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Abstract

Background: Spinal cord injury (SCI) is a life-changing condition resulting in disability, with motor and sensory impairments that impact multiple areas of life and reduce quality of life. Physical rehabilitation can address these limitations, but there is a need to evaluate which interventions are most effective and the outcomes they produce.

Objectives: To evaluate the effectiveness of physical rehabilitation interventions for individuals with complete and incomplete SCI at levels C5–T12, and to inform clinical practice.

Method: This review followed the Preferred Reporting Items for Systematic Reviews and Meta-Analyses extension for scoping reviews. A comprehensive search of PubMed, Scopus and EBSCOhost identified peer-reviewed studies published between 2013 and 2024.

Results: Sixteen studies (n = 327) were included. Effective interventions included functional electrical stimulation, robotic and exoskeleton-assisted training, gait training, upper extremity exercise, balance training, and corporal suspension and pendulum exercises. Reported outcomes included improvements in aerobic capacity, muscle adaptations, gait parameters, cardiopulmonary function, functional capacity and secondary complications.

Conclusion: Physical rehabilitation plays a key role in improving functional outcomes in individuals with SCI. However, no single intervention addresses all aspects of recovery, highlighting the need for an individualised approach.

Contribution: This review demonstrates that a range of exercise-based rehabilitation strategies can enhance functional outcomes in individuals with SCI.
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Introduction

A spinal cord injury (SCI) is a life-altering injury leading to permanent disability and reduced quality of life (Gaspar et al. 2019). A SCI involves damage to the nerve fibres extending from the lower part of the brain through the vertebral column, disrupting the structural and functional connections between the spinal cord and the higher brain. Depending on the extent and location of the lesion, someone with SCI may experience a partial or complete loss of motor, sensory and autonomic function below the level of injury (Alizadeh, Dyck & Karimi-Abdolrezaee 2019). A SCI can be categorised as either incomplete or complete (Alizadeh et al. 2019). An incomplete SCI leads to partial loss of function below the level of injury, with some motor and sensory function left due to some nerve fibres’ axons remaining intact (Anjum et al. 2020). A complete SCI is more severe, with neither motor nor sensory function remaining, leading to total loss of function below the level of injury (Alizadeh et al. 2019). Cervical injuries often result in tetraplegia (quadriplegia), resulting in loss of all four limbs’ sensory or motor function, either completely or partially, whereas thoracic injuries can lead to paraplegia, affecting the trunk and lower limb function (Alizadeh et al. 2019). A SCI presents itself with secondary health conditions and associated complications, including pain, spasticity, urinary tract infections, loss of bowel and bladder control, respiratory and circulatory dysfunction, autonomic dysreflexia and pressure ulcers (Sargent et al. 2023). Because of the various barriers (personal, environmental and task) faced by individuals with SCI, they often adopt a sedentary lifestyle, resulting in significantly decreased physical activity levels (Maher, McMillan & Nash; Vermaak et al. 2022). Notable consequences of reduced physical activity include musculoskeletal changes such as muscle atrophy, osteopenia or osteoporosis, hypertonia and limited joint mobility (Gaspar et al. 2019). Secondary health and associated conditions reduce the ability of individuals with SCI to retain their independence, health and well-being. These conditions negatively impact quality of life and ability to participate (Richardson et al. 2021). Rehabilitation for individuals with SCIs strives to maximise functional recovery, improve quality of life and promote independence (Farahani et al. 2021). Exercise as a rehabilitation method offers multiple health benefits, including enhanced cardiovascular fitness, improved respiratory function, increased muscle strength and psychological benefits, such as improved mental health (Akkurt et al. 2017). Exercise is known to improve autonomy in activities of daily living (ADL), prevent and manage secondary and associated conditions, and promote an active lifestyle in the SCI population (Akkurt et al. 2017). The wide variety of SCI characteristics, such as the level and completeness of injury, necessitates tailored rehabilitation programmes to meet the particular needs of each individual. Furthermore, advancements in rehabilitation techniques continue to evolve, making it important for physical rehabilitation therapists to stay informed about the latest and most effective rehabilitation interventions for individuals with SCI. The objective of this scoping review is to provide a comprehensive review that synthesises the current evidence on rehabilitation interventions for SCI rehabilitation, highlighting best practices and identifying gaps in the literature that require further research. This article aims to contribute to existing information on effective rehabilitation interventions for individuals with SCIs at levels C5 to T12.

