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Context: There are anecdotal reports of adverse events (AEs) associated with exercise in people with spinal
cord injury (SCI) and consequent concern by people with SCI and their providers about potential risks of
exercise. Enumeration of specific events has never been performed and the extent of risk of exercise to
people with SCI is not understood.
Objective: To systematically review published evidence to identify and enumerate reports of adverse events or
AEs associated with training in persons with SCI.
Methods: Review was limited to peer-reviewed studies published in English from 1970 to 2011: (1) in adults with
SCI, (2) evaluating training protocols consisting of repeated sessions over at least 4 weeks to maintain or
improve cardiovascular health, (3) including volitional exercise modalities and functional electrical stimulation
(FES)-enhanced exercise modalities, and (4) including a specific statement about AEs. Trained reviewers
initially identified a total of 145 studies. After further screening, 38 studies were included in the review. Quality
of evidence was evaluated using established procedures.
Results: There were no serious AEs reported. There were no common AEs reported across most types of
interventions, except formusculoskeletal AEs related to FESwalking. Therewere fewAEs in volitional exercise studies.
Conclusion: There is no evidence to suggest that cardiovascular exercise done according to guidelines and
established safety precautions is harmful. To improve the strength of these conclusions, future publications
should include definition of AEs, information about pre-intervention screening, and statements of the nature
and extent of AEs.

Keywords: Aerobic exercise, Functional electric stimulation, Locomotor training, Gait training, Treadmill training, Ergometry, Wheelchair exercise, Spinal cord
injuries, Tetraplegia, Paraplegia

Introduction
In recent decades there has been a mounting interest in
exercise for health, wellness, and fitness for people with
spinal cord injury (SCI). This interest has led to a great
deal of research on the potential benefits of exercise
interventions.1 However, the potential risks of exercise
have not been adequately summarized or described. In
the non-disabled population, anecdotal reports of
acute cardiac events or sudden cardiac death associated
with exercise may cause anxiety and a reluctance to

begin exercise in would-be exercisers. Fortunately for
non-disabled persons, incidence data are available to
show that the actual risk of such events is very low
(0.01 to 0.03/10,000 participant hours)2 and that while
acute cardiac events are associated with episodic phys-
ical activity, this association is the greatest in individuals
who are the least physically active on a regular basis.2–4

Similarly, people with SCI and their healthcare provi-
ders need empirical data on potential risks of exercise
in order to weigh the potential benefits of exercise
against the potential harms. Such data would provide
a more rational basis for clinical recommendations
and future research.

Correspondence to: Catherine Warms, University of Washington Medical
Center and School of Nursing, University of Washington, Seattle,
Washington, USA. Email: cwarms@u.washington.edu

© The Academy of Spinal Cord Injury Professionals, Inc. 2014
DOI 10.1179/2045772313Y.0000000115 The Journal of Spinal Cord Medicine 2014 VOL. 37 NO. 6672

mailto:Email: cwarms@u.washington.edu
mailto:Email: cwarms@u.washington.edu
mailto:Email: cwarms@u.washington.edu
mailto:Email: cwarms@u.washington.edu


Thus far, what is known about exercise-related adverse
events (acute cardiac events occurring during exercise)
and adverse effects (injurious or undesirable effects
during or consequent to exercise) (AE) and the need for
cardiovascular disease screening or exercise testing prior
to beginning aerobic exercise in people with SCI is based
mainly on anecdotal reports. In the absence of empirical
data, reviews on the topic of exercise and physical activity
for peoplewith SCI5,6 have enumerated potential risks that
are theoretically consonant with known impairments
associated with SCI (e.g. autonomic dysreflexia, hypoten-
sion, fractures and joint dislocation, upper extremity and
shoulder pain, hyperthermia). Reviews have also included
risks that are common in exercise studies across popu-
lations such as muscle soreness.5,6 A systematic review of
upper body exercise in SCI in 20077 reported “minimal
adverse events”, but what these events were and the
number of events per number of study participants were
not documented. Similarly, a more recent systematic
review byHicks et al.8 concluded that there are insufficient
data to draw an evidence-based conclusion regarding the
risks associated with performing exercise for people with
SCI. To our knowledge, the incidence of specific exer-
cise-related AE has never been described in the SCI popu-
lation. Therefore, the risks of acute cardiovascular (CV)
events and AE associated with aerobic exercise in people
with SCI are not understood.
We reasoned that an estimateof thepotential forexercise-

related AE could be gleaned from a systematic review of
published exercise intervention studies among people with
SCI. Similar to studies of drugs and other interventions,
exercise studies should report on the safety of participants
and list any AE. This systematic review focused on review-
ing studies of cardiovascular-related exercise training
programs in people with SCI. Our goals were to (1) deter-
mine the typesand frequenciesofassociatedAE, (2) identify
exercisemodalities or patient characteristics associatedwith
AE of cardiovascular-related training, and (3) determine
the type and extent to which pre-intervention exercise
testing and screening is employed in studies. Information
from this review might lead to advice for people with SCI
who desire to begin cardiovascular exercise, and provide
counsel as to whether they require extensive screening or
pre-exercise medical evaluation or testing. Furthermore,
this systematic review was planned to address the question
as to how clinicians should counsel patients with SCI
about potential risks related to exercise.

Methods
Search criteria
Literature searches were conducted in PubMed,
CINAHL, PsycINFO, and EMBASE databases using

the broad search terms “spinal cord injury/ies” AND
“exercise” then limited to “aerobic exercise”. We have
also carried out searches using more specific terms in
order to be certain that we had included all potential
studies of cardiovascular exercise modalities. These
included searches using the terms: “locomotor or tread-
mill training”; “electric stimulation therapy”; “func-
tional electrical stimulation” or “FES”; “walking or
gait training”; “cardiovascular training”; and “ergome-
try”. The literature search was restricted to articles pub-
lished in English from 1970 to 2011. The initial search
included adults with SCI (traumatic or non-traumatic
and any level of SCI) and all study types such as
review articles and meta-analyses. This comprehensive
electronic search identified 1174 potentially relevant
peer-reviewed articles. An additional 47 articles were
located from reviewing bibliographies of included
articles for a total of 1221.

Criteria and methods for inclusion
Once the search for published articles was complete,
more specific inclusion criteria were created to find the
most relevant of the 1221 articles.

Studies
We identified experimental and observational research
studies where maintaining or promoting cardiovascular
health (e.g. exercise programs, strength and endurance
training, whole body exercise, locomotor training, FES
exercise and ambulation programs, activity-based inter-
ventions, and resistance training for improving cardio-
vascular endurance) was either a primary or secondary
outcome of the intervention or activity.

