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Key Points 

• In studies including people with SCI, fatigue has been defined as 
feelings of tiredness, lack of energy, low motivation, difficulty in 
concentrating, or an increased perception of effort disproportionate to 
attempted activities (Anton et al. 2017; Hammell et al. 2009). 

• Despite fatigue affecting more than a half of people living with SCI 
(Fawkes-Kirby et al. 2008), only seven RCTs and ten lower-level quality 
studies have evaluated the effectiveness of interventions to address 
fatigue in this population.  

Effect of Pharmacological Management of Fatigue 
• According to one RCT (Wade et al. 2003), including only four patients 

with SCI, cannabis medicinal extracts (CME) should not be 
recommended, because of the lack of effectiveness in improving 
fatigue for people with SCI. 

• Fatigue did not significantly differ between intrathecal and oral delivery 
methods of baclofen treatment in people (33% with SCI) after using the 
medication for one year (McCormick et al. 2016). 

• Further research is needed to address whether baclofen and CME 
provide positive results in fatigue in people with SCI and in the case of 
baclofen, which delivery method is more effective, accounting also for 
adverse effects. 

Effect of Exercise on Fatigue 
• Exercise-based interventions (e.g., upper limb virtual reality exercise 

sessions, moderate-intensity home-based arm-crank exercise, hybrid 
high-intensity interval training [HIIT] program) may have a positive 
effect on fatigue in people with chronic SCI; however, there is no 
consensus on which type of exercise, or the dosage that will be more 
effective in reducing fatigue in people with SCI.  

• Yoga or Tai Chi programs do not seem to provide any effects on fatigue 
in people with SCI. 

 

https://pubmed.ncbi.nlm.nih.gov/27349608/
https://pubmed.ncbi.nlm.nih.gov/18542089/
https://pubmed.ncbi.nlm.nih.gov/17406379/
https://pubmed.ncbi.nlm.nih.gov/12617376/
https://pubmed.ncbi.nlm.nih.gov/26498518/
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Effect of Non-exercise Interventions on Fatigue 
• There is conflicting evidence that non-exercise-based interventions, 

especially massage therapy, could improve fatigue outcomes in people 
with SCI.  

Effect of Self-Management Interventions on 
Fatigue 

• Fatigue self-management and behavioral interventions promoting an 
active lifestyle does not provide a significant improvement in fatigue in 
people with SCI. 
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1  Executive Summary 
1.1  Fatigue Definitions and Consequences 
Fatigue is generally defined as feelings of tiredness, lack of energy, low 
motivation, difficulty in concentrating, or an increased perception of effort 
disproportionate to attempted activities (Anton et al. 2017; Hammell et al. 
2009). It is important to distinguish between peripheral muscle fatigue, that 
is, fatigue that comes after exercise, and global fatigue (Barat et al. 2006). 
There is comprehensive research on the pathophysiology of peripheral 
muscle fatigue (Ibitoye et al. 2016), as well as interventions to reduce muscle 
tiredness associated with doing specific activities (Hoogenes et al. 2021). 
However, global fatigue remains an understudied issue in SCI and is often 
undermentioned and/or underestimated during medical interviews (Anton et 
al. 2017; Fawkes-Kirby et al. 2008; Jensen et al. 2007). Thus, global fatigue is 
the focus of this chapter. 

For people with SCI, living with fatigue can be overwhelming, causing a 
profound negative impact (Wijesuriya et al. 2012). In people with SCI, fatigue 
has been negatively associated with social integration and productive activity 
(Wijesuriya et al. 2012), social participation (Kuzu et al. 2022), quality of life 
(Christofi et al. 2023; Craig et al. 2008), psychological functioning (van Diemen 
et al. 2016), participation in life activities, mobility, and wheelchair use (Smith 
et al. 2016; Saunders et al. 2013; McColl et al. 2003). Moreover, fatigue may 
contribute to functional decline and loss of independence in people with SCI 
living in the community and in those aging with SCI (Alschuler et al. 2013; 
Moher et al. 2009).  

1.2  Fatigue Measurement 
Research in this area is highly heterogeneous in the assessment of fatigue 
given its multidimensional nature (Onate-Figuérez et al. 2023). Measurement 
of fatigue could be performed via objective methods such as fatiguing tasks 
or subjective measures like self-reports to describe the perception of fatigue 
(Onate-Figuérez et al. 2023).  

All the studies included in the present chapter have assessed fatigue through 
different self-reporting methods. The most common fatigue self-report used 
was the Fatigue Severity Scale, which is an unique outcome measure 
validated in people with SCI (Anton et al. 2008), and it has recently been 
recommended for research use in people with stroke (English et al. 2023). 
These self-reports also serve to evaluate perceived fatigue intensity or its 
effect on the participants’ lives (Onate-Figuérez et al. 2023.  

1.3  Fatigue Management 

https://pubmed.ncbi.nlm.nih.gov/27349608/
https://pubmed.ncbi.nlm.nih.gov/18542089/
https://pubmed.ncbi.nlm.nih.gov/18542089/
https://pubmed.ncbi.nlm.nih.gov/16716437/
https://pubmed.ncbi.nlm.nih.gov/26859296/
https://pubmed.ncbi.nlm.nih.gov/33851945/
https://pubmed.ncbi.nlm.nih.gov/27349608/
https://pubmed.ncbi.nlm.nih.gov/27349608/
https://pubmed.ncbi.nlm.nih.gov/17406379/
https://pubmed.ncbi.nlm.nih.gov/17466734/
https://pubmed.ncbi.nlm.nih.gov/22289244/
https://pubmed.ncbi.nlm.nih.gov/22289244/
https://pubmed.ncbi.nlm.nih.gov/34454899/
https://pubmed.ncbi.nlm.nih.gov/36792662/
https://opus.lib.uts.edu.au/handle/10453/120082
https://pubmed.ncbi.nlm.nih.gov/26449895/
https://pubmed.ncbi.nlm.nih.gov/26449895/
https://pubmed.ncbi.nlm.nih.gov/26369887/
https://pubmed.ncbi.nlm.nih.gov/26369887/
https://pubmed.ncbi.nlm.nih.gov/24090470/
https://pubmed.ncbi.nlm.nih.gov/12917851/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3739898/
https://pubmed.ncbi.nlm.nih.gov/19621072/
https://pubmed.ncbi.nlm.nih.gov/35964699/
https://pubmed.ncbi.nlm.nih.gov/35964699/
https://pubmed.ncbi.nlm.nih.gov/18295634/
https://pubmed.ncbi.nlm.nih.gov/37837346/
https://pubmed.ncbi.nlm.nih.gov/35964699/


 2 

Despite fatigue affecting more than a half of people living with SCI (Fawkes-
Kirby et al. 2008), only seven RCTs and ten lower-level quality studies have 
evaluated the effectiveness of interventions to address fatigue in this 
population.  

According to the research evidence of different interventions for the 
treatment of fatigue in people with SCI, exercise-based interventions are the 
interventions with stronger quality (and quantity) of evidence for the 
improvement in fatigue in people with chronic SCI. However, there is no 
consensus on the type or dosage of exercise that will be more effective in 
reducing fatigue in people with SCI.  

On the other hand, other interventions such as pharmacological 
interventions (e.g., CME and baclofen), massage therapy interventions (e.g., 
reflexology massage, Swedish massage, broad compression massage, and 
healing touch), fatigue self-management and behavioral interventions 
promoting an active lifestyle, and the use of some assistive devices (e.g., 
Segway or exoskeleton) for performing rehabilitation programs, seem to not 
provide a significant effect on fatigue outcomes in people with SCI. According 
to one low-level quality study (pre-post study), partnering wheelchair users 
with SCI and a service dog for nine months, provided a significantly large 
effects on fatigue. 

It should be noted fatigue was not the primary outcome measure for most of 
the studies included. These studies found positive effects in other outcome 
measures such as pain, physical activity levels, or spasticity that were beyond 
the content of this chapter; however, are noted in the discussion of each 
intervention method. 

1.4  Ideal Fatigue Treatment for People with SCI 
Due to the limited literature on fatigue interventions and the multifactorial 
nature of global fatigue, it is difficult to recommend one ideal treatment 
protocol in people with SCI. However, some previous research has 
highlighted certain things that would be useful to address: 

• Having a better understanding of which factors are most strongly 
associated with fatigue is key to designing strategic research focus to 
determine causality and therefore establish preventive and therapeutic 
interventions. Onate-Figuérez et al. (2023) conducted a systematic 
review and meta-analysis to investigate the association between 
fatigue and clinical and demographic variables in people with SCI. A 
direct association was found between fatigue and nine factors (sorted 
by largest to smallest effect size): self-efficacy, anxiety, stress, 
depression, pain, participation, analgesic medication, assistive devices, 
physical activity, lesion level, incomplete SCI, and medication (Onate-
Figuérez et al. 2023).  

https://pubmed.ncbi.nlm.nih.gov/17406379/
https://pubmed.ncbi.nlm.nih.gov/17406379/
https://pubmed.ncbi.nlm.nih.gov/35964699/
https://pubmed.ncbi.nlm.nih.gov/35964699/
https://pubmed.ncbi.nlm.nih.gov/35964699/
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• It has been suggested that the management of fatigue in people with 
neurological disorders like SCI and multiple sclerosis requires a 
multidisciplinary team and approach (Smith et al. 2016; Hourihan 2015).  

o A physiatrist or family doctor can conduct a thorough physical 
exam and medical history to determine potential causes of 
fatigue (such as pain, sleep, or medications).  

o Structured physical activity and/or exercise is indicated to treat 
fatigue in people with multiple sclerosis, and in the general 
population. Physical therapists or other professionals prescribing 
exercise should be aware of the person’s fatigue status and levels 
of exercise should be moderate and increased gradually 
(Rosenthal et al. 2008; Hourihan 2015; Heine et al. 2015). 

o Previous research has identified that psychological factors like 
stress, anxiety, and depression contribute substantially to fatigue 
in people with SCI, suggesting that an evidence-based mental 
health therapy such as cognitive-behavioral intervention or the 
prescription of selective serotonin reuptake inhibitors, such as 
fluoxetine, paroxetine, or sertraline, could be considered as part of 
any fatigue treatment in appropriate patients (Craig et al. 2013; 
Rosenthal et al. 2008; Onate-Figuérez et al. 2023). Researchers 
have posited that cognitive-behavioral therapy could be useful in 
helping people lessen the effects of chronic pain on depressive 
moods, and might help in establishing more attributions of self-
efficacy, in that the person with SCI has some control over their 
body and their health (Craig et al. 2012; Craig et al. 2013).  

1.5 Gaps in the Literature  
• Fatigue as a multifactorial construct: Despite fatigue being prevalent in 

people with SCI, the limited number of studies where fatigue is a primary 
or secondary outcome measure could be due to its multifactorial nature 
including the influence of co-morbidities.  

• Relationship between sleep factors and fatigue in SCI: None of the 
included RCTs investigated or measured sleep quality or the presence of 
sleep disorders in participants. 

• Relationship between medications and fatigue in SCI: None of the RCTs 
included discussed the effects of medications or established at baseline 
what medications participants were currently taking.  

2.0 Introduction 
Spinal cord injury (SCI) is a lesion to the spinal cord that may cause severe 
neurological impairment and disability (Anton et al. 2017). Consequent 
sensory, motor, and autonomic dysfunction is also associated with many 

https://pubmed.ncbi.nlm.nih.gov/26369887/
https://pubmed.ncbi.nlm.nih.gov/26103872/
https://pubmed.ncbi.nlm.nih.gov/19035066/
https://pubmed.ncbi.nlm.nih.gov/26103872/
https://pubmed.ncbi.nlm.nih.gov/26358158/
https://pubmed.ncbi.nlm.nih.gov/23707693/
https://pubmed.ncbi.nlm.nih.gov/19035066/
https://pubmed.ncbi.nlm.nih.gov/35964699/
https://pubmed.ncbi.nlm.nih.gov/22850261/
https://pubmed.ncbi.nlm.nih.gov/23707693/
https://pubmed.ncbi.nlm.nih.gov/27349608/
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secondary health conditions, including fatigue, that can cause distressing 
symptoms and increased disability for people with SCI (Anton et al. 2017). 
 

Fatigue commonly occurs in people with neurological disorders or diseases 
like (Billones et al. 2021) fibromyalgia (Overman et al. 2016), Parkinson’s 
disease (Barone et al. 2009), multiple sclerosis (Oliva Ramirez et al. 2021), 
neuromuscular disease (Lou et al. 2010), spina bifida (Lidal and Larsen 2002) 
or stroke (Cumming et al. 2016). In people with traumatic/non-traumatic SCI, 
fatigue is one of the most common secondary conditions, experienced by 
approximately 30-78% of the population (Anton et al. 2017; Fawkes-Kirby et al. 
2008; Nooijen et al. 2015; Lidal et al. 2013; Hong et al. 2023). 
 

In studies including people with SCI, fatigue has been defined as feelings of 
tiredness, lack of energy, low motivation, difficulty in concentrating, or an 
increased perception of effort disproportionate to attempted activities (Anton 
et al. 2017; Hammell et al. 2009). Some classifications and definitions have 
proposed a distinction between peripheral muscle fatigue and global fatigue 
(Barat et al. 2006). There is comprehensive research on the pathophysiology 
of peripheral muscle fatigue (Ibitoye et al. 2016), as well as interventions to 
reduce muscle tiredness associated with doing specific activities (Hoogenes 
et al. 2021). However, global fatigue remains an understudied issue in SCI and 
is often undermentioned and/or underestimated during medical interviews 
(Anton et al. 2017; Fawkes-Kirby et al. 2008; Jensen et al. 2007). Thus, global 
fatigue, is the focus of this chapter.  
 

For people with SCI, living with fatigue can be overwhelming, causing a 
profound negative impact (Wijesuriya et al. 2012). Fatigue, in people with SCI, 
has been negatively associated with social integration and productive activity 
(Wijesuriya et al. 2012), social participation (Kuzu et al. 2022), quality of life 
(Christofi et al. 2023; Craig et al. 2008), and psychological functioning (van 
Diemen et al. 2016). Fatigue is also negatively associated with participation in 
life activities, mobility and wheelchair use, and may have negative effects on 
SCI rehabilitation (Smith et al. 2016; Saunders et al. 2013; McColl et al. 2003). 
Moreover, fatigue may contribute to functional decline and loss of 
independence in people with SCI living in the community and in those aging 
with SCI (Alschuler et al. 2013; Moher et al. 2009).  

3 Fatigue Measurement 
Research in this area is highly heterogeneous in the assessment of fatigue 
given its multidimensional nature (Onate-Figuérez et al. 2023). Measurement 
of fatigue could be performed via objective methods such as fatiguing tasks 

https://pubmed.ncbi.nlm.nih.gov/27349608/
https://pubmed.ncbi.nlm.nih.gov/34589772/
https://pubmed.ncbi.nlm.nih.gov/26272057/
https://pubmed.ncbi.nlm.nih.gov/19514014/
https://bmcneurol.biomedcentral.com/articles/10.1186/s12883-021-02396-1
https://pubmed.ncbi.nlm.nih.gov/20190203/
https://pubmed.ncbi.nlm.nih.gov/34826231/
https://pubmed.ncbi.nlm.nih.gov/27703065/
https://pubmed.ncbi.nlm.nih.gov/27349608/
https://pubmed.ncbi.nlm.nih.gov/17406379/
https://pubmed.ncbi.nlm.nih.gov/17406379/
https://pubmed.ncbi.nlm.nih.gov/25896345/
https://pubmed.ncbi.nlm.nih.gov/23069767/
https://pubmed.ncbi.nlm.nih.gov/37604933/
https://pubmed.ncbi.nlm.nih.gov/27349608/
https://pubmed.ncbi.nlm.nih.gov/27349608/
https://pubmed.ncbi.nlm.nih.gov/18542089/
https://pubmed.ncbi.nlm.nih.gov/16716437/
https://pubmed.ncbi.nlm.nih.gov/26859296/
https://pubmed.ncbi.nlm.nih.gov/33851945/
https://pubmed.ncbi.nlm.nih.gov/33851945/
https://pubmed.ncbi.nlm.nih.gov/27349608/
https://pubmed.ncbi.nlm.nih.gov/17406379/
https://pubmed.ncbi.nlm.nih.gov/17466734/
https://pubmed.ncbi.nlm.nih.gov/22289244/
https://pubmed.ncbi.nlm.nih.gov/22289244/
https://pubmed.ncbi.nlm.nih.gov/34454899/
https://pubmed.ncbi.nlm.nih.gov/36792662/
https://opus.lib.uts.edu.au/handle/10453/120082
https://pubmed.ncbi.nlm.nih.gov/26449895/
https://pubmed.ncbi.nlm.nih.gov/26449895/
https://pubmed.ncbi.nlm.nih.gov/26369887/
https://pubmed.ncbi.nlm.nih.gov/24090470/
https://pubmed.ncbi.nlm.nih.gov/12917851/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3739898/
https://pubmed.ncbi.nlm.nih.gov/19621072/
https://pubmed.ncbi.nlm.nih.gov/35964699/
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or subjective measures such as self-reporting methods to describe the 
perception of fatigue (Onate-Figuérez et al. 2023). These self-reports also 
serve to evaluate perceived fatigue intensity or its effect on the participants’ 
lives (Onate-Figuérez et al. 2023).  
 

The studies included in this systematic review measure fatigue using self-
reports, with the Fatigue Severity Scale (FSS), being the most common 
measure. The FSS is a 9-item self-report questionnaire that evaluates the 
severity of fatigue and its impact on lifestyle and activities (Curtis et al. 2015), 
covering three domains: physical, social, and cognitive effects of fatigue 
(Hewlett et al. 2011). It has high validity and reliability (Cronbach α = 0.89, 
intraclass correlation coefficient, 0.84; 95% confidence interval [CI], 0.74 - 0.90) 
for evaluating fatigue in people with SCI (Anton et al. 2008). More information 
about the FSS is available on the SCIRE Professional webpage: Fatigue 
Severity Scale.  
 

