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Objective: Muscle weakness in the lower limbs is a 
motor consequence of stroke that causes functio-
nal impairment. The aim of this study was to assess 
the effectiveness of an individualized isokinetic 
strengthening programme, using the moment-velo-
city profile, on functional recovery during post-stroke 
rehabilitation of older patients. A further objective 
was to describe the effects of the individualized iso-
kinetic strengthening on muscular parameters.
Design: Retrospective study.
Patients: Older post-stroke patients.
Methods: Using the Barthel Index, functional abi-
lities in basic daily tasks were assessed and retro-
spectively analysed for 88 patients in a post-stroke 
rehabilitation unit. Of these, 44 patients received 
conventional rehabilitation (conventional group) 
and 44 received individualized isokinetic strengthe-
ning in addition to conventional rehabilitation (iso-
kinetic group). A 2-Group (isokinetic, conventio-
nal) × 2-Time (before, after intervention) repeated 
measures analysis of variance (ANOVA) was con-
ducted. For muscular parameters, Student t-tests 
and Wilcoxon tests were performed. 
Results: The Barthel Index score increased more in 
the isokinetic group (61.59 ± 26.34 to 88.18 ± 12.16) 
than in the conventional group (61.70 ± 26.5 to 
76.93 ± 18.12). A significant Time × Group interac-
tion was found (F(1,86) = 5.95, p = 0.02). In the iso-
kinetic group all muscular parameters improved. 
Conclusion: This retrospective clinical study sug-
gests that lower limb isokinetic strengthening, 
individualized using the moment-velocity profile, 
is clinically efficient for functional recovery during 
post-stroke rehabilitation of older patients. Intra-
group effects of isokinetic strengthening also sug-
gest benefits for muscular parameters. 
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Hôpital Cimiez, Université Côte d’Azur, bâtiment Mossa, Etage 
-1 – Plateforme fragilité, 4 avenue reine victoria, FR-06003 
Nice, France. E-mail: daumasl@chu-nice.fr

Muscle weakness in the lower limbs is a motor 
consequence of stroke that causes functional 

impairments, which limit locomotor capacities and 
daily activities. More specifically, the muscle weak-
ness includes reduced muscle strength (1), decreased 
strength production velocity (2), increased neuromus-
cular fatigability (3, 4) and is often more pronounced in 
the paretic limb (1, 5). Rehabilitation is a fundamental 
first step in the clinical management of patients with 
stroke, and one of the main goals is to improve walking 
ability, which correlates with the strength and power 
of the periarticular knee muscle (1, 6). The isokinetic 
ergometer is now considered the gold standard in the 
assessment of muscle moment of force in patients with 
stroke, and appears to be a promising rehabilitation tool 
(7–10). Previous studies have shown the effectiveness 
of isokinetic strengthening on knee muscular strength 
and functional capacities, such as walking ability, in 
stroke patients (10–12). More specifically, previous 
studies have shown that isokinetic programmes had 

LAY ABSTRACT
Muscle weakness in the lower limbs is a motor conse-
quence of stroke that limits abilities to accomplish ac-
tivities of daily life, such as walking. Individualized iso-
kinetic exercises, based on patient’s force deficit and 
using a specialized equipment that adapts resistance 
according to the amount of force applied in order to 
maintain a constant speed throughout the movement, 
were performed in a post-stroke rehabilitation unit for 
older adults with sub-acute stroke. Retrospective ana-
lysis showed that functional recovery, as assessed by 
the clinical Barthel Index, was better in the patient who 
received individualized isokinetic strengthening in addi-
tion to conventional rehabilitation, compared with those 
who received only conventional rehabilitation. In addi-
tion, the results suggest beneficial effects on muscular 
parameters, such as force.
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a more pronounced beneficial effect than functional 
strengthening and when compared with conventional 
physiotherapy alone (12, 13). On the other hand, phy-
sical capacities and needs are highly heterogeneous 
in older people. Therefore, individualized physical 
activity programmes are increasingly used in clinical 
and research contexts (14).

