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 ‘I forget to do pressure relief’: 

Personal factors influencing the 

prevention of secondary health 

conditions in people with spinal cord 

injury, South Africa1 

Secondary health conditions can occur during 

the lifespan of a person with a spinal cord 

injury (SCI), and are not caused by the primary 

injury (SCI) but are related to living with a 

disability. They include pressure sores, pain, 

muscle spasms, bowel and bladder problems. 

Secondary health conditions can occur during 

the acute and rehabilitation phases, and in the 

post-discharge phase, negatively impacting 

health outcomes. Given that there is no cure 

for SCI, care should include the promotion of 

well-being and prevention of SHCs. 

The presence of SHCs in the life of people with 

SCI can increase levels of disability, decrease 

life expectancy and increase hospital 

readmission rates. Up to 80% of readmissions 

amongst people with SCI in one private 

rehabilitation hospital in South Africa were 

because of SHCs such as pressure sores and 

urinary tract infection (UTI) and patients were 

readmitted up to four times for these 

preventable SHCs. 

To appreciate the degree of functioning, 

disability and to develop patient-specific 

interventions, it is important to understand 

patients’ personal factors. According to the 

International Classification of Functioning, 

Disability, and Health (ICF), individual 

(personal) factors are intrinsic characteristic 

which are not part of the health condition that 

can enhance or inhibit health and shape the 

experience of disability. These factors include 

gender, race, age, presence of other health 

conditions, lifestyle, habits, coping styles, 

educational level, profession, past and current 

experience and psychological assets such as 

coping style and self-efficacy. 

Patients’ activation; outlook and control over 

personal care; knowledge levels of SHCs; 

attitude to prevention care; belief in personal 

susceptibility and taking responsibility for 

personal well-being influence prevention care 

practice. Moreover, belief in one’s ability to 

self-manage has been identified as an essential 

component of managing a chronic condition. 

Other factors that influence the prevention of 

SHCs that have been mentioned in the 

literature include participation in neuro-

musculoskeletal health behaviours such as 

range of motion and muscle strengthening 

exercises, access to assistive devices and lack 

of health education on SHCs prevention. 

Intrinsic factors that are seldom linked to the 

discussion on preventive care, but may explain 

why some are successful and others not 

despite doing the right thing, are factors at a 

molecular level. 

Results 

Seventeen patients with SCI were interviewed. 

The majority of the participants with SCI were 

male and had traumatic SCI. 

From the interview analysis, six categories 

were identified, namely, socio-economic 

status; mental well-being; knowledge on SHCs 

and prevention; behaviour patterns, patient 

activation and owning an appropriate assistive 

device. 

Socio-economic status of patients with 

spinal cord injury 

Many participants highlighted economic 

challenges. Participants stated that a lack of 

adequate finances leads them to not being 

able to buy healthy food, unable to buy 

medication or being able to access healthcare 

services.  
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High economic status helped patients afford 

care and assistive devices, thus was 

perceived as a facilitator for the prevention 

of SHCs. The subcategories and quotes are 

illustrated in Table 2. 

Mental health status on patients with 

spinal cord injury 

The analysis further showed how mental 

well-being can influence the prevention of 

SHCs. The subcategories under mental well-

being include forgetfulness, beliefs, feeling 

and attitudes towards prevention of SHCs 

and past experience (Table 3). 

Knowledge on secondary health 

conditions and prevention 

Some of the participants lacked knowledge 

on SHCs and how to prevent their 

occurrence. 

Behaviour patterns 

There were behaviour patterns that 

facilitate prevention of SHCs such as health 

promoting lifestyle choices (exercising, 

quitting smoking and drinking alcohol). On 

the contrary, some patients even after being 

educated were not compliant with 

preventative care practice for SHCs. Some of 

the participants, although they knew about 

prevention of SHCs, were not compliant in 

preventing their occurrence. Subcategories 

and quotes are illustrated in Table 5. 

Patient activation  

To prevent and manage SHCs, participants 

practised self-management, problem-solving, 

resilience and self-awareness, and help-

seeking behaviour. Some participants delayed 

seeking help early, thus negatively affecting 

their health outcomes. Subcategories and 

quotes for activated patients are illustrated in 

Table 6. 

Discussion 

Our study identified personal factors that may 

influence the prevention of SHCs. The 

identified personal factors are socio-economic 

status, mental well-being, knowledge on SHCs 

and prevention; behaviour patterns, patient 



 
 

 

4 
 
 

 

activation and owning an appropriate assistive 

device, as shown in Figure 1. 

The socio-economic status of an individual can 

affect health outcomes and prevention of 

SHCs. The limitations because of impairments 

can affect participation in employment 

resulting in economic vulnerability. The 

economic vulnerability can also be from the 

high cost of living with disability-related extra 

costs for assistive devices, 

caregiver payment, hiring 

alternative transport and social 

disability grants being used to 

cover household needs leaving 

little for the needs of a person with 

a disability. This may lead to 

pressure sore development, for 

example, because of the inability 

to buy assistive devices. 

Patients with high incomes could 

afford to buy specialised assistive 

devices such as wheelchair 

cushions to aid in preventing SHCs. 

Those with low income could not 

even manage to get a healthy diet 

compromising their nutritional 

status, thus increasing the risk of 

the development of SHCs and 

delaying wound healing for those 

with an existing pressure sore. 

There is also a link between lack of 

finances and mental problems. 