Other less commonly used measures included the Chalder Fatigue Scale 
(CFS), the Multi-Dimensional Fatigue Inventory (MFI-20), the Modified Fatigue 
Impact Scale (MFIS), the PROMIS Short Form v1.0 Fatigue 8a, or the Fatigue 
Assessment Scale (FAS). The CFS is a self-rated fatigue scale that provides an 
overall indicator of chronic fatigue, as well as domains of mental and physical 
fatigue (Chalder et al. 1993). The MFI-20 was originally developed for cancer 
patients and covers five dimensions: General Fatigue, Physical Fatigue, 
Mental Fatigue, Reduced Motivation, and Reduced Activity (Hagelin et al. 
2007; Smets et al. 1995). The MFIS is a 21-item shortened version of the 40-
item Fatigue Impact scale that examines the perceived impact of fatigue in 
three areas: cognitive functioning, physical functioning and psychosocial 
functioning during the past four weeks (Fisk et al. 1994; Shem et al. 2016; 
Wong et al. 2023). The PROMIS Short Form v1.0 Fatigue 8a evaluates fatigue 
based on its frequency, duration, and intensity, as well as its impact on 
physical, mental, and social activities (Cella et al. 2010; Wong et al. 2023). The 
FAS is a 10-item scale evaluating symptoms of chronic fatigue which treats 
fatigue as a unidimensional construct and does not separate its 
measurement into different factors (Shahid et al. 2012). Further, there were 
other interventional studies which used the fatigue subscale of the Profile of 
Moods States (POMS), the vitality subscale of the SF-36, a numerical rating 
scale, or a visual analog scale for measuring fatigue in people with SCI.  
 

In summary, although different outcome measures for fatigue have been 
used in SCI research, the FSS is the only (and most used) outcome measure 
that has been validated in people with SCI. In addition, the 7-item version of 
the FSS has been recently recommended as a primary outcome measure in 

https://pubmed.ncbi.nlm.nih.gov/35964699/
https://pubmed.ncbi.nlm.nih.gov/35964699/
https://www.bctra.org/wp-content/uploads/tr_journals/5112-20628-1-PB.pdf
https://pubmed.ncbi.nlm.nih.gov/22588750/
https://pubmed.ncbi.nlm.nih.gov/18295634/
https://scireproject.com/outcome/fatigue-severity-scale-fss/
https://scireproject.com/outcome/fatigue-severity-scale-fss/
https://pubmed.ncbi.nlm.nih.gov/8463991/
https://pubmed.ncbi.nlm.nih.gov/17438711/
https://pubmed.ncbi.nlm.nih.gov/17438711/
https://pubmed.ncbi.nlm.nih.gov/7636775/
https://academic.oup.com/cid/article-abstract/18/Supplement_1/S79/317047?redirectedFrom=fulltext
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5073764/
https://pubmed.ncbi.nlm.nih.gov/38001005/
https://www.sciencedirect.com/science/article/abs/pii/S0895435610001733
https://pubmed.ncbi.nlm.nih.gov/38001005/
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stroke research (English et al. 2023). Thus, the use of the FSS should be 
recommended in future studies assessing fatigue in people with SCI.  

4 Pharmacological Management of Fatigue in 
SCI 
Numerous classes of medications (stimulants such as methylphenidate and 
modafinil, dopaminergic medications such as levodopa, antidepressants 
including selective serotonin reuptake inhibitors, and tricyclic 
antidepressants) have been studied in other populations with central nervous 
system disorders and fatigue, such as Parkinson’s disease, stroke, or TBI 
(Levine & Greenwald 2009). However, none of them have been tested in 
studies with people with SCI. Instead, there are only two medications which 
have been studied in people with SCI for fatigue improvement purposes such 
as cannabis medicinal extracts (CME) and baclofen.  
 

On the other hand, pharmacological interventions could provide a risk for 
undesirable side effects, such as additional fatigue, difficulty sleeping, anxiety, 
or headaches (Asano & Finlayson 2014; Levine & Greenwald 2009). In a 
retrospective chart review, Lee et al. (2010) found that 52% of participants with 
SCI had clinical levels of fatigue, 41/147 medications that they were taking 
were identified as fatigue causing, and that the medications were usually 
anti-spasticity or analgesic medications. Fawkes-Kirby et al. (2008) similarly 
found that people with SCI taking two or more prescriptions from these 
categories scored significantly worse on the FSS, indicating higher levels of 
fatigue. According to Fawkes-Kirby et al. (2008), among the medications that 
people with SCI commonly take, baclofen, benzodiazepines, opioids, 
tizanidine, gabapentin, amitriptyline, and nortriptyline may induce feelings of 
fatigue. In addition, people with SCI have commonly reported fatigue as a 
side-effect after cannabis use (Nabata et al. 2020); however, the therapeutic 
use of cannabis in SCI is an emerging area of research.  

4.1 Cannabis Medicinal Extracts 
Among numerous cannabinoid compounds from plants belonging to the 
genus Cannabis, delta-9-tetrahydrocannabinol (THC) is known to have 
psychoactive effects while cannabidiol (CBD) is a non-psychoactive 
component that may have antioxidant and anti-inflammatory properties, as 
well as the ability to modulate the psychoactive effects of THC (Atakan 2012; 
Wade et al. 2003; Nabata et al. 2020).   
 

https://pubmed.ncbi.nlm.nih.gov/37837346/
https://www.sciencedirect.com/science/article/abs/pii/S1047965108001320
https://onlinelibrary.wiley.com/doi/10.1155/2014/798285
https://www.sciencedirect.com/science/article/abs/pii/S1047965108001320
https://pubmed.ncbi.nlm.nih.gov/19918252/
https://pubmed.ncbi.nlm.nih.gov/17406379/
https://pubmed.ncbi.nlm.nih.gov/17406379/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8033968/#:~:text=Conclusion,composition%20and%20concentration%20of%20compounds.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC3736954/
https://pubmed.ncbi.nlm.nih.gov/12617376/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8033968/#:~:text=Conclusion,composition%20and%20concentration%20of%20compounds.
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More information about cannabis and SCI can be found here. 
 

The use of cannabis medicinal extracts (CME) with SCI-related fatigue has not 
been widely researched yet. Only one RCT has investigated the use of CME 
through sublingual delivery and self-titration, its effect on neurological 
symptoms such as fatigue, and its potential side effects (Wade et al. 2003).  

Table 1. Plant-Derived Cannabis Medicinal Extracts  
Author Year 

Country  
Research Design 

Score 
Total Sample Size 

Methods Outcome 

Wade et al. 2003 
UK 

RCT cross-over 
PEDro=8 

N=24 

Objective: To determine 
whether plant-derived 
cannabis medicinal extracts 
can alleviate neurogenic 
symptoms unresponsive to 
standard treatment, and to 
quantify adverse effects. 
Population:  
24 participants with a 
neurological diagnosis 
(multiple sclerosis, n = 18; 
SCI, n = 4; brachial plexus 
damage, n = 1; and limb 
amputation due to 
neurofibromatosis, n = 1) 
10M, 10F 
Mean age 48 years 
Treatment: Participants 
were assigned to each of the 
following groups for two 
weeks: 
• Experimental group 1: 

Whole-plant extracts of 
delta-9-
tetrahydrocannabinol 
(THC)  

• Experimental group 2: 
Cannabidiol (CBD) 

• Experimental group 3: 1:1 
CBD:THC 

1. No statistically significant 
difference (p > 0.05) 
between groups (NRS [SD]: 
placebo = 5.0 [2.4], CBD = 
4.6 [2.4], THC = 4.2 [2.2], 
CBD: THC = 5.2 [2.5]). 

https://scireproject.com/evidence/cannabinoids/cannabinoid-use-in-sci/
https://pubmed.ncbi.nlm.nih.gov/12617376/
https://pubmed.ncbi.nlm.nih.gov/12617376/
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• Control group: Matched 
placebo 

Self-administration by 
sublingual spray at doses 
determined by titration 
against symptom relief or 
unwanted effects within the 
range of 2.5–120 mg/24 
hours. 
Outcome Measures: NRS of 
fatigue, measured at 
baseline and each two 
weeks. 

Discussion 
In a double-blind, randomized, placebo controlled single patient crossover 
trial, researchers explored the use of CME and their effect on neurological 
symptoms such as fatigue, spasticity, pain, and bladder incontinence in 
participants with MS (N = 18), SCI (N = 4), brachial plexus damage (N = 1), and 
limb amputation due to neurofibromatosis (N = 1) (Wade et al. 2003). This 
included THC, CBD, and 1:1 CBD:THC by patient self-titration through 
sublingual delivery, in comparison to a placebo. After two weeks of treatment, 
no significant differences in fatigue between the groups were observed 
(Wade et al. 2003). Conversely, all three groups of CME (THC, CBD, and 1:1 
THC:CBD) showed significant improvements in spasticity (Wade et al. 2003). 
In addition, both the THC and THC:CBD groups demonstrated significant 
improvements in muscle spasm frequency (Wade et al. 2003).  

A systematic review by Nabata et al. (2020) reviewed two other RCTs 
conducted on people with SCI and reported improvements in spasticity with 
the use of cannabinoids, specifically THC (Hagenbach et al. 2007; Wilsey et al. 
2016). Despite these clinical findings, neither study reported outcomes on 
fatigue (Nabata et al. 2020). In other clinical populations, such as fibromyalgia, 
the use of cannabis for fatigue improvement has been under studied as well. 
Only one RCT showed that THC-rich cannabis oil provides better effects on 
fatigue scores than a placebo (olive oil) after eight weeks of intervention in 17 
women with fibromyalgia (Chaves et al. 2020). In cancer, only one follow-up 
study from a parent RCT showed that the self-titration of THC/CBD spray or 
THC spray in inpatients with cancer-related pain experiencing inadequate 
analgesia despite chronic opioid dosing provided a decrease in different 
domains, such as fatigue, insomnia, or pain of the European Organization for 
Research and Treatment of Cancer Quality of Life Questionnaire-C30 
(Johnson et al. 2013). Conversely, the use of medical cannabis has yet been 
studied in neurological populations such as stroke or multiple sclerosis.  

https://pubmed.ncbi.nlm.nih.gov/12617376/
https://pubmed.ncbi.nlm.nih.gov/12617376/
https://pubmed.ncbi.nlm.nih.gov/12617376/
https://pubmed.ncbi.nlm.nih.gov/12617376/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8033968/#:~:text=Conclusion,composition%20and%20concentration%20of%20compounds.
https://pubmed.ncbi.nlm.nih.gov/17043680/
https://pubmed.ncbi.nlm.nih.gov/27286745/
https://pubmed.ncbi.nlm.nih.gov/27286745/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8033968/#:~:text=Conclusion,composition%20and%20concentration%20of%20compounds.
https://academic.oup.com/painmedicine/article/21/10/2212/5942556
https://www.jpsmjournal.com/article/S0885-3924(12)00439-3/fulltext
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Conclusions 
There is level 1b evidence (from one RCT: Wade et al. 2003) that cannabis 
medicinal extracts (CME) had no significant effect on fatigue through 
sublingual delivery in people with neurological conditions, such as multiple 
sclerosis and SCI. 

 

4.2 Baclofen 
Baclofen is a gamma-aminobutyric acid B agonist that is commonly used for 
the management of spasticity from central nervous system lesions or 
dysfunction (McCormick et al. 2016) and is extensively used for SCI, stroke, 
cerebral palsy and multiple sclerosis (Dietz et al. 2023). Baclofen for SCI can be 
administered orally or intrathecally with implantation of a metered pump 
(Dietz et al. 2023). Through the oral delivery of baclofen, greater doses than 
intrathecal delivery may be required for optimal effects as only a fraction of 
the medication may pass through the blood brain barrier (McCormick et al. 
2016). However, while the intrathecal delivery of baclofen uses lower doses in 
comparison, it requires a more invasive approach and commitment to 
regular maintenance for the surgical placement of an internal pump and a 
catheter system (McCormick et al. 2016). McCormick et al. (2016) compared 
these two delivery methods of baclofen treatment and their effects on clinical 
outcomes such as fatigue. 

Table 2. Baclofen  
Author Year 

Country  
Research Design 

Score 
Total Sample Size 

Methods Outcome 

McCormick et al. 
2016 
USA 

Cohort 

Objective: To compare 
spasticity levels, pain, sleep, 
fatigue, and quality of life 
between individuals 
receiving treatment with 

1. No significant differences in 
fatigue between groups (P 
= 0.80). 

2. Sub-analysis of patients 
with SCI showed no 

According to one RCT which included only four patients with SCI, cannabis 
medicinal extracts (CME) should not be recommended for the 

improvement of fatigue in people with SCI. 

More research is needed in this area to provide more robust 
recommendations.  

A significant proportion of people improve one AIS (ASIA Impairment 
Scale) grade in the first few months post injury, particularly those initially 

assessed AIS B and C. 

https://pubmed.ncbi.nlm.nih.gov/12617376/
https://pubmed.ncbi.nlm.nih.gov/26498518/
https://pubmed.ncbi.nlm.nih.gov/35750207/
https://pubmed.ncbi.nlm.nih.gov/35750207/
https://pubmed.ncbi.nlm.nih.gov/26498518/
https://pubmed.ncbi.nlm.nih.gov/26498518/
https://pubmed.ncbi.nlm.nih.gov/26498518/
https://pubmed.ncbi.nlm.nih.gov/26498518/
https://pubmed.ncbi.nlm.nih.gov/26498518/
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N=62 intrathecal versus oral 
baclofen.  
Population:  
62 participants who had 
been treated with 
intrathecal or oral baclofen 
for at least one year (SCI, n = 
38; cerebral palsy, n = 10; 
stroke, n = 10; and multiple 
sclerosis, n = 4) 
40M, 22F 
Mean age 45.5 years 
Level of injury: Quadriplegia 
(n = 26), paraplegia (n = 12) 
Treatment: Intrathecal 
Baclofen vs Oral Baclofen 
Outcome Measures: FSS, 
measured after one year 

significant differences (p = 
0.68) between groups with 
regard to fatigue.  

Discussion 
McCormick et al. (2016) compared the two methods of baclofen delivery and 
how clinical measures of fatigue, spasticity control, pain, sleepiness, and 
quality of life may be affected by each in participants who have been 
receiving baclofen for the treatment of spasticity (N = 62 total; N = 38 SCI; N = 
10 cerebral palsy, N = 10 stroke, N = 4 multiple sclerosis) (McCormick et al. 
2016). While the results showed improvements in spasm frequency and 
severity with intrathecal delivery in comparison to oral delivery, there were no 
significant differences (neither in the whole sample nor in the SCI sample) in 
fatigue between groups (p = 0.68-0.80). Mathur et al. (2014) in a cross-
sectional survey of 24 individuals (nine of them with SCI) who have been 
using intrathecal baclofen for more than 10 years reported having low levels 
of pain, moderate levels of life satisfaction, normal levels of sleepiness, low-to-
moderate levels of fatigue, infrequent spasms at mild-to-moderate severity, 
and high levels of satisfaction; however, no pre-post comparison was made 
(Mathur et al. 2014).  

These positive results in spasticity outcomes, favoring intrathecal delivery, 
were in line with results obtained in a recent systematic review which 
included 98 studies and assessed the efficacy, dosing, and safety profiles of 
intrathecal and oral baclofen in treating spasticity after SCI (Dietz et al. 2023). 
However, this systematic review also addressed safety concerns of baclofen, 
showing that 43 studies addressed adverse events and reported that muscle 
weakness and fatigue were the most frequent ones (Dietz et al. 2023). There 
are no further studies with a specific clinical population assessing the effects 
of baclofen regarding fatigue as an outcome.  

https://pubmed.ncbi.nlm.nih.gov/26498518/
https://pubmed.ncbi.nlm.nih.gov/26498518/
https://pubmed.ncbi.nlm.nih.gov/26498518/
https://pubmed.ncbi.nlm.nih.gov/24355547/
https://pubmed.ncbi.nlm.nih.gov/24355547/
https://pubmed.ncbi.nlm.nih.gov/35750207/
https://pubmed.ncbi.nlm.nih.gov/35750207/
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Conclusions 
There is level 2 evidence (from one cohort study: McCormick et al. 2016) that 
the long-term (minimum one year) treatment of intrathecal versus oral 
baclofen does not provide significant differences in fatigue in patients with 
SCI. 

 

5 Non-pharmacological Management of 
Fatigue in SCI 

It is possible that people with disabilities are increasingly interested in non-
pharmacologic approaches for fatigue management, such as exercise, 
education, or behavioral management techniques (Su et al. 2020). This 
preference is likely multifactorial, with contributing factors like undesirable 
side effects of medications, such as additional fatigue, difficulty sleeping, 
anxiety, headaches, limited efficacy, or inferiority compared with non-
pharmacologic interventions (Asano & Finlayson 2014; Levine & Greenwald 
2009). 

Non-pharmacological interventions that have been studied in people with 
SCI will be divided in this chapter into exercise-based interventions, non-
exercise-based interventions, self-management interventions, and the 
provision of different assistive devices. 

5.1 Exercise-Based Interventions 
Several systematic reviews have documented fitness, health and subjective 
well-being benefits of routine physical activity participation for adults with 
SCI (Neefkes-Zonneveld et al. 2015; Tomasone et al. 2013; van der Scheer et al. 
2017; Martin-Ginis et al. 2009). Specifically, exercise guidelines for adults with 
SCI have been established to improve cardiorespiratory fitness and muscle 
strength (Martin-Ginis et al. 2018). However, no systematic reviews about the 
effects or benefits of physical activity or exercise for fatigue have been done 
on people with SCI. Although individualized and regular exercise therapy or 
physical activity and cognitive behavioral therapy are usually recommended 

Fatigue did not significantly differ between intrathecal and oral delivery 
methods of baclofen treatment. 

Further research is needed to address whether baclofen provides positive 
results in fatigue in people with SCI and which delivery method is more 

effective, accounting also for adverse effects. 

https://pubmed.ncbi.nlm.nih.gov/26498518/
https://www.mdpi.com/2077-0383/9/3/621
https://www.hindawi.com/journals/msi/2014/798285/
https://www.sciencedirect.com/science/article/pii/S1047965108001320
https://www.sciencedirect.com/science/article/pii/S1047965108001320
https://pubmed.ncbi.nlm.nih.gov/25064781/
https://journals.humankinetics.com/view/journals/krj/2/2/article-p113.xml
https://pubmed.ncbi.nlm.nih.gov/28733344/
https://pubmed.ncbi.nlm.nih.gov/28733344/
https://www.nature.com/articles/sc200987
https://www.nature.com/articles/s41393-017-0017-3
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for the management of fatigue in the general population (Rosenthal et al. 
2008; Dukes et al. 2021).  

