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Abstract: Introduction: Post-stroke depression (PSD) is one of the most common complications of stroke
with a prevalence of 55%. It limits the recovery of a patient's motor and cognitive functions and also affects
the rehabilitation and quality of life. The present study aims to compare the effect of Transcranial Direct
Current Stimulation and Virtual Reality on Post-Stroke Depression.

Methods and materials: In this study 20 participants were included and were randomized into two groups.
Stroke patients with post-stroke depression between the age group of 21-75 years old of both genders were
included. They were allocated to two groups ie. Virtual Reality coupled with conventional physiotherapy
(Group A) and Transcranial Direct Current Stimulation coupled with conventional physiotherapy (Group B)
by envelope method. The primary outcome measure was the Hamilton Depression Rating Scale (HDRS) and
the secondary outcome measures were the Montreal Cognitive Assessment Scale (MOCA) and Functional
Independence Measure (FIM).

Results: Statistical analysis showed significant improvement across all measures in both groups. However,
participants in the VR group demonstrated greater reductions in depression scores, enhanced cognitive
performance, and improved functional independence compared to those receiving tDCS.

Conclusion: The present study concluded that Virtual Reality improved post-stroke depression, cognitive
function, and activities of daily living (ADLS) in patients with post-stroke depression

Keywords: Post-stroke depression, Transcranial Direct Current Stimulation, Virtual Reality, Subacute and
Chronic Stroke.

|.INTRODUCTION

In 1970, the definition of stroke was established by the World Health Organization as the manifestation of
swiftly emerging clinical indicators of focal (or global) disruption in cerebral functionality, persisting for a
duration exceeding 24 hours or culminating in fatality, without any evident etiology apart from being
vascular. @ The long-term effects of stroke such as cognitive deficits, bowel and urine incontinence,
musculoskeletal consequences like shoulder discomfort in hemiplegia, spasticity, stiffness and hypertonicity,
emotional lability, and post-stroke depression are been neglected. ® Roughly thirty percent of stroke victims
experience post-stroke depression. ® A lower quality of life ®, a higher death rate ©, and worse functional
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results ) are all linked to depression following a stroke. Factors such as genetics, gender, age, medical and
psychiatric history, severity of stroke, type of stroke, lesion site, social support, and level of disability, have
been identified as risk factors connected to the emergence of depression following a stroke. ® An overlooked
association exists between depression and cognitive dysfunction during the initial three months after a stroke.
© patients with more severe depression were shown to have cognitive impairment three times more
frequently than those with milder symptoms. © In most cases, Post-stroke depression is a curable disorder.
Pharmacological, psychological, and stroke-specific treatments are combined to produce the best therapeutic
outcomes. 9 Transcranial Direct Current Stimulation (tDCS) is a type of non-invasive brain stimulation
technique that entails delivering a mild electrical current directly to the scalp using electrodes. V) Excitability
of the motor cortex is increased by anodal stimulation and decreased by cathodal stimulation. 2 Synaptic
plasticity is altered in response to alterations in cortical excitability brought on by tDCS. These alterations
affect cortical function and enhance cognitive capacities. ‘¥ Various attributes such as, the absence of
pharmacokinetic interactions, noninvasiveness, tolerability, and safety make Transcranial Direct Current
Stimulation (tDCS) a valuable modality for mental disorders. 4Recent research has demonstrated the
efficacy of Transcranial Direct Current Stimulation (tDCS) in addressing various medical conditions,
including mood disorders and motor and cognitive impairments post-stroke. > Possibly one of the most
intriguing new technologies being utilized to address depression and anxiety is Virtual Reality (VR). 1 VR
exposure therapy (VRET) is a form of exposure treatment that adheres to the same guidelines as traditional
exposure therapy, with the exception that the feared scenarios or objects are placed within a virtual world.
7 The most pertinent uses of VR technology for the treatment of depression, according to recent scoping
assessments, involve the creation of immersive virtual rooms that also meet the requirements of psychiatric
assessment. 8 Based on current understanding and a thorough search of the literature, no research has
compared the effects of Virtual Reality and Transcranial Direct Current Stimulation on depression following
a stroke, and were done over extended periods of time. The purpose of this study is to compare the effects of
Virtual Reality and Transcranial Direct Current Stimulation on depression following a stroke and determine
which treatment strategy shows faster results.

