results depending on the muscles examined. Ischial skin erosion was seen in patient that needed local 
dressing. 
 
Conclusion: 
This is the first study that demonstrates the effectiveness and safety of a dynamic self-balancing robotic 
exoskeleton for walking in persons with SCI. Besides the obvious advantage of freeing the upper limbs for 
use in the everyday life (lifting or carrying loads and objects…), it also mimics a person’s natural gait. The 
mean walking speed observed was higher than that obtained with other self-supporting robotic devices (1). 



This new technology opens new perspective in the field of assistance for persons with high level of 
dependence. 
 
(1) Barbareschi G, Richards R, Thornton M, Carlson T, Holloway C. Statically vs dynamically balanced gait: 
Analysis of a robotic exoskeleton compared with a human. Conf Proc IEEE Eng Med Biol 
Soc.2015;2015:6728-31. 
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Background: Functional electrical stimulation (FES) has been shown to be of significant benefit in spinal cord 
injury (SCI) rehabilitation. FES benefits are dose-dependent.  Furthermore, FES increases afferent input 
stimulating neuroplastic changes and is useful in directing the rehabilitation of specific motor pathways. In 
cervical SCI, there is a significant risk of respiratory failure requiring mechanical ventilation (MV). MV leads 
to negative respiratory neuroplasticity with maladaptive respiratory neural pathways and rapid ventilator 
induced diaphragm dysfunction with atrophy and conversion of muscle fibers.  Targeted FES can guide these 
remodeling mechanisms toward the formation of functional, rather than maladaptive, neural pathways 
while maintaining muscle function.  This reports our experience with diaphragm pacing (DP) in early SCI 
injured patients to not only replace MV but as a tool to help in recovery of spontaneous ventilation.  
 
Methods: This is a retrospective review of prospective IRB approved databases of all patients who 
underwent DP.  All patients had laparoscopically placed electrodes and began DP conditioning to wean off 
MV. Analysis of recovery of diaphragm electromyography (dEMG) through the implanted pacing wires was 
also analyzed.   
 
Results: Out of 602 patients between 2000 and 2019, 195 SCI MV were identified and of these 15 patients 
met the inclusion criteria of DP within 60 days of injury. All patients failed standard weaning assessments 
and none had diaphragm movement while attempting weaning. Average age was 40.5 years (16 to 75 
years). The average time on MV was 17.7 days (6-52). All had cervical level injuries. Ten patients (67%) 
weaned completely off MV in an average of 16.9 days (1 to 56). Eight of those patients were successfully 
decannulated and 1 patient avoided tracheostomy.  Nine patients regained volitional breathing and were 
able to wean off DP. To date, 8 patients are alive for an average of 36 months post implant with no deaths 
related to DP. Seven of those patients are at home or senior living environment; one is still in rehabilitation. 
There were 5 patients who never weaned, four who died within 4 months of implant.  Relevant factors in 
early death include the 2 patient’s age great than 60, episode of malignant hypothermia and fatal 
gastrointestinal bleeding. Also included in failure to wean is 2 out of the 3 gunshot wounds (GSW).  The 
blast injury of GSW causes more lower motor neuron loss. Baseline and long term dEMG data was available 
on 8 patients. No patient had significant dEMG burst activity at baseline; 3 had some activity when given a 
hypoxic challenge when off of MV but it was minimal.  Out of the remainder of 180 SCI patients who were 
implanted over 60 days, only 2 patients recovered volitional breathing. 
 
Conclusions: DP improves the quality of life and decrease the morbidity and mortality of patients on MV.  
This report highlights the benefits of early DP in helping in the recovery of natural respiration in a significant 
60% of patients.  Early implantation should become the standard of care for SCI MV patients with limitations 
in age over 60 or GSW.  
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Introduction: People living with spinal cord injury (SCI) who ambulate (i.e., SCI ambulators) participate in 
half as much leisure-time physical activity (LTPA) as wheelchair-users with SCI. Although preliminary 
research has identified some of the barriers and facilitators to LTPA participation for SCI ambulators (e.g., 
pain, fatigue), there has not been a systematic examination of factors related to physical activity 
participation in this population. The Theoretical Domains Framework (TDF) is one methodological approach 
that can be used to systematically investigate these factors. The TDF synthesizes constructs from 33 
theories of behaviour change into 11 domains of behavioural influences. The TDF is used to identify 
domains/factors (e.g., social influences, motivation and goals) that are most relevant for explaining and 
changing a particular behaviour, thus indicating opportunities and factors to target in PA-enhancing 
interventions. Therefore, the objectives of this study were to (1) identify barriers and facilitators to LTPA as 
identified by SCI ambulators, (2) categorize these factors using the TDF and (3) establish the strength of the 
relationships between TDF factors and LTPA among SCI ambulators. 
Methods: Twenty-one SCI ambulators (100% AIS-D; Mage=39 years; Mpost-injury=8.38 years; 52% male; 
24% tetraplegic) participated in this study; 62% used mobility aids (e.g., orthotics, walker). The LTPA 
Questionnaire for People with SCI (LTPAQ-SCI) was used to assess the total number of minutes per week 
spent on LTPA (inclusive of mild, moderate, and heavy intensity LTPA). TDF factors related to LTPA were 
measured by the Determinants of Physical Activity Questionnaire through 33-items rated on 7-point Likert 
scales (1 = strongly disagree; 7 = strongly agree). Descriptive statistics were used to identify and categorize 
TDF factors. Two-tailed bivariate Pearson correlations were calculated between TDF factor ratings and 
min/week of LTPA. 
Results: ‘Knowledge’ (M=3.97; SD=1.76), ‘Coping Planning’ (M=4.56; SD=1.25), and ‘Beliefs in Capabilities’ 
(M=4.79; SD=1.58) were rated the lowest, suggesting their absence may act as the greatest barriers to LTPA. 
Factors positively correlated with min/week of LTPA were: having the sports/exercise skills to do physical 
activity, r=.77, p<.01; not being easily distracted from the physical activity planned, r=.59, p=.01; and being 
prepared to give up things done in leisure time for physical activity, r=.53, p<.05. No other TDF factors were 
significantly correlated with LTPA. 
Discussion: Although SCI ambulators lack knowledge on LTPA and have reduced beliefs in their capabilities 
to do LTPA, these factors are not associated with min/week of LTPA. Rather, beliefs relating to skills, coping 
planning, and goal conflict are significantly associated with LTPA min/week. Interventionists are advised to 
develop interventions that provide information on how SCI ambulators can be active and how to develop 
coping plans to overcome barriers to activity. Self-efficacy enhancing interventions would also be beneficial 
to bolster beliefs in one’s ability to be active. 
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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) severity in research and practice. The American 
Spinal Injury Association Impairment Scale (AIS), which categorizes motor and sensory impairments, is 
widely used in research and has been found to predict outcomes after SCI. However, obtaining an AIS grade 
requires assessment by a trained clinician, and the exam often is not conducted for people with non-
traumatic injuries. This limits the use of the ISNCSCI and AIS in research in community-residing people with 
SCI and people with non-traumatic injuries. The objective of this project was to evaluate a self-report 
method to determine AIS grade in people with traumatic and non-traumatic SCI.  
 
