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The aim of this study was to determine the effectiveness of a 12-week 
multimodal exercise rehabilitation program on walking speed, walking 
ability and activities of daily living (ADLs) among people who had suf-
fered a stroke. Thirty-one stroke survivors who had completed a con-
ventional rehabilitation program voluntarily participated in the study. 
Twenty-six participants completed the multimodal exercise rehabilita-
tion program (2 days/wk, 1 hr/session). Physical outcome measures 
were: walking speed (10-m walking test), walking ability (6-min walking 
test and functional ambulation classification) and ADLs (Barthel Index). 
The program consisted on: aerobic exercise; task oriented exercises; 
balance and postural tonic activities; and stretching. Participants also 
followed a program of progressive ambulation at home. They were 
evaluated at baseline, postintervention and at the end of a 6-month fol-

low-up period. After the intervention there were significant improve-
ments in all outcomes measures that were maintained 6 months later. 
Comfortable and fast walking speed increased an average of 0.16 and 
0.40 m/sec, respectively. The walking distance in the 6-min walking test 
increased an average of 59.8 m. At the end of the intervention, partici-
pants had achieved independent ambulation both indoors and outdoors. 
In ADLs, 40% were independent at baseline vs. 64% at the end of the in-
tervention. Our study demonstrates that a multimodal exercise rehabili-
tation program adapted to stroke survivors has benefits on walking 
speed, walking ability and independence in ADLs.

Keywords: Exercise, Physical activity, Stroke rehabilitation, Walking 
speed, Activities of daily living

INTRODUCTION

As life expectancy increases, a larger number of persons may 
suffer from stroke. Stroke mortality rates have decreased, but the 
burden of stroke is increasing in terms of stroke survivors per year, 
correlated deaths and disability-adjusted life-years lost. These de-
ficiencies are further highlighted by a trend towards more strokes 
in younger people (Feigin et al., 2014). Stroke not only causes 
permanent neurological deficits, but also a profound degradation 
of physical condition, which worsens disability and increases car-
diovascular risk. Stroke survivors are likely to suffer functional de-
cline due to reduction of aerobic capacity. This may involve fur-

ther secondary complications such as progressive muscular atro-
phy, osteoporosis, peripheral circulation worsening and increased 
cardiovascular risk (Ivey et al., 2006). All these factors cause in-
creased dependency, need of assistance from third parties in activi-
ties of daily living (ADLs) and a restriction on participation that 
can have a profound psychosocial impact (Carod-Artal and Egido, 
2009). Gait capacity is one of the main priorities of persons who 
have suffered a stroke, but is often limited due to the high energy 
demands of hemiplegic gait and the poor physical condition of 
these persons (Ivey et al., 2006). Gait speed is a commonly used 
measure in patients who have suffered a stroke to differentiate the 
functional capacity to walk indoors or outdoors. Gait speed has 
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been classified as: allowing indoor ambulation (<0.4 m/sec), lim-
ited outdoor ambulation (0.4–0.8 m/sec), and outdoor functional 
ambulation (>0.8 m/sec) (Perry et al., 1995). Gait speed can also 
help to establish the functional prognosis of the patient. It has 
been stated that improvements in walking speed correlate with 
improved function and quality of life (QoL) (Schmid et al., 2007). 
It is essential to achieve a proper gait speed for outdoors function-
al ambulation. 

Falls are common among stroke survivors and are associated 
with a worsening of disability and QoL. Balance is a complex pro-
cess that involves the reception and integration of afferent inputs 
and the planning and execution of movement. Stroke can impact 
on different systems involved in postural control. Multifactorial 
falls risk assessment and management, combined with fitness pro-
grams, are effective in reducing risk of falls and fear of falling 
(Stroke Foundation of New Zealand and New Zealand Guidelines 
Group, 2010). Falls often occur when getting in and out of a chair 
(Brunt et al., 2002). The 2013 Cochrane review (Saunders et al., 
2013) recommends the repetitive practice of sit-to-stand in order 
to promote an ergonomic and automatic pattern of this movement. 
Recent studies demonstrate that exercises that improve trunk sta-
bility and balance provide a solid base for body and leg movements 
that entail an improved gait in people affected by stroke (Sharma 
and Kaur, 2017). Conventional rehabilitation programs after stroke 
focus on the subacute period. The aim is to recover basic ADLs, 
but they do not provide maintenance exercises to provide long-
term health gains. Cardiac monitoring demonstrates that conven-
tional physiotherapy exercises do not regularly provide adequate 
exercise intensity to modify the physical deconditioning, nor suf-
ficient exercise repetition to improve motor learning (Ivey et al., 
2006). Therapeutic physical exercise to optimize function, physi-
cal condition and cardiovascular health after a stroke is an emerg-
ing field within neurorehabilitation (Teasell et al., 2009). The 
wide range of difficulties experienced by stroke survivors justify 
the need to explore rehabilitation programs designed to promote 
an overall improvement and to maintain the gains obtained after 
rehabilitation programs. Numerous studies have demonstrated 
the efficacy of aerobic exercise (Saunders et al., 2016), but there 
are few data on the long term effects of multimodal programs that 
incorporate aerobic exercise, complemented by task-oriented 
training and balance exercises. Consequently, the aim of this study 
is to analyse the impact of a multimodal exercise rehabilitation 
program tailored to stroke survivors on walking speed, walking 
ability and ADLs. 

