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Muscle strengthening for hemiparesis after stroke: A meta-analysis
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1. Introduction

1.1. Background

In industrialised countries, stroke is the most frequent cause of
disability among adults. The death rate following stroke is set to
decrease as a result of better care provision as soon as the problem
occurs. It can therefore be expected that the number of people
surviving with a disability following a stroke is liable to increase
[1]. In addition, the incidence of stroke has increased dramatically
among younger subjects, with over 20% of people affected being
under the age of 65 [2].

After a stroke, hemiparesis is a serious motor impairment,
affecting 65% of stroke victims [3].

Muscular weakness is a conspicuous symptom [4] and appears
as one of the main factors slowing the recovery of normal physical
abilities among patients [5]. It appears in several forms, the most
significant being paresis of the body on the contra-lateral side to
the cerebral lesion [6], although correlation has also been observed

between strength deficits on the ipsilesional side and walking
speed [7]. Paresis is defined as an alteration in the ability to
generate a normal level of muscle strength [8]. This results in
abnormal posture and stretching reflexes, and a loss of voluntary
movement [9].

Muscle weakness can lead to immobilisation or to markedly
reduced physical activity [2]. In the study by Hsu et al. [10], the
authors show how the walking performances of stroke patients, in
comparison with healthy subjects, is characterised by reduced
walking speed and residual left-right spatial and temporal
asymmetry. According to these authors, the strength of the hip
flexor muscles and the knee extensor muscles of the hemiplegic
limb are the most important factors determining comfortable or
fast walking speed. However, the spasticity of the ankle plantar
flexors also appears as an important factor in this asymmetry.
Plantar flexor muscles also affect walking speed [5]. Other
characteristics are observed in stroke patients on the ten-metre
walking test, such as a decrease in step length and in swing phase
speed of the hemiplegic limb, longer single support time on the
healthy side and prolonged double support phase [11] (time of
transfer from hemiplegic to healthy side). It has also been shown
that the pathological gait of a hemiplegic subject may have double
energy cost compared to that of a healthy subject [12].
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Introduction: Muscle weakness is a common consequence of stroke and can result in a decrease in

physical activity. Changes in gait performance can be observed, especially a reduction in gait speed, and

increased gait asymmetry, and energy cost is also reported.

Objective: The aim was to determine whether strengthening of the lower limbs can improve strength,

balance and walking abilities in patients with chronic stroke.

Method: Five databases (Pubmed, Cinhal, Cochrane, Web of Science, Embase) were searched to identify

eligible studies. Randomized controlled trials were included and the risk of bias was evaluated for each

study. Pooled standardized mean differences were calculated using a random effects model. The PRISMA

statement was followed to increase clarity of reporting.

Results: Ten studies, including 355 patients, reporting on the subject of progressive resistance training,

specific task training, functional electrical stimulation and aerobic cycling at high-intensity were

analysed. These interventions showed a statistically significant effect on strength and the Timed Up-and-

Go test, and a non-significant effect on walking and the Berg Balance Scale.

Conclusion: Progressive resistance training seemed to be the most effective treatment to improve

strength. When it is appropriately targeted, it significantly improves strength.
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1.2. Intervention

It should be noted that since the 1990s there have been studies
showing that neither activities requiring effort nor strength
training increase spasticity among stroke patients [2,13,14], this
having previously been a subject of controversy. Given this
absence of negative effects, and the positive consequences
reported, these treatments are now included in post-stroke
rehabilitation programmes [6].

In case of marked muscle weakness, strengthening exercises are
required to alleviate the effects of atrophy [15], but it seems that
the gain in strength results mainly from an adaptation of the nerve
tissues [16].

Muscle strengthening uses the principle of maximum strength
(1 RM) defined by DeLorme in 1948 [17]. For healthy subjects,
this consists in one to three series of eight to twelve repetitions at
60–80% of the 1 RM, twice or three times a week [5]. For post-
stroke subjects, some authors [18] prescribe exercising entailing
more numerous repetitions, between 10 and 15, but with a
reduced workload (percentage of 1 RM). Different authors have
assessed gains in strength for workloads mainly between 50% and
80%, but it seems that a workload of only 40% also has positive
effects [5].

Given the different methods of muscle strengthening available,
we provide below a description of certain types of exercise used
among patients in rehabilitation after a stroke.

