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Abstract Objective: To determine the effect of exercise and physical activity interventions
that meet current guideline recommendations on cardiorespiratory fitness, cardiometabolic
health, and muscle strength in adults in the acute stage (<1 year post onset) of spinal cord injury
(SCI) rehabilitation.
Data Sources: Six electronic databases (PubMed, CINAHL, SPORTDiscus, Google Scholar, National
Institute Clinical Excellence, World Health Organization) were searched (January 2016-March
2022) to extend a previously published review.
Study Selection: Included studies implemented exercise interventions in the acute stage of SCI
rehabilitation participants which met the exercise guidelines and measured cardiorespiratory fit-
ness, cardiometabolic health, and strength outcomes.
Data Extraction: Titles and abstracts were screened against eligibility criteria and duplicates
removed using EndNote X8. Full texts were independently assessed and results presented in a
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Preferred Reporting Items for Systematic Reviews and Meta-Analyses flowchart. Data extraction
was completed on included studies by 2 reviewers (L.R. and V.B.) using a modified Cochrane
Group form.
Data Synthesis: Data were synthesized, appraised using the Modified Downs & Black checklist and
presented in narrative and tabular format. This review was registered on PROSPERO (Register ID:
CRD42021249441). Of the 1255 studies, 4 were included, featuring 108 total participants <1-
year post-SCI. Functional electrical stimulation cycle ergometry reduced muscle atrophy after 3
months training and increased lean body mass after 6 months. Resistance training increased mus-
cle peak torque, perceived muscle strength and function. Aerobic exercise interventions did not
increase cardiorespiratory fitness.
Conclusions: Interventions meeting the exercise guidelines did not increase cardiorespiratory fit-
ness but were shown to improve cardiometabolic health and perceived muscle strength and func-
tion in adults in the acute stage of SCI rehabilitation. Further empirical research using
standardized outcome measures are required to explore the effectiveness of aerobic exercise
and strengthening interventions in acute stage of SCI rehabilitation to support the development
of exercise guidelines.
© 2023 Published by Elsevier Inc. on behalf of American Congress of Rehabilitation Medicine. This
is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/
by-nc-nd/4.0/).
Acute spinal cord injury (SCI) results from damage to the spi-
nal cord due to trauma or disease. SCI is often associated
with high mortality and morbidity and can include significant
disruption to sensory, motor, and autonomic function. Reha-
bilitation of SCI can be divided into 3 key phases: acute, sub-
acute, and chronic.1 The acute phase of SCI rehabilitation
usually refers to the time period up to 1 year.1,2 In the acute
phase, rehabilitation focuses on optimizing neural recovery,
maximizing independence, and prevention of secondary
health complications.1

In 2016, the World Health Organization (WHO) Global Bur-
den of Disease study reported that there were >27million
prevalent cases of SCI globally and almost 1 million new
cases of SCI per annum.3 Individuals with traumatic SCI have
two and a half times greater the mortality risk due to cardio-
vascular disease and secondary health conditions than the
general population.4,5 It is important to consider the effect
of disability on individuals with SCI to ensure that effective
interventions are implemented at individual and population
levels.6 Physical fitness is multifaceted and includes compo-
nents such as cardiorespiratory endurance, muscular endur-
ance and strength, body composition, and flexibility.7 The
promotion of regular physical activity after SCI reduces the
risk of developing secondary health conditions, improves
quality of life, and reduces physical and economic burden.8

The WHO Global Action Plan on Physical Activity 2018-
2030 aims to reduce global prevalence of physical inactivity
in adults and adolescents by 15% by 2030.9 WHO physical
activity guidelines were published to increase physical activ-
ity participation in the general population including people
with disabilities, and provide consistent, global recommen-
dations.10 Despite this, Public Health England report that
43% of people with disabilities are inactive and 37%-50% of
those studied complete no leisure-time physical activity.11