MATERIALS AND METHODS

We conducted an observational study with a repeated measures 
design to evaluate changes on walking speed, walking ability and 
ADLs after a multimodal exercise rehabilitation program. Assess-
ments were performed at baseline, postintervention and at the end 
of a 6-month follow-up.

Subjects
Thirty-one participants were recruited from Hospital-Consorci 

Sanitari de Terrassa (Barcelona, Spain) over a period of 1 year. All 
of them had suffered a stroke and had completed a conventional 
rehabilitation program. 

Inclusion criteria were: to be diagnosed of ischemic or hemor-
rhagic stroke; age≥18 years; functional ambulation classification 
(FAC) ≥3; Barthel Index [BI]≥45. Exclusion criteria were: to be 
diagnosed of cognitive impairment (Mini Mental State Examina-
tion≤24); unstable cardiovascular disease (acute heart failure, re-
cent myocardial infarction, unstable angina, and uncontrolled ar-
rhythmias) (American College of Sports Medicine, 2013; Gordon 
et al., 2004); alcohol or other toxic substances abuse and decom-
pensated psychiatric disorders that prevented from following a 
group session. 

Before the enrollment, participants underwent a medical exam-
ination to ensure that there were no circumstances that prevented 
their participation in the program, following the guidance of the 
American College of Sports Medicine (ACSM) for patients with 
cardiovascular disease (American College of Sports Medicine, 2013) 
and the guidelines of the American Heart Association (AHA) for 
stroke survivors (Gordon et al., 2004).

All experimental procedures were conducted according to the 
Declaration of Helsinki. The study was approved by the Ethics 
and Clinical Research Committee of Hospital-Consorci Sanitari 
de Terrassa. Written informed consent was obtained from each 
participant.

Measurement tools
Walking speed

Walking speed was assessed by the 10-m walking test (10MWT). 
According to the Locomotor Experience Applied Post-stroke guide-
lines (Duncan et al., 2007), the time that each participant takes to 
walk 10 m at a comfortable pace and at their maximum speed was 
registered. Each measure was repeated twice and the average of 
the two distances was calculated in m/sec. Walking speed mea-
surements were established to be highly reliable and with a high 
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test-retest reliability (intraclass correlation coefficient [ICC], 0.90) 
(Bohannon, 1997). 

Walking ability
The 6-min walking test (6MWT) was validated as a submaxi-

mal oxygen consumption test for individuals with cardiac or pul-
monary disease (Guyatt et al., 1985). It has been considered as a 
measurement of maximum aerobic capacity (Kelly et al., 2003). 
The 6MWT is an assessment of the distance walked over a period 
of 6 min and is also considered a useful measure of walking capac-
ity after a stroke (Fulk et al., 2008). It was performed over a 25-m 
straight walkway. The test was standardized according to the Amer-
ican Thoracic Society Guidelines (ATS Committee on Proficiency 
Standards for Clinical Pulmonary Function Laboratories, 2002). 
Several authors have reported the 6MWT, applied to people with 
chronic stroke living in the community, to be highly reliable and 
with a high test-retest reliability (ICC, 0.99) (Eng et al., 2004; 
Flansbjer et al., 2005). 

FAC classifies people according to basic motor abilities neces-
sary for functional ambulation (Holden et al., 1984). It has been 
used to assess the degree of manual assistance required for ambu-
lation as follows: level 0 (unable to walk); level 1 (dependent level 
II: requires manual assistance during ambulation on level surfaces. 
Manual contact is continuous and necessary to support body weight 
and/or to maintain balance or assist coordination); level 2 (depen-
dent level I: requires manual assistance during ambulation on lev-
el surfaces. Manual contact is continuous or intermittent light 
touch to assist balance or coordination); level 3 (ambulation occurs 
on level surfaces without manual contact of another person, but 
requires supervision); level 4 (independent ambulation indoors or 
on level surfaces); level 5 (independent ambulation on all kind of 
outdoors surfaces and stairs).

Activities of daily living
Independence in basic ADLs was measured with the BI (Ma-

honey and Barthel, 1965). BI is composed of 10 items related to 
personal hygiene, eating, bladder and bowel control and walking 
capacity. Response ranges from independent activity, minimum 
assistance, intermediate assistance, maximum assistance, and im-
possible to perform the activity. Participants were categorized into: 
moderately dependent (40–55/100), mildly dependent (≥60/100), 
and independent (100/100).

Exercise program 
The multimodal exercise rehabilitation program was conducted 

at Hospital-Consorci Sanitari de Terrassa (Barcelona) and delivered 
as a supervised program at the Rehabilitation Unit. It consisted of 
a 12-week intervention of two alternate days a week, in sessions of 
one hour (24 sessions in total). The intervention was performed in 
groups of 4–6 participants with a physical therapist who guided 
the session.

The multimodal program was adapted to the characteristics and 
capacity of each participant. It consisted of four workstations: 

(a)  Warm up and aerobic exercise (stationary bicycle/pedalier, 
walking as fast as possible on a circuit with obstacles, ramps, 
stairs, and irregular ground) 

(b)  Task-oriented exercises to strengthen muscular groups that 
participate in different tasks performed in rapid series to im-
prove aerobic capacity:
• Steps: short bouts of stair climbing to train the task of 

climbing stairs
•�Sit-to-stand: to train the task of sitting down and getting 

up from a chair
•Balance on tiptoe: to train the propulsion phase of gait. 