Employment is a means of securing 

an improved economic status, with 

the evidence indicating that 

participation in the labour market 

is generally low for people with 

disabilities, and the opportunity to 

gain employment is worsened by 

low education levels. 

As SCI is a physical disability, the 

impact on patients’ mental state 

tends to be ignored. Some participants 

believed in the occurrence of pressure sores 

only after they had experienced one. Attitude 

and beliefs can influence the prevention style 

adopted whether to be proactive or delegate 

prevention care. According to the health belief 
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model, beliefs play an important role in health 

behaviour choices. Whether or not an 

individual adopts a specific behaviour will 

depend on their perception of risk to their 

health, the severity of the condition, their self-

efficacy and the perceived benefit of the 

change in behaviour. To ensure holistic patient 

care and adoption of prevention-related 

behaviour, beliefs, attitudes and feelings 

towards SCI must be assessed during therapy. 

Cognitive and behavioural therapy-based 

interventions could then be utilised to address 

patients’ beliefs, expectations and the physical 

components of prevention strategies. The use 

of collaborative care practice is an important 

strategy, where the inter-professional team, 

including a psychologist, can plan, implement 

and evaluate patient care to ensure it is 

holistic. 

Some participants reported a lack of 

knowledge of SHCs and prevention care. If 

patients with SCI are not educated on 

secondary complications that could develop 

throughout their journey of care they will not 

be able to prevent their occurrence. 

The forgetfulness could be because of their 

poor mental health state, substance abuse or 

the fact that it is a new behaviour that needs 

to be reinforced with external cues. 

Conclusion 

Understanding personal factors and 

addressing the barriers to the prevention of 

SHCs can enhance a patient-oriented care 

approach and inform tailored prevention 

strategies. To ensure effectiveness in patient 

care, interventions must incorporate 

behaviour change models, cognitive behaviour 

therapy and collaborative patient care 

practice. 

(Pilusa, et al., 2021) 

Experiences of secondary health 

conditions amongst people with 

spinal cord injury in South Africa: A 

qualitative study2 

Health is a complex phenomenon that extends 

beyond dysfunction or impairments. It is a by-

product of the interaction between the 

affected bodily structures and systems, and 

ability to function and participate in life within 

a specific context. Spinal cord injury (SCI) 

affects physical, mental and social health 

domains. Furthermore, across the lifespan, 

people with SCI are at risk of developing 

secondary health conditions (SHCs), which lead 

to poor health.  

Secondary health conditions are health 

problems, not necessarily caused by the SCI, 

but which occur because of living with a 

disability. The different SHCs that may develop 

after SCI include pain (neuropathic and 

musculoskeletal), pressure sores, spasms, 

postural hypotension, pneumonia, bowel and 

bladder problems, mental health problems and 

sexual problems. There is evidence that SHCs 

are prevalent throughout the lifespan of 

people with SCI. Some SHCs become more 
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prevalent over time (such as urinary tract 

infections), whilst others may increase in 

severity (such as musculoskeletal pain). Certain 

SHCs remain constant (such as constipation 

and pressure sores) whilst others may reduce 

(bowel incontinence and spasticity) over time. 

The reported SHCs prevalence in South Africa 

during the acute hospital phase was estimated 

at 50%, which is markedly lower than that 

reported in Sweden. Post rehabilitation 

estimates of SHCs are higher: 89% in South 

Africa and 98.5% in the Netherlands. Given the 

high prevalence of SHCs post-rehabilitation, it 

is worth exploring how people with SCI 

experience SHCs. 

Our study was based at a 79-bed public tertiary 

rehabilitation hospital in Gauteng province, 

South Africa. The hospital offers inpatient 

rehabilitation services to patients with stroke, 

head injuries, SCI and amputation and aims to 

help patients achieve their highest functional 

ability through therapy, education 

programmes, peer support and work-oriented 

activities. The services available include 

medical care, pharmacists care, occupational 

therapy, physiotherapy, speech therapy, 

dietetics, social work and psychology.  

The main theme that emerged from the 

analysis was the ‘impact of SHCs on health and 

well-being’. There were five categories linked 

to the main theme: namely, SHCs co-

occurrence, limits function, restricts 

participation, mental health effects and 

disrupts lives. 

Secondary health conditions had a negative 

impact on the different domains of health, 

body structures and systems, activities and 

participation in life. Also, the SHCs affected 

mental well-being and disrupted the usual 

routine of life. 

Secondary health conditions co-occurrence: 

The co-occurrence of SHCs was noted in 

osteoporotic bones and fractures, spasms and 

pain. The presence of one SHC increases 

vulnerability to other SHCs: 

‘The cramp is on my legs, it goes hand in hand 

with pain.’ (Jane, female, 27 years old)  

‘I have osteoporosis – I put my hand under my 

leg, and as I turned over the femur then I broke 

my femur.’ (Julie, female, 61 years old)  

‘I didn’t sleep yesterday because of spasms and 

pains.’ (Jared, male, 35 years old) 

Limits function: The presence of SHCs limited 

functioning and mobility. 

Similarly, the severity of pain affected Joy’s 

ability to use her assistive devices ‘… some days 

the pain is unbearable, I can’t hold my 

crutches.’ (Joy, female, 38 years old). 

