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ABSTRACT
Introduction: The motor impairment evidenced post-stroke results in limitations to performing activities of daily living (ADL), 
especially when it involves locomotion. The Serious Games (SG) are an interesting therapeutic option, as they allow the perfor-
mance of exercises according to stroke treatment guidelines. However, there is little research exploring the evaluation potential 
of SG. This study aimed to evaluate the possible metric properties of the mim-pong SG in addition to the therapeutic effects. 
Methods: Twenty-four hemiparetic stroke patients were divided into two non-randomized groups: the experimental group (EG) 
(n = 16) and the control group (CG) (n = 8). Participants were evaluated in terms of motor impairment (lower limb), muscle 
strength (MS), motor control, and functional mobility. 
Results: The significant correlations observed between the score generated by the SG and clinical variables in both groups are 
highlighted, especially with MS (rho = 0.62-0.66; p = 0.000, and rho = 0.67-0.71; p = 0.002-0.005, for the experimental and CGs, 
respectively) and motor function of the lower limb for the EG (rho = 0.41, p = 0.018). In addition, the results indicated improve-
ments in all variables in the EG, with superiority over the CG. 
Conclusions: This study showed that the mim-pong serious game could be considered a potential resource for the assessment 
and treatment of hemiparetic stroke patients.
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What is already known about this topic:

• Serious Games represent a new technology that addresses the 
main requirements of rehabilitation: attention, motivation and 
training (repetition).

What does the study add:

• The study presents an SG developed for post-stroke rehabilita-
tion. The results showed the therapeutic effects and potential 
metric properties of this technology.

Introduction
Stroke is the second leading cause of death and the main 

cause of long-term disability worldwide (1,2). According to 

the World Health Organization (WHO), more than 15 million 
people suffer from a stroke annually  (3). Among the clini-
cal aspects, motor dysfunction is the most common and dis-
abling complication of patients, present in approximately 
80% of cases (4,5).

Hemiparesis is the typical post-stroke dysfunction, 
described as partial loss of muscle strength (MS) in the con-
tralateral hemibody to the brain injury (6). Impairment in the 
lower limbs, especially in the quadriceps femoris (QF) and 
the hamstrings (HS) muscle groups, has a great impact on the 
functional independence of patients, as it affects locomotor 
skills and increases the risk of falls in most patients (7).

The motor impairment evidenced after stroke results in lim-
itations in performing activities of daily living (ADLs) (8), espe-
cially when it involves the lower limb. Thus, there are often 
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difficulties in performing basic and essential tasks such as walk-
ing, sitting, standing up, and going up and down stairs, which 
significantly reduces quality of life (9). In this context, stroke 
rehabilitation plays a key role, especially if started early (10).

Motor function recovery is a major rehabilitation target 
for patients with stroke (11), as it allows the optimization of 
residual capacities to improve functionality, reflecting greater 
participation in social activities (5,10). In this direction, the 
recovery of the lower limb can improve gait, which is one of 
the main objectives of these patients (12).

There are several therapeutic strategies aimed at lower 
limb rehabilitation, including conventional kinesiotherapy 
based on mobilization, stretching, and strengthening exer-
cises (13). Although evidence indicates the beneficial effects 
of this type of therapy, there are important limitations that 
must be considered, especially those related to repetitive-
ness, boredom, and monotony, as they can result in difficulty 
adhering to treatment (14–16).

Seeking to provide a more engaging and motivating expe-
rience for patients and overcoming the limitations of conven-
tional therapy, the use of games as a therapeutic resource 
for patients with stroke has increased in recent years (17). 
From this perspective, Serious Games (SG) stand out, which 
are games created in a virtual environment with specific 
objectives, allowing customization according to the patient’s 
limitations while combining physical training and motor reha-
bilitation without losing the common motivational focus of 
an electronic game (18–20).

SG is an interesting therapeutic option because it 
allows for the performance of exercises in accordance with 
the guidelines for stroke treatment, which recommend 
 task-oriented practice with intensity and repetitiveness, 
adding a higher level of attention and motivation during ses-
sions (13,18). The low cost, accessibility, and portability of 
SG have made them invaluable for patient assessment and 
treatment (21).