METHODS: After obtaining IRB approval from participating sites, people with traumatic (tSCI) and non-
traumatic SCI (ntSCI) completed an in-person or telephone interview as part of a Neilsen Foundation-funded 
study. The interview included seven self-report questions regarding functional and physical motor and 
sensory abilities; an algorithm developed by investigators at the Praxis Spinal Cord Institute was applied to 
responses to calculate AIS. We then measured the agreement between self-report (SR) and medical record 
(MR) data using a Cohen's Kappa (κ) statistic and the association between the calculated AIS and the MR AIS 
using Somers' D index and concordance index (C-index). Separate analyses were conducted for tSCI and 
ntSCI.  
 
RESULTS: A total of 221 people with tSCI and 74 people with ntSCI were included in this analysis. 
Participants with tSCI were significantly more often male (78.3% versus 54.1%), younger at the onset of 
injury (33.8 versus 50.5 years old) and younger at the time of the study (48.7 versus 60.5 years old) than 
participants with ntSCI.  
 
For individuals with tSCI, agreement between SR and MR was very strong for level of injury (tetraplegia, 
paraplegia; κ=0.95) and for level of injury (cervical, thoracic, lumbar; κ=0.92). Agreement between SR and 
MR was substantial for injury completeness (complete, incomplete; κ=0.69) and AIS grade (A, B, C, D; 
κ=0.73). The Somers’ D and the C-index between the calculated AIS and the MR AIS were high, 0.77 and 
0.89, respectively.   
 
For those with ntSCI, agreement between SR and MR was substantial for level of injury (tetraplegia, 
paraplegia; κ=0.77), level of injury (cervical, thoracic, lumbar; κ=0.86), and injury completeness (complete, 
incomplete; κ=0.78). The Somers’ D between the calculated AIS and the MR AIS was low (0.37) and the C-
Index was moderate (0.69). However, the ntSCI sample was small and there was substantial missing MR AIS 
data (only 44 participants had complete data).  
 
CONCLUSIONS: Agreement between calculated AIS and MR AIS was high and fairly consistent for people 
with tSCI, so using the self-report questions is a promising method to generate an AIS grade for that group. 



For people with ntSCI, the results were less promising, and probably due to low model power owing to the 
historical lack of AIS assessment in ntSCI. Future research to examine and validate these results in a larger 
sample is required. 
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 Introduction- The devastating condition of spinal cord injury affects self - esteem of patients and their 
partners' relationship. The sexual expression of a male partner with SCI may be affected not only by their 
physical condition but also by the attitude of the society and of their partners towards the disability. In the 
Indian context, Non-SCI female partners suppress their desire for sexual intimacy with their SCI male partner 
leading to psychological distress. This study addressed non-SCI female partner experience with their SCI 
male partner concerning their sexual interest, behavior, suppression, and physical as well as psychological 
satisfaction of sexual desire. 
 
Method- This qualitative study was conducted at the Indian Spinal Injuries Center, New Delhi, India. The 
sample size was 30 non-SCI females. Data has been collected through the structured interview method from 
30 non-SCI females whose partners with SCI (parapalegic-60% and tetraplegic-40%) had an injury at least 
one-year-old were rehabilitated at ISIC. The data was analyzed using a form of constant comparison that 
includes coding data into themes and then into categories to derive conclusions. 
Result- - There was a significant change in sexual desire of females, Sexual desire reduced or almost 
vanished, 60% sexual dissatisfaction, 90% suppression of desire and psychological distress in the behavior of 
females, partner of SCI male.   
Only 2% of females wanted to seek physical satisfaction outside the marriage. Only 1% of females were 
aware that suppressing sexual desire and needs were leading to psychological distress and irritable mood. 
During rehabilitation of their spinal cord injured partners, most couples received sexual counseling but 
during sexual counseling, the focus was on SCI male patients and their rehabilitation. Sexual counseling 
during rehabilitation always addressed female partners to directly switch their role from passive to the 
active partner. Only 2% of females had sexual knowledge about the active and passive roles of females 
during sexual activities. Most of the females were strongly stuck with the thought that only a missionary 
position can provide them satisfaction. 
 