(c)  Balance in standing position and postural tonic activities (on 
the floor and on unstable ground planes)

(d) Stretching exercises
Furthermore, participants received indications on progressive 

daily ambulation to achieve a high rate of adherence. The aim was 
to reach physical activity levels recommended by the World Health 
Organization (World Health Organization, 2017) of 150 m/wk of 
moderate physical activity. Table 1 shows the program progression 
and exercise dose.

To calculate the intensity of exercise, based on the recommen-
dations of the ACSM (American College of Sports Medicine, 2013) 
and the AHA (Gordon et al., 2004), participants were trained to 
work at 50%–60% maximum heart rate (MHR). Participants 
were also trained to use the Borg’s scale (Borg, 1990). The objec-
tive was to achieve patients’ self-regulation of their own exertion 
level and effort, especially in those taking beta-blockers, thyroid 
hormone or with a pacemaker. Participants were trained at an in-
tensity of 6–7/10 in the Borg’s scale with a self-perceived effort of 
“difficult-hard” and rest periods as needed. The physiotherapist 
asked regularly how intense was the effort for the participant. This 
measure has been used in patients who have suffered myocardial 
infarction at the beginning of a cardiac rehabilitation program 
(Brazzelli et al., 2011; Ilarraza et al., 2004). The objective was to 
achieve self-efficacy in the ambulation program at home and, there-
fore, adherence to the rehabilitation program.

Postintervention, participants answered a satisfaction scale. During 
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Table 1. Progression of procedure and exercise dose

Multimodal exercise rehabilitation program (weeks 1–4)

Program
Week 1 Week 2 Week 3 Week 4

S1 S2 S3 S4 S5 S6 S7 S8

1. Warming-aerobic-stretching exercises (25 min)
Intensity: 50%–60% MHR
Stationary bicycle/pedalier 10' 10' 12' 12' 12' 12' 12' 12'
Stairs and ramp circuit 5’ 5’ 4’ 4’ 4’ 4’ 4’ 4’
Gait training in parallel and different surfaces 5’ 5’ 4’ 4’ 4’ 4’ 4’ 4’

2. Task-oriented activities (8 series of repetitions)
Intensity: 50%–60% MHR
Sit-to-stand 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’
Steps 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’
Balance on tiptoe (plantar flexors) 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’

3. Balance and tonic postural activities (15 min)
Base position 5’ 5’ 5’ 5’ 3’ 3’ 1’ 1’
Bipodal step forward 3’ 3’ 3’ 3’ 3’ 3’ 2’ 2’
Unipodal step forward 3’ 3’ 3’ 3’ 3’ 3’ 2’ 2’
Bipodal step backward 3’ 3’ 3’ 3’ 3’ 3’ 2’ 2’
Unipodal step backward - - - - 3’ 3’ 4’ 4’
Bipodal lateralizations on u.s. - - - - - - 4’ 4’

4. Stretching 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’
5. Independent work at home
Home ambulation program 10/12 min 10/12 min 10/12 min 10/12 min 14/16 min 14/16 min 14/16 min 18/20 min

Multimodal exercise rehabilitation program (weeks 5–8) 

Program
Week 5 Week 6 Week 7 Week 8

S9 S10 S11 S12 S13 S14 S15 S16

1. Warming- aerobic-stretching exercises (25 min)
Intensity: 50%–60% MHR
Stationary bicycle/pedalier 14' 14' 14' 14' 14' 14' 14' 14'
Stairs and ramp circuit 3’ 3’ 3’ 3’ 3’ 3’ 3’ 3’
Gait training in parallel and different surfaces 3’ 3’ 3’ 3’ 3’ 3’ 3’ 3’

2.Task-oriented activities (8 series of repetitions)
Intensity: 50%–60% MHR
Sit-to-stand 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’
Steps 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’
Balance on tiptoe (plantar flexors) 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’

3. Balance and tonic postural activities (15 min)
Base position 2’ 2’ 1’ 1’ 1’ 1’ 1’ 1’
Bipodal step forward 2’ 2’ 2’ 2’ 1’ 1’ 1’ 1’
Unipodal step forward 2’ 2’ 2’ 2’ 1’ 1’ 1’ 1’
Bipodal step backward 2’ 2’ 2’ 2’ 2’ 2’ 1’ 1’
Unipodal step backward 2’ 2’ 2’ 2’ 2’ 2’ 1’ 1’
Bipodal lateralizations on u.s. 2’ 2’ 2’ 2’ 2’ 2’ 2’ 2’
Bipodal lateralizations on a.s. 3’ 3’ 2’ 2’ 2’ 2’ 2’ 2’
Unipodal lateralizations on u.s. - - 2’ 2’ 2’ 2’ 2’ 2’
Unipodal lateralizations on a.s. - - - - 2’ 2’ 2’ 2’
Base position on unstable surface - - - - - - 2’ 2’

4. Stretching 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’
5. Independent work at home
Home ambulation program 18/20 min 18/20 min 18/20 min 22/24 min 22/24 min 22/24 min 22/24 min 26/28 min

(Continued to the next page)
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the 6-month monitoring period, participants were contacted by 
phone monthly to promote adherence to the multimodal exercise 
rehabilitation program and solve any problem or question that 
might arise.

