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INTRODUCTION
Autism is a heterogeneous and intricate neurodevelopmental 
disorder with many complexities [1]. The term ‘autism’ is extracted 
from the Greek term ‘autos,’ which means ‘self,’ indicating a focus 
on oneself [2]. According to the WHO, around 1 in 100 individuals are 
identified with autism worldwide, with a higher prevalence in males. 
There has been a significant increase in the prevalence of autism, 
rising from 1 in 150 in 2000 to 1 in 36 in 2020 [3,4]. Autism is mainly 
characterised by a lack of socialisation and restricted, stereotypical 
activities, that can vary along the continuum of severity according to 
Diagnostic and Statistical Manual of Mental Disorders, Fifth Edition 
(DSM-5) criteria and International Classification of Diseases 11th 
Revision (ICD-11) (WHO, 2020) [5]. The primary motor anomaly 
associated with autism is a deficit in sensorimotor integration, found 
in both gross and fine motor dexterity tasks [6]. Key indicators of 
autism are decreased or abnormal vision, decreased orientation, 
loss in social skills, absence of gestures by 12 months, odd or 
intensely focused interests and no or limited use of gestures in 
communication [7]. Although the cause of autism is not confined to 
a single factor, it may occur due to genetic factors, gene mutations, 
prenatal and postnatal factors, environmental toxicants, exposure 
to drugs during pregnancy, maternal infections, etc., which is likely 
said to alter the structures of the brain at birth [8].

Autistic populations experience feebleness of muscles and atypical 
changes in the tone of muscles, which is vital in limiting their reach 
and grasp activity [9]. Autistic subjects also suffer from “sensory 
hyperreactivity,” such as Decreased Sound Tolerance (DST), which 
is represented by hyperacusis, misophonia and phonophobia 
[10]. Deficits in VSWM appear to be familial in autism, as these 

populations face difficulty in performing tasks that require spatial 
awareness and memory capacities [11]. This anomaly might be due 
to hypoconnectivity within cortico-cerebellar tracks and the delay in 
the maturation process of these structures [12]. Intensive behavioural 
treatment protocols, such as the Early Start Denver Model, have 
effectively improved language, play and social communication in 
children aged five years or younger [13]. Intense upper limb training 
is among the priorities in rehabilitating the autistic population. Recent 
breakthroughs in virtual reality technology have become a valid tools 
in the neurorehabilitation of autistic population [14]. In this context, 
the Leap Motion Controller is a compact digital sensor appliance 
that allows for hand tracking through touch-free control gesture 
movements [15]. The main characteristic of this device is that it has 
a precise optical tracking program, which forms a digital image of 
a hands on screen as a result of accurate integration of hands into 
the field of view of 150°, with a tracking speed of 200 frames per 
second [16]. Yildirim Y et al., concluded that Leap Motion-based 
gaming therapy improved gross grip strength and hand functions 
in individuals with cerebral palsy [17]. Zhang A, stated that subjects 
with spinal injuries improved upper extremity muscle strength and 
fine motor skills after immersive virtual reality training using a Leap 
Motion system [18]. As there is a paucity of literature on the effects 
of video-based gesture gaming and its long-term effects on hand 
functions, there is a need for this study in the autistic population. 
This novel method of virtual reality in rehabilitation has emerged in 
recent years.

The hypothesis of the study is as follows:

Null Hypothesis (H0): There will be no significant effect of video-
based gesture gaming on hand functions in autistic subjects.
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ABSTRACT
Introduction: Autism is a complex neurodevelopmental disorder 
with broad spectrum of intricacies and challenges, affecting 1 in 
100 individuals, as estimated by World Health Organisation (WHO). 
Symptoms mainly are related to behavioural abnormalities, motor 
control deficits and social communication issues. Video gaming 
technology are emerging as valid tool in the intervention protocols 
for autism, by showing significant improvements in motor strength 
and executive functions.

Aim: To evaluate the impact of gesture gaming on dexterity, grip 
strength and working memory in individuals with autism.