1.2.1. Progressive resistance training (PRT)

Muscle strengthening by progressive resistance exercises is
based on a workload of 70–80% maximum strength (1 RM) or more
[14]. This means that 1 RM should be measured regularly so as to
adapt the workload to the constant improvements in the patient
[19] by way of isokinetic devices [20], manual dynamometers [21]
or manual testing [22]. There is no consensus to date on the
duration or the frequency of treatments. However, it seems that
treatment lasting at least sixteen hours provides an improvement
in functional capacities [23].

1.2.2. Task-specific training (TST)

Functional, i.e. task-specific training has shown its efficacy in
improving walking when delivered intensively [24] In addition, it
should always be integrated in therapies, since functional
improvement is their final purpose [6].

For instance, standing up from a chair (known as chair-rise) is a
complex motor task that requires adequate postural control and
dynamic movement. The movement mainly requires muscular
strength, coordination and balance. The main muscles involved in
getting up from a chair are the quadriceps and hamstring muscles
[25]. When the movement is performed rapidly, it shows better
symmetry in standing position, and improvement in postural
stability and in directional control [26].

1.2.3. Intensive aerobic exercising

It has been demonstrated that the combination of muscle
strengthening and aerobic exercising have a positive effect among
elderly subjects. In addition, as a result of this type of exercising, an
improvement is observed in the recruitment of motor units [27]
and in walking speed [28].

The intensity of exercising can be calculated with the Karvonen
formula, which uses the heart rate reserve (HRR) to define the
exercise heart rate. Among stroke patients, the target intensity of
aerobic exercising is 50 to 70% of the HRR [29].

1.2.4. Functional electrical stimulation (FES)

Functional electrical stimulation is a tool that uses the
transmission of electrical signals to the muscle [30]. This type of

training mobilises more muscular fibres and thus increases their
metabolic activity [31].

Certain articles report on electrical stimulation combined with
cycling [31–33]. This appears more beneficial for patients than
manual guidance with FES when walking. This technique enables
the patient to re-learn a correct, complete movement and to
increase the sensory feedback from the movement as a result of the
bilateral cycling motion [33].

1.3. Measures

Two walking tests recur regularly in the literature. The Six
Minutes Walking test (6MWT) [34] has exhibited a significant,
positive relationship with strength of the lower limbs [35]. Among
stroke patients, a difference of 50 metres between two tests on the
same patient is required to conclude to substantial improvement
[36]. The second widely-used test is the 10-Metre Walking test
(10MWT) which assesses fast walking [7]. For this test, a
substantial improvement corresponds to a difference of
0.10 metres a second [36].

There are different ways of measuring strength among stroke
patients. One of them consists in calculating maximum strength
(1 RM) [37]. In untrained subjects, the maximum load can be
calculated using a formula such as that proposed by Brzycki [38].

The Manual Muscular test (MMT), which is applied using the
Medical Research Council scale (MRC) has been validated for use
among stroke patients [22,35,39].

Regarding the manual dynamometer, reliability and precision
seem good, provided the test is applied by one and the same
investigator [21,40].

The Timed Up-and-Go (TUG) is a quantitative test [41,42]
enabling the assessment of balance, fall risk and walking [34]. The
minimum detectable change is 23% [43]. A fairly similar test is the
five times sit-to-stand test. The minimum detectable change for
this test is 3.6 seconds. These two tests have excellent reliability
among stroke patients [21].

The Berge Balance Scale (BBS) also measures functional
activity capacities, testing balance in 14 tasks. Its validity
and reliability have been repeatedly established [34]. This test
carries a total of 54 points. A significant change is observed
from 5.8 points difference with the same tests taken previously
[44].

2. Methods

2.1. Inclusion criteria for studies in this review

The aim of this work was to analyse the effect of muscle
strengthening on walking, strength and balance among chronic
hemiplegic patients following a stroke, and to observe results in
the long-term. A systematic review of the literature was
performed, followed by a meta-analysis.

The inclusion criteria targeted solely randomised controlled
trials (RCTs) published up to January 20th 2014 in French, English
or German. RCT follow-up studies were also considered. The
participants were to be adults (over 18 yrs) following stroke and
presenting hemiparesis. They were to be in chronic post-stroke
phase. On account of disagreement on this subject, only studies
including patients 3 months post-stroke or more were considered,
or studies that stipulated that they included patients in subacute
and chronic phase.

In the search, we included strengthening methods aiming to
improve motor function in the lower limbs via specific, intensive
exercises for particular muscle groups.

The exclusion criteria were the use of robotic devices, since in
most rehabilitation centres they cannot be used on account of their
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