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A B S T R A C T

Impairments on body function, activities of daily living (ADL) and cognition are common after stroke. Eccentric
resistance training (ERT) may be implemented to improve them.

The primary objectives were to evaluate whether ERT improves body function, ADL and cognition after stroke.
The secondary objectives were to evaluate whether ERT improves strength, gait, quality of life, and self-perceived
health.

Seven electronic databases were searched: Cochrane Central Register of Controlled Trials, Cochrane Stroke
Group Trials Register, PubMed, Epistemonikos, Embase, SPORTDiscus, and WHO International Clinical Trials
Registry Platform. Last search was run in December 2023, including studies since 2012.

Selection criteria were studies with stroke participants of both sexes, aged 18 or more, with an intervention
based on ERT. Accepted languages were English, Spanish or French.

First search was done in pairs. Authors removed duplicate studies and those which did not meet inclusion
criteria through title and abstracts. Finally, all authors, independently, screened the final search results and
extracted data.

Of 68 records identified, 15 were eligible and 6 were finally included (with moderate risk of bias), analyzing
159 participants. Body function (4 interventions, n ¼ 84), gait (4 interventions, n ¼ 115) and strength (3 in-
terventions, n ¼ 78) showed significantly better results when ERT was performed. Meta-analysis could not be
done because of the few studies and their heterogeneity.

This review provided low-moderate quality evidence suggesting that ERT might be effective at improving body
function, strength, and gait after stroke. Besides, no harm was documented, and it was well-accepted.
1. Background

1.1. Description of the condition

Stroke is one of the leading causes of death and long-term disability in
adults throughout the world. It can affect functionality and independence
on activities of daily living (ADL), cognitive abilities, muscle strength,
walking, and quality of life (QoL). It is also estimated that twelve months
post-stroke about 28% of all stroke survivors will remain dependent in
their basic ADL.1 Even though it is well known that the incidence in-
creases with age, there are an increasing number of people between 18
and 50 years that live with some kind of disability due to a stroke.2
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Medical prognosis and functional recovery depend on different factors
like severity and location, age, neural plasticity and motor learning
ability, comorbidity and the timing, quality and intensity of rehabilita-
tion.3 Actually, functional recovery can be modified with physical in-
terventions and while it is influenced by neural recovery, it does not
depend on it.4
1.2. Description of the eccentric resistance training intervention

Eccentric resistance training (ERT) is a method to improve strength
and function that emphasizes the eccentric phase of the muscular
contraction. Some studies concluded that it allows the subject to produce
more power than traditional training and to do it with a lower metabolic
24
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Abbreviations

1 RM One repetition maximum
6 MWT 6 min' walk test
10 MWT 10 m walk test
ADL Activities of daily living
ARAT Action Research Arm Test
BBS Berg Balance Scale
BI Barthel Index
CG Control group
CON Concentric
CPT-II Conners Continuous Performance Test-II
CRT Concentric resistance training
CSA Cross sectional area of the muscle
DOMS Delayed Onset Muscle Soreness
ECC Eccentric
ERT Eccentric resistance training
EST Eccentric Strength Training
FAC Functional Ambulation Category
FAM Functional Assessment Measure
FIM Functional Independence Measure
FMA Fugl-Meyer Assessment Scale

HPD The Held and Pierrot-Deseilligny scale
IMI Intrinsic Motivation Inventory
LOS Limit of stability
MRI Magnetic resonance imaging
mRS Modified Rankin Scale
MMSE Mini mental state examination
PEDro Physiotherapy Evidence Database
QoL Quality of life
RCT Randomized controlled trial
RT Resistance training
SD Standard deviation
SF-36 36-item Short Form Survey
SPPB Short Physical Performance Battery
TG Training group
TMT Trail Making Test
TOST Task-oriented strength training
TUG Timed Up and Go test
WAIS-III Wechsler Adult Intelligence Scale-Third Edition
WHO World Health Organization
WHOQOL WHO Quality of Life Questionnaire
WMS-III Wechsler Memory Scale
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cost.5 It has also been reported that this type of training favors neural
conduction and contributes to the prevention and improvement of health.6

ERT is commonly used for injury prevention and recovery in healthy
sport's men and women. Even though, there are studies that state that it
would be suitable for people with medical conditions such as muscular
degeneration and strength loss, aerobic capacity loss, elderly, or chronic
health conditions,5–7 it is rarely applied in rehabilitation programs.
Nevertheless, muscle deterioration has been observed as a secondary
injury after stroke,8 which can lead to more loss of function and inde-
pendence in ADL, among other aspects. Thus, investigating about the most
effective training methods to overcome this situation seems critical to
promote higher levels of functional recovery and independence.

In addition to functional impairments, cognitive dysfunction appears
to be also very common after stroke. Some studies pointed up to a 80% of
individuals with stroke showing cognitive impairments.8,9 Aerobic and
resistance training seems to have an impact on cognitive and cerebro-
vascular function,10 and they even seem to help prevent dementia.11

Moreover, resistance training appears to have a higher impact on
cognition than other training modalities.12 There is also evidence of its
positive impact on stroke survivors.13 This suggests that adding a resis-
tance training program in stroke rehabilitation could also help to
improve cognitive abilities.

Therefore, introducing an ERT program in the early stages of recovery
after stroke enables individuals to train at a higher intensity, because of
the low metabolic cost, in comparison with a concentric-based training.
ERT also has the potential to favor neural conduction and to get the in-
dividual to generate more strength. Thus, the outcomes could be a further
improvement on function, autonomy in ADL, cognitive function, and
other health related parameters.

Furthermore, involving patients in a feasibly training program in
early stages might contribute to future adherence to training programs
and a more active lifestyle after rehabilitation period is finished.

The effects of ERT on stroke patients also show some limitations:
studies showed very little or no effects on spasticity and hypertonia,14

which are also very common after stroke. No significant risks were
described in any of the studies.

1.3. Why it is important to do this review

Several trials and systematic reviews have studied the role of exercise
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or physical activity as an intervention for improving or maintaining
health in healthy adults and in population with different medical con-
ditions.5,6,15,16 Physical activity has been associated with the reduction
of premature mortality and reduction of the risks of suffering for more
than 25 chronic conditions such as cardiovascular disease or cancer,
among others.17,18 It has also been shown that it can be used as a sec-
ondary disease treatment for chronic illnesses.16,19 However, there is a
lack of studies about which are the most suitable types of exercise
training for each medical condition, beyond general like aerobic, resis-
tance, or combined exercise. Considering this, the purpose of this review
is to determine if the use of a specific type of resistance training
(eccentric training) can be an effective option to improve the outcomes of
the rehabilitation programs after stroke.

2. Objectives

The primary objectives of this review were to study whether ERT
improves body function, independence on ADL, and cognitive ability
after a stroke.

The secondary objectives were to study whether eccentric training
improves strength, gait performance, QoL, and self-perceived health.

3. Methods

3.1. Criteria for considering studies for this review

3.1.1. Types of studies
Randomized controlled trials (RCT) and controlled trials published

within the last 10 years were included. One group of the trial must have
received an eccentric training program, and the other group could have
received conventional training, non-exercise intervention or no inter-
vention. Any trial was excluded because of sample size. Exclusion criteria
were observational descriptive studies, reviews and systematic reviews,
expert's opinions, animal trials, conferences, thesis, and grey literature.

3.1.2. Types of participants
Participants of the studies could be male or female, older than 18

years old who had suffered a stroke (defined by the World Health Or-
ganization [WHO]) as a clinical syndrome typified by a focal -or at times
global-neurological impairments of sudden onset, lasting more than 24 h -or
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leading to death-, with no apparent causes other than vascular origin.20

Timing after stroke, severity and setting were not exclusion criteria.
Where data were available, the sequelae's severity were indicated.

3.1.3. Types of interventions
Studies that incorporated an intervention based on an eccentric

training as the only intervention or in combination with other types of
intervention, at any frequency, duration and intensity were included. The
exercise program could be implemented in an inpatient, outpatient or
community-based setting and it had to be planned and supervised. The
eccentric exercise could be prescribed alone or as a component of a
rehabilitation program. Comparator intervention for control group could
be based on a conventional training program (resistance training, aero-
bic, physical fitness, or combined training), on a non-exercise interven-
tion or there could be no intervention. Accordingly, three groups were
displayed for comparison analysis.

- Group 1 corresponding to comparison 1: studies proposing an inter-
vention based on eccentric training alone versus daily routine, non-
exercise intervention, or no intervention.

- Group 2 corresponding to comparison 2: studies proposing an inter-
vention based on eccentric training in comparison with another type
of training intervention.

- Group 3 corresponding to studies which could not be included in any
of the previous groups.

3.1.4. Types of outcome measures
Inclusion criteria for this review did not consider the types of outcome

measures used in the studies.

3.1.5. Primary outcomes
The primary outcomes were body function, ADL and cognitive ability.

These could be assessed by different measures.

� Body function: Fugl-Meyer Assessment Scale (FMA),21 Timed Up and
Go (TUG) test,22 Short Physical Performance Battery (SPPB),23 Berg
Balance Scale (BBS),24 or technology-based measures.

� ADL: Barthel Index (BI),25 Functional Independence Measure (FIM),26

FIM þ Functional Assessment Measure (FAM),27 or modified Rankin
Scale (mRS).28

� Cognitive ability: Mini Mental State Examination (MMSE),29 Mon-
treal Cognitive Assessment,30 or any validated cognitive test
including global cognitive function or specific cognition domains
(executive function, memory, verbal fluency, visuospatial ability, and
attention).

3.1.6. Secondary outcomes
Secondary outcomes were strength, gait performance, and QoL and

perceived health, as well as safety and feasibility. These outcomes could
be assessed by the following measures.