Materials and Methods: A quasi-experimental study was 
carried out at Krupanidhi College of Physiotherapy Outpatient 
Department (OPD) in Bengaluru, Karnataka, India. The duration 
of the study was one year, from June 2022 to June 2023. Subjects 
were selected primarily based on the Childhood Autism Rating 
Scale. Thirty autistic subjects were selected using convenient 
sampling and four different games were given for three alternate 
days for 12 weeks, lasting 40 minutes per session. Hand grip 

strength, visuo-spatial working memory and dexterity were 
measured by a dynamometer, Corsi-Block Tapping Test and the 
Jebsen-Taylor Hand Function (JTHF) test. Subjects from 11 to 
16 years were considered. Statistical analysis was done using a 
paired t-test, with a significance level set at p-value<0.05.

Results: After 12 weeks of intervention and 16 weeks of follow-
up, significant difference (p-value<0.05) was noticed in all three 
variables. Hand grip strength for the right hand was measured 
at post-test (21.48±8.08) and follow-up (21.40±8.11), while 
for the left hand, it was post-test (13.26±3.75) and follow-up 
(13.15±3.76). Visuospatial Working Memory (VSWM) showed a 
backward span post-test (4.86±0.77) and follow-up (4.46±0.73) 
and forward span post-test (5.36±0.71) and follow-up 
(5.20±0.76). Dexterity for the non dominant hand was post-test 
(148.4±5.11) and follow-up (148.8±5.07), while for the dominant 
hand, it was post-test (138.8±7.86) and follow-up (139.0±7.86).

Conclusion: Gaming technology has shown beneficial effects in 
improving hand grip strength, dexterity and working memory.
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Alternate Hypothesis (H1): There will be significant effect of video-
based gesture gaming on hand functions in autistic subjects.

The aim of the study was to determine the effect of video-based 
gesture gaming on hand grip strength, dexterity and visuo-spatial 
working memory in autistic population. The primary objective was 
to evaluate the effect of video-based gesture gaming on hand grip 
strength, dexterity and working memory. The secondary objective 
of the study was to evaluate the long-term effects of video-based 
gesture gaming on all three parameters mentioned above.

MATERIALS AND METHODS
A quasi-experimental study was conducted at an autism centre in 
Bengaluru, Karnataka, India. The duration of the study was one year, 
started from June 2022 and ended in June 2023. Approval from the 
Institutional Ethical Committee (IEC) (EC-MPT/2022/PHY/016) was 
obtained before the commencement of the study. Participants and 
their parents or guardians were informed about the research purpose 
and the methodology. Informed consent was obtained from the 
subjects (parents or guardians) before participation in the study. The 
study was carried out using convenience sampling. Thirty subjects 
participated in the study based on the predetermined criteria.

Inclusion criteria: Children aged 11 to 16 years, irrespective of 
their Body Mass Index (BMI), diagnosed with autism based on 
DSM-5 criteria, with a Childhood Autism Rating Scale score of 30-
36.5 (mild to moderate) [19], a Movement Assessment Battery for 
Children-2 score below the 5th percentile [20] and an IQ of 80 or 
below. Both males and females were included in the study.

Exclusion criteria: Children with orthopaedic impairment of the upper 
extremity, visual and hearing impairment, history of previous surgeries 
of the upper extremity that restricts hand movements,  history of 
psychotic disorder and having previous experience playing video 
games were excluded from the study. Thirty subjects participated in 
the study based on the predetermined criteria.

Sample size estimation:

SSUKP=z2 p (1-p)÷e2

z=1.28

p=(0.9) e=0.05

SSUKP=(1.28)2×0.9×0.1÷(0.05)2

=1.476 (0.1)÷0.0025=59

SSKP=  
SSUKP    =      

59        
=  

    59     
= 

59    
=29.5

  1+SSUKP÷N  1+1.476 (0.1)÷0.1475    1+1.00067      2

N=30

p-Probability value [21]

SSUKP-Sample size of unknown/infinite population

SSKP-Sample size of known/finite population

Study Procedure
Every subject was assessed for hand grip strength, visuo-
spatial working memory and dexterity using an electronic hand 
dynamometer (Biotronix Digital Hand Dynamometer, manufactured 
by Biotronix Forever Solutions), a digital Corsi-block tapping test 
and JTHF test before the intervention, at 12 weeks postintervention 
and at the 16-week follow-up.