The effectiveness of SG in stroke rehabilitation has already 
been proven, especially in approaches aimed at the upper 
limb (17,18). Regarding application to the lower limb, there 
are still few studies on effectiveness, and publications aimed 
at the potential for evaluating these resources are even more 
uncommon.

Due to the limited research exploring the potential of SG 
for assessment, the aim of this study was to verify whether 
the mim-Pong SG developed for the evaluation and treat-
ment of lower limbs in stroke patients has metric properties.

Materials and methods
Design and context of the study

This Non-Randomized Controlled Clinical Trial involved 
patients with stroke. The study was carried out at the Center of 
Research in Neurorehabilitation at the Neurology Outpatient 
Clinic of the Guilherme Guimbala College, Joinville, Santa 
Catarina, Brazil.

Participants

The inclusion criteria were patients with subacute or 
chronic hemiparesis due to stroke (injury time ≥3 months), 

clinically stable, and able to walk independently. The exclu-
sion criteria were hemiparesis due to other diseases, sym-
metric bilateral motor impairment, severe visual and/or 
auditory impairment, uncooperative patients and/or with 
severe cognitive deficits, and patients who were performing 
or who performed (in the last 3 months) any other type of 
rehabilitation for the trunk and/or lower limbs.

This study was approved by the Ethics Committee for 
Research with Humans (CAAE 56995816.6.0000.0118), by 
the Brazilian Registry of Clinical Trials (RBR-2MF595), and the 
procedures were in accordance with the Helsinki Declaration.

Evaluations

The evaluations and instruments used were chosen 
according to the International Classification of Functioning, 
Disability, and Health (ICF) domains, developed by the WHO 
in 2004.

 – Anthropometric digital scale and stadiometer to mea-
sure body mass and height, respectively.

 – Fugl-Meyer Assessment Scale (FMAS) to measure the 
level of motor impairment in the patients (22). Only the 
section for motor evaluation of the lower limb was used, 
which includes the analysis of reflex activity, synergic 
muscular action in flexion and extension, and move-
ments with and without synergy.

 – Mini-Mental State Examination (MMSE) to assess the 
cognitive level of patients. This instrument was used 
only for patient screening following the cut-off points 
related to schooling (23).

 – Mim-Pong SG: for assessment of the performance 
during the game, MS and motor control (MC). Mim-pong 
SG was also used for the training of patients. This game 
operates by means of a system based on a load cell (IWM 
brand, single point load type, Brazil, capacity of 589 N, 
accuracy <0.017% – full scale). 

The score for assessing the patient’s performance 
during the training considers the aspects related to the 
gameplay and is obtained through the equation proposed 
previously by this study’s research group (19). This SG has 
simple visual aspects that focus the patient on hitting the 
ball using a “racket” (Fig. 1). Rackets move simultaneously 
on the screen’s vertical sides based on the strength applied 
to the load cell, which can be calibrated individually with 
the evaluation of the maximal voluntary isometric contrac-
tion (MVIC) of each muscle group in each session. However, 
when no strength is applied, the rackets stay still at the bot-
tom of the screen. The upper limit of the rackets (at the top 
of the screen) is based on the MVIC of each subject. The 
horizontal walls bounce the ball back. To improve the chal-
lenge, game parameters can be adjusted: for example, the 
racket size, ball size, ball speed, and duration of the match.

Two muscle groups of the lower limb were evaluated: QF 
and HS. For operation, specific software and hardware were 
developed. The hardware used the signal obtained from the 
load cells as a dynamometry (Fig. 2).

For the evaluation of MS, the load cell was coupled to 
a device that allows the adjustment and positioning of the 
region to be worked, acting as a hand-held dynamometer for 
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measuring any muscle group (19). The software enables the 
configuration of hardware-related parameters, calibration for 
acquisition initialization, real-time visualization of the cap-
tured signal, and recording of acquisition data.