Several authors have since challenged the use of the WHO
target of 150 minutes of weekly physical activity in SCI,
arguing that guidelines should be disability specific.12,13,14 In
2017, a systematic review by van der Scheer et al
highlighted exercise prescriptions at lower frequency and
intensity than is outlined by the WHO guidelines were
effective at improving cardiorespiratory fitness and cardio-
metabolic health in chronic SCI.15 From this work, new
updated evidence-based scientific exercise guidelines for
adults with SCI were developed to support international con-
sistency in exercise prescription and policy development for
cardiorespiratory fitness and cardiometabolic health.12 New
to the guidelines were 2 different exercise prescriptions, 1
for cardiorespiratory fitness (and strengthening) and another
for cardiometabolic health.

Although van der Scheer et al15 sourced 30 studies explor-
ing exercise interventions in the acute SCI rehabilitation
stage, there was insufficient high-quality evidence at that
time and further research was warranted to enable an exer-
cise guideline to be generated specifically for the acute
rehabilitation population. Due to the very low incidence
rate of serious adverse events, van der Scheer at al15 sug-
gested that these guidelines might be appropriate for indi-
viduals <12 months post injury with support from a health
care professional. However, a systematic review by Selph
et al,16,17 exploring physical activity in a mixed wheelchair
user population, found harms were reported and increased
risk of autonomic dysreflexia in SCI participants. While this
information was drawn from papers in the chronic SCI reha-
bilitation population, it corresponds with a study by Galea
et al18 that evaluated functional electrical stimulation-
assisted cycling (FESC) in acute traumatic SCI less than 1-
year post injury. Galea et al18 outlined the harm of leg abra-
sion as definitely related to the exercise intervention, and
hematoma over ischium and increased blood pressure during
intervention as probably casually related to exercise in their
study population. While there is a need for clinicians, and
physiotherapists in particular, to be supporting physical
activity and exercise in the acute rehabilitation phase, there
is still limited guidance on how to safely prescribe exercise
in this population.19

Individuals with acute SCI have differing needs to those
with chronic SCI. Clinicians supporting those with acute SCI
must carefully consider each individual’s medical condition,
unique rehabilitation goals and access to support and exer-
cise facilities.1 There is also a need for consensus on defining

http://creativecommons.org/licenses/by-nc-nd/4.0/
http://creativecommons.org/licenses/by-nc-nd/4.0/


Evidence-based scientific exercise guidelines 3
and measuring physical activity in wheelchair users and clear
clinical guidance on exercise frequency, intensity, timing,
and type (FITT) that are both safe and effective in the acute
adult SCI population.17

Therefore, this review questions “What is the effect of
exercise and physical activity interventions on cardiorespi-
ratory fitness, cardiometabolic health, and muscle strength
in adults with acute SCI?”.
Methods

Ethical Approval

Ethical approval for this desk based research project was
granted by the UK University of Lincoln Ethical Application
System on 12/04/2021 (review reference: 2021_6564).

Search strategy

This review was registered on PROSPERO (Register ID:
CRD42021249441) and conducted in accordance with the
Preferred Reporting Items for Systematic Reviews and Meta-
Analyses (PRISMA) Checklist.20

The lead reviewer (L.R.) conducted a systematic search
of literature published from January 2016 until March 2022,
to update a previous review.15 The 30 acute rehabilitation
studies highlighted by the 2017 review15 were pooled with
the results from this updated search and screened against
new inclusion criteria. The following 5 databases were sys-
tematically searched: PubMed (January 2016-March 2022),
CINAHL (January 2016-April 2021 via EBSCO host), SPORTDis-
cus (January 2016-May 2021 via EBSCO host), National Insti-
tute of Clinical Excellence (May 2021), and WHO (May 2021).
Google Scholar (January 2016-May 2021) was also searched
to identify any additional studies from the gray literature.
Search terms (outlined in Appendix 1; available online only
at http://www.archives-pmr.org/) were assembled through
exploring current literature in this field and using CINAHL
Headings, PubMed Medical Subject Headings, and the SPORT-
Discus Thesaurus.