An electronic dynamometer was used to measure the hand grip 
strength. The patient was seated with shoulder adducted, elbow 
flexed to 90° angle and the forearm in semipronation, lying on the 
armrest. The subject was asked to squeeze the dynamometer three 
times [22]. Sixty seconds of break was given to interrupt fatigue. 
A digital Corsi-block tapping test was used to measure VSWM. 
The subject was shown sequences on the screen, starting with an 
initial sequence length of two blocks and increasing to a maximum 
length limit of nine blocks. The subject was advised to memorise 
the sequence being played and to repeat it once it was finished 

[23]. The squares must be tapped in the same order as they were 
indicated, allowing for repetition of the sequence in both forward and 
backward conditions. The sequence length was increased as the 
subject correctly tackled previous sequences. The JTHF was used 
to measure the upper limb dexterity, consisting of seven subtests 
[24]. The subjects were asked to perform each subtest and the time 
taken was measured in seconds using a stopwatch. A longer the 
time indicated a greater the impairment of dexterity.

The subjects were given video-based gesture gaming using a 
Leap Motion controller. Each participant was given two minutes of 
pregame practice and was instructed to play four different games 
for eight minutes each, with two-minutes rest intervals were given 
between each game. The participants were made to sit in a chair in 
front of an LED (32") SCREEN at a distance of 1 meter. The device 
was placed on a table in front of the participant and they were 
advised to place their hands above the device so that it could detect 
their hand and finger movements. After connecting the device, the 
game will begin once the configuration is done. A virtual hand was 
presented on the screen once the game started. Four different 
games were selected in the sequence.

1.	 Basketball: This game targeted hand grip strength and VSWM. 
The subject was advised to grab the ball with both hands 
and throw it into the targeted basket by visualising it [25]. The 
duration was set to eight minutes.

2.	 Pin bowling: This game targeted dexterity, grip strength and 
VSWM. The ball had three holes; the participant was advised 
to pick it up, hold it using these holes and roll the ball over the 
five pins [26]. Once a set of pins is cleared, a new set replaces 
them. The duration was set to eight minutes, with four minutes 
allocated for each hand.

3.	 Fizyosoft leap ball game: This game targeted dexterity and 
VSWM. The game aimed to pick and put the ball in a similar 
colour mold. The duration was set to eight minutes and four 
minutes was set for each hand [27].

4.	 Super mario: This game targeted dexterity and VSWM. The 
game aimed to tackle the hurdles by hand movements, collect 
the coins by bringing fingers together and reach the destination. 
The game’s difficulty increased once the participant cleared the 
previous level [28]. The duration was set to eight minutes and 
four minutes was set for each hand.

STATISTICAL ANALYSIS
Statistical analysis was done using a paired t-test for within-group 
analysis, using Statistical Package for the Social Sciences (SPSS) 
version 29.0 in Windows. A 95% confidence level and 5% error 
were used to check for significant improvement. Microsoft Excel 
was used to generate the tables.

RESULTS
The mean age of the study participants was 14.3±1.23 years. A 
paired t-test was used for pretest, post-test and follow-up within 
the group analysis to analyse the effect of 16-week intervention and 
follow-up in the autistic population, as shown in [Table/Fig-1-3]. 
After analysing the data results, it was observed that significant 
improvement was seen in the experimental group on the measures 
of hand grip strength, dexterity and VSWM.

[Table/Fig-1] shows the comparison of Hand Grip Strength (HGS) 
within the group. For right-hand grip strength, the pretest mean was 
17.4±7.71, the post-test mean was 21.48±8.08 and the follow-up 
mean was 21.40±8.11. For left-hand grip strength, the pretest mean 
was 11.19±4.13, post-test mean was 13.26±3.75 and the follow-
up mean was 13.15±3.76. A significant difference was observed in 
these parameters.