For evaluation and training with the mim-Pong SG, a 
leg extensor apparatus was prepared and adapted with a 
load cell, which was coupled to the chair and allowed to 
assess the strength bilaterally of the muscle groups previ-
ously mentioned (QF and HS). Both the patient and device 
position depend on the muscular group analyzed as follows. 
For the QF, the patient sits in the chair with the trunk sup-
ported by the backrest, legs hanging, hip at 110º of flexion 
relative to the trunk, and knees flexed at 90º (7). The sensor 
is placed perpendicular to the distal third of the leg (just 
above the malleolar region) on the anterior face. For the HS 
test, the patient is positioned in the chair as in the QF test, 
but with knees flexed at 60º (24), and the sensor is placed 
perpendicular to the distal third of the leg on the posterior 
face (19).

For the evaluation of MS, three measures were performed 
bilaterally of each muscle group in the MVIC for 5 seconds (24), 
with an interval of 1 minute between each measurement. All 
evaluations (QF and HS) were conducted on alternate days, 
with a minimum interval of 24 hours, and performed by the 

same examiners. The patient was instructed to perform as 
much force as possible from a green signal projected on the 
screen, which indicated the beginning of the test, and this 
force should be maintained until the green color disappears, 
indicating the end of the test. After the MS measurement, 
the patient had a rest period of 2 minutes to then carry out 
the MC assessment protocol.

The assessment of patients’ MC consisted of a task in 
which the goal was to hit a ball at 5 different levels, from 
1 to 5 (Figure 3). These levels are associated with the MVIC 
obtained during the MS. At level 1, the patient should pro-
duce strength equivalent to 20% MVIC to hit the ball in the 
racquet’s center. Levels 2 to 5 represent the percentages of 
40, 60, 80, and 100% MVIC, respectively. The rationale for 
these different levels of strength is that most tasks performed 
in daily life do not require the use of maximum strength for 
their performance (25,26). The ball moved in a straight line 
from the left side of the screen to the right side, where the 
racket was located at different levels, representing the per-
centages of the MVIC. One ball leaves every 10 seconds, 
starting with the lower strength level (20% of the MVIC) up 
to the maximum level (100% of the MVIC). At the end of the 
test, the mim-pong SG provides an evaluation score that indi-
cates the patient’s MC. The maximum score in the evaluation 

FIGURE 1 - The mim-pong SG 
main screen.
A) Game control and settings; 
B) Game score components; 
C) Muscular strength data; 
D) Game session time elapsed. 
The figure was created by (7). 

FIGURE 2 - General  diagram 
illustrating the basic units 
of the system used for the 
evaluation and treatment 
of patients.
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mode is 100. The patient’s MC score was calculated accord-
ing to the equation created by (19), which considers the posi-
tion of hitting the racket as well as the effort required to hit 
the ball at each level of the assessment mode. Lower levels 
require less MS and, therefore, represent a smaller weight in 
the score’s composition.

 – Timed Up and Go (TUG) Test: to assess functional mobil-
ity by measuring the time taken to perform the proposed 
task (7).

Interventions

After the evaluation phase, the patients of both groups 
were submitted to the same treatment period, 10 consecu-
tive weeks, with two sessions per week on alternate days for 
a total of 10 hours of training (each training session lasted 
30 minutes). The participants were divided into two non- 
randomized groups: the experimental group (EG 16 patients) 
and the control group (CG 8 patients). Due to operational 
constraints related to the researchers’ availability to conduct 
the experiment, the CG consisted of only 8 patients.

The EG received a rehabilitation program for the paretic 
lower limb based on exercises using the mim-pong SG. This 
exercise program (as described in assessing the patient’s per-
formance during the training) was divided into two phases with 
10 sessions: phase 1 (using 60% of the MVIC) and phase 2 (using 
80% of the MVIC). These percentage values fulfill the guidelines 
of resistance exercises for patients with stroke (27). The same 
configuration of the game (racket size, ball size, and ball speed) 
was standardized for all patients. In each session, the passive 
mobilization of the paretic side was performed for a period of 
10 minutes, after which the training was started. An SG calibra-
tion was always performed by measuring the MVIC, and after 
obtaining this data, the exercise was started with the patient. 
Each session was composed of three sets of 2 minutes with a 
1-minute break between each set for rest for each paretic mus-
cle group (QF and HS). The sessions always started with the 
strengthening of the QF, and then the exercises for HS were 
performed after.

