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Introduction
Stroke can be characterized as an interruption of the blood 
supply to the brain or hemorrhage into the brain tissue, 
commonly involving a disruption in the motor and sensory 
pathways [1]. The World Health Organization (WHO) defines 
stroke as “rapidly developing clinical signs of focal (or global) 
disturbance of cerebral function, lasting more than 24 hours 
or leading to death, with no apparent cause other than that of 
vascular origin” [2].

A large number of survivors of stroke present with various 
disabilities, including impairment of sensory, motor, mental, 
perceptual and language functions. The motor deficits 
are characterized by paralysis (hemiplegia) or weakness 
(hemiparesis) on one side of the body opposite to the site of 
lesion [3]. This weakness is due to reduced activity of lower 
limb muscles. There is reduction in muscle fiber number and 
increase fatigability and decreased as well as altered motor unit 
recruitment which results in type II fibres atrophy in weakened 
muscles. Stroke subjects likely develop lower oxidative capacity 
along with impaired neural drive the rate of torque development 
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is more deteriorated in paretic muscles [4-6]. Weakness is 
recognized as a limiting factor in the motor rehabilitation of 
patients after stroke. Bobath advocated that weakness in an 
agonist was attributable to spastic restraint imposed by the 
antagonist muscle group [7].

Post-stroke hemiplegic gait is a mixture of deviations and 
compensatory motion dictated by residual functions. [8]. 
Muscle weakness and paralysis, poor motor control and soft 
tissue contracture are major contributors to walking dysfunction 
after stroke. The spatiotemporal adaptations include: decreased 
walking speed, short or uneven step and stride lengths, increased 
stride width, increased double support phase, dependence in 
support through the hands with assistive devices. [9] Improved 
walking function is the most frequently stated goal by persons 
with stroke. For this reason, gait retraining is an important focus 
in the rehabilitation of persons with stroke. Despite this effort 
to regain optimal walking function, only a small percentage 
attains a walking speed that is required for community activities 
(Figures 1 and 2).

Muscle weakness in the affected lower limb of stroke patients 
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is a major factor inhibiting gait ability [10]. Isometric exercise, 
isotonic exercise, and isokinetic exercise are used as resistance 
exercises to increase muscle strength [11,12]. Isokinetic 
exercise is a method that enables the muscle to exert maximum 
strength within the exercise range of all joints at a constant 
speed [13]. Various exercise methods are performed with the 
purpose of strengthening the muscles in the affected lower limb 
of stroke patients, and isokinetic exercise has been proposed as 
an effective exercise method [14].

Progressive resistance strength training has been found to 
strengthen paretic muscles after stroke [15-17]. Randomized 
controlled trials (RCTs) using strength training as intervention 
have shown inconsistent results regarding the effects on gait 
speed and sit-to-stand activities [16,18,19]. The effect of 
strength training on functional activities for patients in the 
subacute phase has only been examined in a few RCTs showing 
inconsistent results [15,19,20].

EMG studies have shown the importance of hip joint flexors, hip 
joint extensors, knee joint flexors, knee joint extensors, ankle 
joint dorsiflexors and plantarflexors in lower limb activities 
[21]. Hip flexors, knee flexors (Figure 3) and ankle dorsiflexors 
works during sitting down, swing phase of gait, stepping up 
to lift foot from stair surface and swing forward whereas hip 
extensors, knee extensors (Figure 4) and ankle plantarflexors 
works during standing up, stance phase of gait and stepping 
up to lower the foot on next stair and to lift body up. Eng and 
Winter reported that the flexion/extension forces of the hip, 
knee, and ankle accounted for 82% of the total work over a 

stride as opposed to 15% and 3% in the frontal and transverse 
planes, respectively [22]. 

Isokinetic exercise is a method that enables the muscle to exert 
maximum strength within the exercise range of all joints at a 
constant speed. Six weeks of maximal isokinetic strengthening 
of the knee musculature, [10,23] 9 weeks of bilateral isokinetic 
program using the Kinetron [24], as well as an 8-week isokinetic 
strengthening program of isolated flexor and extensor muscle 
groups of the paretic lower extremity [25] has also been reported 
to improve walking speed (Figure 5).