Conclusion- Although females were a passive partner in sexual activity, 90% were sexually satisfied before 
the injury of their partner. After the spinal cord injury of the male partner, females became active partners 
during sexual activities. There was significant dissatisfaction in the change of role in their sexual activity as 
an active partner and their role as a caretaker of SCI husband assisting him in bowel and bladder 
management. They did not get any sexual pleasure while indulging in sexual activities and just to indulge 
maintain the confidence level of their SCI partner. Almost all the females deprived themselves of sexual 
activity and suppressed sexual desire somewhere in their minds. The suppression of sexual desire resulted 
in psychological distress and irritable nature. Females need to be educated that they can have a satisfying 
sexual relationship being an active partner. 
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Object: Multilineage-differentiating stress-enduring (Muse) cells are pluripotent stem cells, which can be 
harvested from the bone marrow. After transplantation, Muse cells can migrate to an injured site of the 
body and exert repair effects. However, it remains unknown whether Muse cell transplantation can be an 
effective treatment in spinal cord injury. 
Methods: We used a rat model of thoracic spinal cord contusion injury. For Muse cells transplantation, 
clinical product “CL2020” containing 300,000 Muse cells were administered intravenously one day after the 
mid-thoracic injury. Animals were divided into CL2020 (n=11) and the vehicle treated (n=15) groups. 
Behavioral and histological evaluations were conducted over 8 weeks to see whether intravenous CL2020 
administration provide therapeutic effects for spinal cord injury. 
Results: Hindlimb motor function significantly improved after CL2020 transplantations. Importantly, the 
effects were reverted by the human-selective diphtheria toxin. In immunohistochemical analyses, cystic 
cavity formed after the injury was smaller in CL2020 group. Furthermore, more numbers of descending 5-HT 
fibers were preserved distal to the injury site after CL2020 administration. Eight weeks after the injury, 
Muse cells in CL2020 were confirmed to differentiate into neuronal cells in the injured spinal cord. 
Conclusions: Acutely after SCI, Muse cells in CL2020 can reach to the injured spinal cord after intravenous 
administration and differentiate into neuronal cells. Muse cells in CL2020 facilitated nerve fibers 
preservation, and exert therapeutic potential for severe SCI. 
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Introduction 
Employment post-injury remains a challenge for individuals with spinal cord injury (SCI), including in a high-
income country such as Australia. Previous study showed that the employment rate in this population 
ranged between 30 and 40%. This study aims to identify the employment rate after SCI in individuals living 
with SCI in New South Wales, Australia. Important determinants of employment were identified from a 
range of demographic, injury, clinical, and vocational factors. 
Methods 
Individuals with SCI aged 18-65 years old from two SCI associations in New South Wales were invited to 
participate in the study. A total of 1000 postal questionnaires were sent out, including a link to online 
survey. The questionnaire consisted of questions adopted from the International Labor Market Survey in 
Spinal Cord Injury (ILIAS), as well as the Spinal Cord Independence Measure (SCIM). Employment was 
defined as having a paid work including paid apprenticeship. Descriptive and logistic regression analysis 
were conducted using SPSS version 25.0.  
Results 
Of 270 respondents participating in the survey, 224 respondents aged ≤65 years old were included in the 
analysis. The mean age was 50.1 years. Males accounted for 75.4%. Fifty-six percent were individuals with 
paraplegia and 45.4% had incomplete SCI; mean duration of SCI was 18.9 years. Fifty-four percent 
respondents had bachelor degree education. Fifty-six percent of respondents had medical rehabilitation for 
less than 6 months. Only half of respondents received vocational rehabilitation, of which the majority 
received vocational counseling. Half of the respondents were satisfied with the vocational rehabilitation 
services. Employment rate decreased from 75.73% before SCI to 53.1% after SCI. Those who were not 
employed were retired or pensioned (21.8%), in education (11.4%), housewives/husband (6.2%) or seeking 
employment (3.8%). Around 40% respondents were employed in less than 1 year after injury, however, only 
23% of respondents were able to return to the same workplace. The most notable change in the work 
situation was reduced and more flexible working hours (64.4%). The mean working hours decreased from 
40.9 hours/week before SCI to 31 hours/week after SCI. The proportion of respondents worked in manual 
occupations decreased from 47.6% before SCI to 18.8% after SCI. Before SCI, the proportion of respondents 
who were satisfied with their job were 86.6% and decreased to 68% after SCI. However, the majority of 
respondents (76%) rated the accessibility of their workplace as good. Multivariable logistics regression 
showed that employment status after SCI was positively associated with having paraplegia (p-value=0.046), 
incomplete injury (p-value=0.012), higher functional independence score (p-value<0.001) and less pain 
interference in daily activities (p-value=0.046).  
Conclusion 
A higher than usual employment rate after SCI in Australia (over 50%) was found. Individuals with 
paraplegia, incomplete injury, higher functional independence, and less pain interference are more likely to 
be employed after SCI. Vocational rehabilitation professionals should work hand in hand with medical 
professionals to address clinical problems such as pain and functional independence to improve vocational 
outcomes. 
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Background: Sweating and cutaneous vasodilaiton responses in humans increase with an increase in body 
core and skin surface temperatures; a ratio of contributions is 10 to 1, respectively, via an excitation of 
sympathetic nervous system. But, the responses are absent or blunted on the skin below the lesion in 
persons with a spinal cord injury. The thermoregulatory dsyfunctions may contribute to a decline in 
performance of a competition. In able-body (AB) marathon, the optimum ambient temperature (Topt) to 
exert a competitiveness would be around 10 ºC and a race time tends to be worth once the temperature 
was over Topt. In our analysis from the past 20 years of the Oita International Wheelchair Marathon, a 
completion rate was ~8% in marathon and half-marathon under median ambient temperature (Ta) 18ºC 
(13.3-26.3, min-max) and relative humidity 63% (28-96). The rate tended to decrease the more with the 
more decreased Ta over 20 ºC. Furthermore, the completion rate of marathon was the lower with the 
higher solar radiation. Thus, competitiveness in wheelchair athletes would be influenced from climate 
condition beyond developing wheelchair and Topt may not be the same as AB. Diminished 
thermoregulatory capacity in persons with a spinal cord injury relates their competitiveness and varies Topt. 
However, information for their thermoregulation is still necessary.  
Objectives: Sweat rate (SR) and cutaneous vasodilation responses to a thermal stress are absent in persons 
with a cervical spinal cord injury (CSCI) and are not observed distal to the lesion in persons with lower spinal 
cord injuries. It remains unknown whether the thermoregulatory responses above the lesion in spinal cord 
injuries are similar to AB, and related to the time since the injury. 
Methods: 7persons with a thoracic spinal cord injury (TSCI; Th4-10; time since injury 1-24 yrs) and 10 AB 
subjects participated in this protocol. While in the supine position, 33-˚C water was circulated through a 
water-perfused suit worn by each subject. After 30-min rest, 10 min of baseline data were obtained. Then, 
36- and 50-˚C waters were perfused through the upper and lower parts of the suit, respectively, until 
esophageal temperature increased by 1˚C.  
Results: The present heat stress increased cutaneous vasodilation and SR on the chest (C4; sensate skin for 
SCI) in both groups. However, the increase in these variables was suppressed in LSCI. Moreover, the 
magnitude of the increase in chest SR at the end of heating was positively related to the time since the 
injury in LSCI (r=0.98; P<0.0001).  
Conclusion: Sweating and cutaneous vasodilation responses at 1-˚C increase in esophageal temperature 
above the lesion are suppressed in LSCI and sweating responses is possibly affected by time since the injury. 
The impaired thermoregulatory responses may be associated with the completion rate in a wheelchair 
marathon. 
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Introduction: SCI imposes significant physical and health burden involving multiple organ systems and 
functional domains.  At the organ level acute phase responses occur in the context of many physiological 
disturbances.  Haemodynamic instability is a serious and common complication of SCI, which is additionally 
important in the context of acute phase response because it greatly reduces substrate exchange.  Our 
preliminary analysis of pre-hospital triage records of a small SCI cohort uncovered significant univariable 
association between mean arterial pressure (MAP) and neurological function, inviting the notion that 
multivariable analysis should be used to ascertain whether such a relationship persists after controlling for 
the influence of potential confounders. The present larger-scale cohort study examined the influence of 
MAP on pre-hospital haemodynamic instability and neurological function, controlling for potentially 
confounding patient- and injury-related factors. Notably, after adjustment for age, injury level and time to 
first hospital there was a significant association between the lowest recorded (minimum) MAP observed in 
the prehospital period and preservation of motor function at acute admission with lower MAP readings 
associated with less-favourable motor functioning.  This suggests the likely further benefit of countering 
detrimental hypotension by finding effective ways to apply early haemodynamic resuscitation.   
Design: Multi-site, observational, retrospective  
Aims: To examine the influence on the relationship between pre-hospital haemodynamic instability and 
neurological function of patient-, injury- and process of care-related variables.   
Methods: Demographic, ASIA Impairment Scale (AIS) grade, triage interval and the physiological data of 
adults admitted with acute traumatic SCI were extracted from case-notes held at the Royal Adelaide and 
Royal Melbourne Hospitals, Australia.  In assessing the relationship between pre-hospital MAP and 
admission AIS grade the statistical model controlled for age, gender, injury level (tetraplegia) and time 
elapsed between retrieval and hospital admission.  
Results: The data of 107 SCI-ed patients, 40.7±20.5 years, 88 male, 65 AIS A or B, 84 tetraplegia were 
analysed. Mean triage interval was 2.0±1.6 hrs. Minimum (77.9 ± 19.0 mmHg) and mean preadmission MAP 
(83.4 ± 17.0 mmHg) values fell below recommended guidelines for maintenance of MAP between 85 and 90 
mmHg.  In multivariable analysis adjusted for age, injury level and time interval a 1 mmHg increase in 
minimum MAP was associated with a 6% increase in the odds of AIS grade C or D at admission (adjusted 
OR=1.06; 95% CI[1.02, 1.1]; p=0.002)  Alternatively, a 5mmHg increase in minimum MAP associated with an 
average increase of 34% in the odds of grade C or D (adjusted OR=1.34; 95% CI 1.11, 1.61; p=0.002).  
Conclusions: The spinal cord is exquisitely sensitive to CNS blood flow on which it is dependent for its health 
and integrity. In multivariable analysis systemic haemodynamic parameters were strong predictors of 
neurological function during acute phase response. An important consideration of using aggressive 
hemodynamic resuscitation is that increases in systemic blood pressure do not have to be large to impart 
considerable benefit with respect to preservation of neurological function. Strategies to use haemodynamic 
resuscitation to regulate organ level responses may need to take into account pre-hospital changes, which 
perhaps can be augmented pharmaceutically.   
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Objective: To describe the level of functional independence using spinal cord independence measure – self 
report (SCIM-SR) scores across 22 countries in relation to socio-demographics and injury characteristics, and 
its effects on to their activities and participation. The specific aims are as below:  
Aim 1: To describe the level of functional independence in 22 countries using SCIM total score and sub-
scores based on socio-demographics and injury characteristics.  
Aim 2: To identify the effect of level of functional independence on participation in societal activities. 
 