The CG received a rehabilitation program based on con-
ventional kinesiotherapy (passive mobilization and stretching 
exercises). The sessions performed with this group also lasted 
30 minutes. Initially, 10 minutes of passive mobilization were 
performed. This was followed by 20 minutes of strengthen-
ing exercises using manually resisted active movements con-
ducted by the researcher, as load tolerance varied among 
patients. It is important to note that, as in the EG, training 
was performed exclusively on the paretic side.

Evaluations

The evaluations were carried out three times in the week 
prior to initiating the rehabilitation and three times in the week 
following the end of the program. The arithmetic mean result-
ing from these three evaluations was used for further analysis. 

Statistical analysis

The data was analyzed using IBM SPSS for Windows, ver-
sion 20.0. A per-protocol analysis was performed. Descriptive 
statistics (mean, median, standard deviation, and frequency 
distribution with absolute and percentage values) were used 
for participant characterization. Data normality was verified 
by the Shapiro-Wilk test and the homogeneity of variances 
by the Levene test. The one-way ANOVA and Tukey’s multiple 
comparison tests were used to verify the effect of the group 
(EG vs CG) and the effect of the condition (pre- and post- 
intervention) on the studied variables. The variables that did 
not meet the assumptions for the ANOVA underwent two-
group comparison tests: the Mann-Whitney U test when 
comparing the EG and CG or the Wilcoxon rank-sum test 
when comparing pre- and post-intervention conditions. Effect 
Size (ES) was calculated to evaluate whether the observed 
differences corresponded to clinically significant effects. For 
parametric data, ES values <0.2, 0.2-0.8, and ≥0.8 were con-
sidered small, medium, and large, respectively. For non-para-
metric data, ES values were <0.1, 0.2-0.5, and ≥0.5. The 
Spearman correlation test was used to evaluate the potential 

FIGURE 3 - Assessment protocol 
for motor control.
The hit score values on the rac-
quet are shown zoomed on the 
right side. The closer to the rac-
quet’s center, the higher the sco-
re. The score is equal to zero if 
the ball does not hit the racquet. 
This figure was created by (19).
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TABLE 1 - Characterization of people with stroke

Characteristics EG (n = 16) CG (n = 8) p-value

Sex (female; f, %) 8.50% 4.50% –

Age (years) 56.8 (10.8) 59.8 (9.8) 0.515a

BMI (kg/m2) 29.1 (7.8) 28.3 (5.8) 0.796a

Hemiparesis (left; f, %) 9.56% 4.50% –

Stroke time (months) 19.3 (23.1) 13.8 (12.3) 0,666b

Phase of the stroke 
(chronic; f, %) 11.67% 5.62% –

Type of the stroke 
(Ischemic; f, %) 13.81% 5.62% –

Significance level p < 0,05; p-value: probability of significance obtained by 
the independent t-test (a) or by the Mann-Whitney U test (b). EG: experi-
mental group; CG: control group; BMI: body mass index; n: total sample; f: 
absolute frequency.

TABLE 2 - Correlation coefficients of the score obtained through the mim-pong SG and the other variables of the QF, hamstring muscles, 
Fugl-Meyer scale, and timed up-and-go test in both groups

Mim-pong scores

EG CG

Variables Score QF Score HS Score QF Score HS

rho p rho p rho p rho p

QF strength* 0.62 0.000 0.29 0.109 0.67 0.005  0.35 0.184

Hamstrings strength* 0.66 0.000 0.41 0.019 0.71 0.002  0.74 0.001

FMAS 0.41 0.018 0.34 0.061 0.35 0.185  0.45 0.082

Timed up and go −0.29 0.105 −0.33 0.065 −0.39 0.138 −0.54 0.032

rho, Spearman correlation; p, Significance level <0.05; *only paretic side; Numbers in red indicate statistical significance.

metric properties of the mim-pong SG. The correlation values 
<0.3, 0.2-0.5, and >0.5 were considered small, medium, and 
large, respectively. A significance level of 0.05 was used for 
all tests.