Power is a determinant of walking ability in stroke 
patients (15). Some subjects present a strength defi-
cit, while others present a velocity deficit, and these 
components can both affect muscle power (16). These 
inter-individual differences could partly explain why 
subjects can be either responders or non-responders 
to a particular type of training (17). Thus, the design 
of strengthening programmes should take individual 
deficits into consideration and first determine if the 
patient has a deficit in the capacity to develop high 
levels of strength at slow speed or a reduced ability to 
develop strength at high speed. An assessment of the 
moment-velocity profile using an isokinetic ergometer 
(the moment of force to angular velocity relationship 
corresponding to the force-velocity profile) might 
be an interesting approach to better understand the 
origin of a lack of muscular power and functional 
alterations, and to design more effective interventions 
for older people (16, 18). More specifically, the use of 
the power-velocity relationship might help to define 
the best speed for efficient work (19). Studies carried 
out in the context of performance sport have already 
highlighted the effectiveness of working with the 
force-velocity profile for performance optimization 
(20, 21) and it can be assumed that this methodology 
may be applied to older subjects with stroke for the 
optimization of functional capacities. 

Thus, the objective of this study was to retrospec-
tively assess the effectiveness of an individualized 
isokinetic strengthening programme, using the 
moment-velocity profile, on clinical recovery in basic 
daily tasks during post-stroke rehabilitation of older 
patients. It was hypothesized that individualized 
isokinetic strengthening in addition to conventional 
rehabilitation would provide better functional recovery 
compared with conventional rehabilitation without 
individualized isokinetic strengthening. A further 
objective was to describe the effect of individualized 
isokinetic strengthening on muscular parameters in 
these patients.

MATERIALS AND METHODS

Subjects and design

Data from 88 patients (mean age 79.52 ± 5.19 years) in 
a post-stroke rehabilitation unit for older adults with 
stroke in sub-acute phase were analysed retrospecti-

vely. Among them, 44 patients (mean age 79.66 ± 5.47 
years) received an individualized isokinetic strengthe-
ning in addition to the conventional rehabilitation (iso-
kinetic group) during their care process. Then, in order 
to assess the additional effect of the individualized 
isokinetic strengthening, data from 44 patients (mean 
age 79.39 ± 4.95 years) who did not receive isokinetic 
strengthening and who have similar functional limi-
tation and age were used for analysis. These patients 
did not receive isokinetic strengthening, because the 
isokinetic ergometer was not available. Therefore 
they received only conventional rehabilitation, which 
included physiotherapy and occupational therapy 
(conventional group). 

When the isokinetic ergometer was available for 
clinical use, the isokinetic strengthening rehabilitation 
was offered after a consultation between the physician 
and the physiotherapist. To be eligible, the subject’s 
transfer capacities had to be sufficiently preserved to 
perform the transfer on the ergometer. The exclusion 
criteria were: (i) transfer capacities too impaired as 
assessed by the Barthel Index; and (ii) significant 
cognitive disorders that could limit understanding of 
the instructions. In order to have comparable groups, 
likewise for the patients of the conventional group, the 
transfer capacities had to be sufficiently preserved as 
assessed by the Barthel Index. For both groups, data 
were collected and analysed only from those patients 
who were not opposed to their use. Data were recor-
ded from 2015 to 2021. The study was approved by 
the ethics committee of Université Côte d’Azur (Avis  
[acceptance] number 2022-010).

Assessment

Clinical assessment. For each patient in each group, 
characteristics and clinical data were collected. The 
severity of neurological damage caused by the stroke 
was assessed using the National Institute of Health 
Stroke Scale (NIHSS) at admission (22). The Barthel 
Index was administered before and after intervention 
to assess the patient’s functional abilities in basic daily 
tasks, notably in mobility and transfers (23). Spasticity 
was assessed with the Modified Ashworth Scale, from 
0 “No increase in muscle tone” to 4 “Affected part(s) 
rigid flexion extension” (24). 