Data analysis
Data analysis was performed using IBM SPSS Statistics ver. 21.0 

(IBM Co., Armonk, NY, USA). Participants’ demographic, clini-
cal and functional data were analyzed using descriptive statistics: 
quantitative variables with the mean, standard deviation, and range 
(minimum–maximum); frequencies and percentages were used to 
define qualitative and dichotomous variables. A repeated-mea-
sures analysis of variance was carried out on the data. Assumptions 
of normality, homogeneity of variance, and sphericity were met 
with Koplmogrov–Smirnov test. Statistical significance was set at 
P<0.05. The effect size was estimated using Cohen d for quanti-
tative variables as follows: values up to ≤0.2 low, 0.5–0.8 moder-
ate and >0.8 high (Coe and Soto, 2003). 

RESULTS

Characteristics of participants
A total of 31 participants were enrolled. Five participants with-

drew (one underwent eye surgery and four due to transportation 
difficulties). Twenty-six participants completed the intervention 
but one participant was excluded due to the diagnosis of a neuro-
degenerative disease. Adherence rate was 95.67%. Twenty partici-
pants completed all the assessments. No adverse effects were ob-
served during the intervention. Sociodemographic and clinical data 
are shown in Table 2.

Outcome variables
Table 3 shows the results of the intervention on the outcome 

measures. Statistically significant improvements were observed in 
all variables 

Table 1. (Continued) Multimodal exercise rehabilitation program (weeks 9–12) 

Program
Week 9 Week 10 Week 11 Week 12

S 17 S18 S19 S20 S21 S22 S23 S24

1. Warming-aerobic-stretching exercises (25 min)
Intensity: 50%–60% MHR
Stationary bicycle/pedalier 14’ 14' 14' 14 14’ 14' 14' 14'
Stairs and ramp circuit 3’ 3’ 3’ 3’ 3’ 3’ 3’ 3’
Gait training in parallel and different surfaces 3’ 3’ 3’ 3’ 3’ 3’ 3’ 3’

2. Task-oriented activities (series of 8 repetitions)
Intensity: 50%–60% MHR
Sit-to-stand 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’
Steps 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’
Balance on tiptoe (plantar flexors) 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’

3. Balance and tonic postural activities (15 min)
Base position 1’ 1’ 1’ 1’ 1’ 1’ 1’ 1’
Bipodal step forward 1’ 1’ 1’ 1’ 1’ 1’ 1’ 1’
Unipodal step forward 1’ 1’ 1’ 1’ 1’ 1’ 1’ 1’
Bipodal step backward 1’ 1’ 1’ 1’ 1’ 1’ 1’ 1’
Unipodal step backward 1’ 1’ 1’ 1’ 1’ 1’ 1’ 1’
Bipodal lateralizations on u.s. 2’ 2’ 2’ 2’ 2’ 2’ 2’ 2’
Bipodal lateralizations on a.s. 2’ 2’ 2’ 2’ 2’ 2’ 2’ 2’
Unipodal lateralizations on u.s. 2’ 2’ 2’ 2’ 2’ 2’ 2’ 2’
Unipodal lateralizations on a.s. 2’ 2’ 2’ 2’ 2’ 2’ 2’ 2’
Base position on unstable surface 2’ 2’ 2’ 2’ 2’ 2’ 2’ 2’

4. Stretching 5’ 5’ 5’ 5’ 5’ 5’ 5’ 5’
5. Independent work at home
Home ambulation program 26/28 min 26/28 min 26/28 min 30 min 30 min 30 min 30 min 30 min

S, session; MHR, maximum heart rate, calculated according to the World Health Organization formula 220-age); u.s, unaffected side; a.s, affected side.
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Gait speed
Comfortable gait speed, assessed with the 10MWT, significant-

ly improved, with an increase of 0.16 m/sec at the end of the in-
tervention and 0.23 m/sec 6 month later (P≤0.05).

Fast gait speed (P≤0.001) increased 0.40 m/sec at the end of 
the intervention and 0.44 m/sec 6 month later. Cohen d effect size 
found in comfortable and fast walking speed between pre- and post-
intervention was moderate. At 6-month follow-up, the effect was 
high at comfortable speed and moderate at fast speed (Table 3). 

Walking ability
Walking ability measured with the 6MWT significantly im-

proved (P≤0.001) with an increase in walking distance of 59.8 m 
at the end of the intervention and of 43.5 m 6 months later. Co-
hen d effect size was high post intervention and moderate at 6 

months.
Improvements in the basic motor abilities necessary for function-

al ambulation were evaluated with FAC (P≤0.05). At baseline, 
24% of participants needed supervision for walking, 8% could 
only walk independently on level ground indoors, and 68% were 
independent on all types of surfaces. After the intervention, 100% 
of participants were independent for walking outdoors on all types 
of surfaces. Six months later, only 5% participants stopped walk-
ing independently outdoors and 95% remained independent on 
all types of surfaces. Cohen d effect size found in ambulation ca-
pacity was high after the intervention and it was maintained 6 
month later (Table 3). 

Activities of daily living
At baseline, results of BI (P≤0.001) showed that 4% of partici-

pants were moderately dependent, 56% mildly dependent, and 
40% independent; after the intervention 36% were mildly depen-
dent and 64% were independent. Six months later, 40% were mild-
ly dependent and 60% were independent. Cohen d effect size found 
in ADLs was moderate (Table 3).