Participants
Adults with SCI of any level or etiology were included.
We included studies with participants who were aged 18
years or greater. Studies with children were excluded.

Interventions
Exercise interventions identified by the SCI
Rehabilitation Evidence group9 as capable of providing
cardiovascular benefits were included. These were both
volitional exercise modalities (arm crank exercise,
wheelchair exercise, circuit training, rowing, sports
training, and treadmill training) and FES-enhanced
exercise modalities (FES leg cycle ergometry, hybrid
FES, treadmill training and walking with FES, and elec-
trically assisted rowing). Only studies that evaluated a
specified training protocol consisting of repeated ses-
sions over a period of at least 4 weeks were included.
Studies describing single-session interventions or brief
protocols were excluded.

Warms et al. Adverse events in cardiovascular-related training programs

The Journal of Spinal Cord Medicine 2014 VOL. 37 NO. 6 673



Outcome measures
Because this review focused specifically on AE report-
ing, we excluded studies that lacked either a description
of AEs that occurred during the study or an explicit
statement that no AEs occurred in study participants,
since the absence of such statements leaves uncertainty
whether they occurred. We considered an AE was
reported if words implying AE, training safety or com-
plications were included in the article.

Using these criteria, abstracts from the 1221 articles
were reviewed by three trained reviewers at the
University of Washington Model Systems Knowledge
Translation Center (MSKTC). Discrepancies were
resolved by consensus of the reviewers. Author and
journal names were not masked from the reviewers. If
reviewers were unable to determine whether the article
met the criteria from the abstract, the full article was
reviewed. A total of 144 articles appeared to meet the
inclusion criteria. The remaining articles were excluded
from further review.

Data extraction and outcome results
Three MSKTC reviewers independently extracted data
from each of the 144 articles including the research
design, intervention setting, participant information,
details of the interventions, outcome measures, and
main outcomes, particularly the AE. Data were com-
piled in a custom web-based database specifically devel-
oped for systematic reviews. Differences between the
three reviewers’ data extraction were reconciled by con-
sensus. During the data extraction process, articles were
excluded if the detailed full review revealed that they did
not meet the initial criteria and if they did not report or
include a statement regarding AEs that occurred during
the study. At the end of this full review 38 of the 144
articles met the final criteria for inclusion (see Fig. 1).
A list of the 106 excluded articles can be obtained by
request from the first author. An external expert
reviewer was asked to review the methods and evidence
tables. No further changes were recommended.

Authors rated evidence using the American Academy
of Neurology guidelines,10 and rated study methodo-
logical quality using criteria developed by Downs &
Black (D&B)11 with modification as recommended by
the SCIRE group.9 Maximum score on this scale is 28.
Two raters rated articles independently. Any scoring dis-
crepancies were resolved through a consensus derived
through discussion.

To analyze AE reporting, we used the method
suggested by Loke et al.12 Each included study was
reviewed for how rigorous were the methods to detect

AEs and how comprehensive was the reporting of
those effects.

Results
In order to determine whether the findings of this review
related to the reporting of AE were credible, the investi-
gators rated the quality of research reports using D&B
Scores.11 D&B scores for the studies included in this
review range from 12 to 20, representing low-to-moder-
ate quality. Most studies used a single group, pre–post
design, and there were few randomized controlled
trials. All studies identified based on the inclusion cri-
teria for AE reporting met the minimum quality require-
ment using the D&B scale.

Table 1 provides details about the 38 studies included
in the final review. Two studies were reported in two
articles and are listed together in the table.14,15,47,48

Additionally, Ragnarsson et al.44 and Ragnarsson45

reported on two studies, the first is a report of one
study and the other reporting that same study plus an
additional study accounting for two reported studies.
Studies were classified into one of two groups: volitional
exercise (n= 19), and exercise employing functional
electrical stimulation (FES) (n= 19). Volitional inter-
ventions included arm ergometry (n= 3), wheelchair
ergometry (n= 3), kayak ergometry (n= 1), hand

Figure 1 Study selection process.
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Table 1 Studies included

Study Study design Intervention Training Location and Participants Lesion level Screening or testing prior to

Downs & Black
Scoring (D&B)

Protocol (session
length, sessions per
week, no. of weeks,
intensity)

supervision N and gender

Mean age and age
range (or SD)

AIS classification

training?

Exclusion criteria

AAN classification Adherence Years post-injury

Volitional exercise

Dyson-Hudson
et al.13

RCT (diet only vs.
diet+ exercise)

D&B= 18

AAN class III

ACE 20+ min. 3 × /week ×
12 weeks, 60 rpm,
70% HRM

Adherence not reported

Hospital gym,
supervised

21 males
4 females total,
10 males, 4 females
in training group

42.9± 7.6

C5-L2

AIS not reported

15.1± 8.9 years
post-injury

No screening or testing.

Exclusions: diabetes, CVD,
cognitive impairment,
“medical condition that
precluded safe
performance of upper
limb exercise”.

El-Sayed and
Younesian14;
El-Sayed and
Younesian
et al.15

Pre-post (two
groups: SCI and
control)

ACE 30 min. 3 × /week ×
12 weeks, 60 to 65%
VO2 peak

Hospital gym,
supervised

AB, n= 7; SCI,
n= 5; Gender not
reported

Below T-10

AIS not reported

Health history questionnaire
and sub-maximal ACE
monitored exercise
testing pre and post

D&B= 14 Adherence 100%. SCI= 31± 2.9
years Exclusions not stated

AAN class IV AB 32± 1.6 Injury duration not
reported

McLean and
Skinner16

RCT

D&B= 15

AAN class III

ACE 20–35 min. 3 ×
/week × 10 weeks

Adherence 100%

Laboratory,
supervised

N= 15

Gender not stated

Sit group 34.3±
12.1

Supine group
33.3± 7.0

C5-T1

“Complete”, AIS not
reported

Sit group 9.3± 12.5

Supine group
14.1± 6.4 years
post-injury

Approval from physician
and Peak WCE exercise
testing pre and post

Exclusions: CVD, recurrent
AD, hypotension,
hypertension, use of
alpha blockers, pressure
sores, UTI, kidney stones,
diabetes, incomplete SCI
w/normal autonomic
function

Le Foll-de Moro
et al.17

Pre–post

D&B= 14

AAN class IV

WCE (interval
training)

30 min. 3 × /week ×
6 weeks

Adherence not reported

Hospital gym,
supervised

5 males

1 female

29± 14 (18–54)

T6-T12

AIS not reported

94± 23 days post-
injury (range
=73–137 days)

Maximal and submaximal
WCE exercise testing pre
and post

Exclusions not stated
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Table 1 Continued

Study Study design Intervention Training Location and Participants Lesion level Screening or testing prior to

Downs & Black
Scoring (D&B)

Protocol (session
length, sessions per
week, no. of weeks,
intensity)

supervision N and gender

Mean age and age
range (or SD)

AIS classification

training?