The comparison of VSWM within the group is shown in [Table/Fig-2]. 
For the backward span pretest mean was 0.40±0.49, post-test 
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Test Mean±SD

Difference

T
p-

value InferenceMean±SD

HGS-R-pre- 17.4±7.71

-4.01±1.98 11.05 <0.05 SignificantHGS-R-post-
12W

21.48±8.08

HGS-R-pre- 17.4±7.71

-3.93±2.00 -10.7 <0.05 SignificantHGS-R-FU-
16W

21.40±8.11

HGS-R-post-
12W

21.48±8.08

0.07±0.07 5.76 <0.05 Significant
HGS-R-FU-
16W

21.40±8.11

HGS-L-pre 11.19±4.13

-2.07±1.41 -8.02 <0.05 SignificantHGS-L-post-
12W

13.26±3.75

HGS-L-pre 11.19±4.13

-1.96±1.41 -7.57 <0.05  SignificantHGS-L-FU-
16W

13.15±3.76

HGS-L-post-
12W

13.26±3.75

0.11±0.08 7.57 <0.05 Significant
HGS-L-FU-
16W

13.15±3.76

[Table/Fig-1]:	  Comparison of Hand Grip Strength (HGS) within the group. 
p-value (p<0.05) was obtained using paired t-test
SD: Standard deviation; HGS: Hand grip strength; Pre: Pretest; Post: Post-test; FU-Follow-up

Test Mean±SD

Difference

T
p-

value InferenceMean±SD

JTHF-pre-(ND) 153.71±5.06

5.26±1.48 19.45 <0.05 SignificantJTHF-post-
12W (ND)

148.4±5.11

JTHF-pre-(ND) 153.71±5.06

4.88±1.52 17.56 <0.05 SignificantJTHF-FU-16W 
(ND)

148.8±5.07

JTHF-post-
12W (ND)

148.4±5.11

-.376±0.262 -7.86 <0.05 Significant
JTHF-FU-16W 
(ND)

148.8±5.07

JTHF-pre (D) 149.6±6.70

10.79±3.98 14.85 <0.05 SignificantJTHF-POST-
12W (D)

138.8±7.86

JTHF-pre (D) 149.6±6.70

10.68±3.96 14.75 <0.05 SignificantJTHF-FU-16W 
(D)

139.0±7.86

JTHF-post-
12W (D)

138.8±7.86

-0.113±0.06 -9.10 <0.05 Significant
JTHF-FU-16W 
(D)

139.0±7.86

[Table/Fig-3]:	  Comparison of Jebsen’s-Taylor hand function test (JTHF) within the 
group.
JTHF: Jebsen’s-Taylor hand function test; ND: Non dominant; D: Dominant; Pre: Pretest; 
Post: Post-test; FU: Follow-up

Test Mean SD

Difference

T
p-

value InferenceMean SD

VSWM BS-pre 0.40±0.49

-4.46±0.57 -42.8 <0.05 SignificantVSWM-BS-
post-12W

4.86±0.77

VSWM-BS-pre 0.40±0.49

-4.06±0.52 -42.7 <0.05 SignificantVSWM-BS-FU-
16W

4.46±0.73

VSWM-BS-
post-12W

4.86±0.77

0.40±0.56 3.89 0.001 Significant
VSWM-BS-FU-
16W

4.46±0.73

VSWM-FS-pre 0.73±0.52

-4.63±0.71 -35.3 <0.05 SignificantVSWM-FS-
post-12W

5.36±0.71

VSWM-FS-pre 0.73±0.52

-4.46±0.73 -33.5 <0.05 SignificantVSWM-FS-FU-
16W 5.20±0.76

VSWM-FS-
post-12W 5.36±0.71

0.16±0.37 2.40 0.023 Significant
VSWM-FS-FU-
16W

5.20±0.76

[Table/Fig-2]:	 Comparison of Visuo-spatial Working Memory (VSWM) within the group.
p-value (p<0.05) was obtained using paired t-test
VSWM: Visuo-spatial working memory; Pre: Pretest; Post: Post-test; FU: Follow-up; BS: Back-
ward span; FS: Forward span

mean was 4.86±0.77 and the follow-up mean was 4.46±0.73. For 
the forward span pretest mean was 0.73±0.52, post-test mean was 
5.36±0.71 and the follow-up mean was 5.20±0.76. A  significant 
difference was observed in these parameters as well.