� Strength: Handgrip Strength Test,31 one repetition maximum
(1 RM),32 or any direct or indirect laboratory strength test that
evaluates eccentric and concentric phase of muscle contractions,
including peak force, peak power, torque, and other strength related
parameters for the lower and upper limbs.

� Gait performance: 6 Minute Walk Test (6 MWT),33 10 Meters Walk
Test (10 MWT),34 or any gait laboratory test.

� QoL and perceived health: SF-36,35 or WHO Quality of Life (WHO-
QOL-BREF or WHOQOL-100).36

� Safety: adverse outcomes like delayed onset muscle soreness (DOMS),
muscle or joint pain, tissular or bone injury and falls were included.

� Acceptance: dropouts were used as surrogate measures for the
acceptance of the intervention.

If studies reported other outcome measures different from the ones
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stated above, it was verified if they were measuring the same construct. If
that was the case, they could be included.

3.2. Search methods for identification of studies

The search was limited to trials published in English, French, Spanish,
and Catalan. The search strategy combined the health condition of
stroke, the eccentric training intervention, and the method of RCTs or
controlled clinical trials. Search strategies for the main databases are
described in Appendix A. Due to time limitations, the review could not be
performed within one year after the first search (November 2022), so the
search was updated using the same strategy in December 2023, including
studies from 2012 to 2023.

3.3. Electronic searches

The following databases and trials registers were searched.

� Cochrane Central Register of Controlled Trials (CENTRAL) (the
Cochrane Library; 2023) (from 2012 to December 2023).

� Cochrane Stroke Group Trials Register (last search December 2023).
� PubMed (MEDLINE) (from 2012 to December 2023).
� Epistemonikos (epistemonikos.org) (from 2012 to December 2023).
� Embase (Ovid from 2012 to 2014 and Embase.com to December
2023).

� SPORTDiscus (from 2012 to December 2023).
� World Health Organization (WHO) International Clinical Trials Reg-
istry Platform (from 2012 to December 2023).

A complete overview of the search is described in Appendix B.

3.4. Searching other sources

To identify further studies, the reference lists of all included articles
were searched and experts and authors in the field were contacted.

3.5. Data collection and analysis

3.5.1. Selection of studies
Database search resulted in 68 potential studies. The main reviewer

author screened all the titles, removed duplicates, and excluded those
that did not meet the inclusion criteria (n ¼ 53). Then, the authors
screened individually the remaining studies’ abstracts, and in pairs,
excluded those that did not meet the inclusion criteria for the review.
Finally, full-text articles of the remaining studies (n¼ 15) were obtained.
Independently, three authors reviewed and selected studies for inclusion
according to the inclusion criteria described before. Authors compared
selection of studies and discussed any disagreement (n ¼ 6). The com-
plete study flow diagram is shown in Fig. 1.

3.5.2. Data extraction and management
In pairs, co-authors did the data extraction and assessed the risk of

bias of eligible trials by using Physiotherapy Evidence Database (PEDro)
Scale for risk of bias.37 Any disagreements were resolved through dis-
cussion. After data extraction, the main author crosschecked the extrac-
ted data, including study design, study population, interventionmethods,
instruments, measurements, and outcomes.

3.5.3. Assessment of risk of bias in included studies
The quality of the included trials was assessed using the PEDro scale

for risk of bias.37 The scale provides 11 items: eligibility criteria,
randomization, allocation, blinding, outcome data, and data from com-
parison between group. The first item evaluates the external validity and
the other 10 measure the internal validity. The PEDro score is a valid
measure of internal validity, though it has moderate levels of interrater
reliability (interclass correlation coefficient, 0.68; 95% CI, 0.57–0.76).37

http://epistemonikos.org
http://Embase.com


Fig. 1. Study flow diagram.
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Therefore, a grade from 1 to 11 was obtained for each trial, considering
that studies with 5 points or less had to be excluded. See Table 5 for the
risk of bias of the included studies.

3.5.4. Measures of treatment effect
Means and standard deviations (SD), ranges and frequencies of post-

intervention scores or changes from baseline were calculated, when
available.

3.5.5. Dealing with missing data
The analysis was performed using only the available data from the

participants in the included studies. Where data were missing, authors
were contacted to request further information. The analysis was done
using only the available data.

3.5.6. Assessment of reporting biases
Reporting bias was not assessed by a funnel plot because of the few

articles included in this review, which made it impossible to detect
asymmetry.
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4. Results

4.1. Description of studies

See Characteristics of included studies (Table 1, Table 2, and Table 3)
and Characteristics of excluded studies (Table 4).
4.2. Results of the search

Search results are presented in the flow diagram (Fig. 1). After
removing duplicate trials and screening titles and abstracts, 15 articles
were left for full-text assessment. The four authors screened them in pairs
and, eventually, six studies were included. See Fig. 1 for specific exclu-
sion criteria.

4.2.1. Included studies
Characteristics of the six included studies are shown in Tables 1 and 2.
They all were RCTs or controlled trials, with two groups, except for

one study,38 which was a pilot study and did not include a control group.



Table 1
Characteristics of included studies.

Authors Setting Study
design

Sample
size

Age (years) Gender Pathology Level of
pathology

Time since onset Recruitment

Clark, 2013 VA Palo Alto
Health Care
System, USA

RCT n ¼ 34
(CON ¼
15/ECC ¼
18)
1 dropout

CON: 59.7 �
10.9 (48–70)
ECC: 63.2 �
10.6 (52–73)

9 F/25
M

Stroke
Type: N/A
Localization
(body side): CON:
12 left/4 right.
ECC: 9 left/9 right.

Mild-
moderate

6–18 months
CON: (12.8 �
4.7) months
ECC: (13.3 �
4.9) months

-

Fern�andez-
Gonzalo,
2016

Parc Taulí
University
Hospital, Spain

RCT n ¼ 32

TG ¼ 14;
CG ¼ 15 3
dropouts

TG: 61.2 �
9.8 (51–71)
CG: 65.7 �
2.7 (53–78)

7 F/22
M

Stroke
Type: TG 5 H/9 I
CG 4 H/11 I
Localization: TG:
7 cortical/7
subcortical.
5 right
hemisphere/9 left.
CG: 5 cortical/10
subcortical. 10
right/5 left.

Mild-
moderate

> 6 months TG:
(3.5 � 3.6)
years.
CG: (4.3 � 4.9)
years.

Stroke patients at Parc
Taulí, community
dwelling. Informed by
phone. Randomly
assigned to TG or CG.

Fern�andez-
Gonzalo,
2014

€Ostersunds
Rehabcenter,
Sweden

Pilot
clinical
trial

n ¼ 15
3 dropouts

From 50.7 to
75.4

3 F/9
M

Stroke
Type: 5 H/7 I
Localization
(body side): 7
right/5 left

Mild-
moderate

(7.8 � 4.5)
years.

Preliminary selection
using hospital records.

Folkerts,
2017

Rehabilitation
Center
Beatrixoord, The
Netherlands

RCT n ¼ 11

EST-TOST
¼ 5
TOST-EST
¼ 6
1 dropout

From 35 to
73

2 F/9
M

Stroke
Type: N/A
Localization
(body side): 5
right/6 left

Mild-
moderate

TOST-EST:
21.66 � 9.04
EST-TOST:23.4
� 9.78

Recruited by physician.
Randomly allocated.

Lattouf,
2021

– RCT n ¼ 37
TG ¼ 19;
CG ¼ 18

From 53 to
79

17 F/
20 M

Stroke
Type: TG ¼ 14 I/5
H
CG ¼ 14 I/4 H
Localization: N/
A

Mild-
moderate

TG ¼ (12.47 �
4.97) months CG
¼ (12.26� 4.97)
months

Convenience. Randomly
allocated.

Park, 2016 Sehan University
Center, South
Korea.

Clinical
trial

n ¼ 30
Group 1 ¼
15
Group 2 ¼
15

From 56 to
65 Group 1:
61 � 4.2;
Group 2:
60.9 � 4.2

14 F/
14 M

Stroke
Type: N/A
Localization: N/
A

Mild-
moderate

Group 1: (5.4 �
1.4) months;
Group 2: (5.3 �
1.2) months

Convenience, among
hospitalized patients.
Randomly allocated.

Abbreviations: RCT: Randomized controlled trial; CON: Concentric; ECC: Eccentric; TG: Training group; CG: Control group; I: Ischemic; H: Hemorrhagic; N/A: No
answer; EST-TOST: eccentric strength training and then task-oriented strength training; TOST-EST: task-oriented strength training and then eccentric strength training;
F: Female; M: Male.
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One study was based in the USA,39 one in Spain,8 one in Sweden,38 one in
the Netherlands,40 one in France,41 and one in South Korea.42

Sample sizes were described in all studies: Clark et al.,39 analyzed 34
participants divided into a concentric group (CON), n ¼ 15, and an
eccentric group (ECC), n ¼ 18, and reported one dropout;
Fernandez-Gonzalo et al.,8 had a sample of 32 participants divided into a
training group (TG), n ¼ 14, and a control group (CG), n ¼ 15 and re-
ported three dropouts; Fernandez-Gonzalo et al.,38 analyzed 15 partici-
pants and had three dropouts; Folkerts et al.,40 reported a sample of 11
participants divided into an eccentric strength training first and
task-oriented strength training after (EST-TOST) group, n ¼ 5, and a
TOST-EST group, n ¼ 6, and had one dropout; Lattouf et al.,41 had a
sample size of 37 participants divided into a TG of 19 and a CG of 18 and
reported no dropouts; Park et al.,42 analyzed 30 participants divided into
group I, n ¼ 15, and group II, n ¼ 15.