Exclusion criteria

AAN classification Adherence Years post-injury

Bougenot et al.18 Pre-post

D&B= 14

AAN class IV

WCE (interval
training)

45 min. 3 × /week ×
6 weeks

Outstanding attendance
(not defined)

Hospital gym,
supervised

7 males

35± 13
(21–55)

T6-L5

AIS A

M= 12.3 (1–30)
years post-injury

Maximal WCE exercise
testing pre and post

Exclusions not stated

Tordi et al.19 Pre-post

D&B= 14

AAN class IV

WCE (interval
training)

30 min. 3 × /week ×
4 weeks

Outstanding attendance
(not defined)

Hospital gym,
supervised

5 males

27± 8.1

T6-L4

AIS A

“About 2 years”
post-injury

Maximal WCE exercise
testing pre and post, no
ECG

Exclusions not stated

Bjerkefors and
Thorstensson20

Pre-post Kayak ergometry 60 min. 3 × /week ×
10 weeks

Clinical lab,
supervised

7 males T3–T12 No screening or testing

D&B= 18 Adherence 100% 3 females AIS A, B, C Exclusions not stated

AAN class IV 38± 12 M= 18.1 (3–26)
years post-injury

Valent et al.21 Pre-post

D&B= 18

AAN class IV

Hand cycle training 35–45 min. 2–3 ×
/week × 8–12 weeks

24 sessions was goal.
Adherence 19± 3
completed

Multiple
locations
(hospital
gym, home
setting,
outdoors on
track or trail)
not
supervised

18 males

4 females

39± 12

C5-C8

AIS A, B, C, D

10± 7 years post-
injury

ACSM contraindications for
exercise and hand cycle
peak exercise test pre
and post

Exclusions CVD, overuse
injuries of upper
extremities, pressure
sores, UTI, other medical
conditions that did not
allow performance of
physical activity

Valent et al.22 Controlled trial (not
randomized) with
matched control
group

D&B= 19
AAN class II

Hand cycle training 35–45 min. 2 ×
/week × 9–39 weeks

Adherence 87%

Hospital track,
other outdoor
locations.
Initially
supervised
then no
supervision

26 males, 8 females
total 13 males,
4 females in
training group

46± 15 training
group

45± 15 control
group

17 Paras 17 Tetras
(levels not
provided)

AIS A/B= 22

AIS C/D= 12

5–47 weeks post-
injury

Graded peak WCE test pre
and post

Exclusions: CVD, medical
disease contraindicating
exercise, serious
musculoskeletal
complaints
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Mukherjee et al.23 Pre–post

D&B= 15

AAN class IV

Arm-propelled three
wheeled chair

15 min. 2 × /day ×
12 weeks

Adherence not reported

Outdoor setting,
non-
supervised

12 males

30.5± 8.59

Below T10
AIS not reported

No screening or testing

Exclusions: CVD,
musculoskeletal,
neurological, or metabolic
disorder

Tawashy et al.24 Case report Circuit training
(aerobic)

18–27 min. 3 ×
/week × 8 weeks

Hospital gym,
supervised

1 male C5 No screening or testing

D&B= 13 18/24 sessions
completed

22 years old AIS A Exclusions not stated

AAN class IV 3 months post-injury

Duran et al.25 Case series

D&B= 20

AAN class IV

Circuit training
(aerobic)

120 min. 3 × /week ×
16 weeks, THR
40–80% of max. HR

Adherence 85%

Hospital gym,
supervised

12 males
1 female

26.3± 8.3

T3–T12
AIS A–C

M= 25 months (2
months–10 years)
post-injury

ACE exercise test pre- and
post-intervention

Exclusions: Cardiac
medications, major
medical problems

Nash et al.26 Pre–post

D&B= 18

AAN class IV

Circuit training
(resistance and
aerobic)

40–45 min.
3 ×/week × 16 weeks

Adherence 94%

Hospital gym,
supervised

7 males
Mn not provided

(39–58)

T5-T12

AIS A, B
13.1± 6.6 years
post-injury

Multi-stage graded exercise
test with ECG monitoring
pre and post

Exclusions not stated

Jacobs et al.27 Pre-post

D&B= 16

AAN class IV

Circuit training
(resistance)

40–45 min 3 ×
/week; × 12 weeks

Adherence not reported

University
outpatient
setting,
supervised

10 males

M= 39.4± 6.0
(28–44)

T5-L1
AIS A
M= 7.3± 6.0 years
post-SCI
(0.7–16.8)

Maximal WCE exercise test
pre and post

Exclusions: poor health,
cardiac ischemia on ECG,
shoulder joint dysfunction

Cooney and
Walker28

Pre–post

D&B= 16

AAN class IV

Hydraulic
resistance
exercise (timed
sets of resistance
exercises w/
brief rest periods)

30–40 min. 3 ×
/week × 9 weeks,
60–90% of HRM

Adherence 100%

Hospital gym,
supervised

7 males, 3 females

M= 28.8 (20–39)

C 5-L1

AIS not reported

2–9 years post-
injury

(M= 4.6 years)

ACE exercise test pre and
post

“Healthy”, exclusions not
stated

Forrest et al.29 Case report

D&B= 17

AAN class IV

BWSTT 15–25 min 3 ×
/week × 30 weeks

97 sessions completed

Therapy clinic;
supervised,
assisted

1 male

25

C6
AIS B
1 year post-injury

PE pre and post

Exclusions: bone mineral
density t-score <− 2.5
(osteoporosis)
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Table 1 Continued

Study Study design Intervention Training Location and Participants Lesion level Screening or testing prior to

Downs & Black
Scoring (D&B)

Protocol (session
length, sessions per
week, no. of weeks,
intensity)

supervision N and gender

Mean age and age
range (or SD)

AIS classification

training?