Isokinetic assessment. Muscular parameters from the 
isokinetic ergometer were available only for patients 
of the isokinetic group. Isokinetic measurements were 
performed using the Biodex dynamometer system 4 
and sampling was performed at 100 Hz using an elec-
trinic interface card (Biodex Medical Systems Inc., 
X2151, Shirley, NY, USA). Patients were installed on 
a chair with the axis of rotation of the dynamometer 
aligned with the centre of the lateral femoral condyle. 
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To minimize extraneous body movements during thigh 
muscle contractions, straps were applied across the 
chest and the mid-thigh. Before assessment and each 
isokinetic session, to familiarize the patients with the 
procedure, they completed a dynamic warm-up with 
concentric submaximal contractions of the knee flexor 
and extensor. 

The maximum moment of the knee extension was iden-
tified as the highest value reached during the movement 
at each constant speed. The evaluation was carried out 
on the isokinetic dynamometer at 6 different speeds (30, 
60, 90, 120, 150 and 180°/s, corresponding to 0.52, 1.04, 
1.57, 2.09, 2.61 and 3.14 rad/s) with encouragement and 
1 min rest between each speed. The patient was asked to 
perform 3 repetitions for each speed, and the maximum 
moment of force was recorded. Evaluations were conduc-
ted before and during intervention to adjust strengthening, 
and a final evaluation was conducted before the patient 
was discharged. 

Isokinetic post-processing analysis. Post-processing 
was performed to obtain a set of parameters for the knee 
extension, including the maximum power, the optimal 
moment, the optimal velocity, the maximum moment, 
and the maximum velocity. All these parameters were 
processed using a MATLAB (MathWorks, Massachu-
setts, USA) script created by the authors.

The power (P) – velocity (V) relationship was des-
cribed by a second-order polynomial relationship:

 P = a . V 2 + b . V + c
where a, b and c are the coefficients of the polynomial 

relation (Fig. 1).
The maximum power (PMAX), and optimal velocity 

(VOPT) were determined from this equation by: 

 VOPT
b
a

PMAX
b
a
c

2
and

2

2
= − = − +

 

The moment value which corresponds to a 0°/s 
velocity value was the maximum theoretical moment 
(MMAX); the velocity value, which corresponds to the 
0 Nm moment value, was the maximum theoretical 
velocity (VMAX) (Fig. 1). 

For each parameter, the paretic/non-paretic limb 
ratio were computed in order to quantify the balance 
between the 2 sides, as the muscular asymmetry is 
common in stroke and can affect gait. A value of 1 cor-
responds to a perfect balance between the 2 sides. For 
the values less than 1, the smaller the value, the worse 
is the paretic limb compared with the non-paretic. 

The curves representing the power-velocity relation-
ship and the moment-velocity relation were computed 
using the 6 MMAX (1 MMAX by speed) obtained from the 
isokinetic assessment. These curves were used to define 
the work area (strength, power strength, power velocity, 
velocity) for the individualized isokinetic strengthening. 
The work area was defined according to the patient’s 

muscle profile, using a methodology adapted from 
Jidovtseff et al. (19). The work areas were delimited by 
the projection on the speed axis of the meeting point 
between the power-velocity curve and the predicted line 
of 80% of the maximum power (Fig. 1).

Rehabilitation intervention

Conventional rehabilitation. The conventional rehabili-
tation comprised physiotherapy and occupational thera-
py. The physiotherapy sessions lasted 30 min and were 
performed during a period of 4–5 weeks. The content of 
rehabilitation was based on the deficits identified during 
the analytic assessment. The occupational therapy ses-
sions also lasted 30 min and were performed during a 
period of 2–3 weeks during the functional recovery.

Isokinetic strength training. In addition to the con-
ventional rehabilitation in the routine care, patients in 
the isokinetic group performed strength training on the 
isokinetic ergometer 2–3 times a week. The duration 
of the sessions was between 20 and 30 min and the 
content of session was adapted according to the level 
of fatigue of each patient. At the beginning of each 
session, fatigue was quantified by the patient between 
0 (not at all tired) and 5 (extremely tired). At the end 
of each session, the rating of perceived exertion was 
assessed using the Borg scale (25), with the following 
question: “What was the highest perceived intensity of 
effort during those tasks, on a scale of 0–10, 0 being 
no effort and 10 being maximal intensity of effort?”.