Functional strengthening on the other hand is beneficial for the 
development of functional abilities. The functional strength 
training program is designed to facilitate appropriate power 
in the weak muscles of the affected leg in graded activities 
or sequences of activities. Most of the exercises are weight-
bearing. In various studies, functional strength training of the 
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Figure 1. Peak torque hip flexors.
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Figure 2.  Peak torque-hip extensors.
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Figure 3.  Peak torque-knee flexors.
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Figure 4. Peak torque-knee extensors.
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Figure 5. Peak torque-ankle dorsiflexors.
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legs was found to be more effective than traditional training 
to improve weight-bearing on the affected side and gait 
speed [17,26]. Functional strength training of the affected leg 
improved subacute stroke patients’ ability to perform functional 
activities more than usual training with no particular focus on 
improving strength.

Due to paucity in studies comparing the two strengthening 
techniques, the aim of this study was to find out whether one of 
these two forms of strengthening exercises will provide better 
result on gait of hemiparetic individuals.

Aim of the study

To examine whether one of the two types of lower limb 
strengthening performed with isokinetic strengthening and 
functional strengthening is more beneficial in improving peak 
torque, six-minute walk test and step length in post stroke 
hemiparetic persons.

Methodology
Study design

Experimental two groups, pre-test, post-test structured study design.

Subjects/Participants: A total of 30 subjects with hemiparesis 
due to stroke were recruited randomly. The average age of 
subjects was 51.27 ± 8.47 with a range of 38 to 66 years. Group 
1-isokinetic strengthening group-15 subjects (13 males and 2 
females), group 2-functional strengthening group-15 subjects 
(13 males and 2 females). The age of subjects in isokinetic 
strengthening group ranged from 38-66 years with the mean 
age 47.93 ± 8.08 whereas the age of subjects in functional 
strengthening group ranged from 41-64 years with the mean age 
54.60 ± 7.72. The duration of stroke ranged from 4-18 months 
in isokinetic strengthening group and 5-21 months in functional 
strengthening group with the mean duration of stroke 10.27 ± 
4.49 and 11.87 ± 5.04 respectively (Figure 6).

Research setting: The study was conducted in neuro-
rehabilitation section of the Physiotherapy department of 
Swami Vivekanand national institute of rehabilitation training 
and research (SVNIRTAR).

Inclusion criteria: Both male and female, both right and left 
hemiplegics, first time onset of stroke, duration of stroke ranged 
from 3 months to 2 years, clinically stable, spasticity of major 
muscle groups with modified Ashworth scale of less than 2, able 
to walk independently with or without orthosis (Figures 7 and 8).

Exclusion criteria: Contractures in lower limb, any cognitive 
deficit in stroke patients, other neurological and musculoskeletal 
conditions, people with cardiovascular diseases, recurrent 
stroke, participants who could not comprehend and obey verbal 
commands.

Instrumentation: CSMI HUMAC/NORM™ isokinetic device, 
measuring tape calibrated from 0 cm to 150 cm to measure 
the floor distance for 6-minute walk test, stopwatch (a cell-
phone application used in flight mode) to measure the time for 
6-minute walk test, paper roll to measure step length, ink to 
measure step length, step stool -10 cm, 14 cm, 18 cm, 6-minute 
walk test, step-length.

Outcome measure:

1. Peak torque as measured by isokinetic device: 5 
repetitions at 60°/s angular velocity was done for 
concentric contraction of hip flexor/extensor, knee 
flexor/extensor and ankle plantarflexor/dorsiflexor [27].

2. 6-minute walk test: The distance travelled by the subject 
in 6-minutes was calculated [28,29].

3. Step length of both affected and non-affected side: Foot 
prints method of gait analysis was used with help of ink 
and paper roll. Distance between initial contact of the one 
foot to another foot for middle 5 steps were evaluated on 
a 10-meter roll [30].