Design: Cross-sectional survey was undertaken in the community dwelling people with spinal cord injury 
(SCI). 
 
Methods: The short version of the SCIM-SR was included in the survey. SCIM-SR score were derived (out of 
66) and these scores were then rescaled to 100 for clinical interpretability. In addition, rescaled SCIM-SR 
scores were also categorised into 10 deciles for descriptive summary. Twelve items measuring activities and 
participation were included and were anchored on a Likert scale from ‘no problem’ to ‘extreme problem’. 
The results of the activities and participation items were presented as a mean total number of activities (out 
of 12). Data were presented as summary statistics (aim 1). We tested the causal effects of functional 
independence on activities and participation outcome by using directed acyclic graph (aim 2) to construct a 
plausible network of explanatory factors and determine minimal sufficient sets of adjustment factors. 
Correlated data analysis methods were used to account for clustering by country and/or region (mixed 
modelling or generalised estimating equation models). 
 
Results: 12,591 persons with traumatic or non-traumatic SCI aged ≥18 years from 22 countries of six WHO 
regions completed the survey. The participants included males (73%) with traumatic and complete injury 
accounting for 81% and 38%, respectively. 63% are paraplegic. The median (IQR) age and duration post-
injury was 52 (40-63) years and 9 (4-19) years, respectively. The median (IQR) SCIM-SR total score (out of 
100) for the sample was 65 (41-80). The results of the survey demonstrated that participants in the lowest 
SCIM-SR decile (i.e., 0-10) reported moderate to extreme problem in performing a median of 9 on 12 
activities and participation items. The result also suggested that with every 10 unit increase in SCIM-SR total 
score there is 11% (13 to 9%) reduction in the activity and participation items, when adjusted for age, 
assistance in daily activity, level and completeness of injury, duration post-injury and country of residence 
(important factor), using a negative binomial model (best fitted model). 
 
Conclusions: The study found that there is an effect of functional independence on  person’s level of 
activities and participation depending the country of origin. It is important that the inter-relationships 
between functional independence and activity and participation will then be further explored using path-
analysis and structural equation modelling while taking into consideration factors including country of 
origin, sociodemographic and injury characteristics. This will allow us to better understand different level of 
functional independence and how it impacts overall participation for creating an effective Learning Health 
System for SCI.
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Introduction: 
Based on suggestions for improving the Spinal Cord Independence Measure third version (SCIM III), we 
developed a fourth version of SCIM (SCIM IV). The most significant changes are the collapsing of the 
"transfer" items into one item and the discrimination between walkers and wheelchair users. We present 
here an international study of the validity and reliability of SCIM IV, and compare it with SCIM III. 
Methods:  
Data of 648 patients with spinal cord injury (SCI) were collected in 19 SCI Units from 11 countries. All 
patients were evaluated with SCIM IV and SCIM III, mostly by observation, by two raters, within a week after 
admission to the unit and before discharge. Conventional and Rasch analyses were used to assess the 
results. 
Results:  
The patients were 51±17 years old, 72% males, 43% with tetraplegia, 31% with AIS grade A, and 57% with 
traumatic SCI. Reliability: Total agreement between raters at admission, on the various SCIM IV scores for 
each subscale was 74%-94%, and kappa values were 0.634-0.790. Pearson correlation between raters’ 
scores was high for all subscales (r=0.898-0.982), and paired t-test did not reveal significant differences in 
the total SCIM IV score on most subscales (p>0.05). ICC at admission for SCIM IV subscales and total scores 
was ≥0.898. Cronbach's alpha values were 0.913, 0.658, and 0.917 for Self-care, Respiration and sphincter 
management, and Mobility, and it increased if Feeding, Respiration, Mobility in bed, or Stair management, 
but not other items, were deleted (α= 0.918, 0.723, 0.923, and 0.926, respectively). Rasch analysis showed a 
reliability index of 0.761-0.936 for the various subscales, and identified 2-5 discernible ability levels. No 
significant differences were found in item difficulty hierarchy between contrasted groups of age, gender, 
etiology, SCI level, or country. Validity: SCIM IV and SCIM III scores were very close and highly correlated 
(r=0.861-0.963, p<0.001). They differed slightly, and the difference was not significant for the total SCIM 
scores. In most comparisons, the responsiveness of SCIM IV was not found to be different from that of SCIM 
III (p>0.05). “Rasch ruler” showed that on all SCIM IV subscales the distribution of item difficulty grades 
matched the distribution of person ability measurements. Most SCIM IV items showed satisfactory fit to the 
Rasch model (MNSQ fit index 0.7-1.4). SCIM subscales were found to be unidimensional: the percentage of 



variance explained by the Rasch measure of person ability and item difficulty of the total variance found in 
the data was 99.5% for Self-care, 98.5% for Respiration & sphincter management, and 99.8% for Mobility. 
SCIM IV item characteristic curves showed that 85% of the categories of SCIM IV items were properly 
ordered (emergent). 
Conclusions: 
SCIM IV is reliable and valid, and it is suitable for assessment of daily activities of SCI patients. The mean 
value of the scores of all items, as a percent of their maximal scores, was very close to those of SCIM III, 
which makes possible appropriate comparisons with SCIM III in future group studies.   
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Introduction 
Active Rehabilitation (AR) includes residential community rehabilitation programs lasting 7-10 days, with 
peer-mentors as trainers and educators. The focus of these programs is to support individuals with spinal 
cord injury (SCI) to reach their full potential at an activity and participation level.  
Peer-mentors are perceived as credible as they use the right language and they have a lived experience of 
SCI. However, little is known about the qualities and characteristics of peer-mentors, and whether the 
abilities they have acquired can be described in a way relevant for SCI-rehabilitation.   
The aim of this study was to compare peer-mentors and participants in AR programs in terms of 
characteristics, physical independence, wheelchair skills and self-efficacy.  
 
Methods 
This study is part of the INTERnational Project for the Evaluation of “activE Rehabilitation” (inter-PEER). Data 
collection involved an online survey that was completed by all participants with SCI in AR programs (years 
2018-2019) in Sweden. All peer-mentors involved in AR programs during the years 2014-2019 were invited 
to complete the same survey. For this study, data collected with the Spinal Cord Independence Measure 
Self-report (SCIM-SR), the Wheelchair Skills Test Questionnaire (WST-Q) and the Moorong Self-Efficacy Scale 
(MSES) were used. Between-group differences were assessed using the Chi-squared test, the Mann-Whitney 
U-test, the Student t-test and multivariable linear regression analyses.  Age, participant/peer-mentor, 
gender and paraplegia/tetraplegia were included as independent variables in all analyses. For SCIM-SR and 
WST-Q, additional variables were complete/incomplete injury and months since injury. For MSES, additional 
variables were partner/single, working/not working, and up to secondary/tertiary education. 
 