Table 3. Exercise-Based Interventions 
Author Year 

Country  
Research Design 

Score 
Total Sample Size 

Methods Outcome 

Jorjafaki et al. 
2022 
Iran 
RCT 

PEDro=4 
N=45 

Objective: To compare the 
effectiveness of virtual 
reality-based rehabilitation 
exercises and reflexology in 
reducing the fatigue rate of 
veterans with paraplegia. 
Population: 45 veterans 
with paraplegia, with a use 
of a wheelchair for daily 
work, with a history of 
exercise for at least the last 6 
months, and with a fatigue 
level of 45.57 
Mean age 54.3 years 
Level of injury: T12-L4 
Treatment: Participants 
were randomly assigned to 
one of three groups: 

• Experimental 
condition I (n = 15): 
Upper limb VR games 
(e.g., Xbox/Kinect 
boxing). Sessions 
lasted 50 min, were 
performed 3 times 
per week, for 6 weeks. 

• Experimental 
condition II (n = 15): 
Reflexology massage 
therapy. Sessions 
lasted 30 min (10 min 
of relaxation 
techniques and 15 
min of reflexology 
massage), were 

1. Decrease in fatigue severity 
in both VR and massage 
groups (p ≤ 0.001) 
comparing with control 
group. 

2. No difference in reducing 
fatigue between massage 
(28.9 ± 20.65) and VR (27.8 ± 
93.97) (p = 0.99). 

https://pubmed.ncbi.nlm.nih.gov/19035066/
https://pubmed.ncbi.nlm.nih.gov/19035066/
https://pubmed.ncbi.nlm.nih.gov/33246515/
https://ijwph.ir/browse.php?a_id=1071&sid=1&slc_lang=en
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performed 3 times 
per week, for 6 weeks. 

• Control condition (n = 
15): No details 
provided. 

Outcome Measures: FSS 
was measured at baseline 
and after the program (6 
weeks). 

Nightingale et al. 
2018 
UK 
RCT 

PEDro=5 
N=21 

Objective: To assess the 
influence of a home-based 
exercise intervention on 
indices of health-related 
quality of life in persons with 
SCI. 
Population: 21 participants 
with SCI and non-physically 
active 
15M, 6F 
Mean (SD) age 47 (8) years 
Injury level: Below T4 
(paraplegia) 
Mean (SD) time since injury 
16 (11) years 
Treatment: Participants 
were randomly assigned to 
one of the following two 
groups: 

• Experimental group 
(n = 13): Home-based 
exercise intervention 
with arm-crank 
(moderate intensity: 
60%-65% VO2 peak). 
Sessions lasted 45 
min, were performed 
4 times per week, for 
6 weeks. 

Control group (n = 8): 
Lifestyle maintenance 
Outcome Measures: FSS 
and global fatigue (FSS 
visual analog fatigue scale) 
were measured at baseline 
and immediately after the 
program (6 weeks). 

1. The change of the FSS was 
significantly different 
between groups 
(interaction effect; P = 
0.036), with a significant 
reduction in the 
intervention group 
(P=0.027). 

2. Trend for an interaction 
effect (P = 0.084) in global 
fatigue.  

3. These measures of fatigue 
demonstrated large effect 
sizes in favor of 
intervention: 

a. FSS: Cohen d [90% CI] 
= -0.99 [-1.75, -0.22].  

b. Global fatigue: Cohen 
d [90% CI] = 0.92 
[0.08, 1.76] 

https://pubmed.ncbi.nlm.nih.gov/29902472/
https://search.pedro.org.au/search-results/record-detail/53721
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Vestergaard et al. 
2022 

Denmark 
Pre-post 

N=8 

Objective: To assess safety 
and feasibility of hybrid 
high‐intensity interval 
training (HIIT) using 
Functional Electrical 
Stimulation (FES) leg cycling 
and arm ski ergometer in 
people with SCI.  
Population: 8 participants 
with paraplegia 
7M, 1F 
Mean (SD) age 42.8 (15.11) 
Etiology: Traumatic or non-
traumatic 
Level of injury: T4 (n = 1), T5 
(n = 1), T7 (n = 1), T8 (n = 2), 
T10 (n = 1), L1 (n = 1), and L2 (n 
= 1) 
Motor completeness of 
injury: Complete (n = 3), 
incomplete (n = 5) 
Mean time since injury 14.5 
years 
Treatment: Hybrid HIIT 
protocol, in the form of FES 
leg cycling combined with 
arm ski ergometer.  
Dosage: 4 x 4 min 
intervals/session, 3 time per 
week, 8 weeks 
Intensity: 90% peak watts 
Outcome Measure: MFI-20 
was measured at baseline 
and after the program (8 
weeks). 

1. There was a decrease in 
fatigue ranging from: 

a. 15% (for general 
fatigue). 

b. 26% for physical 
fatigue. 

c. 42% for reduced 
activity. 

d. 33% for reduced 
motivation. 

e. 20% for mental 
fatigue. 

Shem et al. 2016 
USA 

Pre-post 
N=26 

Objective: To evaluate the 
feasibility, benefits, and 
long-term effects of a seated 
Tai Chi Chih program for 
people with spinal cord 
disorder who cannot safely 
participate in a standing Tai 
Chi exercise program.  
Population: 26 participants 
with spinal cord disorder 
and sufficient arm 
movement to be able to 

1. There were no detectable 
changes in MFIS between 
the first and the last 
sessions (MFIS average 
change = 2.00, SD = 7.57). 

2. Only nine participants 
completed half of the 
sessions and the long-term 
surveys. 

https://pubmed.ncbi.nlm.nih.gov/35193705/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5073764/
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participate in the Tai Chi 
program 
14M, 12F 
Mean (SD) age 49.8 (13.0) 
Etiology: Traumatic and 
non-traumatic 
Level of injury: C3 (n = 1), C4-
C5 (n = 1), C5 (n = 2), C5-C6 (n 
= 3), C6 (n = 1), C6-C7 (n = 4), 
T8 (n = 1), T12-L1 (n = 1), L3-L4 
(n = 1), N/A (n = 10) 
Tetraplegia (n = 16), 
paraplegia (n = 6), unknown 
(n = 4) 
AIS: AIS A (n = 4), AIS B (n = 
2), AIS C (n = 2), N/A (n = 18) 
Mean (SD) time since Injury 
25.1 (18.9) years 
Treatment: Customized 
seated Tai Chi program (T’ai 
Chi Chih). Sessions lasted 90 
min, were performed once 
per week and for 12 weeks.  
Outcome Measure: MFIS 
was measured at baseline, 
after each session and after 
the program (12 weeks).  

Curtis et al. 2015 
Canada 
Pre-post 

N=11 

Objective: To evaluate a 
modified yoga program for 
people with SCI, in terms of 
both participant experiences 
and also with respect to 
program satisfaction. 
Population: 11 participants 
with SCI 
1M, 10F 
Mean (SD) age 48.4 (15.0) 
years 
Etiology: Traumatic (n = 6), 
non-traumatic (n = 3), and 
not reported (n = 2) 
Level of injury: Tetraplegia (n 
= 2), paraplegia (n = 6), 
unknown (n = 1), not 
reported (n = 2) 
Motor completeness of 
injury: Complete (n = 3), 

1. There were not statistically 
significant differences 
between baseline and exit 
scores on fatigue (p > 0.05). 

https://js.sagamorepub.com/index.php/trj/article/view/5112
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incomplete (n = 6), unknown 
(n = 1), not reported (n = 1) 
Mean (SD) time since injury 
157.4 (191.8) months. 
Treatment: Modified Yoga 
program. Session lasted 25- 
to 60-min, were performed 
once a week, and for 8 
weeks. 
Outcome Measure: FSS was 
measured at baseline and 
after the program (8 weeks). 

Discussion 
Exercise-based intervention studies that assessed fatigue outcomes in people 
with SCI included a moderate-intensity arm-crank home exercise program 
(Nightingale et al. 2018), a virtual reality exercise program (Jorjafaki et al. 
2022), a hybrid (FES-leg cycling combined with arm ski ergometer) high-
intensity interval training (HIIT) protocol (Vestergaard et al. 2022), a seated Tai 
Chi Chih program (Shem et al. 2016), and a modified Yoga program (Curtis et 
al. 2015).  

Virtual Reality Exercise-based Interventions 
The most recent RCT by Jorjafaki et al. (2022) divided 45 veterans with chronic 
paraplegia who were experiencing fatigue into an upper limb virtual reality 
exercise-based program (through virtual reality games), a reflexology 
program, or a control group (Jorjafaki et al. 2022). For the exercise condition, 
sessions lasted 50 min and were performed three times per week (Jorjafaki et 
al. 2022). After six weeks, both experimental interventions provided a 
significant effect on fatigue compared to the control condition, but without 
differences between the experimental interventions (Jorjafaki et al. 2022).  

Although virtual reality is being studied extensively in other areas, few studies 
have assessed fatigue. One concurrent nested mixed-methods design with 11 
participants with chronic SCI and pain showed that fatigue and pain were 
immediately reduced after one six-minute exercise test using arm ergometry 
if the session was performed with virtual reality than without virtual reality 
(Azurdia et al. 2022). In other clinical populations, such as patients with 
hemodialysis and end-stage renal failure, the prospective control group by 
Cho & Sohng (2014) assessed the effects of a virtual reality exercise program 
using Nintendo’s Wii Fit Plus for 40 minutes, three times a week for eight 
weeks. The experimental intervention was performed while waiting for 
dialyses and the control intervention consisted of receiving only the usual 
care (Cho & Sohng 2014). After the program intervention, only the 
experimental group showed a significant decrease in fatigue and a significant 

https://pubmed.ncbi.nlm.nih.gov/29902472/
https://ijwph.ir/browse.php?a_id=1071&sid=1&slc_lang=en
https://ijwph.ir/browse.php?a_id=1071&sid=1&slc_lang=en
https://pubmed.ncbi.nlm.nih.gov/35193705/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5073764/
https://js.sagamorepub.com/index.php/trj/article/view/5112
https://js.sagamorepub.com/index.php/trj/article/view/5112
https://ijwph.ir/browse.php?a_id=1071&sid=1&slc_lang=en
https://ijwph.ir/browse.php?a_id=1071&sid=1&slc_lang=en
https://ijwph.ir/browse.php?a_id=1071&sid=1&slc_lang=en
https://ijwph.ir/browse.php?a_id=1071&sid=1&slc_lang=en
https://ijwph.ir/browse.php?a_id=1071&sid=1&slc_lang=en
https://pubmed.ncbi.nlm.nih.gov/35704919/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4210422/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4210422/


 17 

increase in physical fitness and body composition (Cho & Sohng 2014). 
Contrary to these positive results on fatigue, regarding patients with multiple 
sclerosis, the prospective cohort multicenter study by Saladino et al. (2023) 
did not observe differences in fatigue after a 12-week institutional virtual 
reality exergames program. 

Home-Based Exercise Intervention at Moderate Intensity  
The RCT of Nightingale et al. (2018) randomly divided 21 non-physically active 
participants with chronic paraplegia to receive a home-based exercise 
intervention with arm-crank or to maintain their habitual physical activity 
behavior. Sessions were performed four times a week for 45 minutes each at 
the participant’s homes, and the intensity was set to moderate intensity 
(60%-65% VO2 peak). After six weeks of the intervention, the change of the 
fatigue severity (measured by the FSS) was significantly different between 
groups, with a significant reduction in the intervention group, with a large 
effect: Cohen d (90% CI) = -0.99 (-1.75, -0.22); meanwhile global fatigue 
(measured by the VAS) did not significantly change between or within-
groups (Nightingale et al. 2018). Significant positive results were also shown in 
terms of changes in health-related quality of life outcomes (e.g. physical 
component scores of the SF-36), exercise self-efficacy, physical activity, and 
fitness; favoring the intervention group with moderate to large effect sizes (d 
= 0.62-1.37) (Nightingale et al. 2018).  

This RCT was also able to investigate the relationship between change scores 
in objective markers of moderate-to-vigorous physical activity and 
cardiorespiratory fitness with changes in indices of physical and 
psychological quality of life (Nightingale et al. 2018). It was revealed that both 
moderate-to-vigorous physical activity and cardiorespiratory fitness were 
significantly negatively associated with fatigue severity. Cardiorespiratory 
fitness was positively related to physical and mental component scores of 
health-related quality of life and global fatigue, and moderate-to-vigorous 
physical activity was positively associated with quality adjusted life years, but 
not with exercise self-efficacy (Nightingale et al. 2018). According to the 
authors, these relationships supported the argument that the intervention-
induced changes in moderate-to-vigorous physical activity and 
cardiorespiratory fitness had a positive effect on participants’ physical and 
psychological quality of life. On the other hand, this study was the only one 
included in this chapter which provided the exercise program in a home 
environment (Nightingale et al. 2018). This should be of interest, especially 
considering that the lack of access to gym facilities and exercise equipment, 
as well as poor information and support, have been identified as key barriers 
to exercise for adults with SCI (Fekete & Rauch 2012; Stephens et al. 2012; 
Williams et al. 2014).  

The results of the RCT by Nightingale et al. (2018) are in line with the 
recommendations of exercise prescription for patients with multiple sclerosis, 

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4210422/
https://pubmed.ncbi.nlm.nih.gov/36645996/
https://pubmed.ncbi.nlm.nih.gov/29902472/
https://pubmed.ncbi.nlm.nih.gov/29902472/
https://pubmed.ncbi.nlm.nih.gov/29902472/
https://pubmed.ncbi.nlm.nih.gov/29902472/
https://pubmed.ncbi.nlm.nih.gov/29902472/
https://pubmed.ncbi.nlm.nih.gov/29902472/
https://www.sciencedirect.com/science/article/abs/pii/S1936657412000520
https://www.tandfonline.com/doi/full/10.3109/09638288.2012.669020
https://www.tandfonline.com/doi/abs/10.1080/17437199.2014.898406
https://pubmed.ncbi.nlm.nih.gov/29902472/
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where low to moderate-intensity exercise is recommended for the 
improvement of fatigue (Halabchi et al. 2017) and with the positive results of 
the implementation of a home exercise program in populations such as men 
with prostate cancer on androgen deprivation (Alibhai et al. 2024) or systemic 
sclerosis (Sari et al. 2024). 

High-Intensity Exercise Interventions  
One pre-post and feasibility study included eight participants with chronic 
paraplegia who performed a hybrid HIIT protocol, in the form of FES leg 
cycling combined with arm ski ergometer, three times per week (Vestergaard 
et al. 2022). After eight weeks of intervention, participants reported increased 
leisure time physical activity and health‐related quality of life, and reduced 
fatigue; however, the nature of this feasibility study did not support statistical 
analysis (Vestergaard et al. 2022).The study was deemed feasible because of 
high safety, acceptable attendance rate, and limited drop out (Vestergaard et 
al. 2022).  

The recent systematic review and meta-analysis by Peters et al. (2021) has 
shown the benefits of HIIT for cardiovascular function (Peak Oxygen Uptake 
[VO2peak], standardized mean difference [SMD] = 0.81; 95% CI 0.23-1.39; P < 0.01 
and Peak Power Output, SMD = 0.91; 95% CI 0.32-1.5; P < 0.01) in people with 
SCI (Peters et al. 2021). Additionally, different systematic reviews have shown 
that high-intensity exercise interventions could decrease fatigue in clinical 
populations such as cancer (Chen et al. 2023; Wang et al. 2023) or multiple 
sclerosis (Youssef et al. 2024). Further larger and higher quality studies need 
to be conducted with people with SCI to determine if this popular 
intervention has the same positive results in terms of fatigue.   

Yoga and Tai Chi Exercise Interventions 
Other pre-post studies conducted a modified yoga (Curtis et al. 2015) or a 
seated Tai Chi (Shem et al. 2016) program for people with chronic SCI. It 
should be noted that these two studies were the only ones that included 
participants with tetraplegia and paraplegia. Neither intervention revealed 
positive results for fatigue (Curtis et al. 2015; Shem et al. 2016).  

Specifically for yoga, the results by Curtis et al. (2015) are contrary to those 
obtained in other systematic reviews, where positive effects on fatigue were 
shown in patients with cancer undergoing chemotherapy and/or 
radiotherapy (Ma et al. 2023), in patients with breast cancer (Hou et al. 2024), 
or in patients with multiple sclerosis (Shohani et al. 2020).  

On the other hand, the findings by Shem et al. (2016) are not concurrent with 
to the systematic review and meta-analysis of the effects of this mind-body 
exercise for relieving fatigue (Xiang et al. 2017). In this review, Tai Chi was 
found to have improved fatigue more than conventional therapy (SMD: -0.45, 
95% CI: -0.70, -0.20) overall, and have positive effects in cancer-related fatigue 
(SMD:-0.38, 95% CI: -0.65, -0.11); however, no significant difference was found in 

https://pubmed.ncbi.nlm.nih.gov/28915856/
https://pubmed.ncbi.nlm.nih.gov/37976654/
https://pubmed.ncbi.nlm.nih.gov/37097308/
https://pubmed.ncbi.nlm.nih.gov/35193705/
https://pubmed.ncbi.nlm.nih.gov/35193705/
https://pubmed.ncbi.nlm.nih.gov/35193705/
https://pubmed.ncbi.nlm.nih.gov/35193705/
https://pubmed.ncbi.nlm.nih.gov/35193705/
https://pubmed.ncbi.nlm.nih.gov/34274948/
https://pubmed.ncbi.nlm.nih.gov/34274948/
https://pubmed.ncbi.nlm.nih.gov/37587859/
https://pubmed.ncbi.nlm.nih.gov/37126034/
https://pubmed.ncbi.nlm.nih.gov/38199581/
https://js.sagamorepub.com/index.php/trj/article/view/5112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5073764/
https://js.sagamorepub.com/index.php/trj/article/view/5112
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5073764/
https://js.sagamorepub.com/index.php/trj/article/view/5112
https://pubmed.ncbi.nlm.nih.gov/38011074/
https://pubmed.ncbi.nlm.nih.gov/38181269/
https://pubmed.ncbi.nlm.nih.gov/32379628/
https://js.sagamorepub.com/index.php/trj/article/view/5112
https://pubmed.ncbi.nlm.nih.gov/28380067/
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multiple sclerosis-related fatigue (SMD: -0.77, 95% CI: -1.76, 0.22) and age-
related fatigue (SMD: -0.77, 95% CI: -1.78, 0.24). Overall, the effects of Tai Chi 
programs on fatigue are not sufficiently studied. 