Satisfaction questionnaire
Participants had high rates of satisfaction (94%). They reported 

a general improvement in all items: physical condition, balance 
and walking ability, accomplished expectations, satisfaction with 
the rehabilitation program, with own self-efficacy and learning 
strategies to improve QoL.

DISCUSSION 

The main finding of this study was that participants obtained a 
meaningful increase in walking speed, walking skills, and ADLs. 
Furthermore these improvements were maintained in the long 
term.

Our program targeted on stroke survivors who had already fin-
ished conventional rehabilitation programs and were living at home 
with chronic neurological deficits. It should be noted, however, 
that all participants were independently ambulant. 

Resources to provide treatment when patients are discharged 
after a stroke are often limited. There is a need of community- 
based rehabilitation programs for stroke survivors to maintain the 
gains obtained after conventional rehabilitation programs and to 
prevent secondary complications. 

People who walk faster improve their ambulation function and 
tend to be more skilled to walk outdoors (Fulk et al., 2017). It has 

Table 2. Sociodemographic and clinical data of the participants (n= 26)

Characteristic Value

Age (yr) 66± 11 (33–86)
Sex
   Male 19 (76)
   Female 6 (24)
Weight (kg) 76.82± 12.87 (55–112)
Height (m) 1.65± 0.069 (1.51–1.79)
Body mass index (kg/m²) 28.09± 3.77 (22.80–38.92)
History of previous falls 10 (40)
Stroke characteristics
   Time since stroke (mo) 6.95± 5.58
   Ischemic stroke 22 (88)
   Hemorrhagic stroke 3 (12)
Cardiovascular risk factors
   Systolic blood pressure (mmHg) 150.08± 21.29 (109–183)
   Diastolic blood pressure (mmHg) 83.72± 8.81 (49–107)
   Arterial hypertension 20 (80)
Diabetes mellitus II 11 (44)
High cholesterol 21 (84)
Smoker or smoking in last 6 mo 11 (44)
Alcoholism or alcohol consumer in last 6 mo 10 (40)
Metabolic syndrome 18 (72)
Comorbid conditions
   None 10 (40)
   Cardiac 5 (20.8)
   Respiratory 2 (8.3)
   Renal 3 (12)
   Musculoskeletal 1 (4)
   Psychiatric 2 (8)
   Neurological 1 (4)

Values are presented as mean standard± deviation (range) or number (%).
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been reported that the transition from supervised walking indoors 
to independent walking outdoors is associated with improved func-
tionality and QoL, as it allows the return to everyday life and rein-
tegration in the community (Schmid et al., 2007). The improve-
ment in gait speed relates to a faster and higher gait quality, and 
therefore more effective. Participants increased comfortable and 
fast walking speed. These improvements allowed participants to 
move from a limited gait capacity for outdoors walking to a func-
tional gait capacity for outdoors walking, thus promoting com-
munity participation. Gains in our study were clinically meaning-
ful and agree with reference authors who estimated that an in-
crease in gait speed ≥0.175 m/sec after an outpatient rehabilita-
tion program, in people with stroke (Fulk et al., 2011). Tilson et 
al. (2010) considered that an increase in walking speed of 0.16 m/
sec can be interpreted as a clinically relevant change in stroke re-
habilitation and may be a cutoff point to define goals and evaluate 
progress in patients with subacute stroke. One of the strengths of 
this study is the evaluation 6 months after the intervention. The 
increase observed in gait speed not only remained, but participants 
also continued to improve six months later. We consider that it 
may, partly, be due to the fact that participants were contacted by 
phone monthly, to promote self-efficacy and adherence to the mul-
timodal exercise rehabilitation program and to solve any problems 
or questions that arised.

Individuals affected by stroke suffer a severe deterioration of 
their cardiovascular fitness and it has been suggested that modest 
improvements in cardiovascular capacity may significantly influ-
ence indices of functional mobility (Ivey et al., 2006). It has been 
advocated that integrating aerobic training in individualized pro-
grams is feasible and necessary (Biasin et al., 2014). In our study, 
participants increased walking distance in the 6MWT 57.8 m at 
the end of the intervention and 43.5 m 6 month later. An increase 
of more than 50 m in the 6MWT is accepted as a relevant change 
in walking capacity (Holland et al., 2010). As a measure of exer-
cise tolerance, the 6MWT correlates with both aerobic capacity 
and muscle strength. The ability to walk greater distances may be 
associated to an improvement on endurance and mobility. The use 
of a home ambulation program as part of the multimodal program 
has, probably, promoted the increase of walking distance in the 
6MWT and it has potential benefits for outdoors ambulation. Oth-
er studies have reported that walking capacity as a cause of im-
proved participation (Mayo et al., 2014). In a recent study that in-
vestigated resting and physical activity time in people with stroke, 
authors recommended clinicians to advice their patients to substi-
tute some resting time with low intensity activity daily (English 
et al., 2016). Walking tolerance and walking speed are key com-
ponents for outdoors ambulation (Barclay et al., 2015). We ob-
served a trend towards a decrease in walking distance at 6 month, 

Table 3. Effects or the multimodal exercise rehabilitation program 

Program Baseline  
(n= 26)

Postintervention 
(n= 26)