Procedure

After meeting the inclusion and exclusion criteria through 
an assessment proforma, informed consent was taken and 
subjects were randomly allocated to either of the two groups. 
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Figure 6. Peak torque-ankle plantar flexors.
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Figure 7. Six minute walk test.
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All participants underwent an initial baseline assessment of 
Peak Torque, 6-minute walk test, and step-length. Both groups 
received conventional physiotherapy. Group 1 in addition, 
received isokinetic strengthening [18] of hip flexor/extensor, 
knee flexor/extensor and ankle plantarflexor/dorsiflexor, 3 sets 
of 5 repetitions each at angular velocity of 60°/s, whereas group 
2 in addition, received functional strengthening which consisted 
of stepping forward, backward, sideways, weight bearing by 
affected leg, lifting affected leg up on a step, step-up sideways 
by affected leg, step-up in front by affected leg, standing to 
sitting to standing and bridging [17,31]. The intervention period 
was of 6-weeks duration, 3 days/week. Progression was done as 
a rule after every two weeks. After completion of 6 weeks, all 
participants received a follow up assessment.

The age of subjects in this study ranged from 38-66 years 
(mean age=51.27 ± 8.47). The age of subjects in isokinetic 
strengthening group ranged from 38-66 years (mean age=47.93 
± 8.08) whereas the age of subjects in functional strengthening 
group ranged from 41-64 years (mean age=54.60 ± 7.72). 
Among 15 subjects, there were 13 males and 2 females in 
each group. The duration of stroke ranged from 4-18 months 
(mean duration=10.27 ± 4.49) in isokinetic strengthening group 
and 5-21 months (mean duration=11.87 ± 5.04) in functional 
strengthening group.

Data collection

Measurements were taken prior to the beginning of treatment 
(0 week) and were repeated after the completion of treatment 
protocol (6th week).

Data analysis

The dependent variables were analyzed using a 2 × 2 ANOVA 
with repeated measurements in second factor. There was one 
between factor (group) with two levels (groups: isokinetic 
strengthening group and functional strengthening group) and 
one within factor (time) with two levels (Time: Pre and Post). 
All pair wise post-hoc comparisons were analyzed using a 0.05 
level of significance.

Results
Peak torque

Although both groups showed improvement in peak torque 
from pre to post of hip flexor/extensor, knee flexor/extensor and 
ankle plantarflexion/dorsiflexion after intervention, there was 

significantly more improvement with isokinetic strengthening 
group as compared to functional strengthening group in hip 
flexor/extensor and knee flexor/extensor group of muscles 
(p<0.05). Note that in ankle dorsiflexor/plantarflexor there 
was no significant difference between the groups. Graph 1-6 
summarizes improvement in peak torque of each muscle group 
from pre to post in both groups.

Six-minute walk test

Six-minute walk test improved with both isokinetic strengthening 
and functional strengthening exercises, however the 
improvement was significantly more in isokinetic strengthening 
group as compared to functional strengthening group (p<0.05). 
Graph 7 illustrates the improvement from pre to post in both the 
groups (isokinetic strengthening and functional strengthening).

Step length

For both isokinetic strengthening group and functional 
strengthening group, the step length of both affected and 
non-affected side were higher after the intervention than at 
baseline however, there was no significant difference between 
the groups. Graph 8-9 illustrates the improvement from pre to 
post of both the groups (isokinetic strengthening and functional 
strengthening) in step length of affected and non-affected side 
with no significant difference between the groups.

Discussion
The overall results of the study suggest that after 6 weeks of 
intervention both the groups (isokinetic strengthening and 
functional strengthening) improved significantly from pre 
to post treatment in peak torque of hip flexor, hip extensor, 
knee flexor, knee extensor, ankle dorsiflexor, plantarflexor, 
six minute walk test, step length affected and step length non-
affected. Isokinetic strengthening group showed significantly 
better improvement in peak torque of hip flexor, hip extensor, 
knee flexor, knee extensor and six-minute walk test. 

Peak torque

In this study, both strengthening groups showed significant 
improvement in hip extensor, hip flexor, knee extensor, knee 
flexor, ankle dorsiflexor and ankle plantarflexor peak torque 
from pre to post readings after 6 weeks of therapy. Isokinetic 
strengthening group showed better improvement in hip 
extensor, hip flexor, knee extensor and knee flexor peak torque 
as compared to functional strengthening group. The increase 
in the peak torque in hip flexor, hip extensor, knee flexor, 
knee extensor, ankle dorsiflexor and ankle plantarflexor group 
of muscles in isokinetic strengthening group was 131.07%, 
70.03%, 120.73%, 62.23%, 61.96% and 60% whereas in 
functional strengthening group was 88.17%, 32.95%, 77.60%, 
35.94%, 52.92% and 51.80% respectively. 