Strengthening sessions were individualized. They 
were designed to prioritize the most important deficits, 
taking into consideration the strength and/or velocity 
deficit specific to the patient, the extent of muscular 
weakness in paretic and non-paretic limbs, and the dif-
ference between them. For example, when the muscular 
power of the paretic limb was very low, while that of 
the non-paretic limb was good (approximately 1.5 W/
kg), training sessions were more focused on the paretic 
limb. For the first 2 weeks of the intervention, training 
sessions were focused on “strength” or “velocity” work 
according to the patient’s deficit. The choice of speed 
to work on “strength” or “velocity” was based on the 
power-velocity profile of the patient. More specifically, 
work areas to target the “strength”, “strength power”, 
“velocity” or “velocity power” were delimited by the 
projection on the speed axis of the meeting point bet-
ween the power-velocity curve and the predicted line 
of 80% of the maximum power (Fig. 1). For “strength” 
work, the knee flexion-extensions on the isokinetic 
ergometer were performed at low speed in the strength 
area, the number of repetitions was low, and the 
therapist checked that the patient developed at least 
90% of the maximum moment of force at that speed 
(identified during the first evaluation). For “velocity” 
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work, the number of repetitions was intermediate and 
the knee flexion-extensions on the isokinetic ergometer 
were performed at high speed in the velocity area. In 
the following weeks, in addition to “strength” and/or 
“velocity” work, the programme included sessions of 
strength endurance and sessions aimed at improving 
motor control. Strength endurance was targeted with 
submaximal contractions and a large number of repe-
titions, in order to work in conditions of fatigue. The 
objective was to develop the capacity to maintain a 
level of strength over a long period despite the onset 
of fatigue, as required in daily living. According to 
the patient’s maximum moment, a minimum moment 
threshold was chosen, and the therapist encouraged 
the patient to reach this threshold throughout the 
series. Motor control was targeted using coordination 
exercises. The objective was to develop the ability 
to perform an intentional movement in space with 
precision, efficiency and speed, as well as interlimb 
coordination and the capacity to adapt to changing con-
ditions as requested, notably in gait. For this, several 
exercises with different constraints were used, such as 
performing differentiated or lateralized motor actions.

Statistical analysis

For all statistical procedures, the significance level was 
set at p < 0.05. For the Barthel Index clinical measure, 
a 2-group (isokinetic, control) × 2-time (before, after 

intervention) repeated measures analysis of variance 
(ANOVA) was conducted. For muscular parameters, 
the data were analysed only in the isokinetic group. 
In samples with a non-normal distribution, the non-
parametric Mann–Whitney test was used to compare the 
paretic and non-paretic limb, and the non-parametric 
Wilcoxon test was used to compare the muscular 
performance before and after the isokinetic interven-
tion. In samples with a normal distribution, Student 
t-tests were performed. The effect size was evaluated 
with Cohen’s d (26). Effect sizes of 0.2, 0.5 and 0.8 
Cohen’s d correspond to small, medium, and large 
effects, respectively. The sample size was determined 
by performing an a priori power analysis (α = 0.05, 
power = 0.95, effect size = 0.2, number of groups = 2, 
total sample size = 84).