Participants reported how SHCs affected 

activities of daily living. Julie (female, 61 years 

old) said her ankle fracture affected bathing ‘I 

broke my right ankle. I had to wear a moon 

boot for eight weeks. It was such a struggle to 

bath and shower, it was terrible.’ Also, the 

presence of spasms affected sitting in a 

wheelchair and made toileting difficult for Joe 

(male, 38 years old), ‘spasms trouble me when 

I want to go to the toilet. I can’t sit, when I try 

to sit, the one leg goes there.’ To prevent 

further injury because of spasms, one 

participant reported how he had to rely on 

medication, ‘I live on Lioresal and Baclofen for 

spasms. I have to otherwise I don’t stay in the 

wheelchair’ (Jake, male, 36 years old). 

Furthermore, Jack highlighted how depression 

affected self-management and help-seeking 

behaviour; unfortunately, this made 

individuals with SCI isolate themselves. ‘Some 

people get too depressed to a point where 

they stop coming to get their medication, they 

just stay at home.’ (Jack, male, 39 years old). 

Restricts participation: Participants reported 

how SHCs affected their social lives, 
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occupations and relationships. Secondary 

health conditions restricted the social lives of 

the participants. Bowel problems made it 

challenging for some participants to leave their 

homes. 

Pain, bladder and bowel problems had a 

negative impact on work life. 

Affects mental health: Secondary health 

conditions affected the mental health of the 

participants with regard to their emotional and 

psychological well-being. 

Emotional effects: The participants felt 

different emotions related to SHCs such as 

fear, shame, worry and sadness. 

Participants reported fear related to pressure 

sore management. 

Some participants spoke about feelings of 

sadness and suicidal ideations because of pain 

as expressed by Julie and Jake:  

‘… Pain is the reason why I was always thinking 

about suicide, it is that pain.’ (Julie, female, 61 

years old)  

Male participants expressed stress related to 

sexual problems. They reported how sexual 

problems challenged their view of manhood, 

and there was a sense of hopelessness because 

they had not found a working solution:  

‘… Your wife can leave you because you can no 

longer have sex with her ... That is the biggest 

problem about spinal cord injury. Your partner 

can still leave you ... This can affect you 

mentally.’ (Jasper, male, 44 years old) 

Psychological effects: Experiencing SHCs 

strengthened some participants’ psychological 

wellbeing. Certain participants found the 

whole experience of SHCs to be positive in 

terms of lessons learnt. 

Disrupts lives: Secondary health conditions 

disrupted the usual routine of life. Participants 

expressed that they experienced frequent 

pressure sores, which required prolonged bed 

rest and hospital readmission disrupting 

everyday routine such as going to work: 

‘Once it is open, forget it, it will not heal – 

pressure sores take forever to heal. Mine has 

been there for eight years.’ (Job, male, 44 years 

old)  

‘You find yourself being bedridden for 6, 7 

months because of a pressure sore, it takes you 

back. Lying on the bed is not nice.’ (Jane, female, 

27 years old) 

The participants experienced a range of SHCs, 

but the most prevalent SHC was pain (94%). 

Activities of daily living (ADLs) such as bathing, 

toileting and mobility were limited by pain and 

spasms. 

Participation in social life was affected by 

bowel and bladder problems and pain. 

Participants were afraid to leave their homes 

because of the fear of bladder and bowel 

leakage. Bowel and bladder problems are 

problematic SHCs in people with SCI, with a 

prevalence of 44% bladder dysfunction and 

42% bowel dysfunction 4 years post-SCI in 

South Africa. 

The presence of SHCs, such as pain, created 

feelings of sadness and suicidal ideations. 

Other studies have reported a significant 

association between pain and depression. 

Muller’s et al. (2017) study reported that the 

leading cause for depression in an individual 

with pain was feeling restricted in participating 

in life events because of high pain intensity. 

Sexual issues are the most significant SHCs 

amongst men, affecting self-identity, 

relationships and yet they receive the least 

treatment. 

(Pilusa, et al., 2021) 
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Dysphagia in cervical spinal cord 

injury: How international literature 

trends can guide South African 

practice patterns – A scoping review3 

The human swallow requires the use of 25 

pairs of muscles as well as cortical and sub-

cortical involvement. From this neurological 

control stems the fine temporal coordination 

of the breath–swallow cycle that ensures the 

adequate closure of the airway to prevent 

aspiration. Prevention of aspiration is vital in 

the cervical spinal cord injury (SCI) population, 

which presents with impaired respiratory 

function. This is because people with a high SCI 

present with impaired respiration and are 

therefore unable to adequately clear their 

airway. A person who then presents with a 

resultant pneumonia with already impaired 

respiratory function would be subject to a 

serious medical complication that can result in 

a variety of sequalae such as but not limited to 

increased hospital stay, pneumothorax or even 

death. 

One of the primary difficulties that occurs as a 

result of a higher (above C5) SCI is that of 

respiratory complications including: 

insufficiency of respiratory muscle functioning, 

resulting in long-term ventilation and possible 

tracheostomy tube insertion; reduced vital 

capacity; and ineffective cough, pneumothorax 

and pleural effusion. These respiratory 

complications potentially can lead to the 

inability of patients to adequately protect their 

airway during the swallow as their normal 

respiratory cycle has been compromised. As 

these patients are also more prone to 

developing pneumonia, the prevention of a 

further respiratory compromise from an 

aspiration should be prioritised and requires 

the input from multiple healthcare 

professionals. 

