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Objectives: The primary study objective was to assess the effects of visuomotor training on grip 
strength and wrist movements in adults and the elderly to be efficiently used in rehabilitation. The 
secondary objective was to compare the post-training changes between the two groups.
Methods: This was a pre-test-post-test quasi-experimental study, including healthy individuals 
aged 25-44 (adults) and 65-79 (elderly) years. Individuals suffering from neuromuscular or 
musculoskeletal system disorders were excluded from the study. Grip strength (kg) and wrist 
movements (˚) were recorded by the equipment (Pablo system). Moreover, the scores of the 
Michigan Hand Outcome Questionnaire (MHQ) were recorded after interviewing the individuals. 
The study subjects were then provided with training (game-based) by Pablo system for 24 min/ d, 
thrice a week. Finally, post-test scores were recorded after 4 weeks of training. 
Results: Groups 1 and 2 had the Mean±SD age of 35.8±9 and 68.5±7.2 years, respectively. 
The obtained data were analyzed using the Analysis of Variance (ANOVA) and Tukey-Kramer 
multiple comparison test. The within-group analysis of group 1 demonstrated differences (pre-post) 
of 1.09 kg, 4.39°, and 3.7° in grip strength, wrist extension, and flexion, respectively, after the 
training. The differences between the different parameters of MHQ viz. function, work, pain, and 
satisfaction were 2.7, 1, 1.1, and 0.3, respectively. No change was observed in the Activities of 
Daily Living (ADLs) and satisfaction. The within-group analysis of group 2 indicated the mean 
score differences of 0.3 kg and 6.53° in grip strength and wrist extension, respectively. Wrist flexion 
revealed a decrease from pre-test to post-test phases. The difference in MHQ parameters; function, 
ADLs, work, pain, aesthetics, and satisfaction were 2.4, 1.2, 2.4, 4, 0.5, and 1.59, respectively. The 
between-group analysis suggested better improvement of grip strength, wrist flexion, and function 
in adults; while wrist extension, ADL, and work were better in the elderly. There was no significant 
difference in this area.
Discussion: Previous studies have explored the visuomotor training, using game-based 
rehabilitation, non-immersive virtual reality, or robotic therapy. They have suggested that it would 
provide neuroplasticity and cortical reorganization, and enhance brain reward system. The low 
scores obtained in some subjective parameters like satisfaction could be due to different perceptions 
in individuals. Degenerative changes like osteoarthritis could be a possible reason for the high 
score of pain in the elderly. Future studies are required with larger sample sizes, control groups, 
incorporating other factors, and so on. This study may be beneficial in overcoming the limitations 
of conventional protocols such as labor, compliance, and adherence. It could also play an important 
role in rehabilitation, especially neurorehabilitation, by providing a new perspective. 
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Highlights 

● The Pablo system was used to measure the grip strength and wrist range of motions (flexion and extension). 

● It was concurrently used as treatment equipment for visuomotor training.

● Visuomotor training, using game-based rehabilitation, non-immersive virtual reality, or robotic therapy improves 
neuroplasticity, cortical reorganization, and brain reward system. 

● This study provided new insight into the rehabilitation, incorporating precise assessment, and training methods with 
some fun and challenging aspects.

● In addition, it is beneficial in providing cognitive training and can be used as an adjunct to conventional therapies. 

Plain Language Summary 

In this study, we used the Pablo system as an assessment tool to measure the grip strength and wrist range of motions 
(flexion and extension). It was also used as treatment equipment for visuomotor training in two groups; adults (25-44 
years) and elderly (60-79 years). The visuomotor training by Pablo Plus System provided visual and audio feedback. 
This multimode feedback reflects task progress and task completion, following rewarding model. The between-group 
analysis revealed fewer scores of grip strength, wrist extension, and function in the elderly. This study could provide 
a new perspective to the rehabilitation, incorporating precise assessment, and training methods with some fun and 
challenging aspects. In addition, it could be useful in cognitive training and can be used as an adjunct to conventional 
therapies. 

1. Introduction

isuomotor training can be defined as any 
kind of training or practice that integrates 
visual perception with the motor perfor-
mance [1]. It can be provided in several 
ways, like computer-based techniques; 

with the advancement of technology, the use of such 
techniques has constantly increased in rehabilitation. 
These techniques can provide passive, active, or in-
teractive therapy, depending on the capabilities of the 
patient. Such therapies offer active, challenging and 
real-time training along with virtual feedback, provid-
ed that the patient has cognitive skills [2]. Studies on 
stroke, cerebral palsy, traumatic brain injury, Parkinson 
disease, post hand surgery, and degenerative diseases 
like rheumatoid arthritis and osteoarthritis have already 
reported the usefulness of such interactive and active 
technology [2-9].