RESULTS

Data from a total of 88 patients aged from 70 to 96 
(mean age 79.52 ± 5.19) years were included in the ana-
lysis. Groups were equivalent for all characteristics. No 
significant differences were found at baseline in NIHSS 
score and Barthel Index between the 44 patients of the 
isokinetic group (age = 79.66 ± 5.47 years, BMI = 24.64 
± 4.63 kg/m2, NIHSS score = 4.41 ± 2.98, Barthel score 
= 61.59 ± 26.34) and the 44 patients of the conventional 
group (age = 79.39 ± 4.95 years, BMI = 25.44 ± 4.0 kg/m2, 

Fig. 1. Parameters obtained from the moment-velocity and power-velocity relationships and definition of the work area according to the patient’s 
muscle profile. 1 rad/s is equivalent to 57.69°/s. PMAX = maximum power; MOPT = optimal moment; VOPT = optimal velocity; MMAX = maximum theoretical 
moment; VMAX = maximum theoretical velocity. Using a methodology adapted from Jidovtseff et al. (19), the work areas (strength, power strength, 
power velocity, velocity) were delimited by the projection on the speed axis of the meeting point between the power-velocity curve and the predicted 
line of 80% of the maximum power.
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Lower limb isokinetic strengthening in post-stroke rehabilitation p. 5 of 9

NIHSS score = 5.34 ± 4.79, Barthel score = 61.70 ± 26.5).  
Demographic and clinical characteristics are described 
in Table I.

Clinical scales

Functional independence: the Barthel Index. For 
the conventional group, the mean scores of Barthel 
Index increased from 61.70±26.5 to 76.93 ± 18.12. 
For the isokinetic group, the score increased from 
61.59±26.34 to 88.18 ± 12.16 (Fig. 2). The repeated 
measures ANOVA revealed no significant Group effect 
(F(1,86) = 1.96, p = 0.17), but a significant Time effect 
(F(1,86) = 80.63, p < 0.001) and Time × Group interac-
tion (F(1,86) = 5.95, p = 0.02) were found. The effect 
size was medium in the conventional group (d = 0.68) 
and large in the isokinetic group (d = 1.38). Similarly, 
for the Barthel subscore of mobility, no significant 
Group effect (F(1,85) = 1.60, p = 0.21), but a significant 

Time effect (F(1,85) = 53.02, p < 0.001) and Time × 
Group interaction (F(1,85) = 12.74, p = 0.001) were 
found. The Cohen’s d revealed a small effect for the 
conventional group (d = 0.35) and a large effect for the 
isokinetic group (d = 1.14). 

Spasticity: the Modified Ashworth Scale. For the 
spasticity, no significant Group effect (F(1,85) = 3.44, 
p = 0.07), Time effect (F(1,85) = 0.96, p = 0.33), or Time ×  
Group interaction (F(1,85) = 0.99) were found (Fig. 3). 

Muscular parameters

Isokinetic parameters between the paretic and non-
paretic side. The comparisons of isokinetic parameters 
between paretic limbs and non-paretic limbs are shown 
in Table II. At baseline, the maximum power of knee ex-
tension, the optimal moment and the maximum moment 
were significantly lower in the paretic limbs compared 
with the non-paretic limbs. These differences between 
the 2 limbs, in favour of the non-paretic side, were also 
expressed in the paretic/non-paretic limb ratio. 

Fig. 2. Barthel Index score before and after intervention in conventional 
and isokinetic groups.

Table I. Clinical and demographic features of patients at baseline.

Variables
Conventional 
group

Isokinetic  
group

Age, years, mean ± SD 79.39 ± 4.95 79.66 ± 5.47
Sex, n
 Male 28 27
 Female 16 17
Body mass index, kg/m2, mean ± SD 25.44 ± 4.0 24.64 ± 4.63
Stroke type, n
 Ischaemic 36 33
 Haemorrhagic 8 11
NIHSS scores, mean ± SD 5.34 ± 4.79 4.41 ± 2.98
Initial Barthel Index score, mean ± SD 61.71 ± 26.5 61.59 ± 26.34
Paretic side, mean ± SD
 Maximum power (W/Kg) 1.22 ± 0.52
 Maximum moment (Nm/Kg) 0.87 ± 0.32
Non-paretic side, mean ± SD
 Maximum power (W/Kg) 1.67 ± 0.55
 Maximum moment (Nm/kg) 1.24 ± 0.38

SD: standard deviation; NIHSS: National Institutes of Health Stroke Scale.