In a resource-restricted country such as SA, the 

early identification of dysphagia needs to be 

highlighted to reduce the medical 

comorbidities that can arise from an aspiration 

and subsequently reduce the patient’s length 

of stay in often-under-resourced healthcare 

facilities. In SA, speech-language pathologists 

(SLPs), who manage dysphagia, are not 

typically the primary members involved in the 

management of cervical SCIs. Given the 

complexities of the South African healthcare 

system as well as the suggested prevalence 

and heterogeneity of dysphagia within this 

population, the early identification and 

management require a unique team approach, 

which is currently lacking. Furthermore, when 

considering the imminent implementation of 

the National Health Insurance (NHI), there will 

also be a need to develop new care packages 

for patients with an SCI. By using published 

trends as a guide, South African healthcare 

professionals can start to develop these 

specific management options that are 

contextually appropriate and responsive. 

Objective one: Description of dysphagia 

in cervical spinal cord injuries  

Theme one: The pathophysiology of the 

swallow in patients with a cervical spinal 

cord injury 

By reviewing the description of the dysphagia, 

it appears that the pharyngeal phase is mostly 

impacted by a high-level SCI as the most 

reported symptoms were: residue in pyriform 

sinus or valleculae, poor laryngeal elevation, 

poor epiglottic closure, poor base of tongue 

movement, decreased pharyngeal peristalsis, 

decreased sensation and impaired upper 

oesophageal sphincter functioning. According 

to Wolf and Meiners (2003), patients with a 

cervical SCI have difficulty protecting their 

airway because of respiratory difficulties, 
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which is important to identify and manage 

early. 

Theme two: Transient nature of the 

dysphagia in cervical spinal cord injuries 

Interestingly, 47% of the articles described the 

dysphagia as transient in nature within this 

population. If a condition is deemed transient, 

the need would be to reduce the potential 

complications in the initial presenting phases. 

This infers that early identification of 

dysphagia in this population is required and 

that screening should be mandatory. This may 

have an impact on the healthcare team 

managing these patients because it would be 

important to agree and collaborate which 

team members need to conduct the early 

screening, as SLPs are often not included in the 

initial management of these patients. It would 

then become the responsibility of other 

healthcare team members to be aware of the 

risk factors of dysphagia and the presentation 

of the condition. The active engagement of 

these professions would be important in the 

early identification process and needs 

consideration in the planned NHI 

management procedures. 

Given the statements regarding other 

healthcare team members needing to conduct 

possible screenings for these patients, it is 

deemed important to consider each 

professional’s scope of practice during this 

development process. 

Objective two: Description of the risk 

factors associated with developing 

dysphagia in spinal cord injuries 

Theme three: Respiratory risk factors 

From the information in Table 3, it can be 

hypothesised that if the respiratory system 

has been compromised requiring the use of a 

tracheostomy and/or ventilator, then the 

possibility of developing dysphagia increases. 

This is because the breath–swallow cycle has 

been interrupted and the airway is no longer 

adequately protected during the swallow, as 

described above. It is known that patients with 

a tracheostomy tube are more prone to the 

development of dysphagia because of the 

impact of the tube on laryngeal elevation, 

which has a negative impact on airway closure. 

The use of a prolonged ventilation can also 

lead to post-extubation dysphagia, which is a 

result of laryngeal trauma because of the 

presence of the endotracheal tube. These risk 

factors coupled with the neurological or 

structural fallouts from the SCI (Table 2) can 

further increase the prevalence as well as the 

severity of presenting dysphagia. 

Theme four: Other risk factors  

It is highly plausible that a comorbid traumatic 

brain injury (TBI) could also result in dysphagia, 

as dysphagia is reportedly prevalent in 25% – 

93% of TBI populations in a developed country 

context. In SA, where the mortality rate from 

trauma incidents is six times higher than the 
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global average, it is pertinent to consider the 

possible impact of a patient with a TBI and SCI 

on dysphagia. 

Objective three: The impact of 

dysphagia in patients with a cervical 

spinal cord injury 

Theme five: Financial impact 

Further consideration is the need to reduce 

potential medical complications, which have 

become even more pertinent in the 

coronavirus disease 2019 (COVID-19) era, 

where non-emergent medical cases are being 

discharged at a faster rate. 

Theme six: Personal impact of dysphagia 

on the patient 

Quality of life and mood could have a 

significant impact on the patient’s adherence 

to rehabilitation. Person-centred care (PCC) is 

therefore an important framework to consider 

for all healthcare professionals when 

rehabilitating these patients, as the 

rehabilitation of the respiratory functioning by 

PTs will also have an impact on the 

management of dysphagia, thereby possibly 

making rehabilitation more efficient. Through 

early identification, complications can be 

minimised, thereby decreasing hospital stay 

and increasing quality of life. 

Objective four: Describe the practice 

patterns in dysphagia management of 

patients with a spinal cord injury 

Theme seven: Team members involved in 

the management of dysphagia in cervical 

spinal cord injury 

The team members who were specifically 

mentioned included: SLPs, PTs, occupational 

therapists (OTs), dieticians, nurses and 

physicians. Given the scope of practice for SCI 

and dysphagia management, these team 

members are all appropriate for the 

management of this population and are all 

present in most healthcare facilities in SA, both 

within the public and private sectors. 

Theme eight: Practice patterns 

When considering the documents that are 

provided by the Southern African Spinal Cord 

Injury Association (SASCA), the only guidelines 

available are for mobility and assistive devices. 

There is no mention regarding the presence of 

dysphagia, and subsequently there is little 

mention of the team members nor potential 

management approaches for this population. 

Anecdotally, in the South African context, a 

multidisciplinary (MDT) approach is typically 

followed in all settings. This involves team 

members working collaboratively in terms of 

communication and consultation but often 

independently in terms of scope and practice. 