The comparison of JTHF within the group was observed in 
[Table/Fig-3]. Dexterity non-dominant hand pretest mean was 
153.71±5.06, post-test mean was 148.4±5.11 and the follow-up 
mean was 148.8±5.07. For the dominant hand pretest mean was 
149.6±6.70, post-test mean was 138.8±7.86 and the follow-up 
mean was 139.0±7.86. A significant difference was also observed 
in the above parameters.

Hence, null hypothesis was rejected, as video-based gesture 
gaming showed significant changes on hand functions and working 
memory in autistic population.

DISCUSSION
Autism is a heterogeneous neurodevelopmental disorder [28]. Motor 
impairments are the significant symptoms that create barriers to 
daily activities like reaching and grasping [9]. Dexterous hands are 
important for most of the functional activities [14]. It is inferred from 
the result that the mean value of post-test and follow-up scores of 
grip strength, dexterity and VSWM showed significant improvement 
with p-value (<0.05). A study done by Tarakci E et al., observed a 
significant difference in hand grip strength (p-value<0.05) with the 
use of leap-motion controller-based training for upper extremity 
rehabilitation in children and adolescents with physical disabilities 
after eight weeks of intervention [29]. Wagle S et al., intervened 
with autistic youngsters with game-based training and observed 
significant improvement in working memory [30]. Autistic children 
who received leap-motion-based gaming intervention in a study 
by Cai S et al., showed significant improvement in fine motor 
abilities [31].

The leap-motion controller was designed for hand tracking in virtual 
reality [15]. Virtual reality-based training was given as a part of 
the neurorehabilitation protocol to patients with conditions where 
recovery was possible via a human mirror system. It is said that 
virtual reality generates motions similar to the bodily illusions that 
underlie mirror therapy for persistent pain and limb dysfunction. 
This is the basic principle behind gaming rehabilitations, in which 
human mirror systems get activated and thus can be used for 
training in visuomotor skills [32]. The major elements of motor 
learning are motivation, task difficulty development, repetition 
and variety in practice, problem solving and error correction and 
feedback frequency and quality, all of which are increased by virtual 
reality. Furthermore, virtual reality offers task-specific exercises, 
appropriate training intensity and repetition. The main goal of 
virtual environments is to enhance motor learning [32]. This virtually 
enriched environment is provided by video gaming, which provides 
stimulation to the hippocampus. The hippocampus plays a pivotal 
role in spatial navigation and working memory. A virtually enriched 
environment enhances hippocampal cognition and neuroplasticity, 
reducing hippocampal cognitive deficits. This leads to hippocampal 
neurogenesis, synaptogenesis and neurotrophic factors, thereby 
improving hippocampal-dependent learning and memory tasks [33].
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Limitation(s)
This study cannot be generalised to all autism subjects with different 
severity. Sample size and control group are two confounding factors 
that affects the reliability of the study. This study was conducted 
with 30 subjects, so larger samples can be used to generalise these 
findings. A control group is needed to observe the effectiveness 
of video-based gesture gaming. Even though the study’s follow-
up revealed a substantial difference, more research is needed to 
determine the long-term effects of gesture gaming.

CONCLUSION(S)
Significant improvements were shown in hand grip strength, dexterity 
and VSWM in autistic population. As there are advancements 
in physiotherapy protocols and technology, it can be suggested 
that video-based gesture gaming be incorporated into upper-limb 
rehabilitation protocols as well as cognitive development protocols for 
the autistic population.
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