Results
Table 1 presents the sociodemographic, clinical, and 

anthropometric characterization of the participants of the EG 
and CG. Twenty-four patients (12 males and 12 females; mean 
(SD) age of 58 (10) years old; mean (SD) time since stroke of 
16.8 (19.6) months) participated in this study. In both groups, 
a predominance of ischemic stroke was observed (EG = 80% 
and CG = 62.5%), and there was a prevalence of hemiparesis 
on the left side of the body. All patients completed all stages 
of the experiment. A comparison of the sociodemographic, 
clinical, and anthropometric variables between the EG and 
the CG in the pre-intervention period revealed that there 
were no statistically significant differences between groups 
in any of the variables studied.

Table 2 shows the results of the correlation analyses 
between the scores obtained with mim-pong SG and the 

other variables studied, which were used to examine the 
potential metric properties of the SG. The score provided by 
the SG was significantly correlated with MS in both the QF 
and HS (large correlation) in both groups. A moderate and 
significant correlation between the HS score and the TUG 
was observed only in the CG, while a medium and significant 
correlation between the QF score and the FMAS was found 
only in the EG.

Regarding the comparison between groups (Table 3), in 
the pre-intervention condition, no statistically significant dif-
ferences were observed in any variable. 

Regarding the comparison between groups (Table 3), in 
the post-intervention condition, statistically significant differ-
ences were observed for QF MC of the paretic (p = 0.001) and 
nonparetic (p = 0.029) sides and for HS MC of the nonparetic 
sides (p = 0.029).

Comparisons between pre- and post-intervention condi-
tions in the EG showed statistically significant differences for 
all the variables studied except the QF MS of the non-paretic 
side (p = 0.093).

Comparisons between pre- and post-intervention con-
ditions in the CG showed statistically significant differences 
only for QF MC (p = 0.003) and HS MC (p = 0.006).

Discussion
There are already some studies indicating the potential 

benefits of SG for the rehabilitation of patients with stroke. 
Our study aimed to explore the possible metric properties 
of the mim-pong SG, as well as to evaluate the therapeutic 
effects derived from an exercise program using this resource.

The analysis of the metric properties of the game (Table 2) 
indicated that the mim-pong SG can be used not only for 
treatment but also as an assessment tool for patients. The 
highest correlations observed (large and significant) were 
between the scores generated by the SG and MS variables 
in the QF and HS in both groups. One hypothesis to explain 
this finding is related to the elements that compose the 
formula for calculating the game score, with MS being one 
of the clinical elements considered. Therefore, as patients 
show improvement in their MS levels, the score also tends 
to be higher.
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Among the important variables in resistance training 
are intensity and the number of repetitions performed 
during an exercise (28). The utilized SG provided an intense 
 training session with a high number of exercise repetitions, 
which contributed to the observed improvements. In this 
sense, training with adequate intensity and repeatability 
can improve MC in the lower limbs, in addition to increas-
ing MS (29).

In the EG, a moderate and significant correlation was 
also found between the score and the FMAS, which evalu-
ates motor impairment in patients. This scale includes the 
analysis of various factors related to motor function, includ-
ing synergistic muscle action in flexion and extension (22), 
which may explain the findings. In the CG, a moderate and 
significant correlation was observed between the score and 
functional mobility. This is supported by a study involving 
21 stroke patients. It was found that MC deficits rather than 
MS deficits predict functional impairments in mobility (30). 
Therefore, it is recommended to prioritize rehabilitation 
interventions aimed at improving MC as they may yield bet-
ter functional outcomes in these patients. In fact, most daily 

activities do not require maximum levels of MS (25), which 
makes the mim-pong SG even more valuable as it takes this 
factor into account by requiring patients to adjust to various 
levels of contraction, thus promoting improvements in MC.

In commercial games frequently used in rehabilitation, 
there is no concern while designing game scores toward 
the patient’s clinical monitoring (16). Thus, as already men-
tioned, the SG scores were related to important clinical 
variables (MS, motor impairment, and functional mobility), 
indicating that the mim-pong SG can contribute not only to 
the treatment but also to the assessment of patients, being a 
measure of therapeutic progress.