The improvement in strength in both groups may be contributed 
to the effect of conventional exercises which may be due to 
the learning and practice effect. Various studies have shown 
improvement in strength in control group in which conventional 
exercises were given [32,33].

There improvement in isokinetic strengthening group from pre 
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to post measurements might be due to improvement in motor 
unit recruitment and firing and motor learning [23,33]. Various 
studies [34-37] found that the strength improvement seen in a 
6-week training program can be attributed to improvement in 
neural activation rather than muscle hypertrophy.

It has been shown in various studies previously that isokinetic 
strengthening can result in increased peak torque in adults after 
stroke. Kim et al. found improved strength in hip, knee and 
ankle muscles of paretic limb ranging from 7% to 155% with 6 
weeks of concentric isokinetic strength training at 60°/s angular 
velocity [18]. Sharp et al. also found relative gains in strength 
ranging from 15.8% to 153.9% of knee muscles after isokinetic 
training of 6 weeks at 30, 60 and 120°/s angular velocity [23]. 
The knee extensor showed greater improvement as compared to 
knee flexor muscles which was attributed to improved motor unit 
recruitment. Similar result was shown by Engardt and Keerthi 
et al. [10,33]. Nakamura et al. found eight weeks after training 
the strength of affected side explained 50% of the variance, 
becoming twice as large as that at the start of training. [38] Sen 
et al. also showed improvement in peak torque with isokinetic 
strengthening [39]. All these results were in agreement with 
present study.

In present study, the functional strengthening group received 
various lower limb functional activities thrice a week for 6 
weeks and showed an increase in pre to post isokinetic peak 
torque measurement of affected lower limb. The increase in peak 
torque might be due to accordance with the specificity of training 
principle as functional movements are specific in nature. When 
the functional training program includes the element of strength 
training, the training improves the outcome of muscle strength 
[40]. Bedi et al. in their study showed that less intense but task 
specific training regimens can produce cortical reorganization 
which may be responsible for improvement in strength [41]. 
Cress et al. found functional strength training for 1 year in older 
women results in change in myofibrillar density and area in type 
IIb fiber which was associated with strength improvement [42]. 
In this study only 6 weeks of training was given which might 
have resulted in little change in myofibrillar density.

In this study, all of the exercises that are incorporated were 
concentrated on promoting loading of lower limbs. This 
additional body weight loading over lower limbs explains the 
mean increment in strength of lower limb muscles. This result 
is consistent with the study done by Shaik et al. [31]. Bale et 
al. showed improvement in strength with functional strength 
training for 5 days/week for 4 weeks [26]. Yang et al. also 
showed improvement in strength with functional strength 
training of about 10.1% to 77.9% (average 41.1%) on the paretic 
side muscle groups by giving 4 weeks functional strength 
training thrice a week [17].

In this study, the isokinetic strength training showed better 
improvement as compared to functional strength training 
group in some of the muscle groups which may be because 
isokinetic exercise device provides a suitable mechanical means 
of maintaining the maximal muscular force of a body segment 
throughout the range of motion without permitting acceleration 

[43]. Engardt in their study told that isokinetic device allows 
training within a large movement range and supply resistance 

to the patients' maximal voluntary, contractile tension within 
the whole range of movement [10]. Perrine found that the 
intensive loading through the isokinetic training might activate 
previously dormant fibers [44]. Bale showed in their study that 
less improvement in functional strength training group may be 
contracted to the challenge of keeping dose of training high 
enough [26]. These all reasons may have contributed to greater 
improvement in isokinetic strength training group as compared 
to functional strengthening.

Improvement in peak torque of ankle plantarflexor and 
dorsiflexor was not significant between the two groups in this 
study. Milot also showed lack of significant difference between 
the groups which can be related to the variability of the response 
to training programs [45]. Hakkinen showed that not all muscle 
groups have a similar rate of strength development and this 
combined with the pretraining status of individuals could partly 
explain the variability in individual training responses [46]. 
Also in the lower limb, studies have been done to a lesser extent 
in peri-articular muscles of the ankle.