This model has advantages, but considering 

the impact of limited resources, the need to 

identify patients early and the heterogeneous 

nature of dysphagia within this population, 

perhaps an alternative model to the MDT 

approach needs to be explored. 

The articles in this review highlight the 

advantages of a transdisciplinary approach, the 

predominant factor being the efficacy of 

management teams. Other important factors 

included structured sessions and good 

communication. All team members were 

working towards a common goal to decrease 

the patients’ length of hospital stay and 

improve their overall quality of life. There is 

little research on the interdisciplinary 

approach in the management of patients with 

an SCI, yet another identified gap that requires 

further exploration. Circling back to the point 

of SA being a resource-restricted setting, an 

interdisciplinary approach would be a 

potential solution in a more effective and 
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efficient manner when rehabilitating patients 

to reduce time with the patients as well as 

decreasing their overall length of hospital stay. 

In SA, team members would primarily include 

physicians, nurses, PTs, dieticians, OTs and 

SLPs. An interdisciplinary approach would 

require changes in possible undergraduate 

teaching curricula as well as practical 

placements. Each profession has a specific skill 

set that is highly valued when managing a 

patient with SCI. Given the need to manage 

these patients efficiently and not in isolation, it 

may be important to discuss what knowledge 

and skills each team member may need to 

improve current services that are provided. 

This specifically refers to the need of improving 

the early identification and screening of at-risk 

patients. 

(Coutts, 2021) 

 

Transcutaneous Spinal Cord 

Stimulation Restores Hand and Arm 

Function After Spinal Cord Injury4 

Damage to the spinal cord interrupts the 

communication between the brain and the 

body and leads to varying levels of permanent 

paralysis. At present, there is no cure for spinal 

cord injury (SCI). Regaining control of hand and 

arm movements is the highest treatment 

priority for people with paralysis, 6-fold higher 

than restoring walking ability. Nevertheless, 

approaches to restore tetraplegic hand and 

arm function are scarce and outcomes 

inadequate in clinical practice. 

Exercise therapy is the mainstay of the 

rehabilitation that aims to improve motor 

function. Studies have evaluated the 

augmentative effects of functional electrical 

stimulation, somatosensory stimulation, and 

transcranial magnetic stimulation on the 

outcomes of exercise therapy, but 

improvements were modest. There is recent 

evidence, however, that spinal cord circuits 

below an injury can be activated with electrical 

stimulation to enable conscious control of 

movement. 

Ongoing electrical stimulation of the spinal 

cord surface via implanted epidural electrodes 

is typically required to enable movement of 

paralyzed limbs. The ultimate goal of 

rehabilitation, however, is to promote 

recovery of function such that stimulation is no 

longer required. Intensive exercise training 

attempts to promote such adaptation and 

neuroplasticity. By combining therapy and 

stimulation, we aim to use electrical 

stimulation of the spinal cord to enable 

movement such that paralyzed individuals can 

participate in intensive training programs and 

achieve long-term recovery of function. 

The use of electrical stimulation to enable 

rehabilitation has led to impressive restoration 

of leg movement and stepping using implanted 

epidural stimulation in individuals with both 

motor complete and incomplete SCI. Despite 

the paramount importance after SCI, only a 

few studies focused on the effect of epidural 

spinal cord stimulation to restore upper 

extremity function, and none were combined 

with intensive rehabilitation training to 

facilitate activity-dependent plasticity. 
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While impressive functional gains have been 

reported with implanted epidural stimulation 

electrodes, a new method of non-invasive 

spinal stimulation has recently emerged. By 

adopting a 10 kHz overlapping frequency, 

transcutaneous spinal cord stimulation allows 

application of high stimulation intensities 

through the skin that can reach the spinal cord 

without causing discomfort. Even without 

intensive exercise training, non-invasive 

cervical spinal cord stimulation modestly 

improves hand function in people with 

tetraplegia. 

We delivered transcutaneous electrical 

stimulation to the cervical spinal cord utilizing 

the experimental device developed by 

NeuroRecovery Technologies Inc. (now 

ONWARD Medical BV, Eindhoven, 

Netherlands). The device was approved for use 

in research by the University of Washington 

IRB. The stimulator delivers programmable 

electrical current waveforms that are 

comprised of two modulated frequencies: (1) 

base frequency and (2) overlapping frequency, 

on up to four independent channels (Fig. 1 

inset). This current waveform is adapted from 

kilohertz-frequency muscle stimulation, and 

permits high amplitude stimulation without 

discomfort. Thus, stimulation over the skin can 

reach the spinal cord dorsal roots to activate 

spinal networks. The rationale for the high 

overlapping frequency is that unmyelinated C-

fibers in the skin can be selectively blocked by 

using high-frequency waveforms, and 

stimulation may penetrate more deeply due to 

the lowering of the tissue impedance. 

We used an electrical current waveform for 

transcutaneous spinal cord stimulation that 

was either biphasic or monophasic, 1 

millisecond pulse width, 30 Hz base frequency, 

with a 10 kHz overlapping frequency (Fig. 1 

inset). Stimulation intensity was adjusted 

between 0 and 120 milliamperes (mA) using a 

tablet computer as a programmer. In this 

study, two independent channels were used to 

stimulate the cervical spinal cord at two 

locations on the skin over the vertebral 

processes. 
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Monophasic and biphasic stimulation 

waveforms activate neural circuits differently, 

and both waveforms were tested for their 

ability to enable functional movements. In 

each session, participants received either 

monophasic or biphasic stimulation 

waveforms determined according to the best 

response obtained for each training task. In 

general, monophasic stimulation facilitated 

activities that require strength, whereas 

biphasic stimulation promoted fine motor skill. 