The muscle strengthening programs based on SG should 
include elements described as essential in rehabilitation, for 
example, intensity, repetitiveness, and task-oriented training 
(19). Thus, they become effective for the rehabilitation of 
these patients and contribute to a more attractive and moti-
vational therapeutic process, overcoming the limitations often 
evidenced in conventional therapies (13,18,19). It is believed 
that motivated behaviors lead to improved performance, and 
thus, motivation has been shown to be an important element 

TABLE 3 - Results of the group’s effect analysis and the condition (pre- and post-intervention) on the studied variables

Group Pre Post
p-value

(pre vs post)
ES

p-value
(EG vs CG)*

Paretic side

QF MS (kgf)b
Exp. 14.8 (6.6) 21.2 (11.6) 0.000 0.6

0.268
Cont. 14.7 (11.9) 15.4 (12.0) 0.185 0.1

Hamstrings MS (kgf)a
Exp. 5.4 (3.0) 10.2 (4.3) 0.000 1.3

0.322
Cont. 7.1 (6.3) 8.1 (6.0) 0.069 0.5

QF motor control (score)b
Exp. 67.8 (18.7) 87.8 (12.8) 0.000 0.6

0.001
Cont. 52.4 (19.9) 65.0 (17.1) 0.003 0.7

Hamstrings motor control (score)a
Exp. 54.3 (21.8) 78.9 (16.6) 0.000 1.3

0.220
Cont. 51.3 (27.7) 64.8 (25.2) 0.006 0.5

Nonparetic side

QF MS (kgf)b
Exp. 24.3 (7.3) 27.5 (10.9) 0.093 0.3

0.462
Cont. 23.9 (8.8) 24.2 (10.0) 0.761 0.1

Hamstrings MS (kgf)a
Exp. 11.7 (4.2) 15.2 (5.2) 0.000 0.8

0.342
Cont. 12.8 (7.0) 13.1 (4.4) 0.744 0.1

QF motor control (score)b
Exp. 78.8 (11.7) 87.6 (4.7) 0.004 0.5

0.029
Cont. 65.6 (16.1) 74.3 (13.7) 0.142 0.5

Hamstrings motor control (score)a
Exp. 69.9 (14.2) 82.3 (12.6) 0.001 0.8

0.029
Cont. 64.8 (20.9) 69.3 (13.4) 0.407 0.3

FMASb
Exp. 21.1 (4.8) 24.3 (3.3) 0.000 0.6

0.877
Cont. 22.4 (6.3) 23.9 (4.6) 0.068 0.5

TUG test (s)b
Exp. 22.5 (20.4) 18.4 (15.7) 0,001 0.6

0.668
Cont. 33.3 (28.4) 28.9 (22.0) 0.247 0.4

Significance level p < 0.05; p-value: probability of significance obtained by the paired t-test (a) or by the Wilcoxon signed-rank test (b); ES: effect size; EG: experi-
mental group; CG: control group. *comparison post-intervention
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in the association between cognition and motor performance, 
playing a crucial role in rehabilitation outcomes (31).

In this study, the exercise program with the mim-pong SG 
resulted in significant improvements in all variables analyzed 
in the EG. In the group receiving conventional treatment, sig-
nificant improvements were observed only in the MC of the 
QF and the HS in the paretic limb.

The hemiparesis present after a stroke is related to high 
rates of functional disability, evidenced by the difficulty in 
performing ADL (8,11,32). Muscle weakness in the lower 
limbs limits fundamental activities such as walking, sitting, 
standing, and climbing stairs, which significantly impacts 
quality of life (6,33). In general, the participants of this study 
had an important hemiparesis in both muscle groups, but 
more evident in the HS. In the EG, 39.3% lower QF strength 
and 53.0% lower HS strength were observed than in the 
non-paretic side. In the CG, much lower strength levels were 
also observed on the paretic side, 38.5% in the QF and 44.5% 
in the HS.