All studies developed and assessed the effects of an intervention using
eccentric training,39–42 or overload eccentric training.8,38 Three studies
compared the eccentric protocol with other interventions, using a
training group and a control group.

- ERT in comparison to concentric resistance training.39

- ERT compared to no intervention or daily routines, in addition to
comparison between the trained (and affected limb) and the un-
trained (and not affected leg) in TG.8
89
- ERT included in the rehabilitation routine compared to rehabilitation
routine alone.41

One study divided participants into two groups: a group receiving
ERT first and task-oriented training after and the other group doing it the
other way around.40 One study compared the effects of ERT at different
velocities using a fast group and a slow group.42 One study,38 did not
have a control group, so they did not make comparisons between in-
terventions, however they prescribed ERT only for the affected lower
limb so they could compare the results between the affected and trained
leg and the unaffected and untrained leg.

4.2.2. Participants
The six included studies reported data for a total of 159 subjects with

a diagnosis of stroke. There were eight participants who dropped out
before finishing the intervention: two studies reported three dropouts
each,8,38 and two studies reported one dropout each,39,40 leading to a
total of 151 subjects left. All participants were adults and there were no
children included. The average age was (61.56� 4.3) years, with a range
from 35 to 81 years old. All studies included men and women; however,
they all included more men than women: of all participants, 100 were
male and 51 were female.

Level of pathology was reported in all studies as a mild-moderate
hemiparetic pattern with a mild-moderate cognitive impairment,



Table 2
Objectives, instruments, intervention and outcomes of included studies.

Author Objectives/hypothesis Instruments Intervention Outcomes

Clark, 2013 To determine whether eccentric
resistance training (ECC) is superior
to concentric resistance training
(CON) to enhance neuromuscular
activation, strength, and walking
speed after stroke.

- Lower extremity: Fugl-Meyer (FMA-
LE).

- Power: Isokinetic dynamometer
(Biodex System 3 Pro).

- Muscle activation: Surface
electromyography (EMG) (Motion Lab
Systems MA300, Baton Rouge,
Lousiana) and EMG (Motion Lab
Systems MA411).

- Walking speed: motion analysis
system (Qualysis, Gothenburg,
Sweden).

5 weeks of dynamic high-intensity
resistance training followed by 3
weeks of clinic-based gait training, 3
times a week.
Randomized allocation to CON group
or ECC group. The non-paretic leg
was not trained. Assessments were
done at baseline, after resistance
training and after gait training by a
blinded assessor.

Paretic leg power: power gains for
ECC group were greater for eccentric
(þ74%) than concentric (þ25%)
contractions (p < 0.000 1). Power
gains for CON group were greater for
concentric (þ51%) than eccentric
(þ29%) contractions (p ¼ 0.02).
Power production was not
significantly altered during gait
training phase in either group.
Paretic leg activation: for rectus
femoris (RF) (p ¼ 0.18) and vastus
medialis (VM) (p > 0.46) neither
group experienced significant net
change activation after resistance
training and gait training.
Non-paretic leg power: ECC group
power increased more than CON
group power after both resistance
training (p ¼ 0.006) and gait training
(p ¼ 0.01).
Non-paretic leg activation: Effect of
Time for CON group was significant
for RF activation (p < 0.001), but post
hoc analysis revealed that this effect
was a result of reduced RF activation
following resistance training (�4%).
The effect of Time was not significant
for ECC in either RF or VM (p > 0.11),
but both showed tendency for
increased activation with RT (þ11%
and þ24%, respectively).
Walking speed: self-selected walking
speed increased 0.12 m⋅s�1 in both
CON (p¼ 0.02) and ECC (p< 0.000 1)
groups. Fast walking speed increased
0.15 m⋅s�1 in the CON group (p ¼
0.000 6) and 0.18 m⋅s�1 in the ECC
group (p < 0.000 1). The proportion
of individuals who increased either
self-selected or fast walking speed
were significantly greater in the ECC
than in the CON group (81% vs 42%,
p ¼ 0.04).

Fern�andez-
Gonzalo,
2016

To explore the effects of ECC-
overload resistance exercise training
on skeletal muscle size, function, and
cognitive performance in individuals
with stroke.

- Muscle volume and CSA: Magnetic
resonance imaging (MRI) (1.5-T
Siemens MR unit, Erlangen, Germany;
Turbo spin echo, T2 weighted, TE 64
ms, TR 3 800 ms, NSA 3, FOV 48 cm,
scan time 5 min 2 s, voxel size 1.9 mm
� 1.9 mm � 10 mm).

- Force and power: platform with a load
cell mounted on the flywheel leg press
at 120� knee angle.

- Balance: Berg Balance Scale (BBS).
- Gait performance: Timed Up and Go
Test (TUG).

- Talking-While-Walking test
- Spasticity: Modified Ashworth Scale.
- Cognitive function: Digits Span
Forward subtest from WAIS-III, the
Spatial Span Forward of the Wechsler
Memory Scale (WMS-III) and the sus-
tained attention index of the Conners
Continuous Performance Test-II (CPT-
II); the Rey Auditory Verbal Learning
Test; Stroop Color and Word Test, Trail
Making Test (TMT) part A; Digits Span
Backward subtest of the WAIS-III and
Spatial Span Backward subtest of the
WMS-III; TMT part B, third sheet of the
Stroop Color and Word Test; the Verbal
Fluency Test (FAS) and Semantic
Fluency (animals); Hospital Anxiety

Unilateral ECC-overload flywheel leg
press resistance training using the
more-affected limb (4 sets of 7
repetitions; < 2 min of contractile
activity) twice a week for 12 weeks
(TG). The CG followed their daily
routines.

Flywheel resistance exercise
training: 100% adherence to the
training program. Average peak
power in training group increased
almost linearly (61%; main effect of
time; p < 0.001, F ¼ 14.9). Time for
muscle contractile activity (time of
actual exercise) in any session
averaged 1 min and (53 � 5) s.
Muscle volume and cross-sectional
area (CSA): There was an interaction
group � time (p ¼ 0.04; F ¼ 4.8) due
to quadriceps femoris volume gains in
the more-affected leg of TG, but not
the CG. There was no change for
rectus femoris. Greatest (p ¼ 0.001)
and mean (p < 0.001) CSA increased
only in the more-affected, trained leg
of TG.
Isometric and dynamic force, and
peak power. Maximal unilateral
isometric force: There was a main
effect of time (p ¼ 0.02; F ¼ 6.9),
mostly due to increased force of the
more-affected leg after the
intervention in TG. There was a trend
towards interaction group x time (p ¼
0.06; F ¼ 3.7) mainly due to greater
maximal isometric force values in the
TG than CG at post.

(continued on next page)
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Table 2 (continued )

Author Objectives/hypothesis Instruments Intervention Outcomes

and Depression Scale (only at baseline)
and SF-36.

Maximal dynamic force: there was a
main effect of time (p ¼ 0.03; F ¼ 6.4)
due to an increase in dynamic force
after the intervention in both the
more-affected (13.8%) and the less-
affected (9.6%) legs in TG. There was
an interaction group� time (p¼ 0.03;
F ¼ 5.3), due to the improvements for
either leg in TG, but no CG.
Merged CON-ECC peak power: there
was a main effect of time (p ¼ 0.02; F
¼ 16.5) due to higher peak power in
both legs after training in TG. There
was an interaction group � time (p ¼
0.01; F ¼ 7.3) due to overall greater
pre-to-post increases in TG, compared
with CG.
Functional performance. Balance:
higher BBS scores in the TG (p <

0.001; 8.9%) and slightly lower, yet
significant, values in CG (P ¼ 0.01;
3.6%).
Gait performance: time to complete
TUG was reduced in TG after training
(p ¼ 0.01; 10.6%). In CG there was no
difference at pre and post.
Dual-task performance: TG
employed less time to complete the
test (13.4%), CG increased the time to
complete it (6.7%). TG decreased the
dual-task cost on walking (28.4%), CG
increased it (30.8%). After post hoc
comparisons, however none of these
within group changes were
significant.
Spasticity: no differences between or
within groups.
Cognitive function: interaction
group � time (p ¼ 0.02, F ¼ 5.9) due
greater values in TG for Digits Span
Forward at post compared to pre,
while the opposite was found for CG.
In Digits Span Backward an
interaction group � time was found
(p ¼ 0.03, F ¼ 5.2). TG increased
performance in this test, CG showed
worse values at post. For Stroop Color
test, TG obtained greater values (p ¼
0.04) at post. For FAS, TG also
increased scores at post (p ¼ 0.01). In
SF-36, TG decreased the perception of
pain, while CG increased this
perception (p ¼ 0.03).

Fernandez-
Gonzalo,
2014

To assess the efficacy of an ECC-
overload flywheel resistance training
to improve muscle strength and
power, balance and daily task
functional performance, without
increasing spasticity in patients with
chronic stroke.

Balance: BBS.
Gait: TUG and 6MWT.
Functional performance: 30-s Chair-
Stand Test.
Spasticity: The Modified Ashworth
Scale.
Perceived participation: Stroke Impact
Scale.
Isometric and isokinetic knee
extension torque: IsoMed2000
dynamometer; D&R Ferstl GmbH,
Hemau, Germany; 200 Hz.
Peak power: flywheel leg press device
(YoYo* Technology AB, Stockholm,
Sweden) with a lateral leg support to
avoid involuntary abduction of the
affected limb. Peak power was measured
using an encoder (100 Hz) and associated
software (SmartCoach, Stockhol,
Sweden).
Isometric leg press force: flywheel
device with a foot-platform with a load
cell mounted for each foot on the device.