Study eligibility

Inclusion criteria
Inclusion criteria for population: (1) adults—aged 18-79
years (men and women); and (2) participants diagnosed with
SCI—acute rehabilitation timeframe (<12 months post
injury), any type (traumatic, acquired), any severity (com-
plete, incomplete), any level (tetraplegia, paraplegia).

Interventions considered for inclusion met Scientific
Exercise Guidelines12 including (1) cardiorespiratory fitness
—minimum of 20 min sessions twice per week moderate to
vigorous intensity; (2) cardiometabolic health—minimum of
30 min sessions twice per week moderate to vigorous inten-
sity; and (3) strengthening—minimum of 3 sets of 8-10 reps
per major muscle group twice per week.

Studies with a control group of no intervention or usual
rehabilitation/care featuring spinal cord injured partici-
pants were also considered for inclusion. For outcomes,
quantifiable measures of cardiorespiratory fitness (ie,
oxygen uptake/consumption and aerobic capacity), cardio-
metabolic health (vascular function, body composition, and
metabolic regulation), and/or muscle strength (1 or 10 repe-
tition max, weight lifted, or manual muscle testing) were
considered for inclusion.

For settings, any acute, subacute, or community rehabili-
tation setting with resources to support aerobic and strength
training was considered. For study design, randomized con-
trolled trials were considered for inclusion.
Exclusion criteria
Exclusion criteria were: (1) studies with no comparison
group or included a comparative intervention that was not a
control or usual rehabilitation/care; (2) studies that did not
sufficiently report sample or intervention details to deter-
mine inclusion; (3) participants with secondary spinal lesions
(ie, as a result of multiple sclerosis) or congenital spinal/spi-
nal cord disorders (ie, spinal cord malformation, spina
bifida); (4) non-spinal cord injury participants or where the
sample is mixed and SCI does not account for >75% of the
sample; (5) studies including only animal data; case reports
(or case series), conference abstracts, and literature
reviews (systematic reviews/meta-analyses/guidelines); (6)
qualitative methodology studies; (7) studies requiring trans-
lation into the English language, due to a lack of funding for
language translation services.
Selection of studies

Citations were exported and duplicates removed using End-
Note X8 reference management software. Titles and
abstracts were initially screened against the study eligibility
criteria stated above by 2 reviewers (L.R. and V.B.). A third
reviewer (D.N.) was available to resolve any disagreement if
required.

Reviewers (L.R. and V.B.) independently assessed each
full text record as part of the PRISMA eligibility stage of the
review. Decisions were based on the PICOS model to verify
that all inclusion criteria were met. The results at each
screening stage and reasons for exclusion have been pre-
sented in a PRISMA flowchart (fig 1). Any disagreements
were resolved by a third reviewer (D.N.).
Data extraction

To minimize bias, the guidelines of the Cochrane Handbook
for Systematic Reviews of interventions outlined by Hig-
gins et al21 was used for the data extraction and analysis
processes. Data extraction was completed on included
studies by the lead reviewer (L.R.) and independently
checked by a second reviewer (V.B.) using a modified
Cochrane Group form. Any conflicts were resolved by a
third reviewer (D.N.). The following information was
extracted from each article: author name, year of publica-
tion, country of study setting, patient population, inter-
vention description, control description, outcome
measures, intervention setting, study design, and findings
according to each outcome.

http://www.archives-pmr.org/


Fig 1 PRISMA diagram of screening and inclusion of studies in this review.
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Quality assessment

Methodological quality of included articles was assessed
using the Modified Downs and Black checklist.22 A binary yes
or no (or unable to detect) was applied to question 27 for
consistency between reviewers (see Appendix 2 for further
detail). Reviewers (L.R. and V.B.) independently assessed
the risk of bias for the included studies. A third reviewer (D.
N.) was available to resolve any disagreement if required.
Data synthesis strategy