An important clinical result of this study was the MS gain. 
In the EG, significant gains were obtained on the paretic side 
with a large ES for the HS (p = 0.000, ES = 1.3) and moder-
ate ES for the QF (p = 0.003, ES = 0.6). The EG also showed 
an improvement in the non-paretic side’s MS, with statisti-
cally significant results and a large ES for the QF (p = 0.004, 
ES = 0.5) and the HS (p = 0.001, ES = 0.8). In the CG, there 
were no significant improvements, and the ES was small for 
the QF and moderate for the HS on the paretic side. Although 
for MS, no statistically significant differences were found 
when comparing between groups in the post-experimental 
period, it is possible to see that the effects were greater in 
the EG. In recent years, there has been an increase in studies 
attempting to detect the so-called minimum clinically import-
ant difference (MCID), defined by Jaeschke et al. (34) as the 
“smallest difference in scores in the domain of interest that 
patients perceive as beneficial and that would require, in the 
absence of troublesome side effects and excessive costs, a 
change in patient management.” In this sense, the literature 
indicates that for MS in the QF in individuals with limited 
physical activity, an MCID of 3.0 kgf is considered (35). Thus, 
comparing the means between the groups, indeed, the EG 
obtained greater improvement (difference of 5.7), while the 
CG did not reach the MCID. In the MS of the HS, a greater 
difference was also noted in the EG compared to the CG (dif-
ference of 3.8).

Systematic reviews show that resistance training has 
been beneficial in patients with stroke for improving lower 
limb MS (28, 36). In this sense, the mim-pong SG was effec-
tive in recovering the patients’ MS, with greater improve-
ments than those obtained with conventional therapy, which 
involved mobilization, free and resisted active exercises, and 
stretching. Other research supports these findings (37-39).

Post-stroke muscle dysfunction is a multifactorial phe-
nomenon (40), so there is already evidence that hemipare-
sis involves factors that go beyond the weakness (40). Thus, 
therapeutic modalities that provide improvements in MC, in 
addition to MS, are extremely important. The exercise pro-
gram using the mim-pong SG is an example of an interven-
tion that has this purpose. In this SG, the score of the game 

evaluates the MC, where the closer to the center of the racket 
the patient hits the ball, the higher the score. In this way, the 
SG provides increased MS using different muscle activation 
strategies.

After the experimental treatment, there were import-
ant improvements in MC only in the patients of the EG. In 
this group, a significant improvement with a large ES was 
observed in the QF and HS in the paretic limb (p = 0.000, 
ES = 0.6/p = 0.000, ES = 1.3) and in the non-paretic limb 
(p = 0.004, ES = 0.5/p = 0.001, ES = 0.8). The CG only showed 
significant improvements in the paretic limb, but it was mod-
erate ES (p = 0.003, ES = 0.7/p = 0.006, ES = 0.5). The compar-
ison of these findings is hampered by the fact that there were 
no studies that analyzed this variable in a similar way.

Although exercises were only performed with the paretic 
limb, hypotheses can be raised to justify the improve-
ments observed in MS and MC on the contralateral side. A 
justification for this is related to learning, where the indi-
vidual presents a greater facility in performing activities in 
which they already have some experience (11). Another 
factor that may have resulted in improved MC in the non- 
paretic limb is the so-called “cross-effect” of training. From 
the neurological point of view, this can be explained since 
there are not only intrahemispheric communication path-
ways but also interhemispheric pathways. The main commu-
nication structure between the cerebral hemispheres is the 
corpus callosum, which consists of the largest set of nerve 
fibers that perform this function (41), causing the transcorti-
cal flow of information and playing an important role in the 
control of movement (42). Indeed, studies suggest that the 
integrity of the sensorimotor regions of the corpus callosum 
correlates with motor function after stroke (43).