Methods

Search strategy

A comprehensive review of the existing literature was conducted using the Preferred Reporting Items for Systematic reviews and Meta-Analyses extension for Scoping reviews (PRISMA-ScR). An electronic literature search was conducted using three databases: PubMed, Scopus and EBSCOhost. The search terms used in this scoping were (‘spinal cord injury’) AND ([‘exercise’ AND ‘intervention’] OR [‘physical’ AND ‘rehabilitation’]) NOT (‘systematic review’). Additionally, studies were required to be available in English, in full-text, in peer-reviewed scientific journals, be human-based and be published between January 2013 and January 2024.

Study selection

Database searches were conducted by three reviewers (Danet Cloete, Jared Kunene and Megan Webb), independently. Three reviewers (Megan Webb, Danet Cloete and Inge von Wielligh) removed duplicate studies through a systematic process using Excel and screened the titles and abstracts for eligibility. Following the screening phase, two reviewers (Inge von Wielligh and Megan Webb) independently evaluated full-text studies for inclusion. Any discrepancies were addressed through discussion and consensus, with the aid of a third reviewer (Danet Cloete). Studies were included if they adhered to the following criteria: (1) the injury being treated is a SCI; (2) the study reported on any form of exercise intervention or physical rehabilitation; (3) the study focused on SCI levels C5–T12; and (4) the study participants were older than 18 years of age. Studies were excluded if they: (1) were animal-based; (2) were published as a review, case study, pilot study or discussion paper; and (3) the findings of the study were not applicable to the scope of physical rehabilitation therapists.

Data extraction

Three independent reviewers used Microsoft Excel to compile a data extraction table (Danet Cloete, Inge von Wielligh and Megan Webb). The following data were extracted from each study: (1) publication year and author(s) of the study; (2) number of participants; (3) participant demographics, including age, level of injury and time since injury occurrence; (4) intervention type, length and frequency; (5) structure of session; and (6) outcome measures of the intervention.

Ethical considerations

An application for full ethical approval was made to the Health Research Ethics Committee, Stellenbosch University, and ethics consent was received on 11 September 2025 (Ref no. X25/08/024). The Health Research Ethics Committee issued an ethics waiver for the study because the study did not involve human participants.

Review findings

Literature search and study selection

Database search yielded 1457 articles. After removing 20 duplicate studies, 1437 studies were screened for eligibility based on title and abstract. This left 23 articles for full-text screening, of which seven did not meet the inclusion criteria, leaving 16 studies for this scoping review, as shown in Figure 1.



[image: AJOD-15-1869-F1.jpg]

Participant characteristics

This review includes 16 studies, with a total of 327 participants. Participants in the included studies were heterogeneous with respect to sex, age and completeness of the injury. Participants’ ages ranged from 18 years to 70 years, with an injury level between C5 and T12. The time since injury among participants ranged from acute (< 6 months) to chronic (> 6 years).

Intervention characteristics

This review focused on the types of interventions utilised and the specific outcomes evaluated through each intervention. The following interventions were examined: functional electrical stimulation (FES), robotic and exoskeleton training, gait training (excluding robotic or exoskeleton assistance), upper extremity exercise training, balance training, and corporal suspension and pendulum exercises. Each intervention and its associated functional outcomes are detailed below.

Functional electrical stimulation

Three out of the 16 studies utilised FES as part of their training modalities (Lambach et al. 2020; Ryan et al. 2013; Taylor et al. 2014). Lambach et al. (2020) paired FES with rowing as an intervention to investigate the effect on bone mineral density (BMD). In comparison to Ryan et al. (2013), who utilised FES with resistance training to investigate the impact on glucose tolerance and insulin resistance, modifications to muscle mass, composition, and metabolism in muscles below the level of injury. Lastly, Taylor et al. (2014) reported on a combination of FES rowing and FES resistance training to determine the effect on aerobic capacity.