. METHODS

The study was a single-blinded, randomized clinical trial conducted at Tertiary care Hospital, Belagavi,
Karnataka, India after obtaining the Ethical Approval from Research and Ethical Committee between
October 2024 to March 2024. Every participant in the study gave their informed consent after it was
authorized by the Institutional Ethical Board Committee.

Subjects were taken from various tertiary hospitals across Belagavi city. 37 individuals were evaluated for
post stroke depression. Out of which 17 participants did not meet the inclusion criteria and so were excluded.
The 20 subjects were recruited and randomly allocated by envelope method to Group A (n=10) Virtual
Reality and group 2 (n=10) Transcranial Direct Current Stimulation. The inclusion criteria were: individuals
45 years of age or older, with mild to moderate depression on the Hamilton depression rating scale, a score
of less than 26 on Montreal cognitive assessment scale, and a score of less than 5 on Functional independence
measure, regardless of gender while the exclusion criteria was medically unstable patients, epilepsy, bipolar
disorder, psychiatric disorder, motion sickness, active nausea, hearing impairment, vomiting and loss of
vision, presence of any materials within the body such as pacemakers, dentures, metal prosthesis and
participants receiving psychological treatment

Group A: patients were made to wear a headset display to start the VR (Figure 1). The immersive 360° videos
were shown to the patient with the head-mounted display. The patient was advised to move his head and
body while watching the video without standing, as a safety measure. It will be delivered for 20 minutes 5
times per week for 2 weeks and 30 minutes of conventional therapy. %

Group B: Anodal tDCS (2 mA intensity) was delivered for 30 minutes through electrodes soaked with saline
solution. The anode was placed at position F3 in the international 10/20 system, targeting the left dorsolateral
prefrontal cortex. Conversely, the cathode was positioned at F4, corresponding to the right dorsolateral
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prefrontal cortex (Figure 2). It was delivered for 30 minutes, 5 times a week for 2 weeks with 30 minutes of
conventional therapy. ¢

Conventional therapy: Neuroinhibitory techniques, Range of motion exercises, Balance exercises,
Strengthening exercises, and Aerobic exercises.

Participants were evaluated two times: Before the intervention and 2 weeks after the intervention. The
Hamilton depression rating scale (HDRS) was the primary outcome measure. The secondary outcomes were

the Montreal Cognitive Assessment Scale and the functional independence measure.
_ ‘W

Figure 1- virtual reality Figure 2- Transcranial Direct Current Stimulation

Statistical analysis: Data were analyzed using the SPSS version 23. The gathered data was consolidated
through the utilization of descriptive statistics, including frequency, percentage, mean, and standard
deviation. The Shapiro-Wilk test was employed to assess the normal distribution of the dataset. An
independent t-test was utilized to examine the age differences between the two distinct groups. A paired
sample t-test was conducted to analyze the pre-test and post-test comparisons of the Hamilton Depression
Rating Scale, Montreal Cognitive Assessment Scale, and Functional Independence Measure. The p-value
<0.05 was considered significant

M. Results: In our study 37 subjects were evaluated for post stroke depression. Out of which 17 subjects

did not meet the inclusion criteria and so were excluded. The 20 subjects were recruited and randomly
allocated to Group A (n=10) Virtual Reality and group 2 (n=10) Transcranial Direct Current Stimulation.
(Figure 3)
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Figure 3- Consort chart
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Post-stroke depression was assessed using the Hamilton depression rating scale (HDRS). The average score
on the Hamilton Depression Rating Scale (HDRS) at the initial assessment was recorded as 19.40 which
changed to 13.60 in the Virtual Reality group. While the mean score on HDRS at baseline was 19.70 which
changed to 17.70 in the Transcranial Direct Current Stimulation group. Thus significant differences were
observed in group A with a p-value of 0.001.

Cognition was assessed using the Montreal Cognitive Assessment Scale (MOCA). The mean score on
MOCA at baseline was 18.20 which increased to 23.30 in group A. while it was 16.90 at baseline which
increased up to 18.60 in group B. The table presented above indicates a statistically significant difference in
between-groups analysis for the Montreal Cognitive Assessment Scale.