Fig. 3. Modified Ashworth Scale score before and after intervention in conventional and isokinetic groups.
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Isokinetic parameters before and after indivi-
dualized isokinetic strengthening. Comparisons of 
isokinetic parameters before and after isokinetic 
strengthening are shown in Table II and Fig. 4. In 
the paretic limbs, the maximum power increased 
significantly and the effect size was large (d = 1.27). 
Compared with baseline, the optimal moment and 
optimal velocity were significantly higher after the 
intervention and the effect sizes were small and large, 
respectively (d = 0.40, d = 0.82). For the maximum 
moment and maximum velocity, values were signi-
ficantly higher after intervention and the effect sizes 
were medium (d = 0.79, d = 0.74). In the non-paretic 
limb, significant increases were found in the maxi-
mum power, optimal velocity and maximum velocity 
(d = 0.58). Finally, after intervention, significant 
differences were found in the paretic/non-paretic 
ratio for maximum power, the optimal moment 
and the maximum moment (P/NP). The increase in 
ratio values towards 1 indicated an improvement in 
balance between the 2 limbs.

DISCUSSION

The aim of this clinical observational study was to 
retrospectively assess the effectiveness of an indivi-
dualized isokinetic strengthening programme using 
the moment-velocity profile on functional recovery 
during post-stroke rehabilitation of older patients. As 
hypothesized, individualized isokinetic strengthening 
in addition to the conventional rehabilitation provided 
better recovery in basic daily tasks compared with con-
ventional rehabilitation without added individualized 

isokinetic strengthening. Furthermore, all muscular 
parameters improved on the paretic limb in the iso-
kinetic group, suggesting also promising effects on 
muscular parameters.

The global Barthel Index score and the mobility 
subscore increased in both conventional and isoki-
netic groups, but a higher increase was found in the 
isokinetic group. According to the Cohen’s criteria, 
the effect sizes of individualized isokinetic strengthe-
ning in addition to the conventional rehabilitation 
were large on both functional capacities and mobility, 
while they were medium on functional capacities and 
small on mobility for the conventional rehabilita-
tion alone. Also, an increase in group-mean of 1.85 
points on the 20-point Barthel Index is considered a 
clinically important change (27). Using this minimal 
clinically important difference (MCID), it would 
seem therefore that the effects of individualized isoki-
netic strengthening were clinically meaningful. Con-
versely, the isokinetic strengthening did not increase 
the spasticity score, as reported by previous studies 
(28, 29). Thus, taken together, these results suggest 
that individualized isokinetic strengthening can have 
additional positive and clinically relevant effects on 
functional recovery, and no deleterious impact on 
spasticity. To our knowledge, this is the first study 
to assess an individualized isokinetic strengthening 
using the moment-velocity profile in stroke rehabili-
tation. While a comparison with previous findings is 
not straightforward, the current results are consistent 
with others that showed the clinical pertinence of an 
isokinetic intervention on the upper as well as the 
lower limbs during stroke rehabilitation. For example, 

Table II. Isokinetic parameters before and after individualized isokinetic strengthening

Isokinetic parameters Before intervention After intervention p-value Cohen’s d

Paretic limbs
 Maximum power (W/kg)** 1.22 (0.52) 1.90 (0.83) < 0.001* 1.27
 Optimal moment (Nm/kg)** 0.40 (0.16) 0.46 (0.20) 0.006* 0.40
 Optimal velocity (rad/s) 2.96 (0.77) 3.95 (0.50) < 0.001* 0.82
 Maximum moment (Nm/kg)** 0.87 (0.32) 1.06 (0.38) < 0.001* 0.79
 Maximum velocity (rad/s) 5.56 (1.40) 7.07 (2.72) < 0.001* 0.74
Non-paretic limbs
 Maximum power (W/kg) 1.67 (0.55) 2.12 (0.79) < 0.001* 0.89
 Optimal moment (Nm/kg) 0.57 (0.19) 0.56 (0.20) 0.527 0.01
 Optimal velocity (rad/s) 2.94 (0.83) 3.62 (1.20) < 0.001* 0.63
 Maximum moment (Nm/kg) 1.24 (0.38) 1.29 (0.42) 0.051 0.25
 Maximum velocity (rad/s) 5.40 (1.20) 6.47 (2.12) < 0.001* 0.58
Paretic/Non-paretic limb ratio
 Maximum power 0.72 (0.32) 0.92 (0.27) < 0.001* 0.62
 Optimal moment 0.73 (0.46) 0.85 (0.36) 0.038* 0.36
 Optimal velocity 1.05 (0.31) 1.13 (0.38) 0.180 0.23
 Maximum moment 0.68 (0.29) 0.86 (0.26) < 0.001* 0.61
 Maximum velocity 1.08 (0.24) 1.11 (0.27) 0.196 0.23