Results 
Forty-two peer-mentors and 94 program-participants responded. Their mean age, and distribution of 
gender, level of education, civil status, completeness and cause of injury were similar. More peer-mentors 
worked for wages (p<0.001), and more program-participants were retired due to health condition 
(p=0.005). There was a greater proportion of persons with tetraplegia among program-participants, as 
compared to peer-mentors (p=0.003). The strongest explanatory variable for higher scores on the total 
SCIM-SR was having a lower level injury (participants with paraplegia scored 17 points higher than those 
with tetraplegia). Also, being a peer-mentor and a man were associated with higher scores (Adj R²=0.55).  
Level of injury contributed the most to the explained variance in the subscales self-care, and respiration and 
sphincter management, where participant/peer-mentor was not a significant contributor. Being a peer-
mentor was however the most important explanatory variable for higher scores in the mobility subscale 
(Adj R²=0.45; peer-mentors scored 7,3 points higher than participants). Having a paraplegia, being a peer-
mentor and being a man were all independent explanatory variables for higher wheelchair skills ability and 
self-efficacy. The independent variables could not explain variances in the MSES.  
 
Conclusions 



This is the first study to report the characteristics of peer-mentors in AR training programs, and compare 
them to program-participants. The associations demonstrate relevant targets and benchmarks for 
community peer-based rehabilitation programs. In particular, interaction with peer-mentors can inspire 
persons with SCI to strive for a higher level of mobility and wheelchair skills.
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INTRODUCTION: 
Despite an enormous amount of research, the prognosis for recovery of motor functions in patients with 
chronic motor completeSpinal Cord Injury (SCI) remains dismal.Spinal Epidural Electric Stimulation (sEES) 
has been the latest hope for SCI individuals with a few clinical studies, including ours recently showing 
positive results with regards to lower limb motor function after sEES.However, despite the consequences of 
cervical spine injuries being more devastating, only one case series has been published till date on cervical 
sEES.  
As an extension to our previous trial, we  aimed to assess the safety and efficacyof cervical sEES after SCI . 
METHODS: 
After Ethical Committee approval, we conducted a randomised pilot clinical study in six chronic motor-
complete spinal cord injured patients who fulfilled the eligibility criteria. All the subjects provided a written 
as well as video informed consent. They were randomized into two groups of three patients each using 
simple randomisation (random number sequence). Each group underwent institutional standardised 
activity-based training. One group was implanted with asEES in addition (RESTORE ADVANCED,Medtronics).  
The primary outcome measure included assessment of functional capabilities of hand and arms using CUE 
(Capabilities of Upper Extremity test) and GRASSP scale and assessment of motor power of upper limbs 
through ASIA grading (Upper Extremity Motor Score) with and without stimulator ON. The secondary 
outcome measures included assessment of any voluntary movement by additional muscle groups not 
included in ISNCSCI, Spinal Cord Indepence Measure (SCIM), assessment of respiratory function using 
Pulmonary Function Tests/weaning off ventilator, modified ashworth scale (MAS), WHO Quality of Life 
(WHOQOL-BREF) questionnaire and evaluation of bladder function by Urodynamic studies. All these scales 
are assessed every 6 weekly except urodynamic studies which were performed 3 monthly. Any adverse 
effects related to the procedure were noted and addressed. 
Evaluation was also done to assess if the motor improvements were sustained when the stimulator was 
turned off. 
RESULTS: 
All the six subjects were either AIS-A(n= 4) or B(n=2) and were recruited atleast18 months post injury. The 
neurological level was C5 or above.Interim analysis at 12 weeks revealed that participantsin the sEES group 
have improved CUE, GRASSP scores,ASIA motor scores(with stimulator on), SCIM score, WHOQOL and 
improved respiratory function(SBC) compared to those with activity based training alone. ASIA grading (with 
stimulator off), MAS and urodynamic studieshave not shown significant difference between the groups at 
present.The participants are under long term follow up. The six month follow up results of all participants 
will be presented. 
CONCLUSIONS: 
To our knowledge, this is the first randomised clinical trial to assess the role of Cervical sEES. Cervical spinal 
epidural stimulation is a safe and efficient technique and has the potential to improve the motor and 
respiratory functions of patients with chronic  SCI.However long term studies with more patients need to be 
done to draw a definite conclusion in this regard. 
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Introduction: Patients with complete paraplegia after spinal cord injury (SCI) are difficult to walk by 
themselves. Gait training with conventional orthoses requires excessive upper limb usage. Hybrid Assistive 
Limb (HAL) is a wearable robot suit that can assist voluntary hip and knee joint motion according to the 
wearer’s bioelectric activation.  
HAL is able to sense very weak muscle activities; however, it is not applicable for patients with complete 
paraplegia without detectable muscle activation. We consider choosing other remaining muscle activities 
instead of paralyzed muscle as the trigger for paralyzed limb motion and we developed a new method: 
heterotopic triggered HAL method (T-HAL). This study aims to describe voluntary gait and voluntary knee 
extension using T-HAL method in patients with complete quadri/paraplegia after SCI.  
Methods: Eleven patients, 18-67 years old, C5-T11, AIS A-B, were enrolled in this study. HAL session 
consisted of two parts: the first was voluntary ambulation using upper limb triggered HAL. In addition, for 
cases who could contract hip flexor, the second was done for active knee extension using hip flexor 
activation. Surface electromyography (EMG) was used to evaluate muscle activity of hip flexor and 
quadriceps femoris (Quad) in synchronization with a Vicon motion capture system. Clinical assessment with 
motion analysis was performed during HAL gait and voluntary hip flexion and knee extension test was also 
evaluated before and after HAL. The modified Ashworth scale (MAS) score was also evaluated before and 
after each session. 
Result: In all cases, EMG before the intervention showed no activation in either Quad. However, periodic 
activation of the lower limb muscles was seen during HAL ambulation. In 2 cases, T10-11, active contraction 
in both Quads was observed after the intervention. Four cases with severe spasticity demonstrated 
significant decreases in the MAS score after the sessions compared to pre-session measurements. 
Conclusion: T-HAL method might be a feasible option for rehabilitation in patients with complete 
quadri/paraplegia caused by SCI. 
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Background: 
Incidence of Spinal Cord Injury in children and young people  is low in England (5 - 10 per million per year). 
The exact figure is hard to determine as these patients are currently managed within numerous different 
services.  
 
Challenges for this group include lack of awareness and consequent failure to refer, delayed or denied 
access to specialised SCI services; varied routes through numerous services into SCI Services at different 
times post injury, conflicting advice and management and poor co-ordination of care and communication 
across involved stakeholder groups. 
 
National Care Pathways were introduced in 2012 to guide management of adults sustaining and living with 
SCI but these pathways did not readily translate to the management of children and young people 
sustaining SCI and therefore bespoke pathways were required. 
   
The aim of this project was to create a patient centric Reintegration pathway, focussed on meeting the 
needs of the child or young person and their families, from the point of diagnosis, through initial 
rehabilitation and discharge home.  
 