A study recognized visuomotor skills as efficient in 
rehabilitation. According to that study, skills can be 
acquired with motor training and the repetitive prac-
tice of tasks that will facilitate normal movements and 
posture.Voluntary movement requires normal senso-
rimotor control [10]. It consists of 3 processes; sensory 

feedback, central processing, and motor output. Sen-
sory information from peripheral receptors travel as af-
ferent input into central areas which process it [11]. 
This leads to neuromuscular responses for movement, 
stability, and motor control during activity. Trauma, 
underlying pathologies, as well as physiological and 
anatomical changes, can disrupt these sensorimotor 
processes [12, 13].

One example of such alteration is observed in the el-
derly population due to aging. This issue may delay the 
sensorimotor processing in this population; in turn, it 
can affect their performance in the functional Activi-
ties of Daily Living (ADLs) [14]. These factors consist 
of intrinsic ones, such as hormonal changes, metabolic 
and degenerative diseases, as well as extrinsic factors, 
like physical activity, nutrition, traumatic injury, etc. 
responsible for the delay [15]. The literature suggests 
that games positively affect biopsychological wellbe-
ing of the elderly, and improve their participation in 
daily living activities [16].

The games also help in providing motor-cognitive 
and balance training for them that, along with exercis-
es, motivates older adults to increase social interaction 
and participation in daily living activities [17]. It also 

V
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provides an opportunity for sedentary older adults to 
remain active and engaged in activities [16]. Visuomo-
tor training in old age population (≥60 years) will not 
stop the natural aging process of central and periph-
eral nervous systems; however, it could improve their 
performance, compared to those who do not engage in 
such activities [18].

Studies on the elderly population have extensively 
worked on grip strength, making it an important out-
come measure and a predictor. In the present study, for 
the first time, we worked on the training of grip strength 
using game-based equipment, Pablo system [19-22]. 
Along with grip strength, wrist Range of Movement 
(ROM), and the scores of Michigan Hand Outcomes 
Questionnaire (MHQ) were also collected. The MHQ 
is a subjective measurement of 6 parameters of hand 
and wrist, as follows: function, ADLs, work, pain, aes-
thetics, and satisfaction. 

2. Methods

Jamia Hamdard Institutional Ethics Committee ap-
proved the research. A total of 51 subjects participated 
in this study; of whom, 26 were assigned in group 1 
(adults) aged 25-44 years and the rest in group 2 (el-
derly) aged 65-79 years. Right-handed subjects were 
recruited from the Indian Head Injury Foundation 
based in Delhi Commonwealth Women’s Association 
Medical Center, Zamrudpur, and Senior Citizen Wel-
fare Association, Lajpat Nagar-II. The subjects were 
selected based on the age criteria, having Manual Mus-
cle Testing (MMT), and Mini-Mental State Examina-
tion (MMSE) scores of ≥24, with normal, corrected to 
normal vision. MMT, as described by Daniels, assesses 
muscle strength [2, 23, 24].

The grading system is recorded from 0-5, where 
grades ≥3 indicate active movement against gravity. 
MMSE is a simple and brief examination of cogni-
tion based on 11 questions. This test was devised by 
Folstein and McHugh in 1975 [24]. People suffering 

from any medical conditions such as epilepsy, seizures, 
dementia, depression, diabetes, visual/ perceptual defi-
cits, post-fracture/ surgery of upper limb, a previous 
history of neuromuscular/ orthopaedic dysfunction af-
fecting hand strength/ upper limb movements, e.g. OA 
of hand/ wrist, etc [25-28]. suffering from severe osteo-
porosis especially in elderly, contractures/ spasticity 
were excluded from the study [25]. 

Pablo system [26] was used to provide visuomo-
tor training. It is a game-based rehabilitation in one-
dimensional as well as two-dimensional modules. The 
training through this equipment is based on the prin-
ciples of motor learning [29]. The Pablo system has a 
handheld device, multi-ball, and multi-board systems 
with sensors to control the games. The handheld device 
was used for assessing as well as training in this study 
(Figure 1).