12 chronic stroke patients with gait
deficits performed unilateral
flywheel leg press resistance exercise
using the affected limb twice weekly
for 8 weeks with at least 48 h of rest
between sessions. 4 sets of 7
repetitions at maximal effort, 3 min
recovery between sets.
Isometric and isokinetic knee
extension torque were assessed 10
days before and 3 days after
completing training intervention.
Peak power was assessed 6 days
before and 5 days after the
intervention. Isometric leg press
force was measured 3 days before
and 7 days after the intervention.
Balance, gait, functional performance
andmuscle function were assessed 12
days before and after the training
period by a physiotherapist blinded
to the intervention.

- Balance BBS (7%, p ¼ 0.004), TUG
(17%, p ¼ 0.018) and 30CST (17%,
p ¼ 0.024) improved with training.
No changes in 6MWT distance (p ¼
0.68) or Modified Ashworth Scale
score (p ¼ 0.24). Increase in
perceived participation (SIS) at the
limit of statistical significance (p ¼
0.058).

- Isometric and isokinetic knee
extension torque: the non-affected
leg showed 1.4-fold greater iso-
metric knee extension torque than
the affected leg both pre and post
training (main effect of leg; F ¼
63.9; p < 0.000 5). No change over
time for either leg. CON isokinetic
peak torque was 1.3-fold greater in
the non-affected than the affected
leg (main effect of leg; F ¼ 15.5; p ¼
0.002). It was unaltered after
training. ECC isokinetic peak torque
showed leg � time interaction (F ¼

(continued on next page)
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Table 2 (continued )

Author Objectives/hypothesis Instruments Intervention Outcomes

5.6; p ¼ 0.038). Thus, only the
affected, trained leg showed
increased ECC-torque from pre to
post training, although ECC torque
was greater in the non-affected than
the affected leg (main effect of leg;
F ¼ 56.1; p < 0.000 5).

- Peak power: ECC peak power
increased more than CON in both
the affected and the non-affected
leg. The gains were greater for the
affected leg (44% vs 35%). Howev-
er, the non-affected leg produced
more ECC peak power both pre (p ¼
0.001) and post (p < 0.000 5). CON
peak power increased in affected
(34%) and non-affected leg (24%).

Isometric leg press force. At 90�

knee angle: the affected leg produced
greater force at post compared with
pre training (p ¼ 0.003 and p ¼ 0.008
for unilateral and bilateral mode,
respectively). The affected leg
produced similar force during
bilateral and unilateral conditions,
while the non-affected leg produced
higher force in unilateral than bilat-
eral test, at pre (p ¼ 0.036) and post
(p ¼ 0.001). At 120� knee angle: the
effected leg showed increased iso-
metric force bilaterally (17%, p ¼
0.045) and unilaterally (20%, p ¼
0.021). The non-affected leg remained
unchanged. Force was greater at the
affected vs non-affected leg in unilat-
eral mode only at post training (p ¼
0.025). Non-affected leg produced
more force in unilateral than bilateral
modes at pre (p ¼ 0.01) and post (p ¼
0.004).

Folkerts,
2017

To assess the effectiveness and
feasibility of an eight-week
intervention combining eccentric
and task-oriented strength training
in individuals with chronic stroke.
To assess if the order of the eccentric
and task-oriented strength training
changed the effects of the
intervention.

- Upper limb function: Action research
arm test (ARAT).

- Strength shoulder, elbow and wrist:
Hand-held dynamometer (HHDI, IRL,
New Zealand).

- Feasibility, adherence and dropout
rates: Intrinsic Motivation Inventory
(IMI).

4 weeks of eccentric strength training
(EST) and 4 weeks of task-oriented
strength training (TOST) in a cross-
over design. Participants were
allocated to either an intervention
group receiving eccentric strength
training first and task-oriented
strength training after (EST-TOST
group) or to an intervention group
receiving TOST first and then EST
(TOST-EST group).
30 min of training, once a week in the
rehabilitation center, under
supervision of the investigator and
two times a week at home without
supervision.
The EST consisted of exercises with
lightweight dumbbells and rubber
bands.
The TOST consisted of bilateral
upper-limb training using a
movement-based game controller.

- Upper limb function and
strength: no significant differences
were found between the EST and
TOST group in ARAT and strength
(HHD).

- Order of the intervention: the
means of the EST-TOST and TOST-
EST group show that the significant
differences are in favor of the EST-
TOST group for the total score of the
shoulder (r ¼ �0.91), elbow (r ¼
�0.90) and wrist (r ¼ �0.82).

- Feasibility (IMI, adherence and
dropout rates): The total score of
the IMI in both EST and TOST
interventions is 5.60; 81%; α ¼
0.89. During intervention there was
only one drop out.

Lattouf,
2021

To examine the role of eccentric
exercise in strengthening muscles of
the lower extremity and improving
gait autonomy in patients with post-
stroke hemiparesis.

- Strength: Horizontal leg press
(Technogym).

- Lower extremity function: FMA-LE
- Voluntary motor capacity of lower
limb: Held and Pierrot-Deseilligny
scale.

- Spasticity: Modified Ashworth Scale.
- Walking ability: Functional
Ambulation Category.

Two groups: muscle strengthening
group (MSG) and control group (CG).
Both groups received rehabilitation
over a period of four weeks. MSG
received 3 sessions per week for four
weeks consisting of 3 sets of 5
repetitions using a horizontal leg
press (2 sets at 40% 1 RM and 1 set at
60% 1 RM). This was included in
rehab sessions, so the two groups
received the same amount of
rehabilitation time.

- Strength (1 RM): intervention
group showed a significantly
greater increase after treatment
than control group ([57.22 �
13.47] kg vs. [49.06 � 8.29] kg).

- Gait: both groups improved
walking speed in 10 MWT at post.
Significant correlation for both
groups between increase of 1RM
and distance in the 6MWT at post (r
¼ 0.53 for MSG and r ¼ 0.92 for
CG).

- Spasticity: no change in spasticity
using the Modified Ashworth Scale.

(continued on next page)
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Author Objectives/hypothesis Instruments Intervention Outcomes

Park, 2016 To analyze the effect of a virtual
reality-based eccentric training
intervention on lower extremity
muscle activation and balance in
stroke patients.

- Lower extremity muscle activation:
MP100 surface EMG system (Biopac
Systems Inc., Goleta, CA, USA)

- Balance: BioRescue (RM Ingenierie,
Rodez, France). It measured the limit of
stability (LOS).

Virtual reality-based eccentric
training using a slow velocity group
(group I) or fast velocity group
(group II). Training lasted 30 min and
it was performed 5 days a week for 8
weeks.

Group I showed statistically
significant differences in LOS and
gastrocnemius muscle activation (p <

0.05), and in vastus lateralis and
vastus medialis muscle activation (p
< 0.01) compared with Group II in the
pre - post measurements.

Abbreviations: ECC: eccentric resistance training group; CON: Concentric resistance training group; TG: Training group; CG: Control group; FMA-LE: Fugl-Meyer Scale
for Lower Extremity; EMG: electromyography; RF: Rectus femoris; VM: Vastus Medialis; MRI: Magnetic resonance imaging; BBS: Berg Balance Scale; TUG: Timed Up and
Go test; WAIS-III: Wechsler Adult Intelligence Scale-Third Edition; CPT-II: Continuous performance test-Second edition; FAS: the verbal fluency test, SF-36: 36-item. ;
WMS: Wechsler Memory Scale; CSA: Cross sectional area; TMT: Trail Making Test; FAS: Verbal Fluency Test; 6MWT: 6 min walk test; ARAT: Action research arm test;
IMI: Intrinsic Motivation Inventory; Hand-held dynamometer (HHDI); EST: Eccentric strength training; TOST: Task-oriented strength training; 1RM: One repetition
maximum; MSG: Muscle strengthening group; 10 MWT: 10 m walk test; LOS: Limit of stability.

Table 3
Summary of the interventions.

Setting Supervised Exercise type Intensity Duration Frequency Length of
program

Clark, 2013 Outpatient Yes Resistance training (RT)
(concentric or eccentric
group) þ Clinical-based gait
training.

High intensity 90-min sessions 3 times a
week

5 weeks RT þ 3
weeks CB gait
training
Total ¼ 8 weeks

Fdz-
Gonzalo,
2016

Outpatient Yes Unilateral ECC-overload
flywheel leg press resistance
training.

Maximal repetitions. 4 sets of 7 reps (2
min of contractile
activity)

2 times a
week

12 weeks

Fdez-
Gonzalo,
2014

Outpatient Yes Unilateral flywheel leg
press resistance exercise.

Maximal effort 4 sets of 7 reps 2 times a
week

8 weeks

Folkerts,
2017

Outpatient
and at home

Once a week supervised
– 2 times a week at home
without supervision.

Eccentric strength training
(EST) and Task-oriented
strength training (TOST).

Determined by the
investigator according to
physical condition of every
participant.

30 min 3 times a
week

4 weeks EST and
4 weeks TOST.
Total ¼ 8 weeks

Lattouf,
2021

Outpatient Yes Eccentric strength training
using a horizontal leg press.

2 sets at 40% of 1 RM and 1
set at 60% of 1 RM.

3 sets of 5 reps 3 times a
week

4 weeks

Park, 2016 Inpatient Yes Virtual reality-based
eccentric training at
different velocities.

Slow velocity group: 1–12
rpm. Fast velocity group:
25–35 rpm

30 min 5 days a
week

8 weeks

Abbreviations: RT: Resistance training; ECC: Eccentric; EST: Eccentric strength training; TOST: Task-oriented strength training; 1 RM: One repetition maximum.
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although each study used different tools to measure level of pathology.
One study,39 used a gait test consisting on walking independently at least
25 feet at 0.30 m⋅s�1. Two studies of Fernandez-Gonzalo et al.,8,38 used a
walking test consisting on being able to walk 20 m with or without an
assistive device. Folkerts et al.,40 used MMSE to describe the cognitive
impairment and included only subjects with a score of at least 21 (no
cognitive impairment). Lattouf et al.,41 used the Fugl-Meyer scale, the
Held and Pierrot-Deseilligny scale (HPD), the Modified Ashworth Scale
and the Functional Ambulation Category (FAC). Park et al.,42 used the
Korean mini-mental status examination to determine the cognitive level
and the ability to walk more than 10 m independently for the functional
level.