Primary outcomes have been analyzed through narrative
synthesis using a best evidence synthesis approach.23 Data
have been grouped based on study interventions and out-
comes and presented in tabular format. Although initially
intended, meta-analysis was not possible due to a lack of
consistency in outcome measures and the denominations
used.
Results

Search results

Of the 1255 studies highlighted for title screening, 50 were
screened by abstract and only 24 articles were appropriate
for full text screening. After full text screening, it was unan-
imously decided that 4 studies were to be included in this
review24-27 (fig 1). One26 of the 4 included studies was previ-
ously included in the van der Scheer et al (2017) review.15
Study characteristics

Each of the 4 included studies had between 20 and 30 partici-
pants, all of which had an SCI less than 12 months prior. Our
total sample size was 108 participants across all included stud-
ies, 80% of participants were men. One study24 included ambu-
latory participants with incomplete cervical and thoracic SCI.
All other studies included participants from 9 rehabilitation set-
tings in 6 countries. Participants were undergoing rehabilitation
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in specialist SCI rehabilitation units across a variety of coun-
tries, including Australia (n=4 centers), Canada (n=1), India
(n=1), North America (n=1), and Norway (n=1). In 1 study,27

inpatient rehabilitation was conducted at a tertiary hospital in
Turkey. Time since injury (TSI) ranged from 60.5 days to 69
days; however, 1 study27 did not specify the TSI for participants
but was included as participants were recorded as being
treated as in-patients after SCI. The age of participants ranged
between 20 and 65 years and all intervention and control
groups had a men dominance in the reported women to men
participant ratio.

All training interventions met the Scientific Exercise
Guidelines12 but each author implemented a different FITT
(table 1). Intervention training regimes ranged between 6
weeks and 6 months in length. Four studies were randomized
controlled trials and compared interventions against SCI
controls, 1 study was a randomized trial comparing 2 inter-
ventions. One study reported measures of cardiorespiratory
fitness compared high intensity interval training (HIIT) with
moderate intensity training (MIT).24 One study reported car-
diometabolic health through lean body mass (LBM) and com-
pared functional electrical stimulation cycle ergometry
(FES-CE) and functional electrical stimulation isometric con-
traction (FES-IC) interventions.26 Two studies explored mus-
cle strengthening, 1 study implemented progressive muscle
strength training25 and 1 implemented continuous resistance
training (CRT).27
Quality appraisal

All studies were of “good”24,25 or “fair”26,27 quality. None of
the studies were fully representative of the entire popula-
tion, able to blind their participants, or conceal intervention
group allocation. Full criteria and scores recorded are pro-
vided in Appendix 2.
Intervention outcome

Included studies used a variety of cardiorespiratory fitness,
cardiometabolic health, muscle strength, and function out-
come measures with a range of denominations. Although
some outcome measures used in the included studies were
comparable, such as muscle strength, peak heart rate, exer-
cise workload, exercise intensity and function, the denomi-
nations, and methods of rating (assessor rated vs self-rated)
varied significantly. Inconsistency in measures, raters, and
denominations of outcomes made direct comparison and
meta-analysis impossible (table 2).

The study exploring cardiorespiratory fitness24 found that
HIIT and MIT showed no statistically significant improvement
in aerobic and physical capacity and aerobic endurance
despite a 13% increase in V̇o2peak with 12 weeks HIIT (table
2).

For measures of cardiometabolic health,26 1 study explor-
ing LBM demonstrated that after 3 months the control group
had muscle atrophy of up to 12.4% LBM. This included a loss
of 6.1% total LBM, 12.4% gluteal LBM, and 10.1% lower limb
LBM. After 6 months, there was muscle atrophy of up to
26.8%, this included a loss of 9.5% total LBM loss, 26.8% glu-
teal LBM, and 21.4% lower limb LBM. FES-CE and FEC-IC sig-
nificantly (P<.05) reduced muscle atrophy with 3 and 6
months training compared with control. After 6 months FES-
CE training, there was a statistically significant (P<.05)
increase of 7.7% gluteal LBM compared with control and a
significant (P<.05) increase of 9.3% lower limb LBM com-
pared with FES-IC and control. Conversely, 12 weeks HIITand
MIT showed no significant changes in total daily energy
expenditure.24