An informed consent form was obtained from all 
study participants. Grip strength and wrist ROM were 
recorded using the equipment in sitting position with 
the shoulder in adduction and elbow flexed to 90˚ and 
forearm in a neutral position. A score of MHQ was tak-
en based on the subjects’ responses to all 6 parameters 
in the context of hand and wrist. These 6 parameters 
were function, ADLs, work, pain, aesthetics, and sat-
isfaction. MHQ probes both hands; however, it can be 
performed with one hand, depending on the objectives 
of the examiner. Items are scored on a 5-point Likert-
type scale from 1 (very good/ not at all difficult/ al-
ways/ very mild/ very satisfied) to 5 (very poor/ very 
difficult/ never/ severe/ very dissatisfied) [30]. For all 
the parameters, the higher the score, the better the per-
formance. After recording the responses, the raw score 
was converted to a scale from 0 to100 according to a 
scoring algorithm for each parameter [30]. 

Once pre-training values of all the dependent vari-
ables were recorded, then the practice session was 
started. All 6 games used in training were practiced by 
the subjects for 3 min. From the next day, the interven-

Figure 1. Controlling devices
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tion was started for 24 min (each game was randomly 
played for 3 min), 3 days a week. After 4 weeks, the 
values of grip strength, wrist ROM, and MHQ were 
recorded again. The 6 games used during the training 
were as follows (Figure 2): A. Hot air balloon: The bal-
loon moves forward on its own. The main target is to 
move it up/ down trying not to collide it with moun-
tains, birds, and helicopter appearing on the screen; B. 
Fire-fighter: The screen shows a fireman who has to 
extinguish the fire wherever it appears throughout the 
game; C. Elevator: The screen shows a lift on differ-
ent floors. As soon as the game starts, people appear 
on different floors one by one; the main goal is to take 
the person to the floor he or she is indicating; D. Apple 
farmer: In this game, apple trees appear on the screen 
with a basket on the ground. The main aim is to collect 
all the apples in the basket by moving them to right-left 
directions; E. Shooting can: In the shooting game, the 

bullet must shoot the dart in the middle. Before shoot-
ing, the gun needs to be reloaded; F. Highway: It is a 
car game, where the main goal is to not collide the car 
with others coming in the way by moving it to the right-
left direction [29].

The first 3 games, i.e. “Hot air balloon”, “Fire-fight-
er”, and “Elevator” were controlled and played using 
the grip strength, while in the next three “Apple farmer, 
Shooting can, Highway”, wrist movements were used, 
i.e. flexion and extension.

The obtained data were analysed in GraphPad In-
Stat. The One-Way Analysis of Variance (ANOVA) 
followed by Tukey-Kramer multiple comparison test 
was used to compare the pre-test and post-test scores, 
both within and between the groups. The data are ex-

Figure 2. Games used in the study for training 

A: Hot Air Balloon; B: Fire-fighter; C: Elevator; D: Apple Farmer; E: Shooting Can; F: Highway 
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pressed as Mean±SD, and q value is given along with 
it. (P˂0.05) was considered as statistically significant. 

3. Results

Group 1 consisted of 16 females and 10 males with 
the Mean±SD age of 35.8±9 years. Group 2 consisted 
of 10 females and 15 males with the Mean±SD age of 
68.5±7.2 years.

The pre-test-post-test within-group analysis of group 
1 (adults) is shown in (Figure 3). There was an overall 
score improvement from pre-test to post-test in all the 
variables, except for ADLs and aesthetics. However, 
the change was not statistically significant in any pa-
rameter. ADLs and aesthetics showed no changes. 

The within-group analysis in group 2 revealed an im-
provement in all the scores, except for wrist flexion, 
which decreased (Figure 4). The between-group analy-
sis of pre-test scores of group 1 (adults) and group 2 
(elderly) are presented in (Figure 5). The grip strength, 
wrist extension, and pain were better in adults, com-
pared to the elderly, while wrist flexion, function, 

ADLs, work, and aesthetics were better in the elderly 
before the training. 

Satisfaction parameter difference was not high be-
tween the two groups. After the training (Figure 6), grip 
strength and wrist extension were better in the adults; 
however, pre-test values and scores of wrist flexion, 
function, ADLs, work, pain, aesthetics, and satisfaction 
were better in the elderly. No significant change was 
found in this area. 

4. Discussion 

The main aim of the present study was to compare the 
effect of visuomotor training in adults and the elderly. 
Visuomotor training can be defined as any training or 
practice that integrates visual perception with the mo-
tor performance [1]. Studies on the visuomotor train-
ing using game-based rehabilitation, non-immersive 
virtual reality, or robotic therapy have reported that it 
would provide neuroplasticity, cortical reorganization 
[28, 31], and would enhance brain reward system [31, 
32]. This outcome is because it is based on motor learn-
ing approaches.