Stimulation was delivered for up to 120 

minutes during each session of stimulation 

paired with training. For safety, we closely 

monitored heart rate and blood pressure 

throughout each session. Stimulation intensity 

was re-adjusted as needed throughout the 

intervention phase of the study. For example, 

dexterity training required less stimulation 

current than strengthening exercises for some 

participants. 

Results 

Here we show that transcutaneous cervical 

spinal cord stimulation paired with intensive 

exercise training restored substantial and 

prolonged upper extremity function in six 

people with both motor complete and 

incomplete cervical SCI. 

People with complete paralysis due to SCI 

typically do not recover significant function 

beyond the first year after injury.  

Our first participant with such motor complete 

paralysis had no active movement of his fingers 

or thumbs when he joined the study. His hands 

remained paralyzed despite four weeks of 

intensive training. It was only during four 

subsequent weeks of transcutaneous 

stimulation paired with the same training that 

he began to move his fingers and thumbs for 

the first time since his injury. Restored hand 

movement allowed him to produce pinch force 

between his fingers and thumb in both hands. 

Four additional weeks of stimulation paired 

with training nearly doubled the force he could 

produce in both hands, whereas four 

additional weeks of training alone had no 

effect. Most notably, his gains in movement 

and pinch force were maintained for at least six 

months of follow-up without any further 

treatment. 

We observed similar results for the second 

participant with a motor complete injury who 

had no functional finger and thumb movement 

when he began the study. His parallel 

improvements in pinch force in both hands 

reinforce that the pairing of transcutaneous 

stimulation and training leads to lasting 

benefits for people with motor complete 

cervical SCI. 

Our remaining four participants joined the 

study with limited ability to move their fingers 

and thumbs. Some of these participants 

responded almost instantly to stimulation. For 

example, after 12 years of severe weakness 

following SCI, our third participant regained 

the ability to manipulate objects on the first 

day of stimulation (Supplementary movie 1). 

By the second day of stimulation, this 

participant could reliably grasp and release 

much smaller objects (Supplementary movie 

2). Active stimulation was initially required for 

improved hand function in this third 

participant, as measured by the Graded, 

Redefined Assessment of Strength Sensation 

and Prehension (GRASSP). Within one month 

of stimulation and training, however, he could 

achieve a high level of function even without 

stimulation. An additional month of 

stimulation further enhanced his hand 

function, which was retained for at least six 

months after the end of all treatment. 

Similar benefits of improved strength and 

grasping ability were observed in all 
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participants. Performance was significantly 

higher at the end of stimulation compared to 

training alone for pinch force, arm and hand 

strength, and dexterity. Stimulation treatment 

improved function in every subject, whereas 

training alone led to only slight improvements. 

Stimulation allowed the participants to engage 

more fully in the training exercises by 

permitting activation of previously weak or 

paralyzed muscles. This led to functional 

improvements that persisted for three to six 

months beyond the stimulation in all 

participants. 

After the first month of stimulation, 

improvements in pinch force and GRASSP 

strength score required the stimulator to be 

active during testing to exceed gains made 

during the preceding month of training alone. 

After the second month of stimulation, 

however, strength gains were greater than the 

second month of training alone even when 

measured with the stimulator off. Although 

strength measures decreased a few points 

during the second month of training alone, 

they remained significantly higher than those 

measured at baseline and after the first month 

of training alone. Finally, functional 

improvements were mostly sustained for three 

to six months of follow-up; all measures were 

significantly greater (p < 0.05) at the final 

follow-up visit compared to baseline. 

The upper extremity motor scores of all 

participants improved by up to eight points at 

the end of stimulation compared to two points 

or less following training alone. 

Spasticity severely interferes with residual 

motor function and complicates performing 

activities of daily living in about 80% of people 

with chronic SCI. After several sessions of 

transcutaneous stimulation, there was a 

notable attenuation of high muscle tone both 

during and between stimulation sessions in the 

upper limbs of our participants with spasticity. 

This reduction of spasticity contributed to 

substantial improvements in function. For 

example, our fifth participant could not open 

her fingers and thumb to grasp a 2.5 cm block 

during training alone, but progressed to 

grasping 7.5 cm blocks during stimulation 

combined with training (Supplementary movie 

3). Reduction in spasticity was progressive 

throughout stimulation sessions and 

maintained up to 10-15 days after stimulation 

treatment ended. 

The benefits of non-invasive stimulation 

extended beyond restoration of hand function 

to improvements in autonomic function. One 

participant’s heart rate returned to normal 

after being bradycardic for 12 years. His heart 

rate was between 40 and 45 beats per minute 

(bpm) throughout the initial phases of the 

study. This made him feel dizzy and close to 

fainting early in the day. Beginning on the 

fourth day of stimulation, his resting heart rate 

gradually improved to a normal 60-65 bpm, 

which was maintained throughout the follow-

up period. This participant also regained 

diaphoresis below his injury level, and 

thermoregulation was improved in three other 

participants. Two participants reported 

improvement in the quality of sleep due to the 

relief of night-time spasms. Participants 2 and 

3, who used intermittent catheterization for 

bladder management, reported improved 

control of volitional voiding and decreased 

residual urine volume. Moreover, one of the 

participants with motor complete injury and 

another with central cord syndrome pointed 

out that their core stability, balance control, 

and lower extremity function improved during 

their routine exercise program, which was 

confirmed by their trainers. 