Quantitative muscle strength measures showed no signifi-
cant increase in voluntary isometric strength after 12 weeks
progressive strength training, but participants perceived
(via self-rating score) a clinically meaningful increase in
strength.25 After 6 weeks of CRT, all measures of peak torque
significantly improved. Although not primary outcomes for
this review, the included studies also showed changes in
functional outcomes.25,27 Participants perceived a clinically
meaningful increase in physical function after 12 weeks pro-
gressive strength training and statistically significant
increase in self-reported physical function after 6 weeks
CRT.25,27 Distance walked, total daily steps, and fatigue ratio
showed no statistically significant changes with either train-
ing intervention.24

Despite 3 of the studies reporting minor adverse events,
none reported any serious harm or injuries. These minor
adverse events included light-headedness in the first 2
months of FES-CE training (n=2),26 quadriceps tightening
and discomfort in final week (week 12) of progressive muscle
strengthening (n=1),25 and myalgia in the first session of CRT
(n=3).27

Adherence to interventions was high. The FES-CE training
program was well tolerated, with all participants achieving
100% attendance. Only 1 participant demonstrated 80% com-
pliance.26 98% adherence was recorded for progressive mus-
cle strength training.25 One study also recorded a similar
number of sessions being recorded for all groups over 12
weeks (HIIT 49, MIT 53, control 55).24 Compliance for 1 study
was not recorded.27
Discussion

Summary of main results

This systematic review examined the effectiveness of
exercise interventions on cardiorespiratory fitness, cardi-
ometabolic health and muscle strength after acute SCI.12

The 4 included studies implemented a range of interven-
tion types, frequencies, and intensities and used a wide
variety of outcome measures to determine efficacy. Aero-
bic exercise interventions did not improve measures of
cardiorespiratory fitness in the acute rehabilitation SCI
participants. However, significant improvements were
seen in measures of cardiometabolic health with FES-CE
and FES-IC as 3 months training reduced muscle atrophy
and 6 months FES-CE training significantly increased LBM.
Muscle peak torque also significantly improved with 6
weeks CRT and clinically meaningful improvement in per-
ception of muscle strength was seen after 12 weeks pro-
gressive muscle strengthening. These results were
mirrored by a clinically meaningful increase in function
after 12 weeks progressive strengthening and significant
increase in physical function with 6 weeks CRT.



Table 1 Summary of the characteristics of included studies

Author Sample Intervention Control Outcome(s) Setting Study Design

Baldi et al26 SCI (n=26; women=7; mean
age 27§1 y)

Injury: Frankel A or B, Cx or
Tx

TSI: 60.5 (§22.5) d

Grp 1: FES-CE
(3-30 min, 3 times per week; 3
months n=9; 6 months n=7)

Grp 2: FES-IC
(1 h, 5p/w; 3 mo n=8; 6 mo n=5)

UC
(no FES; 3 mo n=9; 6
mo n=5)

�LBM (total body, gluteal and
lower body, kg)

Inpatient, USA RCT
(2-arm)

Bye et al25 SCI (n=30; women=6; median
age 46 [25-65] y)

Injury: Level C1-S5; ASIA A-D
TSI: 2 (1.4-3.1 IQR) mo

Progressive strength
(3 times per week, 12 wk; n=30
limbs)

UC
(no resistance
strength; n=30
limbs)

�Peak maximal isometric muscle
strength measured at mid-range
(dynamometer)

� Spasticity (Ashworth scale)
� Muscle fatigue (dynamometer)
� Perception of function
� Perception of strength (15-pt)

Inpatient, Australia (4
units) India (1 unit)

RCT

Wouda et al24 SCI (n=26; women=5; mean
age 41§17 y)

Injury: Level Cx-Sx, ASIA A-D
TSI: 69 (§29) days

Grp 1: HIITaerobic
(35 min, 2 times per week, 12
wk; n=9)