Robotic and exoskeleton training

Three studies examined robot-assisted or exoskeleton training (Gagnon et al. 2018; Martinez et al. 2018; Park et al. 2021). Martinez et al. (2018) used multimodal exercise training combined with robot-assisted treadmill training in their intervention to investigate the effects of multimodal training on lower extremity motor scores (LEMSs) and corticospinal neurotransmission compared with treadmill training alone. Two studies implemented exoskeleton-assisted overground walking training in their exercise sessions (Gagnon et al. 2018; Park et al. 2021). Gagnon et al. (2018) focused on gait parameters such as the number of steps taken, as well as gait speed and duration, whereas Park et al. (2021) focused on both gait parameters and aerobic capacity as outcome measures.

Gait training (without exoskeleton or robotic assistance)

Four studies investigated gait training without robotic assistance or the use of an exoskeleton (Amatachaya et al. 2019; Echemendía del Valle et al. 2023; Nithiatthawanon et al. 2020; Pramodhyakul et al. 2016). Nithiatthawanon et al. (2020) evaluated functional capacity and mobility with and without overground walking, combined with external feedback. Amatachaya et al. (2019) examined the effects of reported dual and single-task obstacle-walking training on the cognitive and functional abilities of long-term ambulatory individuals with SCI. Pramodhyakul et al. (2016) investigated the effect of gait training, with or without visuotemporal cues, on various gait parameters, and Echemendía del Valle et al. (2023) focused on the effects of a gait training programme incorporating upper limb and trunk strength training on motor function and mobility.

Upper extremity exercise training

Four out of the 16 studies reported on the use of upper extremity exercise training (Bresnahan et al. 2019; Ilyas et al. 2023; Kesiktaş et al. 2021; Kim et al. 2015). Kim et al. (2015) used indoor hand-bike training to evaluate its effects on muscle strength, aerobic capacity and insulin sensitivity. Kesiktaş et al. (2021) focused on home-based upper extremity circuit training exercises and the effect thereof on aerobic capacity. The other two studies included upper extremity ergometry training (Bresnahan et al. 2019; Ilyas et al. 2023). Ilyas et al. (2023) combined ergometry with conventional treatment to assess the effect on pulmonary functioning among individuals with SCI, and Bresnahan et al. (2019) evaluated the impact on aerobic capacity.

Balance training

One study (Khurana, Walia & Noohu 2017) compared virtual reality game-based balance training and real-world, task-specific balance training with conventional therapy. Khurana et al. (2017) evaluated whether these modalities would lead to improvements in sitting balance and the capability to function among individuals with paraplegia.

Corporal suspension and pendulum exercises

One out of the 16 studies investigated the impact of body suspension and pendulum exercises on neuromuscular function and functional capacity in individuals with thoracic SCI (Frison et al. 2019).

Outcomes: Aerobic capacity

Five out of the 16 articles investigated aerobic capacity as an outcome (Bresnahan et al. 2019; Kesiktaş et al. 2021; Kim et al. 2015; Park et al. 2021; Taylor et al. 2014). Three studies which included indoor hand-bike training, home-based upper extremity circuit training exercises and upper extremity ergometric training reported significant increases in maximal oxygen consumption (VO2max), with p-values of 0.001, 0.012 and 0.046, respectively (Bresnahan et al. 2019; Kesiktaş et al. 2021; Kim et al. 2015). One of the studies that focused on exoskeleton-assisted walking showed no significant changes in VO2-rest, VO2-peak, or VO2-average (Park et al. 2021). However, one study that combined FES rowing with FES resistance training reported significant improvements in both peak aerobic capacity and peak minute ventilation from pre- to post-training, with p-values of 0.02 and 0.01, respectively (Taylor et al. 2014). The absence of significant changes in aerobic capacity following exoskeleton-assisted walking suggests that the type of exercise modality used plays a crucial role in achieving these outcomes (Park et al. 2021).