Exclusion criteria

AAN classification Adherence Years post-injury

Ditor et al.30 Pre-post

D&B= 15

AAN class IV

BWSTT Up to 60 min 3 ×
/week × 6 months

Adherence 83.6%± 9.1

University
based center,
supervised,
assisted

6 males
2 females

27.6± 5.2

C4-C5
AIS B= 1
AIS C= 7

9.6± 7.5 yrs post-
injury

ECG pre and post

Exclusions: CVD,
musculoskeletal condition
that would contraindicate
exercise

Ditor et al.31 Pre-post

D&B= 18

AAN class IV

BWSTT 15 min 3 × / week ×
12 weeks

Adherence 83.3± 7.6%

University
based center,
supervised,
assisted

4 males, 2 females
(+4 dropouts, no
gender
information)

37.7± 15.4

C4-T12

AIS A or B

7.6± 9.4 years
post-injury

No screening or testing

Exclusions: CVD,
musculoskeletal condition
that would preclude
exercise

Protas et al.32 Pre–post

D&B= 12

AAN class IV

BWSTT 60 min. 5 × /week ×
12 weeks (Treadmill
walking 20 minutes)

Adherence not reported

Hospital
supervised
and assisted

3 males

M= 42.7 (34–48)

T8-T12
AIS C= 1
AIS D= 2

2–13 years post
injury

No screening or testing

Exclusions: lower extremity
contracture, pressure
ulcers

FES exercise

Needham-
Shropshire et al.
33

RCT with treatment
control (3 groups)

D&B= 15

AAN class IIII

FES-ACE 32 min 3 × /week
interval training

Group 1= 8 weeks FES
ACE

Group 2= 4 weeks FES
ACE and 4 weeks
non-FES ACE

Group 3= 8 weeks non-
FES ACE

Adherence not reported

Lab, supervised N= 34

Group 1= 11
males, 1 female

Group 2= 10
males, 1 female

Group 3= 10
males, 1 female

M years group
1= 24; group
2= 22; group
3= 24

Cervical level
injuries

AIS not reported

Group 1= 6 years,
group 2= 9
years, group
3= 4 years post-
injury

No screening or testing

Exclusions: biceps/triceps
LMN dysfunction,
shoulder or elbow
contractures, shoulder
joint subluxation,
intolerance to surface FES

Wheeler et al.34 Pre–post

D&B= 13

AAN class IV

FES-rowing
ergometry

30 min 3 × /week ×
12 weeks 70–75% of
pretest peak O2

21–36 sessions
completed

University
based
recreational
activity
facility;
supervised

N= 6 (gender not
reported)

42.5 ±17.9
(26–66)

C7-T12

ASIA A & C
13.8± 11.6 years
post-injury

FES-row peak exercise test
pre-participation

Exclusions not stated
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Duffell et al. 35 Case series

D&B= 14

AAN class IV

FES-LCE Up to 1 hour 5 × s/week
×1 yr

M completed
sessions= 4.5/week

3 research
settings and
1 hospital
supervised
for initial
sessions,
then home
w/o
supervision

9 males

2 females

41.8± 2.3 yrs

T3-T9

“Complete”

10.7± 2 yrs post
injury

No screening or testing

Exclusions:
LMN injury
Spasticity precluding
pedaling

Medical or psychiatric
conditions

Previous FES exercise

Frotzler et al. 36 Prospective
longitudinal
cohort

D&B= 18
AAN class IV

FES-LCE 14± 7 weeks FES
conditioning then FES
cycling 10–60 mins,
3–4 × /week; then 60
mins, 5 × /week ×
12 months at highest
power output
Adherence
76.6%

Home; not
supervised;
training diary
only

9 males
2 females

41.9± 7.5 yrs

T3-T12
AIS A

11.0± 7.1 years
post injury

No screening or testing

Exclusions:
Severe spasticity
Unhealed bone fxs
Diseases known to affect
metabolism

LE contractures
Previous FES exercise
participation

Janssen and
Pringle37

Pre–post

D&B= 16

AAN class IV

FES-LCE Up to 25–30 min 2–3 ×
/week × 6 weeks for
total =18 sessions

Adherence not reported

Lab, supervised 12 males

36± 16

C4-T11
9 “motor complete”,
3 “motor
incomplete”

11± 9 years post-
injury

2 Graded LCE exercise
rests pre and post,
screening for exercise
contraindications

Exclusions:
Spasticity
Heterotopic ossification
Pressure sores
Severe cardiopulmonary
disease

Zbogar et al.38 Pre–post

D&B= 15

AAN class IV

FES-LCE Habituation period
(30 min 3 ×week ×
16 weeks prior to
training) then 60 min
3 × /week × 12 weeks
M sessions
completed =29

Rehab center,
supervised

N= 4 females +

N= 2 dropouts,
gender not stated

M= 32 (19–51)

C4-T7

AIS A-C

3–16 years post-
injury

No screening or testing

Exclusions: CVD
Other neuro conditions
Pressure ulcers
Previous fragility fxs
Abnormal bone formation
Severe spasticity
Lower extremity
contractures

Hjeltnes et al.39 Pre–post

D&B= 13

AAN class IV

FES-LCE 2 wk run in followed by
30 min sessions,
7 × / week × 8 weeks

Inpatients,
hospital-
based,
supervised

N= 6 males

35± 3

C5-C7

AIS A or B
10.2± 3.4 years
post-injury

PE including x-rays, no
testing pre-trial

Exclusions:
Osteoporosis
Fxs
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Table 1 Continued

Study Study design Intervention Training Location and Participants Lesion level Screening or testing prior to

Downs & Black
Scoring (D&B)

Protocol (session
length, sessions per
week, no. of weeks,
intensity)

supervision N and gender

Mean age and age
range (or SD)

AIS classification

training?

Exclusion criteria

AAN classification Adherence Years post-injury

Mutton et al.40 Pre–post

D&B= 14

AAN class IV

FES-LCE Progressive protocol,
30 min 2 × /week.
Phase 1: up to 30
sessions Phase II –
∼35 sessions phase
III ∼41 sessions
(24–128 sessions
completed)

Outpatient
rehab setting,
supervised

N= 11 males
(phase I and II);
N= 8/11 (phase
III)

35.6 ±6.6 (25–46)

C5-L1

AIS A

9.7± 3.8 yrs post-
injury

Peak and sub-maximal ACE
exercise test, PE, blood
chemistry, UA, chest and
lower limb x-rays, 12-lead
ECG pre & post

Exclusions:
CVD
Metabolic disease
Previous aerobic training

Mohr et al.41 Pre–post

D&B =17

AAN class IV

FES-LCE 30 min 2–3×
week × 1 year

M= 2.3 sessions/week
completed,
adherence 75%

Research
center,
supervised

8 males
2 females

M= 35.3,
(27–45)

C6 (6)
T4 (4)

AIS not specified

M= 12.5
(3–23) years post
injury

VO2 Max test after
acclimation

Exclusions:
Diseases or disabilities
other than SCI

Previous training

Barstow et al.42 Pre–post

D&B= 15

AAN class IV

FES-LCE 30 min 3 × .week × at
least 24 sessions

M= 2.1(.04) sessions/
week completed

VA Hospital,
supervised

9 males

34.4 ±5.6

C5-T12

AIS A

10.1± 4.1 years
post-injury

PE, x-ray of spine and legs,
CT legs, blood chemistry,
UA, ACE ECG stress test
pre–post

Exclusions: Not stated

Hooker et al.43 Pre–post

D&B= 13

AAN class IV

FES-LCE 30 min. 2 × /week, ×
19 weeks

M= 2.3 sessions/wk
completed

VA Hospital

Supervised

8 males

36.0± 4.6

C5–6 – T12-L1

Frankel A

9.8± 4.0 years
post-injury

PE, blood chemistry, UA,
chest, spine, and LE
x-rays, 12 lead ECG, and
ACE stress test with ECG
monitor

Exclusions not stated

Ragnarsson
et al.44,45

Pre–post

D&B= 13

AAN class IV

FES-LCE 12 sessions of quad
strengthening
(3 × /week × 4
weeks)+ 36 sessions
of LCE (3/week ×
12 weeks).