Relationship Between Fatigue and Physical Activity Level 
It has been shown that RCTs assessing the impact of exercise on fatigue were 
generally effective, while a few non-RCTs demonstrated improved fatigue in 
people with SCI whereas others did not. A cross-sectional study of 49 people 
with SCI who used a manual wheelchair as their primary mode of mobility 
showed that greater physical activity was associated with fewer secondary 
complications including fatigue, pain, and depression (Tawashy et al. 2009). 
When surveying people with SCI about the association between exercise and 
fatigue, Hammell et al. (2009) found that opinions were divided, with some 
people with SCI believing that “exercise made you feel more fatigued” and 
some that believed “it made you less fatigued”. A previous systematic review 
and meta-analysis on factors associated with fatigue found that physical 
activity was inversely associated with fatigue, with small effect size, and high 
heterogeneity (r = 0.17; 95% CI, 0.28, 0.05; I2 = 75.5; P < 0.001); fatigue was also 
more often reported in people with SCI who ambulate and/or use their 
wheelchair less than 50% of the time (Onate-Figuérez et al. 2023). As 
previously detailed, several systematic reviews have documented fitness, 
health, quality of life, and subjective well-being benefits of routine physical 
activity participation for adults with SCI (Neefkes-Zonneveld et al. 2015; 
Tomasone et al. 2013; van der Scheer et al. 2017). It stands to reason that 
health, quality of life, and subjective well-being are antithetical to feelings of 
fatigue, but this has not been established in the literature.   

Effects on Fatigue After Exercise Interventions in Other Populations 
Overall, fatigue has been more frequently studied in multiple sclerosis than it 
has in SCI. In a systematic review and meta-analysis on the effectiveness of 
exercise on fatigue in people with multiple sclerosis, 26 studies were included 
and found a significant moderate effect of exercise on fatigue, though with 
significant heterogeneity between studies (SMD = ‐0.53, 95% CI, ‐0.73, ‐0.33, I2 > 
58%, P < 0.01) (Heine et al. 2015). Exercise therapy has also been suggested to 
be beneficial for reducing fatigue in people with chronic fatigue syndrome 
(White et al. 2011), people with fibromyalgia (Estévez-López et al. 2021), people 
who have had a stroke (Zedlitz et al. 2012), and people with or recovering from 
cancer (Ahlberg et al. 2003).  

Research evidence measuring the influence of exercise on fatigue is better 
established in the general population. In a meta-analysis of 81 studies, 
Wender et al. (2022) found that exercise decreased feelings of fatigue by a 
small effect size (g = −0.374; 95% CI, -0.521, -0.227) and increased feelings of 
energy by a small-to-moderate effect size (g = 0.415; 95% CI, 0.252, 0.578) 
(Wender et al. 2022). From 12 population-based studies comparing active 
versus sedentary adults, Puetz (2006) found an odds ratio of 0.61 (95% CI, 0.52, 

https://pubmed.ncbi.nlm.nih.gov/18936771/#:~:text=Greater%20heavy%2Dintensity%20activity%20was,related%20to%20less%20depressive%20symptoms.
https://pubmed.ncbi.nlm.nih.gov/18542089/
https://pubmed.ncbi.nlm.nih.gov/35964699/
https://pubmed.ncbi.nlm.nih.gov/25064781/
https://journals.humankinetics.com/view/journals/krj/2/2/article-p113.xml
https://pubmed.ncbi.nlm.nih.gov/28733344/
https://pubmed.ncbi.nlm.nih.gov/26358158/
https://pubmed.ncbi.nlm.nih.gov/21334061/
https://pubmed.ncbi.nlm.nih.gov/32721388/
https://pubmed.ncbi.nlm.nih.gov/22308241/
https://pubmed.ncbi.nlm.nih.gov/12944066/
https://pubmed.ncbi.nlm.nih.gov/35726269/
https://pubmed.ncbi.nlm.nih.gov/35726269/
https://pubmed.ncbi.nlm.nih.gov/16937952/
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0.72) between physical activity and a reduced risk of experiencing fatigue. In 
addition, two reviews state that individualized and regular exercise therapy or 
physical activity be recommended as part of the medical management of 
fatigue in the general population (Dukes et al. 2021; Rosenthal et al. 2008).  

Conclusions 
There is level 2 evidence (from one RCT: Jorjafaki et al. 2022) that 6 weeks of 
50-min upper limb virtual reality exercise sessions, performed 3 times per 
week, decreases the fatigue severity (FSS) in veterans with paraplegia in a 
similar way to 6 weeks of 30-min reflexology massage sessions, performed 3 
times per week, in comparison with a control condition. 

There is level 2 evidence (from one RCT: Nightingale et al. 2018) that 6 weeks 
of 45-minute home-based, upper limb (arm-crank), and moderate-intensity 
exercise sessions, performed 4 times per week, significantly decreases the 
fatigue severity (FSS) with a large effect size (Cohen d = -0.99) and non-
significantly decreases the fatigue (global fatigue) with a large effect size 
(Cohen d = 0.92), in comparison with lifestyle maintenance; in people with 
chronic SCI and physically inactive. 

There is level 4 evidence (from one pre-post: Vestergaard et al. 2022) that an 
8-week hybrid HIIT program using FES leg cycling and arm ski ergometer, 
performed 3 times per week, decreases fatigue (MFI-20) in people with 
chronic paraplegia. 

There is level 4 evidence (from one pre-post: Shem et al. 2016) that a 12-week 
customized seated Tai Chi program (T’ai Chi Chih), performed once a week for 
90 minutes each session, did not provide any change in the impact of fatigue 
(MFIS) in people with chronic SCI. 

There is level 4 evidence (from one pre-post: Curtis et al. 2015) that an 8-week 
modified yoga program, performed once a week for 25-60 minutes each 
session, did not provide any change in the fatigue severity (FSS) in people 
with chronic SCI. 

 

Exercise-based interventions may have a positive effect on fatigue in 
people with chronic SCI; however, there is no consensus on which type of 
exercise, or its dosage will be more effective in reducing fatigue in people 

with SCI.  

Yoga or Tai Chi programs seem to not provide any effects om fatigue in 
people with SCI. 

https://pubmed.ncbi.nlm.nih.gov/33246515/
https://pubmed.ncbi.nlm.nih.gov/19035066/
https://ijwph.ir/browse.php?a_id=1071&sid=1&slc_lang=en
https://pubmed.ncbi.nlm.nih.gov/29902472/
https://pubmed.ncbi.nlm.nih.gov/35193705/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5073764/
https://js.sagamorepub.com/index.php/trj/article/view/5112
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5.2  Non-exercise-based Interventions  
Non-exercise-based interventions that assessed fatigue outcomes in people 
with SCI included massage therapy interventions (such as Swedish massage 
[Lovas et al. 2017], broad compression massage [Chase et al. 2013], reflexology 
massage (Jorjafaki et al. 2022]), healing touch (Wardell et al. 2006), and 
neurofeedback (Jensen et al. 2013).  

Table 4. Non-exercise-based Interventions  
Author Year 

Country  
Research Design 

Score 
Total Sample Size 

Methods Outcome 

Pourjafari et al. 
2022 
Iran 
RCT 

PEDro=4 
N=45 

Objective: To compare the 
effectiveness of virtual 
reality-based rehabilitation 
exercises and reflexology in 
reducing the fatigue rate of 
veterans with paraplegia. 
Population: 45 veterans 
with paraplegia, with a use 
of a wheelchair for daily 
work, with a history of 
exercise for at least the last 6 
months, and with a fatigue 
level of 45.57 
Mean age 54.3 years 
Level of injury: T12-L4 
Treatment: Participants 
were randomly assigned to 
one of three groups: 

• Experimental 
condition I (n = 15): 
Upper limb VR games 
(e.g., Xbox/Kinect 
boxing). Sessions 
lasted 50 min, were 
performed 3 times 
per week, for 6 weeks. 

• Experimental 
condition II (n = 15): 
Reflexology massage 
therapy. Sessions 
lasted 30 min (10 min 

1. Decrease in fatigue severity 
in both VR and massage 
groups (p ≤ 0.001) 
comparing with control 
group. 

2. No difference in reducing 
fatigue between massage 
(28.9 ± 20.65) and VR (27.8 ± 
93.97) (p = 0.99). 

https://pubmed.ncbi.nlm.nih.gov/27897186/
https://pubmed.ncbi.nlm.nih.gov/24042991/
https://ijwph.ir/browse.php?a_id=1071&sid=1&slc_lang=en
https://pubmed.ncbi.nlm.nih.gov/17098874/
https://pubmed.ncbi.nlm.nih.gov/23532434/
https://ijwph.ir/browse.php?a_id=1071&sid=1&slc_lang=en
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of relaxation 
techniques and 15 
min of reflexology 
massage), were 
performed 3 times 
per week, for 6 weeks. 

• Control condition (n = 
15): No details 
provided. 

Outcome Measures: FSS 
was measured at baseline 
and after the program (6 
weeks). 

Lovas et al. 2017 
Australia 

RCT 
PEDro=4 

N=40 

Objective: To determine the 
efficacy of massage therapy 
as a treatment that could be 
implemented to reduce pain 
and fatigue in people with 
chronic SCI. 
Population: 40 participants 
with SCI  
34M, 6F 
Mean age 45.95 years 
Etiology: Traumatic (n = 30), 
non-traumatic (n = 9), and 
other (n = 1) 
Level of injury: Paraplegia (n 
= 30), tetraplegia (n = 9), and 
non-reported (n = 1) 
Completeness of injury: 
Complete injuries (n = 20), 
incomplete injuries (n = 19), 
and NP (n = 1) 
Mean (SD) time since injury 
18.4 (12.1) years 
Treatment: Participants 
were randomly assigned 
into one of two arms: 

• Experimental 
condition (n = 20): 
Swedish massage 
therapy on the 
participant’s back, 
neck and arms in 
sitting position.  

1. No significant between-
group differences in fatigue 
scores: F1,38 = 0.89, P > 0.05, 
η2 = 0.02 and power = 15%. 

2. Fatigue scores were 
reduced significantly over 
time: F1,38 = 18.4, P < 0.01, η2 = 
0.33 and power = 99%, with 
post hoc analyses 
indicating that fatigue 
scores were reduced 
significantly in the MT 
group (P < 0.05) and in the 
GI group (P < 0.05).  

3. There was no significant 
interaction effect between 
groups and intervention 
over time: F1,38 = 1.49, P > 
0.05, η2 = 0.04, power = 22%.  

https://pubmed.ncbi.nlm.nih.gov/27897186/
https://search.pedro.org.au/search-results/record-detail/51367
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• Control condition (n = 
20): Guided imagery 
relaxation. 

All participants received 30 
min once a week of either 
massage or guided imagery 
over 5 consecutive weeks.  
Outcome Measures: CFS 
was measured at baseline 
and after the completion of 
the five sessions 

Chase et al. 2013 
USA 

RCT cross-over 
PEDro=5 

N=40 

Objective: To determine the 
feasibility of conducting a 
RCT of massage therapy for 
patients with a new SCI 
during acute inpatient 
rehabilitation 
Population: 40 participants 
with SCI reporting any type 
of pain 
33M, 7F 
Mean (SD) age 40.24 (13.8) 
years 
Etiology: Traumatic (n = 36) 
and non-traumatic (n = 4) 
Level of injury: paraplegia (n 
= 7) and tetraplegia (n = 33) 
AIS A (n = 23), AIS B (n = 9), 
AIS C (n = 7), and AIS D (n = 1) 
Mean (SD) time since injury 
69.35 (31.11) days 
Treatment: Participants 
were randomized to receive 
either broad compression 
massage or light contact 
touch first, in six 20-min 
treatment sessions (3 times 
per week) over 2 weeks, with 
a 1-week washout period. 
between the 2-week 
treatment periods.  
Outcome Measures: FSS 
was measured at baseline 
and after the intervention 
program for each of the two 
periods. 

1. Groups did not significantly 
differ on fatigue scores 
(Period 1: FSS change [SD] = 
1.58 [11.20] [P = 0.66]; Period 
2: FSS change [SD] = -1.37 
[6.97] [P = 0.55]. 

https://pubmed.ncbi.nlm.nih.gov/24042991/
https://search.pedro.org.au/advanced-search/results?abstract_with_title=A+pilot+feasibility+study+of+massage+to+reduce+pain+in+people+with+spinal+cord+injury+during+acute+rehabilitation&therapy=0&problem=0&body_part=0&subdiscipline=0&topic=0&method=0&authors_association=&title=&source=&year_of_publication=&date_record_was_created=&nscore=&perpage=20&find=&find=Start+Search
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Wardell et al. 2006 
USA 

Prospective 
controlled trial 

N=12 

Objective: To determine the 
feasibility of delivering a 
healing modality (healing 
touch and guided 
progressive relaxation) in a 
home environment and to 
determine whether these 
techniques could influence 
the pain and coping of 
veterans with SCI.  
Population: 12 participants 
with SCI and experiencing 
chronic neurogenic pain 
12M, 0F 
Mean age 54.35 years 
Motor completeness of 
injury: Complete (n = 6) and 
incomplete (n = 9) 
Mean time since injury 
257.23 months 
Treatment: Participants 
were assigned to either 
healing touch (n = 7) or 
guided progressive 
relaxation (n = 4) for six 
weekly home visits  
Outcome Measures: POMS 
was measured at baseline, 
after the second session and 
at posttreatment. 

1. No difference in the POMS 
total score between groups 
in the trend of change (F = 
0.69, df = 2, 19, p = 0.51) 
across the study period. 

2. In the fatigue scale of the 
POMS, the experimental 
group decreased (pre-
treatment M = 17, 
posttreatment M = 11.29), 
but the variation was large 
(4 of the experimental 
group participants had 
decreased scores). 

Jensen et al. 2013 
USA 

Pre-post 
N=13 

Objective: To address 
questions (which specific 
EEG band-widths to target 
in treatment should be 
recommended, which is the 
overall efficacy of 
neurofeedback treatment?, 
and to assess other domains 
besides pain such as 
physical functioning, 
psychological functioning, 
and sleep quality) for 
electroencephalography 
biofeedback (also known as 
neurofeedback) treatment 
of chronic pain in persons 
with SCI. 

1. There was a non-significant 
trend (p = 0.053) of increase 
in fatigue from pre- to post- 
treatment that continued 
through the 3-month 
follow-up. 

https://pubmed.ncbi.nlm.nih.gov/17098874/
https://pubmed.ncbi.nlm.nih.gov/23532434/
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Population: 13 participants 
with SCI and experience 
physical pain on a daily basis 
3M, 7F 
Mean (SD) age 46.1 (12.6) 
years 
Mean (SD) time since injury 
12.3 (9.0) years. 
Treatment: Participants 
received four sessions each 
of three different 
neurofeedback protocols ([1] 
reinforce α and suppress β at 
T3 and T4 [protocol A]; [2] 
reinforce 10–15 Hz and 
suppress β and θ at C3–A1 
and C4–A2 [protocol B]; and 
[3] reinforce 10–15 Hz and 
suppress β and θ at P3–A1 
and P4–A2 [protocol C]) 
assigned in random order 
for a total of 12 sessions. 
Outcome Measures: FSS 
was measured at pre- 
treatment, post-treatment, 
and at 3-month follow-up.  

Discussion 
In SCI, massage interventions have been poorly studied and are mainly 
focused on the management of pain, depression, functionality, muscle 
strength, and range of motion (Chase et al. 2013; Lovas et al. 2017; Norrbrink & 
Lundeberg 2011; Diego et al. 2002). The RCT by Jorjafaki et al. (2022) reported 
significant improvement in fatigue severity with reflexology massage 
performed on the palms for three 30-minute sessions per week for six weeks, 
in veterans with paraplegia. On the other hand, the other two RCTs which 
assessed fatigue (apart from pain) after a massage intervention both Swedish 
massage in the study of Lovas et al. 2017 and broad compression massage in 
the cross-over of Chase et al. 2013 did not improve fatigue in people with SCI. 
It is possible that the dose of massage in the included studies (30 minutes 
once a week over five consecutive weeks [Lovas et al. 2017] and 20 minutes 
three times a week over two weeks [Chase et al. 2013]) was insufficient. 

In other populations, massage therapy has been recommended by larger 
systematic reviews such as in chronic fatigue syndrome (Li et al. 2024), people 
with kidney failure requiring dialysis (Natale et al. 2023), fibromyalgia (Yuan et 
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al. 2015) or in multiple sclerosis (Salarvand et al. 2021; Zhang et al. 2022). 
However, fatigue may be different in people with multiple sclerosis than 
those with SCI, and the biological bases of fatigue have not been established 
in either population (Heine et al. 2015).  

Other alternative non-exercise approaches, such as neurofeedback (Jensen et 
al. 2013) or healing touch (Wardell et al. 2006) have been studied with lower-
quality studies in people with SCI and have provided non-positive results in 
the management of fatigue.  

Conclusions 
There is level 2 evidence (from one RCT: Pourjafari et al. 2022) that 6 weeks of 
30-minute reflexology massage sessions, performed 3 times per week, 
decreases the fatigue severity (FSS) in veterans with paraplegia in a similar 
way to 6 weeks of 50-min upper limb virtual reality exercise sessions, 
performed 3 times per week, in comparison with a control condition. 

There is level 2 evidence (from one RCT: Lovas et al. 2017) that 5 weeks of 30-
min Swedish massage sessions, received once a week, decreases fatigue 
similarly to 5 weeks of 30-minute guided imagery relaxation sessions, 
received once a week, in people with chronic SCI.  

There is level 2 evidence (from one RCT: Chase et al. 2013) that, during acute 
inpatient rehabilitation, 2 weeks of 20-min broad compression massage 
sessions, received 3 times per week, did not provide a change in fatigue 
severity, similar to 2 weeks of 20-minute light contact touch sessions, 
received 3 times per week, in people with acute SCI reporting any type of 
pain. 

There is level 2 (from one prospective controlled trial: Wardell et al. 2006) that 
6 weeks of healing touch sessions, received once a week, decreases (with a 
large variation) the fatigue scale of the POMS in people with SCI, chronic 
neurogenic pain, in comparison with guided progressive relaxation sessions. 