Functional outcomes were assessed using the functional independence measure (FIM). The mean score at
baseline was 66.70 which increased to 78.40 in Group A while it was 57.30 which increased to 58.70 in
Group B. The table presented above demonstrates a significant difference in between-group analysis for the

Functional Independence Measure. (Table 1)

Variable Time Group Mean SD t-value p-value
Hamilton  Depression & ggzg g 13;18 22? 0.253 0.803
I . .
Montreal Cognitive e g:szg g 1292)8 132 1671 0.112
A t Scal _ .
ssessment Scale Post ggzgg‘ i:gg i; 5932 | 0.001
Functional LT g:gzz g 2328 ;8; 2602 0.018
Independ M _ .
ndependence Measure | | g;gzgg ;:4718 g?g », oot

Table 1: Comparison between groups
*p<0.005= statistically significant

When baseline and post-intervention values were compared, within-group analysis reveals significant

improvements in all outcome measures in both groups (Table 2)

Table 2- within group analysis

HDRS | Group A | Pre 19.40 |3.03 5.80 1.62 3.58 11.326 | 0.001
Post 1360 | 212
Group B | P 1970 |2.21

roup P(r)it e L7 2.00 0.94 2.12 6.708 0.001

MOCA | Group A E;est ;228 ;i’ 510 [137  [372  |11.769 |0.001
Group B | P 16.90 | 179

roup P;Zt i 1.70 0.67 2.52 7.965 | 0.001
FIM Group A | P 66.70 | 7.01

roup P(r)it a0 258 11.70 | 4.00 2.92 9.246 | 0.001

Group B E;Zt :;38 232 140 |783 |018 | 0565 | 0.586

*p<0.005= statistically significant
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V. DISCUSSION:

The present randomized clinical trial aimed to compare the effects of Virtual Reality (VR) therapy and
Transcranial Direct Current Stimulation (tDCS) on post-stroke depression. Our findings suggest that VR
therapy, when delivered over ten sessions, produced a greater reduction in depressive symptoms, improved
cognitive functioning, and enhanced functional independence compared to an equivalent schedule of tDCS.
This study adds to the growing body of evidence supporting the use of VR and non-invasive brain stimulation
techniques in neurorehabilitation. Virtual reality and transcranial direct current stimulation have shown
positive effects on post stroke depression in previous studies. (20:21)

Virtual Reality has been increasingly explored as a non-pharmacological tool for the management of mood
disorders. VR promotes emotional regulation by stimulating the release of endorphins and dopamine,
fostering positive emotional states and reducing the burden of negative affect. ??

In our study, patients exposed to VR therapy demonstrated significant improvements in depression scores,
which is consistent with previous research conducted by Pawel Kiper et al. in the year 2022

where fully immersive VR interventions significantly reduced depressive symptoms in post-stroke patients
after only 20-minute sessions. The authors, however, called for research exploring alternative VR modalities
beyond total immersion, a gap addressed in the current study by using VR combined with conventional
physiotherapy rather than fully immersive systems. Y Additionally, VR offers multimodal stimulation,
combining visual, auditory, and proprioceptive inputs to create realistic yet controlled environments that
stimulate neural pathways associated with mood and cognitive function. %

Studies by Jeffrey M. Rogers et al. in the year 2019 further support these findings, showing that VR
interventions significantly improved motor and cognitive outcomes after stroke, even when applied
intermittently over a four-week period. Our study mirrors these results, as patients in the VR group
demonstrated not only reductions in depressive symptoms but also notable gains in cognitive assessment
scores measured by the Montreal Cognitive Assessment (MoCA). 3

Furthermore, VR has shown benefits beyond post-stroke depression. For example, a research done by
Modrego-Alarcon M et al. in the year 2021 found that VR mindfulness meditation programs reduced
depression and anxiety among university students during the COVID-19 pandemic. ¢%

Similarly, a metanalysis was conducted by Kothgassner OD et al. in the year 2019 highlighted VR's
effectiveness in alleviating depressive and anxiety symptoms among individuals with post-traumatic stress
disorder (PTSD). These findings suggest that VR can be an adaptable, versatile intervention across various
patient populations experiencing mood disturbances.