Adherence not reported

Hospital-based,
supervised

16 males, 3 females
(study 1)

7 males, 4 females
(study 2)

M not stated
(18–54)

C4-T10

11 paras
19 tetras

Frankel A
0.6–17 years post-
injury

LE x-rays pre

Exclusions:
Previous FES
Abnormal LE x-ray
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Brissot et al.46 Pre–post

D&B= 10

AAN class IV

FES-ambulation
(parastep)

20–40 min. one to two
sessions/day × 4 to
12 weeks or longer

M sessions= 20.

Hospital gym,
supervised

11 males, 4 females

28± 9 (16–47)

T3-T11,

Frankel A–C

M= 4.5 years
post-injury
(0.5–20 years)

Peak ACE exercise testing
pre and post

Exclusions:
CVD
Respiratory conditions
morbid obesity
Severe spasticity
LE contracture
Hx of Fx
Severe scoliosis
Skin problem at electrode
site

Klose et al.47;
Needham-
Shropshire
et al.48

Pre–post

D&B= 15

AAN class IV

FES-ambulation
(parastep)

Incrementally increasing
distances, 3 ×
/week × 32 sessions

Adherence
100%

Therapy clinic,
supervised

13 males, 3 females

28.4± 6.6

T4–T11

AIS A

4.0± 3.5 years
post-injury

Peak ACE exercise testing
pre and post. Resting
ECG and PE before trial

Exclusions:
CVD
Hx of Fxs
Hx of DJD
LMN injury
LE contractures
Severe spasticity
Skin breakdown

Gallien et al.49 Case series

D&B= 11

AAN class IV

FES-ambulation
(parastep)

2 hours 3–5 ×
/week × up to
32 sessions (goal)
5–49 sessions
achieved, M= 19
sessions

FES clinic,
supervised

11 males, 2 females

27± 7
(17–42)

T4-T10

AIS A

0.5–12 years post-
injury

No screening or testing

Exclusions:
CVD
Pulmonary disease
LMN injury
Epilepsy
Skin breakdown near
electrode sites

Field-Fote50 Pre–post

D&B= 16

AAN class IV

FES-ambulation
(BWSTT)

90 min 3 × /week ×
12 weeks (36
sessions)

Adherence not reported

Lab, supervised 13 males, 6 females

31.7 ±
9.4 years

13 tetra
6 paras

AIS C

1–14.25 years post-
injury

No screening or testing

Exclusions not stated

Ferro et al.51 Descriptive;
longitudinal

D&B= 10

AAN class IV

FES ambulation-
(BWSTT)

20 min 2 × /week ×
6 months

Adherence not reported

Lab, supervised N= 9

Gender not
specified

M= 33.2

(25–46)

C4-C7

AIS A, B, D

1–10 years post-
injury

No screening or testing

Exclusions: Cardiac disease
LMN injury

Known knee injury

Continued
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Table 1 Continued

Study Study design Intervention Training Location and Participants Lesion level Screening or testing prior to

Downs & Black
Scoring (D&B)

Protocol (session
length, sessions per
week, no. of weeks,
intensity)

supervision N and gender

Mean age and age
range (or SD)

AIS classification

training?

Exclusion criteria

AAN classification Adherence Years post-injury

Thoumie et al.52 Case series

D&B= 12

AAN class IV

FES-ambulation
(RGO)

Incrementally increasing
distances, duration
and frequency not
specified, × 2–5
months for inpatients,
3–14 months for
outpatients
21/23 completed
entire program

Therapy clinic
(inpatient or
outpatient),
supervised

23 males, 3 females

M= 31 (20–53)

Thoracic level
except 1 with C8

AIS A

M= 2.7,
1–12 years post-
injury

No screening or testing

Exclusions:
LMN injury
LE contracture

AAN, American Academy of Neurology; ACE, arm cycle ergometry; AB, able-bodied; ACSM, American College of Sports Medicine; AD, autonomic dysreflexia; AIS, American Spinal Injuries
Association impairment scale; BWSTT, Body weight supported treadmill training; C, cervical; CT, computed tomography; CVD, cardiovascular disease; D&B, Downs and Black scale score;
DJD, degenerative joint disease, ECG, electrocardiogram; FES, functional electrical stimulation; fx: fracture; HRM, heart rate maximum; Hx, history; L, lumbar; LCE, leg cycle ergometry;
LE, lower extremities; LMN, lower motor neuron; min, minutes; M, mean; MOS, months; PE, physical examination; RCT, randomized controlled trial; RGO, reciprocating gait orthoses;
RPM, rotations per minute; SCI, spinal cord injury; SD, standard deviation; T, thoracic; UA, urinalysis; UTI, urinary tract infection; VO2 Max, maximal oxygen uptake; W/, with; W/O, without;
WCE, wheelchair ergometry; Wk, week; Yrs, years
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cycling (n= 2), arm-propelled 3-wheeled chair (n= 1),
aerobic circuit training (n= 4), resistance circuit training
(n= 1), and body weight supported treadmill training
(BWSTT) (n= 4). FES interventions tested in the
papers reviewed included FES lower extremity ergome-
try (LCE) (n= 11), FES arm ergometry and rowing
(n= 2), FES with Parastep or reciprocating gait
orthoses (n= 4), and FES with BWSTT (n= 2).
Information on pre-exercise cardiovascular screening

or testing of potential study participants prior to the
intervention is also presented in Table 1.
Approximately 32% of the volitional studies and 42%
of the FES studies did not report including any screen-
ing prior to enrollment (volitional n= 6, FES n= 8).
Participant screening information when reported
included exercise testing of some form, physical examin-
ation which sometimes included X-ray or electrocardio-
gram (ECG), or ECG alone. Slightly more than half of
the volitional studies (58%) and the majority (78%) of
the FES studies reported participant exclusion criteria.
Exclusion criteria included musculoskeletal, cardiac,
cardiorespiratory, skin, metabolic, and autonomic
considerations.
The number of participants dropped from the study