 

5.3 Self-Management Interventions  
Although several definitions and taxonomies have been proposed (McIntyre 
et al. 2020), self-management has been defined by Barlow et al. (2002) as “the 
individual’s ability to manage the symptoms, treatment, physical and 
psychosocial consequences, and lifestyle changes inherent in living with a 
chronic condition”. 

There is conflicting evidence that non-exercise-based interventions, like 
massage therapy, could improve fatigue outcomes in people with SCI.  
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SCI is increasingly being viewed as a chronic disease, like diabetes, placing 
greater emphasis on the role of self-management as a means for improving 
long-term outcomes (Dobkin et al. 2016). It has been shown that self-
management approaches are increasing in popularity for addressing a range 
of issues post SCI, including the management of secondary health conditions 
(e.g., pain management, pressure ulcer prevention), health promotion (e.g., 
physical activity, weight loss), emotional well-being and coping, and 
community living (McIntyre et al. 2020). Specifically, effective self-
management is associated with more physical activity in people with chronic 
conditions other than SCI (Cramp et al. 2013; Ferrier et al. 2011; Taylor et al. 
2012), and also in people with SCI (Arbour-Nicitopoulos et al. 2009; Froehlich-
Grobe et al. 2014; Nooijen et al. 2016a; Warms et al. 2004).  

However, there is no gold standard on what constitutes self-management in 
SCI, and studies usually use different tools, formats, and resources to 
implement their program (McIntyre et al. 2020). Current studies include 
methods of behavioral intervention (Kooijmans et al. 2017; Nooijen et al. 
2016b), and text messaging intervention (Wong et al. 2023). 

Table 5. Self-Management Interventions 
Author Year 

Country  
Research Design 

Score 
Total Sample Size 

Methods Outcome 

Kooijmans et al. 
2017 

Netherlands 
RCT 

PEDro=6 
N=64 

Objective: To evaluate the 
effectiveness of a structured 
self-management 
intervention to promote an 
active lifestyle in inactive 
persons with long-term SCI.  
Population: 64 participants 
with SCI, able to use a hand-
rim wheelchair, and 
physically inactive 
45M, 19F 
Mean age 48.5 years 
Level of injury: Paraplegia (n 
= 33), tetraplegia (n = 21) 
Completeness of injury: 
Complete (n = 50), 
incomplete (n = 14) 
Mean time since injury 22 
years  

1. No significant differences in 
fatigue (P = 0.62) were 
observed. 

https://pubmed.ncbi.nlm.nih.gov/27608301/
https://pubmed.ncbi.nlm.nih.gov/32095066/
https://pubmed.ncbi.nlm.nih.gov/23653309/
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https://pubmed.ncbi.nlm.nih.gov/23872080/
https://pubmed.ncbi.nlm.nih.gov/26701155/
https://pubmed.ncbi.nlm.nih.gov/15011927/
https://pubmed.ncbi.nlm.nih.gov/32095066/
https://pubmed.ncbi.nlm.nih.gov/29256337/
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Treatment: Participants 
were randomized to: 

• Self-management 
intervention (n = 33) 
consisting of group 
meetings (5 sessions) 
and individual 
counseling (1 home 
visit and 5 individual 
sessions) and a book.  

• Control intervention 
(n = 31), consisting in 
only receiving 
information about 
active lifestyle by one 
group meeting and a 
book.  

Both interventions lasted 16 
weeks. 
Outcome Measures: FSS 
was collected at baseline 
(T0) and at 16 weeks (T1) and 
42 weeks (T2) after baseline. 

Nooijen et al. 
2016b 

Netherlands 
RCT 

PEDro=6 
N=39 

Objective: To assess the 
mediating effects of physical 
and psychosocial factors on 
the intervention effect on 
physical activity in order to 
unravel the working 
mechanisms that underlie 
the effectiveness of a 
behavioural intervention 
promoting physical activity 
in persons with subacute 
SCI. 
Population: 39 participants 
with SCI, dependent on a 
manual wheelchair for their 
daily mobility, and able to 
handcycle  
33M, 6F 
Mean (SD) age 44 (15) years 
Etiology: Traumatic (n = 26) 
and not reported (n = 26) 
Injury level: Tetraplegia (n = 
13) and paraplegia (n = 26) 
Completeness of injury: 

1. No direct intervention 
effect on fatigue was found 
(B = 0.03, p = 0.93; B 
represents the overall 
between-group difference, 
adjusted for baseline levels, 
rehabilitation centre, sex 
and age). 

https://pubmed.ncbi.nlm.nih.gov/27346837/
https://search.pedro.org.au/search-results/record-detail/47618
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Complete injury (n = 24) and 
incomplete (n = 15) 
Mean time since injury 150 
days  
Treatment: Participants 
were randomly assigned to 
one of two groups: 

• Experimental 
condition (n = 20): 
Behavioral 
intervention 
promoting an active 
lifestyle, based on 
motivational 
interviewing. 
Participants received 
13 face-to-face 
sessions, with a 
maximum 1 hour per 
session, for 8 months. 

• Control group (n = 19). 
Outcome Measures: FSS 
was assessed at T1 (prior to 
the start of the interventions 
at 2 months before 
discharge from inpatient 
rehabilitation), T2 (before 
discharge from inpatient 
rehabilitation [< 2 weeks 
before]), T3 (after 
completion of the 
behavioural intervention at 6 
months after discharge from 
inpatient rehabilitation), and 
T4 (1 year after discharge 
from inpatient 
rehabilitation).  

Wong et al. 2023 
USA 

Pre-post 
N = 27 

 

Objective: To evaluate the 
acceptability, feasibility, and 
participant engagement 
with a Short Message 
Service (SMS) text 
messaging intervention for 
fatigue self-management 
and to explore the pre- and 
post-score health changes 
in people with disabilities. 

1. The two fatigue measures 
showed moderate effect 
sizes of reducing fatigue 
(MFIS: η2 = 0.06 and 
PROMIS Fatigue: η2 = 0.12). 

https://pubmed.ncbi.nlm.nih.gov/38001005/
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Population: 27 participants 
with disability (multiple 
sclerosis, n = 9; stroke, n = 9; 
and SCI, n = 9) and fatigue in 
their daily lives 
10M, 17F 
Mean (SD) age 29.7 (12.3) 
years 
Initial patient activation level 
(PAM-13): Level 1 (n = 2), Level 
2 (n = 5), Level 3 (n = 5), Level 
4 (n = 15). 
Treatment: For 12 weeks, 
participants received a self-
management text 
messaging intervention 
based on their baseline 
patient activation level: 

• Participants in levels 1 
or 2 received a set of 
48 text messages 
focusing on informing 
and educating them 
about fatigue and 
activities in their daily 
life that may affect 
their fatigue. 

• Participants in levels 3 
or 4 received another 
set of 48 messages 
focusing on providing 
strategies for 
implementing 
changes into daily life 
that may help 
manage their fatigue. 

Outcome Measures: MFIS 
and PROMIS Fatigue were 
measured at baseline and 
post-intervention. 

Discussion 
The present systematic review has only shown three self-management 
interventions to promote an active and healthy lifestyle that assessed fatigue 
outcomes in people with SCI: (1) the implementation of a self-management 
program (Kooijmans et al. 2017), (2) a motivational interviewing program 
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(Nooijen et al. 2016b), and (3) a text messaging intervention (Wong et al. 2023). 
This number of self-management interventions for fatigue is quite small 
compared with the results of the recent scoping review of McIntyre et al. 
(2020) where 112 studies were included representing 102 unique self-
management programs for people with SCI.   

The self-management program (Healthy Active Behavioral Intervention in SCI 
[HABITS]), in the RCT by Kooijmans et al. (2013) was developed by combining 
two models of behavior change (the theory of planned behavior and the 
transtheoretical model of behavioral change). This study aimed to evaluate 
the effectiveness of this structured self-management intervention measuring 
physical activity, perceived behavior control, stages of exercise change, 
attitude, effects on perceived behavioral control (exercise self-efficacy, 
proactive coping), stages of change concerning exercise, and attitude toward 
exercise (Kooijmans et al. 2017). Sixty-four participants with chronic SCI and 
physically inactive were randomized to receive either five group meetings, six 
individual counselling sessions, and a book entitled “How to Stay Fit with SCI”, 
or only receiving information about active lifestyle by one group meeting and 
the same book (Kooijmans et al. 2017). Fatigue was part of the tertiary 
outcomes (along with secondary health conditions, social support, aerobic 
capacity measured during a wheelchair treadmill test, functional 
independence, mood, participation, quality of life, and body mass index) 
(Kooijmans et al. 2017). Overall, there were no significant differences observed 
between the HABITS intervention and control groups on the outcome 
measures, and thus the study did not support the effectiveness of the self-
management intervention (Kooijmans et al. 2017).  

In a similar series of RCTs, 45 participants with SCI were randomly assigned to 
receive a behavioral intervention based on 13 motivational interview sessions 
(beginning two months before and ending six months after discharge from 
inpatient rehabilitation) for promoting an active lifestyle, or no-intervention 
(Nooijen et al 2016a; Nooijen et al. 2016b; Nooijen et al. 2017). In this case, the 
behavioral intervention increased physical activity levels at the time of 
discharge and at 12 months after discharge (Nooijen et al 2016a), and elicited 
a behavioral change toward a more active lifestyle (Nooijen et al. 2016b). They 
found that proactive coping, exercise self-efficacy, pain disability, and 
helplessness (but not fatigue) were shown to be mediating effects of the 
increase in physical activity after this intervention (Nooijen et al. 2017). The 
differences in the results of physical activity levels of these studies may be 
related to the sample included. Participants of the study by Kooijmans et al. 
had chronic SCI (mean time since injury 22 years) SCI and were physically 
inactive, whereas the series of RCTs (Nooijen et al 2016a; Nooijen et al. 2016b; 
Nooijen et al. 2017) included participants with subacute SCI (mean time since 
injury 150 days) and were receiving regular rehabilitation, including handcycle 
training. 
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The lower-level study (pre-post) by Wong et al. found a moderate (but not 
significant) effect of a 12-week text messaging intervention on fatigue, sleep, 
and satisfaction with participation in social roles. However, there was no 
effect on patient activation (participation health management), nor for 
fatigue self-management in people with neurological conditions, including 
SCI (33%). This feasibility study also showed that this intervention had high 
acceptability, adherence, and satisfaction.  

Self-Management Interventions in Other Clinical Populations 
Further RCTs that test behavioral interventions on fatigue have been 
conducted in other clinical populations, such as multiple sclerosis. 
Bombardier et al. studied a motivational interviewing-based telephone 
counseling service in 130 people with multiple sclerosis. The treatment group 
reported significantly greater improvement in fatigue impact versus the wait-
list control group (Bombardier et al. 2008). Additionally, telephone 
counselling telephone counseling (n = 31) was compared to self-directed 
physical activity education (n = 33) in 64 people with multiple sclerosis (Turner 
et al. 2016). The participants in the telephone counseling group reported 
significantly reduced fatigue (d = -0.70) versus participants of self-directed 
physical activity education (Turner et al. 2016). More clinically measurable 
improvements for fatigue were observed in the telephone counselling group 
(33.3% reduction) than in the self-directed physical activity education group 
(18.3% reduction) (Turner et al. 2016). 

Pöttgen et al. (2018) also found that a self-management intervention 
significantly reduced fatigue in people with multiple sclerosis at week 12 
(between-group mean difference 2.74 points; 95% CI, 1.16, 4.32; P = 0.0007; 
effect size d = 0.53) and sustained those improvements at week 24 (between-
group mean difference 2.19 points; 95% CI, 0.57, 3.82; P = 0.0080). Though the 
mechanisms behind self-monitoring or self-management interventions 
improvements for fatigue in people with multiple sclerosis or SCI remain 
unclear, they are likely grounded in broader behavioral principles such as self-
efficacy (Bandura 1977; Lorig & Holman 2003). This notion is partially 
supported by Wang et al. (2022) who found in a multiple regression analysis 
that behavioral variables such as outcome expectations (β = 0.287) and self-
efficacy (β = 0.153) explained approximately 41% of the variance in predicting 
fatigue self-management in people with multiple sclerosis. 

Conclusions 
There is level 1b (from RCT: Kooijmans et al. 2017) that a 16-week self-
management intervention to promote an active lifestyle (providing group 
meetings, individual counseling, and a book) shows a non-significant 
improvement in fatigue severity (FSS) in comparison with only providing 
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information about active lifestyle by one group meeting and a book, in 
people physically inactive with chronic SCI. 

There is level 1b (from one RCT: Nooijen et al. 2016) that 8-months of 13 face-
to-face sessions of behavioral intervention promoting an active lifestyle 
(based on motivational interviewing) did not provide a direct effect on fatigue 
severity (FSS) in people with subacute SCI and manual wheelchair-
dependency. 

There is level 4 (from one pre-post: Wong et al. 2023) that a 12-week self-
management text messaging intervention, based on the baseline activation 
level of each participant, non-significantly decreases fatigue (MFIS and 
PROMIS Fatigue) in people with disabilities (33% of them had SCI). 

 

5.4 Assistive Device Interventions  
Assistive technologies (ATs) and supports enable people with disabilities to 
live healthy, productive, independent, and dignified lives, and to participate in 
education, the labour market, and civic life (GOV.UK: Assistive technology: 
definition and safe use). They are commonly implemented providing a great 
opportunity to support people with different typologies of disabilities (Morone 
et al. 2023; Lenker et al. 2013; Ripat & Woodgate 2012).  

The provision of assistance dogs is an example of an emerging support 
intervention that aims to address the unique participation needs of people 
with disability (Futeran et al. 2022). A recent scoping review by Futeran et al. 
(2022) including 38 studies (11 of them being performed on patients with SCI) 
showed how assistance dog partnerships can positively impact participation, 
a key factor in promoting quality of life. Another recent systematic literature 
review has shown that despite the purpose of these assistance dogs 
specifically for physical tasks, positive outcomes were noted in psychological, 
social, quality of life, and vitality domains; but none on psychosocial health 
and wellbeing (Rodriguez et al. 2020).  

The Segway Personal Transporter is a self-balancing, electric-powered 
personal transporter and a popular mobility device among non-SCI controls 
(Boutilier et al. 2012; Sadeghi et al. 2016). It could be used by an individual with 
SCI, with or without long leg braces depending upon their level of injury 
(Sadeghi et al. 2016). Previous research investigating whether the Segway 
could be used as a mobility device for people with disabilities and limited 

Fatigue self-management and behavioral interventions promoting an 
active lifestyle does not provide a significant improvement in fatigue in 

people with SCI. 
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mobility has shown that very little strength, flexibility and coordination was 
needed to operate the Segway, making it a good alternative to existing 
equipment (Sawatzky et al. 2007; Sawatzky et al. 2009). 

Over the last years, overground-powered lower limb exoskeletons have 
emerged as practical devices for rehabilitative or substitutional interventions 
(Tamburella et al. 2022). The clinical feasibility of these devices has been 
demonstrated and research into clinical benefits suggests possible 
improvements in bladder and bowel function, pain, spasticity, bone density, 
lean body mass, muscle tone, and improved walking speed (Postol et al. 2021).  

Table 6. Assistive Device Interventions 
Author Year 

Country  
Research Design 

Score 
Total Sample Size 

Methods Outcome 

Free-standing Exoskeleton 

Postol et al. 2021 
Australia 
Pre-post 

N=3 

Objective: To evaluate the 
feasibility of therapy with a 
free-standing exoskeleton in 
people with SCI, and to 
determine the potential 
health-related benefits of 
this intervention. 
Population: 3 participants 
with SCI and severe mobility 
impairment and reliant on 
wheelchair, mobility aid, or 
the assistance of others for 
standing activities 
1M, 2F 
Mean age 36 years 
Etiology: Traumatic (n = 2), 
non-traumatic (n = 1) 
Level of injury: C5 (n = 1), C6 
(n = 1), L3 (n = 1) 
AIS: AIS A (n =1), AIS B (n = 1), 
AIS C (n = 1) 
Treatment: Participants 
received exercise therapy 
sessions in a free-standing 
lower limb robotic 
exoskeleton (REX, Rex 

1. Only three of 41 potential 
participants being eligible 
and completing this study,  

2. Changes in fatigue were 
inconsistent between and 
within P1 and P2. 

3. Trends towards 
improvement over time in 
fatigue were evident for P3 
(scores at week: 0 = 31, 12 = 
29, 18 = 26, 24 = 23, 36 = 21). 
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Bionics). Each session lasted 
30 min, were performed 
twice a week, and for 12 
weeks.  
Outcome Measures: FAS 
was measured upon 
enrolment (week 0), prior to 
the commencement of the 
intervention (week 12), mid-
way through the 
intervention phase (week 
18), at the end of the 12-week 
intervention (week 24), and 
then again 12 weeks after 
the intervention had been 
completed (week 36).  

Mobility Service Dogs 

Vincent et al. 2019 
Canada 
Pre-post 

N=24 

Objective: To assess the 
effects of a mobility service 
dog on pain, fatigue, 
wheelchair-related 
functional tasks, 
participation and 
satisfaction among manual 
wheelchair users over a 
nine-month period.  
Population: 17 (SCI, n = 14; 
spastic diplegia, n = 1; 
traumatic leg amputation, n 
= 1; cerebral palsy, n = 1) 
manual wheelchair users  
9M, 8F 
Mean (SD) age 41.9 (15.3) 
years 
Level of injury (participants 
with SCI): Paraplegia (n = 10), 
tetraplegia (n = 4) 
Treatment: Each participant 
was partnered with a 
mobility service dog for nine 
months. 
Outcome Measures: RPE 
Scale and the vitality 
subscale of the SF-36 were 
assessed at baseline and 

1. Significant and favorable 
decreases (p = 0.005) in the 
RPE were observed at three 
months (-5.0 ± 1.4 to 3.8 ± 
1.5) and nine months after 
the intervention (-3.3 ± 1.9).  

2. Participants reported 
having more pep (p = 0.039) 
but no difference to be less 
worn out (p = 0.068) and 
have more energy (p = 
0.066).  

3. Significant changes in 
vitality were perceived 
three months after the 
intervention (more pep: p = 
0.008; more energy: p = 
0.008) and were no longer 
present at six months (more 
pep: p = 0.454; more energy: 
p = 0.963) and at nine 
months (more pep: p = 
0.305; more energy: p = 
0.281).  