 

 

 

 

 

 

 

grip
wrist

extensi
on

wrist
flexion fnc adls work pain aesthet

ics
satisfac

tion

group 1pre 11.19 77.7 79.2 89.8 55.7 88.8 5.7 97.8 95.1
group 1post 12.28 82.1 82.9 92.5 55.7 89.8 4.6 97.8 95.4

-20
0

20
40
60
80

100
120

m
ea

n 
±

SD

Group 1. Pretest v. Posttest

q value               0.4           1.6           1.4           1.0            0             0.3 0.4              0           1.0

grip
wrist

extens
ion

wrist
flexion fnc adls work pain aesthe

tics
satisfa
ction

group 2 pre 9.1 70.78 83.9 92.6 61.2 90.8 8.4 98.75 95.2
group 2 post 9.5 77.32 83.7 95 62.4 93.2 4.4 99.25 96.8

-40
-20

0
20
40
60
80

100
120

m
ea

n 
±

SD

Group 2 Pretest vs. Posttest 

q value                  0.1           2.7          0.08        0.9           0.4          0.9          1.6          0.2           0.6
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Thus, these are essential in rehabilitation, specially 
neurorehabilitation [8, 10, 28, 32-34]. The outcome 
variables were hand grip strength and wrist move-
ments. These objective measures are assessed on Pablo 
system, while MHQ scores are subjective measures 
where subjects are asked about right hand and wrist re-
garding 6 parameters, i.e. function, ADLs, work, pain, 
aesthetics, and satisfaction.

A previous study indicated that the Pablo system 
could be efficiently used for evaluation and treatment. 
Therefore, we used the Pablo system to measure the 
grip strength and wrist range of motions (flexion and 
extension) [34]. It was concurrently used as treatment 
equipment for providing visuomotor training. The vi-
suomotor training by Pablo Plus System provided vi-
sual and audio feedback. This multimode feedback 
reflects task progress and task completion, following 
rewarding model. According to Brailescu et al. and 
Nica et al. besides improvement in functional and 
quantitative scores, game-based training also enhances 
motivation and attention, in turn, it can improve the pa-
tient’s overall performance [8, 33].

We anticipated that training would positively affect 
both groups but in adults more due to age-related 
changes in elderly, leading to decreased performance 
levels [15, 35, 36]. The literature review shows exten-
sive studies on the primary and secondary age-related 
changes. However, satisfactory prevention or inter-
vention strategies have been overlooked [37, 38]. The 
present study mainly focused on two aspects; training 
through the Pablo system and the potential difference 
of this effect between the two different age groups 
(adults and elderly).

The results of the within-group 1 pre-test-post-test 
analysis suggested positive changes in the mean scores 
of grip strength, wrist ROM (flexion and extension), 
and MHQ. The lowest difference belonged to satisfac-
tion, which is most probably due to initial high scores 
and besides satisfaction being a qualitative measure de-
pending on everyone’s perception [39].

The within-group analysis in group 2 indicated the 
lowest difference in aesthetics parameter and highest in 
pain. The higher score of pain in the elderly group in 
pre-reading is quite possible due to degenerative chang-
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es like osteoarthritis. Performing light exercises help 
older adults regain their strength, which may not be too 
significant, but profoundly affects other parameters. 

The between-group analysis indicated lower scores of 
grip strength, wrist extension, and function in the el-
derly. These results agree with the results of Puh et al., 
Lawrence et al., and Carmeli et al. [15, 19, 21]. How-
ever, the values of wrist flexion, ADLs, and work were 
higher compared to those in the adults, which needs to 
be clarified in future studies. Similarly, the aesthetics 
and satisfaction components higher scores in the elder-
ly are most probably due to the contentedness and sense 
of wellbeing among them [40].

The small sample size, no control groups, and short 
training duration were some limitations of the study, 
as opposed to that by Brailescu et al. and Nica et al., 
respectively [13, 33]. Future studies are recommended 
with larger sample sizes, control groups, and incorpo-
rating other factors such as endurance, fatigue, error 
numbers, and reaction time. 

5. Conclusion

The obtained data could be beneficial in overcom-
ing the limitations of conventional protocols such as 
being time-consuming, requiring hard labor, lacking 
resource, needing intensive therapy, depending on pa-
tients’ cooperation and treatment adherence [31, 32]. It 
could also provide new insight into the rehabilitation, 
incorporating precise assessment and training methods 
with fun and challenging aspects. In addition, it will 
also help in providing cognitive training and can be 
used as an adjunct to conventional therapies. 
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