Method: 
Action research methodology engaged children and young people with spinal cord injury, their families and 
all stakeholder groups involved in provision of their health and support services, to create a bespoke 
Reintegration Pathway. 
 
A multi-stakeholder workshop mapped out key requirements and areas of need to be addressed. A draft 
pathway, containing a process algorithm defining events (assessment/investigations; interventions; verbal & 
written communications) and timescales was prepared. Based on the World Health Organisation 
International Classification of Function, Disability & Heath framework (ICF), the algorithm was supported by 
the four ICF domains - Body Systems & Functions, Activity, Participation and Environment. Clinical and 
process outcome measures were also mapped to each stage of the pathway. 
 
The draft pathway was reviewed by SCI Centres, partnership organisations and patients with their families, 
through questionnaires, workshops and interviews, to assess the accuracy, content and timings of the 
pathway process algorithm. Clarity and specificity of the processes and information in the 4 pathway 
domains were evaluated against the needs of new and established patients.  
 
Results: 
The pathway was evaluated against 80 case histories. Patients sustained injury as a result of trauma or 
disease; male:female 57:43; age range 1 – 18 years; level of injury range C1 – L1, ASIA A – D.  



 
Patient and families prioritised guidance on acute management; information provision; communication; co-
ordination of services; preservation of the family unit and reintegration to school, social & leisure pursuits. 
Health service providers recommended additional age specific information, pre-admission and outreach 
guidance, alternative timeframes, simplification of language and re-location of specific information within 
the domains for clarity. 
 
Evaluation data guided pathway revision: a second draft was circulated for national stakeholder 
consultation: final revisions were made and the amended pathway was passed for ratification by the 
National Spinal Services Clinical Reference Group ahead of national implementation. 
 
Conclusion: 
A bespoke Reintegration pathway, evidenced by the priorities and needs of children and young people 
sustaining SCI, has been created to provide national standards and guidance to enhance future 
management of this patient group.  
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Introduction :   
Spinal cord injured patients have a chronic pathology resulting of progressive pelvic organs dysfunctions 
(bladder and distal colon). Bladder and distal colon have a similar extrinsic innervation, their dysfunctions 
(detrusor overactivity, alteration of colonic peristalsis, anal and bladder-sphincter dyssynergia) are partly 
explained by “neophysiology” induced by the spinal injury. However, epithelial barriers may be involved in 
the physiopathology of these dysfunctions and their scalability. Involvement of intestinal epithelium and 
urothelium has been well identified in other pathology resulting of similar dysfunctions such as irritable 
bowel syndrome or the bladder pain syndrome / interstitial cystitis but there is a scarcity of data reporting 
their role in chronic visceral dysfunctions related to spinal cord injury (SCI). The objective of this work is to 
characterize colon and bladder epithelial barriers remodeling after SCI and the impact on their functions. 
 
Methods:   
We used a male mouse model: group SCI by spinal cord transection between T3-T4 vertebrea (SCI group, 
n=31) and group sham, with a sham operation (n=15). At three weeks post injury, both groups underwent in 
vivo experimentation to measure distal colonic transit time. Euthanasia was realized at 1 month and bladder 
and distal colon were removed for tissue processing. Fresh tissues were mounted in Ussing chambers for 
measurements of bladder and distal colon paracellular permeability to sulfonic acid (SA) (400Da) and 
transcellular permeability to horseradish peroxidase (HRP) (44kDa). Urothelium superficial cellular 
morphology was also assessed using Full Field optical coherence tomography (FF-OCT). 
 
Results :  
Using FF-OCT, superficial urothelium modifications was observed in SCI group with smaller and more round 
cells compared to sham group polygonal superficial cells (p<0.01). A higher rate of bi-nucleated small cells 
was also observed in SCI group (p<0.05), that may correspond to a transitional state between intermediate 
cells and superficial umbrella cells.  
Distal colonic transit time was longer in SCI group compared to sham group (med 6.7min vs 2.7min; 
p<0.0001). Ussing chambers experiments revealed a decreased HRP permeability in SCI bladder compared 
to sham bladder (p<0.01), without any difference for SA permeability.  
For distal colon, there was no significant difference for HRP and SA permeability between groups. There was 
no significant difference between sham bladder and sham distal colon for HRP and SA permeability, 
whereas there was a significant decreased in HRP and AS permeability in SCI bladder compared to SCI distal 
colon (p<0.01). 
 
Conclusion :  
Our preliminary study suggests a predominant bladder urothelial remodeling compared to distal colonic 
epithelium after chronic SCI. However distal colon peristalsis function seems to be altered. 
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Introduction:  
Spinal cord injuries are associated with vegetative deficiencies, in particular neuro-gastroenterological 
deficiencies. Patients have a difficult feeling with regard to these digestive disorders and the management 
often seems to them insufficient. Our clinical study, the preliminary results of which are presented here, 
aims to evaluate the impact of anterograde enemas by caecostomy placed endoscopically. An ancillary 
study has allowed us to take colonic biopsies and evaluate colonic permeability on different segments (right, 
transverse, left). 
 
Methods:  
This is a multicentric, randomised, controlled study. To date, the patients included are spinal cord injuries of 
all levels, with an initial NBD score greater than 14, i.e. severe neurological bowel dysfunction. In the 
caecostomy group, the device was placed endoscopically and patients were followed up in consultation at 
M1, M3, M6, M9 and M12. In the control group, maximum medical treatment was continued 12 months 
before the endoscopic caecostomy was performed and patients were followed up again 12 months after the 
start of irrigation. The primary endpoint was improvement in the gastrointestinal symptom-related quality 
of life (GIQLI) score. Secondary endpoints were improvement in NBD score, Kess score, and Cleveland score. 
The ancillary study aimed to evaluate colonic permeability on different segments (right, transverse, left 
colon), in Ussing chambers, in comparison with known data from 5 healthy control patients (right colon). 
The permeability was compared between the different colonic segments, and compared to the results of 
the irrigations. 
 
Results:  
To date 15 patients have been included, 4 women and 11 men. The neurological level of the lesion was 
cervical for 5 patients, thoracic for 9 patients, lumbar for 1 patient. There were 13 spastic patients and 2 
flaccid patients. 7 patients were randomized in the per-endoscopic caecostomy (PEC) group and 8 in the 
control group "continuation of medical treatment" (CT). Colonic biopsies were performed in 10 patients. 
Treatment with PEC resulted in an increase in quality of life related to gastrointestinal disorders in 90% of 
cases (mean GIQLI score of 55 before and 86 after PEC). On the other hand, continuing medical treatment 
alone did not increase the GIQLI score. Constipation improved on the Kess score. Incontinence also 
improved (Cleveland). Colonic permeability of patients with spinal cord injury was (not significantly) 
increased compared to healthy patients in the right colon (p=0.1119). There was no significant difference 
between the right, transverse, left colonic segments (p=0.3854). There was no association between 
increased intestinal permeability and the success or failure rate of EPC (p=0.8029). 
 