Three studies described lesion type8,38,41: nine hemorrhagic and 14
ischemic,8 five hemorrhagic and seven ischemic,38 nine hemorrhagic and
28 ischemic.41 Four studies reported location of the stroke8,38–40: in Clark
et al. study,39 the left side of the body was affected in 21 participants and
the right side in 13; in Fernandez-Gonzalo et al.,8 15 participants had the
impairment in the left side and 14 in the right side; in Fernandez-Gonzalo
et al.,38 left side of the body was affected in five participants and the right
side in seven; Folkerts et al.,40 reported six participants being affected on
the left side of the body and five on the right.

Data about time since stroke was also available for all trials: (13.05 �
4.9) months,39 (3.9 � 4.9) years,8 (7.8 � 4.5) years,38 (22.45 � 8.94)
months,40 (12.36� 4.97) months,41 (5.35� 1.4) months.42 Three studies
included participants within the first year after the stroke.39,41,42 The
other three studies,8,38,40 included participants between 13.5 month,40

and 12.3 years,38 after the onset of injury. In five studies,8,38–41
93
participants lived in the community and were able to attend to the hos-
pital or rehabilitation center. Only in one study,42 participants were still
hospitalized.

4.2.3. Interventions
Table 3 shows a summary of the included studies’ interventions.
Intervention settings were reported as follows: in four studies inter-

vention took place in outpatient settings8,38,39,41; in the study in which
participants were still hospitalized,42 the intervention was held in an
inpatient setting; in another study,40 participants performed the training
in two different settings (twice a week at home and once a week in an
outpatient setting). In all cases, interventions were supervised. However,
in Folkerts et al.,40 when patients performed the exercises at home, they
did it on their own.

Exercise type, although all authors used ERT, it slightly varied among
studies: Clark et al.,39 prescribed ERT for one group and concentric
resistance training (CRT) for the other group, in addition to clinical-based
gait training; Fernandez-Gonzalo et al.,8,38 proposed unilateral
eccentric-overload flywheel leg press RT for the paretic limb in both
studies; Folkerts et al.,40 prescribed eccentric strength training and
task-oriented strength training; Lattouf et al.,41 prescribed ERT for the
paretic limb using a horizontal leg press; Park et al.,42 proposed virtual
reality-based eccentric training at different velocities.

Volume parameters of the intervention were described as follows:
three studies prescribed high intensity,39 or maximal effort.8,38 One study
determined the intensity according to the investigator's criteria, but did
not detail it.40 Another study,41 prescribed moderate intensity (40%–



Table 4
Characteristics of excluded studies.

Study Reason for exclusion

Deog Young Kim,
2020

Did not meet the type of studies criteria.
This study was a registered trial which had not been published
yet.

Lim, 2020 Did not meet the type of studies criteria.
This study was a registered trial which had not been published
yet.

Mohammadi, 2018 Did not meet the type of studies criteria.
This study was a registered trial which had not been published
yet.

Lundberg, 2019 Did not meet the type of participants criteria.
This study was a randomized controlled trial (RCT) with an
eccentric training intervention, however participants were
healthy adults.

Maroto-Izquierdo,
2019

Did not meet the type of participants criteria.
This study was a RCT with an eccentric training intervention,
however participants were physically active university
students.

McErlain-Naylor,
2021

Did not meet the type of participants criteria.
This study was a RCT with an eccentric training intervention,
however participants were healthy physically active males.

Presland, 2020 Did not meet the type of participants criteria.
This study was a RCT with an eccentric training intervention,
however participants were healthy males.

Salehi-Dahno, 2016 Did not meet the type of interventions and studies criteria.
This study was a registered trial; thus, it didn't meet the
studies criteria. Moreover, the intervention was based on cross
education training.

Yang et al., 2021 Did not meet the type of interventions criteria.
This study was a RCT with stroke participants, however the
intervention was based on vibration, not eccentric training.

Abbreviations: RCT: Randomized controlled trial.
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60% 1 MR) and the last study,42 compared a slow velocity group (1–12
rpm) to a fast velocity group (25–35 rmp). Durations of the sessions were
measured using time in three studies: 90 minutes (min),39 and 30
min.40,42 In the other three studies the duration depended on the time
participants needed to complete the sets and repetitions prescribed: 4 sets
of 7 repetitions,8,38 and 3 sets of 5 repetitions.41 Frequency of training
was three times a week,39–41 two times a week,8,38 and five times a
week.42 Length of the intervention was eight weeks in four stud-
ies,38–40,42 four weeks in one study,41 and 12 weeks in the other one.8

4.2.4. Outcomes
All studies examined the effects of the intervention with outcomes

being measured at baseline and at the end of the intervention. No study
did a follow-up of the participants after the intervention neither
measured middle and long-term effects.

Primary outcomes of body function, ADL and cognitive ability and
secondary outcomes of strength, gait performance, QoL and perceived
health were measured in the included studies as follows (Table 2.
Table 5
Risk of bias using PEDro Scale Score.

Author C1 C2 C3 C4 C5 C6

Clark, 2013 Yes.
Methods

Yes.
Study Design

No. Yes, Study
Design

No No

Fdez-
Gonzalo,
2016

Yes.
Methods

Yes. Methods Yes
Methods

Yes. Results No No

Fdez-
Gonzalo,
2014

Yes.
Methods

No No Yes. Results No Ye
M

Folkerts,
2017

Yes.
Methods

No No Yes. Methods No. No

Lattouf,
2021

Yes.
Methods

Yes. Methods No Yes. Methods No No

Park, 2016 Yes.
Methods

Yes. Subjects
and Methods

No Yes. Subjects
and Methods

No No

94
Objectives, instruments, intervention, and outcomes of included studies):
Clark et al.,39 measured power, muscle activation and walking speed.

- Power was measured with an isokinetic dynamometer (Biodex Sys-
tem 3 Pro). Regarding the paretic leg, improvements in power were
significant in both ECC and CON group (p < 0.000 1 and p < 0.02,
respectively). For the non-paretic leg, improvements were signifi-
cantly higher in the ECC group after both RT (p ¼ 0.006) and gait
training (p ¼ 0.01).

- Activation of rectus femoris and vastus medialis was measured with
surface electromyography (Motion Lab Systems MA300). Neither
group experienced significant changes in muscle activation.

- Walking speed was measured with a motion analysis system
(Qualysis). Self-selected walking speed and fast speed increased in
both CON (p ¼ 0.02 and p ¼ 0.000 6) and ECC (p < 0.000 1 and
p< 0.000 1) groups. But the proportion of participants who increased
either self-selected or fast walking speed was significantly greater in
the ECC than in the CON group (81% vs 42%, p ¼ 0.04).

Fernandez-Gonzalo et al.,8 measured muscle volume and cross
sectional area (CSA), isometric and dynamic force and peak power,
balance, gait, dual-task performance, spasticity, and cognitive function.

- Muscle volume and CSA of quadriceps femoris, vastus lateralis, vastus
intermedius, vastus medialis and rectus femoris were analyzed with
magnetic resonance imaging (MRI). Quadriceps femoris volume
increased in the affected leg of TG (p < 0.001), but not in the less
affected leg nor in CG. CSA increased only in the affected leg of TG (p
¼ 0.001). Changes in vastus lateralis, vastus intermedius and vastus
medialis CSA or volume paralleled those of total quadriceps femoris.
There were no changes in rectus femoris.

- Force and peak power were measured using a platform with a load
cell mounted for either foot on the flywheel leg press at 120� knee
angle. After the intervention, maximal isometric force increased for
the affected and trained legs of TG (p¼ 0.02), but not in CG. Maximal
dynamic force increased significantly in both the affected (13.8%)
and the less affected (9.6%) legs in TG (p ¼ 0.03), but there were no
significant changes in CG. Peak power was also significantly higher in
both legs after training in TG (p ¼ 0.01).

- Balance was measured with BBS. It showed higher scores in TG (p ¼
0.001; 8.9%) and slightly lower values, yet significant, in CG (p ¼
0.01; 3.6%) after the intervention.

- Gait performance was measured with TUG. Time to complete the test
was reduced in TG after training (p ¼ 0.01; 10.6%). There was no
difference in CG at pre and post.

- Dual-task performance was measured with Talking While Walking
test. TG needed less time to complete the test after the intervention
(�13.4%), while CG increased the time to complete it (þ6.7%). TG
also decreased the dual-task cost on walking (�28.4%), while CG
C7 C8 C9 C10 C11 Total

. Yes. Study
Design

Yes.
Results

Yes.
Methods.

Yes.
Results

Yes.
Results

8

No Yes.
Results

Yes.
Methods

Yes.
Results

Yes.
Results

8

s.
ethods

No Yes.
Results

Yes.
Results

Yes.
Results

Yes.
Results

7

. No. Yes.
Results

Yes.
Results

Yes, Yes.
Results

Yes.
Results.

6

No Yes.
Results

No Yes.
Results.

Yes.
Results

6

. No. Yes.
Results

Yes.
Results

Yes.
Results.

Yes.
Results

7
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increased it (þ30.8%). However, after compensation for multiple post
hoc comparisons, none of these within group changes were
significant.

- Spasticity was measured with the Modified Ashworth Scale. No dif-
ferences were found between or within groups.