Stimulation enabled functional recovery and 

allowed participants to resume their hobbies. 

Participant 3 resumed playing guitar for the 



 
 

 

15 
 
 

 

first time in 12 years since his injury 

(Supplementary movie 4). Participant 4 was 

able to return to oil painting five years after her 

injury. In parallel with functional 

improvements, psychological well-being and 

physical health domains of World Health 

Organization-Quality of Life-BREF scores 

increased up to 19 points, and Spinal Cord 

Injury Independence Measure (SCIM) self-care 

domain improved by 1 to 4 points for each 

participant following treatment with 

stimulation. 

Stimulation was well tolerated by all 

participants. We did not observe any 

significant adverse events or maladaptive 

plasticity related to transcutaneous spinal cord 

stimulation. The only adverse event was a mild 

allergic skin rash on the hands and distal 

forearms of the third participant, who has a 

family history of urticaria. Considering that this 

participant returned to normal sweating below 

the injury level for the first time since injury 

and normalization of heart rate, this minor 

adverse event was attributed to partial 

restoration of his preinjury autonomic nervous 

and immune system function. 

(Inanici, et al., 2021) 
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QUESTIONNAIRE 
D4 (21) Part 1 

Secondary health conditions in individuals with a spinal cord injury, the international trends 
and new therapies that can guide practice patterns 

INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

‘I forget to do pressure relief’: Personal factors influencing 
the prevention of secondary health conditions in people 

with spinal cord injury, South Africa 
 
Question 1: Which of the following are TRUE regarding 
secondary health conditions (SHCs)? 
 

A: SHCs are caused by the spinal cord injury (SCI) 
B: SHCs include pressure sores, pain, muscle spasms, 

bowel and bladder problems  
C: SHCs can occur during the acute and rehabilitation 

phases, and in the post-discharge phase  
D: All the above 

 
Question 2: What was the rate of readmissions for 
individuals with SCI? 
 

A: 20% 
B: 40% 
C: 60% 
D: 80%  

 
Question 3: Which of following has been identified as an 
essential component of managing a chronic condition? 
 

A: Taking responsibility for personal well-being 
B: Knowledge levels of SHCs 
C: Belief in one’s ability to self-manage  
D: Age 
E: Lifestyle 

 
Question 4: Which of the following are examples of 
behaviour patterns of patients that hinder preventative care 
practice for SHCs? 
 

A: Failure to treat pressure sores as advised  
B: Not having adequate knowledge of assistive devices 
C: Giving up on medical treatments because of the 

ineffectiveness of prescribed medication 
D: Not eating the recommended diet consisting of a lot 

of fruit and veggies  
 
 

Question 5: The following is an example of which patient 
activation subcategory? 
 

After falling out of their wheelchair and laying on the floor 
for over three hours, the individual learned that they should 
always keep their cell phone with them. 
  

A: Problem-solving 
B: Self-management 
C: Resilience  
D: Help-seeking behaviour 
E: Seeking help late 

 
Question 6: Which of the following should be assessed to 
ensure holistic patient care and adoption of prevention-
related behaviour? 
 

A: Beliefs towards SCI  
B: Attitudes towards SCI  
C: Feelings towards SCI  
D: None of the above 

 
Question 7: Is it TRUE that when it comes to the use of 
collaborative care practice even psychologists can play a role 
in planning, implementing, and evaluating patient care to 
ensure it is holistic? 
 

A: YES  
B: NO 

 
Experiences of secondary health conditions amongst 

people with spinal cord injury in South Africa: A 
qualitative study 

 
Question 8: Is it TRUE or FALSE that the reported SHCs 
prevalence in South Africa during the acute hospital phase 
was estimated at 50%? 
 

A: TRUE  
B: FALSE 

 
Questions 9 to 12 are examples of the impact of SHCs on 
health and well-being. At each question choose the option 
that CORRECTLY fits the example given: 
 
Question 9: An individual experiences loss of sleep because 
of pain and spasms keeping him up during the night. 
 

This is an example of ………………………………………….? 
 

A: SHCs co-occurrence  
B: Limited function 
C: Restricted participation 
D: Effect on mental health 
E: Disruption of life 

 



Question 10: An individual is unable to hold onto crutches 
because of pain. 
 

This is an example of ………………………………………….? 
 

A: Effect on mental health 
B: SHCs co-occurrence 
C: Restricted participation 
D: Limited function  
E: Disruption of life 

 
Question 11: An individual experiences an episode of 
diarrhoea and does not want to leave his house to go see his 
friends. 
 

This is an example of ………………………………………….? 
 

A: Effect on mental health 
B: SHCs co-occurrence 
C: Restricted participation  
D: Limited function 
E: Disruption of life 

 
Question 12: An individual has been thinking of suicide for 
the past month because he has no other way to manage his 
pain. 
 

This is an example of ………………………………………….? 
 

A: Disruption of life 
B: SHCs co-occurrence 
C: Effect on mental health  
D: Limited function 
E: Restricted participation 

 

Question 13: What was the most prevalent SHC reported by 
the participants of this study? 
 

A: Bladder problems 
B: Injuries 
C: Pain  
D: Skeletal problems 

 
Question 14: Which of the following was most commonly 
affected by bowel and bladder problems? 
 

A: Social life  
B: Activities of daily living (ADLs) 
C: Mental health 
D: All the above 

 
Question 15: Is it TRUE or FALSE that sexual issues are the 
most significant SHCs amongst women, affecting self-
identity, relationships and yet they receive the least 
treatment? 
 