4. Moderate to strong effect 
sizes (Glass delta) were 
confirmed for fatigue 

https://pubmed.ncbi.nlm.nih.gov/29157032/
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three times more until the 
last one which was set at the 
end of the intervention (9 
months). 

despite a relatively small 
sample size: 

a. RPE scale: T1 = -0.85; 
T2 = -0.71; T3 = -1.21 

b. Vitality (SF-36) – Did 
you feel full of pep? 
T1 = 0.74; T2 = -; T3 = - 

c. Vitality (SF-36) – Did 
you have a lot of 
energy? T1 = 0.79; T2 
= -; T3 = - 

d. Vitality (SF-36) – Did 
you feel worn out? T1 
= -0.69; T2 = -0.93; T3 
= -0.79 

Segway Personal Transporter 

Boutilier et al. 2012 
Canada 
Pre-post 

N=8 

Objective: To determine 
whether a dynamic standing 
program using the Segway 
Personal Transporter results 
in any measurable 
physiological effects in 
participants with SCI using 
both qualitative and 
quantitative measures of 
spasticity, pain and fatigue. 
Population: 8 participants 
with SCI, with the ability to 
stand with or without 
external support, and having 
a history of pain and 
spasticity 
7M, 1F 
Mean (SD) age 44.13 (8.90) 
years 
Level of injury: C5 (n = 4), C6 
(n = 1), T5 (n = 1), T6 (n = 1), T11 
(n = 1) 
AIS: AIS A (n = 1), AIS B (n = 1), 
AIS C (n = 3), AIS C/D (n = 2), 
AIS D (n = 1) 
Mean (SD) time since injury 
13.75 (9.29) years. 
Treatment: Participants 
performed a 4-week 

1. For fatigue, the difference 
between initial and final 
visits was not significant, 
however, the fatigue scores 
did improve from a mean of 
4.2 (± 0.47) at initial visit to a 
final level of 3.7 (± 0.54). 

https://pubmed.ncbi.nlm.nih.gov/22584281/
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dynamic standing program 
using a Segway (navigating 
around different places 
[indoor/outdoor] with some 
obstacles). Sessions lasted 
30 min and were performed 
three times per week. 
Outcome Measures: FSS 
was measured at baseline, 
at the sixth session (Mid 
test), and twelfth session 
(Final test). 

Discussion 
Mobility Service Dogs 
The pre-post study by Vincent et al. (2019) was the only study included in the 
present systematic review that assessed fatigue in manual wheelchair users 
with SCI during nine months of partnering each participant with a mobility 
service dog. They found significantly decreased end-of-day fatigue, with 
moderate to strong effect sizes, along with positive results in shoulder and 
wrist pain, wheelchair-related functional tasks, participation, and satisfaction 
with the psychosocial aspects and technical dimensions of their animal 
technical assistance over time (Vincent et al. 2019).  

These results are in line with those obtained by Hubert et al. (2013) which 
showed reduced perceived exertion and shoulder pain, and increased 
endurance in 11 manual wheelchair users with SCI after seven months of 
training with a service dog. However, these positive effects need to be 
considered with caution as different systematic reviews with guide, hearing, 
medical, or mobility service dogs for people with disabilities have described 
some positive outcomes in terms of social, psychological, and functional 
benefits for their handlers, but with several methodological weaknesses in 
the original studies assessed (Winkle et al. 2012; Rodriguez et al. 2020). 

Segway Personal Transporter 
The pre-post study by Boutiller et al. (2012) found that a 4-week dynamic 
standing program using the Segway Personal Transporter improved fatigue 
scores, though not to a level of significance (n = 8, P > 0.05) in eight 
participants with SCI, pain, and spasticity. On the other hand, spasticity 
improved considerably immediately after the first session with the Segway, 
but the improvements were not significant after the 4-week program, 
contrary to pain which dropped significantly over time (Boutilier et al. 2012). 
These results raised the question as to whether the use of a Segway has 
additional benefits for managing spasticity over purely static standing 
(Sadeghi et al. 2016). The same research group performed a cross-over trial 
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with ten participants with chronic SCI and spasticity who performed one 20-
minute static standing session and one 20-minute dynamic standing session 
(one week apart) with the Segway (Sadeghi et al. 2016). Although in this 
project, fatigue was not assessed; spasticity non-significantly decreased after 
both conditions, but without a difference between sessions (Sadeghi et al. 
2016). To the author’s knowledge, no new studies have been carried out with 
respect to this assistive technology in populations with disabilities such as 
SCI, stroke, or multiple sclerosis.  

 
Figure 1. Segway use in the study of (Boutilier et al. 2012). Image downloaded 
from Youtube (https://www.youtube.com/watch?v=9W6XB8Nzmec&t=188s)  

Free-standing Exoskeleton 
A small (but recent) feasibility study by Postol et al. (2021) evaluated the 
efficacy of a 12-week intervention program using a free-standing exoskeleton 
for weightbearing exercises in three participants with severe mobility 
impairment. There were different health outcome measures assessed; 
however, in terms of fatigue, findings were inconsistent between the three 
study participants.  

Exoskeleton technology is a rapidly developing field that with long-term 
rehabilitation therapy, could improve cardiovascular fitness, increase bone 
mineral density and lean body mass, lower spasticity, optimize bowel 
function, enhance neuromuscular and musculoskeletal function, improve 
gait function, promote neuroplasticity, improve the quality of life and physical 
discomfort, enable active participation in social and community activities, 
engage in employment opportunities, and pursue recreational pursuits 
(Pinelli et al. 2023). Fatigue represents an interesting topic to study as people 
with SCI who use robotic locomotor exoskeletons have cited that increased 
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fatigue, spasticity, and spasms (among other factors) are a barrier to using 
exoskeletons; however, no larger studies assessing fatigue as an outcome 
have been conducted in this area (Kinnet-Hopkins et al. 2020). 

Conclusions 
There is level 4 evidence (from one pre-post: Postol et al. 2021) that 12 weeks 
of exercise therapy sessions in a free-standing lower limb robotic exoskeleton, 
performed twice a week for 30 minute each session, does not provide 
consistent changes in fatigue (FAS) in the three participants with SCI of this 
study. 

There is level 4 (from one pre-post: Vincent et al. 2019) that a 9-month 
partnered with a mobility service dog provides significant improvements in 
fatigue (RPE) and vitality (vitality subscale of the SF-36) with moderate to 
strong effect sizes in manual wheelchair uses (82% of participants had SCI). 

There is level 4 evidence (from one pre-post: Boutilier et al. 2012) that a 4-
week dynamic standing program using a Segway, performed three times per 
week for 30 minute each session, provides a non-significant improvement in 
fatigue severity (FSS) in people with SCI and a history of pain and spasticity. 

 

6 Ideal Fatigue Interventions for People with 
SCI Based on What We Know 

Because of the limited literature on interventions and the multifactorial 
nature of global fatigue, it is difficult to recommend one ideal treatment 
protocol for fatigue in people with SCI; however, some previous research has 
highlighted certain things that would be useful to address. 

Having a better understanding of which factors are most strongly associated 
with fatigue is key to designing strategic research focus to determine 
causality and therefore establish preventive and therapeutic interventions. 
Onate-Figuérez et al. (2023) conducted a systematic review and meta-
analysis to investigate the association between fatigue and clinical and 
demographic variables in people with SCI. Twenty-nine studies were included 
in the qualitative summary and 23 in the meta-analysis (Onate-Figuérez et al. 

Long-term programs consisting in partnership between people with SCI 
and service dogs seem to be beneficial for the improvement of fatigue in 

people with SCI; however, there is conflicting and still preliminary evidence 
that exercise programs using assistive devices like an exoskeleton or 

Segway could improve fatigue in people with SCI. 
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2023). A direct association was found between fatigue and 9 factors (largest 
to smallest sorted by effect size): self-efficacy (r=-0.63; 95% CI, 0.81 to 0.35), 
anxiety (r=0.57; 95% CI, 0.29-0.75), stress (r=0.54; 95% CI, 0.26-0.74), depression 
(r=0.47; 95% CI, 0.44-0.50), pain (r=0.34; 95% CI, 0.16-0.50), participation (r=-0.32; 
95% CI, 0.58 to 0.001), analgesic medication (r=0.32; 95% CI, 0.28-0.36), assistive 
devices (r=0.23; 95% CI, 0.17-0.29), physical activity (r=-0.17; 95% CI, 0.28 to 0.05), 
lesion level (r=0.15; 95% CI, 0.07-0.23), incomplete SCI (r=0.13; 95% CI, 0.05-0.22), 
and medication (r=0.12; 95% CI, 0.01-0.23) (Onate-Figuérez et al. 2023). No 
association was found with age, sex, educational level, time since injury, and 
spasticity (Onate-Figuérez et al. 2023). These results should be considered 
when designing intervention approaches to improve fatigue in people with 
SCI. 

It has been suggested that the management of fatigue in people with 
neurological disorders like SCI and multiple sclerosis requires a 
multidisciplinary team and approach (Hourihan, 2015; Smith et al. 2016). A 
physiatrist or family doctor can conduct a thorough physical and medical 
history to determine potential causes of fatigue (such as pain, sleep, or 
medications). Physicians should review whether medications that may 
contribute to fatigue can safely be replaced, decreased, or discontinued 
(Rosenthal et al. 2008; Dukes et al. 2021). It is important to ask about and 
address pain, as it is one of the most common co-occurrences with fatigue in 
people with SCI (Onate-Figuérez et al. 2023). Laboratory testing may also 
uncover any contributing factors to fatigue like anemia or thyroid disorders 
(Hourihan 2015). Sleep quality should be reviewed to ensure that treatable 
secondary causes of sleep dysfunction—such as obstructive or central sleep 
apnea—are not contributing to fatigue. Structured physical activity and/or 
exercise is indicated to treat fatigue in people with SCI, multiple sclerosis, and 
in the general population; physical therapists or other professionals 
prescribing exercise should be aware of the person’s fatigue status and levels 
of exercise should be moderate and increased gradually (Rosenthal et al. 
2008; Hourihan 2015; Heine et al. 2015). To ensure that any regimens that are 
put into place to manage fatigue, it has been suggested that follow-up visits 
are regularly scheduled (Rosenthal et al. 2008).  

Previous research has identified that psychological factors like stress, anxiety, 
and depression contribute substantially to fatigue in people with SCI, 
suggesting that an evidence-based mental health therapy such as cognitive-
behavioral therapy or the prescription of selective serotonin reuptake 
inhibitors, such as fluoxetine, paroxetine, or sertraline, could be considered as 
part of any fatigue treatment in appropriate patients (Craig et al. 2013; Onate-
Figuérez et al. 2023; Rosenthal et al. 2008). Researchers have posited that 
cognitive-behavioral therapy could be useful in helping people lessen the 
effects of chronic pain on depressive moods, and might help in establishing 
more attributions of self-efficacy, in that the person with SCI has some control 
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over their body and their health (Craig et al. 2012; Craig et al. 2013). In an 
interview study with people with SCI, family members, care assistants, and 
occupational therapists, Hammell et al. (2009) found that interviewees 
suggested an ideal fatigue management program would address achieving 
greater participation in their everyday lives; providing a sense of enhanced 
control, reduced pain and helplessness; and enhancing relationships strained 
by fatigue. Notably, these goals align with the intended achievements of 
cognitive-behavioral therapy as well as with the self-management 
interventions found in two of the RCTs included in this review. 

7  Gaps in the Evidence 
• Fatigue as a multifactorial construct: Despite fatigue being prevalent in 

people with SCI, the limited number of studies where fatigue is a primary 
or secondary outcome measure could be due to its multifactorial nature 
including the influence of co-morbidities. In a multiple regression analysis, 
Craig et al. (2013) found that people with SCI who had high levels of pain 
were nine times more likely to have elevated fatigue (P < 0.001), and that 
all of their participants who had depressive mood also suffered from 
fatigue whereas none of the participants with low levels of fatigue suffered 
from depressive mood (P < 0.001). Furthermore, Craig et al. (2013) also 
found that pain and depressive mood contributed, significantly and 
independently, almost 20% and 10% of the variance to chronic fatigue 
presentation in their participants with SCI (R = 0.82, R2 = 0.67; pain β = 0.52, 
95% CI = 0. 34, 0.69, t (67) = 6.1, sr = 0.43, sr2 = 18,5%, P < 0.001; depressive 
mood β = 0.40, 95% CI = 0.22, 0.58, t (67) = 4.7, sr = 0.33, sr2 = 10.9%, P < 0.001) 
(Craig et al. 2013). These results are in line with those of the recent 
systematic review and meta-analysis of Onate-Figuérez et al. (2023) who, 
as discussed below, found a significant pooled association between 
fatigue and 12 separate factors.  

• Relationship between sleep factors and fatigue in SCI: None of the 
included RCTs investigated or measured sleep quality or presence of sleep 
disorders in participants. It is well-known that sleep-disordered breathing 
occurs more frequently in people with SCI, particularly in those with 
higher-level injuries; prevalence estimates are that sleep-disordered 
breathing is present in 60% of people with motor complete tetraplegia 
(Chiodo et al. 2016; Proserpio et al. 2015). If the included studies had asked 
participants about their sleep quality or the presence of sleep-disordered 
breathing, it could have been accounted for as a factor, analyzed to assess 
any differences between the randomized groups at baseline or post-
intervention, or to help differentiate between primary and secondary 
fatigue. Primary fatigue more commonly describes fatigue that is resolved 
by a proper night’s sleep, whereas secondary fatigue, typically experienced 
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by those with neurological disorders, is not accompanied by a desire to 
sleep, symptoms are not resolved by sleeping, and the fatigue is caused by 
an underlying medical condition generally lasting longer than one month 
(Levine & Greenwald 2009; Rosenthal et al. 2008).  

• Relationship between medications and fatigue in SCI: None of the RCTs 
included discussed the effects of medications or established what baseline 
at baseline participants were currently taking. Sedating medications are 
frequently prescribed to people with SCI to help manage spasticity, 
mental health issues, or pain; among the medications that may induce 
feelings of fatigue that people with SCI commonly take include baclofen, 
benzodiazepines, opioids, tizanidine, gabapentin, amitriptyline, and 
nortriptyline (Fawkes-Kirby et al. 2008). In a retrospective chart review, Lee 
et al. (2010) found that 52% of participants with SCI had clinical levels of 
fatigue, 41/147 medications that they were taking were identified to be 
causing fatigue, and the medications were usually antispasticity or 
analgesic medications. Similarly, Fawkes-Kirby et al. (2008) found that 
people with SCI taking two or more prescriptions from these categories 
scored significantly worse on the FSS, indicating higher levels of fatigue. 
Future studies should consider documenting the current medications 
their participants are currently taking so that effects can be factored in 
and/or accounted for. 

  

https://pubmed.ncbi.nlm.nih.gov/19389616/
https://pubmed.ncbi.nlm.nih.gov/19035066/
https://pubmed.ncbi.nlm.nih.gov/17406379/
https://pubmed.ncbi.nlm.nih.gov/19918252/
https://pubmed.ncbi.nlm.nih.gov/19918252/
https://pubmed.ncbi.nlm.nih.gov/17406379/


 43 

8  References 
Ahlberg K, Ekman T, Gaston-Johansson F, Mock V. Assessment and management of 
cancer-related fatigue in adults. Lancet Lond Engl. 2003; 362:640-650. 
doi:10.1016/S0140-6736(03)14186-4 

Alibhai SMH, Papadopoulos E, Mina DS, et al. Home-based versus supervised group 
exercise in men with prostate cancer on androgen deprivation therapy: A 
randomized controlled trial and economic analysis. J Geriatr Oncol. 2024; 15:101646. 
doi:10.1016/j.jgo.2023.101646 

Alschuler KN, Jensen MP, Sullivan-Singh SJ, Borson S, Smith AE, Molton IR. The 
association of age, pain, and fatigue with physical functioning and depressive 
symptoms in persons with spinal cord injury. J Spinal Cord Med. 2013; 36:483-491. 
doi:10.1179/2045772312Y.0000000072 

Anton HA, Miller WC, Townson AF. Measuring fatigue in persons with spinal cord 
injury. Arch Phys Med Rehabil. 2008; 89:538-542. doi:10.1016/j.apmr.2007.11.009 

Anton HA, Miller WC, Townson AF, Imam B, Silverberg N, Forwell S. The course of 
fatigue after acute spinal cord injury. Spinal Cord. 2017; 55:94-97. 
doi:10.1038/sc.2016.102 

Arbour-Nicitopoulos KP, Ginis KAM, Latimer AE. Planning, leisure-time physical 
activity, and coping self-efficacy in persons with spinal cord injury: a randomized 
controlled trial. Arch Phys Med Rehabil. 2009; 90:2003-2011. 
doi:10.1016/j.apmr.2009.06.019 

Asano M, Finlayson ML. Meta-Analysis of Three Different Types of Fatigue 
Management Interventions for People with Multiple Sclerosis: Exercise, Education, 
and Medication. Mult Scler Int. 2014; 2014:e798285. doi:10.1155/2014/798285 

Atakan Z. Cannabis, a complex plant: different compounds and different effects on 
individuals. Ther Adv Psychopharmacol. 2012; 2:241-254. doi:10.1177/2045125312457586 

Azurdia D, Acuña SM, Narasaki-Jara M, Furtado O, Jung T. Effects of Virtual Reality-
Based Aerobic Exercise on Perceptions of Pain and Fatigue in Individuals with Spinal 
Cord Injury. Games Health J. 2022; 11:236-241. doi:10.1089/g4h.2021.0151 

Bandura A. Self-efficacy: toward a unifying theory of behavioral change. Psychol Rev. 
1977; 84:191-215. doi:10.1037//0033-295x.84.2.191 

Barat M, Dehail P, de Seze M. Fatigue after spinal cord injury. Ann Readaptation Med 
Phys Rev Sci Soc Francaise Reeducation Fonct Readaptation Med Phys. 2006; 
49:277-282, 365-369. doi:10.1016/j.annrmp.2006.04.013 

Barlow J, Wright C, Sheasby J, Turner A, Hainsworth J. Self-management approaches 
for people with chronic conditions: a review. Patient Educ Couns. 2002; 48:177-187. 
doi:10.1016/s0738-3991(02)00032-0 

Barone P, Antonini A, Colosimo C, et al. The PRIAMO study: A multicenter 
assessment of nonmotor symptoms and their impact on quality of life in Parkinson’s 
disease. Mov Disord Off J Mov Disord Soc. 2009; 24:1641-1649. doi:10.1002/mds.22643 