Follow-up  
(n= 20) P-value

Cohen d

B-P B-R

Walking speed
   m/seccomfor 0.83± 0.24 0.99± 0.18 1.06± 0.23 0.004* 0.75 0.97
   m/secfast 1.10± 0.39 1.50± 0.64 1.54± 0.86 0.000** 0.75 0.65
Walking ability
   6MWT (m) 315.75± 64.40 373.55± 68.30 359.25± 91.31 0.000** 0.87 0.55
   FAC 4.44± 0.87 5± 0 4.95± 0.22 0.012* 0.91 0.80
      Independent (5/5) 17 (68)   25 (100) 19 (95)
      I. indoors (4/5) 2 (8) 0 (0) 1 (5)
      Supervision (3/5)   6 (24) 0 (0) 0 (0)
Activities of daily living
   Barthel 91.25± 10.24 97.25± 4.12 96.00± 0 0.000** 0.76 0.56
   Independent (100/100) 10 (40) 16 (64) 12 (60)
   Mildly dependent (≥ 60/100) 14 (56)   9 (36)   8 (40)
   Moderately dependent (40–55/100) 1 (4) 0 (0) 0 (0)

Values are presented as mean± standard deviation or number (%).
m/secconfor, m/second at comfortable walking speed; m/secfast, m/second at fastest speed; 6MWT, 6-min walking test; FAC, functional ambulation classification; I, indepen-
dent; B-P, baseline-postintervention; B-R, baseline-retention.
Test: repeated measures analysis of variance.
*P≤ 0.05, **P≤ 0.001, statistically significant difference; Cohen d. 
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which could be explained by a decrease in adherence to home-based 
unsupervised exercise programs. Participants obtained significant 
functional improvements in ambulation capacity and ADLs inde-
pendence. After the multimodal rehabilitation program, all par-
ticipants were independent for outdoors walking on all kind of 
surfaces and stairs climbing. Significant improvements in autono-
my for ADLs were also found. These results are similar to other 
studies including similar multimodal interventions performed in 
an outpatient rehabilitation unit (Marsden et al., 2016; Pang et 
al., 2005). Our results showed our multimodal exercise rehabilita-
tion program to be more effective than other studies with similar 
interventions, but delivered in a home-based rehabilitation pro-
gram (Duncan et al., 2003). One explanation may be that the par-
ticipation in a rehabilitation group program led by a professional 
facilitates engagement and adherence to the multimodal exercise 
rehabilitation program, including the ambulation program at 
home. At baseline, participants identified significant limitations 
that prevented them from maintaining independent living. At 
the end of the intervention, we observed positive changes in pa-
tients’ ADLs. They perceived a reduction in limitations in ADLs 
and an increase in functional ability (gait speed and walking dis-
tance), that determines a positive effect that enhances ADLs inde-
pendence. These findings coincide with authors who established 
the relationship between physical function (walking ability and 
autonomy in ADLs) and QoL (Carod-Artal, 2012); and others con-
firmed that an improvement of the physical condition promotes 
health, well-being, autonomy, QoL, self-efficacy and coping strat-
egies (García González et al., 2014). We consider that improve-
ments in physical fitness achieved during the multimodal exercise 
rehabilitation program could lead to improvements in QoL and 
this coincides with authors (Resnick, 2014). A recent study rec-
ommended to include physical activity programs as a therapeutic 
strategy to prevent, lessen or treat poststroke depression (Hong et 
al., 2017) and to improve resilience and ADLs (Lee et al., 2015). 
We agree with the Korean Society of Exercise Rehabilitation who 
encourages to expand and provide knowledge of exercise and to 
explore the possibility of exercise to move into new therapeutic 
area (Kim, 2017).

This intervention was very efficient in terms of personnel re-
sources involving only one therapist who led a session with 4–6 
participants. Moreover, it is a clinically feasible wide-ranging ex-
ercise protocol aimed at improving upright physical mobility in 
people with stroke. It is also remarkable the participants’ satisfac-
tion rate with the program. 

The main limitation of the present study is the absence of ran-

domization. Improvements at the end of the intervention could be 
partially due to a spontaneous recovery. For further studies, ran-
domized trials would be required to confirm the benefits of mul-
timodal exercise rehabilitation programs. 

The sample is small due to the difficulty of recruiting partici-
pants, as they had transport difficulties to come to the rehabilita-
tion unit on their own. Nevertheless, the adherence rate was high. 
Given the difficulty of recruiting larger samples in a single centre, 
it would be interesting for future research to conduct multicenter 
randomized trials and to explore the effects of multimodal reha-
bilitation programs on QoL.

In conclusion, multimodal exercise may be an important com-
ponent of the rehabilitation process. Physical exercise is associated 
with enhanced gait speed, walking ability and independence for 
ADLs. Exercise programs for community people who have suf-
fered stroke and self-managed rehabilitation strategies should be 
implemented to maintain the gains made in rehabilitation pro-
grams and adherence to exercise programs.

CONFLICT OF INTEREST

The authors declare no conflict of interest. 

REFERENCES 

American College of Sports Medicine. ACSM’s guidelines for exercise 
testing and prescription. 9th ed. Philadelphia (PA): Lippincott Williams 
& Wilkins; 2013.

ATS Committee on Proficiency Standards for Clinical Pulmonary Func-
tion Laboratories. ATS statement: guidelines for the six-minute walk 
test. Am J Respir Crit Care Med 2002;166:111-117.