Grp 2: MITaerobic
(45 min, 3 times per week, 12
wk; n=9)

UC
(no aerobic training;
n=6)

�Physical capacity (V̇o2peak; l/
min & ml/kg/min)

� Physical activity level (TDEE;
kcal/min and daily steps)

� RER
� HRpeak (beats/min)
� Blood lactate (mmol/L)

Inpatient, Norway RCT
(3 parallel groups)

Yildirim et al27 SCI (n=26; women=4; mean
age CRT 29.6§8.5; UC
31.9§12.0 y)

Injury: Level T5-L4, ASIA A-C
and CE

TSI: not reported

CRT
(60 min, 5 times per week, 6
wk; n=13)

UC
(no fixed mechanical
strength; n=13)

� Isokinetic strength using
dynamometer at varying
angular velocities

� Muscle strength (Borg 10-pt
scale)

� FIM (scored 13-91)
� QoL (scored �234 to +234)

Tertiary rehab
hospital, Turkey

RCT
(cross-sectional)

Abbreviations: ASIA, American Spinal Injury Association classification; CE, cauda equine; Cx, cervical spine; HRpeak, peak heart rate; QoL, quality of life; RCT, randomized controlled trial; Sx,
sacral; TDEE, total daily energy expenditure; Tx, thoracic spine; UC, usual care.
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Table 2 Summary of exercise interventions and cardiorespiratory, cardiometabolic, muscle strength, and function findings

Study Training Intervention Findings

Cardiorespiratory Fitness
Wouda et al24 HIIT - 35 min, 2p/w,12 wk

vs MIT - 45 min, 3p/w, 12 wk
�No significant improvements in aerobic capacity, aerobic endurance, HRpeak, and physical
capacity after 12 weeks training (despite a V̇o2peak increase 13% HIIT, 8% MITand 10% control).

Cardiometabolic Health
Baldi et al26 FES-CE - 3-30 min, 3p/w, 3 and 6 mo

vs FES-IC - 1 h, 5p/w, 3 and 6 mo
�At 3 and 6 mo statistically significant prevention of muscle atrophy with FES-CE & FES-IC.*
� By comparison, the control group recorded 6.1%-12.4% (at 3 months) and 9.5%-26.8% (at 6
months) muscle atrophy in all areas.*

� Significant increase in LBM in all areas after 6 mo FES-CE compared with control (P<.05).*
� Significant increase in LL-LBM with FES-CE compared with control and FES-IC (P<.05).*

Wouda et al24 HIIT - 35 min, 2p/w, 12 wk
vs MIT - 45 min, 3p/w, 12 wk

�No statistically significant increase in TDEE after 12 weeks training (despite TDEE increase 7%
HIIT, 1% MIT, and 5% control).

Muscle Strength
Bye et al25 Progressive muscle strengthening (manual by

therapists) - 3p/w, 12 wk
�Participants also reported clinically meaningful increases in perceived strength after 12 wk
progressive muscle strengthening with resistance provided by therapists.*

� No clinically meaningful increase in voluntary isometric strength after 12 wk training.

Yildirim et al27 CRTwith fixed mechanical resistance equipment
- 60 min, 5p/w, 6 wk

�6 wk fixed mechanical CRTsignificantly improved all but 1 measure (left elbow extension;
measured at 180 degrees) of peak muscle torque.*

� No statistically significant change in perceived muscle strength with 6 wk CRT.

Function
Bye et al25 Progressive muscle strength training - 3p/w, 12

wk (n=30 limbs)
�Participants perceived clinically meaningful increases in function after 12 wk progressive muscle
strengthening.*

� No clinically meaningful changes in fatigue ratio reported.

Wouda et al24 HIIT - 35 min, 2p/w, 12 wk vs MIT - 45 min, 3p/w,
12 wk

�No statistically significant increase in total daily steps or distance walked after 12 wk HIIT & MIT.