- Cognitive function was measured as follows: verbal, visual and sus-
tained attention were assessed with Digits Span Forward subtest from
Wechsler Adult Intelligence Scale-Third Edition (WAIS-III), the
Spatial Span Forward of the Wechsler Memory Scale (WMS-III) and
the sustained attention index of the Conners Continuous Performance
Test-II (CPT-II). Learning and long-term memory was evaluated with
the Rey Auditory Verbal Learning Test. Psychomotor speed was
measured with the index of reaction time form the CPT-II. Processing
speed was evaluated with the Stroop Color and Word Test and the
Trail Making Test (TMT) part A. Digits Span Backward subtest of
WAIS-III and Spatial Span Backward subtest of the WMS-III assessed
verbal and visual working memory. TMT part B, third sheet of the
Stroop Color and Word Test, the Verbal Fluency Test and Semantic
Fluency (animals) were used to measure flexibility, inhibition, and
verbal fluency, respectively. Anxiety and depression (Hospital Anxi-
ety and Depression Scale) and quality of life (SF-36) were also
measured. TG showed greater values for Digits Span Forward at post
compared to pre (p ¼ 0.02), while the opposite was found for CG. TG
also increased performance in Digits Span Backward (p¼ 0.03), while
CG showed worse values at post. For Stroop Color test and Verbal
Fluency test, TG obtained greater values at post (p ¼ 0.04 and p ¼
0.01, respectively). In SF-36, TG decreased the perception of pain,
while CG increased this perception (p ¼ 0.03). No other significant
changes were obtained.

Fernandez-Gonzalo et al.,38 measured balance, gait, functional per-
formance, spasticity, perceived participation, isometric and isokinetic
knee extension torque, peak power and isometric leg press force.

- Balance was measured using BBS. Scores in the scale improved after
training (7%, p ¼ 0.004).

- Gait was measured with TUG and 6MWT. Participants improved their
results in TUG (17%, p ¼ 0.018), but no significant differences were
found in 6MWT distance.

- Functional performance was assessed using 30s Chair-Stand Test.
Participants improved their results after the intervention (17%, p ¼
0.024).

- Spasticity was evaluated with the Modified Ashworth Scale. No sig-
nificant differences were found after training.

- Perceived participation was analyzed with Stroke Impact Scale. The
scale showed better results after training, which were at the limit of
statistical significance (p ¼ 0.058).

- Knee extension torque was measured with a dynamometer (Iso-
Med2000). The non-affected leg showed greater isometric knee
extension torque than the affected leg both at pre and post training (p
¼ 0.000 5). Concentric isokinetic peak torque was greater in the non-
affected leg than in the affected (p¼ 0.002) and it did not change after
training. Eccentric isokinetic peak torque showed an increase only in
the affected leg after the intervention (p ¼ 0.000 5).

- Peak power was measured using an encoder and an associated soft-
ware (SmartCoach) connected to the flywheel leg press device.
Eccentric peak power increased more than concentric peak power in
both the affected and the non-affected leg, although the gains were
greater for the affected leg (44% vs 35%). However, the non-affected
leg produced more eccentric peak power both pre (p ¼ 0.001) and
post (p ¼ 0.000 5).

- Isometric leg press force was measured using a flywheel device with a
foot-platform with a load cell mounted for each foot on the device. At
90� knee angle the affected leg produced greater force at post
compared with pre (p ¼ 0.003 and p ¼ 0.008 for unilateral and
bilateral mode, respectively). The affected leg produced similar force
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during bilateral and unilateral conditions, while the non-affected leg
produced higher force in unilateral than bilateral test, at pre (p ¼
0.036) and post (p ¼ 0.001). At 120� knee angle the affected leg
showed an increase in isometric force bilaterally (17%, p ¼ 0.045)
and unilaterally (20%, p ¼ 0.021). The non-affected leg remained
unchanged. Force was greater at the affected vs non-affected leg in
unilateral mode only at post (p ¼ 0.025). Non-affected leg produced
more force in unilateral than bilateral mode at pre (p¼ 0.01) and post
(p ¼ 0.004).

Folkerts et al.,40 measured upper limb function, the effects on
changing the order in which the two different interventions were applied,
feasibility, adherence, and dropout rates.

- Upper limb function was measured with the Action Research Arm
Test (ARAT) and a hand-held dynamometer. No significant differ-
ences were found between EST and TOST group in ARAT and strength
(measured with the dynamometer).

- Order of the intervention was analyzed taking into consideration the
total scores of the shoulder, elbow and wrist. Means of the EST-TOST
and TOST-EST group show that the significant differences are in favor
of the EST-TOST group.

- Feasibility, adherence, and dropout rates were measured with
Intrinsic Motivation Inventory (IMI). The total score of IMI in both
EST and TOST is 5.6; 81%; α ¼ 0.89 and only one dropout was
reported.

Lattouf et al.,41 measured strength, gait and spasticity.

- Strength was measured using a horizontal leg press (Technogym) and
considering the 1RM, calculated with the indirect method, as the
measurement unit. TG showed a significantly greater increase in
strength (p ¼ 0.014) after the intervention than CG ([57.22 � 13.47]
kg vs. [49.06 � 8.29] kg).

- Gait was measured using 10 MWT and 6 MWT. Both TG and CG
improved walking speed in 10 MWT (p¼ 0.000 2) and 6 MWT at post
(p ¼ 0.000 1 for TG and p ¼ 0.000 3 for CG). A significant correlation
was found for both groups between increase of 1RM and distance in
6MWT at post (r ¼ 0.53 for MSG and r ¼ 0.92 for CG).

- Spasticity was measured using the Modified Ashworth Scale. No
significant changes were found in spasticity.

Park et al.,42 measured lower extremity muscle activation and
balance.

- Muscle activation was measured using a surface electromyography
system (MP100). Group I showed significant increasement in
gastrocnemius activation (p¼ 0.05), in vastus lateralis (p ¼ 0.01) and
in vastus medialis (p ¼ 0.01) compared with Group II at post.

- Balance was measured with BioRescue, which measured the limit of
stability. Group I showed significantly better results in LOS (p¼ 0.05)
compared with Group II at post measurements.

4.2.5. Excluded studies
Nine studies were excluded for the following reasons.

- Three studies did not meet the type of studies' criteria.43–45 Although,
they were registered randomized control trials, results had not been
published yet.

- Four did not meet the type of participants' criteria.46–49 Participants
were not stroke patients, but healthy older adults.

- One did not meet the type of intervention's criteria,50 and 1 did not
meet neither type of intervention nor studies criteria.51 Neither of
these two studies used an eccentric or overload eccentric training
program for the intervention. Moreover, one of the studies was a
registered trial with no published results.51
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Further details of these trials are provided in Table 4. Characteristics
of excluded studies.

4.2.6. Risk of bias in included studies
The risk of bias is reported for each study in Table 5 following the

PEDro Scale Score. According to the assessment, all included studies
reached a score of 6 or more (whichwas the exclusion point). Two studies
were punctuated with an 8,8,39 two studies obtained a 7,38,42 and the
other two studies reached a 6.40,41

4.2.7. Effects of the intervention
It was not possible to do a meta-analysis because of the few studies

included and the variety among them; thus, a qualitative analysis and a
synthesis were done. Despite this, three different groups were set for the
analysis.

Group 1: corresponding to comparison 1 (eccentric training alone
versus daily routine, non-exercise intervention or no intervention),
which includes the end of intervention results of two studies.8,41

Group 2: corresponding to comparison 2 (eccentric training in com-
parison with another training intervention), which includes one
study.39

Group 3, corresponding to the three other studies included in this
review,38,40,42 which were analyzed separately because they couldn't
be put together.
Group 1 of analyzed studies. Comparison 1: Eccentric training pre-
scribed alone versus daily routine, non-exercise intervention or no
intervention

Two of the six studies, corresponding to Fernandez-Gonzalo et al. and
Lattouf et al.,8,41 including 29 and 37 participants respectively, pre-
scribed an ERT intervention for TG and no intervention or daily routine
for CG.

A qualitative analyzes and synthesis to compare both studies could be
done as follows:

Matching outcomes were searched for both studies. Thus, a qualita-
tive comparison could be done between the results reported for strength,
gait, and spasticity.

Strength: even though measurement instruments were different in
both studies (one used a load cell on a flywheel leg press,8 and the other
one used the indirect 1RM method and a horizontal leg press,41 they
coincide to report significant improvements in TG at post and no sig-
nificant changes in CG. Fernandez-Gonzalo et al.,8 reported significant
increase in isometric force (p¼ 0.02), maximal dynamic force (p¼ 0.03),
and peak power (p ¼ 0.01) in TG. Lattouf et al.,41 reported significant
increase in 1RM (p ¼ 0.014) in TG.

Gait: although, Fernandez-Gonzalo et al.,8 used TUG to measure gait
and Lattouf et al.,41 used 10 MWT and 6 MWT, both authors found sig-
nificant improvements at post intervention measurements for TG (p ¼
0.01 for TUG, p ¼ 0.000 2 for 10 MWT and p ¼ 0.000 1 for 6 MWT).
Nevertheless, Lattouf et al.,41 also found significant improvements in CG
for 10 MWT (p ¼ 0.000 2) and 6 MWT (p ¼ 0.000 3).

Spasticity: both studies coincide to report no changes in spasticity
using the Modified Ashworth Scale.

Furthermore, Fernandez-Gonzalo et al.,8 also measured body and
cognitive function, quality of life and perceived health, all of which could
not be compared because they were not analyzed in Lattouf et al.41

Finally, it should be mentioned that ADL was not measured in any of the
studies.

Group 2 of analyzed studies. Comparison 2: Eccentric training pre-
scribed in comparison with another training intervention.