Nevertheless, the use of VR is not universally effective across all conditions. A systematic review done by
Rowland DP et al. in the year 2022 noted that patient engagement and motivation are critical mediators of
VR therapy success, and that individuals with severe apathy or disengagement may derive less benefit. (26)
Similarly, a Systematic review and meta analysis was conducted by Cuperus et al. in the year 2019 found
that while VR exposure therapy improved PTSD symptoms, its effects on co-occurring depression were less
robust. These mixed results emphasize that although VR holds considerable promise, careful patient
selection, and individualized therapy planning are essential to optimize outcomes. "

In contrast to VR, tDCS has been widely studied for its potential to modulate cortical excitability and
neuroplasticity. By applying weak direct electrical currents, tDCS influences the activity of sodium-calcium
channels and NMDA receptors, affecting neuroplastic processes critical for mood regulation. 2

Our study found that the tDCS group experienced modest improvements in functional independence but did
not show significant changes in depression scores within the two-week intervention period.

This finding contrasts with results from longer-duration studies. For instance, Leandro Valiengo et al. in the
year 2017 conducted a randomized controlled trial administering twelve sessions of tDCS over six weeks,
reporting significant reductions in post-stroke depression severity. The shorter treatment duration in our
study—only ten sessions over two weeks—Iikely contributed to the lack of significant improvement in
depression outcomes in the tDCS group. %
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Previous research has highlighted the potential of tDCS to facilitate motor and cognitive recovery after
stroke. For instance, Hummel F et al. in the year 2005 demonstrated that anodal tDCS applied over the motor
cortex enhanced motor function in chronic stroke patients, with improvements sustained for weeks post-
intervention, 9
Similarly, Lindenberg et al. in the year 2010 reported that combining tDCS with motor training significantly
improved upper limb function in individuals with stroke-related impairments. G%
Moreover, Bolognini et al. in the year 2011 found that bi-hemispheric tDCS targeting the motor cortex
promoted better functional outcomes compared to conventional physiotherapy alone. GU
These findings align with the functional improvements observed in the tDCS group in our study, suggesting
that while short-term tDCS may have limited effects on mood, it may positively impact neuroplasticity
related to motor and cognitive domains. It also emphasizes that the primary benefits of tDCS could manifest
more prominently in functional rather than emotional recovery when applied over shorter durations.
Thus, although VR demonstrated superior outcomes in reducing depressive symptoms, tDCS showed
potential advantages in enhancing functional independence, supporting its continued exploration as a
valuable adjunct in post-stroke rehabilitation.
Thus, while both VR and tDCS have shown potential benefits in alleviating post-stroke depression, our
findings indicate that VR therapy, when combined with conventional physiotherapy, results in faster and
more pronounced improvements in mood, cognitive abilities, and activities of daily living. VR provides an
engaging, patient-centered approach that enhances rehabilitation adherence and motivation, critical factors
for sustained recovery
V. LIMITATIONS
There are a few limitations to the study. Firstly, a smaller sample size was used as many recruited patients
did not meet the inclusion criteria. Second, the study was conducted in a specific geographic region, limiting
the generalisability of the findings to broader populations with different healthcare systems, cultural
influences, and rehabilitation facilities. The study did not include a follow-up assessment, leaving it unclear
whether the observed improvements in depression, cognition, and functional independence were maintained
over time. Although both Virtual Reality and Transcranial Direct Current Stimulation demonstrated positive
effects after two weeks, the lack of long-term data limits the understanding of their sustained impact on post-
stroke depression. In order to evaluate the longevity of therapy benefits and. identify the ideal frequency of
interventions for long-term healing, future studies should include longer follow-up periods.
VI. CLINICAL IMPLICATIONS
The findings of this research have considerable clinical significance. VR can be integrated into standard
rehabilitation protocols for PSD. Since antidepressants are frequently used to treat PSD, non-invasive, drug-
free alternatives like VR lower the possibility of adverse drug reactions. When compared to passive
treatments, VR-based rehabilitation improves patient motivation and adherence, which may result in superior
long-term recovery outcomes.

VII. CONCLUSION
The present study concluded that there is a significant improvement in the Hamilton depression rating scale,
Montreal cognitive assessment scale, and functional independence measure in group A ie Virtual Reality
compared to group B ie. Transcranial Direct Current Stimulation.
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