Yildirim et al27 CRT - 60 min, 5p/w, 6 wk �Statistically significant increase in self-reported physical function (FIM) with 6 wk CRT (P=.043)*

Abbreviation: HRpeak, peak heart rate.
* Statistically significant findings.

Evidence-based
scientific

exercise
guidelines
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Our review is consistent with the findings of van der
Scheer et al15 and suggest that interventions meeting the
exercise guidelines may be safe, applicable, and feasible
when implemented in the acute SCI population. Although
none of the included studies recorded serious adverse events
and interventions were well adhered to, findings from other
studies18 highlight the need to monitor blood pressure and
skin condition.
Overall completeness, applicability, and certainty of
results

There was insufficient evidence to complete a meta-analysis
from the included studies due to the heterogeneity of inter-
ventions and outcomes. While the evidence in chronic SCI
was sufficient to produce the original guidelines,12 specific
studies in the acute SCI rehabilitation stage are still sparse
in number and diverse in content.

Potential for variation in international and national
standards of care and rehabilitation provision between sites
must also be acknowledged as the included studies were
conducted at multiple global sites.

A lack of consistency in reporting participant severity of
injury, TSI, and standard care provision may have influenced
the results of included studies. However, it is for this reason
that the 2018 international guidelines were originally com-
piled and published. It is frequently reported that there is a
time lag between research being translated into clinical
practice.28 Therefore, the relatively short period of time
between the guidelines being published and this review
being conducted could explain the limited translation to
clinical practice and limited additional research in this field
as a result. The variety of exercise interventions highlights
the challenges of applying these guidelines to clinical prac-
tice.

Significant improvements were reported in cardiometa-
bolic health, peak muscle torque and perceived muscle
strength. Improvements were also observed in cardiorespira-
tory fitness, albeit not statistically so. Our review cannot
determine overall efficacy but has suggested which inter-
ventions merit further evaluation in the acute SCI rehabilita-
tion population, particularly considering the occurrence of
only minor adverse events in these studies.
Comparison with other studies and reviews

The Scientific Exercise Guidelines specify exercise prescrip-
tions but do not stipulate the types of exercise to be used.12

SCI is a complex neurologic condition and each individual
experiences differing deficits, recovery trajectories, and
functional ability.1 The resultant variation may affect the
potential responses to different exercise interventions, par-
ticularly in those with tetraplegia.29 Further research is
needed to generate specific exercise recommendations,
with reference to FITT as well as consider level and com-
pleteness of initial injury.

It has been shown that self-reported and performance-
based measures are more highly correlated when examining
the same domain of disability.30 Our review findings align
with this, in that 1 study using manual resistance by thera-
pists demonstrated perceived strength benefits,25 whereas
another with fixed mechanical continual resistance training
did not.27 Psychological and cognitive attributes, such as
interaction with therapists providing the resistance, could
have contributed to discrepancies between self-rated and
performance-based measures and must be taken into consid-
eration when comparing these forms of measurement30 and
when designing future studies.

After initial injury, individuals with acute SCI require an
initial period of stabilization and medical optimization prior
to commencing early neurorehabilitation and gaining func-
tional progressions.1,31 This review demonstrates that those
in the acute rehabilitation phase are able to make positive
clinically meaningful changes in strength and function by
implementing the exercise guidelines. Flaccid paralysis and
disuse following acute SCI is common and leads to muscular
atrophy. Individuals with SCI have 35%-40% less LBM and sig-
nificantly increased body fat compared with able-bodied
controls, increasing their risk of developing secondary com-
plications.32 These secondary complications, such as pres-
sure ulcers, fractures, and deep vein thrombosis, can lead to
poorer functional recovery, independence, and long-term
health.18,26 Interventions such as FES-CE in the first 6 months
of SCI rehabilitation has the potential to reduce muscle loss
and increase LBM overall. This is particularly useful in areas
which may be vulnerable to skin breakdown if there is sub-
stantial muscle loss such as the gluteal muscles and lower
limb musculature.33