 44 

Billones R, Liwang JK, Butler K, Graves L, Saligan LN. Dissecting the fatigue 
experience: A scoping review of fatigue definitions, dimensions, and measures in 
non-oncologic medical conditions. Brain Behav Immun - Health. 2021; 15:100266. 
doi:10.1016/j.bbih.2021.100266 

Bombardier CH, Cunniffe M, Wadhwani R, Gibbons LE, Blake KD, Kraft GH. The 
efficacy of telephone counseling for health promotion in people with multiple 
sclerosis: a randomized controlled trial. Arch Phys Med Rehabil. 2008; 89:1849-1856. 
doi:10.1016/j.apmr.2008.03.021 

Boutilier G, Sawatzky BJ, Grant C, Wiefelspuett S, Finlayson H. Spasticity changes in 
SCI following a dynamic standing program using the Segway. Spinal Cord. 2012; 
50:595-598. doi:10.1038/sc.2012.23 

Cella D, Riley W, Stone A, et al. The Patient-Reported Outcomes Measurement 
Information System (PROMIS) developed and tested its first wave of adult self-
reported health outcome item banks: 2005–2008. J Clin Epidemiol. 2010; 63:1179-1194. 
doi:10.1016/j.jclinepi.2010.04.011 

Chalder T, Berelowitz G, Pawlikowska T, et al. Development of a fatigue scale. J 
Psychosom Res. 1993; 37:147-153. doi:10.1016/0022-3999(93)90081-p 

Chase T, Jha A, Brooks CA, Allshouse A. A pilot feasibility study of massage to reduce 
pain in people with spinal cord injury during acute rehabilitation. Spinal Cord. 
2013;51(11):847-851. doi:10.1038/sc.2013.104 

Chaves C, Bittencourt PCT, Pelegrini A. Ingestion of a THC-Rich Cannabis Oil in 
People with Fibromyalgia: A Randomized, Double-Blind, Placebo-Controlled Clinical 
Trial. Pain Med. 2020; 21:2212-2218. doi:10.1093/pm/pnaa303 

Chen X, Shi X, Yu Z, Ma X. High-intensity interval training in breast cancer patients: A 
systematic review and meta-analysis. Cancer Med. 2023; 12:17692-17705. 
doi:10.1002/cam4.6387 

Chiodo AE, Sitrin RG, Bauman KA. Sleep disordered breathing in spinal cord injury: A 
systematic review. J Spinal Cord Med. 2016;39(4):374-382. 
doi:10.1080/10790268.2015.1126449 

Cho H, Sohng KY. The Effect of a Virtual Reality Exercise Program on Physical Fitness, 
Body Composition, and Fatigue in Hemodialysis Patients. J Phys Ther Sci. 2014; 
26:1661-1665. doi:10.1589/jpts.26.1661 

Christofi AASN, Tate DG, Witter C, Alonso AC, Greve JMD. Predictors of quality of life 
of individuals living in Brazil with spinal cord injury/disease. Spinal Cord. 2023; 61:253-
259. doi:10.1038/s41393-023-00881-7 

Craig AR, Tran YH, Lovas JM, Middleton J. Spinal Cord Injury and its Association with 
Negative Psychological States. Published online January 2008. Accessed November 
17, 2023. https://opus.lib.uts.edu.au/handle/10453/120082 

Craig A, Tran Y, Siddall P, et al. Developing a model of associations between chronic 
pain, depressive mood, chronic fatigue, and self-efficacy in people with spinal cord 
injury. J Pain. 2013; 14:911-920. doi:10.1016/j.jpain.2013.03.002 



 45 

Craig A, Tran Y, Wijesuriya N, Middleton J. Fatigue and tiredness in people with spinal 
cord injury. J Psychosom Res. 2012; 73:205-210. doi:10.1016/j.jpsychores.2012.07.005 

Cramp F, Berry J, Gardiner M, Smith F, Stephens D. Health behaviour change 
interventions for the promotion of physical activity in rheumatoid arthritis: a 
systematic review. Musculoskeletal Care. 2013; 11:238-247. doi:10.1002/msc.1049 

Cumming TB, Packer M, Kramer SF, English C. The prevalence of fatigue after stroke: 
A systematic review and meta-analysis. Int J Stroke Off J Int Stroke Soc. 2016; 11:968-
977. doi:10.1177/1747493016669861 

Curtis KJB, Hitzig SL, Leong N, Wicks CE, Ditor DS, Katz J. Evaluation of a Modified 
Yoga Program for Persons with Spinal Cord Injury. Ther Recreation J. 2015; 49. 
Accessed November 17, 2023. 
https://js.sagamorepub.com/index.php/trj/article/view/5112 

Diego MA, Field T, Hernandez-Reif M, et al. Spinal cord patients benefit from 
massage therapy. Int J Neurosci. 2002; 112:133-142. doi:10.1080/00207450212023 

Dietz N, Wagers S, Harkema SJ, D’Amico JM. Intrathecal and Oral Baclofen Use in 
Adults With Spinal Cord Injury: A Systematic Review of Efficacy in Spasticity 
Reduction, Functional Changes, Dosing, and Adverse Events. Arch Phys Med 
Rehabil. 2023; 104:119-131. doi:10.1016/j.apmr.2022.05.011 

Dukes JC, Chakan M, Mills A, Marcaurd M. Approach to Fatigue: Best Practice. Med 
Clin North Am. 2021; 105:137-148. doi:10.1016/j.mcna.2020.09.007 

English C, Simpson DB, Billinger SA, et al. A roadmap for research in post-stroke 
fatigue: Consensus-based core recommendations from the third Stroke Recovery 
and Rehabilitation Roundtable. Neurorehabil Neural Repair. 2024; 38:7-18. 
doi:10.1177/15459683231209170 

Estévez-López F, Maestre-Cascales C, Russell D, et al. Effectiveness of Exercise on 
Fatigue and Sleep Quality in Fibromyalgia: A Systematic Review and Meta-analysis of 
Randomized Trials. Arch Phys Med Rehabil. 2021; 102:752-761. 
doi:10.1016/j.apmr.2020.06.019 

Fawkes-Kirby TM, Wheeler MA, Anton HA, Miller WC, Townson AF, Weeks C a. O. 
Clinical correlates of fatigue in spinal cord injury. Spinal Cord. 2008; 46:21-25. 
doi:10.1038/sj.sc.3102053 

Fekete C, Rauch A. Correlates and determinants of physical activity in persons with 
spinal cord injury: A review using the International Classification of Functioning, 
Disability and Health as reference framework. Disabil Health J. 2012; 5:140-150. 
doi:10.1016/j.dhjo.2012.04.003 

Ferrier S, Blanchard CM, Vallis M, Giacomantonio N. Behavioural interventions to 
increase the physical activity of cardiac patients: a review. Eur J Cardiovasc Prev 
Rehabil Off J Eur Soc Cardiol Work Groups Epidemiol Prev Card Rehabil Exerc 
Physiol. 2011; 18:15-32. doi:10.1097/HJR.0b013e32833ace0e 

Fisk JD, Ritvo PG, Ross L, Haase DA, Marrie TJ, Schlech WF. Measuring the Functional 
Impact of Fatigue: Initial Validation of the Fatigue Impact Scale. Clin Infect Dis. 
1994;18(Supplement_1):S79-S83. doi:10.1093/clinids/18.Supplement_1.S79 



 46 

Froehlich-Grobe K, Lee J, Aaronson L, Nary DE, Washburn RA, Little TD. Exercise for 
everyone: a randomized controlled trial of project workout on wheels in promoting 
exercise among wheelchair users. Arch Phys Med Rehabil. 2014; 95:20-28. 
doi:10.1016/j.apmr.2013.07.006 

Futeran N, Mackenzie L, Wilkes-Gillan S, Dickson C. Understanding the participation 
outcomes for persons with disability when partnered with assistance dogs: A 
scoping review. Aust Occup Ther J. 2022; 69:475-492. doi:10.1111/1440-1630.12801 

GOV.UK. Assistive technology: definition and safe use. Accessed September 25, 2024. 
https://www.gov.uk/government/publications/assistive-technology-definition-and-
safe-use/assistive-technology-definition-and-safe-use  

Hagelin CL, Wengström Y, Runesdotter S, Fürst CJ. The psychometric properties of 
the Swedish Multidimensional Fatigue Inventory MFI-20 in four different 
populations. Acta Oncol Stockh Swed. 2007; 46:97-104. 
doi:10.1080/02841860601009430 

Hagenbach U, Luz S, Ghafoor N, et al. The treatment of spasticity with Delta9-
tetrahydrocannabinol in persons with spinal cord injury. Spinal Cord. 2007; 45:551-
562. doi:10.1038/sj.sc.3101982 

Halabchi F, Alizadeh Z, Sahraian MA, Abolhasani M. Exercise prescription for patients 
with multiple sclerosis; potential benefits and practical recommendations. BMC 
Neurol. 2017; 17:185. doi:10.1186/s12883-017-0960-9 

Hammell KW, Miller WC, Forwell SJ, Forman BE, Jacobsen BA. Fatigue and spinal 
cord injury: a qualitative analysis. Spinal Cord. 2009; 47:44-49. doi:10.1038/sc.2008.68 

Heine M, van de Port I, Rietberg MB, van Wegen EE, Kwakkel G. Exercise therapy for 
fatigue in multiple sclerosis. Cochrane Database Syst Rev. 2015; 2015:CD009956. 
doi:10.1002/14651858.CD009956.pub2 

Hewlett S, Dures E, Almeida C. Measures of fatigue: Bristol Rheumatoid Arthritis 
Fatigue Multi-Dimensional Questionnaire (BRAF MDQ), Bristol Rheumatoid Arthritis 
Fatigue Numerical Rating Scales (BRAF NRS) for severity, effect, and coping, Chalder 
Fatigue Questionnaire (CFQ), Checklist Individual Strength (CIS20R and CIS8R), 
Fatigue Severity Scale (FSS), Functional Assessment Chronic Illness Therapy 
(Fatigue) (FACIT-F), Multi-Dimensional Assessment of Fatigue (MAF), Multi-
Dimensional Fatigue Inventory (MFI), Pediatric Quality Of Life (PedsQL) Multi-
Dimensional Fatigue Scale, Profile of Fatigue (ProF), Short Form 36 Vitality Subscale 
(SF-36 VT), and Visual Analog Scales (VAS). Arthritis Care Res. 2011;63 Suppl 11:S263-
286. doi:10.1002/acr.20579 

Hong HA, Fallah N, Wang D, et al. Multimorbidity in persons with non-traumatic 
spinal cord injury and its impact on healthcare utilization and health outcomes. 
Spinal Cord. 2023; 61:483-491. doi:10.1038/s41393-023-00915-0 

Hoogenes B, Querée M, Miller WC, Mortenson WB, Townson A, Eng JJ. Evidence on 
definitions, concepts, outcome instruments, and interventions for chronic fatigue in 
spinal cord injury: a scoping review protocol. JBI Evid Synth. 2021; 19:1999. 
doi:10.11124/JBIES-20-00214 

https://www.gov.uk/government/publications/assistive-technology-definition-and-safe-use/assistive-technology-definition-and-safe-use
https://www.gov.uk/government/publications/assistive-technology-definition-and-safe-use/assistive-technology-definition-and-safe-use


 47 

Hou L, Wang J, Mao M, et al. Effect of yoga on cancer-related fatigue in patients with 
breast cancer: A systematic review and meta-analysis. Medicine (Baltimore). 2024; 
103:e36468. doi:10.1097/MD.0000000000036468 

Hourihan SJ. Managing fatigue in adults with multiple sclerosis. Nurs Stand. 2015; 29. 
doi:10.7748/ns.29.43.51.e9654 

Hubert G, Tousignant M, Routhier F, Corriveau H, Champagne N. Effect of service 
dogs on manual wheelchair users with spinal cord injury: a pilot study. J Rehabil Res 
Dev. 2013; 50:341-350. doi:10.1682/jrrd.2011.07.0124 

Ibitoye MO, Hamzaid NA, Hasnan N, Abdul Wahab AK, Davis GM. Strategies for Rapid 
Muscle Fatigue Reduction during FES Exercise in Individuals with Spinal Cord Injury: 
A Systematic Review. PloS One. 2016; 11:e0149024. doi:10.1371/journal.pone.0149024 

Jensen MP, Kuehn CM, Amtmann D, Cardenas DD. Symptom burden in persons with 
spinal cord injury. Arch Phys Med Rehabil. 2007; 88:638-645. 
doi:10.1016/j.apmr.2007.02.002 

Jensen MP, Gertz KJ, Kupper AE, et al. Steps toward developing an EEG biofeedback 
treatment for chronic pain. Appl Psychophysiol Biofeedback. 2013; 38:101-108. 
doi:10.1007/s10484-013-9214-9 

Johnson JR, Lossignol D, Burnell-Nugent M, Fallon MT. An Open-Label Extension 
Study to Investigate the Long-Term Safety and Tolerability of THC/CBD Oromucosal 
Spray and Oromucosal THC Spray in Patients With Terminal Cancer-Related Pain 
Refractory to Strong Opioid Analgesics. J Pain Symptom Manage. 2013; 46:207-218. 
doi:10.1016/j.jpainsymman.2012.07.014 

Kinnett-Hopkins D, Mummidisetty CK, Ehrlich-Jones L, et al. Users with spinal cord 
injury experience of robotic Locomotor exoskeletons: a qualitative study of the 
benefits, limitations, and recommendations. J NeuroEngineering Rehabil. 2020; 
17:124. doi:10.1186/s12984-020-00752-9 

Kooijmans H, Post MWM, Stam HJ, et al. Effectiveness of a Self-Management 
Intervention to Promote an Active Lifestyle in Persons With Long-Term Spinal Cord 
Injury: The HABITS Randomized Clinical Trial. Neurorehabil Neural Repair. 2017; 
31:991-1004. doi:10.1177/1545968317736819 

Kooijmans H, Post MWM, van der Woude LHV, de Groot S, Stam HJ, Bussmann JBJ. 
Randomized controlled trial of a self-management intervention in persons with 
spinal cord injury: design of the HABITS (Healthy Active Behavioural Intervention in 
SCI) study. Disabil Rehabil. 2013; 35:1111-1118. doi:10.3109/09638288.2012.718406 

Kuzu D, Troost JP, Carlozzi NE, Ehde DM, Molton IR, Kratz AL. How Do Fluctuations in 
Pain, Fatigue, Anxiety, Depressed Mood, and Perceived Cognitive Function Relate to 
Same-Day Social Participation in Individuals With Spinal Cord Injury? Arch Phys Med 
Rehabil. 2022; 103:385-393. doi:10.1016/j.apmr.2021.07.809 

Lee AKY, Miller WC, Townson AF, Anton HA, F2N2 Research Group. Medication use is 
associated with fatigue in a sample of community-living individuals who have a 
spinal cord injury: a chart review. Spinal Cord. 2010; 48:429-433. 
doi:10.1038/sc.2009.145 



 48 

Lenker JA, Harris F, Taugher M, Smith RO. Consumer perspectives on assistive 
technology outcomes. Disabil Rehabil Assist Technol. 2013; 8:373-380. 
doi:10.3109/17483107.2012.749429 

Levine J, Greenwald BD. Fatigue in Parkinson Disease, Stroke, and Traumatic Brain 
Injury. Phys Med Rehabil Clin N Am. 2009; 20:347-361. doi:10.1016/j.pmr.2008.12.006 

Li J, Piao F, Zeng Q, et al. The effect of massage on patients with chronic fatigue 
syndrome: A systematic review and meta-analysis. Medicine (Baltimore). 2024; 
103:e37973. doi:10.1097/MD.0000000000037973 

Lidal IB, Lundberg Larsen K. Anxiety, depression, and fatigue in middle-aged and 
older persons with spina bifida: a cross-sectional study. Disabil Rehabil. 2022; 
44:7936-7946. doi:10.1080/09638288.2021.2003453 

Lorig KR, Holman H. Self-management education: history, definition, outcomes, and 
mechanisms. Ann Behav Med Publ Soc Behav Med. 2003; 26:1-7. 
doi:10.1207/S15324796ABM2601_01 

Lou JS, Weiss MD, Carter GT. Assessment and management of fatigue in 
neuromuscular disease. Am J Hosp Palliat Care. 2010; 27:145-157. 
doi:10.1177/1049909109358420 

Lovas J, Tran Y, Middleton J, Bartrop R, Moore N, Craig A. Managing pain and fatigue 
in people with spinal cord injury: a randomized controlled trial feasibility study 
examining the efficacy of massage therapy. Spinal Cord. 2017; 55:162-166. 
doi:10.1038/sc.2016.156 

Ma X, Li SN, Chan DNS. Effects of Yoga on Cancer-Related Fatigue, Psychological 
Distress, and Quality of Life Among Patients With Cancer Undergoing 
Chemotherapy and/or Radiotherapy: A Systematic Review and Meta-analysis. Cancer 
Nurs. Published online November 27, 2023. doi:10.1097/NCC.0000000000001293 

Martin Ginis KA, Jetha A, Mack DE, Hetz S. Physical activity and subjective well-being 
among people with spinal cord injury: a meta-analysis. Spinal Cord. 2010; 48:65-72. 
doi:10.1038/sc.2009.87 

Martin Ginis KA, van der Scheer JW, Latimer-Cheung AE, et al. Evidence-based 
scientific exercise guidelines for adults with spinal cord injury: an update and a new 
guideline. Spinal Cord. 2018; 56:308-321. doi:10.1038/s41393-017-0017-3 

Mathur SN, Chu SK, McCormick Z, Chang Chien GC, Marciniak CM. Long-term 
intrathecal baclofen: outcomes after more than 10 years of treatment. PM R. 2014; 
6:506-513.e1. doi:10.1016/j.pmrj.2013.12.005 

McColl MA, Arnold R, Charlifue S, Glass C, Savic G, Frankel H. Aging, spinal cord injury, 
and quality of life: structural relationships. Arch Phys Med Rehabil. 2003; 84:1137-1144. 
doi:10.1016/s0003-9993(03)00138-2 

McCormick ZL, Chu SK, Binler D, et al. Intrathecal Versus Oral Baclofen: A Matched 
Cohort Study of Spasticity, Pain, Sleep, Fatigue, and Quality of Life. PM R. 2016; 8:553-
562. doi:10.1016/j.pmrj.2015.10.005 