Six-minute walk test

In this study both strengthening groups showed significant 
improvement in six-minute walk test from pre to post readings 
after 6 weeks of therapy. Isokinetic strengthening group showed 
better improvement as compared to functional strengthening 
group. The isokinetic strengthening group showed 20.29% 
whereas functional strengthening showed 9.70% improvement 
in six-minute walk test with strengthening.

According to Perry, the sequence of muscle action relates to 
three major tasks being accomplished during each gait cycle: 
weight acceptance, single limb support, and limb advancement 
[47]. Preparation of the limb for weight acceptance begins 
in terminal swing when the hip extensors and quadriceps are 
activated. Following initial floor contact, the loading response is 
an increase in the intensity of these hip and knee extensor muscles 
to stabilize the trunk and limb against the rapid transfer of body 
weight. To ensure knee stability, the hamstrings and single joint 
hip extensors exchange their intensities. Continuation of the 
swing phase ankle dorsiflexor control provides a heel rocker for 
progression and shock absorbing knee flexion. Ankle plantar 
flexion modulates the heel rocker to protect the quadriceps 
from over demand. In this study, there is increase in muscle 
activity of all these group muscles which may be responsible for 
increase in gait speed and endurance.

There was significant improvement in isokinetic strengthening 
group from pre to post measurements in this study. Concentric 
isokinetic strengthening was given at 60°/s angular velocity 
thrice a week for 6 weeks. Common gait problems in hemiplegia 
arise due to various reasons which may also include unequal 
step length, and weak muscles of hip, knee and ankle [48]. 
Studies have shown improvement in gait performance with 
strength gains in spastic conditions. Damiano et al. and Horvat 
showed improvement in gait with resistance exercise in children 
with spastic cerebral palsy [49,50]. EMG study done by Dubo 
et al. showed that knee extensor is active concentrically in 
majority of gait cycle [51]. Flansjberg showed that knee 
extensor is considered as an important parameter for walking 
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endurance [52]. Along with this, knee flexor, hip flexor and 
ankle plantarflexor are also associated with walking endurance. 
As there was improvement in peak torque of all these muscle 
groups with isokinetic strengthening that may have contributed 
to improvement in six-minute walk test. Slower voluntary 
muscle reaction time was seen after 6 weeks of isokinetic 
training in healthy individuals which suggests that isokinetic 
training improves motor task performance [34].

Various other studies also showed a high correlation between 
isokinetic torque of paretic knee and locomotor function in 
stroke patients. Sen et al. showed improvement in 6-minute 
walk test with maximal concentric isokinetic strength training 
in 50 subjects 5 days a week for 3 weeks [39]. Sharp et al. 
and Kim et al. also showed improvement in gait velocity with 
isokinetic strengthening [18,23]. The results are in agreement 
with present study.

Functional strengthening group also showed improvement 
in six-minute walk test with 6 weeks of training. Yang et al. 
showed that the task-oriented progressive resistance strength 
training programme can improve lower extremity strength 
which is significantly associated with gain in gait parameters 
[17]. Bale showed that the great attention and exerted effort 
during training of weight-bearing activities seem to have 
enhanced muscular control of the affected leg and symmetry 
between the legs in functional activities which may have helped 
in improvement of 6-minute walk test [26].

Yang et al. showed an improvement in 6-minute walk test with 
4 weeks task oriented progressive resistance strength training 
to hemiparetic individuals [17]. Similar studies were shown by 
Bale, Salbach et al. and Shaik [26,31,53]. These all results are in 
agreement with this study and showed improvement in gait with 
functional strength training.

In this study, isokinetic strengthening groups showed more 
improvement in six-minute walk test as compared to functional 
strengthening group. Thistle et al. and Smith et al. showed that 
that isokinetic exercise increased performance levels more 
efficiently than other exercise modes [54,55]. It was shown 
previously by Flansjberg that knee extensor is considered as 
an important parameter for walking endurance [52]. In this 
study, there was better improvement in knee extensor strength 
with isokinetic strengthening as compared to functional 
strengthening. This increase in strength may have contributed 
to better improvement of 6-minute walk test in isokinetic 
strengthening group in the present study.