across both the volitional and FES studies was 15 of
176 (8%) and 12 of 252 (5%), respectively. The reasons
for dropouts are found in Tables 2 and 3, in column
5. Two of 15 people who dropped out of volitional exer-
cise studies did so due to study-related AE and 5 of 12
dropouts in FES studies were also due to study-related
AE. The most common reason for dropping out across
studies was health complications related to SCI.
Details of the definition of AE, the method of collect-

ing information related to the AE, and the types of AE
that occurred in the volitional studies are presented in
Table 2. Four of the 19 articles related to volitional exer-
cise provided a definition of AE, whereas the remainder
did not. Two studies included musculoskeletal issues,
such as pain, joint swelling, or skin issues in their defi-
nition of an AE, and two included cardiovascular
abnormalities (heart rate and blood pressure changes),
or respiratory complications. One also included “or
any other adverse experience”. Twelve studies reported
how AE were recorded. Methods of collecting AE
data included survey or questionnaire or prospective
monitoring by the investigators.
There were few AEs noted in the volitional studies.

Only seven studies reported any AEs. Those were frac-
ture unrelated to training (n= 1), upper extremity pain
(n= 3+), cardiovascular-related AE (n= 2), autonomic
dysreflexia (n= 2; seven episodes reported in one par-
ticipant), and a pressure ulcer (n= 1). One study

reported “transient muscle soreness”, but did not
include either a clear description or the number of par-
ticipants affected by the soreness. Whether all AE were
reported was clearly delineated in 12 of the 19 articles.
In the remaining seven, it is not known if all important
AEs were reported.
Details related to AEs in the FES studies are pre-

sented in Table 3. Similar to the volitional studies,
only 4 of the 19 studies provided a definition of an AE
for their study. These definitions included safety con-
cerns and injuries related to training, complications of
FES walking programs, and injury. The majority of
the studies (n= 12) stated that they monitored AE
with prospective routine monitoring or spontaneous
reporting. Eight of the studies reported the occurrence
of AE. These AE reported for the FES studies were
related to skin reactions to electrodes or skin breakdown
(n= 8), lightheadedness or orthostatic hypotension (n=
24), autonomic dysreflexia (n= 3), edema (n= 4), joint
injury or fracture (n= 8), muscle injury (n= 1), back
pain (n= 6), or falls (n= 4 in 3 participants). That all
AEs were reported was clear in 10 of 19 studies, and
unclear in the remainder.
AEs by training modality are shown in Table 4. The

training modality for which the largest number of
AEs, i.e. the greatest number of study participants for
which AEs were reported, was FES walking (n= 48).
The next greatest was FES LCE (n= at least 11; note:
one study did not provide number of participants who
reported lightheadedness). In volitional studies
BWSTT was the training modality associated with the
highest reporting of AE. There were no AE reported
for wheelchair or kayak ergometry, FES arm or
rowing ergometry, or resistance circuit training.
Across all studies, there were no serious AE reported.

Furthermore, there were no common AE reported
across most types of interventions, except for FES
walking, which did report a variety of musculoskeletal-
related AE.

Discussion
Principal findings
The primary goal of this systematic review was to ident-
ify, enumerate, and describe the potential negative or
AEs that may occur in people with SCI undergoing car-
diovascular-related training for research purposes.
Similar to Martin Ginis et al.6, we are unable to come
to a clear, well-substantiated, evidence-based conclusion
regarding the risks associated with cardiovascular train-
ing for people with SCI. We also agree with their state-
ment that “when proper precautions are taken, the risks
are relatively low and likely comparable with the variant

Warms et al. Adverse events in cardiovascular-related training programs
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Table 2 Adverse events reported in volitional exercise studies

Study Intervention

Adverse event
definition
provided

Method of
adverse event
data collection

Number excluded/
total sample Categories of

adverse events
reported

Specific adverse
events (N of
individuals)

All important
serious adverse
events reported and
defined

Numerical data
reported by
group?Reason

Dyson-Hudson et al. 13 ACE Yes. Overuse
injuries
related to
training that
cause
shoulder pain

Systematic
survey using
WUSPI

0/14 MSK None Unknown Yes

El-Sayed and
Younesian14;
El-Sayed et al.15

ACE No Prospective
monitoring

0/5 All None Yes Yes

McLean and Skinner16 ACE No Not reported 1/15 All AD (1) Unknown Yes
Fracture of

metacarpal,
unknown if
related to training

metacarpal fracture
(1)

Note: same person

Le Foll-de Moro et al.17 WCE (interval
training)

No Not reported 0/6 All None Unknown Not applicable

Bougenot et al.18 WCE (interval
training)

No Not reported 0/7 All None Unknown Not applicable

Tordi et al.19 WCE (interval
training)

No Not reported 0/5 All None Unknown Not applicable

Bjerkefors and
Thorstensson20

Kayak ergometry No Not reported 0/10 MSK None Reported “no other
problems” not
defined

Not applicable

Valent et al.21 Hand cycle training Yes. Pain in the
arms or
shoulders

Questionnaire 7/22 MSK Upper extremity
pain (3)

Yes Not applicable
Various non-training

related health
complications (6),
transportation (1)

Valent et al.22 Hand cycle training No Diary 0/17 MSK Transient muscle
soreness
(number not
provided)

Yes Yes
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Mukherjee et al.23 Arm-propelled three
wheeled chair

Yes. Notable
MSK, CV or
respiratory
complications,
or any other
adverse
experience

Implies
prospective
monitoring,
but not
explicitly
reported

0/12 All None Reported “none”,
not defined

Not applicable

Tawashy et al.24 Circuit training
(aerobic)

No Prospective
monitoring

0/1 All None Yes Not applicable

Duran et al.25 Circuit training
(aerobic)

No Prospective
monitoring

0/13 All MSK pain (2) Reported “none”,
not defined

Not applicable
Transient sinus

bradycardia
during ACE
exercise test,
reverted
spontaneously (1)

Nash et al.26 Circuit training
(resistance and
aerobic)

No Not reported 0/7 Injuries None Unknown Not applicable

Jacobs et al.27 Circuit training
(resistance)

No Not reported 0/10 “Mishaps” None Yes Not applicable
“Medical”

complications

Cooney et al.28 Hydraulic
resistance
Training (timed
sets of resistance
exercises w/
brief rest periods)

No Prospective
monitoring

0/10 All None Unknown Not applicable

Forrest et al.29 BWSTT No Prospective
monitoring

0/1 All 7 episodes of AD
(1)

Yes Not applicable

Ditor et al.30 BWSTT No Prospective
monitoring
assumed due
to 3 trainers in
constant
attendance,
but not
explicitly
reported

0/8 All None Yes Not applicable

Continued
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Table 2 Continued

Study Intervention

Adverse event
definition
provided

Method of
adverse event
data collection

Number excluded/
total sample Categories of

adverse events
reported

Specific adverse
events (N of
individuals)

All important
serious adverse
events reported and
defined

Numerical data
reported by
group?Reason

Ditor et al.31 BWSTT No Prospective
monitoring
assumed due
to 3 trainers in
constant
attendance,
but not
explicitly
reported

4/10 All Syncope (1) Yes Not applicable
Personal reasons

(3)
Stage 1 Pressure

ulcer (1)
Health issues

unrelated to
training (1)

Protas et al.32 BWSTT Yes. Safety of
the training
measured by
monitoring BP
& HR,
examination
for skin
irritation or
joint swelling
and asking
about pain.