Barclay R, Ripat J, Mayo N. Factors describing community ambulation af-
ter stroke: a mixed-methods study. Clin Rehabil 2015;29:509-521.

Biasin L, Sage MD, Brunton K, Fraser J, Howe JA, Bayley M, Brooks D, 
McIlroy WE, Mansfield A, Inness EL. Integrating aerobic training with-
in subacute stroke rehabilitation: a feasibility study. Phys Ther 2014; 
94:1796-1806. 

Bohannon RW. Comfortable and maximum walking speed of adults aged 
20-79 years: reference values and determinants. Age Ageing 1997;26: 
15-19.

Borg G. Psychophysical scaling with applications in physical work and 
the perception of exertion. Scand J Work Environ Health 1990;16 Sup-
pl 1:55-58.

Brazzelli M, Saunders DH, Greig CA, Mead GE. Physical fitness training 
for stroke patients. Cochrane Database Syst Rev 2011;(11):CD003316. 



https://doi.org/10.12965/jer.1735056.528

Pellicer MG, et al.  •  Multimodal exercise rehabilitation program

674    http://www.e-jer.org

Brunt D, Greenberg B, Wankadia S, Trimble MA, Shechtman O. The ef-
fect of foot placement on sit to stand in healthy young subjects and 
patients with hemiplegia. Arch Phys Med Rehabil 2002;83:924-929.

Carod-Artal FJ. Determining quality of life in stroke survivors. Expert 
Rev Pharmacoecon Outcomes Res 2012;12:199-211. 

Carod-Artal FJ, Egido JA. Quality of life after stroke: the importance of a 
good recovery. Cerebrovasc Dis 2009;27 Suppl 1:204-214. 

Coe R, Soto CM. Magnitud del Efecto: Una guía para investigadores y 
usuarios. Rev Psicol 2003;21:145-177.

Duncan P, Studenski S, Richards L, Gollub S, Lai SM, Reker D, Perera S, 
Yates J, Koch V, Rigler S, Johnson D. Randomized clinical trial of ther-
apeutic exercise in subacute stroke. Stroke 2003;34:2173-2180. 

Duncan PW, Sullivan KJ, Behrman AL, Azen SP, Wu SS, Nadeau SE, Dob-
kin BH, Rose DK, Tilson JK; LEAPS Investigative Team. Protocol for 
the locomotor experience applied post-stroke (LEAPS) trial: a random-
ized controlled trial. BMC Neurol 2007;7:39. 

Eng JJ, Dawson AS, Chu KS. Submaximal exercise in persons with stroke: 
test-retest reliability and concurrent validity with maximal oxygen 
consumption. Arch Phys Med Rehabil 2004;85:113-118.

English C, Healy GN, Coates A, Lewis L, Olds T, Bernhardt J. Sitting and 
activity time in people with stroke. Phys Ther 2016;96:193-201. 

Feigin VL, Forouzanfar MH, Krishnamurthi R, Mensah GA, Connor M, 
Bennett DA, Moran AE, Sacco RL, Anderson L, Truelsen T, O’Donnell 
M, Venketasubramanian N, Barker-Collo S, Lawes CM, Wang W, Shi-
nohara Y, Witt E, Ezzati M, Naghavi M, Murray C; Global Burden of 
Diseases, Injuries, and Risk Factors Study 2010 (GBD 2010) and the 
GBD Stroke Experts Group. Global and regional burden of stroke during 
1990-2010: findings from the Global Burden of Disease Study 2010. 
Lancet 2014;383:245-254.

Flansbjer UB, Holmbäck AM, Downham D, Patten C, Lexell J. Reliability 
of gait performance tests in men and women with hemiparesis after 
stroke. J Rehabil Med 2005;37:75-82. 

Fulk GD, Echternach JL, Nof L, O’Sullivan S. Clinometric properties of 
the six-minute walk test in individuals undergoing rehabilitation post-
stroke. Physiother Theory Pract 2008;24:195-204. 

Fulk GD, He Y, Boyne P, Dunning K. Predicting home and community 
walking activity poststroke. Stroke 2017;48:406-411. 

Fulk GD, Ludwig M, Dunning K, Golden S, Boyne P, West T. Estimating 
clinically important change in gait speed in people with stroke under-
going outpatient rehabilitation. J Neurol Phys Ther 2011;35:82-89. 

García González AJ, Bohórquez Gómez-Millán MR, Lorenzo Fernández 
M. La implicación en la actividad física como fuente de felicidad en 
personas mayores. Eur J Investig Health Psychol Edu 2014;4:19-30. 

Gordon NF, Gulanick M, Costa F, Fletcher G, Franklin BA, Roth EJ, Shep-
hard T; American Heart Association Council on Clinical Cardiology, 

Subcommittee on Exercise, Cardiac Rehabilitation, and Prevention; 
the Council on Cardiovascular Nursing; the Council on Nutrition, Phys-
ical Activity, and Metabolism; and the Stroke Council. Physical activi-
ty and exercise recommendations for stroke survivors: an American 
Heart Association scientific statement from the Council on Clinical 
Cardiology, Subcommittee on Exercise, Cardiac Rehabilitation, and 
Prevention; the Council on Cardiovascular Nursing; the Council on 
Nutrition, Physical Activity, and Metabolism; and the Stroke Council. 
Circulation 2004;109:2031-2041. 