Targeted physical activity and exercise guidelines aim to
reduce the risk of developing secondary health conditions of
both the general population and those with SCI.12,9 However,
guidelines are just 1 method of increasing physical activity
participation34 and adherence to them can be inconsistent
due to a range of factors.35 Potential barriers can include
internal factors such as low self-efficacy and low motivation,
which are prevalent in individuals with SCI in the first 12
months post onset.35-37 Providing access to a suitable exer-
cise environment and equipment, education on why and how
to exercise, tailored exercise prescriptions, and individual-
ized support from qualified professionals and SCI peers are
all facilitators to exercise participation which are accessible
in the acute rehabilitation setting.13,35,37 Acute rehabilita-
tion is an ideal setting to embed exercise guidelines into
daily practice but must consider how to tailor to each indi-
vidual to support long-term adoption and returning to the
community.
Limitations

A significant limitation is the number of included studies in
this review. However, its focus on an underrepresented
patient population (acute SCI rehabilitation), inclusion of
positive and negative outcomes, and advancement of an
existing and well respected meta-analysis is a strength that
justifies and counteracts this. The previously published
meta-analysis was used to develop the search strategy,
inclusion and exclusion criteria, alongside expert consulta-
tion. There is always the possibility that relevant studies
have been missed; however, the search was repeated prior
to publication. A wider pool of studies, such as non-random-
ized trials, involving acute SCI rehabilitation participants
could have been used and would potentially have given a
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more complete picture of the evidence available in this
field. However, including lower quality studies and alterna-
tive designs would have influenced the certainty of findings
of this review. Despite the study design criteria, no studies
received an “excellent” rating in the standardized quality
appraisal, which could also be viewed as a limitation.

Other potential limitations to this study include the het-
erogeneity of participant characteristics (ie, men/women
ratio, age differences, injury level, and completeness),
exercise programs, injury severities, and classifications.
There was an overwhelmingly higher men to women ratio in
the overall sample from this review. While this produces lim-
itations for the generalizability of these findings, it is repre-
sentative of the ratio of men to women with SCI.38 The small
overall data sample may also limit the strength of conclu-
sions from this review. However, it accurately portrays the
field of evidence regarding exercise in acute SCI rehabilita-
tion, provides some recommendations for practice, and
identifies directions for future study.
Recommendations for practice

Clinicians should consider implementing aerobic exercise
and strengthening interventions as outlined in the Scien-
tific Exercise Guidelines in the acute rehabilitation phase
alongside usual functional training. Implementing FES cycle
ergometry in the first 6 months of injury may reduce the
risk of muscle atrophy and increase LBM. Progressive
strength training for up to 12 weeks may increase function.
Clinicians in the acute rehabilitation setting should con-
sider providing access to appropriate exercise equipment
and environments, tailored exercise education, individual-
ized prescriptions, and peer support to work toward
achieving the Scientific Exercise Guidelines. Monitoring of
patients’ skin integrity and monitoring blood pressure for
signs of autonomic dysreflexia should be included in treat-
ment protocols.
Conclusions

This systematic review explored the effectiveness of exer-
cise interventions on cardiorespiratory fitness, cardiometa-
bolic health, and muscle strength in the acute SCI
rehabilitation adult population. It was demonstrated that
although prescriptions varied, some of the exercise pro-
grams meeting the Scientific Exercise Guidelines were
effective at improving cardiometabolic health, peak mus-
cle torque, perceived muscle strength, and physical func-
tion in acute SCI. Improvements were also observed in
cardiorespiratory fitness, although not statistically signifi-
cant. These results not only provide a good indication for
further study but contribute to the evidence in this field.
Further empirical research using standardized outcome
measures is required to explore the effectiveness of exer-
cise interventions in acute SCI rehabilitation to enable
acute clinical guidelines development. Further research in
the acute SCI rehabilitation phase may also consider using
homogenous samples and exercise types to compare the
different elements of FITT to enhance future clinically
focused guidelines.
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