Conclusion:  



PEC may be part of the algorithm for the management of severe neurological bowel-related constipation in 
the context of spinal cord injury. Irrigation by anterograde route is effective regardless of the neurological 
level. To date, colonic permeability does not seem to be a marker of success or failure of anterograde 
enemas. 
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Background 
Weight gain is a common problem in patients with spinal cord injury, which could increase the risk of 
metabolic syndrome and related morbidity. This could be attributed to overestimation of energy 
requirements, despite a tendency for reduction in energy expenditure compared to pre-injury levels, loss of 
voluntary muscle use below the spinal cord lesion and reduction in lean tissue mass.   
 
Study design 
Prospective Cohort Study  
 
Population 
Persons with acute Spinal Cord Injury admitted for inpatient rehabilitation.  
 
Intervention 
None 
 
Objectives  
To determine the quantum of differences between measured Energy Expenditure (m-EE) and predicted 
energy expenditure (p-EE) during different stages of acute spinal cord injury rehabilitation, in order to 
estimate sample size for a future definitive study.  
 
To assess the feasibility related to recruitment and clinical assessment for outcome measures 
 
Setting 
Inpatient wards of Princess Royal Spinal Injuries Centre, Sheffield Teaching Hospitals, UK 
 
Methods 
All patients completed their rehabilitation program as per existing protocols in the centre for bed-rest and 
mobilization following acute spinal cord injury. After recruitment, demographic data and outcome measures 
were completed at bed-rest phase, early mobilization phase, and before discharge. Estimated resting and 
total daily energy expenditure were calculated using the Henry Equations. Actual energy requirements were 
measured under standard conditions by indirect calorimetry (GE Healthcare metabolic oxygenator). Other 
parameters recorded included anthropometric and metabolic syndrome measurements, and fasting venous 
blood samples for blood sugars and cholesterol levels.  
 
Results 
Ninety-one patients were screened for this study, of which 29 were recruited between 9th September 2015 
and 17th July 2018 which resulted in a recruitment rate of 0.85 patients per month. Out of the 29 recruited 
patients three (10%)  withdrew from the study, one (3%) died, one (3%) was withdrawn, one (3%) was lost 
to follow up and 11(38%) were not followed up. 
 



Across all timepoints and injury groups, m-EE was lower than p-EE, mean -711 Kcal/day (95% CI -821, -601). 
m-EE in paraplegic patients was lower than p-EE by a greater magnitude, mean difference – 871 Kcal/day, 
(95% CI -1000, -634), than in tetraplegic patients, mean difference -604 Kcal/day (95% CI -724, -484).  
 
Though 29 participants were recruited, fewer contributed complete data sets than anticipated (13 at bed 
rest and mobilization, 10 at discharge) which would have introduced greater uncertainty around our 
estimates. This was a result of multiple factors, including staffing schedules, practical difficulties with 
performing certain anthropometric measurements, and delay in admission for rehabilitation within the bed-
rest phase due to acute management of spine injuries at major trauma centres.  
 
Conclusion 
Measured Energy Expenditure was less than predicted Energy Expenditure by an average of 711 Kcal/day in 
this cohort of patients during the course of their acute spinal cord injury rehabilitation. The quantum of 
difference was greater in those with paraplegia compared to tetraplegia. Recruitment rates and data 
measurements were influenced by constraints on staffing schedules, measurement techniques for certain 
outcome measurements, and admission pathways for Spinal Cord Injury rehabilitation.  
 
Protocol 
https://clinicaltrials.gov/ct2/show/NCT03661294
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Introduction:  
Activity-based therapy (ABT) is defined as therapeutic activities that involve “repetitive neuromuscular 
activation below the level of spinal injury, typically achieved through intensive, task-specific movement 
practice.”1 Technologies, such as functional electrical stimulation and virtual reality, have been developed 
to assist the delivery of ABT in clinical environments. However, the implementation of ABT and its 
associated technologies in clinical practice have encountered challenges and little is known about the 
barriers or facilitators experienced by clinicians who aim to provide ABT to individuals living with spinal cord 
injury (SCI). The purpose of this study is to understand if and how ABT and its associated technologies are 
being used in community-based settings in Canada.  
 
Methods:  
In this qualitative exploratory study, we targeted nine community-based clinics across Canada that provided 
ABT programs to individuals living with SCI. Occupational therapists, physical therapists, kinesiologists and 
clinic managers or owners were interviewed by the researchers to describe their experiences with ABT and 
the technologies associated with it for individuals living with SCI. Semi-structured questions queried what 
technologies or techniques were being used to assist ABT and why, and what barriers and facilitators to 
providing ABT exist. Interpretive description was used to analyze the transcribed interviews and to derive 
themes.  
 
Results: Three physical therapists, one occupational therapist, seven kinesiologists and one clinic owner 
from nine clinics in four different provinces in Canada completed the interview (i.e. 12 participants in total). 
Six major themes were identified with the analysis: 1) There is variety in therapy (i.e. ABT can be done with 
and without technology, a large variety of equipment can be used, there is a large variety of approaches), 2) 
ABT is focused on the clients (i.e. value of emotional well-being and personalized goals), 3) Professional 
background and continuing education influence the ABT program provided, 4) Interventions should 
maximize neuroplasticity  (i.e. combination of types of sensory feedback, many repetitions, weight-bearing, 
technology enhances therapy), 5) There are many barriers to provide ABT in the community (i.e. cost of 
technology and therapy, need to maintain operations of a private practice , need for space) and 6) The 
landscape of ABT in Canada is positively changing (i.e. relationship with public health care services is 
improving, research on ABT is increasing, need for education for therapists and for individuals living with 
SCI).  
 
Conclusions: The use of ABT and associated technologies varied across community-based clinics in Canada 
based on the background and training of the therapists. However, the client’s specifics goal and well-being 
were consistently the focus of the ABT programs, and the importance of maximizing neuroplasticity was 



consistently acknowledged. Many barriers to the use of ABT and its associated technologies were identified, 
but participants were optimistic about the future use of ABT for Canadians living with SCI.  
 