Guyatt GH, Sullivan MJ, Thompson PJ, Fallen EL, Pugsley SO, Taylor 
DW, Berman LB. The 6-minute walk: a new measure of exercise ca-
pacity in patients with chronic heart failure. Can Med Assoc J 1985; 
132:919-923.

Holden MK, Gill KM, Magliozzi MR, Nathan J, Piehl-Baker L. Clinical 
gait assessment in the neurologically impaired. Reliability and mean-
ingfulness. Phys Ther 1984;64:35-40.

Holland AE, Hill CJ, Rasekaba T, Lee A, Naughton MT, McDonald CF. 
Updating the minimal important difference for six-minute walk dis-
tance in patients with chronic obstructive pulmonary disease. Arch 
Phys Med Rehabil 2010;91:221-225. 

Hong I, Aaron SE, Li CY, Simpson AN. Physical activity and the risk of 
depression in community-dwelling korean adults with a history of 
stroke. Phys Ther 2017;97:105-113. 

Ilarraza H, Myers J, Kottman W, Rickli H, Dubach P. An evaluation of 
training responses using self-regulation in a residential rehabilitation 
program. J Cardiopulm Rehabil 2004;24:27-33.

Ivey FM, Hafer-Macko CE, Macko RF. Exercise rehabilitation after stroke. 
NeuroRx 2006;3:439-450. 

Kelly JO, Kilbreath SL, Davis GM, Zeman B, Raymond J. Cardiorespirato-
ry fitness and walking ability in subacute stroke patients. Arch Phys 
Med Rehabil 2003;84:1780-1785.

Kim CJ. Can exercise rehabilitation evolve into a new therapeutic area? J 
Exerc Rehabil 2017;13:123. 

Lee YC, Yi ES, Choi WH, Lee BM, Cho SB, Kim JY. A study on the effect 
of self bedside exercise program on resilience and activities of daily 
living for patients with hemiplegia. J Exerc Rehabil 2015;11:30-35.

Mahoney FI, Barthel DW. Functional evaluation: the barthel index. Md 
State Med J 1965;14:61-65. 

Marsden DL, Dunn A, Callister R, McElduff P, Levi CR, Spratt NJ. A Home- 
and community-based physical activity program can improve the car-
diorespiratory fitness and walking capacity of stroke survivors. J Stroke 
Cerebrovasc Dis 2016;25:2386-2398. 

Mayo NE, Bronstein D, Scott SC, Finch LE, Miller S. Necessary and suffi-
cient causes of participation post-stroke: practical and philosophical 
perspectives. Qual Life Res 2014;23:39-47. 



http://www.e-jer.org    675https://doi.org/10.12965/jer.1735056.528

Pellicer MG, et al.  •  Multimodal exercise rehabilitation program

Pang MY, Eng JJ, Dawson AS, McKay HA, Harris JE. A community-based 
fitness and mobility exercise program for older adults with chronic 
stroke: a randomized, controlled trial. J Am Geriatr Soc 2005;53:1667-
1674. 

Perry J, Garrett M, Gronley JK, Mulroy SJ. Classification of walking hand-
icap in the stroke population. Stroke 1995;26:982-989.

Resnick B. Resilience in older adults. Top Geriatr Rehabil 2014;30:155-63. 
Saunders DH, Sanderson M, Brazzelli M, Greig CA, Mead GE. Physical 

fitness training for stroke patients. Cochrane Database Syst Rev 2013; 
(10):CD003316. 

Saunders DH, Sanderson M, Hayes S, Kilrane M, Greig CA, Brazzelli M, 
Mead GE. Physical fitness training for stroke patients. Cochrane Data-
base Syst Rev 2016;3:CD003316. 

Schmid A, Duncan PW, Studenski S, Lai SM, Richards L, Perera S, Wu SS. 
Improvements in speed-based gait classifications are meaningful. Stroke 
2007;38:2096-2100. 

Sharma V, Kaur J. Effect of core strengthening with pelvic proprioceptive 
neuromuscular facilitation on trunk, balance, gait, and function in 

chronic stroke. J Exerc Rehabil 2017;13:200-205. 
Stroke Foundation of New Zealand; New Zealand Guidelines Group. 

New Zealand clinical guidelines for stroke management 2010. Wel-
lington (NZ): Stroke Foundation of New Zealand; 2010.

Teasell R, Foley N, Salter K, Bhogal S, Jutai J, Speechley M. Evidence-based 
review of stroke rehabilitation: executive summary, 12th edition. Top 
Stroke Rehabil 2009;16:463-488. 

Tilson JK, Sullivan KJ, Cen SY, Rose DK, Koradia CH, Azen SP, Duncan 
PW; Locomotor Experience Applied Post Stroke (LEAPS) Investiga-
tive Team. Meaningful gait speed improvement during the first 60 
days poststroke: minimal clinically important difference. Phys Ther 
2010;90:196-208. 

World Health Organization. Global strategy on diet, physical activity and 
health. Physical activity and older adults: recommended levels of phys-
ical activity for adults aged 65 and above [Internet]. Geneva (Switzer-
land): World Health Organization; c2017 [cited 2017 Oct 27]. Available 
from: http://www.who.int/dietphysicalactivity/factsheet_olderadults/
en/.