Individuals with an SCI typically have low levels of aerobic fitness because of limited movement capacity, which results in deconditioning and immobility, as well as the effects of the injury on the body’s response to exercise (Hodgkiss et al. 2023). Improving aerobic capacity will improve cardiovascular health, reducing the risk of heart disease, which is elevated in this population due to reduced physical activity and associated autonomic dysfunction (Hodgkiss et al. 2023). Improved aerobic capacity also allows for greater functional capacity and independence by making daily tasks less exhausting and improves metabolic health by enhancing insulin sensitivity and glucose metabolism, thus decreasing the risk of metabolic syndrome and diabetes (Hodgkiss et al. 2023). Regular aerobic exercise also contributes to better overall well-being and quality of life for individuals with an SCI (Hodgkiss et al. 2023).

Cardiopulmonary function

One of the 16 studies reported cardiopulmonary function as an outcome (Ilyas et al. 2023). Ergometry training of the upper extremities, combined with conventional therapy, showed significant improvements in forced expiratory volume in one second (FEV1) and peak expiratory flow (PEF), with p-values of 0.008 and 0.001, respectively (Ilyas et al. 2023). These measures are crucial indicators of respiratory health, and given that respiratory complications are a primary cause of mortality and morbidity among individuals with SCI, enhancing these pulmonary functions through targeted interventions can significantly influence their overall health and quality of life (Berlowitz, Wadsworth & Ross 2016). Upper limb ergometer training combined with conventional therapy, including deep breathing, assistive coughing, sustained stretching, range of motion (ROM) exercises, tilt table standing and functional mobility exercises, also showed significant improvement in forced vital capacity (FVC) compared to conventional therapy alone (p = 0.003) (Ilyas et al. 2023).

Forced vital capacity is essential for maintaining adequate ventilation and preventing respiratory complications (Berlowitz et al. 2016). The significant improvement in FVC suggests that this combined intervention can more effectively address the respiratory limitations associated with SCI, leading to improved functional outcomes and reduced secondary complications (Berlowitz et al. 2016).

Muscular adaptation

Three out of the 16 studies investigated the effects on muscular adaptations in individuals with SCI (Frison et al. 2019; Kim et al. 2015; Ryan et al. 2013). One study reported that home-based FES resistance exercise improved mitochondrial function in skeletal muscle and increased quadriceps muscle volume (Ryan et al. 2013). Kim et al. (2015) showed that indoor hand-bike training increased strength in shoulder extension and flexion, elbow extension and flexion, and shoulder adduction and abduction, along with an increase in the average lean muscle mass. The third study reported that body suspension and pendulum exercises using the CHORDATA® method led to improvements in trunk flexion and extension torque as well as increased thickness of the rectus abdominis, longissimus, external oblique and internal oblique muscles, but no increased thickness of the right multifidus muscle as measured by ultrasound (Frison et al. 2019). Improvements in muscle volume and increased skeletal muscle mitochondrial function will allow for greater mobility and endurance in these individuals (Gorgey & Dudley 2007). The lack of increased thickness in the right multifidus muscle highlights the need for targeted interventions addressing spinal instability (Frison et al. 2019).

Studies highlight how exercise training may lead to structural and functional adaptations in skeletal muscles. Exercise may aid the activation of satellite cells and the regeneration of muscle fibres, resulting in improved muscle function, which is crucial after a SCI (Santos et al. 2022). For ADL, such as getting onto their wheelchairs, this population needs muscle power (Santos et al. 2022). Their arms need to be strong enough for activities like cleaning, self-care and transfers. Insufficient upper extremity strength can lead to pressure ulcers from prolonged wheelchair sitting, particularly when the patient is unable to adjust their posture (Santos et al. 2022). The mobility, risk of falling and functional capacity of individuals with SCI are directly impacted by muscle strength and adaptations (Santos et al. 2022).