Again, two out of six studies, corresponding to Clark et al.,39 which
analyzed data from 34 participants, and to Folkerts et al.,40 with 11
participants, prescribed an ERT intervention in comparison with another
type of training. Clark et al.,39 prescribed a concentric training inter-
vention and Folkerts et al.,40 a TOST intervention. Before comparing the
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effects of the interventions, it should be mentioned that there is a main
difference between these two studies, which hinders the comparison:
while in one of the them the objective was to compare ERT with
concentric RT,39 the objective in the other study was to compare if the
order in which the interventions were applied altered the results. Taking
these into consideration, a qualitative analysis could be done between the
results reported for strength and dropouts.

Strength: both studies measured the effects of the intervention in
strength, however one study measured it for the lower limb,39 and the
other study did it for the upper limb.40 Both studies showed significant
improvements after the trainings (both ERT and the comparative inter-
vention). Being more specific, Clark et al.,39 reported significantly higher
improvements only for the non-paretic leg in the ECC group and Folkerts
et al.,40 described a significant tendency in favor of the EST-TOST order
to improve the outcome's effects.

Dropouts: one study reported one dropout,39 and the other one re-
ported two dropouts,40 due to unrelated medical conditions.

Moreover, one of the studies also measured muscle activation and
gait,39 and the other one measured body function of the upper limb and
feasibility of the intervention.40 None of these studies analyzed ADL and
cognitive function.

4.2.8. Group 3 of analyzed studies
The other two studies, corresponding to Fernandez-Gonzalo et al.,38

with 15 participants, and Park et al.,42 with 30 participants, showed
important differences among their methods, which hinder comparative
analysis. While one study prescribed an ERT but did not have a CG to
compare with,38 the other one prescribed ERT at two different speeds
(group I at slow speed and group II at a fast speed) and compared the
results within and between groups. Nevertheless, both studies analyzed
balance and, although each one used a different measurement tool, they
both found significant improvements: Fernandez-Gonzalo et al.,38 re-
ported significant improvements in BBS after training (p ¼ 0.00 4) and
Park et al.,42 reported significantly better results in LOS in Group I in
comparison to Group II.

Other outcomes measured were muscle activation,42 and gait, func-
tional performance, spasticity, force, and power.38

5. Discussion

A total of six studies were included in this review. They were all RCTs
or clinical trials, with a TG and a CG or with two comparative in-
terventions, except for one study,38 which did not include a CG nor a
comparative intervention. They all investigated the effects of ERT for
people who suffered a stroke, reporting data for a total of 151 subjects.
However, each study prescribed a different training protocol. They all
used different training devices, except for the two studies of the same
author, which used the same flywheel leg press.8,38 Duration of the
training protocol and volume, frequency and intensity of the training
programs were also diverse. All studies assessed different outcomes and
used diverse measurement tools. Consequently, the comparisons be-
tween outcomes and interventions results had to be qualitative. More-
over, while most of the studies’ results reported improvements after an
ERT intervention, no definitive conclusions could be stated because of
the variety among objectives, methods, and intervention protocols.

5.1. Summary of main results

Primary outcomes of body function, ADL and cognitive ability and
secondary outcomes of strength, gait, quality of life and perceived
health were measured in the included studies as follows: five studies
measured lower limb parameters such as power, activation and gait,39

muscle volume and CSA, isometric and dynamic peak force and peak
power and functional performance,8 balance, gait, functional perfor-
mance, spasticity, isometric and isokinetic knee extension, peak power
and isometric leg press force,38 strength (using 1RM) and gait,41 and
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muscle activation and balance.42 Upper limb function and strength was
evaluated only in one study,40 as well as cognitive function, quality of life
and perceived health (in addition to body function and structural out-
comes), which were only measured in one of the studies.8

5.2. Primary outcomes

The main objectives were to investigate whether ERT improves body
function, ADL and cognitive ability in people who suffered a stroke.

According to the results, most of the body function outcomes where
related to the lower limbs.

Balance was one of the most repeated outcomes: three studies,8,38,42

out of six measured it and they all reported significant improvements.
However, when analyzing it in detail, definitive conclusions about bal-
ance could not be reached because of the following reasons: even though,
two of the studies used the same intervention and measurement tool
(BBS),8,38 one of them used a TG and a CG,8 and the other one did not
have a CG.38 Moreover, the other study,42 used a different naming for
balance (LOS) and, more important, a different instrument to measure it
(BioRescue) and even a different intervention method (two groups
differing form one another because of the training speed).

Another body function outcome was dual-task performance. How-
ever, it was only analyzed in one study,8 so definitive conclusions could
not be reached either.

Upper limb function was only measured in one study,40 and no
significant differences were found between the two groups (EST-TOST
and TOST-EST) analyzed. Once more, the lack of other studies analyzing
the same outcome made it impossible to reach any accurate statement.

None of the analyzed studies measured ADL. This could be a gap in
the literature which should be further investigated, as it can be hypoth-
esized that there could be a correlation between RT, strength and per-
formance in ADL.

Finally, only one study,8 measured cognitive function and the au-
thors reported unconclusive results. Thus, it is also an outcome which
should be further analyzed. Actually, there are some studies that have
investigated the effects of aerobic training on cognitive function in older
adults, brain injury or dementia and reported promising results.10,11,52

Besides, there is a systematic review that analyzed the effects of
combining aerobic exercise and RT on cognition, which reported also
positive results.53 However, the few studies included and the heteroge-
neity in measurement tools and exercise protocols made it difficult to
reach definitive conclusions.

5.3. Secondary outcomes

The secondary objectives were to investigate whether eccentric
training improves strength, walking skills, quality of life and perceived
health in people who have suffered a stroke. Safety and acceptance were
also included as secondary outcomes.

Strength and power were the most analyzed outcomes, given that
they were measured in five,8,38–41 out of the six studies. Considering the
results, two conclusions may be reached: at first, it can be state that
participants significantly improved their strength and power after ERT.
Secondly, it is worth mentioning that three of these studies,8,38,39 eval-
uated the cross-education effect by training only the paretic leg, but
measuring strength and power of both legs, and found it was significantly
higher in TG (or eccentric group) when comparing it to CG (or concentric
group).

Gait performance was measured in four out of six studies.8,38,39,41

Although measurement tools were different in every study, all of them
found significant improvements after the interventions. In one of these
studies,39 improvements were found after both ECC and CON training
(with a higher number of participants reaching better gait scores in ECC
group), which could be explained because of a possible correlation be-
tween RT of any type and improvements in gait performance. Actually,
Lattouf et al.,41 might have considered this possibility as they analyzed
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the correlation between 1 RM and performance in gait tests and reported
significant correlation between the increase of 1 RM and the distance
walked in 6MWT.

QoL and perceived healthwas only measured in one study.8 Authors
found a significant decrease of the perception of pain in the TG when
applying the SF-36 questionnaire. However, no other significant differ-
ences were found between TG and CG for the other items of the ques-
tionnaire. More research is needed about the impact of training on QoL.
As a subjective outcome, it can be complicated to analyze. However, it is
worth including it to assess how an intervention might impact on people's
perceptions about life and health.

Afterall, ERT seems to be a safe and acceptable intervention for
people who suffered a stroke, as far as it is reported in the six studies
included in this review8,38–42: no adverse events related to the in-
terventions where reported and dropout data were very low (5 dropouts
in the six studies).

5.4. Physiological mechanisms induced by ERT and their relationship with
the intervention's design

Positive results in body function, power and gait performance could
be explained by the specific physiological and neural adaptations of ERT.
Neural adaptations may occur at the level of motor cortex, spinal cord
and/or neuromuscular junction.54

� Cortical activity after ERT: some studies observed that the cortical
activity for movement preparation and execution is higher during the
eccentric phase of the muscular contraction.55 Moreover, neuroimage
studies showed longer cortical activity related to the feedback signal
processing during the eccentric phase in comparison to the concentric
phase of the contraction.55

� At the spinal cord and motor unit level, it was proven that the firing
speed rate of motor units increased with dynamic contractions (not
with isometric contractions). Additionally, this increase seemed to be
higher when the training includes ERT. The physiological mecha-
nisms behind this effect seem to be related to the regulatory neural
pathways involved in the excitement and inhibition of the process:
during the eccentric contraction, the spinal cord receives the input of
the afferent Ib fibers (coming from the Golgi organs) and the afferents
coming from the joint causing a high pre-synaptic inhibition of the
afferent Ia fibers from the muscle spindle.55

� At the muscle level, studies observed that the production of force was
higher during the eccentric contractions and that ERT lead to a higher
muscular hypertrophy levels.8,38,39,41,55

Taking these physiological mechanisms into consideration and the
included studies’ results, it could be stated that ERT is a time and cost-
effective intervention: it improves strength and functional parameters
with less exercise repetitions and, consequently, less time spend on
resistance workout, which can improve adherence rate. At the same time,
individuals can train at higher intensities, because of the lower metabolic
cost, contributing to the better improvements mentioned above when
comparing to other types of training. Thus, according to the literature, a
4-week intervention performing 3–5 sets of 5–7 repetitions, 2 or 3 times a
week, would be enough to find improvements in stroke patients.

5.5. Overall completeness and applicability of evidence

The included studies presented a substantial variation in the methods
(type of eccentric intervention, distribution of the participants into
groups, instruments and outcome measures), which hampered summa-
rizing and generalizing the results. However, the quality of all the
included studies was acceptable (6 points or more in PEDro Scale).

None of the included studies investigated the effects of eccentric
training in ADL. This is a big gap in the literature as one of the main
challenges for people after suffering a stroke are related to loss of
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autonomy for ADL. Upper limb function, cognition and quality of life
were also under-investigated.