Wilcoxon signed-rank test or Student t-test was used to compare the paretic limbs and the non-paretic limbs at baseline and to compare parameters before and 
after intervention. 
*Significant difference from baseline, p <0.05. 
**Significant difference between the paretic limbs and the non-paretic limbs at baseline.
A 0.2, 0.5 and 0.8 Cohen’s d correspond to small, medium and large effects. 
A ratio of 1 corresponds to a perfect balance between the 2 lower limbs.
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Kerimov et al. (30) found a greater improvement in 
the Disabilities Arm, Shoulder and Hand (DASH) 
score after an isokinetic intervention in comparison 
with strengthening with exercise bands. In the sutdy 
Büyükvural Şen et al., (12), conventional rehabilita-
tion was given to all patients and further concentric 
isokinetic strengthening of the knees was undertaken 
by the isokinetic group 5 days a week for 3 weeks. 
In both groups, the authors found an improvement in 
the Functional Independence Measure (FIM) and the 
Rivermead Mobility Index (RMI) scores, but greater 
changes were reported in the isokinetic group.

It could be supposed that these functional improve-
ments were associated with improvement in muscular 
parameters. However, the current retrospective study, 
could not compare the effects of the 2 interventions 
on muscular parameters, as they were not available for 
the conventional group. Thus, only intragroup effects 
in the isokinetic group, on power, force and velocity 
were examined.

Power is the most discriminating predictor of 
functional performance in older people (31) and is 
a determinant of walking ability in stroke patients 
(15). It is the product of the strength and the velocity 
of muscular contraction, and can be improved by 
increasing strength and/or velocity. The current study 
observed an increase in the maximum power and in 
both strength and velocity of muscular contraction. 
The whole muscular profile was improved in the cur-
rent study, as seen in the power-velocity relationship 
and the moment-velocity relationship, which shifted 
upward for slow and fast speeds after intervention 
(Fig. 4). These results are consistent with the fin-
dings of previous studies, which showed a significant 
increase in the knee extensor moment at different 
speeds following isokinetic strengthening (10–13, 
28). However, comparison with other studies is limi-
ted, because the strength indicator used in the current 
study is the maximum moment, whereas other studies 
used the moment at different speeds. For instance, in 

Fig. 4. Moment-velocity and power-velocity profile of paretic limb and non-paretic limb before and after intervention. (a) Mean of the moment-
velocity relations of the paretic limbs before and after intervention, with standard deviation (SD). (b) Mean of the power-velocity relations of the 
paretic limbs before and after intervention, with SD. (c) Mean of the moment-velocity relations of the non-paretic limbs before and after intervention, 
with SD. (d) Mean of the power-velocity relations of the non-paretic limbs before and after intervention, with SD.
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the study by Sharp et al. (28), knee extensor moments 
increased by 16.64% and 19.53% at 60°/s and 120°/s, 
but no significant increase was reported at 30°/s, and, 
more recently, Singhal et al. (13) found an increase 
of 62.23% in the moment at 60°/s after isokinetic 
strengthening during stroke patient rehabilitation. We 
report here a mean increase of 27.26% and 67.28% 
in maximum moment and maximum power, respec-
tively. For both, the effects size was large according 
to the Cohen’s criteria, and suggests the pertinence of 
isokinetic strengthening in a clinical context. 