Step length

In this study both groups (isokinetic strengthening and functional 
strengthening) showed improvement in step length in both 
affected and non-affected side from pre to post measurements. 
There was no significant difference noted between the groups. 
The increase in the step length of affected and non-affected 
side in isokinetic strengthening group was 5.07% and 4.85% 
whereas in functional strengthening group was 4.11% and 
3.91% respectively.

Forward foot placement with respect to the trunk and trunk 

progression contributes to step-length and is responsible for 
asymmetry of step length in stroke patients as was shown by 
Roerdink [56]. Balasubramanian found that reduced trunk 
progression during paretic stance may reflect an impaired 
propulsion generating capacity of the paretic leg [57]. The reason 
behind improvement of step length in affected and non-affected 
limb with strength training in this study might be generation 
of increased propulsion capacity of the paretic leg as well as 
non-paretic leg which may have increased trunk progression. 
Along with this, the paretic leg swing may be restricted as 
well as found by Olney [58]. It is possible that because of an 
impaired swing initiation by the hip flexors or an excessive 
flexion synergy decreased step length results in paretic limb. So, 
an improvement in hip flexor strength may be responsible for 
improvement in step length in affected limb in this study. The 
improvement in step length in non-affected limb may be due to 
increase in weight bearing ability in affected limb and allowing 
better propulsion of non-affected limb.

Isokinetic strengthening group showed improvement in step 
length from pre to post in both affected and non-affected side. 
This improvement in step length may be contributed to increase 
in strength of knee extensor muscle. Nakamura et al. showed 
that concentric knee extensor contraction during deceleration 
phase is determinant of walking velocity and step length [59]. 
Olawale et al. and Wilder showed improvement in step length 
on affected side with isokinetic strengthening [24,60]. They 
attributed this improvement to the increase in muscular strength 
of the affected lower limbs as a result of the training regimen.

In present study improvement was seen in step length from 
pre to post measurements in both affected and non-affected 
side with functional strength training. This may be due to the 
gross im provement of strength which may have improved the 
functional activities ir respective of the technique applied [17]. 
Shaik found improvement in step length with weight bearing 
task oriented exercise in 30 hemiparetic individuals [31]. They 
attributed this increase in step length to increase in hip extension 
in late stance phase because these changes are associated with 
moving the trunk forward over the stance foot, thus providing 
the hip flexors with better mechanical advantage to generate 
power to pull-off the limb, resulting in a larger contra lateral 
step length and an increase in speed. Vats and Park et al. also 
found improvement in step length with step up exercises and 
stair climbing exercises respectively [32,61]. The results of all 
those studies are in agreement with present study.

The significant difference was not found in both groups 
(isokinetic strengthening and functional strengthening) in step 
length. This may be due to low specificity of training in both the 
groups. Also, Park reported that, increased step length because 
of increased dorsiflexion, contributed to the prevention of foot 
drop and lower limb stability upon initial contact in the swing 
phase and explained that a stable walking pattern could enhance 
both static and dynamic stability and in turn increase step 
length [62]. In this study, there was no significant difference 
in improvement of peak torque of ankle muscle, this may be 
the reason for absence of significant difference in step length 
improvement in both the groups.
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Conclusion
Isokinetic strengthening of lower limb is more effective than 
functional strengthening in improving peak torque of hip-knee 
flexor and extensor muscles and six-minute walk test. However, 
no significant difference was noted in peak torque of ankle 
muscles and step length of both affected and non-affected side 
in post stroke hemiparetic persons.

Limitations
Study sample was small, no control group was taken, carry over 
effect of the study has not been studied. 

Recommendations for Future Studies
Studies with larger sample size should be performed, follow up 
study should be done to see the long-term effect, study with 
isokinetic strengthening of both lower limbs can be done.

Clinical Utility
Isokinetic strengthening of lower limb should be incorporated 
in exercise protocol in clinical settings for hemiparetic 
individuals due to stroke in order to improve their strength and 
gait parameters which can enhance their quality of life.
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