Prospective/
routine
monitoring

0/3 All Knee pain (1) Yes Not applicable

ACE, arm cycle ergometry; AD, autonomic dysreflexia; BP, blood pressure; BWSTT, body weight supported treadmill training; CV, cardiovascular; HR, heart rate; M, mean;
MSK, musculoskeletal; WCE, wheelchair ergometry; WUSPI, wheelchair users shoulder pain index.

W
a
rm

s
et

al.
A
d
verse

even
ts

in
card

io
vascu

lar-related
train

in
g
p
ro
g
ram

s

Th
e
Jo
u
rn
al

o
f
S
p
in
al

C
o
rd

M
ed

icin
e

2014
V
O
L
.37

N
O
.6

686



Table 3 Adverse events reporting in FES-enhanced exercise studies

Study Intervention
Adverse event
definition provided

Method of
adverse event
data collection

Number of
excluded
participants and
reason

Categories of
adverse events
reported Adverse events (N)

All important or
serious adverse
events reported

Numerical data
reported by
intervention
group?

Needham-
Shropshire
et al.33

FES-ACE No Not reported 0/34 All None Yes Yes

Wheeler et al.34 FES-rowing
ergometry

Yes. Safety
concerns and
injuries related to
training

Prospective
monitoring

0/6 Derm None Yes Not applicable
MSK

Duffell et al.35 FES-LCE No Prospective
monitoring

0/11 Derm Skin reaction under
electrodes (4)

Yes Not applicable

Frotzler et al.36 FES-LCE No Not reported 1/11 Foot
fracture
unrelated to
training

All None Unknown Not applicable

Janssen and
Pringle37

FES-LCE No Prospective
monitoring

0/12 CV Lightheadedness in
“some” subjects

Unknown Not applicable

Zbogar et al.38 FES-LCE No Prospective
monitoring

2/6 CV Mild AD symptoms
(3)

Unknown Not applicable

Transportation (1)
“Illness” (1)

Hjeltnes et al.39 FES-LCE No Prospective
monitoring

1/6 Urinary tract
complications

CV None Yes Not applicable

Mutton et al.40 FES-LCE No Spontaneous
reporting

0/11 All None Yes Not applicable

Mohr et al.41 FES-LCE Yes Prospective
monitoring

0/10 All Small hematoma in
quadriceps (1)

Yes Not applicable

Post-exercise
hypotension, (3)

Barstow et al.42 FES-LCE No Not reported 0/9 All None Unknown Not applicable

Hooker et al.43 FES-LCE No Prospective/
routine
monitoring

0/8 CV None Unknown Not applicable

Ragnarsson
et al.44,45

FES-LCE Yes. Risks of
training with FES-
LCE in people w/
SCI and
subjective
response to
program

Prospective/
routine
monitoring

0/30 All None Yes Not applicable

Continued
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Table 3 Continued

Study Intervention
Adverse event
definition provided

Method of
adverse event
data collection

Number of
excluded
participants and
reason

Categories of
adverse events
reported Adverse events (N)

All important or
serious adverse
events reported

Numerical data
reported by
intervention
group?

Brissot et al.46 FES-ambulation
(parastep)

No Not reported 2/15 Derm Transient ankle
edema (4)

Yes Not applicable

Pain due to
electric
stimulation (1)
pressure ulcer
(1)

MSK Lumbar pain (4) (3
with prior hx).

Pain Four falls in 3
participants, 1
caused sacral FX
(3)

Falls

Klose et al.47 and
Needham-
Shropshire
et al.48

FES-Ambulation
(Parastep)

No Not reported 0/16 All None Unknown Not applicable

Gallien et al.49 FES-ambulation
(Parastep)

Yes. Complications
of FES walking

Prospective/
routine
monitoring

1/13 Calcaneum
FX

MSK Calcaneus FX (1) Unknown Not applicable
Falls Sacral FX (1)
Pain Back pain (2)

benign ankle
sprain (2)

Field-Fote50 FES-ambulation
(BWSTT)

No Not reported 0/19 All None Yes Not applicable

Ferro et al.51 FES – ambulation
(BWSTT)

Yes. Knee injury
caused by FES
treadmill training

Prospective/
routine
monitoring

0/9 MSK (knee only) Meniscal tears (2)
medial condyle
contusion (1)
Medial collateral
ligament tear (1)

No Not applicable

Thoumie et al.52 FES-ambulation
(RGO)

Yes. Complications
related to the
training program

Prospective
routine
monitoring

5/26 All Spontaneous tibia
FX (1)

Yes Not applicable

Syringomyelia (1),
spontaneous
FX of both legs
(1)

Skin breakdown (4)
(causing 2 to
drop out)

pressure ulcers
(2),

Mild orthostatic
hypotension (21)

tibial FX during
training (1)

ACE, arm cycle ergometry; AD, autonomic dysreflexia; BP, blood pressure; BWSTT, body weight supported treadmill training; CV, cardiovascular; Derm, dermatological; FES, functional
electrical stimulation; FX, fracture; HR, heart rate; Hx, history; LCE, leg cycle ergometry; MSK, musculoskeletal; RGO, reciprocating gait orthosis; WCE, wheelchair ergometry; WUSPI,
wheelchair users shoulder pain index.
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risks observed in the general population.”6 Across all
studies in this review, there were no serious AE reported.
Furthermore, there were no common AE reported
across most types of interventions, except for FES
walking, which did report a variety of musculoskeletal-
related AE.
We were not able to identify specific participant

characteristics associated with AE. The participants in
these studies represent a rather diverse group of individ-
uals with SCI and AE monitoring was comprehensive in
some studies and focused in others. Most study partici-
pants were males and most were 40 years of age or
younger. People with varying levels of injury and

impairment classification were included. Some AE
could be expected based on the participant pool and
specific exercise modality for a given study. For instance,
in Valent et al.21 the intervention was hand cycle ergo-
metry, and the AE reported was upper extremity pain;
in Valent et al.22 and Duran et al.25 the interventions
were hand cycle ergometry and aerobic circuit training,
and the AE was muscle soreness. In McLean and
Skinner,16 the metacarpal fracture during arm cycle
ergometry was reported as unrelated, but given that
this was an upper extremity task, might not be unex-
pected. Skin irritation after FES cycling35 which uses
surface electrodes adhered to the skin, also would not