1. Musselman KE, Shah M, Zariffa J. Rehabilitation technologies and interventions for individuals with 
spinal cord injury: translational potential of current trends. Journal of NeuroEngineering and Rehabilitation 
2018; 15: 40. 
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【Background】 
Elderly people often develop severe cervical spinal cord injury with relatively low-energy trauma, which is 
attributed to their high incidence of cervical spondylosis and consequent canal stenosis. The patients with 
AIS A cervical spinal cord injury have been considered to have a low likelihood of neurological recovery. 
However, several recent reports indicated favorable neurological outcome of the patients who underwent 
decompression surgery of the cord within 24 hours of the injury. The objective of the study is to clarify the 
characteristics of the patients who are likely to benefit from the early decompression surgery. 
【Methods】 
Among 108 patients treated for cervical spinal cord injury in our trauma center between 2015 and 2019, 83 
were initially evaluated as AIS A, 82 underwent decompression surgery of the cord within 24 hours of the 
injury and 80 survived. We evaluated association between characteristics of the 80 survived patients and 
their neurological outcome employing the ordinal logistic regression model. We evaluated the outcome by 
AIS at discharge and assigned it as a response variable. We also assigned age, sex, interval between the 
injury and the surgery, radiological evidence of cervical spine fracture and that of dislocation as explanatory 
variables.  
【Results】  
Among the 80 patients, median [IQR] of age and the interval were 66.5[50-75] y.o. and 385[300-508.8] min, 
72 were male, the major fracture was radiologically evident in 26 and dislocation in 21. AIS at discharge 
were A:33, B:17, C:25 and D:5. The model indicated older age (OR 1.024[95%CI 1.0003-1.050] ), interval 
between the injury and the surgery (1.004[1.002-1.007]) and absence of the fracture (3.03[1.26-7.72]) as 
significant independent predictors of favorable neurological outcome.  
【Conclusion】  
Almost 60% of the patients with AIS A cervical spinal cord injury showed neurological recovery after 
decompression surgery of the spinal cord within 24 hours of the injury. This result confirmed efficacy of the 
early decompression of spinal cord to enhance the recovery by preventing the secondary injury. The ordinal 
logistic regression analysis indicated that elderly patients without evident fracture or dislocation were more 
likely to benefit from the early decompression. As elderly patients with severe spinal cord injury are 
considered to be at high risk of complications and mortality, usually the conservative treatment avoiding the 
acute phase surgery is preferred. In contrast, together with relatively low post-operative in-hospital 
mortality (2.5%) of the patients, our results indicated that elderly patients traumatized in relatively low-
energy trauma are the candidates for the early decompression surgery at earliest possible timing. 
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[Background] We are developing Qolo, a new personal mobility device for those with motor impairment in 
their lower limbs. It assists sit-to-stand and stand-to-sit postural transitions as well as navigation in standing 
posture with hands-free operation. Its mechanism to assist the postural transition is implemented with 
passive gas springs without using electric actuators, making it compact, light-weight and low cost. Hands-
free navigation is operated by trunk manipulation in standing posture. The purpose of this study is to report 
clinical assessment of the device in voluntary sit-to-stand and stand-to-sit posture transitions and standing 
mobility of people with paraplegia due to complete and incomplete spinal cord injury (SCI). 
[Methods] Qolo supports knee and hip motion of sit-to-stand and stand-to-sit transitions in accordance with 
antero-posterior tilting of the trunk. The alignment and specification of the gas springs and exoskeletal 
structure of Qolo is designed so that it extends the knee joint to assist sit-to-stand transition when the 
center of mass of the user is shifted forward and it flexes smoothly the knee joint when shifted backward. 
Eleven participants with SCI (age: 20-62y, 7 males and 4 females, acute 1 and chronic 11, neurological level: 
C5-L3, AIS: A-C, MMT Hip Ext.: 0-3, Knee Ext.: 0-5) were asked to conduct stand-up and sit-down postural 
transitions and navigate in a standing posture using Qolo. Feasibility of the assisted motions were 
evaluated. 
[Results] Using the initial prototype of Qolo, lumbar and lower thoracic level participants (L3C and T10C, Hip 
MMT >=1, Knee MMT >=3) were able to conduct smoothly sit-to-stand and stand-to-sit posture transitions 
voluntarily. However, for the other participants (lumber level, AIS A and cervical level, AIC C) the spring 
force of the initial prototype was not enough, and therefore the springs were strengthened. Using the 
improved version of Qolo, all remaining nine participants, including lumbar level complete injury (T4A-T12A, 
Hip MMT<=1, Knee MMT<=1) and cervical level incomplete injury (C5C), were able to conduct voluntary and 
smooth sit-to-stand and stand-to-sit transitions, as well as navigation in standing posture on a flat floor 
using the hands-free control interface. One participant (T4A) needed a rigid trunk orthosis in combination 
with Qolo to carry out the motions. 
[Conclusions] The results suggest that the improved version of Qolo is capable of assisting sit-to-stand and 
stand-to-sit posture transitions and standing mobility of people with lower limb motor impairment due to 
lumbar, thoracic and cervical level SCI. In this regard, Qolo has potential of providing an option of standing 
life for wheel chair users. Future investigations include improvement of belts and harnesses, and 
applicability of the device into the daily life environment. 
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Comparing Recto-Anal Inhibitory Reflex Parameters in Spinal Cord Injured Subjects Compared to Healthy 
Controls  
Gianna Rodriguez, Moira Armstrong,  Jason R. Baker, Richard Saad, Ellen Wolgat, William Chey 
 
Introduction: Normal defecation requires precise coordination of the rectum, internal and external anal 
sphincters, pelvic floor muscles modulated by the autonomic nervous system.  The Recto-Anal Inhibitory 
Reflex (RAIR) influences Internal Anal Sphincter (IAS) relaxation in response to rectal distention. RAIR is 
mediated by the parasympathetic nervous system and is intimately coordinated with the Extrinsic Anal 
Sphincter (EAS) mediated by the somatic nervous system.  Pathophysiology of neurogenic bowel in spinal 
cord injury is not well elucidated.  The use of the High Resolution-Anorectal Manometry (HR-ARM) to 
evaluate dysfunction in neurogenic bowel in SCI is limited. 
 
Objectives: 1. Compare RAIR parameters (IAS resting pressure, reflex duration(s), and amplitude relaxation 
(%)) in SCI patients to published healthy control (HC) values (Thiruppathy,K. (2012). DigDs Sci.)  2. Determine 
correlation between RAIR parameters in SCI level and completeness of injury. 3. Determine correlations 
between RAIR parameters in SCI injury duration (yrs). 
 
Methods: SCI subjects underwent HR-ARM at a single tertiary care center from July 2018 –  February 2020. 
The RAIR was tested by rapidly inflating 50 ml into the rectal balloon and then immediately deflating. Two 
attempts were performed to elicit the RAIR response. The presence of RAIR was equated to ≥25% of internal 
anal sphincter (mmHg) amplitude reduction. RAIR parameters included: IAS resting pressure (mmHg), reflex 
duration (seconds), and amplitude reduction (%). SCI subject’s RAIR parameters were compared to 
published HC. Balloon Expulsion Test (BET) was completed in all subjects. Subjects were categorized by AIS 
level  (cervical vs. thoracic) and  completeness of injury (A – E). One-sample, independent t-tests, and 
bivariate correlations were performed. A p-value of less than 0.05 was considered significant.  
 
Results:  35 SCI subjects (cervical = 26, thoracic = 9)   underwent HR-ARM. The mean  duration of SCI was 
26.5  yrs. (SD = 12.6 yrs.; Range: 3 – 56 yrs.). AIS included: A=49%, B=17%, C=6%, D=27%, and E=3%.  SCI 
subjects have significant mean differences, RAIR duration (p= <0.001), and amplitude reduction (p= <0.001), 
compared to HC. However, there was no significant mean differences in IAS pressure. No significant 
correlations between SCI injury duration and IAS (r = -.17; p = NS), RAIR duration (r=0.31; p= NS) and 
amplitude reduction (r=-0.09; p= NS). There were no significant mean differences between AIS level and 
completeness for RAIR parameters. Interestingly, BET was found to be normal = 17%, abnormal = 83%.  
 
Discussion: There is sparse evidence for the pathophysiology in SCI. Cervical and Thoracic SCI subjects 
demonstrate RAIRs on HR ARM. These results provide good scientific basis for the use of digital rectal 
stimulation (DRS) for bowel evacuation effective in promoting anal sphincter relaxation for stool evacuation. 
HR-ARM may be used in the future to determine the most effective and ideal protocol for DRS for bowel 
management with regards to duration, frequency and timing. It may be used to determine efficacy of rectal 
medications and methods for bowel evacuation.   