Gait parameters

Four of the five studies demonstrated improvements in walk test performance. Two studies reported improvements in the 10-metre walk test (10MWT), one study reported improvements in the 6-minute walk test (6MWT), and one study reported improvements in both the 6MWT and 10MWT. Dual-task and single-task obstacle walking training (Amatachaya et al. 2019), lower limb loading exercises, and bodyweight shifting, both with and without overground walking and external feedback (Nithiatthawanon et al. 2020), have been shown to improve 10MWT measurements. However, the group that received overground gait training along with external feedback showed more substantial improvements compared to the group that did not undergo these interventions (Nithiatthawanon et al. 2020). This is explained by external feedback, which provides additional information that helps them control and modify their motions in accordance with the demands of the task (Nithiatthawanon et al. 2020). By providing participants with the necessary information, they were able to maximise use of the stance limb, which minimised the taught non-use of the training leg or the injured lower limbs and decreased their dependence on their upper limbs (Nithiatthawanon et al. 2020). It has been reported that exoskeleton-assisted walking improved 6MWT walking distance from pre- to post-intervention (Park et al. 2021). Participants who received walking training with visuotemporal cues showed a much greater improvement in both the 10MWT and 6MWT than those who did not receive visuotemporal cues (Pramodhyakul et al. 2016). Additionally, one study reported that a robotic exoskeleton combined with a locomotor training programme demonstrated improvements in standing time, walking time, the number of steps taken per session and walking speed, with a significant decrease in the amount of therapist support needed (Gagnon et al. 2018). These improvements were likely because of increased motor learning and neural plasticity, enhanced by exoskeleton training, which provides task-specific, repetitive movements necessary to restore function in individuals with SCI. One study that focused on gait training combined with upper limb and trunk strength training reported that there were no participants in functional class A (slight gait impairment) prior to training, but by the end of the programme, there were 13 participants in this class and that by the completion of the training programme, no participants were in class C (severe gait limitation) compared to 18 participants prior to the intervention, and five more participants advanced to functional class B (moderate gait limitation) (Echemendía del Valle et al. 2023). These outcomes highlight the importance of targeting both lower and upper body muscle groups, as the harmony between them is crucial for gait stability and posture in SCI individuals. Additionally, the Walking Index for Spinal Cord Injury (WISCI) scores improved, which indicates an overall improvement in gait abilities and quality of life for those with an SCI (Echemendía del Valle et al. 2023).

Gait, the manner and process of walking, is a complex motor skill learned and essential for movement (Jankovic 2015). An SCI can partially or completely affect one’s ability to walk. Interventions that improve gait parameters can help restore mobility, enhance functional independence and improve overall quality of life (Jankovic 2015).

Functional capacity

Five out of the 16 studies evaluated functional capacity variables as outcome measures of the study intervention (Amatachaya et al. 2019; Khurana et al. 2017; Martinez et al. 2018; Nithiatthawanon et al. 2020). Following treadmill training, three participants experienced an improvement in their LEMS, while four participants showed a decline and three exhibited no change. In contrast, after multimodal training, three participants improved their LEMS, three deteriorated and three remained unchanged (Martinez et al. 2018). These results suggest that the multimodal exercise rehabilitation programme, which combined balance exercises with advanced upper extremity exercises, did not provide any additional benefit compared with body weight-supported treadmill training (Martinez et al. 2018). Bodyweight shifting and lower limb loading exercises, with and without overground walking and external feedback as an intervention, as well as dual-task and single-task obstacle walking training, led to significant improvements in five-times sit-to-stand test (FTSST) measurements (Amatachaya et al. 2019; Nithiatthawanon et al. 2020). One study showed that virtual reality-based balance training improved balance and upper body function in people with paraplegia (Khurana et al. 2017).

Functional capacity refers to the extent of one’s ability to perform necessary activities and tasks (Patterson & Mausbach 2010). An SCI disrupts the motor and sensory pathways within the spinal cord, leading to a substantial decline in an individual’s functional abilities. Consequently, it is essential to identify the most effective interventions for enhancing functional capacity (Barranco et al. 2024).