Table 4 Adverse events by training modality

Training modality
No. of
studies

No. of
participants

No. of
AEs Type of AEs (n)

Volitional exercise
ACE (arm cycle ergometry) 3 34 2 Autonomic dysreflexia (1)

Metacarpal fracture (1)

WCE (wheelchair ergometry) 3 18 0

Kayak ergometry 1 10 0

Hand cycle training 2 39 3+ Upper extremity pain (3)
Transient muscle soreness

(# not provided)

Arm-propelled thee-wheeled chair 1 12 0

Circuit training 4 31 3 Musculoskeletal pain (2)
Sinus bradycardia (1)

Hydraulic resistance training 1 10 0

BWSTT (Body weight supported treadmill
training)

4 22 4 Autonomic dysreflexia (1)
Syncope (1)
Stage 1 pressure ulcer (1)
Knee pain (1)

Totals 19 176 12

Functional electrical stimulation (FES-enhanced) exercise
FES-ACE 1 34 0 None

FES-rowing ergometry 1 6 0 None

FES-LCE (leg cycle ergometry) 11 114 11 Skin reaction under electrodes (4)
Mild AD symptoms (3)
Small hematoma in quadriceps (1)
Post-exercise hypotension, (3)

FES-ambulation 6 98 48 Transient ankle edema (4)
Lumbar pain (6)
Falls without injury (3)
Fall with fracture (1)
Calcaneus fracture (1)
Sacral fracture (1)
Tibia fracture (1)
Benign ankle sprain (2)
Meniscal tears (2)
Medial condyle contusion (1)
Medial collateral ligament tear (1)
Skin breakdown (4)
Mild orthostatic hypotension (21)

Totals 19 252 59

Warms et al. Adverse events in cardiovascular-related training programs

The Journal of Spinal Cord Medicine 2014 VOL. 37 NO. 6 689



be unexpected. Several studies29,31,37,38,41 that included
primarily participants with higher levels of injury
(C4–T4) reported AE related to autonomic dysfunction,
cardiac irregularity, or hypotension. These types of AE
may be more expected and should be assessed in people
with higher levels of injury. Further investigation is war-
ranted to explore the nature and extent of these AEs in
people with different levels and classification of SCI so
that tailored exercise guidelines can be developed.

Of greatest concern, however, are the musculoskele-
tal-related AEs that occurred related to walking inter-
ventions, whether volitional or FES-related. Several
studies reported fractures, back pain, knee pain or
injury, ankle swelling or sprain, and falls.32,46,49,51,52

People with SCI and their providers should be made
aware of these potential AE, especially given the wide
use of walking interventions for people with SCI.
These events may be in part preventable with appropri-
ate precautions. Caution should be taken to protect
weak and unstable joints in people with SCI, whether
they have tetraplegia or paraplegia. Increased demand
on the weak and insensate lower extremity puts it at
risk for injury.53

Methodological issues
This review demonstrated inconsistent reporting of AE
in studies assessing outcomes of cardiovascular-related
exercise in people with SCI. AEs were rarely defined,
and often were narrowly focused on a few specific cat-
egories and not inclusive of all possible events. Most
studies did not report AEs at all (more than half of
studies initially considered for inclusion were ruled out
for this review due to lack of an AE statement).
Similar to studies of medications and other healthcare
interventions, the monitoring and reporting of harmful
effects may not match the quality of the study as a
whole.12,54,55 This suggests the need for standards
related to AE reporting in scientific publications
related to exercise. Future publications should include
the definition of AE, reports of screening, and state-
ments related to the nature and extent of AE, not only
to inform clinicians, but also researchers and SCI
consumers.

Limitations of the review
These studies represent the “ideal” world rather than the
real world in that most were supervised programs and
participants were selected to minimize the possibility
of risks. Exclusion criteria for exercise studies may
have eliminated individuals who would have been
likely to experience AE, which may limit generalizability
to the SCI population as a whole. In many studies,

especially those on volitional exercise modalities, exclu-
sion criteria were not stated. Of those that did state
exclusion criteria, most excluded participants with car-
diovascular disease, risk factors for specific AE being
monitored (osteoporosis, musculoskeletal pain), and
those with existing complications of SCI (pressure
ulcers, urinary tract infections (UTIs), kidney stones).

The level of evidence presented in most of the studies
included is limited to mostly class IV evidence, uncon-
trolled studies, pre-post studies, case series, and case
reports. This is due to both the nature of exercise
research studies where outcome assessments often
cannot be masked and also due to the limitations of
research on exercise in the SCI where randomized con-
trolled trials pose methodological, ethical, and practical
challenges to researchers.55 People with SCI are a very
heterogeneous population in terms of injury level, com-
pleteness of lesion, and functional ability making
conclusions about any specific sub-group difficult due
to intragroup variability. Also, given the numerous sec-
ondary health problems that are associated with SCI
that may also make participation in training studies
inconsistent or impossible, the level of adherence to
the training programs in these studies was better than
would be predicted.

In summary, the strength of evidence on AE pre-
sented in this review is low due to limitations of exercise
research studies in people with SCI. However, the
number of studies with few or no reported AEs is
large enough to provide useful possibly predictive indi-
cation that cardiovascular training for people with SCI
is no more dangerous from a cardiovascular perspective
than it is in the general population. Given this low-risk
profile similar to people without SCI, it seems appropri-
ate to use screening measures that are widely used with
the general population such as the Physical Activity
Readiness Questionnaire.2 The specific AE associated
with CV training are mostly those expected due to
lesion level and completeness or due to the specific train-
ing modality and factors associated with safety for that
modality.

Conclusions and recommendations for future
research
In the studies reviewed, there were no serious AE
reported. Furthermore, there were no common AE
reported across most types of interventions, except for
FES walking, which did report a variety of musculoske-
letal-related AEs. The musculoskeletal-related AE that
occurred related to walking interventions, whether voli-
tional or FES-related are of greatest concern and may be
preventable with appropriate protection for the weak
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and insensate lower extremity. There is no evidence to
suggest that cardiovascular exercise done according to
guidelines and established safety precautions is
harmful. To improve the strength of these conclusions,
future publications reporting on exercise intervention
studies should include the definition of AE, reports of
screening, and statements related to the nature and
extent of AE, not only to inform clinicians, but also
researchers and SCI consumers.
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