 49 

McIntyre A, Marrocco SL, McRae SA, et al. A Scoping Review of Self-Management 
Interventions Following Spinal Cord Injury. Top Spinal Cord Inj Rehabil. 2020; 26:36-
63. doi:10.1310/sci2601-36 

Moher D, Liberati A, Tetzlaff J, Altman DG, PRISMA Group. Preferred reporting items 
for systematic reviews and meta-analyses: the PRISMA statement. PLoS Med. 2009; 
6:e1000097. doi:10.1371/journal.pmed.1000097 

Morone G, Pirrera A, Iannone A, Giansanti D. Development and Use of Assistive 
Technologies in Spinal Cord Injury: A Narrative Review of Reviews on the Evolution, 
Opportunities, and Bottlenecks of Their Integration in the Health Domain. Healthc 
Basel Switz. 2023; 11:1646. doi:10.3390/healthcare11111646 

Nabata KJ, Tse EK, Nightingale TE, et al. The Therapeutic Potential and Usage 
Patterns of Cannabinoids in People with Spinal Cord Injuries: A Systematic Review. 
Curr Neuropharmacol. 2021; 19:402-432. doi:10.2174/1570159X18666200420085712 

Natale P, Ju A, Strippoli GF, et al. Interventions for fatigue in people with kidney 
failure requiring dialysis. Cochrane Database Syst Rev. 2023; 8:CD013074. 
doi:10.1002/14651858.CD013074.pub2 

Neefkes-Zonneveld CR, Bakkum AJ, Bishop NC, van Tulder MW, Janssen TW. Effect 
of long-term physical activity and acute exercise on markers of systemic 
inflammation in persons with chronic spinal cord injury: a systematic review. Arch 
Phys Med Rehabil. 2015; 96:30-42. doi:10.1016/j.apmr.2014.07.006 

Nightingale TE, Rouse PC, Walhin JP, Thompson D, Bilzon JLJ. Home-Based Exercise 
Enhances Health-Related Quality of Life in Persons With Spinal Cord Injury: 
A Randomized Controlled Trial. Arch Phys Med Rehabil. 2018; 99:1998-2006.e1. 
doi:10.1016/j.apmr.2018.05.008 

Nooijen CF, Stam HJ, Bergen MP, et al. A behavioural intervention increases physical 
activity in people with subacute spinal cord injury: a randomised trial. J Physiother. 
2016; 62:35-41. doi:10.1016/j.jphys.2015.11.003 (a) 

Nooijen CFJ, Stam HJ, Schoenmakers I, et al. Working mechanisms of a behavioural 
intervention promoting physical activity in persons with subacute spinal cord injury. 
J Rehabil Med. 2016;48(7):583-588. doi:10.2340/16501977-2110 (b) 

Nooijen CFJ, Vogels S, Bongers-Janssen HMH, et al. Fatigue in persons with subacute 
spinal cord injury who are dependent on a manual wheelchair. Spinal Cord. 
2015;53(10):758-762. doi:10.1038/sc.2015.66 

Nooijen CF, Stam HJ, Sluis T, Valent L, Twisk J, van den Berg-Emons RJ. A behavioral 
intervention promoting physical activity in people with subacute spinal cord injury: 
secondary effects on health, social participation and quality of life. Clin Rehabil. 
2017;31(6):772-780. doi:10.1177/0269215516657581 

Norrbrink C, Lundeberg T. Acupuncture and massage therapy for neuropathic pain 
following spinal cord injury: an exploratory study. Acupunct Med J Br Med Acupunct 
Soc. 2011; 29:108-115. doi:10.1136/aim.2010.003269 



 50 

Oliva Ramirez A, Keenan A, Kalau O, Worthington E, Cohen L, Singh S. Prevalence 
and burden of multiple sclerosis-related fatigue: a systematic literature review. BMC 
Neurol. 2021; 21:468. doi:10.1186/s12883-021-02396-1 

Onate-Figuérez A, Avendaño-Coy J, Fernández-Canosa S, Soto-León V, López-Molina 
MI, Oliviero A. Factors Associated With Fatigue in People With Spinal Cord Injury: A 
Systematic Review and Meta-analysis. Arch Phys Med Rehabil. 2023; 104:132-142. 
doi:10.1016/j.apmr.2022.07.017 

Overman CL, Kool MB, Da Silva JAP, Geenen R. The prevalence of severe fatigue in 
rheumatic diseases: an international study. Clin Rheumatol. 2016; 35:409-415. 
doi:10.1007/s10067-015-3035-6 

Peters J, Abou L, Rice LA, et al. The effectiveness of vigorous training on 
cardiorespiratory fitness in persons with spinal cord injury: a systematic review and 
meta-analysis. Spinal Cord. 2021; 59:1035-1044. doi:10.1038/s41393-021-00669-7 

Pinelli E, Zinno R, Barone G, Bragonzoni L. Barriers and facilitators to exoskeleton use 
in persons with spinal cord injury: a systematic review. Disabil Rehabil Assist Technol. 
2024; 19:2355-2363. doi:10.1080/17483107.2023.2287153 

Postol N, Spratt NJ, Bivard A, Marquez J. Physiotherapy using a free-standing robotic 
exoskeleton for patients with spinal cord injury: a feasibility study. J 
Neuroengineering Rehabil. 2021; 18:180. doi:10.1186/s12984-021-00967-4 

Pöttgen J, Moss-Morris R, Wendebourg JM, et al. Randomised controlled trial of a 
self-guided online fatigue intervention in multiple sclerosis. J Neurol Neurosurg 
Psychiatry. 2018; 89:970-976. doi:10.1136/jnnp-2017-317463 

Pourjafari Jorjafaki B, Hovanloo F, Mohammadi F. Effect of Six Weeks Virtual Reality-
Based Rehabilitation Exercise and Reflexology on Fatigue Rate of Paralyzed 
Veterans. Iran J War Public Health. 2022; 14:19-24. 

Proserpio P, Lanza A, Sambusida K, et al. Sleep apnea and periodic leg movements in 
the first year after spinal cord injury. Sleep Med. 2015; 16:59-66. 
doi:10.1016/j.sleep.2014.07.019 

Puetz TW. Physical activity and feelings of energy and fatigue: epidemiological 
evidence. Sports Med Auckl NZ. 2006; 36:767-780. doi:10.2165/00007256-200636090-
00004 

Ripat JD, Woodgate RL. The role of assistive technology in self-perceived 
participation. Int J Rehabil Res. 2012; 35:170. doi:10.1097/MRR.0b013e3283531806 

Rodriguez KE, Greer J, Yatcilla JK, Beck AM, O’Haire ME. The effects of assistance 
dogs on psychosocial health and wellbeing: A systematic literature review. PloS One. 
2020;15(12):e0243302. doi:10.1371/journal.pone.0243302 

Rosenthal TC, Majeroni BA, Pretorius R, Malik K. Fatigue: an overview. Am Fam 
Physician. 2008; 78:1173-1179. 

Sadeghi M, Mclvor J, Finlayson H, Sawatzky B. Static standing, dynamic standing and 
spasticity in individuals with spinal cord injury. Spinal Cord. 2016; 54:376-382. 
doi:10.1038/sc.2015.160 



 51 

Saladino ML, Gualtieri C, Scaffa M, et al. Neuro rehabilitation effectiveness based on 
virtual reality and tele rehabilitation in people with multiple sclerosis in Argentina: 
Reavitelem study. Mult Scler Relat Disord. 2023;70:104499. 
doi:10.1016/j.msard.2023.104499 

Salarvand S, Heidari ME, Farahi K, Teymuri E, Almasian M, Bitaraf S. Effectiveness of 
massage therapy on fatigue and pain in patients with multiple sclerosis: A 
systematic review and meta-analysis. Mult Scler J - Exp Transl Clin. 2021; 
7:20552173211022779. doi:10.1177/20552173211022779 

Sari F, Oskay D, Tufan A. Effects of a telerehabilitation-based exercise program in 
patients with systemic sclerosis. Z Rheumatol. 2024; 83(Suppl 1):167-174. 
doi:10.1007/s00393-023-01346-1 

Saunders LL, Krause JS, DiPiro ND, Kraft S, Brotherton S. Ambulation and 
complications related to assistive devices after spinal cord injury. J Spinal Cord Med. 
2013; 36:652-659. doi:10.1179/2045772312Y.0000000082 

Sawatzky B, Denison I, Langrish S, Richardson S, Hiller K, Slobogean B. The segway 
personal transporter as an alternative mobility device for people with disabilities: a 
pilot study. Arch Phys Med Rehabil. 2007; 88:1423-1428. doi:10.1016/j.apmr.2007.08.005 

Sawatzky B, Denison I, Tawashy A. The Segway for people with disabilities: meeting 
clients’ mobility goals. Am J Phys Med Rehabil. 2009; 88:484-490. 
doi:10.1097/PHM.0b013e3181909ef9 

Shahid A, Wilkinson K, Marcu S, Shapiro CM. Fatigue Assessment Scale (FAS). In: 
STOP, THAT and One Hundred Other Sleep Scales. Springer Science+Business Media. 

Shem K, Karasik D, Carufel P, Kao MC, Zheng P. Seated Tai Chi to alleviate pain and 
improve quality of life in individuals with spinal cord disorder. J Spinal Cord Med. 
2016; 39:353-358. doi:10.1080/10790268.2016.1148895 

Shohani M, Kazemi F, Rahmati S, Azami M. The effect of yoga on the quality of life 
and fatigue in patients with multiple sclerosis: A systematic review and meta-
analysis of randomized clinical trials. Complement Ther Clin Pract. 2020; 39:101087. 
doi:10.1016/j.ctcp.2020.101087 

Smets EM, Garssen B, Bonke B, De Haes JC. The Multidimensional Fatigue Inventory 
(MFI) psychometric qualities of an instrument to assess fatigue. J Psychosom Res. 
1995; 39:315-325. doi:10.1016/0022-3999(94)00125-o 

Smith EM, Imam B, Miller WC, et al. The relationship between fatigue and 
participation in spinal cord injury. Spinal Cord. 2016; 54:457-462. 
doi:10.1038/sc.2015.149 

Stephens C, Neil R, Smith P. The perceived benefits and barriers of sport in spinal 
cord injured individuals: a qualitative study. Disabil Rehabil. 2012; 34:2061-2070. 
doi:10.3109/09638288.2012.669020 

Su Y, Yuki M, Otsuki M. Non-Pharmacological Interventions for Post-Stroke Fatigue: 
Systematic Review and Network Meta-Analysis. J Clin Med. 2020; 9:621. 
doi:10.3390/jcm9030621 



 52 

Tamburella F, Lorusso M, Tramontano M, Fadlun S, Masciullo M, Scivoletto G. 
Overground robotic training effects on walking and secondary health conditions in 
individuals with spinal cord injury: systematic review. J Neuroengineering Rehabil. 
2022; 19:27. doi:10.1186/s12984-022-01003-9 

Tawashy AE, Eng JJ, Lin KH, Tang PF, Hung C. Physical activity is related to lower 
levels of pain, fatigue and depression in individuals with spinal-cord injury: a 
correlational study. Spinal Cord. 2009; 47:301-306. doi:10.1038/sc.2008.120 

Taylor DM, Stone SD, Huijbregts MP. Remote participants’ experiences with a group-
based stroke self-management program using videoconference technology. Rural 
Remote Health. 2012; 12:1947. 

Tomasone JR, Wesch NN, Ginis KAM, Noreau L. Spinal Cord Injury, Physical Activity, 
and Quality of Life: A Systematic Review. Kinesiol Rev. 2013; 2:113-129. 
doi:10.1123/krj.2.2.113 

Turner AP, Hartoonian N, Sloan AP, et al. Improving fatigue and depression in 
individuals with multiple sclerosis using telephone-administered physical activity 
counseling. J Consult Clin Psychol. 2016; 84:297-309. doi:10.1037/ccp0000086 

van der Scheer JW, Martin Ginis KA, Ditor DS, et al. Effects of exercise on fitness and 
health of adults with spinal cord injury: A systematic review. Neurology. 2017; 89:736-
745. doi:10.1212/WNL.0000000000004224 

van Diemen T, van Lankveld W, van Leeuwen C, Post M, van Nes I. Multidimensional 
fatigue during rehabilitation in persons with recently acquired spinal cord injury. J 
Rehabil Med. 2016; 48:27-32. doi:10.2340/16501977-2018 

Vestergaard M, Jensen K, Juul-Kristensen B. Hybrid high-intensity interval training 
using functional electrical stimulation leg cycling and arm ski ergometer for people 
with spinal cord injuries: a feasibility study. Pilot Feasibility Stud. 2022; 8:43. 
doi:10.1186/s40814-022-00997-2 

Vincent C, Gagnon DH, Dumont F, ADMI group. Pain, fatigue, function and 
participation among long-term manual wheelchair users partnered with a mobility 
service dog. Disabil Rehabil Assist Technol. 2019; 14:99-108. 
doi:10.1080/17483107.2017.1401127 

Wade DT, Robson P, House H, Makela P, Aram J. A preliminary controlled study to 
determine whether whole-plant cannabis extracts can improve intractable 
neurogenic symptoms. Clin Rehabil. 2003; 17:21-29. doi:10.1191/0269215503cr581oa 

Wang E, Chang JHC, Plow M. Predictors of fatigue self-management behaviors in 
adults with multiple sclerosis. NeuroRehabilitation. 2022; 50:75-87. doi:10.3233/NRE-
210179 

Wang L, Quan M, Nieman DC, et al. Effects of High-Intensity Interval Training and 
Combined High-Intensity Interval Training Programs on Cancer-Related Fatigue and 
Cancer Pain: A Systematic Review and Meta-analysis. Med Sci Sports Exerc. 2023; 
55:1620-1631. doi:10.1249/MSS.0000000000003191 

Wardell DW, Rintala DH, Duan Z, Tan G. A pilot study of healing touch and 
progressive relaxation for chronic neuropathic pain in persons with spinal cord 



 53 

injury. J Holist Nurs Off J Am Holist Nurses Assoc. 2006; 24:231-240; discussion 241-
244. doi:10.1177/0898010106289840 

Warms CA, Belza BL, Whitney JD, Mitchell PH, Stiens SA. Lifestyle physical activity for 
individuals with spinal cord injury: a pilot study. Am J Health Promot AJHP. 2004; 
18:288-291. doi:10.4278/0890-1171-18.4.288 

Wender CLA, Manninen M, O’Connor PJ. The Effect of Chronic Exercise on Energy 
and Fatigue States: A Systematic Review and Meta-Analysis of Randomized Trials. 
Front Psychol. 2022; 13:907637. doi:10.3389/fpsyg.2022.907637 

White PD, Goldsmith KA, Johnson AL, et al. Comparison of adaptive pacing therapy, 
cognitive behaviour therapy, graded exercise therapy, and specialist medical care for 
chronic fatigue syndrome (PACE): a randomised trial. Lancet Lond Engl. 2011; 
377(9768):823-836. doi:10.1016/S0140-6736(11)60096-2 

Wijesuriya N, Tran Y, Middleton J, Craig A. Impact of fatigue on the health-related 
quality of life in persons with spinal cord injury. Arch Phys Med Rehabil. 2012; 93:319-
324. doi:10.1016/j.apmr.2011.09.008 

Williams TL, Smith B, Papathomas A. The barriers, benefits and facilitators of leisure 
time physical activity among people with spinal cord injury: a meta-synthesis of 
qualitative findings. Health Psychol Rev. 2014; 8:404-425. 
doi:10.1080/17437199.2014.898406 

Wilsey B, Marcotte TD, Deutsch R, Zhao H, Prasad H, Phan A. An Exploratory Human 
Laboratory Experiment Evaluating Vaporized Cannabis in the Treatment of 
Neuropathic Pain From Spinal Cord Injury and Disease. J Pain. 2016; 17:982-1000. 
doi:10.1016/j.jpain.2016.05.010 

Winkle M, Crowe TK, Hendrix I. Service dogs and people with physical disabilities 
partnerships: a systematic review. Occup Ther Int. 2012; 19:54-66. doi:10.1002/oti.323 

Wong AWK, Tomazin R, Walker K, et al. Text messaging intervention for fatigue self-
management in people with stroke, spinal cord injury, and multiple sclerosis: A pilot 
study. Disabil Health J. Published online November 11, 2023:101549. 
doi:10.1016/j.dhjo.2023.101549 

Xiang Y, Lu L, Chen X, Wen Z. Does Tai Chi relieve fatigue? A systematic review and 
meta-analysis of randomized controlled trials. PloS One. 2017; 12:e0174872. 
doi:10.1371/journal.pone.0174872 

Youssef H, Gönül MN, Sobeeh MG, et al. Is High-Intensity Interval Training More 
Effective Than Moderate Continuous Training in Rehabilitation of Multiple Sclerosis: 
A Comprehensive Systematic Review and Meta-analysis. Arch Phys Med Rehabil. 
2024; 105:1545-1558. doi:10.1016/j.apmr.2023.12.012 

Yuan SLK, Matsutani LA, Marques AP. Effectiveness of different styles of massage 
therapy in fibromyalgia: a systematic review and meta-analysis. Man Ther. 2015; 
20:257-264. doi:10.1016/j.math.2014.09.003 

Zedlitz AMEE, Rietveld TCM, Geurts AC, Fasotti L. Cognitive and graded activity 
training can alleviate persistent fatigue after stroke: a randomized, controlled trial. 
Stroke. 2012; 43:1046-1051. doi:10.1161/STROKEAHA.111.632117 



 54 

Zhang T, Yan HX, An Y, et al. The Efficacy and Safety of Manual Therapy for 
Symptoms Associated with Multiple Sclerosis: A Systematic Review and Meta-
Analysis. J Integr Complement Med. 2022; 28:780-790. doi:10.1089/jicm.2021.0382 

 

 

 

 

 

 

 

 

  



 55 

Abbreviations 
CBD  cannabidiol 

CI  confidence interval 

CFS  Chalder Fatigue Scale  

CME  cannabis medicinal extracts 

FAS  fatigue assessment scale 

FES  functional electrical stimulation 

HIIT  high-intensity interval training 

MFI-20 Multi-Dimensional Fatigue Inventory 

MFIS  Modified Fatigue Impact Scale 

VO2peak Peak Oxygen Uptake 

POMS Profile of Moods States 

RCT  randomized controlled trial 

SCI  spinal cord injury 

SMD  standardized mean difference 

THC  delta-9-tetrahydrocannabinol 