Due to the few included studies, it was not possible to perform sub-
group analyses. Most participants were male (100 male vs 51 female)
with an average age of (61.56 � 4.3) years old, with a range from 35 to
81. Thus, results may not be suitable to other subgroups (e.g., 18–35
years old, male or female). Time since injury ranged from (5.35 � 1.4)
month to (7.8 � 4.5) years. Consequently, there is a lack of evidence
about the effect of eccentric training in the acute stage after the stroke.

5.6. Quality of the evidence

Risk of bias was evaluated with PEDro Scale Score. The same scale
was also used as an exclusion criterion. Quality of the evidence at the
outcome level was assessed with GRADE criteria once the results were
obtained. Of all six studies included, there were two RCT,8,39 and four
controlled trials.38,40–42 The RCT's outcomes were initially rated as
high-quality evidence. Three outcomes were downgraded to
moderate-quality evidence (body function, strength and walking skills)
and two outcomes were downgraded to low-quality evidence (cognitive
function and quality of life and perceived health). Evidence was down-
graded due to the risk of bias of study design, variety of methods and
imprecision or lack of the estimate of effect.

Controlled trials' outcomes were initially rated as moderate quality
evidence. After taking into consideration the quality of evidence of the
first two studies’ outcomes, the three outcomes rated as moderate-quality
evidence remained at the same level (body function, strength and
walking skills) and the other three (cognitive function, quality of life and
perceived health and ADL) were downgraded to very low quality because
there was only one study that measured cognitive function and QoL and
perceived health and there was no study measuring ADL. Summarizing,
the overall quality of evidence ranged from very low to moderate.

5.7. Potential biases in the review process

This review was not registered, although a protocol was prepared.
Search strategy incorporated 7 electronic databases (Cochrane Central
Register of Controlled Trials, Cochrane Stroke Group Trials Register,
Medline, Epistemonikos, Embase, Sportdiscus, WHO International Clin-
ical Trials Registry Platform), a review of reference lists of the full copy
articles obtained and personal communication with the first authors of
included studies when needed. Three studies were excluded because,
although they were registered randomized controlled trials, results had
not been published by the time of the search.

The proposal of this review was to study a very specific type of
training (ERT). Thus, all trials that proposed other types of training
which did not include ERT were excluded. Overall, we are confident that
this review contains all the relevant studies analyzing the effects of ERT
on stroke patients.

5.8. Agreements or disagreements with other studies and reviews

As far as it is known, there are not any other reviews or systematic
reviews published about the effects of an intervention based on ERT in
stroke patients. Nevertheless, there are many systematic reviews related
to exercise after stroke. Most of them tend to focus on one type of exercise
(cardiorespiratory training, resistance training, aerobic training), a
combination of types (combined training) or on physical fitness training,
which can include any type of physical activity that is planned, struc-
tured, repetitive and deliberately performed to train one or more com-
ponents of physical fitness, physical performance or health.56 More
specifically, during our search we retrieved 7 systematic reviews that
proposed an intervention based on resistance training after stroke, even
though they did not use ERT. The results of these reviews were sum-
marized as follows: resistance training had significantly positive effects
on strength and motor function for lower and upper limbs, activity,
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independence and social participation,14,57–60 but it had very little or no
effect on spasticity and hypertonia.14 One of the reviews studied the
impact on cognition of combining aerobic exercise and resistance
training and found a positive effect.53 Overall, as it happens with our
review, a variety of methods and outcome measures were also observed
in these studies, which made it difficult to be completely certain of the
effect size of resistance training on each outcome.

6. Author's conclusions

6.1. Implications for practice

ERT seems to be effective at improving body function, however there
is a lack of evidence about its effects on ADL and there is very little data
about its impact on cognitive ability. Regarding the secondary outcomes,
ERT showed a positive impact on strength and gait performance, how-
ever only one study analyzed QoL and self-perceived health and the
positive effects were only related to the decrease of pain's perception. In
summary, on the one hand, it remains uncertain if these positive effects
are clinically worthwhile, mainly due to the small number of studies and
the diversity among them. On the other hand, ERT appears to be an
acceptable intervention with no evidence of harm for people with a
stroke. Overall, the very few studies about the topic make it difficult for
clinicians to make an evidence-based decision.

Even though this review could not provide a definitive answer
regarding the effects of ERT in stroke patients, it provided some evidence
to suggest it is an intervention with positive effects, with no documented
harm and well accepted by patients. All of these, plus the evidence
regarding all types of exercise and physical activity after stroke, suggest
that ERT could be implemented to improve functional outcomes in
addition to conventional rehabilitation programs.
6.2. Implications for research

Further RCTs are needed to get a deeper overview of the different
aspects and effects of ERT among people with stroke: best timing after
stroke is not clear (most of the studies focused on chronic patients and
only a few studies investigated the effects of implementing it early after
the onset), exact duration, frequency and intensity of the training pro-
gram remains uncertain (a great diversity on this aspect was observed),
mid and long-term effects have not been evaluated (all the trials
measured the outcomes right after the end of the intervention). There is
also a need for more trials to investigate the effects on ADL, cognitive
ability, QoL and self-perceived health.

Overall, ERT has the potential to achieve a higher intensity of
training, resulting in potential better functional outcomes, without
documented harms and without increasing healthcare costs. Neverthe-
less, more studies are needed to determine the cost-effectiveness of the
training, by improving outcomes and consequently reducing direct and
indirect healthcare costs.
6.3. Implications for future evaluation of ERT interventions

After the carry out of this review, we would like to propose some
considerations on how to evaluate the effectiveness of ERT interventions.
The objective of this proposal is to help unify criteria, reduce the het-
erogeneity among studies and, consequently, contribute to create higher
quality evidence on the topic.

Main considerations to evaluate the effectiveness of an ERT
intervention.

� Define outcomes and instruments. Include strength, body function
(gait, balance, upper and lower extremity function) and functional
outcomes (ADL, family, social and working activities). QoL and
cognitive functions should be additionally included.
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� Physical performance parameters, like strength and power, should be
assessed with an inertial training device linked to a rotator encoder
and the associated software to monitor performance.

� At least 1 session of familiarization with the inertial device should be
performed with the participants, before the initial evaluation session.
A lack of technique when using the inertial device could bias the
results of the assessment.

� The ERT intervention should last at least 4 weeks, although an eight
or even a twelve-week program would be preferable to consolidate
physical and physiological adaptations. Participants should train 2 or
3 times a week. Every session should include 3 to 5 sets of 5–7 rep-
etitions for every chosen exercise, performed at the 40%–60% of the 1
RM or at the maximal effort. A 3-min recovery between sets is
recommended.

� Evaluation should be done previously to the intervention, after the
intervention and after 6 months or later, to assess the medium term
effects.
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Appendix A. Search strategy for the main databases

Appendix A.1. Cochrane (CENTRAL)

#1 (Stroke OR “cerebrovascular disorders” OR “cerebrovascular disease” OR cva AND training OR “resistance training” OR “eccentric training” OR
“eccentric exercise” OR “flywheel resistance training” con a~no de publicaci�on de 2012 hasta 2022, fecha de publicaci�on en la Biblioteca Cochrane Entre
Jan 2012 y Oct 2023, en Ensayos(50343):ti,ab,kw con a~no de publicaci�on de 2012 hasta 2023, fecha de publicaci�on en la Biblioteca Cochrane Entre Jan
2012 y Oct 2023, en Ensayos.

Appendix A.2. PubMed (MEDLINE)

((“Stroke"[Title/Abstract] OR “cerebrovascular disorders"[Title/Abstract] OR “cerebrovascular disease"[Title/Abstract] OR “cva"[Title/Abstract]
OR “brain injury*"[Title]) AND “training"[Title/Abstract]) OR ((“flywheel"[All Fields] OR “flywheels"[All Fields]) AND “training"[Title/Abstract]) OR
“resistance training"[Title/Abstract] OR “eccentric training"[Title/Abstract] OR “eccentric exercise"[Title/Abstract] OR “flywheel resistance train-
ing”[Title/Abstract] OR “eccentric component”[All Fields] AND (“2018/05/09 00:00":"3000/01/01 05:00"[Date - Publication] AND ((clinicaltrial
[Filter] OR meta-analysis[Filter] OR randomizedcontrolledtrial[Filter]) AND (2012/1/1:2023/10/1[pdat]))

Appendix A.3. Embase

#1 ‘flywheel resistance training’:ti,ab,kw.
#2 ‘brain injury’:ti,ab,kw OR stroke:ti,ab,kw OR ‘cerebrovascular disease’:ti,ab,kw.
#3 ‘flywheel overload-eccentric training”.ti,ab,kw.
#4 ‘overload-eccentric resistance training’:ti,ab,kw.
#5 ‘eccentric training’:ti,ab,kw.
#6 ‘eccentric exercise’:ti,ab,kw.
#7 ‘eccentric loading’:ti,ab,kw.
#8 ‘eccentric component”:ti,ab,kw.
#9 #2 AND #5.
#10 #2 AND #6.
#11 #2 AND #7.
#12 #2 AND #8.
#13 Randomized Controlled Trial/
#14 Controlled study/
#15 Clinical trial/
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Appendix B. Search overview
Database Provider Date original search Date update search
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Cochrane Central Register of Controlled Trials (CENTRAL)
 The Cochrane Library
 17 November 2022
 16 December 2023

Cochrane Stroke Group Trials Register
 The Cochrane Library
 17 November 2022
 16 December 2023

PubMed
 NCBI
 17 November 2022
 16 December 2023

Epistemonikos
 Epistemonikos foundation
 17 November 2022

Embase
 Embase.com
 17 November 2022
 16 December 2023

SPORTDiscus
 EBSCO
 17 November 2022
 16 December 2023

WHO International Clinical Trials Registry Platform
 ICTRP
 17 November 2022
 16 December 2023
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