In a randomized clinical trial involving 139 patients 
with stroke, it was found that strength training on the non- 
hemiparetic side promotes motor function recovery (11). 
Similarly, a study investigating the effects of non-paretic 
limb training for improvements in the paretic limb of chronic 
stroke patients has found that this type of intervention can 
result in gains related to MS and muscle activation (45). Our 
research indicated significant improvements with a large ES 
in MS variable after intervention using the exercise program 
from the SG in the EG (p = 0.001, ES = 0.6). In the CG, which 
received treatment based on conventional kinesiotherapy, 
the improvements were not significant, and the ES was 
medium (p = 0.247, ES = 0.4). Some studies have used SG, 
virtual reality, or video games to improve lower limb motor 
functions in patients with stroke, especially with regard to 
mobility  (46-49). Our findings align with the results of these 
prior studies. A meta-analysis involving 22 studies found that 
Wii Fit-based rehabilitation accompanied by conventional 
therapy results in improvements in functional mobility evalu-
ated with the TUG (46). However, another meta-analysis indi-
cates that there is still a lack of high-quality evidence for the 
use of virtual reality rehabilitation in stroke treatment (49). It 
is known that a difference of 2.9 seconds in TUG is the MCID 
for patients with stroke (50). Thus, in the present study, supe-
riority in the results of the EG in relation to the CG.

Regarding the variable motor impairment, significant 
improvements were also observed, with large ES in the EG 
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(FMAS p = 0.000, ES = 0.6). Thus, the mim-pong SG can be 
considered a beneficial resource for motor rehabilitation for 
patients with stroke. In fact, SG therapy can enhance the 
effects of conventional rehabilitation when they are used in 
combination (51).

Patients with stroke commonly face challenges in under-
standing data indicating the clinical improvements that 
occur periodically during treatment. In this context, the 
scores generated by the mim-pong SG can contribute to a 
clearer perception of the changes observed from one ses-
sion to another, establishing a more easily comprehensible 
parameter for comparison. Collectively, the results (MS, MC, 
FMAS) corroborate with patients’ perceptions as when they 
were asked about their perception of improvement through-
out the clinical trial, some participants in the present study 
responded that they were getting better because their scores 
were increasing day by day.

Finally, the present study involved two groups of patients 
with similar general characteristics: gender, age, body mass 
index (BMI), laterality, hemiparesis, stroke time, and phase 
of stroke. This allows a more reliable comparison between 
the effects of the different treatment proposals used with 
the groups. It is important to emphasize that most patients 
from both groups were in the chronic phase, a period charac-
terized by greater difficulty in obtaining improvements when 
compared to the subacute or acute phase (52). These char-
acteristics of the participants make the results even more 
valuable since they indicate that the intervention using the 
mim-pong SG can result in important improvements, even 
in chronic patients who are often already disillusioned with 
rehabilitation. Improvements in the chronic phase of stroke 
are more challenging to achieve compared to the acute or 
subacute phases. The chronic phase, defined as six months or 
more after stroke, is characterized by a reduced neuroplastic 
capacity due to factors such as alterations in cortical activity 
levels, changes and decreased responsiveness of neuroplas-
tic mechanisms, as well as a reduction in neurotrophic factors 
such as Brain-Derived Neurotrophic Factor (53,54,55). Thus, 
since the Serious Game involves specific and  high-intensity 
exercises, it can enhance cortical stimulation, promoting 
greater neuroplastic activity.

MS training promotes improvements and maintenance 
of this aspect for up to 4 years post-stroke (50). The pres-
ent research corroborates with these authors about the 
existence of improvements in the chronic phase. However, 
significant improvements were also observed in patients 
with lesions received approximately eight years ago. This 
finding may justify the functional improvements that are 
often achieved with rehabilitation many years after the 
event (36).

The limitations of our current study include the lack of 
randomization and a small participant pool, as well as the 
absence of tools to assess patients’ fatigue and motivation.

Conclusions
In conclusion, our study showed that the exercise pro-

gram conducted with SG resulted in improvements across 
all analyzed variables, surpassing the conventional therapy 

used. Furthermore, correlations were observed between the 
SG-generated scores and clinical variables, particularly MS 
and lower limb motor function. Thus, the mim-pong SG can 
be considered a potential resource for the assessment and 
treatment of patients with stroke.

For future research, it is recommended to conduct a ran-
domized clinical trial with a larger sample size and to explore 
the use of the mim-Pong SG with different populations and 
objectives.
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