Impact on secondary complications

Three studies evaluated the effect of intervention on SCI-related secondary complications (Kim et al. 2015; Lambach et al. 2020; Ryan et al. 2013). One study reported that two participants with diabetes showed improved insulin sensitivity, and four participants demonstrated increased insulin sensitivity after training with electrically generated resistance exercises at home (Ryan et al. 2013). However, the small sample size makes it challenging to generalise these findings. This result correlates with findings from an indoor hand-bike training programme, which showed a significant decrease in fasting insulin levels post-intervention (Kim et al. 2015). Because of individuals with SCI often having a less active lifestyle, this finding is of significance because an increased insulin sensitivity reduces the risk of developing metabolic disorders, such as type 2 diabetes (Cragg et al. 2013). Both home-based electrically induced resistance exercise training and indoor hand-bike training showed a significant increase in high-density lipoprotein (HDL)-cholesterol levels post-intervention (Kim et al. 2015; Ryan et al. 2013), which further contributes to an improved metabolic profile. One study used FES rowing as an intervention and reported that most participants showed reduced bone loss in the tibia after 30 sessions, with minimal to no loss observed after 60–90 sessions (Lambach et al. 2020). Maintaining healthy bone density in individuals with an SCI is crucial, as low bone density can lead to fragility fractures, which may lead to further complications such as increased medical costs, hospital stays and reduced independence (Lambach et al. 2020). Reduced mobility and weight-bearing activity in SCI individuals often lead to rapid bone loss, especially in the lower limbs. This decline in BMD increases the risk of fractures, particularly in areas like the femur and tibia, which are less subject to mechanical loading post-injury (Sadowsky, Mingioni & Zinski 2020). Effective strategies to prevent bone loss include modalities such as weight-bearing exercises, resistance training and functional FES. Studies have shown that FES, which uses electrical impulses to stimulate paralysed muscles, can help maintain or even improve BMD by mimicking the mechanical loading that bones experience during movement. Early intervention is crucial for individuals with complete motor paralysis, as the first year is when the most bone loss occurs (Sadowsky et al. 2020).

The SCI population has shown greater intramuscular fat levels, which are associated with muscle atrophy, and both are linked to glucose intolerance, metabolic syndrome, dyslipidaemia, cardiovascular disease and osteoporosis (Cragg et al. 2013). Many of these secondary complications seen in individuals with SCI are brought to light by decreased levels of physical activity as paresis and paralysis result in a lack of opportunities for physical activity (Cragg et al. 2013). This highlights the importance of engaging in physical activity or exercise to combat such secondary complications.

Implications and recommendations

Study limitations

Although this scoping review presents promising data on the use of various exercise interventions to enhance the rehabilitation process after SCI, the evidence within this area of rehabilitation varies. The heterogeneity of the sample groups in terms of sample size, gender and completeness of injury makes it difficult to draw conclusions about the effectiveness of an intervention for any individual with an SCI.

Future research recommendations

To progress the field of SCI rehabilitation, a few areas require further research. Longitudinal studies should be prioritised to analyse sustained effects of various exercise interventions among individuals with SCI, providing insights into the long-term benefits and potential challenges of different rehabilitation strategies. Additionally, future studies should aim to include larger and more homogeneous samples, as diverse sample demographics make it difficult to draw definitive conclusions about the efficacy of certain interventions across different demographics, such as gender, age and injury severity.

Gender-specific outcomes should be analysed, accounting for potential physiological differences between men and women that may influence their responses to exercise interventions, thereby allowing for more specific and effective rehabilitation programmes.

The use of emerging technologies, such as virtual reality and advanced exoskeletons, in rehabilitation programmes should be explored further. Additionally, more research is needed to understand the psychosocial outcomes of exercise interventions, as evidence in this area is lacking.

Conclusion

The findings of this scoping review highlight the several rehabilitation intervention methods available to individuals with spinal cord injuries, especially those with lesion levels ranging from C5 to T12. The outcomes suggest a cardinal importance for an individual approach to therapy. Functional electrical stimulation and robotic-assisted gait training were shown to have the most significant improvements in muscle strength and aerobic capacity during early-phase rehabilitation. Functional electrical stimulation, specifically when combined with resistance training or rowing, improved muscle size, composition and metabolism, all of which are crucial during the early stages of recovery. The most effective exercise modalities for enhancing cardiovascular fitness, muscular endurance and functional mobility during late-phase rehabilitation were found to be upper extremity exercises, including hand-bike training, ergometric training and overground walking. This review highlights that no single intervention is universally effective for all aspects of SCI rehabilitation, as the nature of SCI rehabilitation requires an individualised approach. As physical rehabilitation therapists, understanding the limitations while considering the patient’s goals and needs will allow for more effective rehabilitation, enabling us to optimise rehabilitation outcomes across all stages of SCI rehabilitation.
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