Regarding the optimal moment and the optimal velo-
city that corresponds to the moment and the velocity 
at which the maximal power occurs, they are also 
linked to physical performance (31, 32) and both were 
increased after intervention on the paretic limb. This 
could result from improvement in the recruitment and 
firing of the motor unit (33). It could also result from 
improvement in coordination and motor learning and, 
more specifically, development of coordinated neuro-
motor patterns between the agonist and antagonist, but 
interpretations are limited and changes could also be 
due to a learning effect.

Furthermore, beyond the effect on the paretic side, 
improvements were also found in the non-paretic side. 
Although most studies focus on the paretic limb, where 
the motor consequences of stroke are higher (1, 5), care 
of the non-paretic side is also important in rehabilita-
tion because both sides of knee extension strength 
are related to gait performance (34). Consistently 
with previous studies, the current study reported less 
pronounced improvement in the non-paretic side, but 
improvement on both sides (28). The maximum power, 
optimal velocity and maximum velocity increased in 
the non-paretic limb.

Finally, several studies found that greater strength 
and power asymmetry are associated with slower 
walking velocity and a variable gait pattern. This 
phenomenon is very common in patients with stroke, 
and can be partly explained by muscular asymmetry 
between the paretic and non-paretic limb (35, 36) and 
poor interlimb coordination (36, 37). The ratio that 
quantifies the muscular balance between the 2 lower 
limbs is therefore particularly relevant in stroke reha-
bilitation and, in the current study, these ratios were 
improved after intervention for the maximum power, 
maximum moment and optimal moment. In addition, 
this study observed that maximum power of the paretic 
side increased with a large effect and reached a level 
close to the healthy side (Fig. 4). Thus, taken together, 
these results suggest that individualized isokinetic 
strengthening could be pertinent to improve the balance 
between the 2 limbs.

The current study relies on clinical data from a 
stroke rehabilitation unit, and therefore supports 

the feasibility of using individualized isokinetic 
strengthening in a clinical context. Nevertheless, the 
results must be interpreted with caution and some 
methodological limitations should be mentioned. 
First, only the patients able to perform the transfer 
on the isokinetic ergometer were included and the 
results therefore do not apply to all stroke patients. 
Secondly, the control group was established retro-
spectively with patients who did not receive isoki-
netic strengthening because of lack of availability of 
the material. Even if the volunteer bias was limited 
and control group patients were similar in functional 
impairment at baseline, future studies should per-
form randomization. Finally, some co-morbidities 
or confounder factors that could have had an impact 
on the isokinetic strengthening. For instance, while 
some clinical characteristic, such as arthrosis or pain, 
were taken into account by the health professionals 
during the rehabilitation, they have been not been 
considered in the analysis. In addition, the duration 
of rehabilitation was not recorded. saved. All of 
this information was not available in the database 
and should be considered in future studies. The 
limitations of the current study result mostly from 
its retrospective design. However, individualized 
isokinetic strengthening appears to have promising 
effects, and therefore prospective studies should be 
conducted. In addition, it would be of interest to 
compare the individualized isokinetic strengthening 
using the moment-velocity profile with a classic non-
individualized isokinetic programme that applies the 
same protocol to all patients.

In conclusion, this retrospective clinical study sug-
gests that individualized isokinetic strengthening in 
addition to conventional rehabilitation can provide 
additional positive and clinically meaningful effects on 
functional recovery of older adults with stroke in the 
sub-acute phase. For muscular performance, intragroup 
effects of isokinetic strengthening also suggest bene-
fits, although further studies are needed. Rehabilitation 
is an essential step, and the isokinetic ergometer is a 
promising tool that could be integrated into clinical 
management for muscle strengthening and optimiza-
tion of functional performance. Patient management 
is becoming increasingly personalized, and the indivi-
dualization of muscle strengthening programmes could 
be pertinent to obtain the greatest possible benefits. 
Therefore, using the patient’s moment-velocity profile 
to design isokinetic strengthening sessions would be 
a useful approach. 
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