A: TRUE 
B: FALSE  

 
 
 

END 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 



QUESTIONNAIRE 
D4 (21) Part 2 

Secondary health conditions in individuals with a spinal cord injury, the international trends 
and new therapies that can guide practice patterns 

INSTRUCTIONS 

• Read through the article and answer the multiple-choice questions provided below. 

• Some questions may have more than one correct answer; in which case you must mark all the correct answers. 

Dysphagia in cervical spinal cord injury: How international 
literature trends can guide South African practice patterns 

– A scoping review 
 

Question 1: Is it TRUE that swallowing does not require sub-
cortical involvement? 
 

A: YES 
B: NO  

 
Question 2: Respiratory complications is a primary difficulty 
that occurs because of a SCI ………………………? 
 

A: Above C3 
B: Above C5  
C: Below C6 
D: Below C8 

 
Question 3: Which phase of swallowing is mostly impacted 
by a high-level SCI? 
 

A: Oral phase 
B: Esophageal phase 
C: Pharyngeal phase  
D: None of the above 

 
Question 4: Almost half of the articles in this study described 
the dysphagia as transient in nature, which means 
……………………….? 
 

A: The goal should be to reduce potential 
complications in the initial presenting phases  

B: Early identification of dysphagia in this population 
is difficult and not always possible 

C: Screening should be mandatory  
D: Other healthcare team members will become 

responsible for being aware of the risk factors of 
dysphagia and the presentation of the condition  

 
Question 5: Which of the following are risk factors of 
dysphagia in SCI? 
 

A: Halo fixation and brain/neurological injury  
B: Tube feeding and malnutrition 
C: Use of ventilation and presence of tracheostomy 

tube  
D: Diminished immune response and old age 

 

Question 6: Which of the following are structural causes of 
dysphagia? 
 

A: Cranial nerve injuries 
B: Scar tissue formation  
C: Neuropathies 
D: Paralysis 
E: Swelling or stenosis  

 
Question 7: Which of the following was NOT identified as an 
appropriate team member for managing dysphagia in 
cervical SCI? 
 

A: SLPs and PTs 
B: Occupational therapists (OTs) and dieticians 
C: Nurses and physicians 
D: Incorrect, all the above were identified as 

appropriate team members for managing 
dysphagia in cervical SCI  

 
Question 8: Which of the following are TRUE regarding the 
guidelines available in the documents provided by the 
Southern African Spinal Cord Injury Association (SASCA)? 
 

A: Guidelines are only available for mobility and 
assistive devices  

B: Guidelines are available regarding the presence of 
dysphagia 

C: There are no guidelines for team members 
D: There are little guidelines for potential 

management approaches  
 
Question 9: Is it TRUE that due to SA being a resource-
restricted setting, an interdisciplinary approach can be a 
potential solution as a more effective and efficient manner 
for rehabilitating patients? 
 

A: YES  
B: NO 

 
Transcutaneous Spinal Cord Stimulation Restores Hand 

and Arm Function After Spinal Cord Injury 
 
Question 10: Is it TRUE or FALSE that the ongoing electrical 
stimulation of the spinal cord surface via implanted epidural 
electrodes is required to enable movement of paralyzed 
limbs, essentially defeating the goal of rehabilitation? 
 

A: TRUE  
B: FALSE 

 
 
 
 
 



Question 11: Which of the following are CORRECT? 
 

A: Monophasic and biphasic stimulation waveforms 
activate neural circuits differently. In general, 
monophasic stimulation promotes fine motor skill, 
and biphasic stimulation facilitates activities that 
require strength 

B: Stimulation was delivered for up to 120 minutes 
during each session of stimulation paired with 
training  

C: Two independent channels were used to stimulate 
the thoracic spinal cord 

D: A high overlapping frequency was used so that 
unmyelinated C-fibers in the skin could be 
selectively blocked and stimulation penetrate more 
deeply due to the lowering of the tissue impedance  

 
Question 12: Which of the following are TRUE regarding the 
first participant who had complete motor paralysis with no 
active movement of his fingers or thumb? 
 

A: He experienced restored hand movement allowing 
him to produce pinch force between his fingers and 
thumb in both hands  

B: His gains in movement and pinch force were 
maintained for three months of follow-up without 
any further treatment 

C: Four additional weeks of training alone showed 
only modest improvements 

D: None of the above 
 

Question 13: Which of the following is INCORRECT regarding 
the third participant? 
 

A: He regained the ability to manipulate objects on the 
first day of stimulation after 12 years of severe 
weakness following SCI 

B: By the second day of stimulation, he could reliably 
grasp and release much smaller objects 

C: Within one month of stimulation and training he 
could achieve a high level of function, but not 
without stimulation  

D: An additional month of stimulation further 
enhanced his hand function, which was retained for 
at least six months after the end of all treatment 

 
Question 14: Which of the following was used to measure 
active stimulation for improved hand function? 
 

A: Upper Extremity Functional Index (UEFI) 
B: Graded, Redefined Assessment of Strength 

Sensation and Prehension (GRASSP)  
C: Upper Extremity Function Test (UEFT) 
D: Fugl-Meyer Test (FMT) 

 
Question 15: Autonomic improvements in which of the 
following were reported by the participants? 
 

A: Heart rate  
B: Pupillary response 
C: Bladder management  
D: Digestion 
E: Sexual function 

 
 
 

END 
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